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PREFACE.

IN preparing this volume it has been the aim of the author
to prepare a book that will be an every-day help to any one
engaged in building construction.

Building construction, like everything else, advances and
changes with the times, and the author has tried to make this
work as complete and up to date as possible. He does not
claim credit for all the formulas and information given in this
volume, some of it having been compiled from various authors
and sources, a list of which will be given, and due credit is
given to all for anything that is found compiled in this book
from any other work.

Still there is enough original matter and information to be
found in the following pages to make the author think that
it will prove a valuable addition to any mechanical or technical
library, and taken altogether it is as its title represents: A hand-
book for any one engaged in any branch of building construc-
tion, and most especially superintendents of construction, and
inspectors.

If by his past experience as carpenter, contractor, architect,
and superintendent of construction, and through the medium
of this volume, the author is able to render any information or
assistance to those engaged in building construction, he will
feel himself amply repaid for the labor expended in preparing
the following pages.

H. G. RicrEY.
iii
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A HANDBOOK FOR SUPERINTEND-
ENTS OF CONSTRUCTION.

\BRAR
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PART I

PERSONALITY AND. DUTIES OF A SUPER-
INTENDENT.

EXCAVATING, FOUNDATIONS, PILES,
BUILDING-STONES.

Personality and Duties of a Superintendent.—
A superintendent should be a man who can command the
respect and obedience of those under him. In all his dealings
he should be honest and just, demanding only what is right
and insisting on what he demands being done. He should be
a sober, upright, and intelligent man, well conversant with all
the details of the work or structure which he will have under
his supervision; he should study the work in advance so as to
forestall any point or question which may come up for him to
decide.

Before giving any decision or deciding any point he should
study the matter carefully, be sure he is right, and then in a
firm manner stick to it. Let a superintendent once give a
decision and then by a little argument on the part of the con-
tractor alter or change it and he will find the contractor will be
sure to try to make him change others in the future.

At the commencement of any work or building the superin-
tendent should be if anything a little more strict than necessary,
for then he will have a chance to relax a little as the work
progresses. This refers to both workmanship and material.

The superintendent should examine all material as it is
brought to the work, and at once reject any that is of poor
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quality or unfit for the work, and all rejected material he should
have removed at once from the premises, for so long as any such
material is at the job there is danger of some of it finding its
way into the building or structure. ;

Regarding material the superintendent should be suspicious
of any change or substitute advanced by the contractor, for
it is of no advantage to a contractor to make a change unless
it is to substitute something cheaper, and anything cheaper
will be inferior in quality.

The superintendent should be at his post of duty at all hours
when any work is being done, for there are some points of the
work that in a few hours can be slighted enough to weaken the
whole structure, and a building or any structure is only as
strong as its weakest point.

In rejecting materials they should be marked and orders
given to remove them at once. The superintendent should
keep a record of all material rejected, giving the date and cause
of rejection. He should be familiar with the tools used by the
various trades and methods of using them, as he can then
determine more quickly if a mechanic is doing good work or
not. He should watch each and every workman employed so
far as possible, and any whom he finds careless or unskilful,
and whose work does not come up to the required standard,
he should have removed.

The superintendent should keep a daily diary stating the
condition of the work, state of the weather, materials received,
or anything which has a bearing on the progress or completion
of the work. He should see that the work progresses rapidly
enough to insure its completion within contract time, and if
there is any delay or suspicion of delay he should notify the
contractor and report the same to his superiors.

On some work the superintendent is charged with the duty
of making up the estimates due the contractor as the work
progresses. To do this correctly it is advisable to obtain from
the contractor at the commencement of the work a schedule of
prices of the various parts of the work as he has estimated them.
This should be given both in unit and in total. The superin-
tendent in making up these estimates should be careful to do
justice to both sides, being careful to give the contractor what
is due him, but no more.

Of course on work where there are certain amounts to be paid
at various stages of the work this schedule is not necessary,



PERSONALITY AND DUTIES 3

as the amounts to be paid will be determined before the work
is commenced.

If the superintendent would have a cost or price book and
keep memoranda of the cost of the various works upon which
he is engaged it will be a great help to him in making any
estimate of work.

The superintendent should study the drawings and specifi-
cations carefully in advance of the work, so as to determine
if everything is working out correctly, as there are often little
changes or questions which will come up as the work progresses
which the superintendent will be called upon to decide, and if
he keeps on the lookout for such things he will have time to
consult with his superiors before rendering a decision to the
contractor.

Contractors in different localities have different methods of
executing work, and it is advisable to leave the mode of execu-
tion to the contractor so long as the desired end is obtained,
viz., a perfect and acceptable job.

The plans and specifications are his guide and he should
insist on strict compliance with their meaning. He should
avoid any arguments or controversy, as his duty is only to
see that the work is carried out according to the meaning of
the plans and specifications, and not to decide if any other
method or material is better. When he has any complaint to
make he should make it at once and in a firm, gentlemanly
manner, and insist on its settlement immediately.

Any superintendent who acts in this manner and who has
had experience enough to make himself familiar with good
construction and methods of executing work should have no
trouble with any one who is doing work under his supervision.

When the superintendent has cause to submit materials to a
laboratory for testing, the following amount of each material
should be submitted to make a complete test:

Cement. ........ not less than 15 pounds
White lead. ... .. W | s (0 DAL
Red Teadigi ol Yoi Stan hiy Aoritiod
Varnish......... T R St oo BT
OIL Frrbisriy add" GOk SR A R L
Shellac. . ....... O o Ay DAY

2 5 SR 3 whole sheets

Copper or zinc. .. pieces 6”X 6"
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Laying Out for Foundations, ete.—The superin-
tendent should have the contractor or his representative do all
the laying out, so that he will be responsible for all errors, but
the superintendent should go over all lines, angles, and measure-
ments and verify them as to being correct.

In laying out work, turning angles, or running lines or levels
it is advisable to do so with a transit and level, and if the super-
intendent does not possess or understand the use of one of
these instruments he should engage the services of a eivil
engineer. A convertible architect’s level, manufactured by
Keuffel & Esser Co. of New York, is a good instrument for a
superintendent to possess, as with it he can do all work such
as running lines, giving levels, and bench-marks that may be
desired.

Fig. 1 shows how the batter-boards should be set for the lines
of a foundation; the boards should be
long enough to catch the lines for both
inside and outside of all walls and
footings. The lines shown in the cut
represent the lines in place for the

* walls and piers.

: T% These boards should be put up
firm and well braced and placed far
enough back from the excavation to in-

sure their being in solid ground; they should also be made high

enough for the wall to be built up to the belt course, or ashlar
course, without disturbing them. After the batter-boards are
set the superintendent should have the main lines stretched
and try the distance from opposite corners to prove if they are

laid out square. A level or bench-mark should be put upon a

solid stake or other solid object, giving the height of a certain

point in the height of the walls or building; then all other heights
can be measured from this point.

As the different grade heights are usually given in decimal
parts of a foot from a given point a table giving the various
fractions in feet and inches will be found very useful; such a
table will be found on pages 608 and 609.

After the building is up, say to the belt course or any other
level course, it is advisable to have the foreman of the building
prepare a pole giving the heights of the various points or courses
in the building, and set them all to this pole; in this way after
the first course is set and levelled, if all the other courses are

Fia. 1.
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set to this pole they will be correct for height and level. See
Fig. 83, page 66.

The superintendent should go over the drawings as soon as
possible after the work is commenced and see that all measure-
ments are marked correct, as a little error in marking sometimes
makes a lot of trouble afterwards. The author knows of an
instance where the foreman of a building staked it out and
built it two feet shorter in length than the plans called for,
yet it was never noticed by the superintendent simply because
he did not take the trouble to verify the foreman’s measure-
ments in laying out the building.

In laying out work where a series of points come on the
same line the tape should be stretched the full length and the
location of each point marked by adding together the various
distances from the starting-point.

In giving any point, such as a bench-mark or height, or
measurement of any kind, the superintendent should be very
careful and be sure he is correct, for he can be held responsible
for any error he may make.

In running walls, piers, etc., through from story to story the
superintendent should always check them up at edch floor-level
to see if they are being carried up plumb. .

Excavating,—When the excavating is being done the
superintendent should see that all excavations, trenches, etc.,
are dug out at least six inches larger than the walls, so that
there will be room for pointing or cementing, or when concrete
is to be used, to have room for building the wood forms.

The superintendent should give height or bench-marks and
see that the excavating is carried to the proper level, and if
by chance any trench for a footing-course is dug too deep he
should have it filled up with concrete or masonry, and not with
loose earth.

If a stream of water or spring is encountered, provision must
be made to take the water away; this can be done with a
broken-stone or open tjle drain as shown by Figs. 2 and 3.

As soon as the excavation is dug to the proper depth the
superintendent should have the sewer to the building run in
past the inside of the wall and a strainer put on so as to carry
off any water which may gather from rain, snow, or damp
soil.

The superintendent should pay strict attention to the work
during the putting in of the foundation-footing and walls, for
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there is a tendency on the part of some contractors to slight
this work, thinking it will soon be covered up.
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Shrinkage of Excavated Material.—All materials
when first excavated will increase in bulk, but after laying
a while will, with the exception of rock, shrink until they will
occupy less space than when originally in the earth.

The shrinkage of various materials has been estimated as
follows:

Grarvell 2 g Tisinge. 10, el it 8 per cent
Gravel‘arid sandy ol Jul e sy 0 ks
Clay and clay earths. .. ............ 1011545
Loam and light sandy earths........ 12es 4§
Loose vegetable soils. .............. 15 ¢
Puddledpelgahss. TR SIS ga | 25 ¢

Foundations.—One of the first duties of a superintendent
after taking charge of the erection of a building or other strue-
ture is to determine the stability of the ground upon which
it will rest. The architect should ascertain if possible the
nature of the ground before he makes his plans, as then his
foundations can be made to suit the material it will rest upon.
But often this is not done, and it devolves upon the superin-
tendent to test the stability of the ground, and when it is found
not to have a sufficient carrying capacity changes will have
to be made in the foundation of the structure. If there is
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any other like building in the immediate vicinity already
erected the superintendent should make inquiry of the architect
and builder of this building and find out all he can as to the
nature and formation of the ground, and if any difficulty was
experienced in putting in the foundations of the building.

Testing the Soil.—After the excavation is made, if the
superintendent has any doubt as to the stability or carrying
power of the ground on which the foundations will rest, he
should test the same by boring holes or sinking a shaft, and
if the bed is found insecure he should at once consult with his
superiors and determine if the excavations are to be carried
deeper or the plans of the foundation-walls changed so as to
obtain a greater breadth or surface resting on the ground.
There should be several borings made in different parts of the
excavation to about the same depth (10 to 15 feet is deep
enough for ordinary tests) and if the character of the soil is
about the same in all the holes this test will be sufficient, but
if there is a decided difference in the borings of any of the
holes as to material, depth of stratas, etc., it is advisable to
sink other holes to make a complete test.

It is better to have a little expense at the commencement of
a building or other structure to determine the stability of the

P

g : S T,
i ;\
]

Fic. 4.
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foundation than to go ahead and erect the structure and have
the walls crack or perhaps worse from unequal settlement.
Like a chain, a building is only as strong as its weakest point.

After testing the soil by borings as described, if there should
be any doubt at all as to its carrying capacity it should be
tested by an actual experiment as to what it will carry. This
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can be done by digging a hole and setting up a mast as shown
by Fig. 4.

The mast should be set up as shown and braced at the top
to four posts which must be braced firm and secure as shown.
A platform should be built on the mast to carry the load. Before
loading, stakes should be driven radiating from the mast out
about four feet, and the tops made perfectly level, and then a
level should be taken from them to the mast. Now after the
load is put on, a straight edge will show if the top of the stakes
remains in line or if there has been any upheaval. Then a level
should be taken of the mast to see if it has settled any.

Bed of Foundations.—The superintendent should see
that the surface of the foundation-bed is dressed off at right
angles to the thrust or weight which is to bear upon it. Where
possible all foundations should be carried around at the same
level, but where this is impossible and the footings have to be
put in at unequal depths the difference in height of the different
levels should be made in perpendicular steps as shown by Fig. 5.

i

Fia. 5.

Where the foundations rest on rock which has an incline or
dip of not over two inches in a foot, the rock can be cut or
roughed off as shown by Fig. 6, which will prevent the build-
ing or structure from sliding.

Fia. 6.

Where there are any rifts or fissures in the rock they should
be entirely filled with concrete, as shown by Fig. 7, or if very
deep, should be arched over with a masonry or concrete arch
or with I beams bedded in the concrete.

Rock.—Where rock is used as a foundation-bed the superin-
tendent should see if there is any seepage or water; as is often
the case the water will follow along the top of the rock and
come out in the excavation. In such cases care must be taken
to collect the water and dispose of it, or by putting a drain
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outside of the walls, catch the water and carry it away before
it enters the excavation. Rock ig of course the best foundation
that can be had to build upon, as there will be no doubt of its
carrying power, and as the crushing strength of the weakest

Fia. 7.

sandstone is about 3000 pounds to the square inch, a foundation
of rock will carry all that is likely to be built on it.

GrAVEL.—This is one of the best materials to build on, but,
like sand, has to be confined to a certain extent, especially if
there is any water present, as there will be a tendency to wash
out the sand and fine gravel, but if there is no water present
and the gravel is packed solid it will ecarry the heaviest of
structures.

Sanp.—Sand makes a gbod foundation to build on only when
it is confined on all sides, and is very dangerous to build on
unless it is so confined that there will be no danger of water
penetrating and undermining it.

Cray.—This is an excellent material for a foundation provid-
ing it is solid, free from water, and has no large seams which
will let the water penetrate. A clay foundation should be
tested thoroughly if there is any doubt as to its not being solid
and dry, for some clays are very deceptive. If there are any
seams through which the water can penetrate, there will be great
danger of the structure slipping.

Sizt AND SorFT Soirs.—No building operation of any magni-
tude can be erected on these materials unless an artificial founda-
tion is provided by driving piles, putting in footings of timbers
or beams and concrete so as to cover a large surface and dis-
tribute the weight, or by sinking caissons and filling them
with concrete. :

The table given below will form a guide as to the bearing
power of soils, ete. But, after all, there is no definite rule except
by experience and testing.
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Name of Soil, ete. R
Rock, hard, on native bed .. ... 250 tons
FedreToel e Jrais . Fue e 36 ‘¢
Hard-pan. . ....... ESHOR T S
Graygele St <ot U i 5 ¢
Clean'sand. . i svvsiieosoronsiss 4 ¢
Dry clay. S i G ngn ot . 3
Wt Clay.. . ¢ ... Cralsndcbatip o Brif
LoATN. g+ %0 . 082 i, e, 1 ton

Regarding the bearing power of soils, ete., the Chicago Build-
ing Law says:

Sec. 75. Load for Clay 15 Feet Thick.—If the soil is a layer of
pure clay at least 15 feet thick, without admixture of any
foreign substance excepting gravel, it shall not be loaded more
than at the rate of 3500 pounds per square foot. If the soil
is a layer of pure clay at least 15 feet thick and is dry and
thoroughly compressed, it may be loaded not to exceed 4500
pounds per square foot.

Sec. 76. Load for Sand 15 Feet Thick.—If the soil is a layer
of dry sand 15 feet or more in thickness, and without admixture
of elay, loam, or other foreign substance it shall not be loaded
more than at.the rate of 4000 pounds per square foot.

Sec. 77. Load for Mized Soil.—If the soil is a mixture of
clay and sand, it shall not be loaded more than at the rate of
3000 pounds per square foot.

Sec. 78. Foundations in Wet Soil—Trenches to be Drained.—
In all cases where foundations are built in wet soil, it shall be
unlawful to build the same unless the trenches in which the
work is being executed are kept free from water by baling,
pumping, or otherwise until after the completion of work
upon the foundations.

Sec. 79. Foundation — Where not Permitted. — Foundations
shall not be laid on filled or made ground, or on loam, or on any
soil containing admixture of organic matter. F

Piles for Foundations.—DPiles are used to a great
extent for the foundations of structures which rest on a soft
or wet soil, and the superintendent should be familiar with
the .methods of driving and using them.

-MaTERIAL—Oak is the best wood for piles, but is not used
much on account of its scarcity in some localities and its value
for other purposes, which makes the cost too excessive for piling.
Spruce, Norway pine, and Oregon pine make good piles.
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Cypress is sometimes used, but it is not hard enough to stand
driving. The superintendent should inspect each and every
pile as it is brought to the work and any rejected ones should
be so marked and removed at once.

The following specifications for wood piles and timber were
prepared by the American Railway Engineering and Mainte-
nance of Way Association and is very complete.

SPECIFICATIONS FOR PILES AND TIMBER.

PiLes.—All piles of whatever kind shall be cut from growing
trees, free from wind or heart shakes, large or unsound knots,
decay or other defects which would impair the strength or
durability of the pile. Only butt cuts, eut about the ground
swell of the tree, and with both ends eut square, will be accepted.
They shall be peeled of bark and the knots trimmed, and the
specified sizes shall be, after peeling, straight and uniformly
tapering.

0Oak PrLes.—Shall be of the variety of white, burr, or post
oaks, with wood of close, firm grain and with a sap ring not
over 2 ing. thick. They shall be not less than 12 ins. diameter
at 6 ft. from the butt, and when 28 ft. or less in length they
shall be 10 ins. diameter at the top or small end, and where
30 ft. in length or longer shall be not less than 9 ins. at the top.

Norway PiNE AND TamarRACK PrLes.—Thesc shall not be less
than 14 ins. nor more than 18 ins. diameter at the butt, and
where 36 ft. or less in length shall be not less than 10 ins. in
diameter at the top, and where over 36 ft. in length shall not
be less than 9 ins. at the top.

LonG-LEAF PiNE Prnes.—These shall be strictly long-leaf
Southern or yellow pine, and no doubtful grades will be accepted.
They shall be hewed square, with all the sap removed. They
shall be not less than 12 ins. or more than 14 ins. square at
the large end, or 8 ins. square at the small end, and must be
smoothly hewed without large or deep score hacks.

Cepar PiLes.—These shall be of white or red cedar. White-
cedar piles shall be not less than 14 ins. diameter at the butt
and 9 ins. at the top where less than 30 ft. in length. Where
over 30 ft. in length, they shall be not less than 8 ins. diameter
at the top. Unsound butts will be accepted if the defect is
not more than 5 ins. in diameter, and there must be at least 5 ins.
of sound wood all around the defect. Red-cedar piles shall
be not less than 12 ins. at the butt and 8 ins. at the top.
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TimBER.—All timber of whatever variety shall be eut from:
sound live trees, and shall be sawed full size, square in section
and out of wind. It shall be free from wind shakes, large or
unsound knots, pitch seams, decay or any other defects which
would impair its strength and durability, and shall generally
be free from sap.

LonNG-LEAF PiNeE.—This shall be of the variety known as
long-leaf Southern or yellow pine, and no loblolly or other
doubtful grades will be accepted. The wood must be close,
firm grained, and free from red heart or red-heart streaks;
sound knots not over 1} ins. diameter will be allowed, but
knots must not be in groups. Sap wood will be allowed on
one or more of the four sides to an extent of not more than
15 per cent of the surface of any one side, and at any one point
throughout the length of the piece.

Fir.—This shall be of the variety of Douglas fir, sometimes
called Oregon or Washington fir, and may be the yellow or
red variety, preferably the first. It shall not have at any
point of its length and at any edge sap wood more than 2 ins. in
width, and shall be free from knots over 1% ins. diameter, except
that in long stringers sound knots not over 2% ins. diameter will
not be cause for rejection if not more than 4 ft. from the end.

Pointing.—In silt and very soft soils, piles are usually
driven with a square end, but in the harder soils they will
have to be pointed, and in some cases pro-
vided with an iron shoe. There are several ¥\
kinds of these shoes made, but those which !
are made with a socket and flat surface
for the pile to set on will drive the best
and not be so liable to split the pile as

Fic. 8. FiG. 9. Fic. 10.
some others. Figs. 8, 9, 10 show very good styles of shoes
and ones that will drive well.
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Drivine.—When the piles are being driven the superin-
tendent should see that the large end is cut off square so that
the hammer will strike it square and solid; he should see that
rings are used on the head of the pile to keep it from splitting
or brooming. It is customary in driving piles to lay the ring
on the top of the pile and let the hammer at the first blow
sink the ring into the wood. This is all right, providing the
ring is nearly as large as the pile, but if a small ring is used
in this way it causes large layers or splinters to split off the
pile five or six feet in length. The superintendent should see
that rings of different sizes are used or have the head of the
pile chamfered off to suit the ring. A patent ecap shown in
Fig. 13 is now taking the place of rings in driving as shown. It
is made to fit over the top of the pile B and is lifted with the
hammer after the pile is driven. Before driving, the pile should
be stripped of all the bark, as it has a tendency to promote
decay.

The superintendent should see that the bottom end of the
piles are perfectly square if they are being driven with a
square end, or if pointed, see that the pomt is made true and
in the centre of the pile; if the point is not true or the end
not square it will cause the pile to glance when being driven.

Piles when driven in salt water should be thoroughly impreg-
nated with creosote or some other preservative to protect

Fic. 11.

them from the ravages of the teredo. The life of a pile where
exposed to these mollusks is from three to five years, and when
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impregnated with a preservative it lengthens their life about
three years. Fig. 11 shows the. appearance of a pile eaten by
the teredo, and Fig. 12 shows a pile eaten off by limnoria.

Fic. 13.

During the driving of piles the superintendent should watch
the penetration at each blow, and if a hard strata is en-
countered and the pile drives hard he should have the lift
of the hammer reduced and a shorter fall given or there will
be danger of splitting the pile. He should keep a close look-
out for short piles and see that each pile is long enough to
give the desired penetration.

TestiNng.—The only reliable way to ascertain the carrying
power of a pile is by actual experiment with a pile driven in
the foundation where they are to be used. To do this several
piles should be driven in the foundation and four of them left
up high enough to build a platform on, as shown in Fig. 14.
The platform should then be evenly loaded with the desired
weight or until the piles move. In this way a reliable test
can be made, and where a structure of any importance is to
rest on a foundation of piles the superintendent should insist
on a complete test being made.
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The following table and formula taken from Engineering News
has been used by a number of engineers and has been pronounced

WEIGHT

very reliable. The table is for spruce piles and average penetra-
tion during last five blows of a 1200-pound hammer dropping
15 feet.

BEARING VALUE OF PILES.

Average
Length B Penetra- .
Nature of Soil. of Pile L;nar..m- tion in LTogd an
in Feet. Ieughgs‘. Inches. s
Silt ............................. 40 10 6 2.75
......................... 30 8 2 6
Soft ‘earth with boulders and Iogs 30 8 1.5 2
Moderately firm earth or clay w1th
boulders and logs. 30 8 1 9
| Soft earth or clay. 30 10 1 9
Quicksand. . ... 30 8 . 12
Firm earth. . . . .. 30 8 5 12
Firm earth into sand or gravel. .... 20 8 25 14
Firmearth torock........oo0uvunnn 20 8 0 18
G I i et 1 Nl i 2 20 8 18
Graveld. JHIE FA It 90k 0. faim. Hik 15 8 0 18
The formula is:
2WH
afe load in pounds=5——.
" po R

in which W equals weight of the hammer in pounds, H its
fall in feet, S average penetration in inches during last five

blows.
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The following from the New York building code will be a
good guide for the superintendent:

“Sec. 25. No pile shall be used of less dimensions than 5
inches at the small end and 10 inches at the butt for short piles,
or piles 20 feet in length, and 12 inches at the butt for long piles,
or more than 20 feet in length. No pile shall be loaded with
a load exceeding 40,000 pounds. When a pile is not driven to
refusal, its safe sustaining power shall be determined by the
following formula: Twice the weight of the hammer in tons
multiplied by the height of the fall in feet divided by least
penetration of the pile under the last blow in inches plus one.”

There have been cases where piles which were driven for a
railroad trestle and which supported a moving load were driven
in sand and gravel, and to a depth and resistance which figured
an ultimate load of 60 tons; after a few weeks of use under an
engine load of about 30 tons the piles settled. This no doubt
was caused by the vibration, and the piles resting on a wet sand
or gravel caused the water to collect and act something like a
water jet, thus causing the piles to settle. Thus it will be seen
that there are cases where no formula will give definite results,
and this is where the superintendent must use good judgment
in testing a pile and its foundation.

Concrete Piles.—Concrete piles are now being used with
good success. One form of pile, Fig. 15, is made by casting
the concrete and reinforcing it with steel. After they are
thoroughly set and dry they are driven like an ordinary pile,
except a special cap is used to prevent shattering the head
of the pile. Another type called the Raymond, Fig. 16,
has been used, which consists of a thin shell of metal with a
strong core inside to take the shock of driving; after the shell
and core are driven to the desired depth, the core, which is col-
lapsible, is withdrawn and the shell filled with concrete. These
piles are usually made with a large taper, as this gives them
a large bearing area and permits the core to be taken out easily;
about 6 inches at the bottom and 20 inches at the top is the
usual size. By a test made in Chicago, one of these piles carried
as much as three wooden ones having the same diameter at
the point. And at Schenectady, N. Y., they were loaded with
from 32,000 to 48,000 pounds per pile without settlement. The
soil was a soft fill. L

Figs. 17 and 18 show what is known as the Simplex Pile.
A wrought-iron or steel cylinder with a concrete point is driven
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like any ordinary pile, then the reinforcing is put inside the
shell and it is filled with concrete, the shell being drawn as
the concrete is filled up.

There have been used in the building of the wharves in San
Francisco harbor concrete piles made by forcing down a shell
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Fra. 15.

Fia. 17. Fia. 18.

of wood 2 to 3 feet in diameter and after pumping it out filling
it with concrete. ~ The wooden shell is left on and by the time
it decays or the teredo has destroyed it the concrete is hard
and a concrete pile is the result. (See page 165 as to mixing
concrete, ete.)

Steel Sheet-piling.—Fig, 19 shows a section of a sheet-
piling made by the Friestedt Interlocking Channel Bar Co. of
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Chicago; the piling is built up of channels and Z bars and locks
together as driven.

"“5}'“\“\\\\“§§:?”\ 1
T 16"'C 831bs. T

-2 Ban, 55'and 7, thick

—

Straight Sheeting

Fia. 19.

Another type of sheet-piling shown by Fig. 20 is manu-
factured by the H. Wittekind Interlocking Metal Piling Co.
Piles of this kind are valuable for use in foundation-work, as
they can be driven around the space to be excavated and the

Sheeting interlocked
Fia. 20.

interior then taken out, the piling holding up the embankment
and tending to keep out any water.

Fig. 21 shows a new style of steel sheet-piling which has
recently been introduced, in which each pile is a single piece,
complete in itself without rivets, bolts, or other attachments.
The piles are of a special rolled section, consisting of a flat web
with a cylindrical rib on each edge, the outer end of each rib
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being slotted, as shown in the accompanying cut. The ribs are
not of the same diameter, but the smaller
rib of one pile fits easily within the larger
rib of the adjacent pile, while the slot
admits the web. This allows some flex-
ibility in changing the direction of the
line of piling, but for turning corners
there is a special section of pile having
the web bent in a curve or at an angle.
The joints can be made water-tight by
packing them with suitable material. The
cut shows piles for a spacing of 12 inches,
weighing 40 pounds per foot, but they
are rolled in several sizes, according to the length and character
of the work.

This form of sheet-piling is the invention of Mr. Samuel K.
Behrend, and is manufactured and sold by the United States
Steel Piling Co., 135 Adams Street, Chicago.

Capping of Piles.—After the piles are driven, the
superintendent should see that they are cut off below low-water
line. They should be cut off level and on a line so that the
capping will have a true and equal bearing on each pile.

WooD-cAPPING, OR GRILLAGE.—Where wood-capping is used
the piles must be cut off low enough so that the timber in the
grillage will be below low-water line, otherwise it will decay.
The timbers are usually laid longitudinally on top of the piles
and these timbers in turn crossed with short timbers, forming
a floor to start the masonry on. In putting in these timbers
the superintendent should pay close attention to see that the
timbers have a bearing on each and every pile and are fastened
to them with long drift bolts. The timbers should be strictly
No. 1, free from any decay or other imperfection.

STEEL GRILLAGE. — Steel beams are used extensively for
capping, being bedded in conerete; where they are used, the
superintendent should see that the beams rest on each and every
pile and that the beams are heavily coated with asphalt, or that
concrete or cement mortar is put around them in such a manner
that the beams will be thoroughly coated with cement, other-
wise they will rust.

ConcrETE Capring.—Concrete, which is much used for cap-
ping of piles, is.one of the best materials for this purpose, for
when it is put in properly it forms one continuous stone having

Fre. 21.
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a solid bed on all the piles. The superintendent should see that
the piles are cut off square and the dirt cleaned away so the
concrete can be rammed around the top of the pile to a depth
of a foot or more. He should also pay strict attention to the
mixing of the concrete and the ramming of it as described on
pages 174 and 178, as this work is very often slighted unless
the workmen know there is some person watching them.

Concrete capping is very often reinforced with steel beams
or railroad rails. These should be free from rust or dirt and
coated with asphalt, or close attention given to covering them
with a coat of cement mortar or concrete. If the concrete is
rammed solid enough around the beams it will in itself form
a protection, but this takes much care and time and will require
the strict attention of the superintendent. The New York
building code says:

““The tops of all piles shall be cut off below the lowest water
line. When required, concrete shall be rammed down in the
interspaces between the heads of the piles to a depth and thick-
ness not less than 12 inches and for 1 foot in width outside
the piles. Where ranging and capping timbers are laid on
the piles for foundations, they shall be of hard wood not less
than 6 inches thick and properly joined together, and their
tops laid below the lowest water line. Where metal is incor-
porated in or forms part of the foundation it shall be thoroughly
protected from rust by paint, asphaltum, concrete, or by such
materials and in such manner as may be approved by the
Commissioner of Buildings. When footings of iron or steel
for columns are placed below the water level, they shall be
similarly coated or enclosed in concrete for preservation
from rust.” z

When concrete is used for capping it should be allowed to
harden before any additional weight is built upon it, or the
ground may give between the piles and the piles will act like
a series of punches forcing their way up through the concrete.

GraniTE Cappine.—When granite capping is used the
superintendent should see that the piles are driven in such a
manner and the granite blocks are of such a size that a stone
will not rest on more than three piles, as it is hard to get a
stone to rest evenly on more, as shown by Fig. 22.

The superintendent should see that the bottom bed of the
stones is cut true, and in setting them it is well to put a bed
of strong cement mortar on top of the piles, as this will insure
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a solid bearing on each pile. The granite blocks should be of
such sizes that they will break joints as much as possible, as
shown by Fig. 22. On top of this capping the footing-course

olo oJofJolo
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should be laid, each stone extending beyond the lines of the
wall as shown by Fig. 23.

SprEap Foorings.—In many instances the footings of a
structure have to be spread or extended out so as to cover
ground enough to insure the carrying of the building, and in
some cases the entire area of the foundation is covered with a
grillage of steel or iron beams bedded in concrete. The superin-
tendent should see that the surface of the foundation which
it is intended to cover is carefully levelled off and the concrete
laid in layers of not more than 8 inches in thickness, and
that the beams are coated with asphalt or covered with cement.
It has been demonstrated that iron or steel bedded in concrete,
where the iron or steel was completely covered and the cement
and iron in contact at all points, that the iron or steel will not
rust. Only the best Portland cement and clean sharp sand
should be used for this work. See page 168.

The Chicago Building Law says: “If steel or iron rails or
beams are used as parts of foundations, they must be thoroughly
imbedded in a concrete the ingredients of which must be such
that after proper ramming the interior of the mass will be free
from cavities. The beams or rails must be entirely enveloped
in concrete, and around the exposed external surfaces of such
concrete foundations there must be a coating of a standard
cement mortar not less than 1 inch thick.”

The foundation should be prepared by first laying a bed of
concrete to a depth of from 4 to 12 inches and then placing
upon this a row of I beams at right angles to the face of the
wall. In the case of heavy piers the beams may be crossed in
two directions. Their distances apart, from centre to centre,
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may vary from 9 to 24 inches, according to circumstances, i.e.,
length of their projection beyond the masonry, thickness of
concrete, estimated pressure per square foot, ete. They should
be placed at least far enough apart to permit the introduetiou
of the concrete filling and its proper tamping between the
beams. Unless the concrete is of unusual thickness, it will not
be advisable to exceed 20-inch spacing, since otherwise the
concrete may not be of sufficient stréngth to properly transmit
the upward pressure to the beams. The most useful applica-
tion of this method of founding is in localities where a thin and
comparatively compact stratum overlies another of a more
yielding nature. DBy using I beams in such cases, the requisite
spread at the base may be obtained without either penetrating
the firm upper stratum or carrying the footing courses to such
a height as to encroach unduly upon the basement room.

I Beams as Used in Foundations.—MEgTroD oF CAL-
cuLAaTIiON.—The following cuts and tables which have been
prepared by The Carnegie Steel Co. give the strength and
safe projection of beams used in foundations and footings.
The same precautions should be taken with these beams as
described on page 19.

The known quantities in this calculation are the load (L)
on the column in tons, the allowable bearing capacity per
square foot of ground in tons (b), and the projections p, p’,
p” in feet for the various tiers of beams.

Figure the separate areas covered by the successive tiers
of beams and divide the load on the column by these areas.
The quotients will give their respective pressures b, b’, b”
per square foot. Assume any spacing in inches, generally
greatest for the lowest tier of beams and about 9 inches for
the top course.

Find the corresponding figure for such spacing and pres-
sure in the table on page 23 and multiply it by the correspond-
ing projection. This product will give the modulus M.

In the table of moduli find the beam corresponding to this
product.

For any other spacing or pressure than those given find M

from the formula M =p ;%

Assume p=3 ft. 6 in., p’=51t.

3in., p”=1{t. 9 in.

Then b’=6tons and b”’ =24 tons.

Ezample.—Let L =588 tons
Let b= 3 tons
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Use 15 in. spacing for lowest tier of beams.
[ 12 3 &$ 13 2d & 113 13
13 .9 13 113 [ 3d @ 13 [

Now using the above method of calculation we have for
the respective tiers:

3.5X1.937 =6.78 =mod. corresponding to 12-in. 31.5-1b. beam.

5.25% 2.450 =12.86 =mod. corresponding to 20-in. 75-1b. beam.

1.75X 4.243 =7.43 =mod. corresponding to 12-in. 40-lb. beam.
TABLES GIVING THE SIZE AND WEIGHT OF BEAMS FOR s=

9, 12, 15, 18, 2¢ INCHES, b=1 TO 50 TONS PER SQUARE FOOT,
AND p=VARIABLE IN FEET.

g g £ :
S 3 . <) Spacing of 1 Beams.
Qg s nEl g B
Pop-T Y e A O
o =3 . . Q=
gl es o g ¥ = od
Sl TS T i S 5 1,3
Balads| © |8s B | 2 JEF| o | 12| 157 | 187 | 24
[ LY (=]
A |B sSla e = =
24 1100 |16.263|| 12 50.008.210 | 1 |0.866/1.000(1.118(1.225| 1.414
24 (90 [15.772] 12 40.007.730 | 2 [1.225|1.414{1.581|1.732| 2.000
i | ] 3 [1.500/1.732(1.937/2.121| 2.450
24 | 80 |15.231| 12 35.007.122 | 4 1.732(2.000/2.236/2.450| 2.829
20 1100 [14.858! 12 /31.50,6.925 | 5 [1.936/2.236/2.500/2.738| 3.162
| | 6 2.121/2.450/2.739/3.000| 3.464
20 | 90 [14.412] 10 40.00,6.505 | 7 [2.291/2.646/2.9583.240| 3.742
20 | 80 |137983| 10 [30.00/5.982 | 8 |2:430/2 82813 162(3.463| 4.000
| 9 |2.598/3.000,3.354(3.674| 4.243
20 | 75 [13.007| 10 25.005.706 § 10 [2.738/3.162/3.536/3.872| 4.472
20 | 65 [12.488]' 9 135.005.755 [ 11 [2.872|3.317|3.708|4.061| 4.690
| | 12 |3.000 3.464(3.873/4.242| 4.899
18 | 70 [11.683|' 9 '25.005.220 { 13 |3.122(3.606(4.031/4.415| 5.099
18 | 60 [11.168] 9 21.005.016 | 14 |3.2403.742|4.1844.582| 5.292
| | 15 [3.354|3.873|4.331:14.743| 5.477
18 | 55 (10.857|| 8 25.50,4.776 | 16 |3.464/4.000/4 472 4.898| 5.657
15 100 |12.653) 8 20.504.494 | 17 |3.571|4.123[4.6105.050 5.831
‘ | 18 [3.67414.243(4,744'5.196| 6.000
15 | 90 |12.259'| 8 |18.00/4.354 § 19 [3.775|4.359/4.874/5.338| 6.164
15 | 80 |11.892| 7 (20.09/4.009 § 20 {3.873/4.472/5.000 5.477| 6.325
it I 21 {3.969|4.583|5.124,5.612] 6.481
15 | 75 (11.085( 7 [15.00.3.715 { 22 |4.0624.690/5.244 5 744| 6 633
L 15| 70 [10.862) 6 |17.253.412 | 23 |4.1534.70615.3625 873 6.783
) | R | 24 |4.243/4.899/5.477,6.000| 6 928
15 | 60 [10.405|' 6 12.25(7.112 | 25 |4 330(5.0005.591'6.123 7.071
15 | 55 | 9.532)| 5 14.752.842 | 30 |4.743/5.477,6.124 6 707, 7.746
35 15 124(5.916/6 6157.245 8 366
15| 50 | 9.270| 5 | 9.75/2.539 | 40 |5.477/6.325 7.0717.746 8.945
15 | 42 | 8.861f| 4 10.502.182 | 45 |5.8106.708 7.5008.215 9.487
50 |6.124|7.0717.906 8.660 10.000
12 | 55 | 8.445| 4 | 7.50/1.994 ‘

I Beams Used in Wall Foundations.—METHOD oF
CALCULATION:
Let L =weight of wall per lineal foot in tons and
b=assumed bearing capacity of ground per square foot
(usually from 1 to 3 tons);
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then %: W =required width of foundation in feet;

w=width of lowest course of footing-stones; .
p=nprojection of beams beyond masonry in feet;
s=spacing of beams centre to centre in feet.

Evidently the size of beams required will depend upon their
strength as cantilevers of a length p sustaining the upward
reaction, which may be regarded as a uniformly distributed
load.

Thus pb=uniformly distributed load (in tons) on canti-

levers per lineal foot of wall

and pbs=uniform load in tons on each beam.

The table on page 25 gives the safe lengths p for the vari-
ous sizes and weights of beams for s=1 ft. and b ranging
from 1 to 5 tons per square foot. For other values of s,
say 15 in. or 1% ft., the table may be used by simply consider-
ing b increased in the same ratio as s (see example below).
As regards the weight of beams, it is advantageous to assign
to s as great a value as is warranted by the other considerations
which obtain.

Ezample.—The weight of a brick wall together with the load
it must support is 40 tons per lineal foot. The width of the
lowest footing-course of masonry is 6 ft. Allowing a pressure
of 2 tons per square foot on the foundation, what size and
length of I beams 18 in. centre to centre will be required?

Answer—L=40, b=2, w=6, s=1}.

Therefore W =40-2=20 ft., the required length of beams.
The projection p=% (20-6) =7 ft.

In order to apply the table calculated (for s=1 ft.) we must
consider b increased in the same ratio as s, i.e., b=2X1} =3 tons.
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In the column for 3 tons we find the length 7 ft. to agree
with 20-in. I beams 65.0 lbs. per foot.

S e
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TABLE GIVING SAFE LENGTHS OF PROJECTIONS p IN
FEET (See IiLustraTioN) FOR s8=1 FOOT AND VALUES
OF b RANGING FROM 1 TO 5 TONS.

b (Tons per Square Foot).

3

a3 &

sl =

23| 88

28| T= 1 11 13 2 2} |24 3 |3+ | 4143} 5

R |B

ERFTY 1

24 {80.00/15.231/13.61(12.43(10.77/10.16,9.63(8.79(8.14(7.62|7.18/6.81
20 |80.00/13.983/12.50/11.41| 9.89 9.3218.848.077 4716.99‘6.596.25
20 165.00/12.488/11.16(/10.20| 8.82/ 8.33/7.90(7.21(6.686.24/5.89/5.58
8 155.00/10.857| 9.71| 8.86| 7.68| 7.236.87/6.27/5.80,5.43/5.12|4.86
15 180.00,11.892{10.63| 9.71| 8.41| 7.93|7.52/6.86/6.36 5.95/5.61/5.32
15 160.00/10.405/ 9.30| 8 49| 7.36/ 6.946.586.01/5.565.20/4.90/4.65
15 [42.00 8.861} 7.92; 7.23| 6.27 5.91‘5.605.124 74 4.43/4.18|3.96
12 [40.00| 7.730{ 6.91| 6.31| 5.47| 5.154.89 4.46/4.13 3.87 3.64(3.46
12 |31.50| 6.925! 6.19/ 5.65 4.90 4.55[4.38 4.0013.703.46/3.26|3.10
10 [25.00) 5.706/ 5.10| 4.66| 4.03; 3.80/3.613.293 0512.852.692.55
9 [21.00 5.016/ 4.48| 4.09| 3.55| 3.34/3.17/2.90(2.68/2.51|2.36/2.24
8 [18.00| 4.354| 3.89| 3.55/ 3.08 2.90‘|2.752.512 33/2.18/2.05/1 95
7 |15.00| 3.715| 3.32| 3.03| 2.63| 2.48/2.35/2.14/1.981.86/1.75/1.66
6 (12.25| 3.112| 2.78| 2.54| 2.20{ 2.07/1.97/1.80/1.66 1.56:1.47/1.39
51 9.75 2.539| 2.27| 2.07| 1.80] 1.69/1.61/1.47/1.361.27(1.20|1.14
4 7.501 1.994| 1.78] 1.63 1.41 1.33|1.26 1.15|1 07l1.000.940.89

The size of beam for any other pressure is found by multiplying the pro-
jection by the square root of the assumed pressure and finding the beam
having a projection corresponding to this product under the one-ton column,

Footing-courses.—Footing-courses are usually made of
concrete or large flat blocks of stone or granite. If of concrete
they should not be less than 12 inches in thickness, but this
thickness should be governed by the width or area covered,
and where stepped up, the offset should not be more than
one-half the height of the respective course; if not reinforced
with steel beams they 'should not be loaded with more than
8000 pounds per square foot. If reinforced by beams the load
may be increased to from 12,000 to 16,000 pounds. The same
precaution should be taken with the beams as described under
Spread Footings. When concrete is used for footings the
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superintendent should see that wood forms are used where
the earth is not firm enough to cut square to form the sides,
and that all trenches are dug out square and bottomns trimmed
level; the concrete should be put down in courses not more
than 6 or 8 inches thick and rammed solid. After the footings
are in the superintendent should see that they are thoroughly
wet every day for a week and eovered to keep off the sun.

StoNE FooTings.—Where stone or granite is used for foot-
ings, it should be of blocks large enough to extend the full
width of the footing, and from 4 to 8 feet
in length; where it is not possible to obtain
stone large enough to extend through the
footing they may be jointed under the
centre of the wall and a seeond eourse of
single stone put on top, as shown by Fig. 24.

The stone should have uniform beds, and
where two or more courses are used the
offset should not be more than three-quarters of the height
of the under eourse. The stone should be set in strong cement
mortar and on a full bed .under the entire stone; stone in
footings should not be subject to a pressure of more than 10,000
to 14,000 pounds per square foot.

In setting stone footings the superintendent should see that
each stone is squared off so they will fit close together, and
no spalls used to fill up the joints; the top and bottom beds
should be dressed off and set in a full bed of mortar and all
vertical joints slushed full. Unless the superintendent is on
the lookout the mason is liable in levelling the stone to raise
it up and wedge it with a spall and then try to slush the mortar
beneath the stone; this should not be allowed, but when a

-stone has to be raised any, have it lifted, a new bed of mortar
spread, and the stone reset and beat down until it eomes to
a solid bearing.

Brick Fooring.—When brick is used for footings the bottom
eourses should be double, or composed of three separate courses,
and the outside courses in a step footing should all be headers,
s0 as to keep the joints back as far from the face of the footing
as possible. The superintendent should see that only the
hardest bricks are used, and that they are laid in the best of
cement mortar, and that all joints are slushed full. In some
eases where piers earrying a heavy weight rest on the footing-
course it is advisable to turn inverted arches from pier to pier,

Fic. 24.
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as shown by Fig. 25. The concrete should be put in and shaped
to the desired circle and several concentric courses of brick
built in as shown.

Ti6. 25.

Foundation-walls.—StoNE.—Where stone is to be used
for foundation-walls, it should come from a quarry that is well
known and the stone such as has been tested by use. It should
be a hard compact stone and one which can be quarried in large
blocks; care should be exercised at the quarry to get out the
stone in such sizes as is desired, and so that they will lay in the
wall on their natural bed. :

The specifications usually mention how close headers or
bond stone are to be built, as: “One-sixth of the face surface
of the wall shall consist of bond stone or headers extending
through the wall.”

For ordinary structures the walls are usually built as shown
in Fig. 26, 1, 1, 1 representing the bond stone and 2, 2, 2 the
headers at a jamb or opening.

For large and more important structures the stone should
be large blocks and laid in courses as shown by Fig. 27; every
alternate course should have headers as indicated by 1, 1, 1.
The superintendent should pay close attention to the mason
when at work and see that every stone is set in a full bed of
mortar and all joints slushed full. A mason usually if let
alone will set a stone down and wedge up under with spalls
until the stone will not rock, then plaster some mortar around
it and call it set. The superintendent must also watch the
filling of any cavities between the stone and see that they are
filled solid with small stone and mortar. Wherever pipes
of any kind are to pass through the wall, openings of a suita-
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ble size should be left so that there will be no weight of the
wall resting on the pipes. Or a better method is to build pipe-
sleeves in the wall large enough for the pipe to pass through.

Fruing.—The filling around the outside of the wall should
never be permitted until after the wall has been built long

Fic. 26. - FiG. 27.

enough for the mortar to harden, and the beams of the first
floor put in place, so as to prevent the walls from being shoved
in by the pressure of the earth. In filling the superintendent
should see that nothing but clean solid material is used and
put in in layers of about 12 inches and well rammed, or,
as is better, “puddled” into place. Where there is danger of
dampness the walls should be plastered as shown and described
on page 5.

Stonework,—NAaTuraL StoNEs.—The duty of selecting
the stone or any other building material usually devolves
upon the architect or engineer who prepares the plans and
specifications, and unless the stone comes from a well-known
and tried quarry it should be given thorough tests, and for a
structure of any importance a new stone, or one that has not
been in use any length of time, should not be used, unless by
making severe tests the architect or the superintendent is con-
vineced it will stand, as to strength and weathering qualities,
Time and exposure to the elements are the best test for any
stone.

Granite and Allied Rocks.—Granite as a rule can be quarried
in any size that can be handled, and when coming from an
old quarry the durability of it will be known, but if from a
new quarry it should be tested. The usual color of granite is
a light or dark gray, although different shades, from light
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pink to red, are found in different localities. The color of
granite is generally determined by the color of the feldspar in it,
or by the color of the mica which it contains.

Granite, being so hard to work and thus being more expen-
sive than the softer rocks, is not used much except for the
more expensive buildings, or in places where other stones are
not desired and where great strength must be had.

Gneiss, which is a sort of bastard granite, has much the same
composition as granite, but lays in the quarry in layers. It
can be easily quarried and makes good footings or foundations
and street curbs or crossings. The superintendent should
make himself familiar enough with gneiss to tell it from granite,
for some contractors will try to substitute it for granite.

During the construction of the dry-dock at the Charleston,
S. C., navy yard the United States Navy Department rejected
the stone sent for construeting the dock, on account of it being
gneiss, when granite was specified.

Syenite—This is a rock which resembles granite, but con-
tains no quartz. It is very little used, the principal quarries
being in Arkansas.

Trap and Basalt.—These rocks are very hard, compact, and
tough and are used for road-making and street-paving.

The principal granite quarries are found in the New England
States. The table on page 30 will show the location of some
of the best known quarries and buildings in which the granite
was used.

A good granite should last from 75 to 200 years without show-
ing any signs of discoloration or disintegration.

When using granite, the superintendent should examine
all stones as they are brought to the building, both as to
quality and workmanship, as granite is usually cut at the
quarry and will come to the job ready to set. He should
watch to see that there is not too much contrast in the color
of the stones, as in some granites there is quite a difference
in the color of the stone coming from different parts of the
same quarry. He may find “knots” which are lumps of a
different color from the body of the stone. They are usually
much lighter or darker, and when found the stone should be
rejected. “Sap,” which is a stain in the stone, and ‘““shakes,”
which are cracks or seams, should be sufficient cause to reject
any stone containing them.

The table on page 31 shows the load per square inch at which
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Loecation of Quarry. Building Used in. Color.
Concord N H .......... National Library, Washington,D.C.| Light gray
.......... N. H. State House. .. ...........[ Light gray
Hallowell, Mame ..... State Capitol, Albany, N. Y...... Light gray
Quincy, Mass ........... King’s Chapel, Boston. .......... Dark gray
8OO IELIEy ST U. 8. Court-house, Boston. . . ....| Dark gray
w s R Masonic Temple. .. ............ Dark gray
3 oA PR e Stairway, pilasters, ete., City Hall,
Philadelphia, Pa.............. Dark gray
Dedham, Mass. . ........ Trinity Church, Boston.......... Pink
Vmalhaveu, Mass .| Masonic Tempie, Philadelphia. . ..{ Gra
Red Beach, Main Redy & pink
Jonesboro, IMaitin. R 1 B L, Red & pink
Dix Island, Maine. flice.
Cape Ann, Mass. .| Post-office, Boston. .
Milford, Mass. . . .| City Hall, New York i
North Conway, N. H .| Union Depot, Portland, Me. ... .. Red & green
Lynn,Conn,e.ovvvvn.... Chaney Memorial Church, New-
. ont; IR T RE S Smpe TN e Sl S Deep red
Grindstone, N. Y........ Co}}m;ns, State Capitol, Albany,
T TR A TR BRI o 0 WL P £ Light gray
X and pink
Richmond, Va.......... State, War, and Navy Department
bu]ldmgs, ‘Washington, D. C. .. .| Gray
Georgia. .. .. T ech - TS 75 IRRSTUICR D AR A SR A iyt [ o3 Light and
r§ dark gray
Gra hiFLIe Mo V. Dl [ ol SIS T sl e s e Red mottl’d
with gray
SERCTonARIMERnE =14 |, 857 Wb W R A g o b oAl .| Gray & red
Gunmson, Coles. . Fonkis. 5 Colorado State House. . . . ....... Blue gray
Little Cottonwood Canyon Ut(a:.h Mormon Temple, Salt Lake
L O R e

various granites fail by crushing. It is not safe to use more
than one-tenth for a working strength.

The New York Building Code gives the working strength of
granite at 1000 to 2400 pounds per square inch, according to
test.

The table on page 32 gives the analysis of granites from some
of the most prominent quarries.

The table on page 33, prepared by the United States Geo-
logical Survey, shows the amount of granite produced in the
United States and for what purpose used during the year
1901.

Sandstone.—Sandstones are stratified rocks composed of
small grains of crystal quartz which are cemented together by
argillaceous, caleareous, silicious, or ferruginous material,
and from this material often derive the name of argillaceous,
calcareous, etc., stones. The strength, durability, and color
of the stone rests with this cementing material to a great
extent.
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STRENGTH AND WEIGHT OF VARIOUS GRANITES.
. Strength] Weight
State. Location. per Sa. | per Sq.
Inch. Foot.
Arkansas........ Pulaski Co. (gray grarite). .. .. L...| 14,000 B
...| Fourth Mountain (syenite)........ 30,740 167
California. . ... ... IRigelkclin, 2™ et St o s B - s 30,740 167
Colorado. .. ..... (o 04T 005, 1 e e e .o 12,976 165
r S sulmrrrt Wb tatte Canyon (red). oo vvevuun.... 14,585 168
Connectxcut. «io..| Middleton. .......... bt ke : 21,460 3
oo waterford. VS0 Wi sreme s oo oi|s 235510
e 211777 Meriden (trap Toek). .. ...l ll0ll 34,920 4]
L o | Kirldagd-roekss =5 =svirvms 5,000 166
ay ve....| Lord’s [sland. . ... A v...} 24,000 B
o ee....| Mystie River. ...... T S o o or 2 eiin 1227250 164
S NS ALE B o L T IR O R D RS A R T ,750
L o e v 82| TS EORVEI R OItig- o ek o ' b 4eziaere¥eveii 16,187 169
CrEERey - & Milfordi~. <5 gt T A 22,600
..... New London. . ...........cov....| 12,500 166
o ks o TR AP AR v .. 25,630 &
.| Hurricane Isle. . . ........... veo. .| 19,538 167
..... Jonesboro (red). . .............%..| 24,507
..... Waldoboro (white). ..............] 23,111
.| North Jay (red). «o. .voovoeoonn. 22,367 Lo
S RS Slana 22 55 <L S L E I 1% R 5 0 166
........ Fox Island (blue)................| 15,000 164
.| Sharkey’s Quarry. ............... 22,125 170
..| Vinalhaven (gray)... ... e XN 8 17,000 it
o | TCRD G e s vl -5 % L AESRE e b 20,296 164
b a Ml ford (pmk) ................ ...| 30,888 o d
43 . ...| Milford éNorcross Bros.) .......... 20,883 37
- 4 ve. .| Quincy (d AR - 7.750 166
{4 ook | (TR CYACHETION: & s e e TR 14,750 166
s PR Dot 1 5 0 i A A O DR D L 15,937 X
Michigan. ....... JE A o) v IE: oo i S Rt i oo (S e 18,125 164
Missouri. ....... |Graniteville. . ................ ... 24181 o
Minnesota. ......[East St. Cloud. .................. 28,000 168
e o e s Dl RN (darK ) e L o e % ruch' A 7081 175
Iy Duluth (light)...... ke ofcst LB S ensruge 19,000 Tt
New Hampshne. IR0 Ko A da Rl i < i s T ..| 17,950 168
o> Kes-ne (blue RIAY)RS - o & 5 T 12,000 166
New York g I o R g 23,500
...... Staten Tsland (blue), - ..o oo ... 0100] 22,250 178
N SR i D BT Y G OIS Wl o B2 S ot a3 18,250 162
New Jersey ...... Scotch Plains (trap rock). .. ...... 17,950 HEY
«....| Passaic Co. (gray) s
82N oo nER Jersey City. .............c.0u. 189
Rhode Island. . . .| Westerly (gray).. .. 165
South Carolina. . .j Carlisle. .~ ... oo iivve e, bt
TeXas. . cevvarsns 05 T goY =) A s el P s oo m s Pl 176
Vermont........ Barre (da.rk) .................... Yo
4 - Barre (light). . I
Virgimsra. . . . 2of-Peters.l.. .. ». . . & "% i
R o e e Rlchmond R N s e s

The argillaceous is a soft stone cemented with a clayey matter
and disintegrates very easily.
The calcareous stone is cemented with carbonate of lime.
This stone is soft and easy to work, but does not weather well.
In ferruginous stone the cementing material is composed

of iron oxides, which cause the red or brown color.

This stone

is harder than the two last mentioned; does not work so easy,
but stands the weather well.
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PRODUCTION AND USE OF GRANITE IN U. S. DURING THE

YEAR 1901.
Sold in the Rough. Dressed | Dressed | Made
or |for Mon- into
State. Build- | umental | Paving
Build- | Monu- Other ing. Work. | Blocks.
ing. mental. H
Askansasit. 933 o nodols JIEK Rt el an Y I B o i $2,627
California.. .. ... $24,057| $38,755| $6,815| $358,832| $72,257| 46,300
Colorado. .. ....| 45,650 7,562]........ 60,835 1,787 5,750
Connecticut. ....{ 108,959| 26,267 24,384] 94,611 70,894 29,533
Delaware. .. .... OGO e 2,678 1,750 400| 32,191
Georgia........| 54321] 22,315 2725 57.207| 14,526| 328087
}dﬁho. R, 100 A5l S i R RS 3 Pt SRl il Aps 1
ndian Terri ory.
AT K 2,340|........ AN 7, 300(F30NN ¥, § AP
Maine. . ........| 407,418 24,475 27,447(1,501,797 76,276 401,189
Maryland. ...... 181,608 20,180 1,500, 188,568 7,800 51,637
%askslachusetts. ..| 333,047 236,327| 118,567 455,535 236,273| 364,721
GORRERNY 1 /7Y o Sl cankd . BT . Ll RRaEs | [ora . ee)
Minnesota. .....| 13,215 42,197 1,550! 55,017 96,902| 20,002
i\{lssoun ........ 550| 17, 1406 280961 STl 8T | TeReE L 40,651
onbang:; T 1.0 I
. e O FESTIT A B LR 15,600  3,500|........
New Hampshire.| 156,832 52,231 9,797| 363,957| 171,239 112,581
New Jersey. . ... 60,905 P 5 [ e 19,888(........ 87,933
New York. ..... 24,312 1,325 6,150 97,350 6,283 33,025
North Carolina. .| 27,464 4,105 2,212| 68,975 6,813 10,862
Oregon, o . mn 3,748 250 1,590 3,900 167 e
Pennsylvania. . . 63,568 1,050 4,538 18,916 227 15,712
Rhode Island. . . 9,722 92,974 110| 160,190 198,831 27,666
South Carolina. . 56,831 23,433 5,730| 165,594 12,789 8,276
South Dakota. ..| 25,106[........ 2,159 1,650|........ 52,089
AT, S e 2,6562| 11,521]........ 243| 10,400{........
Ttaeo Whwaes & ,28! BU0R rpoionasminl. .l odbiar il Caeags
Vermont. .. .... 208,825 534,755| 101,779 16,343] 354,563 16,304
Virginia........ 40,763 8,300 230{ 45,737| 52,404| 17,253
Washington. . ... 9,100! 2508 Dol 3,000(........ 3,360
Wisconsin. . ... . 3,575 79175 " 28,015] 17,099 62,277 113,682
Wyoming....... 2RAON. -3 W I RO IiRaiil] O Ul A ] st s
Total. .. ... 1,878,835|1,257,668| 350,071|3,781,294/1,457,557(1,821,431

The silicious stone, being cemented with silica, which has about
the same composition as the grains of sand of which the stone is
composed, makes a stone very hard and one which will weather
well. The color of the stone is usually due to the amount of
iron contained in it. The more iron the darker the stone. The
iron oxides in the stone do no harm, but iron pyrites or sulphate
of iron in light sandstones is sure to stain or rust the stone.

Sandstone being of a sedimentary formation, it is usually
found in the quarry in layers, or there is a well-defined grain
to the stone in the direction of its natural bed, which causes
it to split readily. In working the stone, the superintendent
should see that the stone is cut so it will set in the wall as it
lay in the quarry, or on its natural bed. If it is set on edge
it is sure to scale off as the frost and moisture penetrates it.

As nearly all the sandstones are very soft when first quarried
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the superintendent should see that too much weight is not put
on them until they have had time to season or harden after
being taken from the quarry.

The defects usually found in sandstones are ‘“drys” (seams
which are not cemented together), and holes or cavities filled

with sand or clay or uncemented material.
Sandstones are of great variety and color, and are found in
all parts of the country, the different colors coming from

different localities.

Hummelstown, Pa.;
Carolina; Indiana; Arizona, and Colorado.
East Longmeadow, Mass. ;
Manitou, Col.;
(Lake Superior sandstone).

Dark brown is found near Portland, Conn.;

Marquette, Mich.;

West Virginia; North
Red is found at
Potsdam, N. Y.; Fon du Lac, Minn.;
Glenrock, Wyoming, and Portage Entry, Mich.
Perhaps the most extensively

used sandstone comes from Ohio, near Cleveland, and is of a
light buff or gray color,
Missouri has several quarries of a gray sandstone which has
been used extensively in St. Louis and Kansas City.
The following table shows some of the principal quarries and
buildings in which the stone has been used.

Location of

State. Quarry. Building Used in. Color of Stone.
Conn..| Portland. ..... Technology Bmldmg, Boston ...| Brown
= e R Astor Library, New or City. ..| Brown
3] “ . .....|Music Hall, Buﬁalo ....... Brown
e ¢« 777011 Union League Club B’ld g. Phila.| Brown
A ‘“ . .....|Savings Bank of Baltimore. ..... Brown
A ““ . .....| Residence of W. H. Vanderbilt,
N OV QDK wratesie-evo it o ihorvanors o Brown
Colo. .| Fort Collins. . .| Grace Methodist Church, Denver | Dark red
& o0 ....| Union Pacific Depot, Cheyenne.
ALy A T S +.{ Dark red
Mass. .| Longmeadow. . Umon League Club, Chicago.. Red
4 7] . | Trimmings Trinity C ch, Boston,.| Red
Mich. .| Portage Entry | New Waldorf-Astoria Hotel, N.Y.| Red
(Lake Superior)
- Do. do. U. 8. Post-office, Rockford, Ifl .. .| Red
% Marquette . .. .| Court House, Muskegon, Mich : Brown
Minn..| Kettle River . lerary Bldg., Univ. of Illinois. ..| Cream
= Fond du Lac, .| Presbyterian Church, Minneap-
Olig; IMEDED. i - /v o arlie eaibia b R e Reddish brown
N.Y..| Potsdam. .....| Parliament B’ld’gi Ottawa, Ont.| Red
% i . ....| Columbia College, New York City.| Red
A Medina. ......| U.8. Government Building, Roch-|
estery ANAIY AR, 1130, RIS Pink
Ohio. .| Amherst...... Palmer House, Chicago. ........ Buff
1Y ¢ ......| State Capitol, Lansing, Mich . Buff
“t S et ] State Historical Library, Minne-
2 Dolig g MANN w10 vkl b el Buff
o R e Wood Co., Ohio, Court House. .../ Gray
% Berea.. ...... S. Pcmt-ofﬁce, Minneapolis,
MnTEAE N W . SN S T Blue-gray
Pa....| Hummelstown | U. 8. Marine Barracks, League
Tola TGN - SARERE = N Brown
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The following table shows the value of the sandstone produc-
tion in the United States from 1897 to 1901, inclusive, by
States. '

VALUE OF SANDSTONE PRODUCTION IN THE UNITED STATES
FROM 1897 TO 1901, INCLUSIVE, BY STATES.

State. 1897. 1898. 1899. 1900. 1901,
Alabama., o $3,000 $27,882 $71,675 $7,132 $8,680

Arizona. . ’ )

Arkansas 73,616 104,923 62,825
261,193 200,090 301,028

129,815 119,658 237,331

271,623 192,.283 146,814

Maryland. ....}...

Massachusetts.
Michigan. .., .
Minnesota. ...
Missouri.
Montana.
Nebraska. ....{. g o5 515
New Jersey. .. 190,976 | " 257,217 147,768 198,234 244,512
New Mexico ..{.......... 3,5 00 1,829 RI000L = emnliey
New York. 544,514 566,133 [31,218,053 (31,467,496 |31 331,327
N. Carolina. . . 11,500 9,100 1 27,210 11,682
Ohio. ........| 1,600,058 | 1,494,746 | 1,775,642 | 2,233,596 | 2,576,723
Oregon. . o B IR 2 7,864 4,153 50 531
Penns; lva.ma 380,813 478,451 3717,053 131, 000 248 32,063,082
South Dakota.|.......... 9,000 18,325 12,675 17,647
Tennessee. .. .|ccc.... el D ia S s R S A 11,300 10,342
Texas. ....... 30,030 77,199 35,738 37,038 111,568
Utah.. . | 4653 7,907 15,752 29,091 66,733 38,919
Vigginia! SOUE ce ok e 8,000 6,000 5,303
Washington. . 16,187 15,575 58,395 68,133 89,174
West Vlrglma 47,288 14,381 33,860 72,438 106,710
Wisconsin. ... 33,620 80,341 132,901 81,571 90,425
Wyoming..... 11,275 6,382 32,583 27,671 54,145
Totals. . ..| 4,065,445 | 4,724,412 | 6,362,944 | 7,149,300 | 8,844,978

1 Includes small amounts for Idaho and Nevada.
2 Includes Mississippi.
3 Includes bluestone.

The following table gives the crushing strength per square
inch and weight per cubic foot of sandstones found in various
parts of the country.

The working strength of any stone should not be more ’chan
one-tenth of its crushing. strength. The New York Building
Code gives the working strength of sandstones at 400 to 1600
pounds per square inch, according to test.
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STRENGTH AND WEIGHT OF SANDSTONES.

: Strength| Weight
State. ° Location. Color, per Sq. | per Sq.
Inch. Foot.
Arizona ....... Flagstaff. ........... Chocolate. . ... 5,857 142
California.. .. .. (€7 L T e el et e Toh s 8,880
Colorado 2100 VATTTSE - T er Re@ W end 11,500 149
o e Yort Collins. ........ Gray.; - aysvae 11, 140
R g IMenitout ot . b Red” . 3 et 11,000 140
Connecticut. ... [ Portlamd:i]. .70, . b L JfHES alis, vaNek 10,871 148
1S ....| Middletown. ........ Brown........ 6,950 s
44 ‘ainlaCromwalleys ST OSSR 16,890 156
Indiana. ...... Riverside. .......... Gray. « Sruiks 6,000 T
A - - e - ‘it R L Bluye .} UL = 6,090
Iawansss. . J. sa e Gramder .. . A0l e s b BLE F 6,805 5
Kansas. ....... Valley Falls 7,500 152
Kentueky. . . .. Langford Has
Massachusetts. .| Fast Longmeadow. ..| Red:.........{ 11,595 154
Missouri. ...... Warrensburg. . ...... Blue gray. 9,687 149
Minnesota. s radakasoba At Oh T L B8 IPink. 1 MrS 4 10,700 164
R4 o oo N COICL R IVOT s - . - b ol Pinkish buff. ..| 17,000 139
] ....| Frontenac........... Bauff. .. . Colldl 6,250 145
Mlchlgan. ..... Redraekisoi. . . .o 0% o J S R £ R 6,019 156
..... Portage Entry (Lake
BURETAOE) S P 15 ol : 6,776 126
BEL 0 . met Marquette .. ... o . 7,450 158
New York - .| Potsdam. ...... ..| Red. .. 18,401 162
.| Medina. ... e .| 17,250 150
A s .{ Oxford. .. 12,677
e W .| Warsaw .. 19,568 167
P il .| Albion. ... 13,500 157
°E b .| Little Falls 9,850
- % .| Haverstraw, 4,350 133
New Jersey .| Belleville . 11,700 147
3 3 5 13,310 148
12,750
5,000 134
: 5,950
.| Amherst . 9,450 133
.| Berea . .. 9,510 134
& .| Cleveland 6,800 140
8 .| Vermillion. 8,850 135
¥ .| Massilon. ... &,750 1
.| Hummelstow: 13,097
. o|[-Laurel Run..'. .. ...0 0. 22,250
5 ..| White Haven 29,250
South Dakota. .| Hot Springs. 6,914
2q ‘¢ ..| Rapid City. . 11,452
5 g ; ‘s Lofothe .| 6,116 ~
Washington. .. .| Chuckanut..........[...... .| 10,276
Wisconsin. .| Fon du Lac .| 6,237 138
Wyoming.. Rawlins . ........ T TR S T 10,883 T

The table on the page opposite gives the chemical analyses
of some of the principal sandstones.

Limestone.—The varieties of limestones used for building
purposes are: Oolitic, limestones which are composed of small
round grains that have been cemented together with lime to
form a solid rock; magnesian limestones, which contain 10 per
cent or more of carbonate of magnesia; dolomite, limestones
which are an aggregation of the mineral dolomite; the latter is
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LIMESTONE.

usually of a light color and is generally much harder and heavier
than the other limestones.

The most extensive quarries of limestone are near Bedford,
Ind., from where stone is shipped to nearly all parts of the
country. At Carthage, Mo., are several quarries of limestone
of a coarse crystalline nature and which takes a good polish;
this stone is found in layers, and the largest clear stone which

PRODUCTION OF LIMESTONE IN THE UNITED STATES IN
1900 BY STATES AND USES.
. 4
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1 Includes North Carolina,
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can be got out is 20 inches in thickness. The United States
Post-office at Joplin, Mo., was built of this stone, which gave
very good satisfaction. The stone is very dense, heavy, and
does not absorb moisture. At Lockport, N. Y., is quarried a
gray limestone which is used much in the east for trimmings.
Ohio, New York, Pennsylvania, Illinois, Minnesota, and Wis-
consin also produce much limestone for building purposes.

All limestones should be set with non-staining mortar made
of non-staining cement, as other cements will generally stain
right through the stone or stain dark around the joint. 2

In some limestones are found pieces of flint, and when these
are of any size and appear on an exposed surface of the stone,
the stone should be rejected. The other defects of limestone
are about the same as those found in sandstones and reqmre
the same inspection.

The table on page 38 shows the value of the limestone pro-
duction in 1900 by States and uses.

The following table .gives the crushing strength per square
ineh and the weight per cubic foot of limestones from various
parts of the country.

1= £
@ oS @ B
24 &g = | kg
State. Location. T~ | =™ || State. Location. ;},5 =F
£o s g3 | &3
:Vl Cle] gf/) B0
n |B 0 =3
Ark. ..| Johnston....... 15,500|. .. .|{ Mich. | Lime Island. 18,000]. ...
11l .. .| Kapkakee...... 13, 544 1651 Mo. . .| Carthage (whlte) 14,950| 185
*+ . ..| Joliet (white) . 14,775 160 4 Cooper Co. (dark
S Quiney. 'y, o b ¥ I 55 9,687 160 drab):s o o
Vi Gralitontst AL 17,000. .. .|| N. Y. | Glens Falls. . . ..
Ind. ..| Bedford. ... ... 6,000/ 154 ¥ Lake Champlajn
‘¢ . .| Bioomington. ..| 4,100]... gl edil North River. .
t.a i Salem.) . . .y ‘ ** | Canajoharie. . .
‘4. .| Stinsville . . ‘ co Erie Co. (blue)
Iowa. .| La Grande. Pt ¥ Klngston ...... 1
‘* . .| Stone City. ‘| Garrison....... 1
Kan. .| Marion. .. Ohio. Marbleh’d (w’e).
Ky. ..| Warren Co. Wis... Sturgeon Bay
‘¢, ..| Bardst’n (d: 5 (blue). ......
Minn..| Winona. ....... ‘‘ ..| Waukesha .
& Stillwater. . P g5 Avondale ( gmy)
o Redwing. ...... ¥ :: (light)

‘[ ...| Conshohocken. *

The following table gives the chemical analysis of the lime-
stone from some of the various quarries,
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CHEMICAL ANALYSIS OF VARIOUS LIMESTONES.
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Marble.—Marble, which is a crystallized limestone, or a
pure form of carbonate of lime, is an earlier formation of lime-
stone which was formed with a pressure, and which retained the
carbonic acid. Marble is the name usually given to any lime-
stone which will take a good polish. The marble quarries of
the U. S. are fast being developed, and are now furnishing the
larger part of the marble used in this country. The table on
page 41 will show the value and purposes for which produced,
of the various marble-producing States for the year 1901.

The most used marbles of this country are the white, blue-
grays, and greenish grays of Vermont, used mainly for interior
and monumental work; the red or chocolate and white-mottled
dolomitic varieties (“Winooski” marble), which come from
Mallet’s Bay, Vt. A white granular dolomitic marble from
Lee, Mass., is used for building purposes. The United States
Capitol at Washington is built of this marble. A coarse “snow-
flake” marble comes from Westchester County, N. Y., and is
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PRODUCTION AND USE OF MARBLE QUARRIED IN THE U. S.
DURING 1901.

| Orn
[ Build- A | Ceme- | Inte- .
State. 1;Rough ing, | ™ tal. e rior, |Other. Total.

Alaska... .... .| $1,500
Arizona. 3 300 .
Arkansas. 4 200
California. .l 8,280 $1,550f 1,812).
Georgia. .,..... 268,761 241,683| 16,500 $ZO7 305
Maryland. .. ... 8,100 45,000(...... 15,000;.
Massachusetts 63,556] 26,220 3,700 9,560 15,051
Missotuligtr=e 1iae. . Uimmlee 00 oLl NN 2,100 ........
Montanas - . Sla. coulid s Bl o 1,500].......,
New Mexico. ...| 4,200 3,000 300 3,1001. . . ... 332
New York. ..... 2 367 132,943 4,900) 204,289| 28,000
©Oregont v ... .0 4.1 Sl o JL D s Sl
Pennsylvania. . . 18,078 111,069 ...... 25,060 400
Tennessee. ..... 162,513 13,000...... 14,000{ 305,124|...... 494,637
11 Yl S A F /BT R TN O BT e 320
Vermont....... 53,892| 659,200 94,450|1, 452, 434 493 607|100 2,753,583
Washington. ...| 1,600 2,358 4,814] 14,044].............. 22,816

Totals....... 591,667/1,236,023|126,576{1,948,892(1.008,482! 54,059|4,965,699

much used for building. Pink, gray, and chocolate-brown
and white-mottled varieties are found in Tennessee, and are
used much for interior work. A coarse white and white-
clouded marble comes from Georgia, which is used much for
building and inside work. A black marble is quarried at
Glens Falls, N. Y.

Georgia Marble,—The Georgia marble known as “Kenne-
saw” is a white marble whose separate crystals are nearly
transparent.

The *“Etowah’ marble is formed of very small crystals, but
in other respects has quite a similar structure to the “Kennesaw "’
marble. Every crystal in it, however, instead of being white
is tinted a faint shade of amethyst, making a tinted marble.

The ‘“Creole” is a banded or gray marble.

The following table gives the composition, strength, and
weight of some of the various marbles.

Onyx.—Onyx is the name given to a stone of the same
composition as marble, but which was formed by chemical
deposits.

The name is given on account of the resemblance to the
true onyx, which is a variety of agate. This stone is found in
Mexico, Arizona, and California, and is of various shades and
colors. It is used entirely for ornamental purposes.

Testing Stone.—When a stone comes from a well-known
quarry, and the stone is known by its past use to be what is
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CHEMICAL COMPOSITION, WEIGHT, AND CRUSHING STRENGTH
OF VARIOUS MARBLES.

Car- Crush-
Car- bonate Wght| ing

State. Location. bonate| Iron. of |Insol- | per |[Str'ng’h
of Mag- | uble. [Square| per

Lime. nesia. Foot. | Square

Inch.-
Cal 29,000
Ga.

M::Lss 5
¢« | Great Barrington....| 98 34| .14 500 .38 {......| 10,910
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s East Chester .......{...... 0 ..o ... f. ... 179 | 13,500
U Pleasantville. ...... 54.12]...... 45.04] .10 |...... 12,692
e Sing Sing. ......... 58 24 A%l 45.89|..... ... s o AN ES
Pa. .l Annville. .. .5t 95.10] .23 SLAGL LN 0F b LT 12,210
‘* ...l Montgomery (blue). .| 98.15] .54 00T R 180 | 18,000
Tenn..| East Tennessee. ....| 98.78| .26 6B 081 el 15,750
W S SRTIOCHOr, - o el aas o 98.37( .03 Y 1 o0 e A 5 I S A
¢ ... Rutland (white). ...| 97.73| .59 |...... 1.68 166 | 10,746
¢ .| Rutland (green) ....| 85.45(14.55 |..cooocfeveani]ovoinifeian...
SN LB QTRA e Yere s o « ke 3ogerios| Songomniyigs . | =0 TSR] TS S 165 7,612
V. o ast iMontgomeny v bva fainaanfed il kel L sl b 8,950
Wi el Nontih Bay, g 21 el Egrilli o o oal o L% ol T 175 | 20,025

desired, there is no need of a test, but if it is from a new quarry,
or is a stone that has not been tested, by use, it should be tested
thoroughly before being used in any extensive work. This
can be done by analysis, to find its composition, but some of
the more simple tests are given below which will be of much
benefit to the superintendent. As a rule the most dense and
compact stones will prove the best for. building purposes and
to withstand the effects of the weather. If the stone absorbs
much moisture, then it will be subject to the effect of frost
or freezing. To ascertain the absorption powers of a stone,
take cube specimens of the stone which have been thoroughly
dried and weighed; immerse them in clear water for three or
four days, then take them out, wipe them dry, and re-weigh
them. The increased weight indicates the amount of water
absorbed.

Errect or FrErziNG.—Take cube specimens of the stone,
dry and weigh them, and then repeatedly saturate them with
water and freeze them. The loss in weight will indicate the
loss of stone by integration. A test can be made by immersing
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RATIO OF ABSORPTION.

Kind of Maxi- | Mini- | Aver- Kind of Maxi- | Mini- | Aver-

Material. | mum. | mum. | age. Material. mum. | mum. | age.
Granites. .. ... 1450 0 150 || Sandstones. ..| Y15 Theo | . Loy
Marbles. ..... 1450 0 1400 || Bricks. ...... i Y50 Yo
Limestones. .. lao 1600 | Yas || Mortars......| % 130 4

the stone in a concentrated boiling solution of sulphate of
soda, and hanging them up in the air for a few days. The salt
erystallizes in the pores of the stone and acts about the same
as frost or freezing. The stone is to be weighed before immers-
ing and after drying, and the difference indicates the amount
lost by integration.

To see if a stone will withstand the atmosphere and gases
of cities, soak a sample several days in a solution of water
containing 1 per cent of sulphuric and hydrochloric acids. If
there is any composition in the stone that will be dissolved
by the atmosphere the water will become discolored.

To see if a stone contains clay, or earthy matter, pulverize
a piece, put the powder in a bowl of clear water, and shake
well; if the water becomes discolored it indicates the presence
of clay or earthy matter in the stone.

A fresh fracture of a stone should show bright and clean. A
dull-looking fracture indicates a “dry’ or a stone that is liable
to decay. The superintendent should notice all stone when be-
ing worked, and by the sound can usually tell if the stone is
sound; if thereis a clear ring when the stone is struck it is sound,
but a dull sound indicates cracks or seams. In some stone are
found “crowfoots,” which are veins running through parallel to
its bed, but which are not cemented tight, being filled with a sort
of earthy material, the stone being held together by the ‘“dove-
tail” nature of the seam. This is the main fault found with
the limestone quarried at Carthage, Mo.

The superintendent should examine all stone before being set
and reject any that contains seams or cracks. Where stone
is quarried by blasting, the superintendent must be on the
lookout, for ‘“powder” cracks, or shakes, as they do not show
up very distinetly at first, and are hard to find.

The following regarding testing of stone is taken from the
annual report of the United States Geological Survey for
1898-99
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.Tests and Analyses of Stone.—In the selection of all
kinds of material for structural use it is becoming more and
more customary to test such material, and to make the final
selection on the basis of results so secured. It is, of course,
unnecessary to state that if a given material has already demon-
strated its fitness for a certain use by years of experience with
it in that capacity, no results of scientifie test should be con-
sidered as in any way capable of offsetting these results of
actual experience; but in a country as young as the United
States enough time has not yet elapsed in the use of stone as
a building material to afford, in more than a few cases, a suf-
ficient amount of such knowledge as results from long-continued
use. As an example of a stone already sufficiently well known
not to require further special tests, Quincy granite may be
cited. This stone, by its hardness and susceptibility to high
polish, and the contrast offered between polished and hammered
surface, has demonstrated its fitness for use as a monumental
stone. Similar statements might be made in regard to Westerly
granite and other long-quarried and well-known materials.

When, however, a new material comes up for consideration
it is desirable to learn of its qualities by quicker processes than
those which depend upon actual use. There have, therefore,
been devised a number of methods of testing stone which may
be quickly carried out and which are of various degrees of
value. according to the nature of the stone tested and the use
to which it is to be put. The practice of making these tests of
stone is of such comparatively recent date that it can hardly
be said that the particular tests are so well understood as to
be beyond criticism either in regard to the nature of the test
itself or in the method of carrying it out. There is, moreover,
a great lack of agreement among testing experts, both as to
what tests should be applied to a given stone and as to details
in the methods of applying these tests. In some cases physical
tests seem to be all that are necessary to furnish the needful
information without any chemical analysis whatever. In other
cases it is quite generally conceded that physical tests should
be supplemented by more or less complete chemical analyses.
At the present time the uses to which stone is put are quite
different from those involving it as a structural material. Thus,
limestone is used in enormous quantities for burning into lime
and as a flux in metallurgical operations. Limestone for such
uses may be taken from the same quarry that furnishes building
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stone, and is thus quarried by the same methods as apply to the
production of the building stone. It cannot therefore well be
considered apart from that which is devoted to structural use.
If limestone is to be burned into lime, it is of course evident
that the physical strength of the stone so used is of no moment
whatever, but a knowledge of the chemical composition is
absolutely essential. The same idea applies to limestone to
be used as a blast-furnace flux.

Again, although a stone to be used for structural purposes
may show great physical strength, it may, nevertheless, con-
tain minerals which, by decomposition from atmospheric agencies,
may develop in the entire mass weaknesses that would in course
of time make the use of the stone undesirable. To detect the
presence of such minerals chemical analysis may be resorted
to in some cases, or, better still, this, together with a miecro-
scopical examination of thin sections, by which it is possible
to detect minerals as such, even though the amount present
may be extremely minute. The application of microscopical
examination as a means of studying stone in relation to its
technical applications is of recent date and as yet is used only
to a limited extent.

Among the tests most commonly applied to stone which is
to be used for structural purposes is the crushing-strength test.
This gives in general a good idea not only of the power of the
stone to support without fracture the superstructure that may
rest upon it, but also of the homogeneity and all-round durability
of the material. Other tests of value include transverse strength,
porosity, corrodibility, specific gravity, and resiliency.



PART II

STONE LAYING, SETTING, AND CUTTING,
MARBLE AND SLATE WORK, BRICK-
WORK AND BRICKLAYING, PAVING,
ETC.

Stone Laying, Setting, and Cutting.—RussLE-
work.—This is the cheapest and most common of stonework, but
is only used for foundation-, or cellar-walls, retaining-walls, and
such like; stone suitable for this work can be obtained in almost
any locality. Fig. 28 shows a piece of random rubblework
in which there is no attempt made to lay the stone in courses.

E Y
mE~s

WA ="

Fic. 28.—Random or Broken s Frc. 29.—Rubblework Laid in
Rubble. Courses.

Fig. 29 shows a style of random rubble laid in courses
from 16 inches to 30 inches in height. This is a good way
to have a mason build any rubble wall where much weight is
to rest on it, as he will have to level up at the top of each
course, and start anew, and in this way he will build the wall
more solid, and get more headers or bond-stones; also at each
course he is sure to get level beds.

Fig. 30 shows a rubble wall laid in courses, with a bonding
course AA between each course of wall; this makes a very

46



STONE LAYING, SETTING, AND CUTTING. 47

strong wall, as the bond course extends through the wall and
ties it together.

Fig. 31 shows random-range work laid in level and broken
courses. This is an improvement on the ordinary rubble wall;

- e B
="
| P iF =
< =3 ]l =
Tl i e s ——
F1g. 30.—Broken Rubble, with Bond Fig. 31.—Random Range Laid in
Courses AA Extendmg through the Level and Broken Courses.

Wall, Makes a Very Strong Wall.

in this the stones are dressed nearly square and with level
beds, and do not require spalls for filling out the joints, as in
ordinary rubble.

Fig. 32 shows the same work, but laid in courses, as in coursed
rubble.

= T
2 2 8 ) et

Fia. 32.—Coursed Random Ranged. F1a. 33.—Block Coursed.

Fig. 33 shows block-coursed work, which makes the strongest
of stone walls, as all the stones must be dressed to a given
thickness and with level beds.

Fig. 34 shows a wall built of stone dressed in irregular form,
with close joints, giving the wall a sort of rustic appearance;
this is used only in dwellings or
places where something “odd” or
unusual is desired; it is expensive
and requires great care in working,
so that the joints will all have
different directions, and not more
than three to five centre at one i i
place. The stone should all be F'I;n%‘il)—ressts‘éﬁet‘:)f l{f;ﬁ%“}guf“:gm
about the same area on the face,
and dressed so that all joints will be the same size. This is
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one of the hardest designs of stonework to build, and will
require the strict attention of the superintendent to get a satis-
factory job.

Rubblework is often specified as “one-man’’ or ““two-man”
rubble, according to the size of the stone desired to be used and
the number of men required to handle them,

In all rubble- or range-work the superintendent should see
that a through stone or header is used to every six superficial
square feet of wall, or one-fourth the face of the wall, consisting
of bond-stone extending two-thirds of the distance through
the wall from opposite sides and overlapping each other. The
superintendent should watch the masons to see that each stone
is bedded in a full bed of mortar, and that all cavities and
spaces are filled solid. The way a mason usually fills up these
holes is to gather up the spalls and dirt at his feet, throw this
in the hole, and spread a little mortar on top. The only way
to prevent this will be for the superintendent to pay close
attention to the work, and as soon as he catches a mason at this
have him take down that part of the wall and build it over again.
When the mason has to do his work over several times he will
learn that it is best to do it right in the first place.

The superintendent should see that the stones are ‘“hammer-
dressed,”” so as to have a face which does not project too far
from the wall-line, and also see that the joints are such as
can be pointed neatly; he should also see that all stones have
a flat top and bottom bed, and that no round boulders or
“pnigger heads” are built in the wall. In building rubble the
mason often tries to set the stone on edge, and fill in between
with spalls, as he can build faster in this way than if he
took the time to lay every stone on its flat. This way of
building should never be permitted, as it makes a very poor
wall.

The Chicago Building Code says:

Qec. 85. Rubble foundations and rubble walls -must be
built of approximately square and flat bedded stones, well
and thoroughly bonded in both directions of the walls, each
stone thoroughly bedded in mortar under its entire area.
Wherever walls of any kind are used as curb walls, their ex-
terior surfaces must be rendered approximately water-tight
by a coating of a standard cement mortar. !

Cut-stone Work.—AsuaLar.—The facing of a wall in
stone, without any regard to the design or style of cutting, is
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called ashlar. The following cuts show the most common
methods of laying the stone.

Fig. 35 is regular coursed ashlar, in Whlch the stones are all
the same height. In all coursed ashlar-work the specifications
should mention if the joints are to be carried plumb or not,

Fi1a. 35.—Regular Coursed Ashlar.

for, if it is not specified, there is a chance for argument on the
part of the contractor. He may insist on the vertical joints
being placed at random, as it is much cheaper, but does not
make as nice a looking wall as when the joints are kept plumb.

] I 150
' [ [ 5o sy s i
I 1 ]
[ l R RELS
Coursed_Ashlar, two sizes TIrregular coursed ashlar
Fia. 36. Fia. 37.

Fig. 36 shows coursed ashlar of two sizes. This is one of the
cheapest methods of ashlar, as the large courses are usually but

]

* Level and Broken Ashlar, Three sizes of stones.

Fiq. 38.

4 inches in thickness and the small courses 8 inches, so as to «
get 4 inches bond in the wall.
Fig. 37 shows ashlar of irregular courses.



50 CUT-STONE WORK.

Fig. 38 shows level and broken courses. In this style of
ashlar, care should bg taken to keep the horizontal joints as
short as possible; they should not be more than 3 or 4 feet
in length.

Fia. 39.—Random Ashlar.

Fig. 39 shows random ashlar, in which the plumb joints are

set at random,

|
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Fic. 40.—Random Ashlar, Plumb Joints.

Fig. 40 shows the same work improved by keeping the vertical
joints plumb.

] I
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F16. 41.—Random Ashlar in Courses.

Fig. 41 shows the ashlar divided into courses, 16 or 20 inches
in height. To get a nice appearing wall in all random ashlar-
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work, the superintendent must see that the different sizes of
the stone are scattered through the wall as much as possible,
and not have a lot of small-size stones or a lot of large ones
built in at one place and adjoining each other. In all ashlar
there should be a bond-stone to every 6 square feet of face of
wall, or in coursed work every alternate course should be a
bond course.

Fig. 42 shows regular coursed ashlar with chamfered and
rusticated quoins.

T

Fia. 42,—Regular Coursed Ashlar, with Chamfered and Rusticated Quoins
and Chamfered Base.

Fig. 43 shows rusticated ashlar with moulded base and sill
course. In ashlar-work the
stones are usually sawed or [
dressed at the quarry to the I
different heights or thicknesses, I : : - iy

|

leaving them to be cut to length
at the job. Where the ashlar
is in courses, it is customary in T T T T
large work to have a working | I | l |

plan showing the size of each (=

stone and the position of all I I

joints. When such a plan is ° e a5

not provided or approved at ]

the commencement of the work the size of the stone, location
of the joints, etc., must be left to the judgment of the super-
intendent.

MEASUREMENT OF STONEWORK.—Rubble stonework is usu-
ally done by the perch, which is 24} cubic feet, or, as is more
convenient, 25 feet; however, in some localities custom has
made it a rule to call any number of feet from 16 to 25 a perch,
according to the custom of the locality; so it is best when work




52 STONE-CUTTING.

is done by the perch to have an understanding at the com-
mencement how many feet are to be considered a perch. It
is also well to have an understanding as to what openings are
to be counted as solid or what are to be left out in measuring
the wall.

In measuring stonework always measure from the out-
side, thus measuring all the angles twice.

All walls under 18 inches are counted same as 18 inches.

Ashlar and dimension or block stone are usually measured
by the cubie foot; mouldings, belt courses, etc., by the lineal
foot; flagging and such like by the square foot.

One and one-quarter barrels of lime and 1 yard of sand will
lay 100 feet of stone rubblework.

One man with one tender will lay 150 feet per day.

One and one-quarter barrels cement, § yard sand, will lay
100 feet stone rubblework.

Stone-cutting.—This is a branch of work in which
the superintendent should familiarize himself with the various
tools used by the cutters, and the method of using them, so to
more readily determine between good and bad work, and
also to know what tools should be used to produce the result
desired. The stone when cut at the job will usually come in
slabs, sawed on two sides, or perhaps in lengths, sawed four
sides, giving a smooth surface to the beds and face, as shown
by Fig. 44.

Fig. 45 shows the names of the different faces of the stone.
Fig. 46 shows the various tools used by masons and cutters in
dressing stone. B is the mason’s or spalling hammer and is
used to roughly square or dress a stone for rubblework. C is
the mash-hammer used by cutters when using the point in
roughing off and in working the harder rocks such as granite.
D is the peen-hammer, which is used to smooth off the sur-
face of a stone after using the point; it is sometimes used on
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granite in place of patent hammer, but does not give as desir-
able a finish. E is the pick, which is used for dressing off
stone for rough work, such as rubble or block course work

D

(]

(Fig. 47). F shows the tooth-axe, which is used to bring the
rough surface of soft stones to the desired plane, ready for
the crandall, or tool; it is used also for dressing the beds of
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stones. G is the crandall, which has a series of points fastened
in a handle with a key; this is used on sandstones after the
tooth-axe, and gives a smoother surface. Fig. 48 shows the
appearance of a stone dressed with the crandall. The tool
should be used in different positions, giving the appearance
shown at B. H shows the patent hammer, composed of thin

E B
Picked Crapdalled Cross-Crandalled

Fra. 47. Fia. 48,

blades of sharpened steel bolted together. The fineness of the
work is regulated by the number of blades used to the inch,
and is specified as 4-cut, 6-cut, or 8-cut, as the case may be.
This tool is used only for finishing granite and hard limestones.
The patent chisel shown by I is used on surfaces where the
patent hammer cannot be used. In finishing surfaces with
the patent hammer the tool should be held so the blades of
the hammer are always in the same direction on the stone.
thus giving the stone the appearance as shown at B, Fig. 49,

| g Pl

ey :

\Finished with the Patent ITammer Bush Hammered,
Fra. 49. ~ Fra. 50.

J is the bush-hammer, which is a square prism of steel whose
ends are cut into a number of pyramidal points. The points
vary in number and size according to the work to be done.
This tool is used after the point or crandall and before the
chisel in “drove” or “tooled” work. Fig. 50 shows the appear-
ance of a stone after being bush-hammered. K is the mallet,
which is used on the point or chisel when working limestone,
sandstone, or any other soft stone. L is the point, which is
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used to roughly dress off a stone, and is also sometimes used
to dress the face of a stone as shown by Fig. 51. Fig. 52 shows

& Fine Pointed
Rough Pointed with Draft '

Fia. 51. Fic. 52.

the same style of finish but on which more pains have been
taken, giving it a smoother surface. AM-O are tooth-chisels,
which are used in working soft stones, as they cut faster than
the ordinary chisel. P and @ are chisels, which are made of
various widths for different parts of the work. Fig. 55 shows

“Rock Face
Fra. 53.

a stone with a rock face and a draft run around the edge with
a chisel. TFig. 54 shows a stone on which a wide chisel has
been used over its entire face; this is done before ‘“droving”
or “rubbing,” and in limestone and sandstone the face is often
finished in this manner.

i

Rock Face with Draft

Fra. 55. Fic. 56.

Fig. 56 shows what is called “drove” work and is done with
a wide chisel after the stone has been tooled and the char-
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acter or fineness of the work regulated by the number of “bats,”
or blows, given the chisel to each inch in the length of the
stone, usually 4.

The chisel is generally used across the stone, or lengthwise
in the case of mouldings, etc., care being takeen to keep the
cuts of the chisel parallel, as shown at A4, Fig. 56. B, Fig. 56,
shows the appearance of bad workmanship on the part of the
cutter, as the tool-marks are all irregular and not straight and
parallel.

Fig. 57 shows a piece of drove-work, showing the cuts of the

Y
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tool. Where the cutting is done at the quarry this work is
usually done on a machine, and is always regular, but when
done by hand requires great care.

Parallel lines should be marked out on the stone, as a guide
to hold the chisel; one line to each two ‘““bats” is sufficient. .
A template made of sheet iron or zinc is shoswn in Fig. 58,

i

Y]
R e

Fra. 58.

and is a very convenient tool for marking the stone for this
kind of work. It is made, as shown, of a series of bars, 4, sol-
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dered or riveted to an angle, B, and is laid on the stone like a
square and the lines marked off.

Where possible to do so, the superintendent should examine
the stone in the rough, before being cut, so as to detect any
flaws or imperfections, but, as is often the case, the cutting is
done at the quarry, and the stone shipped ready to set; in
such cases he should examine the stone as soon as it arrives,
and promptly reject any which are not perfect as to quality
or workmanship. He should see that the stones are being
cut to the desired shape and size, and all mouldings and pro-
jections are cut as per detail.

In cutting mouldings, the cutter will very often change the
shape or contour of the mould a little so as to make it easier to
cut, and the superintendent must be on the lookout for any-
thing of this kind. He should examine the stone for cracks
or ‘““drys” which may have been cemented up by the cutter,
or patches cemented on where a corner has been knocked off.
In every stone-yard will be found a bottle of shellac which is
used for this purpose; in some of the white stones a little plaster
of Paris will fill a erack or hole so that it is hardly discernible to
the eye until the weather eats it out, and the superintendent
should bear these points in mind when inspecting stone.

In regard to the cutting he should see that the finished face
of the stone does not show marks from the tools used in rough-
ing out the stone previous to finishing, for if the stone is not
gradually brought to the desired finish by using the proper
tools in su-cession, the marks of the rough tools will show
through the finished face. In tooled work, if it is tooled with-
out using the bush-hammer, the marks of the point, tooth-axe,
or crandall will show, and in droved work, if it is not tooled
before being drove, the marks of the bush-hammer will show.

In stone-cutting, the tools all should be used with moderate
force, for with the tooth-axe, crandall, bush-hammer, etc., if
the blow is struck too heavy, it causes the mark of the tool to
penetrate the stone, causing a “sting.”

In granite or hard stones, where the patent hammer is used,
the superintendent must see that the finish is as fine or smooth
as is desired. Often coarse work done with a coarse patent
hammer, or with a peen-hammer, is sent to the job in place of
fine patent-hammer work, and the superintendent should be
able to readily judge between the two. He should examine
all stones and see that the beds are cut at right angles to the



58 STONE-CUTTING

face; the tendency of the cutter is to cut the beds slack on
the back, sometimes half an inch or more. This should not be
allowed for the mortar-joint will then be one-fourth of an inch at
the face and an inch and a quarter at the back of the stone, and
will make a poor wall, for there will be more shrinkage in one
and a quarter than in one-quarter inch of mortar.

The workmanship on all stone should be uniform, but at
times the contractor will employ a poor workman, so the super-
intendent must see that all stones have a uniform appearance,
and reject any not found perfect.

The superintendent should see that all stones, where required,
are cut with the proper wash, and
where necessary have a drip cut
to throw off the water. In Fig. 59
at A, by undercutting, as shown,
the arris will form a drip so all water
will drop off at this point; if this is
not done, the water will course
down over the face of the stone to
B before dropping off, and will
always keep the stone covered with
dirt and stain.

The wash on top of the stone,
as shown at C, Fig. 59, while it
need not be rubbed, as is the case
with washes where exposed to view, it should be-cut com-
paratively smooth, so that the dirt will not accumulate to be
washed off with the rain, and if a wind is blowing, blow it against
the face of the wall.

Fia. 59.

Fia. 60, Fia. 61,

Tigs. 60 and 61 show how the wash and drip should be cut
on window-sills.
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In ordinary work the wash is run the full length of the stone,
as the work can then all be done with the saw, but on good
work it should stop at the jamb as shown, having the top of
the stone level, thus giving a level seat for the brickwork, which
is not obtained when the wash runs the full length of the sill.

Figs. 62 and 63 show how the wash should be cut on a sill

or belt course where the projections vary. These washes,

where exposed to view, should always be rubbed smooth.
LinteLs.—In forming lintels over wide windows or other

openings, it is advisable instead of using one long stone to use

o' chtinior e f g
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three stones, as shown by Fig. 64, which forms a s.orb of an
arch. Or the stone can be notched over and hung on an I beam,

F1a. 64.

7l
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Fiac. 65. Fic. 66.

as shown by Fig. 65. Over very wide openings the stone
should be cut to form a jack-arch, as shown by Fig. 66.
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In cutting stone for an arch of any kind, or any stone on
which a great pressure will be exerted, the stone should be
cut so that the vein or natural bed of the stone will be at right
angles to the pressure, as shown by Fig. 66 at A.

If the stone is cut with the vein parallel with the direction of
the pressure, it is liable to split or scale off. In cutting stone
for a jack-arch, the under side or soffet should be cambered
one-half or three-quarters of an inch, as shown by Fig. 66 and
Fig. 67, as it is more pleasing to the eye. If it is cut perfectly
straight it has the appearance of having a sag in the centre,
especially if the keystone drops below the arch-stone.

Fia. 67. Fia. 68.

In springing a jack-arch over a lintel, as shown by Fig. 67,
the arch-stone should be notched over the lintel, as shown by
Fig. 68, thus leaving the lintel free and nothing to carry but its
own weight. A

The superintendent should watch when this is done, that, in
backing up the arch, the mason does not fill up the space between

Fic. 69. Fra. 70.

the arch and the lintel with mortar. If this should happen and
there should be a slight settlement in the arch, the lintel would
be broken.
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Sters.—Steps should be cut with a droop or wash of one-
eighth or three-sixteenths of an inch, as shown by Fig. 69;
this prevents the water from laying on them and makes them
much easier to ascend than if they were level.

Area Coping.—In cutting area coping, or any cap where
there is any pressure from the side, it should be cut at the angle,
as shown by Fig. 70, as This prevents the stone from moving.

Curss.—In cutting curbing, the superintendent should see
that the proper bevel or wash is cut on them, so that when set,
the top of curb will have the same incline as the sidewalk. If
cut square and set with an incline on the face, then the top of
the curb will slope in the wrong direction and cause a valley
to hold the water, as shown by Fig. 71.

% 7 -2 TS

Fic. 71. . Fic. 72.

Fracaing.—When cutting flagging, the superintendent should
see that the stones are cut square on the edges, so there will
be the same width joint the full thickness of the stone. At
times, instead of being particular about this, the cutter will
pinch off the stone to the line and the stone wili have a feather
edge, as shown by Fig. 72.

In cutting stone for and building walls, such as area walls,
buttresss, ete., which will not
carry a weight, or have a pres-
sure exerted upon them equal
to that on the main wall, which
they adjoin, they should be
built independent of the main
wall and set in a chase or
recess, as shown by Fig. 73.
If built in this way the stone
in the angle will not be broken Fic. 73.
by any unequal settlement.

CarviNg.—In carved work it is customary to furnish a
model for the carver to work to, and it is the duty of the super-
intendent to see that the carving in the stone is a strict dupli-
cate of the model. The carver will usually try to offer sugges-
tions whereby he will claim he can improve the work, but as
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a rule it will be a change for his own benefit, or so the work
can be done quicker. He should be held strictly to the model
and plans, unless, of course, in the judgment of the superin-
tendent the work will be benefited or improved by a slight
change. The superintendent must see that all arrises are cut
sharp and all projections or cavities given their full dimension.
The work should be brought out bold and well undercut to show
a bold relief, and cavities eut so as to throw a shadow. This
is the work the carver always tries to get out of doing, and
will require the close attention of the superintendent.
Stone-setting.—This branch of work will require more
attention from the superintendent of to-day than in former
years, for by the rules of the trades unions nearly all stone
2 setting is done by brick-masons who never
learned the art of handling or setting stone.
Accustomed as they are to slushing up
] joints in brickwork, they usually try to
set stone by using three or four wedges
\{ to level up the stone and then try to slush
" mortar under it. Wedges are something a
superintendent should not permit to be used,
unless occasionally, when the mortar is soft,
to keep a stone from settling too low, and
then he will have to keep a sharp lookout,
for if the stone happens to be a little low, the mason will just
lift the stone a little with his bar and shove in the wedge to
hold it up. The result of this is shown in Fig. 74; the stone
rests on the wedge and has a hollow joint under half its bed.

Fia. 75.

Fig. 74 at B shows a stone which has been cut with a slack
bed, and the mason has wedged it up with a spall, leaving the
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stone with no bed under the centre. The superintendent
should insist on each and every stone being set in sufficient
mortar so that the stone will have to be beat down to its bear-
ing. In setting stone the mason will try to set three or four
courses at a time, running in a course of brick to hold up
the bond course, as shown by Fig, 75.

This will leave a vertical joint in the wall between the stone
and the backing. The superintendent should not permit more
than two courses of stone set in advance of the backing up;
first a bond course and then a thin or ordinary course, as
AA, Fig. 76; then he should have the wall backed up to this

Fic. 76.

height, running in a header courses of brick as shown by HH,
Fig. 76. Then the next two courses, BB, can be set and backed
up in the same manner. In this way the ashlar and the brick
work are firmly bonded together.

In setting stone the superintendent should see that all joints
are raked out about three-quarters of an inch deep for point-
ing, and when a stone sets on top of a moulded projection,
as shown by Fig. 77, the mortar should be kept back of the
projection, if the joint is filled to the face of the moulding,
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and should there be a little settlement the moulding is liable
to be broken off as shown at 4.

It is better to have such projection cut on the top stone, as
shown by Fig. 78.

Fig. 79 shows a tool which the author has used with much
success in slushing up vertical joints in stonework.,

Fia. 80.

It is made, as shown, of a strip of wood about 1”X3” and as
long as desired, with a piece of sheet iron or zinc bent and nailed
on as shown, the projection of the metal from the strip being the
depth at which it is desired to leave the joint open for pointing.
To use the tool this projection is inserted in the joint, as shown
by Fig. 80; the mortar is then slushed in against the strip
until the joint is full. This saves raking out the joint, keeps
the face of the stone clean, and insures the joint being open
to the desired depth. As will be seen by the way it is made,
it can be used in the angles as well as on the face of the wall.

In setting all stones which are to carry a heavy weight, the
mortar should be kept back far enough from the face of the
stone so that there will be no danger of the corner being chipped
off by the pressure on the stone.

The joint in cut-stone work should not be more than one-
fourth inch, and for rock-face work not over three-eighths inch.

In setting projecting courses, such as cornices, etc., the
stone when being set should be bedded but little beyond the
face of the wall, as shown by Fig. 59, page 58, the balance of
the joint being filled when the pointing is done; in this way
every stone is responsible for its own weight and leverage,
and the lower ecourses do not have to carry the weight of
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the top stone. The stone in a cornice should always extend
back in or through the wall, so that there will be weight enough
in that part of the stone in the wall to overbalance the over-
hang or projection; then the top stone should be anchored as
shown.

The top of the joints in the cap course of a cornice or other
wide projection should be covered with lead, as shown by
Fig. 81, the lead extending down into the joint about 2 inches,

Fra. 81.

and over into channels cut in the stone as shown. Fig. 82 shows
the section of a moﬁuld which the author has used for running

the lead hot into the joints, and made a very satisfactory job,
much better than cementing the lead. By running the lead
in hot, all the crevices and channels are filled solid and the
lead takes hold of the rough surface of the stone and cannot
get loose or come out.

It sometimes happens that after a stone is set it has to
be moved a little; when this has to be done the superintendent
must see that the stone is lifted and reset, for by shifting the
stone it changes its position on the bed of mortar, and will
not rest solid. As the stones are being set the superintendent
should see that all joints are of the desired size. When a stone
is a little long, and not room enough left for the vertical joint,
the mason will likely say, “We will dress it off when we come
to point it.”” The superintendent should never pay any atten-
tion to an assertion of this kind. It is much easier to cut
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a little off the stone before it is set than to cut the joint out
when it comes to pointing. When there is any cutting to be
done to a stone it should be done before it goes into the wall.
The superintendent should have the stones, as they are being
set, brushed clean, and wet with water so that the mortar will take
hold of the stone. If the stones have been sawed on all sides,
or on the top and bottom bed, he should have them gone over
with the point or tooth-axe so as to roughen the surface a little
to catch the mortar. He should see that all stones in a course
member with each other, and that all mouldings join per-
fectly. It often happens that there will be a little difference
in the shape of the stone or mould, and when the stones are
set they will not member. In nearly every case of this kind
the mason will want to go ahead and set the stone, saying,
“We will dress it off after it is set.” Now any promise of this
kind is made with the idea that this little thing will be for-
gotten, and nothing more said about it, for it is two or three
times costlier to do trimming of this kind when a man has
to work from a ladder or scaffold than if he had the stone
[\ on the ground. The superintendent should
r/l_ have all trimming or cutting done as the
work progresses, and before the stone is set.
In setting the stone the superintendent
should have the mason set each course to a
pole, as shown by Fig. 83, as this will insure
each course being set at the correct height
and level.

bt 1)

Fic. 83.

StEPs.—Steps should be set as shocwn by Fig. 84, being
carried on the wall at each end; in this way there will be no
danger of breaking, in case there is any settlement, as would
happen if the steps were bedded their entire length.
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Fracaing.—Stones for flagging or sidewalks should be set
on a bed of broken stone or cinders extending below the frost-
line, or a better method is to set them on dwarf walls, as shown
by Fig. 85. After being set, the joints
should be thoroughly filled - with strong
cement mortar, and the stone gone over
and any irregularities at the joints dressed
off.

Fia. 85. Fic. 86.

In setting a curb, it should be set on a bed of broken stone,
and the curb itself be wide enough to extend below the frost-
line, as shown by Fig. 86

Pointing Stonework.—The pointing of stonework is
usually done as soon as the exterior part of the building is
up, unless this part of the work is reached in cold weather,
as no pointing should be allowed during weather when the
mortar will freeze, either during the day or night. In extremely
hot weather, if pointing is done it should be protected by hang-
ing canvas or muslin over it to keep off the hot rays of the
sun, as the heat will dry it too fast and the cement will lose
its strength. All joints before pointing should be raked out
at least three-quarters of an inch deep. The superintendent
should have this done as the walls are built, as it can be done’
better while the mortar is soft than after the walls are up and
the mortar set and hardened.

The superintendent should see that the mortar for pointing
is mixed as desired, and all the joints filled and packed solid,
and that they are thoroughly wet before the mortar is packed
in them. The mortar for pointing should be mixed with cement
and fine sand or marble-dust, so that the mortar will dress off
smooth under the jointing tool.

Fig. 87 shows some of the different styles of pointing; with
the designs A4 the corner of the stone aets as a guide for the
tool, but with raised designs the tool should be held against
a straight edge; an ordinary short, straight edge with a couple
of blocks tacked on the side to hold it up off the finished
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joints answers the purpose, and the joints will all be made
straight.
- Before pointing the superintendent should have the work
brushed off and washed down. .

There are some stones which are damaged by acids, and
the superintendent must determine this before having the
walls washed. If acid does not damage the stone, a solu-

Fic. 87,

tion of dilute muriatic acid will neutralize the dirt and sur-
plus mortar on the stone, and take it off very quickly. If
there is any danger of acid affecting the stone, pure water must
be used. Lye, pearline, etc., are also good for cleaning down
some stone. As the stones are set, the superintendent should
see that all moulds, etc., member, and the joints are kept
the right size for pointing; this will save lots of trouble when
the pointing is being done.

Marble Cutting, Finishing, and Setting.—Marble
being but a high grade of limestone, the working or cutting of it
is similar, the finished surface of marble usually being droved,
tooled, or polished. Rock face, or any of the rougher finishes,
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are seldom employed. In polishing marble, it is first rubbed
with coarse sand on a rubbing-bed, then with fine sand and
grit, then with pumice-stone, followed with Scotch bone, and
last with putty-powder, which is used to give a gloss to the
marble; oxalic acid is sometimes used with this powder, but
a more durable polish is obtained without its use. Water is
used in all the different steps of polishing.

Marble, when used for wainscoting, window-sills, water-
closet partitions, etc., should be selected when got out so that
the slabs will harmonize with each other in color and veining.
For instance, two slabs of nearly the same veining are put up,
as shown by Fig. 88, and give a very bad appearance; but if
the same slabs had been got out so that they would have been put
up as shown by Fig. 89, the heavy part of the veining would
have come together and made a much more pleasing appearance.

Fic. 88, Fic. 89,

Tne superintendent should watch the marble as it is being
set, and have it set so as to obtain as much harmony as possible;
he should examine the marble to see if the polish is what is
desired and all slabs are polished alike; he should also watch
for cracks and stains. Marble when set against a wall is usually
set in plaster of Paris and fastened with wire hold-fasts or
anchors; these should be of heavy copper wire. The super-
intendent must see that a sufficient number of these are used
to hold the marble firm and rigid, and that the slab is backed
up with plaster of Paris so as to make it solid at each anchor.
Where marble is fastened with bolts or screws they should be
of brass and heavily plated with mickel or silver, as an iron
screw will rust or stain the marble. Marble in floorwork
should be set in Portland cement mortar.

In some colored marbles there are small cavities which have
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to be filled with a wax when polished, and the superintendent
should see that this is neatly done, so as not to be noticeable.

Marble Mosaic.—In this work the superintendent should
see that the pieces of marble used are of nearly a uniform size
and the cement joints between them show about the same.
After the cement has set, the floor should be rubbed to a smooth
surface and polished.

Terrazza.—In laying Terrazza floor the marble chips used
should be small and nearly uniform in size and should be mixed
with just enough neat Portland cement to fill the voids in the
stone. As the chips will vary a little in size, the superintendent
should see that the various sizes are evenly distributed through-
out the floor and not have spots in the floor containing all large
chips or all small ones. He should see that the floor is rubbed
down sufficiently to show the chips uniformly throughout the
floor.

Slate.—The principal use of slate is for roofing purposes,
stair treads, urinal partitions, etc.

The slate for roofing purposes should be straight-grained,
evenly split, and of a uniform thickness. It should be soft
enough to cut or punch without breaking and still hard enough
to firmly hold the head of the nail without it pulling through.

A good slate, when held up and struck with the knuckles of
the hand or some metallic instrument, should give forth a sharp,
clear, ringing sound. To test a slate as to its weathering
qualities, especially in large cities where there is much smoke
and gases, take a piece of the slate and immerse it in dilute
sulphuric acid in a closed vessel for two or three days; at the
end of that time if the slate is poor it will be softened and
easily broken up, while a good slate will preserve its hardness.
Another simple test for the absorptive power of slate is to stand
a piece of the slate in a vessel of water for twelve hours and
note the distance the water is absorbed up the slate from the
water-level; in good slate the water will not rise more than
one-eighth of an inch.

The presence of clay can be detected by breathing on a fresh
piece of slate and observing if any clayey odor arises; the
best slate will give out no odor whatever.

Some slates contain streaks of a hard material running through
them which are called ‘“ribbons’; this slate is usually sold as
“ribbon slate,” and at a reduced price.. Any slate supposed
to be No, 1 and containing any ribbons should be rejected.
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PresENCE oF Live.—This can be determined by the applica-
tion of cold dilute hydrochloric acid to the edges of a freshly
quarried slate. Rapid effervescence implies presence of lime;
slow, that of a lesser quantity of it or dolomite—carbonate of
lime and magnesia.

CorLor AND DiscoLoraTioN.—The color of freshly quarried
slate should be noted and compared with pieces exposed for
several years to the weather. A good slate should retain its
original color and not fade.

A good slate will have a fine grain, and the block from which
the slates are split should be got out at the quarry, and split
so that this grain will run lengthwise of the slate, so that
should the slate ever crack with this grain it will be divided
so there will be a nail in each piece.

The superintendent should see that the slates are all full size
and have no broken corners. In putting them on he should see
that the first course is doubled, and the bottom edge laid on a
lath or strip, so as to give the slate the proper pitch so that the
next courses will lay solid; each course should lay solid on
the course below, so that the wind and weather cannot get under.
To make a good roof it is advisable to lay the slate in a thin
bed of cement paste or mortar; this costs a little more, but
makes a perfect roof. : y

In slating up hips, etec., where there is no saddle to be used,.
the superintendent must see that the slater makes the proper
lap with the slate and putties up each course with slaters’
cement as he goes along. When finishing at the ridge or comb
of the roof the slate should be cut, and not laid in a “stretcher”
course, as is often done. In laying slates which are rough or
of an uneven thickness it is hard to get each succeeding course
to lay solid, and the slater will wedge up with a nail or small
piece of slate; this should never be permitted, for the wedge
is liable to work out and leave the slate loose.

Where slate is laid with a close valley, that is, where the
slates are mitred in the valley and flashed each course, the
superintendent must see that no broken or cracked ones are
used, and that the flashing is large enough to insure a tight
valley: such valleys should not be used on roofs under one-
half pitch, for the rain or snow will be liable to blow up under
the flashing.

The following table gives the strength, Welght ete., of some
of the various slates,
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STRENGTH, WEIGHT, ETC., OF SLATE.

gmshing Weight 5 P?rl(}ent
. trengt per oros- | of Loss
State. Location. per Sq. | Cubic | ity. | by Cor-
Foot. roding,
Maine. ........ MOnson. & . i . «ph 3 Lo MORRE fldas RE by ot o s f
Maryland. ..... Peachbottom. 2T | SEE S SR et ST
Penns‘ylvam'a. s Albient i, Jeanni D g 173 .338 547
d ..| Old Bangor... 173 .145 446
X . .| Peachbottom. 180 .224 226
Vermont ...... Rutland Co. ........| 10.975 |....... 260 350

Slate for wainscoting, stair-treads, etc., should receive the
same attention as described for marble in like places.

TABLE SHOWING SIZES OF SLATES, THE NUMBER OF PIECES
IN A SQUARE, AND HOW MUCH SHOULD BE EXPOSED TO
THE WEATHER ON THE ROOF, ALLOWING 38 INCHES LAP

. Number |Exposed | Dis- . Number | Exposed| Dis-

sslfetOf in Each| When [tance of Ssllz:tgf in Each | When [tance of
ate. | Square. | Laid. Lath, * ) Square. | Laid. Lath

Inches. Inches. Inches. Inches.
24X 14 98 10% IO} 16X 10 222 63
24X 12 115 10% 10% 16 X9 247 6% 6%
22 X12 126 94 9% 16 X8 Sty 6% 6+
22X 11 138 9% 14X 10 261 5% 5%
2012 142 8% 8% 14X 8 327 5% 5%
20 X 10. 170 8% 8% 14 X7 374 5% 5%
18X12 | 160 7% 7% 12X8 400 ai 11
18 X 10 192 7% 7% 12 X7 457 43 4%
18X 9 214 7% 7'} 12X 6 533 4%
16 X12 185 6%

To determine the number of pieces to a square of any size
slate not given, first deduct 3 inches from the length; divide
this by 2; multiply by the width of slate and divide the result
into 14,400.

. An example—20X10 would be calculated thus: 20—3=17;
divided by 2=8%}; 84X 10=85; 85 divided into 14,400 =169/,
pieces,

The weight of the various thicknesses of slate per square foot
is as follows:

Thickness of slate in

inches..o.......... 1% 3ia A 3% % 5% %
‘Weight per square foot
inpounds.......... 1.81 | 2,71 | 3.62 | 5.43 ] 7.25 | 9.06 | 10.88

The above is the weight of the slate of the thickness given.
To find the weight when the slate is laid, the lap and surface
exposed to the weather must be considered.
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TABLE SHOWING QUANTITY OF NAILS NEEDED TO LAY ONE
SQUARE OF SLATE.
(The quantity given is from actual count.)

.

2 ‘Weight of Nails to a Square.

&

=5 3d. 4d.
Sizfes g

O Q *
Copper | Alumi- C

E] ppe! 'umi- opper
Slate. | & | Gal | Tin. | &Steel | num | Gal | Tin. | &Steel

Do Wire. Wire. . Wire.

od

S q

el

'z |lbs.| 0z.ilbs.| 0z.] Ibs. | 0z. {1bs. | 0z. |lbs.i 0z.[lbs.| 0z.| lbs.| oz.
24%14] 98/ 1|2 (...115}....|14¢{....] 6|1 |6 (1|2} 1. 4
24X12/ 115( 1 [ 511 ] 2 1 g L I L e v i . 7
22X12( 126! 1 {711} 4 1 G EUPRT (S~ S O [ b T [ N8 B0 (o g
22x11; 138/ 1 19|15 1 T ! TN 1 L5 1 11
20X12( 14111 (10 |1 |6 ]| 1 51....] 912(.../]110] 1%} 12
20x10| 170{ 1 {15 | 1 (11 1 9(....;10|1 2|6 }1]15 2 2
18X12/ 160/ 1 (13 |1 | 9 1 8|..../| 10| 2]|4}1[13 2
18X10 192I 213|114 1 335 B Bt 20 118 |42 |3 2 6
18X 9| 2141 2 | 7 {2 (1 1 THWiE AR E2Z0 1S5RS 2N X 2 11
16X12) 184| 2 | 2 | 1 |12 1 10900 . A1 |29 [ah 28 S 5
16X10| 222 2 [ 8 | 2| 2 2 8 aaad 12, [ 35t A8 2 12
16X 8/ 277/ 3| 2|2 (11 | 2 8]..../]151 314132 3 8
14X10{ 261 3 |...; 2 | 8 | 2 6|..../14 33 1013 }...}] 3 4
14X 8| 327 3 |12 | 3 | 2 3 e B P 214193112 4 2
14X 7| 374/ 4| 4| 3 |10 3 7 1 415|13|41|4 4 sk
12X 8400/ 4 1 9 (3 (14 | 3 | 10 1 [0 LT LS P S SO R oo
12X 7| 457/ 51314 (6| 4 1 916161513 5|11
12X 6/ 533/ 6|15 |2 5 14 1 1317|6611 6 11

Bricks and Brick-laying. —The quality of a brick
depends on the material used, the care in its manufacture,
and the manner in which it is burned. With the machinery
that is in use at the present time it is possible to use different
materials and make better brick than in former days when
clay was the only material used and the bricks were moulded
by hand.

For common bricks, a shale rock makes perhaps the best
brick, and when burned with gas, as quite a number are now
burned, they make a very hard brick and of uniform size and
color.

The chemical compounds contained in the material used
determines the color and quality of the brick to a great extent;
if there is much silicate of lime in the material used, it renders
the clay too fusible and causes the brick to soften and warp or
twist in burning. A small amount of sand is beneficial, as it
tends to prevent shrinkage from the heat in burning.

Iron gives hardness and strength to the brick, and also
causes the red color in burning, the color depending a great
deal on the amount of iron contained.
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In face or front brick iron or mineral pigments are some-
times added to the clay so as to color the brick as desired.

Where the bricks are exposed to excessive heat in burning,
the iron fuses and produces a dark-blue or purple color, as shown
by the “arch” or clinker brick next to the fire in the kiln.

*When the clay contains much magnesia with the iron it
pi!;oduces a yellow color.

: Names or Brick.—All brick not hard enough to stand in
the otrtside of buildings are known as “salmon” or “soft”
brick.

All brick hard enough for the outside of buildings, but not
selected or graded, are known as “hard kiln run.”

All brick set in the arches or benches of the kiln, and which
are discolored, broken, or twisted in the burning are known
as “arch brick.”

All common brick selected for the outside of buildings are
known as

No. 1 light-burned.
Front brick. 3 No. 2 medium-burned.
No. 3 hardest-burned.

All brick used for sidewalks are known as “sidewalk brick.”

All the brick in the kiln not strictly soft taken together are
known as “merchantable brick.”

All brick that are set in the kiln when burned are known as
“kiln-run brick.”

Bricks moulded either by hand or machinery in rough,
coarse sand and repressed without rubbing, so as to give the
brick a rough sand finish, are known as ‘“stock” or “sand-
struck” brick.

All brick other than square are known as “ornamental brick.”

All brick made either by the repress or dry- prcss process,
and selected for fronts of buildings, are known as “press brick,”
which are: No. 1, light shade; No. 2, medium; No. 3, dark.

Sizes oF Bricks.—The sizes of bricks vary much in differ-
ent parts of the country, and when brick and stone are worked
together the architect should know what brick he is going to
use, so as to know its size and in preparing the drawings make
the sizes of stone to suit the brick. The author has known
of cases where the contractor had to ship brick several hundred
miles, just because the brick which were made near the work
was not of a suitable size to work with the stone as laid out
and figured for the building. This is in regard to the face
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brick, although the common brick should work with the stone
80 as to get the correct bonding. In English bond and English
cross bond there is often trouble to get brick of a suitable
size to work the bond correctly.

WeicHT oF Brick.—The weight of brick vary, according
to size and their density, from 4} to 5} pounds; in the wall a
cubie foot of brickwork will weigh about 115 pounds.

Quarity.—The superintendent should examine the brick
as brought to the work, and see that they are of the desired
quality; they should be uniform in size and color and hard
and well burned. When two bricks are struck together they
should give forth a clear ringing sound. When broken with a
hammer they should break across the brick, dividing it into
two “bats,” and produce a clean fracture showing a compact,
hard structure, having a bright surface free from cavities and
air-holes. A soft brick when broken will usually fly into several
pieces.

The brick should have square edges and parallel surfaces,
and not be twisted or warped by burning.

A brick should not absorb more than one-tenth of its weight
of water.

As a rule the darkest bricks are the strongest and best burned,
while the light-colored ones are usually soft and will not stand
much crushing strain or the weather. A good test for a brick
is to heat it red-hot and then pour cold water on it; if it does
not crack or break it is of excellent quality.

SPECIFIC GRAVITY, WEIGHT, AND CRUSHING STRENGTH

OF BRICK.
b Crushing

. Weight per
Specific 3 Strength per

Name. H Cubie Foot
Gravity. s Square Inch

V| inPounds | TGS,

Best pressed. . 2.4 150 5000 to 14973
Common hard. 1.6 to 2.0 125 5000 to 8000
Soft 1.4 100 450 to 600

The New York Building Code gives the working strength

ot brickwork as follows:

Pounds per
Square Inch.

Brickwork in Portland-cement mortar; cement, 1; sand, 3. 208

Brickwork in lime and cement mortar; cement, 1; lime, 1;
safid, 6, TN CALEE, AP NI O A 160

Brickwork in lime mortar; lime, 1; sand, 4............... 111
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A good brick supported at each end on supports 6 inches
apart should withstand a pressure at the centre of 2000 pounds
without breaking.

In a test made by Norcross Bros. of Boston the erush-
ing strength of brick ranged as follows: 2720 pounds for light
hard, the poorest; up to 8000 pounds per square inch for the
best quality to produce the first crack; while the ultimate
strength ran from 3149 up to 10,532 pounds per square inch.

Fire-BrICK.—Fire-brick are made by a similar process to
making ordinary brick, but from different material. The clay
used is known as fire-clay. This clay is composed of hydrated
silicates of alumina, associated with silica and alumina in
various states or subdivisions and sufficiently free from alkalies,
iron, and lime to resist vitrification at high temperature.

Oxide of iron or sulphate of iron in the clay is very injurious,
and when found in the brick in a quantity of more than 5 per
cent they should be rejected. Lime, soda, potash, and magnesia,
are also injurious and any fire-brick containing over 3 per cent
of either should be rejected.

Good fire-clay should contain 50 to 80 per cent of silica and
18 to 35 per cent of alumina; it should be of a uniform texture
and have a greasy feel between the fingers.

Fire-brick which are to be exposed to heat should be laid in fire-
clay, and should be thoroughly wet before laying; the mortar
should be used very thin and the joint made as tight as possible.

VirriFiEp Brick are brick burned to a hard glossy con-
sistency so as to be impermeable to water and fit for damp-
proof work, paving, and such purposes.

Brick-LavinG.—This is one of the branches of work that
will require the close attention of the superintendent, as it is:
one that can be slighted at any time and a defect covered up
in a moment. If in making his rounds of the building the
superintendent should notice a brick-mason hurriedly spreading
mortar over the top of the wall or a course of brick just laid,
he should regard it with suspicion, and it would be well for
him to examine this particular part of the wall. The strength
and stability of a wall depends, in addition te the quality of
the materials used, upon the manner in which it is built. The
superintendent should first see that the bricks are hard, sound,
and of correet shape, and that they are all thoroughly wet
before being laid in the wall, so that they will not absorb the
water out of the mortar, thus causing it to lose its strength.
The mason will often complain that wetting the brick makes
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them hard to lay, or that they will “creep.” The superin-
tendent should pay no attention to this, for a brick will have
to be soaked in water until it will absorb no more before it
is too wet to use. 'When the bricks are being laid the superin-
tendent should see that they are all laid on a full bed of mortar,
and where possible should be shoved or rubbed into position,
and he should also see that all vertical joints are filled solid
with mortar.

It is the custom of masons to spread the mortar, then lay
on the brick, exerting no pressure on the brick except its own
weight. The superintendent should watch for this and compel
the mason to shove or force each brick down to a solid bed
and close joint.

The vertical joints should all be completely filled with mortar
and the brick kept at least 1 inch apart
for this purpose, as shown by Fig. 90
at A. Fig. 90 at B shows how the |
mason will want to lay the brick tight
against each other with a dry joint.

The face of a wall where the mason
has his own way will usually be laid as
shown in Fig. 91. He will spread the
mortar and with his trowel gather up
the overhanging mortar and scratch it
off on the end of the brick already laid,
then lay the next brick against this / B B
mortar. Often there will only be enough
mortar to fill the joint half an inch deep,
and this will be all it will ever get unless the superintendent
compels the mason to fill it. The superintendent must see that
these joints are completely filled and not left as shown in Fig. 91.

Fic. 90,

Z';/;ég N NN
V4 V4 y A Y4
Fia. 91.

In spreading mortar for the outside courses, the mason will
stretch it along the top of the brick already laid, and then
run the point of his trowel through the centre, leaving it as
shown by Fig. 92.
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Unless the superintendent watches to see that enough mortar

e

is spread to glve the brick a full bed, the chances are that the

brick will be bedded only a little on
b each side, as shown by Fig. 93. This
Z is often a defect in laying front brick
7770 with “butter ” joints; the mortar is
placed on the brick to be laid in the
manner shown by Fig. 94, and when
laid the result is shown by Fig. 95, leaving the centre of the
brick without any bed.

The author has seen work of this kind where the weight of
the wall had caused pieces of brick to spall off, as shown at
4, Fig. 95, just because the brick did not have a full bed of
mortar.

The bed joints for common brickwork should be about § inch,
but depend a great deal on the mortar used. The superin-
tendent can tell by watching a few bricks laid, and noticing
the pressure required to get a solid bearing, what size joint
should be used. In “stock” or ‘‘sand-struck” brick for out-
side work the joint should be % inch, and for “press” brick
% or f% inch.

Frc. 94.
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The superintendent should see that the bricks, as laid, are

Fra. 95.

set level. The custom of masons is to set the brick with a slight
incline, as shown by Fig. 96, as this
gives them a projection on the
lower course to guide the trowel
in striking the joint. The face
of the bricks should be kept as
near plumb as possible and no
unnecessary - projections made to
catch the water.

Bond is another point in brick-
work that requires the close atten-
tion of the superintendent. It is
usually specified that every fifth
or sixth course, as the case may
be, shall be a header, and it is the duty of the superintendent

|
A B
A B B
A
A B
A A e
A ] | [
Fic. 97. Fra. 98.

to see that this is strictly carried out, and that each header
course is lapped through the wall, as shown by Fig. 97 or Fig. 98,
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In facework, where it is not desired to show the headers,
they are usually put in as shown by Fig. 99. This is called

W//////////////\W\//////
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Fre. 99.

clipped or diagonal secrete bond. Fig. 100 shows another
style of secrete bond; the stretcher course is clipped to half
its width, and a three—quarter bond course laid behind, as shown.

AR N Sl it
s RN
e

Fia. 100.

Metal wall ties of various kinds are also used for bonding the
face brick to the main wall. When these are used the superin-
tendent should see that they are
used in sufficient numbers, and
the two courses of brick brought
as near level as possible where
the tie is to be used. A4 in Fig.
101 shows a bad method of using
these ties, as there is too much
difference in the height of the
courses; B in Fig. 101 shows how
they should be used, as the strain
on the tie is tensile and there is
no chance for it to spring or
give. At best wall ties are a very
poor method of tying the face of a wall to the main structure,
and the author cannot recommend their use.

The strongest wall is obtained when header courses are used
in the face of the wall. Fig, 102-shows the common form of
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bond in which a header course is run at intervals of, say, every
six courses. This header course should be started with a
quarter or three-quarter brick, as shown at 4 and B, of which

that at A looks the best.
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Fra. 102.
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Fra. 103.

Fig. 103 shows the wrong way of starting, and brings three
vertical joints over each other, as shown at 4.

Fig. 104 shows what is known as Flemish bond, in which
every alternate brick is a header. In this style of work every
alternate course should have headers of full brick, and not
“bats.” The mason will try to work in as many “bats” as
possible so as to save face brick, and it will require watching

on the part of the superintendent to prevent it.
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Fia. 104. Fic. 105.

Fig. 105 shows English bond in which every alternate course
is a header course; in this work every sixth course of brick
should be a full header course. English cross-bond shown by
Fig. 106 is similar to the English bond, except that each alternate
stretcher course breaks joints with the stretcher course below.
This divides the face of the wall up into St. George’s crosses,
as shown by 1, 2, 3, Fig. 106, and makes a very pleasing appear-
ance to the eye.

Fig. 107 shows how this work should be carried around
quoins, ete. In all facework it will be the duty of the superin-

tendent to see that the eps his joints plumb and in
. ¥ e Tuur
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line. TFig. 108 at A shows the distorted appearance of a wall
laid in English cross-bond, in which the joints were not kept
plumb. Fig. 108 at B shows the work as it should be.

The author has often found it necessary to have the mason
mark out a pole, as shown by Fig. 109, and mark on it the
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Fic. 107. Fra. 108.

position of the joints in the stretcher courses; for instance, 1, 1, 1
on the pole will be the position of the joints in one course, and
2, 2, 2 will be the position of the joints in the next stretcher

Fra. 109.

course. The pole should be made so that one end of it can be held
at the corner of the wall or pier, so that it will always be held
in the same position. After the header course is laid the pole
should be used and each joint of the stretcher course marked
off; after the stretcher is laid the header course can be centred
with the eye; then repeat the operation for the next stretcher.
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The joints should line up, as shown at 4B, Fig. 106, and form
a true diagonal step, as shown from C to D.

The superintendent should instruct the foreman of the work
how he desires to have the work done, and any work not done
correctly, have it taken down and done over; this is the only
sure way of making brick-masons do perfect work.

In backing up stone ashlar or other like work, the superin-
tendent must see that the bond courses in the brickwork are
built in at the proper place to bond with the stone, as shown
by Fig. 110.

In finishing to the top of a thin course of stone the last ecourse

Fia. 110. Fia. 111,

of brick should have a header, as shown at A in Fig. 111, so
that the next course of ashlar will lap onto it and form a bond
with it.

The superintendent should never allow more than two courses
of stone set ahead of the brick-mason; first a thick or bond
course, and then a thin one, as shown by Fig. 111. Then the
mason can back up these two courses, as shown by Fig. 110,
when the wall will be ready to set two more courses of ashlar.

Unless the superintendent cautions the mason against it,
they will run up three or four courses of ashlar by filling in a
course of brick, as shown by Fig. 112. This should never be
permitted, as it makes a vertical joint through the wall, as
shown from A to B.

The superintendent should occasionally, as the walls are being
built, sight along and down the face of them, to see if they are
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being built straight and plumb; some masons will keep working
““hard” against the line until they have the wall considerably
out of plumb.
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Fia. 112. Fic. 113,
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Where there are projection courses in the outside wall, they
should be covered with lead, as shown by Fig. 113B; some-

WOOoD
A
Fi1c. 114.
Wood
=1
Y i
Fre. 115.

times they are covered with cement mortar, as shown by Fig.
1134 ; this is not so reliable as the lead, for the cement may
crack and work loose.
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In turning arch lintels over door or other openings, it is cus-
tomary to use » wood centre, as shown by Fig. 114. The
superintendent should see that the arch is started at the end
of. the wood centre, as shown by Fig. 114, and not as shown
by Fig. 115, as this throws the weight onto the wood.

Arches are usually built of concentric rings or header courses,
as shown by Fig. 116. Where the arch is to carry a heavy load
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it is advisable to tie the courses together, as shown at 4, Fig. 117.
When an arch springs off an outside wall or pier, or where there
will be nothing to counteract the thrust of the arch, it is advis-
able to build in an I beam, as shown

by Fig. 118, and have it anchored -
solid top and bottom with a bolt or
rod extending back into the main
wall. ;

Where there are chases or re- bV/\K
cesses for pipes or vent flues to be
built in the wall, the superintend-
ent should see that they are located
correctly, and that they are built
straight and plumb; these chases or
recesses should be shut off at each
floor level after the pipes are in
place, and before plastering, so as to
prevent any egress from floor to Fic. 118,
floor in case of fire,

Where walls are built to any great height or length with
nothing to brace them, the superintendent should have them.
braced temporarily until the mortar hardens, or until the
floor-beams are put in place.

In narrow buildings where an engine and elevator are used
for hoisting the superintendent should see that the strain
from the platform to the engine is lengthwise of the building.
The author saw a case where a six-story building had to be taken
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down when the walls reached the sixth floor, because the engine
and elevator had been set crosswise of the building. and the
strain and vibration caused the walls to ‘““creep” until they
were 6 inches out of plumb.

The superintendent should see that all walls are protected
from the weather as they are being built, and covered every
night, especially front or outside walls.

Horrow Warrs.—In building hollow walls, such as are
sometimes built for ventilation, ete., the superintendent must
see that they are properly anchored or tied together, and that
holes are left at the bottom so the space can be cleaned out
at completion of the wall.

CamvNEYS.—In building chimneys the superintendent must see
that the flues are built straight and with as few bends as possible,
and that all joints in the brickwork are slushed full of mortar,
and where flue-lining is not used, see that the inside of the flue
is plastered smooth. The top of a chimney above the roof
should be laid in cement mortar. When the chimney is com-
pleted, the superintendent should have a weight dropped down
each flue to make sure that it is open its entire length, and
not stopped up with “bats” and mortar.

The face walls of a building at completion should be washed
down with a solution of diluted muriatic acid and all dirt and
surplus mortar removed; all open joints left under window-
sills, ete., should now be pointed, care being taken to use just
enough mortar to fill the face of the joint.

Hearta ArcHEs.—‘Trimmer” or ‘“hearth” arches for the
support of a hearth stone or tile are usually built of brick
and should be built as shown by Fig. 119; this throws the weight

(o
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and thrust nearly all on the chimney and not on the wood
joist. A flat wood centre is often used in frame houses, as shown
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by Fig. 120; but the author does not consider this a good method,
for the wood in the recess in the brickwork is but 2} or 3 inches

away from the flue, which is too close for safety. Where centres
P

Fia. 121.

of this kind are used it is better to corbel out, as shown by
Fig. 121; this will give 4 inches of brick between the wood and
the flue.

Brick Nogaine.—In wooden partitions it is often specified
for a course of brick to be built in at the bottom of the story,
and also at half height, resting on the bridging; this is to pre-
vent the passage of vermin and also act as a fire-stop. The
superintendent should see that the brick used in such cases
are not wider than the studs, so the lathing can be nailed on
straight; where the joist rests on a partition it is well to build
“nogging” from the top of this partition to the top of the joist.

WawLrs, Piers, AND PArTITIONS.—The following, taken from
the New York Building Code, 1901, is a very good guide for the
superintendent:

Sec. 27. Materials of Walls.—The walls of all buildings, other
than frame or wood buildings, shall be constructed of stone,
brick, Portland-cement concrete, iron, steel, or other hard, in-
combustible material, and the several component parts of such
buildings shall be as herein provided. All buildings shall be
inclosed on all sides with independent or party walls.

Sec. 28. Walls and Piers.—In all walls of the thickness
specified in this code, the same amount of materials may be
used in piers or buttresses. Bearing walls shall be taken to
mean those walls on which the beams, girders, or trusses rest.
If any horizontal section through any part of any bearing wall
in any building shows more than 30 per centum area of flues
and openings, the said wall shall be increased 4 inches in thick-
ness for every 15 per centum, or fraction thereof, of flue or
opening area in excess of 30 per centum.

The walls and piers of all buildings shall be properly and
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solidly bonded together with close joints filled with mortar-
They shall be built to a line and be carried up plumb and straight.
The walls of each story shall be built up the full thickness to
the top of the beams above. All brick laid in non-freezing
weather shall be well wet before being laid. Walls or piers,
or parts of walls and piers, shall not be built in freezing weather,
and if frozen, shall not be built upon.

All piers shall be built of stone or good, hard, well-burnt
brick laid in cement mortar. Every pier built of brick, con-
taining less than 9 superficial feet at the base, supporting any
beam, girder, arch or column on which a wall rests, or lintel
spanning an opening over 10 feet and supporting a wall, shall
at intervals of not over 30 inches apart in height have built
into it a bond-stone not less than 4 inches thick, or a cast-iron
plate of sufficient strength and the full size of the piers. For
piers fronting on a street thc bond-stones may conform with
the kind of stone used for the trimmings of the front. Cap-
stones of cut granite or bluestone, proportioned to the weight
to be carried, but not less than 5 inches in thickness, by the full
size of the pier, or cast-iron plates of equal strength, by the
full size of the pier, shall be set under all columns or girders,
except where a 4-inch bond-stone is placed immediately below
said cap-stone, in which case the cap-stone may be reduced
in horizontal dimensions at the discretion of the Commissioner
of Buildings having jurisdiction. Isolated brick piers shall
not exceed in height ten times their least dimensions. Stone
posts for the support of posts or columns above shall not be
used in the interior of any building. Where walls or piers
are built of coursed stones, with dressed level beds and vertical
joints, the Department of Buildings shall have the right to
allow such walls or piers to be built of a less thickness than
specified for brickwork, but in no case shall said walls or piers
be less than three-quarters of the thickness provided for brick-
work.

In all brick walls every sixth course shall be a heading
course, except where walls are faced with brick in running
bond, in which latter case every sixth course shall be bonded
into the backing by cutting the course of the face brick and
putting in diagonal headers behind the same, or by splitting
the face brick in half and backing the same with a continuous
row of headers. Where face brick is used of a different thick-
ness from the brick used for backing, the courses of the ex-
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terior and interior brickwork shall be brought to a level bed
at intervals of not more than ten courses in height of the face
brick, and the face brick shall be properly tied to the backing
by a heading course of the face brick. All bearing walls faced
with brick laid in running bond shall be 4 inches thicker than
the walls are required to be under any section of this Code.

Sec. 29. Ashlar.—Stone used for the facing of any building,
and known as ashlar, shall be not less than 4 inches thick.

Stone ashlar shall be anchored to the backing and the back-
ing shall be of such thickness as to make the walls, independent
of the ashlar, conform as to the thickness with the requirements
of sections 31 and 32 of this Code, unless the ashlar be at least
8 inches thick and bonded into the backing, and then it may
be counted as part of the thickness of the wall.

Iron ashlar plates used in imitation of stone ashlar on the
face of a wall shall be backed up with the same thickness of
brickwork as stone ashlar. :

Sec. 30. Mortar for Walls and Ashlar.—All foundation-walls,
isolated piers, parapet walls and chimneys above roofs shall
be laid in cement mortar, but this shall not prohibit the use
in cold weather of a small proportion of lime to prevent the
mortar from freezing. All other walls built of brick or stone
shall be laid in lime, cement, or lime and cement mortar mixed.

The backing up of all stone ashlar shall be laid up with cement
mortar, or cement and lime mortar mixed, but the back of
the ashlar may be pargeted with lime mortar to prevent dis-
coloration of the stone.

Sec. 31. Walls for Duwelling-houses—The expression “walls
for dwelling-houses” shall be taken to mean and include this
class walls for the following buildings:

Dwellings, asylums, apartment-houses, convents, club-houses,
dormitories, hospitals, hotels, lodging-houses, tenements, parish
buildings, schools, laboratories, studios.

The walls above the basement of dwelling-housés not over
three stories and basement in height, nor more than 40 feet in
height, and not over 20 feet in width, and not over 55 feet in
depth, shall have side and party walls not less than 8 inches
thick, and front and rear walls not less than 12 inches thick.
All walls of dwellings exceeding 20 feet in width and not exceed-
ing 40 feet in height shall be not less than 12 inches thick. All
walls of dwellings 26 feet or less in width between bearing-walls
which are hereafter erected or which may be altered to be used
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for dwellings, and being over 40 feet in height and not over 50
feet in height, shall be not less than 12 inches thick above the
foundation-wall. No wall shall be built having a 12-inch-thick
portion measuring vertically more than 50 feet. If over 50
feet in height and not over 60 feet in height the wall shall
be not less than 16 inches thick in the story next above the
foundation-walls and from thence not less than 12 inches to the
top. If over 60 feet in height, and not over 75 feet in height,
the walls shall be not less than 16 inches thick above the
foundation-walls to the height of 25 feet, or to the nearest
tier of beams to that height, and from thence not less than
12 inches thick to the top. If over 75 feet in height, and
not over 100 feet in height, the walls shall be not less than 20
inches thick above the foundation-walls to the height of 40 feet,
or to the nearest tier of beams to that height, thence not less
than 16 inches thick to the height of 75 feet, or to the nearest
tier of beams to that height, and thence not less than 12 inches
thick to the top. If over 100 feet in height, and not over
125 feet in height, the walls shall be not less than 24 inches
thick above the foundation-walls to the height of 40 feet or
to the nearest tier of beams to that height, thence not less
than 20 inches thick to the height of 75 feet, or to the nearest
tier of beams to that height, thence not less than 16 inches
thick to the height of 110 feet, or to the nearest tier of
beams to that height, and thence not less than 12 inches thick
to the top. If over 125 feet in height and not over 150 feet
in height, the walls shall be not less than 28 inches thick above
the foundation-walls to the height of 30 feet, or to the nearest
tier of beams to that height; thence not less than 24 inches
thick to the height of 65 feet, or to the nearest tier of beams
to that height; thence not less than 20 inches thick to the
height of 100 feet, or to the nearest tier of beams to that height;
thence not less than 16 inches thick to the height of 135 feet,
or to the nearest tier of beams to that height, and thence not
less than 12 inches thick to the top. If over 150 feet in height, |
each additional 30 feet in height or part thereof, next above!
the foundation-walls, shall be increased 4 inches in thickness,’
the upper 150 feet of wall remaining the same as specified for
a wall of that height. ‘
All non-fireproof dwelling-houses erected under this section, |
exceeding 26 feet in width, shall have brick fore-and-aft parti-
tion-walls. All non-bearing walls of buildings hereinbefore in|
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this section specified may be 4 inches less in thickness, provided
however, that none are less than 12 inches thick, except as in
this Code specified. 8-inch brick partition-walls may be built
to support the beams in such building in which the distance
between the main or bearing walls is not over 33 feet; if the
distance between the main or bearing walls is over 33 feet the
brick partition-wall shall be not less than 12 inches thick;
provided, that no clear span is over 26 feet. No wall shall be
built having any one thickness measuring vertically more than
59 feet. This section shall not be construed to prevent the use
of iron or steel girders, or iron or steel girders and columns,
or piers of masonry, for the support of the walls and ceilings
over any room which has a clear span of more than 26 feet
between walls, in such dwellings as are not constructed fire-
proof, nor to prohibit the use of iron or steel girders, or iron or
steel girders and columns in place of brick walls in buildings
which are to be used for dwellings when constructed fireproof.
If the clear span is to be over 26 feet, then the bearing-walls
shall be increased 4 inches in thickness for every 121 feet or
part thereof that said span is over 26 feet, or shall have, instead
of the increased thickness, such piers or buttresses as, in the
judgment of the Commissioner of Buildings having jurisdiction,
may be necessary.

Whenever two or more dwelling-houses shall be constructed
not over 12 feet 6 inches in width, and not over 50 feet in height,
the alternating centre wall between any two such houses shall
be of brick not less than 8 inches thick above the foundation-
wall; and the ends of the floor-beams shall be so separated that
4 inches of brickwork will be between the beams where they
rest on the said centre wall.

Sec. 32. Walls for Warehouses.—The expression ‘“walls for
warehouses” shall be taken to mean and include in this class
walls for the following buildings:

Warehouses, stores, factories, mills, printing-houses, pumping-
stations, refrigerating-houses, slaughter-houses, wheelwright-
shops, cooperage-shops, breweries, light- and power-houses,
sugar-refineries, office-buildings, stables, markets, railroad
buildings, jails, police-stations, court-houses, observatories,
foundries, machine-shops, public assembly buildings, armories,
churches, theatres, libraries, museums. The walls of all ware-
houses 25 feet or less in width between walls or bearings shall
be not less than 12 inches thick to the height of 40 feet above
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the foundation-walls. If over 40 feet in height, and not over
60 feet in height, the walls shall be not less than 16 inches
thick above the foundation-walls to the height of 40 feet, or
to the nearest tier of beams to that height, and thence not less
than 12 inches thick to the top. If over 60 feet in height,
and not over 75 feet in height, the walls shall be not less than
20 inches thick above the foundation-walls to the -height of
25 feet, or to the nearest tier of beams to that height,; and thence
not less than 16 inches thick to the top. If over 75 feet in
height, and not over 100 feet in height, the walls shall be not
less than 24 inches thick above the foundation-walls to the
height of 40 feet, or to the nearest tier of beams to that height;
thence not less than 20 inches thick to the height of 75 feet,
or to the nearest tier of beams to that height, and thence not
less than 16 inches thick to the top. If over 100 feet in height,
and not over 125 feet in height, the walls shall be not less than
28 inches thick above the foundation-walls to the height of
40 feet, or to the nearest tier of beams to that height; thence
not less than 24 inches thick to the height of 75 feet, or to the
nearest tier of beams to that height; thence not less than 20
inches thick to the height of 110 feet, or to the nearest tier of
beams to that height, and thence not less than 16 inches thick
to the top. If over 125 feet in height, and not over 150 feet
the walls shall be not less than 32 inches thick above the founda-
tion-walls to the height of 30 feet, or to the nearest tier of beams
to that height; thence not less than 28 inches thick to the
height of 65 feet, or to the nearest tier of beams to that height;
thence not less than 24 inches thick to the height of 100 feet,
or to the nearest tier of beams to that height; thence not less
than 20 inches thick to the height of 135 feet, or to the nearest
tier of beams to that height; and thence not less than 16 inches
thick to the top. If over 150 feet in height, each additional
25 feet in height, or part thereof next above the foundation-
walls shall be increased 4 inches in thickness, the upper 150 feet
of wall remaining the same as specified for a wall of that height.

If there is to be a clear span of over 25 feet between the
bearing-walls, such walls shall be 4 inches more in thickness
than in this section specified, for every 12} feet, or fraction
thereof, that said walls are more than 25 feet apart, or shall
have instead of the increased thickness such piers or buttresses
as, in the judgment of the Commissioner of Buildings, may be
necessary.
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The walls of buildings of a public character shall be not less
than in this Code specified for warehouses with such piers or
buttresses, or supplemental columns of iron or steel, as, in the
judgment of the Commissioner of Buildings having jurisdiction,
may be necessary to make a safe and substantial building.

In all stores, warehouses, and factories over 25 feet in width
between walls there shall be brick partition-walls, or girders
supported on iron, steel, or wood columns, or piers of masonry.

In all stores, warehouses, or factories, in case iron, steel, or
wood girders, supported by iron, steel, or wood columns, or
piers of masonry, are used in place of brick partition-walls,
the building may be 75 feet wide and 210 feet deep, when extend-
ing from street to street, or when otherwise located may cover
an area of not more than 8000 superficial feet. When a build-
ing fronts on three streets it may be 105 feet wide and 210 feet
deep, or if a corner building fronting on two streets it may
cover an area of not more than 12,500 superficial feet; bus
in no case wider nor deeper, nor to cover a greater area, except
in the case of fire-proof buildings. An area greater than herein
stated may, considering location and purpose, be allowed by
the Board of Buildings when the proposed building does not
exceed three stories in height.

See. 33. Increased Thicknesses of Walls for Buzldmgs more
than 105 feet in Depth.—All buildings, not excepting dwellings
that are over 105 feet in depth, without a cross-wall or proper
piers or buttresses, shall have the side or bearing-walls increased
in thickness 4 inches more than is specified in the respective
sections of this Code for the thickness of walls for every 105
feet, or part thereof, that the said buildings are over 105 feet
in depth. .

Sec. 34. Reduced Thickness for Interior Walls.—In case the
walls of any building are less than 25 feet apart, and less than
40 feet in depth, or there are cross-walls which intersect the
walls, not more than 40 feet distant, or piers or buttresses
built into the walls, the interior walls may be reduced in thick-
ness in just proportion to the number of cross-walls, piers, or
buttresses, and their nearness to each other; provided, how-
ever, that this clause shall not apply to walls below 60 feet in
height, and that no such wall shall be less than 12 inches thick
at the top, and gradually increased in thickness by set-offs to
the bottom. The Commissioner of Buildings having jurisdic-
tion is hereby authorized and empowered to decide (except
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where herein otherwise provided for) how much the walls herein
mentioned may be permitted to be reduced in thickness, aceord-
ing to the peculiar circumstances of each case, without endanger-
ing the strength and safety of the building.

Sec. 35. One-story Brick Butldings.—One-story structures not
exceeding a height of 15 feet may be built with 8-inch walls
when the bearing-walls are not more than 19 feet apart, and
the length of the 8-inch bearing-walls does not exceed 55 feet.
One-story and basement extensions may be built with 8-inch
walls when not over 20 feet wide, 20 feet deep, and 20 feet
high to dwellings.

Sec. 36. Inclosure Walls for Skeleton Structures.—Walls of
brick built in between iron or steel columns, and supported
wholly or in part on iron or steel girders, shall be not less than
12 inches thick for 75 feet of the uppermost height thereof,
or to the nearest tier of beams to that measurement, in any
building so constructed, and every lower section of 60 feet,
or to the nearest tier of beams to such vertical measurement,
or part thereof, shall have a thickness of 4 inches more than is
required for the section next above it down to the tier of beams
nearest to the curb-level; and thence downward, the thickness of
walls shall increase in the ratio preseribed in section 26, this Code.

Sec. 37. Curtain-walls.—Curtain-walls built in between piers
or iron or steel columns and not supported on steel or iron
girders, shall be not less than 12 inches thick for 60 feet of the
uppermost height thereof, or nearest tier of beams to that
height, and increased 4 inches for every additional section of
60 feet or nearest tier of beams to that height.

Sec. 38. Existing Party Walls.—Walls heretofore built for
or used as party walls, whose thickness at the time of their
erection was in accordance with the requircments of the then
existing laws, but which are not in accordance with the require-
ments of this Code, may be used, if in good condition, for the
ordinary uses of party walls, provided the height of the same
be not inereased.

Sec. 89. Lining Existing Walls—In case it is desired to
increase the height of existing party or independent walls,
which are less in thickness than required under this Code, the
same shall be done by a lining of brickwork to form a com-
bined thickness with the old wall of not less than 4 inches more
than the thickness required for a new wall corresponding with
the total height of the wall when so increased in height. The
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said linings shall be supported on proper foundations and
carried up to such height as the Commissioner of Buildings
having jurisdiction may require. No lining shall be less than
8 inches in thickness, and all lining shall be laid up in cement
mortar and thoroughly anchored to the old brick walls with
suitable wrought-iron anchors, placed 2 feet apart and prop-
erly fastened or driven into the old walls in rows alternating
vertically and horizontally with each other, the old walls being
first cleaned of plaster or other coatings where any lining is
to be built against the same. No rubble wall shall be lined
except after inspection and approval by the Department.

See. 40. Walls of Unfinished Buildings.—Any building, the
erection of which was commenced in accordance with specifi-
cations and plans submitted to and approved by the Depart-
ment of Buildings prior to the passage of this Code, if properly
constructed, and in safe condition, may be completed, or built
upon in accordance with the requirements of law, as to thick-
ness of walls, in force at the time when such specification and
plans were approved.

Sec. 41, Walls Tied, Anchored, and Braced—In no case
shall any wall or walls of any building be carried up more than
two stories in advance of any other wall, except by permission
of the Commissioner of Buildings having jurisdiction, but this
prohibition shall not include the inclosure walls for skeleton
buildings. The front, rear, side and party walls shall be prop-
erly bonded together, or anchored to each other every 6 feet
in their height by wrought-iron tie anchors, not less than 1}
inches by # inch in size, and not less than 24 inches in length.
The side anchors shall be built into the side or party walls
not less than 16 inches, and into the front and rear walls, so as
to secure the front and rear walls to the side, or party walls,
when not built and bonded together. All exterior piers shall
be anchored to the beams or girders on the level of each tier.
The walls and beams of every building, during the erection
or alteration thereof, shall be strongly braced from the beams
of each story, and when required, shall also be braced from
the outside, until the building is inclosed. The roof tier of
wood beams shall be safely anchored, with plank or joist, to
the beams of the storly below until the building is inclosed.

Sec. 42. Arches and Lintels.—Openings for doors and win-
dows in all buildings shall have good and sufficient arches of
stone, brick, or terra-cotta, well built and keyed with good
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and sufficient abutments, or lintels of stone, iron, or steel of
sufficient strength, which shall have a bearing at each end
of not less than 5 inches on the wall. On the inside of all
openings in which lintels shall be less than the thickness of
_the wall to be supported, there shall be timber lintels, which
shall rest at each end not more than 3 inches on any wall,
which shall be chamfered at each end, and shall have a suitable
arch turned over the timber lintel. Or the inside lintel may
be of cast iron, or wrought iron or steel, and in such case stone
blocks or cast-iron plates shall not be required at the ends
where the lintel rests on the walls, provided the opening is
not more than 6 feet in width. _

All masonry arches shall be capable of sustaining the weight
and pressure which they are designed to carry, and the stress
at any point shall not exceed the working stress for the material
used, as given in section 139 of this Code. Tie-rods shall be
used where necessary to secure stability.

See. 43. Parapet Walls.—All exterior and division or party
walls over 15 feet high, excepting where such walls are to be
finished with cornices, gutters, or crown mouldings, shall have
parapet walls not less than 8 inches in thickness and carried
2 feet above the roof, but for warehouses, factories, stores,
and other buildings used for commercial or manufacturing
purposes the parapet walls shall be not less than 12 inches in
thickness and carried 3 feet above the roof, and all such walls
shall be coped with stone, terra-cotta, or cast iron.

Sec. 44. Hollow Walls—In all walls that are built hollow
the same quantity of stone, brick, or concrete shall be used in
their construction as if they were built solid, as in this Code
provided, and no hollow wall shall be built unless the parts of
same are connected by proper ties, either of brick, stone, or
iron, placed not over 24 inches apart.

See. 45. Hollow Bricks on Inside of Walls—The inside 4
inches of all walls may be built of hard-burnt hollow brick,
properly tied and bonded into the walls, and of the dimen-
sion of ordinary bricks. Where hollow tile or porous terra-
cotta blocks are used as lining or furring for walls, they shall not
be included in the measurement of the thickness of such walls.

Soc. 46. Recesses and Chases in Walls.—Recesses for stair-
ways or elevators may be left in the foundation- or cellar-walls
of all buildings, but in no case shall the walls be of less thick-
ness than the walls of the fourth story, unless reinforced by -
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additional piers with iron or steel girders, or iron or steel col-
umns and girders, securely anchored to walls on each side.
Recesses for alcoves and similar purposes shall have not less
than 8 inches of brickwork at the back of such recesses, and
such recesses shall be not more than 8 feet in width, and shall
be arched over or spanned with iron or steel lintels, and not
carried up higher than 18 inches below the bottom of the beams
of the floor next above. No chase for water or other pipes
shall be made in any pier, and in no wall more than one-third
of its thickness. The chases around said pipe or pipes shall
be filled up with solid masonry for the space of 1 foot at the
top and bottom of each story. No horizontal recess or chase
in any wall shall be allowed exceeding 4 feet in length without-
permission of the Commissioner of Buildings having jurisdic-
tion. The aggregate area of recesses and chases in any wall
shall not exceed one-fourth of the whole area of the face of the
wall on any story, nor shall any such recess be made within a
distance of 6 feet from any other recess in the same wall.

Sec. 47. Furred Walls—In all walls furred with wood the
brickwork between the ends of wood beams shall project the
thickness of the furring beyond the inner face of the wall for
the full depth of the beams.

Sec. 48. Light and Vent Shajts—In every building hereafter
erected or altered, all the walls or partitions forming interior
light or vent shafts, shall be built of brick, or such other fire-
proof materials as may be approved by the Commissioner of
Buildings having jurisdiction. The walls of all light or vent
shafts, whether exterior or interior, hereafter erected, shall be
carried up not less than 3 feet above the level of the roof, and
the brick walls coped as other parapet walls. Vent shafts to
light interior bathrooms in private dwellings may be built
of wood filled in solidly with brick or hard-burnt clay blocks,
when extending through not more than one story in height,
and carried not less than 2 feet above the roof, covered with a
ventilating skylight of metal and glass.

Sec. 49. Brick and Hollow-tile Partitions.—Eight-inch brick
and 6-inch and 4-inch hollow-tile partitions, of hard-burnt clay,
or porous terra-cotta, may be built, not exceeding in their vertical
portions a measurement of 50, 36, and 24 feet respectively, and
in their horizontal measurement a length not exceeding 75 feet,
unless strengthened by proper cross-walls, piers, or buttresses,
or built in iron or steel framework. All such partitions shall
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be carried on proper foundations, or on iron or steel girders, or
on iron or steel girders and columns or piers of masonry.

See. 50. Cellar Partitions tn Residence Buildings.—One line
of fore-and-aft partitions in the cellar or lowest story, supporting
stud partitions above, in all residence buildings over 20 feet
between bearing-walls in the cellar or lowest story, hereafter
erected, shall be constructed of brick, not less than 8 inches
thick, or piers of brick with openings arched over below the
under side of the first tier of beams, or girders of iron or steel
and iron columns, or piers of masonry may be used; or if iron
or steel floor beams spanning the distance between bearing-walls
are used of adequate strength to support the stud partitions
above in addition to the floor load to be sustained by the said
iron or steel beams, then the fore-and-aft brick partition, or
its equivalent, may be omitted.

Stud partitions which may be placed in the cellar or lowest

story of any building shall have good solid stone or brick founda-
tion-walls under the same, which shall be built up to the top
of the floor-beams or sleepers, and the sills of said partitions
shall be of locust or other suitable hard wood; but if the walls
are built 5 inches higher of brick than the top of the floor-beams
or sleepers, any wooden sill may be used on which the studs
shall be set.
. Sec. 51. Main Stud Partitions.—In residence buildings where
fore-and-aft stud partitions rest directly over each other, they
shall run down between the wood floor-beams and rest on the
top plate of the partition below, and shall have the studding
“filled in solid between the uprights to the depth of the floor-
beams with suitable incombustible materials.

See. 52. Timber in Walls Prohibited.—No timber shall be
used in any wall of any building where stone, brick, or iron
is commonly used, except inside lintels, as herein provided, and
brace blocks not more than 8 inches in length.

Pointing.—Fig. 122 shows different styles of pointing used
in face brickwork, that shown at I being the most common, or
what is known as the struck joint; it is made with the point
of the trowel, using the lower course of brick to rest the trowel
on, and the top course as a guide for drawing the trowel along.

Some architects object to this style of joint, claiming the
small projection on the lower course forms a table to catch the
water, and preferring that shown at K, which is just the reverse
of that at 7. The author has used both, and for looks prefers
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that shown at I, for this reason: A person standing on the
ground and looking up at a wall with joints struck as shown
at K, the eye will catch the little projection on every course of
brick and cause the wall to look rough, but with the method
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F1c. 122,

shown at I, the projections cannot be seen and the wall looks
perfectly smooth to the eye.

One point the superintendent must watch in striking the
joints is to see that the mason holds his trowel at the right angle
and does not strike the joint as shown at J. The method shown
at A is much used in press-brick work, being a combination
of the methods shown at I and K. The joint shown at D is
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made by using an iron rod the thickness of the joint; this is
laid on the face edge of the brick already laid and the mortar
spread out to it; after the bricks are laid and the mortar has suffi-
ciently hardened the rod is taken out and the mortar smoothed,
if necessary, with a tool. It takes several rods, as the mason.
will lay up several courses before the mortar is hard enough
to permit the rod to be taken out. The rest of the joints shown
are made with a jointing tool of the desired shape. The point-
ing of brickwork is done as the walls are built, and the super-
intendent must pay attention to see that it is done correctly
as the work progresses.

ErrLORESCENCE.—When the face of some walls become wet
or damp they will be covered with a sort of white efflorescence;
it is in some cases a nitrate or carbonate of potash, more fre-
quently a carbonate or sulphate of soda. There is no way
to prevent this unless by coating the bricks with some prepara-
tion to render them water- and moisture-proof.

Estimating Bricklayers® Work.—Brickwork is esti-
mated at the rate of a brick and a half thick. Therefore if a wall
be more or less than this standard of thickness, it must be
reduced to it as follows:

Rule.—Multiply the superficial contents of the wall by the
number of half bricks in the thickness and one-third of that
product will be the contents required.

Ezxample.—How many bricks will it require to build a house
30 feet square, 20 feet high, and 12 inches thick, above which
is a triangular gable rising 12 feet and 8 inches thick ?

30X 6=180=1 gable end
30X6=180=1 gable end

538 DRI T Ty AP 5,400
30430 =60=two side walls
28428 =56 =two end walls

116
20 =hcight

2320 X225 =+ ¢ eeennanne. 52,200

57,600 (Ans.)
One barrel lime will lay 1000 to 1200 bricks.
One man with one tender will lay 1800 to 2000 bricks per day.
One thousand bricks closely stacked occupy 56 cubic feet.
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One thousand old bricks cleaned and loosely stacked occupy
about 70 cubic feet.
Six hundred bricks, 1 cubic yard in wall.

TABLE OF NUMBER OF BRICKS REQUIRED IN A WALL PER
SQUARE FOOT OF FACE OF WALL.

4 inchers o 1 Y ashyie s el et dawasd 73 | 24 inches...ioiiiiiiianenanean 45
A S S R T R O H o & F: 0l 5 P DS RIN S o < 8 3o, 52%
TR Srsealh - - ip s s Fosor igng g o e P T 70 % Dr saeeianis
T R e e £ 0 eI ~ Lt s L T ey Y e A 2k vt SR
Ciily g AR S R Alaaot:vr o 21 Sl A e s S B Shh S b o 7

TABLE TO FIND THE NUMBER OF BRICKS IN ANY WALL.

Super- Number of Bricks to Thickness of Wall.
ficial Feet 3

of Wall. | 4 ineh. 8-inch., ‘ 12-inch. | 16-inch. | 20-inch. | 24-inch.
1 7% 15 23 30 38 45

2 15 30 45 60 75 90

3 23 45 68 90 113 135

4 30 60 90 120 150 180

5 38 75 113 150 188 225
6 45 90 135 180 225 270°

7 53 105 158 210 263 315

8 60 120 180 240 300 300

9 68 135 203 270 338 405

10 75 150 225 300 375 450
20 150 300 450 600 750 900
30 225 450 675 1,125 1,350
40 300 600 900 1,200 b 1,800
50 375 750 1,125 1,500 1,875 2,250
60 450 900 1,350 1,800 2,250 2,700
70 525 1,050 1,575 2,100 ] 3,150
80 600 A 1,800 2,400 3,000 3,600

o 675 1,350 2,025 2,700 3,375 4,050
100 750 1,500 2,250 3,000 3, 4,500
200 1,500 g 4,500 6,000 7,500 9,000
300 2,250 4,500 6,750 9,0 11,250 13,500
400 3,000 6,000 9,000 12,000 15,000 18,000
500 3,750 7,500 11,250 15,000 18,750 22,500
600 4,500 9,000 13,500 18,000 22,500 27,000
700 5,250 10,500 15,750 21,000 26,250 31,500
800 5 12,000 18,000 24,000 30,000 36,000
900 6,750 13,500 20,250 27,000 33,750 40,500
1,000 7,500 15,000 22,500 30,000 37,500 45,000

Ezxample.—Find the number of bricks in a wall 8 inches
thick, 5 feet high, and 10 feet long; five multiplied by ten
equals 50 feet of wall 8 inches thick. Under 8 inches and
opposite 50 you will find 750, the number of bricks in the wall,

The above tables are based on the usual sizes of Eastern
brick; Western brick are made some larger and will take a
slight percentage less than in the above tables.
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Paving, etc.—As a guide for street-paving, etc., the follow-
ing specifications are given which form a good guide for such
work ;

SPECIFICATIONS.
CITY OF CHICAGO, BOARD OF LOCAL IMPROVEMENTS.

ComBINED CURB AND GUTTER. STREET-PAVING, PORTLAND-
CEMENT FouNpATION. WEARING SURFACE, EITHER
Brick or ASPHALT.

ComBINED CurB AND GuUrreER.—In making the combined
curb and gutter Portland cement shall be used and ordinarily
will be subjected to the following inspection and tests:

Fineness.—It shall be, so ground that nine-two (92) per cent
will pass through a standard No. 100 sieve having 10,000 meshes
per square inch.

Soundness.—It shall meet the requirement of the “boiling”
test.

° Setting.—The cement when mixed with twenty (20) per cent
of water, by measure, shall take initial set in not less than
forty-five (45) minutes.

Strength.—Briquettes one (1) inch square in section shall
develop the following ultimate tensile strength:

Neat—one day in air and 6 days in water, 400 pounds.

One (1) part cement to two (2) parts fine granite screenings
—one day in air and 6 days in water, 200 pounds; and shall
show a gradual increase in strength of fiffeen (15) per cent
at the end of twenty-eight (28) days.

Samples of cements which it is proposed to use in the work
shall be submitted to the Board of Local Improvements in
such quantities and such time and place as to make all the
required tests,

The Board of Local Improvements reserves the right to
reject without recourse any cement which is not satisfactory,
whether for reasons mentioned in these speciﬁcations or for
any good and sufficient cause.

All cement to be used in the combined curb and gutter must
be delivered on the work in approved packages bearing the
name, brand, or stamp of the manufacturer. It shall be
thoroughly protected from the weather until used, in such
manner as may be directed,



SPECIFICATIONS FOR PAVING, ETC. 103

The granite screenings used in making the concrete shall
be clean, dry, free from, dust,loam, and dirt, and when delivered
on the street shall be deposited on flooring and kept clean until
used.

The crushed granite shall be clean, free from dust and dirt,
broken so as to measure not more than one (1”) inch in any
dimension, and when delivered on the street shall be deposited
on a flooring and kept clean until used.

The granite concrete combined ecurb and gutter shall be
constructed at the established grade and in a continuous line
on each side of the street........ (..”) feet from and parallel
with the centre line thereof, except at all intersections of streets
and alleys, where it shall be returned to the street line, and at
such intersections there shall be formed the necessary circular
stones built to such radii as the engineer may direct. All
grades and lines will be given by the engineer. The combined
curb and gutter shall rest on a foundation of cinders which must
be six (6”) inches in thickness after being thoroughly flooded
and compactly rammed to an even surface.

The curb and gutter shall be made of concrete formed by
intimately mixing one (1) part of cement with two (2) parts
of fine granite screenings; to this mixture shall be added four
(4) parts of crushed granite and the whole thoroughly mixed
together, after which just sufficient water to wet the mass shall
be added, so that when it is rammed in place a film of moisture
shall appear on top. All exposed surfaces shall be covered
with a finishing coat of mortar three-eighths (3’) inch in
thickness, composed of one (1) part of the cement thoroughly
mixed with one and one-half (1}) parts of the fine granite
screenings. Before the concrete sets, the curb and gutter shall
be cut into sections not exceeding six (6”) feet in length.

The gutter flag must be eighteen (18/) inches wide and
five (5”’) inches thick; the curb must be seven (7”) inches thick
throughout, except at the upper face corner, which is to be
rounded to a radius of one and one-half (13/) inches. The
height of the curve above the gutter flags will be of varying
dimensions, averaging not less than....... (..”) inches.

The contractor or contractors shall build without extra
charge all “‘inlets’” necessary to properly connect the com-

“bined curb and gutter with the catch-basins and such steps on
the gutter flags at the crossings as the engineer may direct,

The curb and gutter shall be back-filled to the top, and filling
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at that point shall be four (4/) feet wide and shall have a slope
of one and one-half (1}) horizontal to one (1) vertical. The
full quantity of filling shall be put in front and back of each
section of curb and gutter as it is built, and must be thoroughly
rammed with a proper rammer at the same time so that the
curb and gutter will be firmly held in place.

ConcrEre FounpaTioN.—After the sub-grade is prepared
a foundation of Portland-cement concrete to a uniform thick-
ness of six (6””) inches shall be laid.

CeMENT.—In making the concrete, Portland cement shall
pass same specifications as for cement used in curb and gutter
work.

Sanp.—The sand used in making the concrete shall be clean,
dry, free from dust, loam, and dirt, of sizes ranging from one-
eighth (3”) inch down to the finest, and in such proportion
that the voids as determined by saturation shall not exceed
thirty-three (33) per cent of the entire volume, and it shall weigh
not less than one hundred (100) pounds per cubic foot.

No wind-drifted sand shall be used.

The sand when delivered on the street shall be deposited on
flooring and kept clean until used.

CrusHED STONE.—The, crushed stone used in making the
concrete shall be of the best quality of limestone, clean, free
from dirt, broken so as to measure not more than two (2”)
inches and not less than one (1”) inch in any dimension.

The stone when delivered on the street shall be deposited
on flooring and kept clean until used.

Mixing AND LaviNg oF CoNcrere.—The concrete shall be
mixed on movable tight iron platforms of such size as shall
accommodate the manipulations hereinafter specified.

The cement, sand, and stone shall be mixed in the following
proportions: One (1) part of cement, three (3) parts of sand,
and seven (7) parts of crushed stone. The sand and cement
shall be thoroughly mixed, dry, to which sufficient water shall
be added and then made into a stiff mortar. The crushed stone
shall then be immediately incorporated in the mortar and the
mass thoroughly mixed, adding water from time to time as
the mixing progresses, until each particle of stone is covered
with mortar.

The concrete shall be removed from the platform with shovels
and deposited in a layer on the roadway in such quantities that
after being rammed in place it shall be of the required thickness
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and the upper surface shall be true and smooth and. ... .. (049
inches below and parallel with the top of the finished pavement.

During the progress of the work the sub-grade must be kept
motst,

The concrete shall be sprinkled so as to prevent checking in hot
weather, and shall be protected from injury at all times, and
shall lay at least seven days before being covered with the
wearing surface, or a longer time if deemed necessary.

Sanp CusaioN.—Upon the concrete foundation shall be
spread a layer of sand in such quantity as to insure, when
compacted, a uniform thickness of one (1) inch. ‘

On surfacing said layer of sand the contractor or contractors
shall use such guides and templets as the engineer may direct.

WEeARrING SurFAcE.—Upon the layer of sand as above speci-
fied shall be placed the brick of such quality and in such manner
as hereinafter specified. X

QuaLiTY oF Bricks.—The brick to be used shall be of the
best quality of vitrified paving brick. Salt-glazed bricks will
not be received.

The dimensions of the brick used shall be the same through-
out the entire work in any particular case, and shall be not
less than eight (8”) inches in length, four (4””) inches in depth,
and two and one-half (21”/) inches in thickness, with rounded
edges to a radius of one-quarter () of an inch.

Said brick shall be of a kind known as repressed vitrified
paving brick and shall be repressed to the extent that the max-*
imum amount of material is forced into them. They shall be
free from lime and other impuritics, shall be as nearly uniform
in every respect as possible, shall be burned so as to secure the
maximum hardness, so annealed as to reach the ultimate degree
of toughness, and thoroughly vitrified so as to make a homoge-
neous mass,

The bricks shall be free from all laminations caused by the
process of manufacture, and free from fire-cracks or checks of
more than superficial character or extent.

Any {irm, person, or corporation bidding for the work to be
done shall furnish specimen brick, which shall be submitted to
a “water-absorption’’ test, and if such brick show a water absorp-
tion exceeding three (3) per cent of their weight when dry, the
bid of the person, firm, or corporation so furnishing the same
shall be rejected. Such ‘“water-absorption” test shall be
made by the Board of Local Improvements of the City of
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Chicago, in the following manner, ta wit: Not less than three (3)
bricks shall be broken across, thoroughly dried, and then
immersed in water for seventy-two (72) hours. The absorption
shall then be determined by the difference between the weight
dry and the weight at the expiration of said seventy-two (72)
hours.

Twenty or more specimen bricks shall also be furnished by
each bidder for submission to the ‘“abrasion” test by the Board
of Local Improvements. Such test shall be made in the follow-
ing manner, to wit: Such specimen brick or a sufficient number
to fill 15 per cent of the volume of the rattler shall be submitted
to a test for one hour in the machine known as the ‘‘rattler,”
which shall measure twenty (20”) inches in length and twenty-
eight (28”) inches in diameter, inside measurement, and shall
be revolved at the rate of thirty (30) revolutions per minute
If the loss of weight by abrasion during such test shall exceed
twenty (20) per cent of the original weight of the brick tested,
then such bid shall be rejected.

All brick shall have a specific gravity of not less than two
and one-tenth (2!/,)), as determined by the formula specific

W
W/

W’ equals weight of brick after being immersed in water for
seventy-two (72) hours, and W’ equals weight of brick in water.

All brick used must be equal in every respect to the speci-

‘men submitted by the bidders to the Board of Local Improve-
ments for test. .

How Laid.—All briek shall be delivered on the work in bar-
rows, and in no ecase will teams be allowed on the street before
the wearing surface is rolled.

Broken bricks can only be used to break joints in starting
courses and in making closures, but in no case shall less than
half a briek be used.

The bricks shall be laid on edge, close together, in straight
lines across the roadway, between gutters, and at right angles
to the eurbs and perpendicular to the grade of the street. Gut-
ters shall be constructed as directed by the engineer.

The joints shall be broken by a lap of not less than three (3'/)
inches.

On intersections and junctions of lateral streets the bricks
shall be laid at an angle of forty-five (45°) degrees with the
line of the street unless otherwise ordered by the engineer,

5
gravity equals —; where W equals weight of brick dry,
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The bricks when set shall be rolled with a roller weighing
not less than five (5) tons until the bricks are well settled and
made firm. Or, if the engineer shall direct, the bricks, when
set, shall be thoroughly rammed two or more times, the
ramming to be done under a flatter, with a paving rammer
weighing not less than thirty (30) pounds, the iron of the ram-
mer face in no case to come in contact with the pavement.

After rolling and ramming, all broken brick found in the
pavement must at once be removed and replaced by sound
and perfect brick.

Prrcuing  or GrouTiNG AND Top-DREsSING. — When the
bricks are thoroughly bedded, the surface of the pavement
must be true for grade and crown. The surface of the pave-
ment shall then be swept clean, and the joints or spaces between
the brick shall be completely filled with a paving pitch which
is the direct result of the distillation of ‘‘straight-run” coal-
tar, and of such quality and consistency as shall be approved
by the Board of Local Improvements. The pitch must be
used at a temperature of not less than 280 degrees Fahrenheit.

When the brick are thoroughly bedded, the surface of the
pavement must be true for grade and crown. The surface
of the pavement shall then be swept clean, and the joints or
spaces between the bricks shall be filled with a cement grout
filler composed of limestone 65 per cent, furnace slag 25 per
cent, and potters’ clay 10 per cent, to be made as follows: The
above materials in the proportions stated shall be mixed to-
gether and ground into an impalpable powder and then burned -
in kilns until reduced to clinker, after which it shall again be
ground into an impalpable powder. Equal portions of said
grout and clean, sharp sand shall then be thoroughly mixed,
and sufficient water added to bring the mixture to such a con-
sistency as will allow it to run to the bottom of the joints between
the brick. After said joints are filled to the top, the surface
shall be finished off smoothly with steel brooms.

After the spaces between the brick have been filled with
the pitch or grout as above specified, the surface of the pave-
ment shall then receive a one-half (3”’) inch dressing of sand,
evenly spread over the whole surface.

Where cement grout is used as a filler the pavement must be
kept clear of traffic for a period of four (4) days—or as much
longer as the engineer may direct—after the application thereof.

AspuArric CEMENT.—The asphaltic cement hereinafter ‘speci-
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fied shall be made of refined Trinidad Lake asphalt, obtained
from the island of Trinidad, or of an asphalt of equal quality
for paving purposes, and heavy petroleum-oil. The oil shall
be mixed with the asphalt in such proportions as are suitable
to the character of the asphalt used.

BinpEr Course.—Upon the eoncrete foundation as above
specified shall be laid a ‘“binder” course, composed of clean
broken limestone of a size known as ‘“small concrete,”’ and
asphaltic cement. The stone shall be heated and thoroughly
mixed with asphaltic cement in the proportion of fifteen (15)
gallons of asphaltic cement to one (1) cubic yard of stone;
the mixing shall be continued until each particle of stone is
thoroughly coated with the asphaltic cement. This binder
shall be spread on the base above described, and, while in a
hot and plastic condition, shall be rolled with a five (5) ton
steam-roller until it has a uniform thickness of one and one-half
(13”) inches. The upper surface shall be parallel with and
two (2”) inches below the final surface of the pavement.

Binder that has been burned or has become chllled shall be
removed from the line of the work.

WEeARING SUurFACE.—Upon this binder course shall be laid
a wearing surface, which shall be composed of asphaltic cement
seventeen (17) parts, sand seventy-three (73) parts, and pul-
verized carbonate of lime ten (10) parts. The sand and asphaltic
cement shall be heated separately to a temperature of three-
hundred (300°) degrees Fahrenheit. The pulverized -car-
" bonate of lime shall be mixed with the sand, and these ingre-
dients then mixed with the asphaltic cement at the above
temperature, in an apparatus which shall effect a perfect mix-
ture.

The mixture at a temperature of not less than two hundred
and fifty (250°) degrees Fahrenheit shall then be carefully
spread by means of hot iron rakes in such a manner as to give
a uniform and regular grade, and on such a depth that after
having received its ultimate compression it will have a thick-
ness of two (2”) inches. The surface shall be compressed by
rollers, after which a small amount of hydraulic cement shall
be swept over it, and it shall then be thoroughly compressed
by a fifteen (15) ton steam-roller, the rolling being continued
as long as it makes an impression on the surface.

Where necessary to make the gutters impervious to water,
a width of twelve (12’) inches next to the curb shall be coated
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with hot pure asphalt and smoothed with hot smoothing-
irons in order to saturate the pavement with excess of asphalt.

HeApErs.—At the end of each intersecting street and alley
wing there shall be placed a ‘‘header,” extending from curb
to curb, and so dressed as to conform to the crown of the pave-
ment. The ‘“header” shall be constructed of three by twelve
(3”7X12”) inch oak plank, properly supported by six (6”)
inch split cedar posts, three (3’) feet in length, firmly set in
the ground and spaced not more than five (5') feet apart.

All ““headers” shall be constructed by the contractor or
contractors without extra charge.

CrosswaALKs.—Unless otherwise directed by the engineer
there shall be formed in the pavement four (4) crosswalks
at each street intersection, three (3) at each half intersection,
and one (1) near the middle of each long block. A gutter
nine (9”) inches in the clear width shall be constructed at
the ends of the crosswalks by setting sandstone curbing in
the roadway nine (9””) inches from and parallel with the curb
line. The sandstone curbing must be four (4””) inches thick
and twenty-four (24’’) inches deep, and the length of the curb-
ing shall be within two (2’) feet of the width of the abutting
sidewalk space; provided, however, that the minimum length
of said curbing shall be six (6") feet.

The crosswalks, gutters, and their appurtenances shall be
formed and constructed where and as directed by the engineer,
and without extra cost over and above the price paid per square
yard for the pavement.



PART IIIL

LIME, SAND, CEMENT, MORTAR, AND CON-
CRETE. CONCRETE CONSTRUCTION.
FIRE-PROOF FLOOR CONSTRUCTION,
PARTITIONS, ETC. ARCHITECTURAL
TERRA - COTTA. FIRE - PROOF CON-
STRUCTION AND FIRE PROTECTION
OF BUILDINGS.

Lime, Sand, and Cement.—Mortar is one of the prin-
cipal materials used in construction, and upon which the strength
and stability of the structure depends to a great extent; hence
the different materials and proportions used in making the
mortar must receive particular attention from the superin-
tendent. He must be so familiar with the different materials
used that hewill be able to judge the quality of them so asto
determine any worthless material and reject it at once.

Sanp.—Sand, which enters largely into the composition
of all mortars, should be sharp and angular and comparatively
free from any dirt or loam. Recent experiments have shown
that a slight percentage of clay in the sand used for cement
mortar does not affect its strength, but there should not be
more than 5 per cent of clay in the sand. - For rough stone or
common brick work the sand should be coarse, but for “ press”
brick and setting ashlar it should be fine, so as to get a close
joint. Marble dust is often used in place of sand where a close
joint is desired in the work.

By taking a small amount of sand and spreading it over
the hand or examining it with a magnifying-glass the superin-
tendent can readily determine its quality.

110
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When ocean sand is used for plastering or any work where the
salt is liable to come to the surface and show, it should be thor-
oughly washed.

For concrete or any rough work, the salt does not affect it.

LiMe.—Lime is obtained by burning limestone. When
carbonate of lime is calcined the carbonic acid is thrown off
and lime is obtained. It is then known as caustic lime or
quicklime; if it then be mixed with water it will throw out
great heat, swell to several times its original bulk, and finally
falls to a powder. In this state it is known as slaked or a
hydrate of lime.

The quality of lime depends on the composition of the lime-
stone from which it is made. Those stones which are nearly
pure carbonate of lime make the best lime, while those which
contain much impurities, such as silica, clay, magnesia, and
alkalies, make the poorest lime according to the amount of
impurities contained.

(Good lime should be free from cinders or unburned stone,
and not contain a large per cent of impurities; over 10 per
cent of impurities makes poor lime and it should be rejected.

Lime should be in large hard pieces and contain little dust.
When wet with water it should slake readily into a smooth,
fine paste or putty. The lime should slake by simply im-
mersing it it the water, although stirring it will hasten it some-
what.

The superintendent should see that the lime used is freshly
burned and has not been exposed to the air, which will cause
it to “air slake” and make it unfit for use; he should also see
that proper provisions have been made to keep and protect
the lime at the work, for lime exposed to a damp atmosphere
for a day will absorb dampness enough to cause it to slake.

Waar One Barren or Lime Wint Do.

1 barrel of lime will make 23 barrels of paste.
¥« « & lay 3 perch of stone rubble.
R g 10,0 DB 114 <

“ o« « « plaster 28 yards of 3-coat work.
{3 “ 43 13 “ 40 &’ ‘@ 2_ o [
“ &« equals 3 bushels of 80 pounds each.

[ N |

Hypravric Lime.—Hydraulic lime is made from caleareous
rock containing 12 to 30 per cent of silica, alumina, iron, and
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magnesia; when calcined at a low temperature it will slake
and will set and harden in water in from one to ten days to
five or six months, depending on the amount of silica and
alumina contained. Hydraulic lime is not used much in this
country, as natural cement takes its place. The following is
an average of French hydraulic lime:

Silfear . 1 Jahe®, 0% devrha sl 22.0 per cent
Alvmniing s 51506 Al el I 2305 ¢t
Oxidel of droni. <+ .18, s Mk Ll QT4
LTGRO R AR o ot . Ry & AR, 63.0 ¢«
Magnesiasasgilin Akl sbeagabl s 15346
SulphuFiczacidhs. ol sulvaed a8 050 1
IWateRssGa il dheg), ey, oy Sy 10 . QFdusé

100.0 per cent

Cements.—Natural cements are generally called Rosen-
dale cement, from the name of the town in New York where
it was first made in this country. It is made, from a natural
rock containing about 60 per cent of lime and magnesia to
about 40 per cent of silica and alumina, with a little iron or
potash. This cement sets and attains its limit of strength
much quicker than Portland, and is used where extreme strength
is not necessary. Portland cement, because the price is becom-
ing cheaper than in former days, is now fast taking the place
of Rosendale cement.

Rosendale cement is usually a dark brown; a light color
indicates an inferior cement.

WEeicHT AND CHEMICAL ANaLysis.—Weight.—The average
weight of Louisville or Rosendale cement is as follows:

1 cubic foot, loose.......ceevuuen.. 55% pounds.
1 cubic foot, packed............... 74 i

Therefore a barrel of 265 pounds contains 4.77 cubic feet of
loose cement and 3.58 cubic feet of packed cement.

Louisville cement is shipped in three kinds of packages: bar-
rels, weighing 285 pounds gross; paper bags, 82 pounds each;
and jute sacks, weighing 133 pounds each.

Chemical Analysis.—The following is a characteristic analysis
of Louisville or Rosendale cement:
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Silica .t lisdnedmdid gam ! Sheisn 26.40 per cent
Aluminalysa i amninhli gty 2 6.28 &
Trontoxidesiie Aemie . Spsidebn 1.00 i
ibiiiess .3 (3donn Sedt : DR RS TR sl 45.22 %
Magnesiag. 08 s idual Do 9.00 £
Potash and soda. . ..ccovvennn... 4.24 £
Sulphate lime................. 0.00 £
Carbonic acid, water,and loss. ... 7.86 s

100.00 per cent

The following specifications for natural cements have been
prepared and are used by the United States Engineer Depart-
ment;

SPECIFICATIONS FOR NATURAL CEMENT.

(1) The cement shall be a freshly packed natural or Rosen-
dale, dry and free from lumps. By natural cement is meant
one made by calcining natural rock at a heat below incipient
fusion and grinding the product to powder.

(2) The cement shall be put up in strong, sound barrels,
well lined with paper so as to be reasonably protected against
moisture, or in stout cloth or canvas sacks. Each package
shall be plainly labelled with the name of the brand and of
the manufacturer.

Any package broken or containing damaged cement may
be rejected or accepted as a fractional package, at the option
of the United States agent in local charge.

(3) Bidders will state the brand of cement which they pro-
pose to furnish. The right is reserved to reject a tender for
any brand which has not given satisfaction in use under cli-
matic or other conditions of exposure of at least equal severity
to those of the work proposed.

(4) Tenders will be received only from manufacturers or
their authorized agents.

(The following paragraph will be substituted for paragraphs
3 and 4 above when cement is to be furnished and placed by
the contractor:

No cement will be allowed to be used except established
brands of high-grade natural cement which have been in suc-
cessful use under similar climatic conditions to those of the
proposed work.)
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(5) The average net weight per barrel shall not be less than
300 pounds. (West of the Allegheny Mountains this may
be 265 pounds.) . .. Sacks of cement shall have the same
weight as 1 barrel. If the average net weight, as detcrmined
by test weighings, is found to be below 300 pounds (265) per
barrel, the cement may be rejected, or, at the option of the
engineer officer in charge, the contractor may be required to
supply free of cost to the United States an additional amount
of cement equal to the shortage.

(6) Tests may be made of the fineness, time of setting, and
tensile strength of the cement. A

(7). FinenEss.—At least 80 per cent of the cement must
pass through a sieve made of No. 40 wire, Stubb’s gauge, hav-
ing 10,000 openings per square inch.

(8) TiMe or SmrrTiNG.—The cement shall not aequire its
initial set in less than twenty minutes and must have acquired
its final set in four hours.

(9) The time of setting is to be determined from a pat of
neat cement mixed for five minutes with 30 per cent of water
by weight and kept under a wet cloth until finally set. The
cement is considered to have acquired its initial set when the
pat will bear, without being appreciably indented, a wire one-
twelfth inch in diameter loaded to weigh one-fourth pound.
The final set has been acquired when the pat will bear, with-
out being appreciably indented, a wire one twenty-fourth inch
in diameter loaded to weigh 1 pound.

(10) TENsILE STRENGTH.—DBriquettes made of neat cement
shall develop the following tensile strengths per square inch,
after having been kept in air for twenty-four hours under a
wet cloth and the balance of the time in water:

At the end of seven days, 90 pounds; at the end of twenty-
eight days, 200 pounds.

Briquettes made of one part cement and one part standard
sand by weight shall develop the following tensile strengths
per square inch:

After seven days, 60 pounds; after twenty-eight days, 150
pounds.

(11) The highest result from each set of briquettes made at
any one time is to be considered the governing test. Any
cement not showing an increase of strength in the twenty-eight-
day tests over the seven-day tests will be rejected.

(12) The neat cement for briquettes shall be mixed with 30
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per cent of water by weight, and the sand and cement with 17
~ per cent of water by weight. After being thoroughly mixed
and worked for five minutes the cement or mortar is to be
placed in the briquette mould in four equal layers, each of which
is to be rammed and compressed by thirty blows of a soft
brass or copper rammer three-fourths of an inch in diameter
(or seven-tenths of an inch square with rounded ecorners),
weighing 1 pound. It is to be allowed to drop on the mix-
ture from a height of about half an inch. Upon completion
of ramming the surplus cement shall be struck off and the
layer smoothed with a trowel held nearly horizontal and drawn
back with sufficient pressure to make its edge follow the sur-
face of the mould.

(13) The above are to be considered the minimum require-
ments. Unless a cement has been recently used on work
under this office, bidders will deliver a sample barrel for test
before the opening of the bids. Any cement showing, by sample,
higher tests than those given must maintain the average so
shown in subsequent deliveries.

(14) A cement may be rejected which fails to meet any of
the above requirements. An agent of the contractor may be
present at the making of the tests, or, in case of failure of any
of them, they may be repeated in his presence. If the con-
tractor so desires, the engineer officer may, if he deems it to
the interest of the United States, have any or all of the tests
made or repeated at some recognized standard testing labora-
tory in the manner above specified. ~All expenses of such tests
shall be paid by the contractor, and all such tests shall be
made on samples furnished by the engineer officer from cement
actually delivered to him.

Portland Cement.—Portland cement is what is known as
a tri-calcic cement and is composed of lime, silica, alumina,
iron oxide, and magnesia artificially blended together into a
scientifically correct mixture and burned at a white heat. The
process varies greatly with the character of the raw materials
used.

By the heat of the kiln the silica, lime, alumina, and oxide
of iron become silicate of lime and alumina, and aluminate of
lime and ferrite of lime. If the composition of these compounds
is brought about in the right proportions in the molecule and
in the mass, their nature is to crystallize when wet with water,
and then harden till they become as rocks
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When any lime leaves the kiln uncombined and is not changed
to hydrate of lime, or carbonate of lime by exposure to the air,
the .uncombined lime will act as a deleterious ingredient, and
is the cause of the swelling of cement in barrels and the checking
and blowing found in finished cement-work; if the cement
contains any of this uncombined lime it will generally show
in the tests made for soundness or expansion,

Nearly all the Portland cement made in this country
is produced artificially. The name ‘“Portland” is given the
cement on account of its color when hardened, which resembles
the color of a stone found on the Isle of Portland, off the coast of
England.

The quality of Portland cement depends on the raw materials
used, their proportion, and fineness to which it is ground. Port-
land cement sets much slower than the natural cements and
requires a much longer time to reach its limit of strength, but
attains a much greater strength than the natural cement.

The color of Portland cement is a dark bluish or drab color.
It should weigh at least 375 pounds per barrel and 4 sacks should
equal a barrel. A cement which is lighter in weight than this
is liable to be poor.

CuemicaL ComposiTioN.—The ordinary composition of a good
Portland cement varies as follows:

fEfimie: s cueil sl ratasde g from 60 to 64 per cent
Silicadam St nrtsi invis from 20 to 24 ¢
Alumina and iron oxide... from 8 to 12 ‘¢
Magnesia. .. ..coovnnnann from 1to 3} ¢
Alkalies, . i ive o vunns from trace to 2 ‘¢
Sulphuric acid. . ......... from 1to 2 ¢

Cement containing over 3} per cent of magnesia and 2 per
cent of sulphuric acid should be avoided.

The manufacturers of Portland cement will usually sell their
cement under the following guarantee:

1st. The cement will stand a minimum tensile strain of 600
pounds to the square-inch section of neat briquettes kept one
day in air and six days in water. 2d. The cement will stand
a minimum tensile strain of 175 pounds per square-inch section,
3 parts of sand and 1 part of cement, the briquettes kept one
day in air and six days in water, standard crushed quartz used
in testing. 3d. The cement will stand what is knoww as the
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boiling test. 4th. 85 per cent of this cement will pass through a
No. 200 sieve. 96 per cent will pass through a No. 100 sieve.
All of the barrel cement will be put up in tight packages of great
strength and uniformity. The bag cement will be put up in
cotton bags of superior quality, and all the weights are strictly
guaranteed.

The following are the specifications used by the United States
Engineering Department for Portland cement*

SPECIFICATIONS FOR AMERICAN PORTLAND CEMENT.

(1) The cement shall be an American Portland, dry and free
from lumps. By a Portland cement is meant the puctrod
obtained from the heating or calcining up to incipient fusion
of intimate mixtures, either natural or artificial, of argillaceous
with calcareous substances, the calcined product to contain at
least 1.7 times as much of lime, by weight, as of the materials
which give the lime its hydraulic properties, and to be finely
pulverized after said calcination, and thereafter additions or
substitutions for the purpose only of regulating certain prop-
erties of technical importance to be allowable to not exceeding
2 per cent of the calcined product.

(2) The cement shall be put up in strong, sound barrels well
lined with paper, so as to be reasonably protected against
moisture, or in stout cloth or canvas sacks. Each package
shall be plainly labelled with the name of the brand and of the
manufacturer. Any package broken or containing damaged
cement may be rejected or accepted as a fractional package, at
the option of the United States agent in local charge.

(3) Bidders will state the brand of cement which they pro-
pose to furnish. The right is reserved to reject a tender for
any brand which has not cstablished itself as a high-grade
Portland cement and has not for three years or more given
satisfaction in use under climatic or other conditions of exposure
of at least equal severity to those of the work proposed.

(4) Tenders will be received only from manufacturers or
their authorized agents.

(The following paragraph will be substituted for paragraphs
3 and 4 above when cement is to be furnished and placed by
the contractor:

No cement will be allowed to be used except established
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brands of high-grade Portland cement which have been made
by the same mill and in suceessful use under similar climatic
conditions to those of the proposed work for at least three years.)

(5) The average weight per barrel shall not be less than 375
pounds net. Tour sacks shall contain one barrel of cement.
If the weight, as determined by test weighings, is found to
be below 375 pounds per barrel, the cement may be rejected,
or, at the option of the engineer officer in charge, the contractor
may be required to supply, free of cost to the United States,
an additional amount of cement equal to the shortage.

(6) Tests may be made of the fineness, specific gravity,
soundness, time of setting, and tensile strength of the cement.

(7) Finexess.—Ninety-two per cent of the cement must pass
through a sieve made of No. 40 wire, Stubb’s gauge, having
10,000 openings per square inch.

(8) Serciric Graviry.—The specific gravity of the cement,
as determined from a sample which has been carefully dried,
shall be between 3.10 and 3.25.

(9) SounbpNEss.—To test the soundness of the cement, at
least two pats of neat cement, as taken from the package, mixed
for five minutes with about 20 per cent of water by weight,
shall be made on glass, each pat about 3 inches in diameter
and one-half inch thick at the centre, tapering thence to a thin
edge. The pats are to be kept under a wet cloth until finally
set, when one is to be placed in fresh water for twenty-eight
days. The second pat will be placed in water which will be
raised to the boiling-point for six hours, then allowed to cool.
Neither should show distortion or cracks. The boiling test
may or may not reject at the option of the engineer officer in
charge.

(10) TrMe orF SeTTING.—The cement shall not acquire its
initial set in less than forty-five minutes and must have acquired
its final set in ten hours.

(The following paragraph will be substituted for the above
in case a quick-setting cement is desired:

The cement shall not acquire its initial set in less than twenty
nor more than thirty minutes, and must have acquired its final
set in not less than forty-five minutes nor in more than two
and one-half hours.)

The pats made to test the soundness may be used in deter-
mining the time of setting. The cement is considered to have
acquired its initial set when the pat will bear, without being
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appreciably indented, a wire one-twelfth inch in diameter
loaded to weigh one-fourth pound. The final set has been
acquired when the pat will bear, without being appreciably
indented, a wire one twenty-fourth inch in diameter loaded
to weigh 1 pound.

(11) TensiLE STRENGTH.—Briquettes made of neat cement,
after being kept in air for twenty-four hours under a wet cloth
and the balance of the time in water, shall develop tensile
strength per square inch as follows:

After seven days, 450 pounds; after twenty-eight days, 540
pounds.

Briquettes made of 1 part cement and 3 parts standard sand,
by weight, shall develop tensile strength per square inch as
follows:

After seven days, 140 pounds; after twenty-eight days, 220
pounds. .

(In case quick-setting cement is desired, the following ten-
sile strengths shall be substituted for the above:

Neat briquettes: After seven days, 400 pounds; after twenty-
eight days, 480 pounds.

Briquettes of 1 part cement to 3 parts standard sand: After
seven days, 120 pounds; after twenty-eight days, 180 pounds.)

(12) The highest result from each set of briquettes made at
any one time is to be considered the governing test. Any
cement not showing an increase of strength in the twenty-
eight-day tests over the seven-day tests will be rejected.

(13) When making briquettes well-dried cement and sand
will be used; neat cement will be mixed with 20 per cent of
water by weight, and sand and cement with 12} per cent of
water by weight. After being thoroughly mixed and worked
for five minutes, the cement or mortar will be placed in the
briquette mould in four equal layers, and each layer rammed
and compressed by thirty blows of a soft brass or copper rammer
three-quarters of an inch in diameter (or seven-tenths of an
inch square, with rounded corners), weighing 1 pound. It
is to be allowed to drop on the mixture from a height of about
half an inch. When the ramming has been completed, the
surplus cement shall be struck off and the final layer smoothed
with a trowel held almost horizontal and drawn back with
sufficient pressure to make its edge follow the surface of the mould.

(14) The above are to be considered the minimum require-
ments. Unless a cement has been recently used on work
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under this office, bidders will deliver a sample barrel for test
before the opening of bids. If this sample shows higher tests
than those given above, the average of tests made on subse-
quent shipments must come up to those found with the sample.

(15) A cement may be rejected in case it fails to meet any
of the above requirements. An agent of the contractor may
be present at the making of the tests, or, in case of the fail-
ure of any of them, they may be repeated in his presence.
If the contractor so desires, the engineer officer in charge may,
if he deem it to the interest of the United States, have any
or all of the tests made or repeated at some recognized standard
testing laboratory in the manner herein specified. All expenses
of such tests to be paid by the contractor. All such tests shall
be made on samples furnished by the engineer officer from
cement actually delivered to him.

Puzzolan Cement. —This was originally an imported
cement, made from a natural burned material of voleanic origin,
but the slag cements now being made are really Puzzolan
cement and should be classed under that head.

The so-called slag cement is the product obtained by pulver-
izing, without calcination, a mixture of granulated basie blast-
furnace slag and slaked lime. This product, though in reality
a member of the class of. Puzzolanic cements, is usually
marketed as ‘‘Portland cement,” in spite of the fact that it
differs from a true Portland cement in method of manufacture, .
ultimate and rational composition and properties.

Some recent tests made with slag cement in the munieipal
laboratory at Vienna, gave the following results: The mortar
was mixed one to three. After seven days hardening, tensile
strength, 383 pounds per square inch; strength of compression,
3880 pounds per square inch. After twenty-eight days harden-
ing, tensile strength, 551 pounds per square inch; strength of
compression, 5411 pounds per square inch,

The following regarding Puzzolan or slag cement is taken
from the professional papers of the United States Engineer
Corps:

Spag CemeENT.—This term is applied to cement made by
intimately mixing by grinding together granulated blast-fur-
nace slag of a certain quality and slaked lime, without ealcina-
tion subsequent to the mixing. This is the only cement of the °
Puzzolan class to be found in our markets (often branded as
Portland), and as true Portland cement is now made having

=
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slag for its hydraulic base, the term ‘““slag cement” should be
dropped and the generic term Puzzolan be used in advertisements
and specifications for such mixtures not subsequently caleined.

Puzzolan cement made from slag is characterized physically
by its light lilac color; the absence of grit attending fine grind-
ing and the extreme subdivision of its slaked-lime element;
its low specific gravity (2.6 to 2.8) compared with Portland
(8 to 3.5); and by the intense bluish-green color in the fresh
fracture after long submersion in water, due to the presence
of sulphides, which color fades after exposure to dry air.

The oxidation of sulphides in dry air is destructive of Puz-
zolan cement mortars and concretes so exposed. Puzzolan is
usually very finely ground, and when not treated with soda
sets more slowly than Portland. It stands storage well, but
cements treated with soda to quicken setting become again
very slow-setting from the carbonization of the soda (as well
as the lime) element after long storage.

Puzzolan cement properly made contains no free or anhy-
drous lime, does not warp or swell, but is liable to fail from
cracking and shrinking (at the surface only) in dry air.

Mortars and concretes made from Puzzolan approximate in
tensile strength similar mixtures of Portland cement, but their
resistance to crushing is less, the ratio of erusHing to tensile
strength being about 6 or 7 to 1 for Puzzolan and 9 to 11 to 1
for Portland. On account of its extreme fine grinding Puzzolan
often gives nearly as great tensile strength in 3 to 1 mixtures as
neat.

Puzzolan permanently assimilates but little water compared
with Portland, its lime being already hydrated. It should be
used in comparatively dry mixtures well rammed, but while
requiring little water for chemical reactions, it requires for
permanency in the air constant or continuous moisture.

ProrER UseEs oF Puzzoran CEMENT.—Puzzolan cement
never becomes extremely hard like Portland, but Puzzolan
mortars and concretes are tougher or less brittle than Portland.

The cement is well adapted for use in sea-water, and generally
in all positions where constantly exposed to moisture, such as in
foundations of buildings, sewers, and drains, and in underground
works generally, and in the interior of heavy masses of masonry
or concrete,

Tt is unfit for use when subjected to mechanical wear, attrition,
or blows. It should never be used where it may be exposed for
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long periods to dry air, even after it has well set. It will turn
white and disintegrate, due to the oxidation of its sulphides
at the surface under such exposure,

Sulphuretted hydrogen, which is often evolved upon decom-
position of the sulphides in Puzzolan cement, is injurious to
iron and steel. 2

Such metals, if used in connection with Puzzolan cement
should be protected, or an allowance be made for deterioration
by increase of section.”

Some more recent tests of slag cements show that they con-
tain very little sulphur and analyses show their composition
to be practically the same as the best brands of Portland cements.

SPECIFiCATION S FOR PUZZOLAN CEMENT.
PrEPARED BY THE U. S. ENGINEER DEPARTMENT,

(1) The cement shall be a Puzzolan of uniform quality,
finely and freshly ground, dry, and free from lumps, made by
grinding together without subsequent calcination granulated
blast-furnace slag with slaked lime.

(2) The cement shall be put up in strong sound barrels well
lined with paper, so as to be reasonably protected against
moisture, or in stout cloth or canvas sacks. Each package
shall be plainly labelled with the name of the brand and of the
manufacturer. Any package ‘broken or containing damaged
cement may be rejected or accepted as a fractional package
at the option of the United States agent in local charge.

(3) Bidders will state the brand of cement which they pro-
pose to furnish. The right is reserved to reject a tender for
any brand which has not given satisfaction in use under cli-
matic or other conditions of exposure of at least equal severity
to those of the work proposed, and for any brand from cement
works that do not make and test the slag used in the cement,

{4) Tenders will be received only from manufacturers or
their authorized agents. d

(The following paragraph will be substituted for paragraphs
3 and 4 above when cement is to be furnished and placed by
the contractor.

No cement will be allowed to be used except established
brands of high-grade Puzzolan cement which have been in
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successful use under similar climatic conditions to those of
the proposed work and which come from eement works that
make the slag used in the cement.

(5). The average weight per barrel shall not be less than 330
pounds net. Four sacks shall contain 1 barrel of cement.
If the weight as determined by test weighings is found ‘to be
below 330 pounds per barrel, the cement may be rejected or,
at the option of the engineer officer in charge, the contractor
may be required to supply, free of cost to the United States,
an additional amount of cement equal to the shortage,

(6) Tests may be made of the fineness, specific gravity,
soundness, time of setting, and tensile strength of the cement. ‘

(7) Fiyeness.—Ninety-seven per cent of the cement must
pass through a sieve made of No. 40 wire, Stubb’s gauge, hav-
ing 10,000 openings per square inch.

(8) Sprcrric GraviTy.—The specific gravity of the cement, as
determined from a sample which has been carefully dried,
shall be between 2.7 and 2.8.

(9) SounpNEss.—To test the soundness of cement, pats of
neat cement mixed for five minutes with 18 per cent of water
by weight shall be made on glass, each pat about 3 inches in
diameter and one-half inch thick at the centre, tapering thence
to a thin edge. The pats are to be kept under wet cloths until
finally set, when they are to be placed in fresh water. They
should noct show distortion or-cracks at the end of twenty-eight
days.

(10) TiME oF SETTING.—The cement shall not acquire its ini-
tial set in less than forty-five minutes and shall acquire its
final "set in ten hours. The pats made to test the soundness
may be used in determining the time of setting. The cement
1s considered to have acquired its initial set when the pat will
bear, without being appreciably indented, a wire one-twelfth
inch in diameter loaded to one-fourth pound weight The
final set has been acquired when the pat will bear, without
being appreciably indented, a wire one twenty-fourth inch in
diameter loaded to 1 pound weight.

(11) TensiLe STrRENGTH.—Briquettes made of neat cement,
after being kept in air under a wet cloth for twenty-four hours
and the balance of the time in water, shall develop tensile
strengths per square inch as follows;

After seven days, 350 pounds; after twenty-eight days, 500
pounds.



124 SILICA CEMENT, OR SAND CEMENT.

Briquettes made of one part cement and three parts stand-
ard sand by weight shall develop tensile strength per square
inch as follows: :

After seven days, 140 pounds; after twenty-eight days, 220
pounds.

(12) The highest result from each set of briquettes made at
any one time is to be considered the governing test. Any
cement not showing an increase of strength in the twenty-
eight-day tests over the seven-day tests will be rejected.

(13) When making briquettes neat cement will be mixed
with 18 per cent of water by weight, and sand and cement
with 10 per cent of water by weight. After being thoroughly
mixed and worked for five minutes the cement or mortar will
be placed in the briquette mould in four equal layers and each
layer rammed and compressed by thirty blows of a soft brass
or copper rammer, three-quarters of an inch in diameter or
seven-tenths of an inch square, with rounded corners, weigh-
ing 1 pound. It is to be allowed to drop on the mixture from
a height of about half an inch. When the ramming has been
completed the surplus cement shall be struck off and the final
layer smoothed with a trowel held almost horizontal and drawn
back with sufficient pressure to make its edge follow the su-
face of the mould.

(14) The above are to be considered the minimum require-
ments. Unless a cement has been recently used on work
under this office, bidders will deliver a sample barrel for test
before the opening of bids. If this sample shows higher tests
than those given above, the average of tests made on subse-
quent shipments must come up to those found with the sample.

(15) A cement may be rejected in case it fails to meet any
of the above requirements. An agent of the contractor may
be present at the making of the tests, or, in case of the failure
of any of them, they may be repeated in his presence. If the .
contractor so desires, the engineer officer in charge may, if
he deems it to the interest of the United States, have any or
all of the tests made or repeated at some recognized testing
laboratory in the manner herein specified, all expenses of such
tests to be paid by the contractor. All such tests shall be
made on samples furnished by the engineer officer from cement
actually delivered to him.

Silica Cement, or Sand Cement.—This is a patented
article manufactured by grinding together silica or clean sand
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with Portland cement, by which process the original cementing
material is made extremely fine and its capacity to cover sur-
faces of concrete aggregates is much increased.

The sand is an adulteration, but on account of the extreme
fineness of the product it serves to make mortar or concrete
containing a given proportion of pure cement much more dense,
the finer material being increased in volume,

The increase in cementing capacity due to the fine grinding
of the cement constituent offsets, in great degree, the effects
of the sand adulteration, so that sand cement made from equal
weights of cement and sand approximates in tensile strength
to the neat cement, and the material is sold as cement.

The extreme fine grinding also improves cement that con-
tains expansives, but nevertheless sand cement should not
be purchased in the market, but should be made on the work
from approved materials if used for other purposes than for
grouting, for which it is peculiarly adapted.

SPECIFICATIONS FOR CEMENTS.

NarouraL CEMENT.—AIl natural cement must have a specific
gravity of not less than 2.70, must be of such fineness that
80 per cent will pass through a No. 100 standard sieve, and
briquettes made of such neat natural cement, after exposure
to the air for one day and immersion in water for six days,
must show a tensile strength of 90 pounds to the square inch.
Pats } inch thick must stand same test hereinafter specified
for Portland cement.

PorTtLAND CeEMENT.—AIl Portland cement must have a spe-
cific gravity of not less than 3.10, must be of such fineness that
90 per cent will pass through a No. 100 standard sieve, must not
contain more than 2 per cent anhydrous sulphuric acid, nor
3 per cent magnesia, and briquettes made of such neat Port-
land cement, after exposure to the air for one day and immer-
sion in water for six days, must show a tensile strength of 350
pounds to the square inch. One-half-inch pats exposed to
the air for seven days or immersed in water for the same time
after hard set shall show no blotches, discolorations, checks, or
signs of disintegration.

NoN-sTAINING CEMENT.—Non-staining cement must be of a
brand that has been in use for at least two years to test its
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non-staining qualities, have a specific gravity of not less than
2.75, contain not more than 2 per cent sulphuric acid, nor
more than 3 per cent magnesia, be of such fineness that 85
per cent will pass through a No. 100 standard sieve, and bri-
quettes of the neat cement, tested as specified for Portland
cement, shall have a tensile strength of 200 pounds per square
inch.

All cement must be of uniform quality and when delivered
must be in original packages with the brand and maker’s name
marked thereon, and must ke kept dry.

Tests, etc., of Cement.—In ordinary work the super-
intendent can be guided as to the quality of the cement by
the brand and name of the manufacturer; unless the cement
is of a standard brand and make, and which has been thor-
oughly tested in the past by use, etc., the superintendent should
not permit any of it to be used until it has been tested.. This
is best done at some laboratory equipped for the purpose,

The following rules have been adopted by the U. S. Engineer
Corps for testing cement, and should be a good guide for the
superintendent.

GENERAL CoNSIDERATIONS.—The constructing engineer is
confronted by no problem more difficult than to decide whether
a certain cement, when placed in a work, will behave in a pre-
determined way. This is especially true of Portlands. Other
cements are much more reliable under conditions of exposure
for which they are suited.

The difficulties arise from the fact that tests for acceptance
or rejection must be made on a product not in its final stage.
A cement, when incorporated in masonry, undergoes for months
chemieal changes in the process of setting, so that the material
subjected to strains in the work is not the material tested,
but a derivative of it, The object of tests is to establish two
probabilities: First, that the product of the given cement
will develop the desired strength and hardness soon erough
to enable it to bear the stresses designed for it; second, that
it will never thereafter fall below that strength and hardness.
Up to the present time it appears that the relation between
the chemical and physical properties of raw cement and of
its partially indurated derivatives, determined by tests, and
the physical properties of the same cement or its derivatives,
after complete hydration and induration in the work, can
he stated only within rather wide limits,
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The most useful tests of cements are those, first, which con-
nect themselves definitely with some serious defect to which
cements are subject, or with some merit which they should
possess; second, which can be made with the least apparatus
and manipulation, and which give their indications in the
shortest time; and, third, which are freest from personal equa-~
tion and from influences of local surroundings. These criteria,
applied to the customary tests of cements, give indications
as to their relative value and the best methods of making them.

TesT oF GriNDING.—This test derives importance from the
fact, apparently well established, that, other things being equal,
the finer the cement the greater will be its sand-carrying capac-
ity; that is, it will show greater strength with the same charge
of sand, or equal strength with a greater charge. ~According to
the best information the Board can obtain, the cementitious
value of this material is believed to reside principally, if not
wholly, in the very fine part. It follows that a grinding test
should be directed to determining the proportion ‘which it
very fine rather than the residue above a certain size. The
Board does not propose any change in the accepted grinding
test of Portland cement, but favors for natural cement the
use of the same size screen as for Portland, No. 100, with the
requirement that 80 per cent shall pass through it. . The screen
should be frequently examined, magnified, if practicable, to
see that no wires are displaced, leaving apertures larger than
the normal.

Test For Secrric GraviTy.—This test is made with simple
appliances, and its result is immediately known, It appears
to connect itself quite definitely with the degree of calcination
which the cement has received. The higher the burning, short
of vitrification, the better the cement and the higher the specific
gravity.

This test has another value, in that the adulterations of
Portland cement most likely to be practised and most to be
feared are made with materials which reduce the specific gravity.
The test is therefore of value in determining a properly burned,
non-adulterated Portland. If underburned, the specific gravity
may fall below 3; it may reach 3.5 if the cement has been over-
burned. No other hydraulic cement is so heavy in proportion
to volume, natural cement having a specific gravity of about
2.5 to 2.8 and Puzzolan (slag) of about 2.7 to 2.8. Properly
burned Portland, adulterated with slag, will fall below 3.1.
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Test oF Activity.—This test, made by gauging the cement
with water and observing the times of initial and permanent
set, is partly direct and partly indirect. It is direct in so far
as its limits relate to the time necessary to get the cement in
place after mixing, which must not be greater than the time of
initial set, and to the time within which the cement product
must take its load, which must not be less than the time of
permanent set. It is indirect in so far as its limits relate to the
probable final strength, elasticity, and hardness of the cement
mixtures. In the latter respect it appears to be reasonably
well established that cements exhibiting great activity give,
after long periods, results inferior to those with action less
rapid. |

The test for activity is easily made with simple appliances,
and its results are known in a few hours at most. Variable
results in the test are caused by different local conditions of
moisture and temperature and by the different judgments
of observers as to whether the needles penetrate or not. Gen-
erally speaking, both periods of set are lengthened by increase
of moisture and shortened by increase of temperature. Some
manufacturers claim that their cements show their best results
when gauged with particular percentages of water. It is not
considered good policy to encourage these peculiarities at the
expense of the uniformity of tests which is so greatly desired.
It is better to adopt a definite proportion of water for gauging
and require all cements of the same class to stand or fall on
their showing when so gauged. Such a percentage, adopted -
and known, will probably be used by manufacturers in testing
goods sold to the Engineer Department, and a greater har-
mony between mill and field tests of the same cement will
result.

In gauging Portland cement the samples should be thoroughly
dried before adding water. This precaution is not deemed
necessary with natural cement. Sufficient uniformity of
temperature will result if the testing-room be comfortably
warmed in winter and the specimens be kept out of the sun
in a cool room in summer and under a damp cloth until set.

TesT For CoNsTaNcy oF VoLuME.—This test results from
observations made on the pats or cakes used in the setting
test. It derives its value from its connection with the quantity
of expansives in the cement.

The test is easy to make, and its results are relatively free
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from personal error, though there is room for a difference of
judgment as to the appearance of the cakes. As they may
be preserved and the decision reviewed at any timle on the
original data, such differences are immaterial.

Tests oF STRENGTH.—These may be subdivided into compres-
sive and tensile tests, the latter including the transverse test
made by breaking a beam of the cement. The compressive
test need not be further considered, as it is less easily made
than the tensile test and gives no surer indications. The ratio
of compressive to tensile strength of the same class of cements
is quite uniform.

Of the tensile tests the direct pull is preferable to the flexure
test.

The tensile test is theoretically a perfect index of the quality
of the cement at the periods of test, and a comparison at dif-
ferent periods gives the best obtainable indication of what its
subsequent conduct will be. In the opinion of the Board the
two periods most generally adopted, seven and twenty-eight
days after mixing, are, on the whole, the best. The one-day
test, though of some value in a discriminating sense, should
not be piaced in the same category as the other periods
named.

The apparatus for tensile tests is somewhat elaborate and
delicate, but is of standard manufacture and readily obtainable
at relatively small cost.

In respect of uncertaintics due to the personal equation of
the tester and to the influence of local conditions this test pre-
sents greater difficulties than any of the others considered.
The most scrupulous care must be observed in the manipula-
tions, and the tester should possess natural aptitude for such
work. The object is to determine the greatest stress per square
inch which the cement can be made to stand under given con-
ditions without rupture. If the conditions have been carefully
observed and several diserepant results are obtained, the highest
may be right, but the others are certainly wrong. No averaging
should be done.

The remarks made above under the activity test as to the
relation between early hydraulic intensity and the final excel-
lence of a cement product are equally applicable to the indica-
tions from tensile tests. A cement which tests moderately
high at seven days and shows a substantial increase to twenty-
eight days is more likely to reach the maximum strength slowly
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and retain it indefinitely with a low modulus of elasticity than
a cement which tests abnormally high at seven days with little
or no increase at twenty-eight days. !

AcceLERATED TEsTs.—The rules recommended by the com-
mittee of the American Society of Civil Engineers in 1885 have
been substantially accepted here and abroad as to tests of
setting qualities and soundness; more rapid tests for soundness
are, however, proposed and practised, though no accelerated
test has been generally accepted.

Accelerated tests proposed for the speedy . detection of the
presence of expansives in cement usually consist in the appli-
cation, after gauging, of dry heat or of immersion in warm or
boiling water or steam. The immersion tests are most in
vogue. They vary from immersing freshly gauged pats on
glass plates in water at 115° F. for twenty-four hours, or at
higher temperatures for various periods, to steaming or boil-
ing cakes or cylinders of the material to be tested at 212° F.
for varying times. s

In France and Germany the swelhng or expansion of boiled
cylinders is measured directly by calibration. Usually change
of tvolume not accompanied by visible evidences of it—i.e., dis-
tortion or disruption—is not observed in American tests pré-
seribed in specifications for the reception of cements. Of all
these tests the boiling test is the simplest, requires only appa-
ratus everywhere available, and is recommended by the Board.
It has been the experience that this test detects material that
is unsound by reason of the presence of active expansives;
but in some cases it rejects material that would give satisfac-
tory results in actual work and will reject material that would
stand this test after air slaking.

The great value of the test lies in its short-time indications
and in at once directing attention to weak points in the cement
to' be further observed or guarded against. Of two or more
cements offered for use or on hand, the cements that stand the
boiling tests are to be taken preferably; it sheuld be con-
stantly applied on the work among other simple tests to be
noted, for although the boiling test sometimes rejects suitable
material, it is believed that it will always reject a material un-
_sound by reason of the existence of active expansives. Sul-
phate of lime, while enabling cements to pass the boiling tests,
introduces an element of danger.

This test is proposed as suggestive or discriminative only.
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Except for works of unusual importance it is not recommended
that a cement passing the other tests proposed shall be rejected
on the boiling test.

Trsts To BE MapE.—For selecting Portland and Puzzolan
cements from among the brands offered, the Board recommends
that the following tests be made:

1. For fineness of grinding.

2. For specific gravity.

3. For soundness or constancy of volume in sefting.

4. For time of setting.

5. For tensile strength. {

For natural cement we recommend the omission of the
specifie-gravity and soundness tests.

On the works the Board recommends simple tests when the
more elaborate tests cannot well be made.

In determining the minimum requirements for cements
given in the subjoined specifications we recognize that many
cements that attain only fair strength neat and with sand in a
short time and show marked gains of strength on further time
will fulfil the requirements of the service, and that unusu-
ally high tensile strength attained in a few days after gaug-
ing is often coupled with a small or negative increase in strength
in further short intervals. Unusually high tests in a short
time after gauging should be regarded with suspicion, although
some well-known brands of American cements show great
strength in short-time tests and, so far as observed, are reliable
in air and fresh water. Cements offered under such known
brands should show their characteristic strength and other
qualities or be suspected as spurious or adulterated, if not
rejected, even though the minimum requirements of the speci-
fications are met. The practice of offering a bonus or free
gift of money in addition to the contract price for cement
testing above a fixed high point should be prohibited as un-
necessary, for cements so obtained are likely to be unsound
in a manner not easily detected in the time usually available
in testing.

It is believed that most of the very high-testing Portland
cements have lime in excess, the effect of which is tempo-
rarily masked by the use of sulphate of lime. Overlined
cements so treated are unfit for use in sea-water. For such
‘uses a chemical analysis should be required, and the quantity
~ of sulphuric acid, as well as magnesia, be limited to a low per-
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centage.! It is not yet known that sulphate of lime in quan-
tity less than 2 per cent is injurious to cements to be used in
fresh water or in air. It masks expansives that might ulti-
mately cause the destruction of the work, but it is not known
whether this effect is permanent. Its addition is now deemed
necessary to control time of setting. It makes a quick-setting
cement slow setting, at the same time increasing tensile strength
acquired in a short time.

ManrporaTION OF CEMENTS FOorR Tmsts.—I. Fineness.—
Place 100 parts (denominations determined by subdivisions
of the weighing-machine used) by weight on a sieve with 100
holes to the linear inch, woven from brass wire No. 40, Stubb’s
wire gauge; sift by hand or mechanical shaker until cement
ceases to pass through.

The weight of the material passing the sieve plus the weight
of the dust lost in air, expressed in hundredths of the original
weight, will express the percentage of fineness. In order to
determine this percentage the residue on the sieve should be
weighed.

It is only the impalpable dust that possesses cementitious
value. Fineness of grinding is therefore an essential quality
in cements to be mixed with sand. The residue on a sieve of
100 meshes to the inch is of no cementitious value, and even
the grit retained on a sieve of 40,000 openings to the square
inch is of small value. The degree of fineness prescribed in
these specifications (92 per cent) for Portland through a sieve
of 10,000 meshes to the square inch is quite commonly attained
in high-grade American cements, but rarely in imported brands.
On the Pacific Coast, where foreign cements mainly are in the
market, this requirement may be lowered for the present to
87 per cent on No. 100 sieve.

II. Specific Gravity.—The standard temperature for specifie-
gravity determinations is 62° F., but for cement testing temper-
atures may vary between 60° and 80° F. without affecting
results more than the probable error in the observation.

Use any approved form of volumenometer or specifie-gravity
bottle, graduated to cubic centimeters with decimal subdivisions.
Fill instrument to zero of the scale with benzine, turpentine,
or some other liquid having no action upon cements.

1 Not more than 3 per cent, by weight, of magnesia, 1 per eent of sulphuric
anhydride, or 2 per cent of sulphate of lime should be allowed in any case.
In sea-water not exceeding one-half these quantities. s
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Take 100 grams of sifted cement that has been previously
dried by exposure on a metal plate for twenty minutes to a
dry heat of 212° F., and allow it to pass slowly into the fluid
of the volumenometer, taking care that the powder does not
stick to the sides of the graduated tube above the fluid and
that the funnel through which it is introduced does not touch
the fluid.

Read carefully the volume of the displaced fluid to the nearest
fraction of a cubic centimeter. Then the approximate specific
gravity will be represented by 100 divided by the displacement
in cubic centimeters.

The operation requires care.

ITI. Setting Qualities and Soundness.—The quantity of water
and the temperature of water and air affect the time of setting.
The specifications contemplate a temperature varying not
more than 10° from 62° ¥. and quantities of water given herein:

For Portland cements use about 20 per cent of water.

For Puzzolan cements use about 18 per cent of water,

For natural cements use about 30 per cent of water.

These quantities are for the cements as taken from the
packages.

Mix thoroughly for five minutes, vigorously rubbing the
mixture under pressure; time to be estimated from moment
of adding water and to be considered of importance.

Make on glass plates two cakes from the mixture about
3 inches in diameter, } inch thick at middle, and drawn to thin
edges, and cover them with a damp cloth or place them in a
tight box not exposed to currents of dry air. At the end of
the time specified for initial set apply the needle %2 inch diameter
weighted to } pound to one of the cakes. If an indentation is
made the cement passes the requirement for initial setting, if
no indentation is made by the needle it is too quick-setting.
At the end of the time specified for ‘‘final set” apply the needle
%24 inch diameter loaded to 1 pound. The cement cake should
not be indented.

Expose the two cakes to air under damp cloth for twenty-
four hours. Place one of the cakes, still attached to its plate,
in water for twenty-eight days; the other cake immerse in
water at about 70° temperature supported in a rack above the
bottom of the receptacle; raise the water gradually to the
boiling-point and maintain this temperature for six hours and
then let the water with cake immersed cool. Examine the
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cakes at the proper time for evidences of expansion and dis-
tortion. Should the boiled cake become detached from the
plate by twisting and warping or show expansion cracks the
cement may be rejected, or it may await the result of twenty-
eight days in water. If the fresh-water cake shows no evi-
dences of swelling, the cement may be used in ordinary work
in air or fresh water for lean mixtures. If distortion or expan-
sion cracks are shown on the fresh-water cake, the cement
should be rejected.

Of two or more cements offered, all of which will stand the
fresh-water-cake test for soundness, the cements that will stand
the boiling tests also are to be preferred.

IV. Tensile Strength.—Neat Tests: Use thoroughly dried
unsifted cements.! Place the amount to be mixed on a smooth,
non-absorbent slab; make a crater in the middle sufficient to
hold the water; add nearly all the water at once, the remainder
as needed; mix thoroughly by turning with the trowel, and
vigorously rub or work the cement for five minutes.

Place the mould on a glass or slate slab. Fill the mould with
consecutive layers of cement, each when rammed to be } inch
thick. Tap each layer 30 taps with a soft brass or copper
rammer weighing 1 pound and baving a face § inch diameter
or 7o inch square with rounded corners. The tapping or ram-
ming is to be done as follows: While holding the forearm and
wrist at a constant level, raise the rammer with the thumb and
forefinger about } inch and then let it fall freely, repeating the
operation until the layer is uniformly compacted by 30 taps.

This method is intended to compact the material in a man-
ner similar to actual practice in construction, when a metal
rammer is used weighing 30 pounds, with circular head 5 inches
in diameter falling about 8 inches upon layers of mortar or
concrete 3 inches thick. The method permits comparable
results to be obtained by different observers.

After filling the mould and ramming the last layer, strike
smooth with the trowel, tap the mould lightly in a direction
parallel to the base plate to prevent adhesion to the plate, and

1 The hot clinker is often suddenly chilled by steam or water in order to
reduce the work of grinding by first cracking it. This water, as well as
that absorbed from the air, should always be expelled or its percentage
ascertained and deducted from the amounts prescribed for briquettes,
Sand, also, should be similarly treated. )
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cover for twenty-four hours with a damp cloth. Then remove
the briquette from the mould and immerse it in fresh water,
which should be renewed twice a week for the specified time
if running water is not available for a slow current. If moulds
are not available for twenty-four hours, remove from the moulds
after final set, replacing the damp cloth over the briquettes.
In removing briquettes before hard set great care should be
exercised. Hold the mould in the left hand and, after loosening
the latch, tap gently the sides of the mould until they fall apart.
Place the briquettes face down in the water trough. .

For neat tests of Portland cement use 20 per cent of water

by weight.

For neat tests of Puzzolan cement use 18 per cent -of Water
by weight.

For neat tests of natural cement use 80 per cent of water
by weight.

Nearly all this water is retained by Portland cement, whereas
only about one-third of the gauging water is retained by Puz-
zolan or natural cements; from this it follows that an apparent
condition of plasticity or fluidity that ultimately little injures
Portland paste, very seriously injures Puzzolan or natural
mortars and concretes by leaving a porous texture on the evap-
oration of the surplus water.

Sand Tests.—The proportions 1 cement to 3 sand are to be
used in tests of Puzzolan and Portland, and 1 cement to 1 sand
in tests of natural or Rosendale cements. Crushed quartz
sand, sifted to pass a standard sieve with 20 meshes per linear
inch and to be retained on a standard sieve with 30 meshes to
the inch, is to be used. i

After weighing carefully, mix dry the cement and sand
until the mixture is uniform, add the water as in neat mix-
tures, and mix for five minutes by triturating or rubbing to-
gether the constituents of the mortar. This may be done
under pressure with a trowel or by rubbing between the fin-
gers, using rubber gloves. The rubbing together seems neces-
sary to coat thoroughly the facets of the sand with the cement
paste.

It is found that prolonged rubbing, when not carried beyond
the time of the initial set, results in higher tests. ' Five minutes
is the time of mixing quite generally adopted in European
gpecifications. The briquettes are to be made a8 prescribed
for neat mixtures.
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Portland cements well dried require water from 10 to 12}
per cent by weight of constituent sand and cement for maxi-
mum ultimate strength in tested briquettes.

Puzzolan, about 9 to 10 per cent.

Natural, about 15 to 17 per cent.

Mixtures that at first appear too dry for testing purposes
often become more plastic under the prolonged working re-
quired herein.

In general, about four briquettes constitute the maximum
number that may be made well within the time required for
initial setting of moderately slow-setting cements.

Three such batches of sand mixtures should be made, and
one briquette of each batch may be broken at seven and twenty-
eight days, giving three tests at each period. At least one
batch of neat cement briquettes should be made.

If the first briquette broken at each date fulfils the mini
mum requirement of these specifications it is not necessary to
break others which may be reserved for long-time tests.

If the first briquette does not pass the test for tensile strength,
then briquettes may be broken until six briquettes, two from
each batch, have been broken at seven days, and the remain-
ing six reserved for twenty-eight-day tests. The highest result
from any sample is to be taken as the strength of the sample
when the break is at the least section of briquette.

If, on the twenty-eight-day tests, the cement not only more
than fulfils the minimum requirements of these specifications,
but also shows unusual gain in strength, it may still be accepted
if the other tests are satisfactory, notwithstanding a low seven-
day test, if early strength is not a matter of importance. Such
cements are likely to be permanent.

For a batch of four briquettes, the following quantities are
suggested as in accord with these specifications. Water is
measured by fluid-ounce volumes, not by weight,.temperature
varying not more than 10° from 62° F.

Portland Cement.—Neat: 20 ounces of cement, 4 ounces of
water. Mix wet five minutes.

Sand: 15 ounces-sand, 5 ounces cement, 2} ounces water.
Mix thoroughly dry; then mix wet five minutes.

Puzzolan Cement.—Neat: 20 ounces cement, 37 ounces
water. Mix wet five minutes.

Sand: 15 ounces sand, 5 ounces cement, 2 ounces water,
Mix thoroughly dry; then mix wet five minutes.
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Natural Cement.—Neat: 20 ounces cement, 6 ounces water.
Mix wet five minutes.

Sand: 10 ounces cement, 10 ounces sand, 3} ounces water.
Mix dry; then wet for five minutes.

For measuring tensile strength, a machine that applies the
stress automatically at a uniform rate is preferabie to one
controlled entirely by hand.

These specifications for tensile strength contemplate the
applicaiion of stress at the rate of 400 pounds per minute to
briquettes made as prescribed herein. A rate so rapid as to
approximate a blow or so slow as to approximate a continued
stress will give very different results.

The tests for tensile strength are to be made immediately after
taking from the water or while the briquettes are still wet. The
temperature of the water during immersion should be main-
tained as nearly constant as practicable; not less than 50°
nor more than 70° F.

The tests are to be made upon briquettes 1 inch square at
place of rupture. The specifications contemplate the use of
the form of briquette recommended by the committee of the
American Society of Civil Engineers, held when tested by
close-fitting metal clips, without rubber or other yielding con-
tacts. The breaks considered in the tests are to be those occur-
ring at the smallest section, 1 inch square.

SivpLE Trsts.—Tests of cement received upon a work in
progress must often be of much simpler character than pre-
scribed herein.

Tests on the work are mainly to ascertain whether the arti-
cle supplied is genuine cement, of a brand previously tested
and accepted, and whether it is a reasonably sound and active
cement that will set hard in the desired time, and give a good,
hard mortar. Simple tests may give this information, and
such should be multiplied whether or not more elaborate tests
be made. Pats and balls of cement and mortar from the store-
house and mixing platform or machine should be frequently
made. Thé setting or hardening qualities, as determined
roughly by estimating time and by pressure of the thumb-nail,
should be observed; the hardness of the set and strength,
by cracking the hardened pats or cakes between the fingers,
and by dropping the balls from the height of the arm upon
a pavement or stone and observing the result of the impact.

By placing the pats in water as soon as hardened sufficiently
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and raising the temperature to the boiling-point for a few
hours and observing the character and color of the fracture
after sufficient immersion, information as to the character of
the ‘material, whether hydraulic, a Portland, or Puzzolan,
whether too fresh or possibly “blowy,” may be speedily and
‘quite well ascertained without measuring instruments.

Many engineers and users of cements regard such simple
tests, taken in connection with the weight and fineness of the
cement and the apparent texture and hardness of the mortars
and concretes in the work, sufficient field tests of a material
of known repute. The more elaborate tests, described above,
should be made in well-equipped laboratories by skilled cement
testers.

CLASSIFICATION OF TrsTS.—The tests to be made are two
classes. 3

(1) Purchase tests on samples furnished by bidders to as-
certain whether the bidder may be held on the sample to the
delivery of suitable material, should his offer be accepted.

(2) Acceptance tests on samples taken at random from
deliveries, to ascertain whether the material supplied accords
with the purchase sample, or is suitable for the purpose of
the work, as stated in the specifications for cement supplies.

(1) Purchase tests.—Under these specifications bids for Port-
land cements will be restricted to brands that have been ap-
proved after at least three years’ exposure in successful use
under similar conditions to those of the proposed work. This
specification limits proposals to manufacturers of cement of
established repute, and in so far lessens thc dependence to be
‘placed upon tests of single samples of cernent in determining
the probable quality of the cements offered, that sample pack-
ages ‘may not be required with the proposals when the brand
is known to the purchaser. When the cement is not known
to the purchasing officer by previous use, a barrel of it should
be required as representing the quality of cement to be sup-
plied. A full set of tests should be made from this sample,
~and subsequent deliveries be required to show quality at least
. ‘equal to the sample.

In this connection it is advisable in districts where well-
- equipped laboratories have been established, that sample
packages of the cements in use in that territory, as sold in
the open market, be obtained and tested as oceasion offers to
ascertain the characteristic qualities of the brands as commer-
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cial articles, the information to be used in subsequent pur-
chases of cements.

When purchase samples are waived, acceptance tests should
be based upon the known qualities of the brand, as shown by
previous tests.

The sample barrel should mot be broken further than to
take therefrom the necessary samples for testing. After~
wards it should be put away in a dry place and kept for fur-
ther testing, should the results obtained be ‘disputed.

(2) Acceptance tests.—The tests to be made on cements
delivered under contract depend not only on the extent, character,
and importance of the work itself, but also on'the time available
between the delivery and the actual use of the material.

(@) On very important and extensive works, equipped with
a testing laboratory and adequate storehouses, where cement
may be kept at least thirty days before being required for use,
full and elaborate tests should be made, keeping in view the
fact that careful tests of few samples are more valuable than
hurried tests of many samples,

(b) On active works of ordinary character, when time will
not permit full tests, and on small works where the expenses
of a laboratory are not justified, the tests must necessarily be
limited to such reasonable precautions against the acceptance
and use of unfit material as may be taken in the usually short
interval between the receipt and use of the material.

Such conditions were ‘in view in formulating the specifica~
tion that proposals will be received from manufacturers of
such cements only as have been proved by at least three years’
use under similar conditions of exposure. Of the tests named
in the specifications, those for fineness, activity or hydraulicity,
specific gravity, weight of packages, and accelerated tests for
indications as to soundness, may be made within two days
after the receipt of the material and with a very small outlay
for instruments.

Cement of established repute, shown by specific gravity
and fineness to be properly burnt and ground, or normal for
the brand, that will set hard in reasonable time, the cakes
snapping with a clean fracture when broken between the
fingers, and standing the tests above named, may be accepted
and used with reasonable certainty of success. Nevertheless,
packages taken at random from the deliveries should oceasion-
ally be set aside and samples taken therefrom sent to a testing
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laboratory for the more elaborate tests for tensile strength
(and for soundness should the boiling tests not be conclusive).
The final acceptance and payment for such cement as may not
have been actually placed in the work should, by agreement,
be made to depend upon such tests.

In all cases where cement has been long stored it should be
carefully tested before use to ascertain whether it has deterio-
rated in strength.

Should the simple tests give unsatisfactory or suspicious
results, then a full series of tests should be carefully
made. ;

When Portland cement is in question the specific-gravity
and fineness tests should be made to guard against adultera-
tion, and in all cases test weighings should be made to guard
against short weights.

In cases where the amount of cement or the importance of
the work will not justify the purchase of the simple apparatus
required for the specific gravity, fineness, and boiling tests,
the cement can be accepted on the informal tests mentioned
herein, which require no apparatus whatever, but in such
cases cements well known to the purchaser by previous use
should be selected and purchased directly from the manu-
facturer or his selling agent in order that responsibility for
the cement may be fixed.

Certified tests by professional inspectors made as preseribed
herein on samples taken from the cement to be shipped to
the work, in a manner analogous to that cutsomary among
engineers in the purchase of structural steel and iron, may
be required in such cases. ,

SampLiNGg.—The entire package from parts of which tests are
to be made is to be regarded as the sample tested. It should be
marked with a distinetive mark that must also be applied to any
part tested. The package should be set aside and protected
against deterioration until all results from tests made from it
are reached and accepted by both parties to the contract for
supplies.

Cement drawn from several sample packages should not be
mixed or mingled, but the individuality of each sample pack-
age should be preserved.

In testing it should be borne in mind that a few tests from
any sample, carefully made, are more valuable than many
made with less care.
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The amount of material to be taken for formal tests is indi-
cated herein where weights of the constituents of four briquettes
are given, to which should be added the amount necessary
for the tests for specific gravity, activity, and soundness.

In extended tests the material should be taken from the
sample package from the heads and ‘centre of barrel, and from
the ends and centre of bag, by such an instrument as is used
by inspectors of flour. All material taken from the same sample
package may be thoroughly mixed or mingled and the tests
be made therefrom as showing the true character of the con-
tents of the sample package.

In making formal tests at the work for acceptance of cement
sample packages should be taken at random from among sound
packages. The number taken must depend upon the impor-
tance and character of the work, the ayailable time, and the
capacity of the permanent laboratory force. For tensile
strength the tests with sand are considered the more impor-
tant and should always be made. Tests neat should be made
if time permits.

It is not necessary in any case on a large work to test more
than 10 per cent of the deliveries, even of doubtful cement,
and a much less number of samples may be taken should no
cause for distrust be revealed by the tests made. In very
important work of small extent each package may be tested.
A cement should be rejected if the samples show dangerous
variation in quality or lack of care in manufacture and result-
ing lack of uniformity in the produce without regard to the
proportion of failures among samples tested.

In all cases in the use of cements the informal or simple
tests of the character named herein should be constantly car-
ried on. These constitute most valuable tests. Whenever
any faulty material is indicated by such tests, elaborate tests
should be at once instituted and should the fault be confirmed,
the cement delivered and not used should be rejected and the
use of the brand be discontinued.

Tests ForR WElGHT.—From time to time packages should be
weighed in gross and afterwards the weight of neat cement
and tare of the packages determined. If short weight of neat
cement is indicated, a sufficient number of packages should be
weighed and the average net weight per package ascertained
with sufficient certainty to afford a satisfactory basis of settle-
ment.
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The superintendent may make some simple tests to deter-
mine the quality of the cement as follows:

SounpNEss.—To test the soundness of the cement, take
a lamp-chimney with a large swell to it and stand it on end;
fill it with dry cement and then pour water on the eement; if
the glass cracks the cement is unfit for use in any damp place.

The cement can be tested as to the time the initial set takes
place; as a rule the longerit takes the cement to set the stronger
it will be.

A simple test can be made by mixing some cement with
just enough water to make it plastic, and roll it into a ball
about the size of a walnut; after it sets in the air for about
two hours, place it under water for three or four days If it
gradually becomes harder with no eracks it is an indication
of good cement.

ExpansioN.—A cement that will expand should not be
used. To test this make a cake of cement and let it remain
in the air until it sets, then put it under water for a few days; if
any cracks appear around the edge of the cake it indicates
expansion and should be rejected. This sometimes happens
with newly msde cement, and age will overcome it. A The
test for soundess will also generally show if the cement will
expand.

Non-sTaiNINg CEMENT.—In setting or pointing marble or
limestones or other porous stones a reliable brand of a non-
staining cement should be used, as Portland or Rosendale
cement will stain the stone enough to disfigure it. This is a
patent cement called La Farge, which is usually made from a
limestone having hydraulic qualities. Some of the foreign
Puzzolan cements also possess this non-staining feature.

Notes Regarding Cement.

NUMBER AND MESH OF SIEVES FOR TESTING CEMENT.

N A N 2500 meshes to the square inch
ANOES Grdtvtay A s roat 5476 meshes to the square inch
B KU P n 10,000 meshes to the square inch
NONRROF =T SR > 40,000 meshes to the square inch

The porosity of mortar and cement, according to recent
tests made by Prof. Lang, shows that when wet Portland-cement
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concrete is impermeable to air. By measuring the amount
of air which passes a layer of given thickness, under a certain
pressure, in a unit of time, the following values for the degree
of permeability were obtained:

Dry. Wet.
Portland cement, neat. ........ Wb iank 0.05 0.00
Portland-cement concrete. .. ....... eee.. 0.40 0.00

The specific gravity of Portland cement is between 3.10
and 3.25.

The specific gravity of cement is the figure which denotes
the density of a sample or the number of times a given volume
of it is weightier than the same volume of water.

For cement pipe use the following proportions: one part
cement to three parts of sand and gravel. After the pipe is
removed from the mould it should be coated with a wash of
neat cement and water, of the consistency of paint, applied
with a brush, to prevent seepage of water when in service.

Neat cement reaches a greater strength at short periods
than sand mixtures. Concrete, however, gains in strength
gradually, and ultimately surpasses neat cement in strength.

The compressive strength of cement is usually from eight to
twelve times the tensile strength.

Quick-setting cement requires more water than slow-setting
cement, .

Temperature of water and atmospheric conditions naturally
affect setting time. 3

Saline water retards setting.

A sand mixture of a cement which does not stand the neat
pat test perfectly may show no imperfections whatever. Sand
tends to diminish the ill effects of some inferior qualities.

Finely ground cement has greater capacity for sand, ages
more rapidly, sets quicker, gets ultimate strength quicker,
requires more water, is lighter in color, shows lower tensile
strength in neat briquettes, shows greater tensile strength in
sand briquettes, than the same cement not so finely ground.
The finer the grinding, the more active the cement.

Aged cement as a rule sets slower. shows lower tensile strength
in early breaks (one, three, and seven days especially), shows
greater tensile strength in later breaks, is more liable to with-
stand pat tests, has smaller capacity for sand, than the same
cement when tested fresh.
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WHAT A BARREL oF PorTrAND CEMENT WiLL Do.

A barrel of Portland cement weighs about 380 pounds net.

A barrel of Portland cement weighs about 400 pounds gross.

A barrel of Portland cement contains about 3.40 cu. ft. packed.

A barrel of Portland cement contains about 4.25 cu. ft. loose.

A barrel of Portland cement contains about 2.73 bushels
packed.

A barrel of Portland cement contains about 3.61 bushels loose.

A barrel of Portland cement will make about 3.15 cu. ft. of
neat mortar.

"A barrel of Portland cement will make about 5.4 cu. ft. of
mortar mixed 1 to 1.

A barrel of Portland cement will make about 8.5 cu. ft. of
mortar mixed 1 to 2

A barrel of Portland cement will make about 10.7 cu. ft.
of mortar mixed 1 to 3.

A barrel of Portland cement will make about 13.5 cu. ft.
of mortar mixed 1 to 4.

A barrel of Portland cement will make about 23 cu. ft. of
concrete mixed 1, 3, 5.

A barrel of Portland cement will make about 26 cu. ft. of
concrete mixed 1, 3, 6.

A barrel of Portland cement will make about 29 cu. ft. of
concrete mixed 1, 3, 7.

A barrel of Portland cement will make about 30 cu. ft. of
concrete mixed 1, 3, 8.

A barrel of Portland cement (neat) will cover about 40 sq,

ft. 1 in. thick.

A barrel of Portland cement to 1 sand will eover about 65
sq. ft. 1 in. thick.

A barrel of Portland cement to 2 sand will cover about 92
sq. ft. 1 in. thick.

A barrel of Portland cement to 3 sand will cover about 128 sq.
ft. 1 in. thick.

A barrel of Portland cement to 2 sand will lay about 750
brick with $-in. joint.

A barrel of Portland cement to 2 sand will lay about 1050
brick with }-in. joint.

A barrel of Portland cement to 3 sand will lay about 900
brick with -in. joint.
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A barrel of Portland cement to 3 sand will lay about 1350

brick with I-in. joint.

A barrel of Portland cement to 3 sand will lay about 2 perches:

of rubble stonework.

ANALYSIS OF VARIOUS BRANDS OF CEMENT,

Cla; -
Sul-
%g;]‘gngf Lime. [Silica | {727 nMesl; phu’c Analysis Made by
2 Oxi'e e 1Aeid.
20.68/10.60| 2.86/. . ... {anufacturer.
21.4810.44| 2.95[ 1.03| Department of Public W’ks,
: Brooklyn, oY
63.35(20.5210.50| 1.93! 1.24| Manufacturer’s guarantee.
Buckeye...... 63 .50 22.25: 9.75] 1.75] .75| Manufacturer.
Colton. . ..... 63.05(23.00,11.50f .18} 1.63 Adtolph New, chemist, Col-
on,
Catskill. . .... 63.21{23.44/10.34( 1.15| 1.25| Manufacturer.
Diamond. . ... 63.40|20.60{12.18| 1.44| .79| Superintendent of Construc-
tion, U. 8. P. O., Clevel’d.
Golden Gate. .{60.00(23.10,12.12| 1.15 1.84 Adolphcl\{ew, chemist, Col-
ton, Cal
Hudson. ..... 62.98/21.60-12.07| 1.27| 1.33[ Manufacturer.
Iroquois. ... .. 62.20(23.70 10.39| 1.21! 1.70| Manufacturer’s guarantee.
Ideal......... 64.20(23.30] 8.40{ .72]| 1.90 Adolphcl\} ew, chemist, Col-
ton, Cal
Iron clad. ....[63.50/21.50/10.50! 1.80f 1.50 Manufacturer.
Lehigh....... 62.96/22.42| 9.18| 2.76| 1.05 Bo&)t‘h.l?arret & Blair, Phila-
elphia,
Medusa. . .... 64.78 23.30] 9.44| .97| 1.21] Manufacturer.
Marquette 64.26/21.80/10.81| 1.76/ .96] Manufacturer’s guarantee.
Napa Junction|61.00/22.50(11.50 1.08| 2.00 Adtolph liew, chemist, Col-
on, Ca.
Old Dominion.|63.47/20.65| 9.69| 2.76/ 1.34] Booth, Garret & Blair, Phila-
e]phla, Pa.
Peninsula.. ... 10.50 .60 1.60| Manufacturer.
Saylors. . f .67/12.34] 1.16(.... Manufacturer
T. A. Edison. 62.71 20.14({10.84 2 34| 1.64| Lathbur Spackman,
Phllad};lphxa
Universal. .. ..[61.92(23.62(11.92| 1.78| 1.32| Robt. Hunt & Co Chxcago,
Average. .[63.10(21.98/10.65| 1.61| 1.37
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- Mortar.—The following extract from an article on mortar
was taken from the Irish Builder:

“ Like all other compounds, mortar depends for its quality upon
that of its constituents, and also upon the proportions in which
they are used, and the method by which they are mixed. To
all intents and purposes it is an exceedingly fine concrete,
composed of an aggregate and a matrix mixed with water,
its purpose being to fill up the interstices in the joints between
the bricks or stones of which a wall is composed, so as to
provide an even bedding surface, and render the wall water-
tight, adherent properties being rather valuable for securing
this than needed to prevent the bricks from being pulled
apart.

““Thus it comes about that the more close is the jointing of a
wall, the finer should be the grain of the mortar, and of its
aggregate. A coarse rubble wall having wide, irregular mortar
joints would be best with a mortar made of a fine gravel or
crushed stone, or, at least, with one which contained a con-
siderable amount of pea-sized lumps as well as finer sand amongst
the aggregate, to assist in filling up the larger hollows without
undue liability to settlement. On the other hand, for well-
dressed ashlar masonry, the finest sharp-grained sand obtain-
able should be used, there being only very small cavities to
fill up, and the very thinnest possible joint being required.

“ Beyond this, it is necessary in all cases that the aggregate
should, under a magnifying-glass, display either sharp edges
or a roughened surface or both, in order that the matrix may
adhere to it; for, while there is little necessity to stick the bricks
of a wall together, if they be properly laid, it is quite necessary
that the mortar should form in itself a homogeneous sub-
stance, else it will crumble into dust or wash out of the
joints.”

Live MorTAR.—Lime mortar is made by slaking the lime
and adding sand in the desired proportion. The slaking is
usually done by putting the lime in a water-tight box and
covering with water. The lime is then stirred with the hoe so
as to let the water get to all sides of the lumps of lime, and
thus cause it to slake more readily. Enough water is added
to make the mixture about the consistency of thick cream.
It is then run off through a sieve into a larger box, where the
sand is added and the mortar allowed to cool a little and
thicken. The amount of sand used is regulated by the quality
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of the lime used, as some limes will take more sand than
others,

The ‘“mortar-man” by experience can usually tell when ha
has enough sand added to the lime as he “runs it off,” but if
it is a little “‘rich,”” as it usually is, he will add more sand when
he tempers it up for use. The mortar should have just enough
sand in it to make it work nicely and not stick to the trowel.

The superintendent, by a little experience with, and watching,
the mortar, will be able totell at a glance if the mortar is “rich”
or “poor.” Mortar should be run off at least three days before
using, so that the lime will have time to cool off and there will
be no small particles of lime left unslaked and which may slake
after being built in the wall.

Lime mortar should not be used in freezing weather, although
if it is frozen hard and dry without any thawing it hardly ever
affects it much, but, if it is alternately frozen and thawed, the
mortar will lose its strength and be destroyed; so, to be on
the safe side, it is well to follow the rule of using no lime mortar
in freezing weather.

When the lime is being slaked the superintendent should
see that it is of a good quality, as described on page 168, and
that the sand is up to the requirements.

In making mortar for laying ‘‘press” brick or brick with a
close joint, a fine white sand or marble-dust is generally used.

The New York Building Code requires that lime mortar be
made of 1 part of lime and not more than 4 parts of sand.

SugAr 1N MorTArR.—Sugar has been used for centuries in
India in the making of lime mortar and is said to add greatly
to its strength. Experiments were made some years ago to
ascertain the effect of sugar on Portland cement, and an addi-
tion of from } to 2 per cent of pure sugar added to Dyckerhoff’s
German Portland cement was found to considerably increase
its strength after three months. The sugar was said to ‘‘retard
its setting,” and thus permit the chemical changes in the cement
to take place more perfectly, but more than 2 per cent of it
rendered the cement useless. As sugar is soluble in water it
should never be used in mortar which is to be used under
water.

PorTLAND CEMENT-LIME MoORTAR.'—There are many kinds
of work which require a quick-hardening mortar, but for which

1 Extracts from ** Das Kleine Cement-Buch.”
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the great strength of a mixture of 1 of cement with 1 to 4 of
sand is unnecessary. The cost of such mortar is also for many
purposes too high. A mixture of cement with 5 or more parts
of sand would give abundant strength, but such mortars work
too ‘short’ and adhere too imperfectly to the stone or brick;
it cannot therefore be safely used. In such cases the addition
of slaked lime or hydraulic lime will correct the faults of poor
mixtures of cement and sand, and will produce a cheap mortar,
suitable for a great variety of uses. Used in this manner,
Portland cement may be used with economy for the most
ordinary purposes. The advantages of Portland cement-lime
mortar are its cheapness in comparison with other hydraulic
materials, its rapid hardening, marked hydraulic properties,
great strength on exposure to air, and remarkable resistance
to weather.

““The following mixtures for cement-lime mortar have been
found by experience to be most suitable:

Cement 1 part, sand 5 parts, lime paste } part.
13 1 (14 113 6 to 7 parts 43 1 [
< ol i “ 8 parts, & 1% parts.
13 1 {3 I3 10 43 ¢ 2 13

“The above proportions are to be taken by measure. Hy-
draulic lime may be used in the place of ordinary slaked lime.

¢ Cement-lime mortar is prepared by making a dry mixture
of the required quantities of cement and sand; milk of lime
is then made with the necessary quantities of lime paste and
water and this milk of lime thoroughly mixed and worked in
with the mixture of sand and cement.”

In laying face brick in cement mortar it is advisable to add
a little lime “putty” to the mortar, as it makes the mortar
work smooth, and the mason can do a neater job. Mixtures
of cement with three parts or more of sand are found to work
too “short” for rapid and easy work in laying brick or stone.
The addition of lime paste removes this defect, and makes
the mortar smooth and plastic. The adhesion of the mortar
to brick or stone, and also its impermeability to water, are
also greatly increased by the addition of slaked lime. As to
strength, it will be found that a mixture of Portland cement 1,
lime paste 1, sand 6, is as good in every respect as a mixture
of Portland cement 1, sand 3; or in other words, that one-half
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the cement may be replaced by lime paste without loss of
strength.

Compared with mortar made with Louisville, the Portland
cement-lime mortar will be found immensely stronger, and
little or no more expensive.

CEMENT MoRTAR.—In making cement mortar, the strength
of it depends on the quality of the cement and sand, the pro-
portions used, and the manner of mixing. The sand should
be sharp and irregular, as described on page 168, the finest
depending on the nature of the work in which the mortar is to
be used.

For mortar for laying brick or for grouting, it should be
comparatively fine, while for concrete or coarse mortar it should
range from fine to coarse. A small amount of pure clay in
the sand used for cement mortar will not affect its strength.

Proportions.—The proportions of cement and sand for cement
mortar varies according to the cement used, and the strength
of the mortar desired.

The most common mixture is 1 to 3 for Portland cement
and 1 to 2 for natural cements. There must be enough cement
to more than fill all the voids in the sand, and make a compact
tree. .
For masonry and brickwork, use 1 part cement to 2, 3, or
4 parts of sand, according to the strength required and the
purposes for which the mortar is to be used; for some special
purposes 5, or even 6, parts of sand may be used.

Cement mortar for face brickwork is usually composed of
1 part cement and 2 parts sand; for backing and in ordinary
masonry foundations, it is not necessary to use a richer mortar
than 1 part cement to 3 of sand. When large quantities of
sand are used, the mortar is “short” and brittle, and will not
work well.

In some cases lime paste is added to the cement mortar to
give it the required plasticity. The proportions are about
one-half part lime paste added to the mortar.

Stone dust. and fine screenings have been used as a substi-
tute for sand and gave as strong a mortar as if sand had been
used. The table on page 171 shows the average strength of
cement mortars of different proportions and age.

WATER-TIGHT MORTAR.—For the lining of cisterns and reser-
voirs, and also in some cases for the protection of underground
conduits and piping, a mortar which is impermeable to water
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is required. According to Dykerhoff, the following mixtures
will be found water-tight as soon as set:

Portland cement, 1; sand, 1;
< “ 1; “ 2;lime paste, }.
113 113 1 . “ 3. 113 143
2 ?

113 [ 1 . “ 5 . “ 113 1%
3 2 !

From the above mixtures the one may be chosen which offers
the required strength and hardness.

A solution of 1 pound of concentrated lye, 5 pounds of alum,
and 2 gallons of water mixed with ecement in the proportion
of 1 pint of the solution to 5 pounds of eement and applied
with a brush and well rubbed in will make cement walls water-
proof.

MixmNg.—At the commenecement of the work the superin-
tendent should deecide what shall be used as a unit of measure
in making the mortar or eonerete. The wheelbarrow is most
commonly used, and if this is deeided upon the superintendent
should have a barrel of eement measured by the barrow so as
to ascertain how many barrows of sand or aggregate are to be
used to a barrel of eement.

The cement and sand should be put in the mortar-box dry
and thoroughly mixed until they become a uniform eolor. The
mass should then be drawn to one end of the box and the water
added at the other end, and the mortar wet and mixed in just
sueh quantities as can be used before the initial set begins.
A common fault on most work is that the eement will be mixed
up in large quantities in the morring and some of it will be
four or five hours old before it is used. The superintendent
should never permit any mortar over three hours old to be
used, and any that attains this age in the mortar-box should be
thrown away. Ie will not have to do this more than once or
twice until the mortar will be made in such quantities as he
desires. At night he should see that the mortar-box is left
clean and if any mortar is not used have it thrown out to pre-
vent it from being remixed again in the morning. He should
also see that the mortar is mixed with just enough water to
make it soft enough to allow the brick or stone to bed into it .
readily and fill all joints.

CoLoriNg oF CEMENT MORTAR, ETc.—The following coloring
materials are usually used for eoloring eement mortars. Usu-
ally coloring materials will lessen the strength of the mortars
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50 no more than necessary should be used; this is especially so
of the ochres. To color

Gray, use 2 pounds of Germantown lampblack to a barrel of
cement.

Black, use 45 pounds of manganese dioxide to a barrel of
cement.

Blue, use 19 pounds of ultramarine to a barrel of cement.

Green, use 23 pounds of ultramarine to a barrel of cement.

Red, use 22 pounds of iron oxide to a barrel of cement,.

Bright red, use 22 pounds of Pompeian or English red to a
barrel of cement.

Violet, use violet oxide of iron 22 pounds to a barrel of cement.

Yellow and brown, use 22 pounds of ochres to a barrel of
cement.

Ultramarine is one of the best coloring materials, as it does
not affect the strength of the cement. Germantown lampblack
is also good on account of the small quantity necessary to give
a good color.

TEMPERATURE AND CEMENT.!—*The effect of cold is to stop
the setting of cement. Most cements set very slowly, if at all,
below a certain temperature, which is usually between 30° and 40°
F. When the temperature is raised the cement sets, unless in the
mean time the water has evaporated sufficiently to leave an
insufficient quantity for the chemical action, so that the freezing
of work laid in cement mortar usually has the effect simply
of delaying the hardening of the mass. If too much water is
used in the mortar, the expansion of the water in freezing may
disintegrate the mortar by the mechanical action of the ice in
forming. Either of these effects is most apparent near the surface
of the mass of masonry, and often requires pointing up of the
joints of brick or stone masonry, while the remainder of the
work will be found in good condition. Alternate freezing and
thawing increases the danger of injury. Portland cement is
seldom injured by freezing, but many natural cements are more
or less injured, and mortar of natural cement is the more liable
to disintegrate even under the best conditions if the tempera-
ture is long enough or often enough below freezing-point before
it has had an opportunity to set. In a few instances some
setting of mortar frozen for a long time has been observed,
but as a rule the setting is delayed until the temperature again

1 National Builder.
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rises above the freezing-point. The first method of aiding the
setting of mortar which suggests itself is to delay the time of
reaching the freezing-point by heating the stone or brick, the
sand, the cement, and the water. The amount of heat required
depends upon the temperature of the air and the rapidity with
which the work can be done after heating stops. This method
* is seldom entirely satisfactory unless very quick-setting cements
are used. Slow-setting cements will evidently give more trouble
than those which set as quickly as can be permitted under the
conditions of time necessary to get the mortar inte the work
after the water is added. Mortar should be made richer than
for use at ordinary temperatures, say one to one and a half,
instead of one to two, and other mixtures in the same proportion. *
As little water as possible should be used, although this will
increase the probability of requiring pointing of joints or the
crumbling of outer surfaces of concrete. It is frequently
possible to delay freezing by covering the work with straw or
even tarpaulins. If stable manure can be kept in place in
sufficient quantities to keep up its fermentation it is the most
efficient material for covering. Perhaps the most common
method of preventing the freezing of mortar is the use of a
solution of common salt for mixing. The usual rule is to add
1 per cent of salt to the water for every-degree of temperature
below freezing, using the minimum temperature to which the
masonry will be subjected for the computation. The cold delays
the setting of the cement, but there is no mechanieal action
from freezing, and the results of this method are usually quite
satisfactory, the pointing of joints being the only additional
operation expected. It is evident that work to be placed upon
concrete laid in freezing weather must be delayed until the
setting of the cement makes the mass sufficiently stable to
carry the weight. Laying of masonry, especially of massive
stone masonry, in freezing weather is quite easy, but the placing
of masses of concrete in exposed situations, or of small sections
of concrete, is not so easy nor so certain of success.”

The author has used mortar and concrete made of Portland
cement in freezing weather and never experienced any trouble,
the mortar or concrete made and used in cold weather being
equal in strength in a few months to that made in warm
weather. The main point in using cement mortar or concrete
in freezing weather is to not use too much water, and to keep
it from freezing until it is well set.
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Natural cements should not be used in freezing weather, as
they will not stand freezing.

Sidewalks should not be laid or any plastering or finishing
done with cement in freezing weather; the finished surface
may be affected by the moisture in the mortar freezing and
expanding, causing blisters, making the finished surface scale
off.

In using cement in hot weather, where the heat or the rays
of the sun will strike it, care must be taken to protect it, for
heat in such cases dries the cement too quick, drawing out the
water before the proper action of the cement takes place, and
thus decreasing its strength to a great extent. The small
cracks like those in dry mud, sometimes seen in pavements,
are the results of the cement being dried too fast by the
heat.

When laying sidewalks, plastering walls, pointing or finishing
any surface with cement, it must be well protected from the
heat, and should be wet two or three times a day for about
four days after being laid.

The following paper, by C. S. Gowen, M. Am. Soe. C. E., giving
the result of experiments made by him while resident engineer
of the New Croton Dam, N. Y., was read before the Cement
Section of the American Society for Testing Materials, July
3, 1903:

Tests of Portland-cement Mortar Exposed to
Cold.—The following experiments were made with a view to get-
ting some definite information on the effect of frost on Portland-
cement mortar, under the different conditions in which it may be
desired to use it in cold weather. No facilities existed for
maintaining a prolonged cold or uniform temperature and the
briquettes were accordingly exposed to the open air, and so
kept until it was evident that the tendency to ‘“dry out” unduly
was reducing their proper strength and ecreating a condition
by which no basis of comparison with ordinary results could
be had.

The briquettes were accordingly placed in water in July,
at the end of the first six months of the tests, and the author
is inclined to the opinion that if this had been done earlier,
at the end of the three months’ tests, the twelve months’ results
would have showed much nearer the average twelve months’
results of tests made in the ordinary way of briquettes kept
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BREAKING WEIGHTS OF 2:1 MORTAR BRIQUETTES, POUNDS
PER SQUARE INCH, EXPOSED TO COLD AT NEW CROTON
DAM.

(Cement used, Giant Portland; sand used, crushed quartz—Lot 209, 1476
bbls. Each breaking weight given is the mean of eight breakings.)

Twenty-eight Days.
Temperature B .
reaking
bl o Veight, by Time to Take
ounds per ST eav; ire.
Square Inch. | Desgrees. ¥

24 to 32° 370 22 1. 4 hrs.2
24 to 10° 458 24 f. Night
24 to 32° 371! 28 f. 65 min.
20 to 10° 272 16 r. 6 hrs.
20 to 10° 4 s 255 18 s. 35 min,
24 to 32° 474 27 r. 4% hrs.2
24 to 10° 455 22 s. Night
24 to 32° | Threemonths 413 28 1. 65 min.
20 to 10° 360 16 f. 4 hrs. r.*
il e o

0 34 fop ' 4 s ey | Uhtd 1o Spp oy
24 to 10° A 347 12 r. 15 min.3
24 to 32° | Six months 314 28 f. 65 min.
20 to 10° 287 14 r, . 2% hre.ri*
20 to 10° 300 18 g, 35 min.?
24 to 32° 553 28 r. 4% hrs.2
24 to 10° ' 381 14 r. 15 min3
24 to 32° | Nine months 452 28 f, 65 min.
20 to 10° 567 20 r, 5% hrs.§
20 to 10° 437 18 s, 35 min.3
24 to 32° 553 26 1. 7 hrs. 5.
24 to 10° 586 16T, 45 min.4
24 to 32° | Twelvemos. 510 28 f, 45 min,
20 to 10° 602 26 f. 2% hrs 3%
20 to 10° 512 16 s. 35 min.3

! This set was broken on a day when the temperature was 16°; a ninth
briquette was thoroughly thawed on same day and broke at 210 pounds.

2 Did not appear frozen when it took heavy wire,

3 Frozen at end of time moted, and took wire.

4 Froze slowly and took heavy wire.

* Had not set at end of time noted.

+ Some signs shown of freezing.

1 One briquette made with fresh water froze and took heavy wire in 20
minutes.

 Remarks.—24 to 32°: Placed in cold air at temperature noted imme-
diately after mixing; fresh water used. 24 to 10°: Placed in cold air at
temperature noted immediately after mixing; fresh water used. 24 to 32°:
Took heavy wire before being placed in cold air; fresh water used. 20 to
10°; Placed in cold air at temperature noted immediately after mixing;
brein used. 20 to 10°: Placed in cold air at temperature noted imme-
diately after mixing; fresh water used. In column of ‘‘Temperature
Exposure” r. indicates a rising temperature, f.a falling temperature, and
8. a steady temperature. All briquettes were left in open air in a drfr but
not sunny place until the three months’ break was made (about April 15);
then thoy were put in a damp place until the six months’ break was made
{about July 15); and then they were placed in water until finally broken.
The brine used was a solution strong enough to float a potato, about 10 per
cent by weight of salt to weight of water.
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in water continuously until broken. In the table given below
each breaking weight given is the mean of eight briquettes
broken, and it may be said that each set of breakings showed
marked uniformity in the strength of the briquettes.

AVERAGE BREAKING WEIGHTS OF 2 :1 MORTAR BRIQUETTES.
GIANT PORTLAND CEMENT, BROKEN AT NEW CROTON
DAM IN 1896, 1897, 1898. :

Lot 209,
1476 bbls,
VT e St e e e L ARLL P LIRS TR 5 2 G/ SRS e R B 28 days
Number,of breakings.. .. . ..oz ciensnnm.es PP 10
Average breaking weight, pounds per square inch. ... 441 483
Time........... T BT ST D T NP P P 3 mos. L,
Number of breakings,..................oc0i 0. 215
Average breaking weight, pounds per square inch. ... 563
P TEe i Ty, e T R 6 mos.
Number-of breakings. ... . . v oeomieon.n.. $0.3 400 0 185
Average breaking weight, pounds per square inch. ... 657
JHIMe PPy - SRR TN AR e 9 mos.
INumber;of breakings, L. S0 Mt L 155
Average breaking weight, pounds per square D ChERess 671
i SNTe e TN LV, renti S LTS 12 mos.
Number of breakings...................... 13okbad: 165
Average breaking weight, pounds per square inch. ... 663

1 Normal test of this lot not continued after 28 days. Time of taking
heavy wire, mean of seventy tests (2 : 1), briquettes, 63 min.; mean of
seventy tests, neat briquettes, 71 min.; average breaking weight, mean of
seventy tests (2 : 1), briquettes, 1 week, 344 pounds.

The results are from experiments made by the author while
acting as resident engineer for the Aqueduet Commissioners of
the City of New York, in charge of the New Croton Dam, and
to them the author wishes to make proper acknowledgment
for the use of these data.

Errect oF Corp UPON SETTING.—In the case of this lot of
cement, which was moderately quick-setting (taking heavy
wire in sixty-three minutes, 2 to 1 briquettes, and taking heavy
wire in seventy-one minutes, neat briquettes, under normal
conditions of testing in laboratory), moderate cold, 22° and
upward, delays setting but does not freeze. This is shown
by the set of tests made for the intended temperature, 24° to
32°, of exposure.

The second set of tests (intended temperature of exposure
24° to 10°) show in the case of the twenty-eighth day and three
months’ breakings (temperature 24° and 22°, respectively) a
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delayed setting which resulted in freezing during the night.
The other breakings, six, nine, and twelve months, show, at
lower temperatures, quick freezing.

The third set of tests (intended temperature of exposure
24° to 32°) was exposed to moderate cold after having taken
heavy wire in laboratory.

The fourth set, a mixture with brine (intended temperatures
of exposure 20° to 10°), shows clearly the influence of the cold
in delaying the set, as well as the effect of the brine-in delaying
freezing.

At temperature of exposure 16°+, the set occurred in six
hours; 16°—, no set in four hours and no sign of freezing;
14°4, no set in two and three-quarter hours and no sign of
freezing; 20°+,a set in five and one-half hours with some indi-
cations of freezing; 26°—, no set in two and one-half hours and
no sign of freezing,

The fifth set of briquettes was exposed at a steady tempera—
ture of 18°+, and all froze in thirty-five minutes.

Conclusion.—A moderately :.quick-setting cement can be
used in temperatures about 20°, without freezing, with a 2:1
mixture.

The use of brine delays freezing, at least at temperatures
of about 15°, if it does not wholly prevent it before the set
has occurred.

Errect oF CoLp UPON BEAKING StrENGTH.—It is apparent
that the general falling off at the end of six months is due to
air exposure, the rise for nine and twelve months after being
placed in water being marked, and the author is of the opinion
that had briquettes enough been made for fifteen and eighteen
months’ breakings there would have been a uniform increase
in strength, comparing favorably with general results from
laboratory tests, a summary of which has been added to the
tabular statements. The six months’ breakings of the various -
sets show a much greater uniformity than those of one month
and three months, as might have been expected the extremes
being 287 and 366 pounds.

At nine months sets 1 to 4 agree closely,
G 5 ““ 3 to 5 agree closely,

while set 2 is lower in its breaking weight than either of the
others.
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At twelve months sets 2 to 4 agree closely,
ARTUB $f “ 3 to 5 agree closely,

while set 1 comes between these extremes, which vary between
510 and 602 pounds, an extreme variation, not much greater
than indicated by the six months’ breakings, and much less
than that shown by the nine months’ results.

Conclusion.—The general result is favorable to the use of
brine at low temperatures; also there is no indication that
freezing reduces the ultimate strength of the mortar, although
it delays the action of setting.

In this particular example the frozen set No. 2 shows better
at twelve months than frozen set No. 5, but not so well at nine
months, where the relative difference is the other way.

At twelve months sets Nos. 2 and 4 (“frozen at low tempera-
ture” and ‘“brine”) agree closely.

Set No. 1 comes next (“mixed at moderate temperature”),
and sets Nos. 3 and 5 follow.

There seems to be nothing in the results shown in set No. 3
to indicate an advantage in securing a set before exposure to
freezing temperature.

The above results are relative rather than conclusive, as it
is impossible to say what would have been the results at the
end of the year, and how they would have compared with the
general average given for briquettes tested under normal con-
ditions if they had not been exposed to the varying tempera-
tures of spring and early summer and to ‘“drying out.”

These briquettes were mixed in February, 1897, as oppor-
tunity and the required temperatures oceurred, and the records
of the time of setting were made as carefully as was practi-
cable under the circumstances.

The temperatures of the air at the time of the final test for
the set were not taken, but as a rule the temperature rose or
fell, as indicated, steadily during the time that elapsed while
the observation was made. These results are submitted for
what they may be warth, as the author does not know of any
series of tests extending over so long a time and at the same
time covering such extremes and variations of temperature.

The following, showing the results obtained by tests made
under ordinary laboratory conditions, when brine was used,
are added here, and the conclusion seerms to be plain that the
effect of brine is to delay setting temporarily, while not affect-
ing the ultimate strength of the mortar materially.
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Giant Portland 2 to 1 briquettes.

Per cent of water used to weight of cement, 40.

Time to take heavy wire, fresh-water briquettes, 241 minutes;
salt-water briquettes, 306 minutes.

One One | Three
Week. | Month.[Months.

236 289 414
126 231 294

Six Nine |Twelve
Months.Months.|Monthe.

549 554 572
424 452 576

Fresh water used......
Salt water used .......

Giant Portland 3 to 1 briquettes.

Per cent of water used to weight of cement, 50.

Time to take heavy wire, fresh-water briquettes, 350 minutes;
salt-water briquettes, 407 minutes.

One One | Three Six Nine |Twelve

‘Week. | Month.[Months.'Months.|Months.|Months.
Fresh water used...... 112 183 268 335 | 351 458
Salt water used ....... 68 131 215 266 301 413

Standard sand used (crushed quartz).

The brine used was strong enough to float a potato, aboub
a 10 per cent solution by weight.

Each of the above results is the mean of ten breakings, in
pounds per square inch.

The briquettes were placed in air twenty-four hours and
then immersed in water until broken.

The following shows the result of tests for freezing and thaw-
ing of cement, made by H. W. Parkhurst, Engineer of Bridges
and Buildings, Illinois Central Railroad Company.

“Briefly described, these were made as follows: Sets of
briquettes were made, one-half of which were put on the flat
roof of our office-building, where they were exposed to all the
changes of weather, commencing in December, 1902. The
other half of the briquettes were treated in the usual way-
being put in pans of water kept at pretty nearly uniform tem,
perature (between 60 and 70 degrees F.), and sets of ten were
taken from each of these lots at the age of twenty-eight days,
two months, three months, four months, five months, and six
months. Column headed ‘“Frozen” contains results of those
that were out of doors exposed to the weather, Column headed
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“Warm?” shows results of those that were kept in the house
at uniform temperature. The column headed ‘‘Per Cent”
shows percentage of strength of briquettes exposed to freezing
as compared with those of the same date and age which were
not so exposed. You will note that in the case of the ‘“‘one-to-
three” mortar, the briquettes that were exposed to the weather
came out considerably stronger at four, five, and six months’
age than those which were kept in the water all the time. This
speaks well for the probable condition of concrete under the
usual exposure.”

The freezing and thawing tests are shown in the following
tabular statement:

AA PORTLAND CEMENT—1902-1903.
Freezing aNnD THAWING.
Sieves: No. 50, 100 per cent; No. 100, 99.8 per cent.

One to Two. One to Three.
Re-
Age. Date P Date P marks,
Brolk’n|Frozen|Warm | .°'  |Brok’n|Frozen|Warm | ot
: 1903. - | 1903. ;
28days| 1/23 | 233 425 FDEAVESI S 189 290 65 Yor

2.mos. | 2/26 | 334 535 62 2/28 | 259 348 74 Zbg
3mos. | 3/26 | 363 572 63 3/30 | 331 381 87 6o

4mos. | 4/26 | 395 595 66 4/30 | 453 | 325 | 139
5mos. | 5/26 | 462 611 76 5/30 | 441 373 | 118
6 mos. | 6/26 | 628 531 | 118 6/30 | 563 363 | 155

Grouting.—Grout is a thin mortar usually made of sand
and cement, and is generally used in brickwork, by building up
the two outside courses of the wall, then laying the inside brick
and pouring the thin mortar over them, working it well into all
the joints. The grouting should be done every course, so that
all the joints will be filled.

Brick wet and laid with ordinary mortar and the mortar
slushed into all the joints makes just as strong a wall as grout-
ing, but because it is hard to get brick-masons to lay brick as
they should be, grouting is often resorted to when a strong
wall is desired.

Concrete.—Concrete is a mixture composed of broken
stone, gravel, or similar material held together by cement
mortar.  The theory of concrete is that enough cement mortar
should be used to fill all vne voids between the stones.

On large engineering works, the proportions of cement,
sand, and broken stone or gravel should be accurately determined
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and specified. For general purposes it is possible to state
approximate proportions, as the sand, broken stone, and gravel
vary in size and proportions of voids according to their source
and preparation.

The proportion of sand and stone must also be adapted to
the character of the work in which the concrete is to be used
and the strength required. The superintendent can tell when
the first batch of concrete is rammed in place if the proportions
of mortar and aggregate are such that the concrete will ram
well and all the voids will be filled solid.

Concrete is being used more and more every day and is now
one of the most used building materials, and as it is one most
easily slighted, will require the closest attention from the super-
intendent. When any concrete work is being done the super-
intendent should be present at all hours while the work is in
progress, and see that each batch of concrete is made of the cor-
rect proportions and mixed thoroughly, and that it is put in
place as soon' as mixed.

Any time he sees any of it slighted he should reject it at once,
or have it mixed over. He should also see that no concrete i,
used after initial set has commenced; any concrete over three
hours old should be rejected.

Wer axp Dry -ConcreTe. —There is quite a dlﬁ’erence
of opinion among engineers and architects as to just what
amount of water should be used in mixing concrete to get the
best results. Some claim that it should be mixed with as little
water as possible, others think that a very plastic or wet econ-
crete is best. It is the opinion of the author that either accord-
ing to the conditions under which it is to be used is better than
the other. For instance, in a large foundation or any place
where the concrete can be spread in thin layers and where no
trouble will be experienced in ramming, a mixture that when
rammed enough to make it a solid and compact mass with no
voids, and which at the end of this ramming shows just alittle
water at the top, will make as good a concrete as it is possible
to obtain. On the other hand, in narrow walls or foundations,
between beam grillage, and all places where any difficulty will
be had in ramming, then a wet concrete will work the best.

The author has used concrete in such places, mixed so it
would just carry the man ramming, and which when he walked
or tamped on it, caused it to “‘quake,” which gave excellent
results, and contained no cavities. Where a concrete is to be
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made water-tight a mixture of this kind will give the best
results.

Tests have been made which show while the dry concrete
becomes much stronger in a short period of time, the wet mix-
ture if allowed to harden for a long period will ultimately become
stronger than the dry mixture.

The superintendent must decide, according to the work to be
done, just how wet the concrete should be mixed, and he can
determine this after a little of it has been put in place and
rammed.

Where a wet concrete is to be used the forms or moulds should
be nearly water-tight.

Mixing ConcreTE.—This is another point in concrete work
where engineers and architects differ in opinion, some even
preferring hand-mixing to that done with a machine. There
are a number of ways or methods employed for mixing concrete
by hand, and they will nearly all give good results providing
enough labor is expended.

This is where the contractor usually tries to save a little,
turning the mass once or twice, when it should be turned four
or five times. Then experience is a factor in turning concrete
by hand; a man who has had experience in turning will mix
better with two or three turnings than a man with no experience
will do in four or five. It is the duty of the superintendent
to examine the first batch after it is mixed and see if it is satis-
factory; if not, he should have it turned and mixed until it is, and
then see that all subsequent batches are mixed the same.

It is well to let the contractor use his own method of mixing
provided it gives the desired results.

A method which the author has used for hand-mixing and
which gave excellent results as to cost of labor and result of
mixing is subjoined:

Make a tight platform about 30 feet long and 14 feet wide.
On one end of this platform mix the sand and cement dry in
the following manner: Have a bottomless box of sufficient size
and depth to measure the exact proportion of sand, place it on
the platform as shown at A4, Fig. 123, and fill it with sand, using
a straight-edge to strike it level full. On top of this set another
bottomless box of the correct depth to measure the correct pro-
portion of cement and fill it in like manner; now lift the two
boxes and thoroughly mix the sand and cement until it is of a
uniform color,
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While the cement and sand are being mixed by part of the
“gang,” let the rest prepare the aggregate. Place a bottomless
box on the platform close to the pile of cement and sand as
shown by B, Fig. 123, the box to be of a depth to measure the

BAND AND
CEMENT

AGGREGATE

Fra. 123. " T 124,

aggregate; fill it level full and set on top another box to measure
the combined cement and sand; fill thisbox level full, as shown by
Fig. 124; now remove the boxesand the mass isleft in a flat pile
with the cement and sand spread uniformly over the aggre-
gate. Now let two men, as 1, 1, Fig. 123, start turning the
pile toward the vacant end of the platform, and as they turn keep
the new pile about the same width and depth as the one made
by the boxes.

After they have started turning start two more men as shown
at 2, 2, giving the second turning; but as it is turned and spread
in the pile have a man with the hose and sprinkler (or a good
plan is to tie the nozzle of the hose on a shovel-blade so the
blade will spray the water) and wet the mass as it is spread in
the pile. Then give it two more turnings by men at 3, 3 and
4, 4, and when it reaches the pile C, as shown in Fig. 123, it is
thoroughly mixed. With a little experience the man with the
water will be able to regulate it so that each batch will have
about the same amount of water.

The author has also used three boxes as described, on top of
each other, one for the aggregate, one for the sand, and one for
the cement; then turning and mixing the mass as desecribed,
it gave a very uniform mixture. In mixing by hand the men
should be provided with long-handled, square-bladed shovels,
as they can reach the centre of the pile better and will not tire
themselves as with a short-handled shovel. In large work the
concrete can be mixed very rapidly as described; as one batch
is being finished another one can be got ready, and thus a
continuous stream of concrete can be turned out. The author
has seen concrete mixed in this way in competition with a
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machine where the amount mixed by hand in a day was equal
to that done by the machine with the same amount of labor.

On small work where it would not pay to go to the trouble
as described above, a good method is to mix the sand and
cement dry, then add the water, making a wet mortar; spread
this out and add the aggregate which has already been wet
and washed; now turn and mix until a uniform mass is ob-
tained.

Where machine-mixing is done, the superintendent must see
that the proper proportions are used, and it is well for him
to have the sand and cement mixed dry by hand before going
into the machine. Some machines are so arranged with a
spiral feed that they are supposed to feed themselves, When
a machine of this kind is used, the superintendent should have
a batch of concrete measured out in the desired proportions
and run through the machine to see if it feeds correctly. After
the concrete comes through he should examine it and see if it
is thoroughly mixed and if too wet or dry. If not mixed right,
he should have it run through again or mixed by hand.

AgereEcATE.—The aggregate for concrete is usually broken
stone, gravel, or cinders, or two or all of them combined. Along
the seashore and rivers gravel is often used because it can be
obtained much cheaper than the broken stone, and makes very
good concrete, but on account of the smooth surface of the
stones does not make quite as strong a concrete as broken
stone, which with its rough angular surfaces and corners causes
the mortar to take a better hold.

Broken stone from } to 2 inches makes the best concrete
and does not require quite as much mortar, the voids not being
so large as if the stone were all of the 2-inch size.

Cinder aggregate is usually used for fireproofing of floors,
etc.

When broken stone is used it should be cleaned from dust
and dirt, by passing it over a §-inch mesh sieve.

Gravel can usvally be cleaned by washing it to take out the
clay or earthy matter. It should vary from } to 2 inches in
size.

Cinders for concrete should be nearly all clinkers which
will pass through a 1l-inch mesh sieve, and if very dirty, they
should in addition be passed over a g-inch mesh sieve. They
should not contain more than 5 per cent of ash or unburned
coal, Specifications usually call for rolling-mill slag or good,
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clean, crushed vitrified clinkers, and the superintendent should
see that such material is used, as the ordinary cinders are not
fit for fire-proof work.

CrusHED STONE should be clean and free from dust or dirt,
and should not exceed 1} to 2 inches in size. The best results
are obtained from strong, hard, durable rocks, with fracture
into sharp angular fragments, such as trap-rock or limestone.
Soft, porous, friable rocks, or rocks of a slaty fracture, should
be avoided. For some purposes certain kinds of slag make
an excellent concrete. Dust in crushed stone weakens the
concrete. The best concrete is obtained from crushed stones
of various sizes. In some cases the stone is screened to sepa-
rate the different sizes, which are then remixed in the proper
proportions.

Sanp For CoNCrRETE.—Sand should be clean, coarse, and sharp.
A quartz sand gives the best results. Loamy sand or that
containing much clay should not be used; it will give poor
results and retard the set. Organic matter and dirt are objec-
tionable in any sand. A very fine sand or gravel is not good,
as it weakens the work. A very coarse sand gives the greatest
strength in concrete, but when the proportions of sand exceed
2 parts to 1 of cement, a sand of mixed grains, fine to coarse,
with the coarse predominating, is preferable, as the fine: sand
helps to fill the voids in the coarse sand and makes a more
derse and less absorbent mortar.

PROPORTIONS AND STRENGTH.—The proportion of the mortar
to the aggregate should be such that it will a little more than
fill all the voids of the aggregate, the strength of the con-
crete depending a great deal on the proportion of sand to the
cement. -

For all ordinary purposes, such as heavy foundations, machin-
ery foundations, reservoirs, cisterns, retaining-walls, sub-sur-
faces of sidewalks, cellars, and street-paving, 1 part of cement,
2 or 3 parts of sand, with 5 parts of broken stone, will give the
best results; for footings and subwork 1 part of cement, 3 parts
of sand, and 7 parts of broken stone will give excellent results.

The superintendent should see that the proportious are such
that the mortar will fill all the voids in the aggregate, and
the mass will tamp solid. The proportion of cement and sand
to the aggregate depends a great deal on the nature of the
aggregate; if it is of coarse stone with large voids then it will
require more mortar to fill them than if the aggregate was of a
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finer stone or gravel. To determine the voids in any aggregate,
take a box containing a cubic foot and fill it with the aggregate,
which should already be soaked with water, then pour water
in the box until it is full; now pour off the water and measure
it, which will show- the voids contained in a cubic foot of the
aggregate.

A good method of determining the voids in concrete materials
is to fill a box of exactly 1 cubic foot capacity, or a convenient
fraction thereof, with the substance and weigh the contents.
A solid block of quartz or limestone, measuring exactly 1 eubie
foot, will weigh 165 pounds; a cubic foot of sand, gravel, or
broken stone, considerably less: and the difference will represent
the voids. For example, if 1 cubic foot of gravel weighs 95
pounds, the difference is 165—95="70. The percentage of voids
is then 70X 100+165=42.4.

The following table shows the percentage of voids found
in some common concrete materials:

Sand, not screened. . ........ 32.3 per cent voids
Gravel, -to {-inch.. . ....... 42.4 ¢ £
Broken stone, 1- to 2-inch.... 47.0 ¢¢ £

Mixed materials, which contain the greatest variety of sizes
from fine to very coarse, will be found to have the least voids.
With any two materials, one fine and one coarse, there is one
mixture, and only one, which will give the greatest possible
density. This may be determined by calculation; for example,
taking the gravel given above, since it contains 42.4 per cent
voids, we must fill these by adding sand to the amount of 42.4
per cent of its volume. For this we require 42.4 measures of
sand to 100 measures of gravel, or 1 to 2§. For the stone, 47
measures to 100 will be required, or 1 to 2.13. With mixed
materials, such as are generally met with in practice, in which
no sharp division between sand and gravel can be made, practical
test will be found more satisfactory than ecalculation. The sand
and gravel or stone should be mixed in the calculated propor-
tion, and also in other proportions, and the weight per cubic
foot' of each mixture taken, until that giving greatest density is
found. With favorable materials it will be found possible to
make a mixture weighing 140 pounds per cubie foot, correspond-
ing to 15 per cent voids. If the greatest weight obtainable
is less than this, the materials are not the best.
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The proportion of cement to be used depends upon the per
eent of voids in the mixture of sand and gravel or stone, and
also upon the purpose for which the concrete is required. In
general it may be said that an amount of cement sufficient to
fill the voids in the mixture will give a first-class concrete.
With mixed materials weighing 140 pounds per foot and con-
taining 15 per cent voids, cement to the amount of 15 per cent,
by measure, or 1 to 6%, will theoretically be required. Greater
compression strength may be obtained by inereasing the pro-
portion of cement, and for the foundations of engines or other
heavy machinery as high a proportion as 1 to 5 may well be
used. On the other hand, for foundations of buildings, filling
of abutments, and other purposes requiring less strength, mix-
tures of 1 to 10 or 1 to 12 will be found fully satisfactory.

It should be remembered that the strength of the concrete
will depend on its density. A mixture of cement and sand,
1 to 3, will usually be found weaker than a 1 to 7 mixture,
rightly proportioned, of cement, sand, and gravel or stone.
Mixtures of cement and sdnd are greatly strengthened by the
addition of a suitable amount of coarse material,, though the
proportion of cement is thus decreased. It is, therefore, well
worth while to give careful study to the concrete materials
which it is proposed to use.

The following table, showing the result of tests of cement
mortar of different proportions and age, was made at the United
States Arsenal, Watertown, Mass. The cement used was
Peninsula Portland cement.

COMPRESSIVE STRENGTH OF PORTLAND-CEMENT MORTAR
IN POUNDS PER SQUARE INCH.

Age in
Neat 1 Cement, {1 Cement, |1 Cement, |1 Cement,
¥ 1 Sand. and. | 3Sand. 4 Sand.
Air. |Water.| Air.
7 4970 2350 1370 X 473
1 6260 2330 1440 WD 557
30 6140 3400 1490 656
1 8870 4680 2750 950
92 6080 3410 pread
1 9560 P Jpans
1 s 7570 $
1 {2 200 4990
93 2635 BRAS
100 At ol
101 1510 CRET
i’ 3140 o
1 0.0 1970
1 2570 o
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The following tests of the tensile strength of Portland-cement
mortar of different proportions and age were made by the New
York State Canal Commission. The cement used was Glens
Falls “Iron Clad.”

NEW YORK STATE CANALS.
DePARTMENT OF CEMENT TESTS,

Record of cement tests made with the Glens Falls ‘‘Iron Clad” Portland
cement, showing tensile strength in pounds per square inch. All briquettes
kept in air twenty-four hours, balance of time in water. Figures below rep-~
resent in each case the average of five briquettes. Quartz was used in mix.
ing all briquettes.

Amount of Water Used.

I%gfe;'n 2% oz. 1% oz. 1% oz. 1% oz. 1% oz, 1 oz.
Proportions Used in Mixing.
Number Neat. 1Sand, | 28and, | 38and, | 4Sand, | 58and,
of Days. 1 Cement.|{ 1 Cement.| 1 Cement.| 1 Cement.| 1 Cement.
6 516 549 237 210 162 133
12 609 569 349 242 186 150
18 651 651 423 267 222 169
24 671 660 435 277 227 169
30 715 665 446 285 233 171
Number
of Months
3 776 714 549 347 225 184
6 784 651 540 441 217 189
9 744 742 490 375 259 202
12 764 714 535 380 287 194
15 836 738 536 395 292 204
18 848 775 576 396 271 216
21 920 789 555 411 298 238

(Signed) HgerscEEL RORERTS,
Deputy State Engineer and Surveyor.

The following tests as to the tensile strength of natural-
cement mortar were made with the “Improved Shield” brand
of Rosendale cement: 0

Neat 1 Cement,
Cement. 2 Sand.

Tell)?ile stre'r}gth i‘I‘I. 5 %(15 11‘);‘1.
“ “ " 204 ¢
. . o 3ig ¢
. " 0o 374 ¢
. “ “ 308 ¢
o « n 140

501 °*
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The following tests on the crushing strength of concrete were
made by Lathbury & Spackman, Philadelphia, Pa.

REPORT ON CRUSHING STRENGTH OF SIX-INCH CUBES.

Averaége Cruih-
or : ing Strength,
Composition. Age. Three Cubes to
Each Test.

1 part Lehigh Portland cement ......... 7 days 36,270 lbs.
R INATINIRATGSRE N AR SRR 4 WL T NS 30 85,810 **
4 parts crushed stone. .. ... ..., 90 /24 98,087 **
1 part Lehigh Portland cement ......... 7 days 28,433 lbs.
T e, Ry et skt et o )= 62,003 “*
6 parts crushed stone. ................. 9 SO TB RS
1 part Lehigh Portland cement. ... ..... 7 days 22,687 lbs.
Y DATDE AN N g- 01 7 o e torihebiosssals Susde s’ s:lo S0 5 48,790

8 parts crushed stone.................. 92 ¢ 61,230 **

The following report of U. S. Engineer Corps gives the result
of tests made with Atlas Portland cement in concrete of different
proportions.

OFFICIAL REPORT U. S. GOVERNMENT ENGINEERS ON ATLAS
PORTLAND CEMENT.

REPORT OF TESTS OF CRUSHING STRENGTH OF ONE-FOOT CUBE OF CONCRETE.

Made by Capt. Wm. M. Black, Corps Engineers, U, S. A., Washington, D, C.,

Dec. 1, 1897.
e Crushing
No. Composition. Age. Strength,
10 days 137,500 1bs.
ol B 2 monuns| 28500
6 parts broken stone ’L lg " ‘ﬁg:ggg "
1 part Atlas cement 10 days 95,000 1bs.
11 2 parts sand 2 months 232,500 **
3 parts gravel O~ S 280,000 “¢
3 parts broken stone L P 405,000 “*
1 pz'n't Atlas cement 10 days 32,500 Ibs.
8 2 parts sand 2 months 267 oaeR"
2 parts gravel G, £ 295 000 **
4 parts broken stone IR~ 390,000 **

The following are the requirements of the U. S. Navy for
tensile tests of Portland cement.

Tex~siLE STRENGTH.—The neat briquettes, prepared as ‘speci-
fied, shall stand a minimum tensile strain per square inch, with-
out breaking, as follows:
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For 12 hours in air and 12 hours in water........... 200 lbs
oy, loedbyis et it 6 days.ff « &8 roretiag. 550 ¢«
113 1 [ ({13 o 27 (13 13 £ inliash Sepalind 650 113

The mortar briquettes, prepared as specified, shall stand a
minimum tensile strain per square inch, without breaking, as
follows:

After 12 hours in air and 12 hours in water........... 150 1bs
NN O P SIST S P P S SRR G &) 200
13 1 [ a3 [ 27 [{3 i Roowns ol Sty 250 11

CRUSHING STRENGTH OF NATURAL-CEMENT CONCRETE.—Re-
port of crushing tests made by the U. S. Government at the
Watertown Arsenal, Watertown, Mass., of concrete blocks
made with Akron Star Brand Natural Cement, the blocks being
cubes, 12 inches each way, thus making each block one cubic
foot of concrete. The strength given is the average of three
blocks of each kind.

Thirty Seven One

Cement. Sand. Gravel. %{zﬁ‘e’“ Days, Months, Year,

A Lbs Lbs. Lbs.
1 part 13 parts | O parts | 4 'parts | 215,835 | 321,833 | 432,333
J 75 3 .. [ 73 50,367 | 290,167 | 306,667
i 2 Ly 3 4 2y 161,200 | 319,867 | 329,500
T 5% 2 3 Trarce 0 L 110,267 | 239,533 264,700
3 Ly 2 8 0 i 109,467 | 225,733 | 232,733

ProTECTION OF STEEL BY CONCRETE.—By tests made, it
has been found that steel or iron when properly covered with
cement mortar or concrete is perfectly protected from rust,
but the mortar must have contact with and cover all surfaces
of the steel. The concrete should be made wet enough so that
it can be tamped close around the steel. With cinder concrete
it should be thoroughly mixed and wet enough so that the
cinders will not absorb all the water before the cement is tamped
in place.

The following conclusions were arrived at by Mr. C. L. Norton
after making a number of tests as to the value of cement mortar
and concrete to protect steel from rust:

(1) Neat Portland cement, even in thin layers, is an effective
preventive of rusting.
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“(2) Concretes to be effective in preventing rust must be
dense and without voids or cracks. They should be mixed
quite wet when applied to the metal.

“(3) The corrosion found in cinder concrete is mainly due
to the iron oxide or rust in the cinders and not to the sulphur.

““(4) Cinder concrete, if free from voids and well rammed
when wet, is about as effective as stone concrete in protect-
ing steel.

“(5) It is of the utmost importance that the steel be clean
when bedded in concrete. Scraping, pickling, a sand-blast,
and lime should be used, if necessary, to have the metal clean
when built into a wall.”

Fred. von Emperger, C.E., describes rods embedded in con-
crete under water for four hundred years coming out free from
rust. W. G. F. Triest dug a wrench out of a concrete bridge
pillar, which was free from rust after being embedded for
twenty-two years. E. L. Ransome partly embedded some
hoop iron in concrete blocks and left them exposed to sea air for
many years. When the exposed iron had disappeared in rust,
the blocks were cut open and the iron was found to be free
from rust. The safety of the Chicago buildings supported
by steel grillages depends on the concrete protecting this steel
from corrosion. The wire netting in Monier pipe, after thir-
teen years’ service, has been found in the same condition as
when embedded. Professor Bauschinger has found an adhe-
sive action between steel and cement mortar greater than the
tensile strength of the latter.

During the construction of the Rapid Transit subway in
New York City, a sidewalk laid in 1883 by Matt Taylor was
torn up, and embedded in the concrete were found a number
of steel rods which were in perfect condition after having been
in the concrete for a period of nearly seventeen years.

Derositing CoNcrRETE.—Concrete should be deposited just
as soon as mixed; it should be spread in layers about 8 inches
thick and rammed solid, and each succeeding layer put on
before the one below has set; in this way the concrete becomes
one mass, and a solid block is the result.

The concrete should never be dumped from any height, but
should be deposited with a shovel. If it is dumped any dis-
tance the stone aggregate will become separated from the
mortar.

‘Where any concrete is to be put on top or against any that
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is already set the surface of the concrete already in place should
be coated over with a thick cement grout, as this will insure
the two masses adhering together.

SPECIFICATIONS FOR CONCRETE, ETC.

As a guide for the superintendent the subjoined extracts'
from specifications, which are considered very good are given.

The following regarding concrete was taken from the speci-
fications prepared by the Reclamation Service of the United
States Geological Survey.

ConcrETE.—This includes all concrete in place, except pres-
sure pipes.

The cement will be furnished by the Secretary of the Interior.
The concrete to be used on all of the structures on this canal
will be composed of Portland cement, sand, and gravel, or
broken stone, in the proportion of one barrel of cement, in the
packed condition in which it is sold, to seven full barrels of the
same size, of the aggregates when mixed together. To facili-
tate the work experiments will be made by the contractor with
the carriers, whether wheelbarrows, boxes, or cars, used by him,
so that this proportion of cement to aggregates may be main-
tained as nearly as possible, and the engineer will supervise
these experiments and fix said proportion for the kind of
carrier used at each piece of work. He will also make experi-
ments with the aggregates themselves so as to get the most
compact mass that can be made from them, and for such experi-
ments no extra allowance will be made to the contractor. If
the cement comes in sacks, then 380 pounds net of cement will
constitute a barrel, and any ordinary cement barrel open at
one end containing not more than 3.7 cubic feet will be used
for measuring the aggregates. If broken stone is used, it must
be hard and compact, and satisfactory to the engineer. The
entire product of the crusher will be taken, provided there is
not more than ten (10) per cent of the volume composed of
dust or screenings. All of the rock must be of such sizes as
will pass through a screen with two (2) inch square mesh. If
gravel is used it must be clean, hard, and heavy, having at least
a specific gravity of 2, and screened into three different sizes.
None of the gravel is to exceed 2 inches in diameter. The
mixture of such sizes will be made in the proportion fixed by
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the engineer. A promiscuous mixture of sand and gravel will
not be accepted. The sand must be clean and sharp and free
from any clayey matter.-

The mixing of the concrete, if hand labor is used, will be
done in the following manner: A tight floor of either planks
or sheet iron will be used for the mixing in all cases. The sand
must be dry, and will first be piled on the floor with the cement
in the proper proportions; the mass will then be shovelled
over as many times as are necessary to make a thorough mix-
ture of sand and cement; sufficient water will then be added
to make a stiff mortar and the mass shovelled over twice or
more, as may be necessary. The stone or gravel, which should
be well wet, will then be added, and the entire mass shovel'ed
over twice or more before shovelling into the carriers. This
mixing must be done to the satisfaction of the engineer. If the
mixing is done by machine, the latter will be subject to approval
by the engineer. If at any time the machine fails to per-
form the mixing in a manner satisfactory to the engineer, it
must be made satisfactory or removed, and another machine
substituted, or mixing by hand resorted to. . . .

In all concrete walls over 2 ft. thick hard boulders, or frag-
ments of hard sound rock, not exceeding 1 ft., or less than
6 ins., in ‘any dimension, may be placed by hand in the soft
concrete, provided no such stone comes nearer than 2 ins.
to the exterior surface of the wall, or to any other boulder
or stone so placed. . . . All concrete shall be well tamped, if
put in dry, with heavy tamping-bars, until moisture appears
on the surface; and, if wet, with suitable bars and shovels,
so that porosity and rough surface may be avoided. Con-
crete will be used ‘“wet’” wherever practicable, and “dry”
only when the nature of the work renders its use unavoidable.

MorTarR.—The following, regarding proportions of mortar, is
taken from Cooper’s “General Specifications for Foundations
and Substructures”:

“24. Cement mortar will be made by thoroughly incor-
porating the cement and sand in the following proportions,
viz., one barrel of 300 pounds of natural cement and 12 cubic
feet of sand, or one barrel of 375 pounds of Portland cement
and 16 cubic feet of sand, with sufficient water to obtain the
proper consistency.

% 28. For foundations below the surface of the ground where
the concrete will not be exposed to the action of running water
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or to weather, the concrete shall be made of the following
proportions: For each barrel of natural cement, 12 cubic feet
of sand and 24 cubic feet of broken stone or coarse gravel.

“29. For monolithic piers and abutments, for cylindrical
and wooden box piers, and for foundations where there is a
liability to the action of running water or where the bottom
is soft or of unequal firmness, the concrete shall be made of
the following proportions: One barrel of Portland cement,
10 cubic feet of sand and 20 cubic feet of broken stone or coarse
gravel.”

MorTaRr, GroUuT, AND CoNcCRETE.—The following specifica~
tions were prepared for the concrete work of the retaining-
walls of the Pennsylvania R. R. Terminal Station, New York
City:

In proportioning materials for mortar, grout, and concrete,
1 volume of cement shall be taken to mean 3€0 Ibs. net. One
volume of sand or broken stone shall be taken to mean 3} cu.
ft. packed or shaken down. Sand and broken stone shall be
measured in barrels or rectangular boxes. Measurements in
wheelbarrows will not be permitted.

In preparing mortar, the specified amounts of cement and
sand shall first be mixed dry to a uniform color. The water
shall be added in such a manner as not to wash out any of the
cement and the mixing proceeded with until the mortar is
thoroughly mixed and of uniform consistency. The propor-
tions of cement and sand will generally be 1 to-2} by volume,
but when the work is wet, the proportion. of sand shall be reduced
as required by the engineer.

Grout will generally be in the proportion of 1 part of cement
to 1 part of sand by volume. The materials shall be thor-
oughly mixed dry, and water then added, while the mixing
proceeds, until the grout is of the required consistency. The
mixing shall be continued vigorously, preventing the separa-
tion of sand, until the entire amount mixed is used.

Concrete will be in the proportion of 1 volume of cement to
3 volumes of sand and 6 volumes of stone, except in special
cases where the engineer may require different proportions.
For copings and bridge seats to a depth of 9 ins. and in narrow
confined places, the smaller sized stone shall be used, and the
proportions of sand and stone may be reduced to 2 volumes of
the former and 3 voiumes of the latter to 1 volume of cement.
Whenever practicable the concrete shall be machine-mixed;
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the mixing-machine shall be a rotary mixer, and of a pattern
* that will mix the concrete in batches and permit the definite
measurement of the materials for each batch. When the engi-
neer considers it impracticable to mix by machine, it may be
mixed by hand, in the same proportions as above specified.
The mixing shall be done on a platform of boards or planks
securely fastened together. The cement and sand shall first
be mixed and made into mortar as described. The broken
stone, previously wetted, shall then be added and the mortar
and stone turned over with shovels until the mortar is uniformly
distributed through the mass and every stone is coated with
mortar.

Where the walls of concrete masonry exceed 6 ft. in thick-
ness, masses of stone may be built in; such stone shall be clean,
hard, compact, and free from cracks or other unsoundness.
They shall be set in at least 6-in. beds of concrete and have
full bearings therein. They shall be set on their largest beds
and shall be at least 6 ins. apart at every point and at least 12
ins. from the face of the wall. No stone shall be more than
2 ft. in thickness. The large stones shall not in the aggregate
exceed 25 per cent of the total volume of the masonry contain-
ing them.

The degree of moisture for mortar, grout, and concrete shall
be at all times as required by the engineer or his inspector;
in general mortar shall be plastic, grout shall be fluid enough
to be pumped, and concrete shall be of such consistency that it
will quake when being deposited, but not wet enough to cause
the stone to separate from the mixture.

Concrete shall be deposited in the work in such a manner
as not to cause separation of mortar and stone. It shall be
laid quickly in layers not exceeding 9 ins. in thickness and
thoroughly rammed with rammers of such form and material
as the engineer may approve; special shaped rammers will be
required for corners and other places where ordinary rammers
would not be effective. Compact, dense concrete must be
obtained with all the voids between the stones filled with
mortar. If voids are discovered at any time, the defective
concrete shall be removed and immediately replaced by con-
crete of such mixture and in such manner as the engineer may
direct.

When the placing of the concrete is suspended, the engineer
may require a joint to be formed in a manner satisfactory to
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him, so that the fresh eoncrete, when added, may have a bond.
Before depositing fresh concrete the entire surface on which
it is to be laid shall be cleaned, washed, brushed, and slushed
over with grout of cement without sand.

The surface of freshly laid concrete shall be protected from
injury in such a manner and for such time as the engineer may
require; concrete injured in any manner shall be removed.

Water used in mortar, grout, and concrete shall be clean
fresh water.

No mortar, grout, or concrete which has commenced to set
shall be used anywhere in the work. Retempering of mortar
or grout which has commenced to set will not be permitted.

Forms for concrete shall be substantial and must preserve
their accurate shape until the concrete has set. Where the
concrete will show in the finished work, the face of the form
shall be built of matched and dressed planking finished truly -
to the lines and surfaces shown on the plans. Adequate meas-
ures shall be taken to prevent the adhesion of mortar to the
forms. Forms which have become warped or distorted shall
be replaced immediately.

Faces which will show in the finished work shall be true
to the form intended and shall be smooth and free from cavi-
ties due to shortage of mortar. Exposed faces shall have a
facing of mortar, 2 ins. thick, deposited simultaneously with
the corresponding layers of concrete and separated from the
concrete by a metal diaphragm of approved form. After the
mortar and concrete have been deposited the diaphragm shall
be removed and the materials well worked together by spading
and tamping, so as to insure their bonding. Plastering the
face after removing the forms will not be permitted. The
facing mortar shall contain 1 volume of cement to 2} volumes
of sand. Copings and bridge seats shall be finished with a
layer of mortar 1 in. thick laid on the fresh concrete, thoroughly
worked into its surface and finished smooth to true lines and
surface by trowelling. They shall be kept damp and protected
from the sun and rain for a period of at least 10 days.

Forms shall not be removed until permission has been given
by the engineer.

Immediately after the forms are removed the exposed faces
of the walls shall be washed over with a neat cement grout
applied with a whitewash-brush.

Rock surfaces shall be thoroughly washed and cleaned before
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concrete is deposited against them, and no concrete shall be
deposited in water.

If leaks appear on the surface of the concrete at any time
after removing the form, the contractor shall, at his own cost
and expense, remove the conecrete through which the water
passes and replace it with sound concrete, and shall eonduct
the water to the base of the wall through channels or pipes
in the concrete or take such other measures as the engineer
may require.

SipEwaLk ConsTRUCTION, — In 51dewalk work the super-
intendent must see that the foundations are excavated to the
required depth, and that the foundation is put in of the material
specified (broken stone or cinders are usually used for this pur-
pose). Whatever material is used it should be rammed solid,
and it is well to have it wet as it is laid, as it will then pack
more solid.

When the concrete base of the walk is put down the superin-
tendent should see that it is not made too wet or the water
will run down through the foundation, taking a large part of
the cement with it. The base of concrete should be thoroughly
rammed, and.before it sets the top or finishing coat should be
put on. so that the top coat will take firm hold of the base
and they will set and dry as one layer. The base and top
coat are usually put down in blocks or sections about 4 or 5 feet
wide, according to the size blocks it is desired to divide the
walk into. Each alternate section is put down and laid between
two pieces of 2X4 studding as guides. In this way a man
can work from both sides of the section. After the first series
of alternate sections are laid and set hard enough, they can be
covered with plank and the men can work off these to fill in
the balance of the walk.

The blocks should be cut through with a trowel or a strip of
paper laid in the joints so the blocks will not become cemented
together, which is likely to cause the blocks to crack through
the middle in case there is any settlement. Some contractors
use a thin strip of steel in the joint, which is taken out after
the cement sets, but a strip of paper can easily be cut at the
top of the cement and there is no danger of breaking off corners
as with the steel plate when it is pulled out of the joint.

In finishing the top coat, the superintendent should sce that
it is floated and trowelled smooth, and that all joints and out-
side edges of the blocks are run with the jointing-tool; he should
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see that the top coat is mixed stiff enough so it will set up ready
for trowelling as desired, and should not permit any dry cement
to be sprinkled on to take up the surplus water. Dry cement
used for this purpose will cause the finished top to have a
mottled appearance, or cause small hair cracks; these cracks
are also caused by too much trowelling, as this brings the cement
to the top and makes the top too rich. The cement should be
floated and not trowelled until it is stiff enough, so that with a
little trowelling it can be brought to a smooth surface. The top
coat should not be less than 1 inch thick, and should be mixed
in proportions of 1 cement to 1 of sand or fine granite chips.

Sidewalks should never be laid in freezing weather, and if
laid in hot weather must be well protected from the heat.

They should be kept covered for four or five days and wet
several times a day during this period.

The base and top coat must be made of the same cement;
Portland and natural cements will not adhere together and
should never be used, one for the base and the other for the
top coat.

The following specifications are used by the city of Seattle,
Wagsh., for sidewalks, ete.

Concrete shall be mixed as follows: Upon a tight platform
of evenly laid plank of sufficient size; a correct proportion of
gravel shall be evenly spread, and in no case more than 8 ins.
deep. All material for concrete shall be accurately measured
in suitable sized boxes. No counting by shovels or other
approximation will be allowed. To determine the proper
proportions, a barrel of cement weighing not less than 400 lbs.
gross shall be taken as measuring 3% cu. ft. In a separate box
the correct proportion of sand and cement shall be mixed dry
until the whole mass is one even color. The gravel shall then
be wetted and the mixture of dry sand and cement shall be
evenly spread over it. Commencing at the corners, the men
shall, with shovels, turn the mass over away from the centre,
and coming back, turn it to the centre. In addition to the
thorough wetting of the stones, if, in the judgment of the city
engineer, it will be necessary, sufficient water shall be added
to the mass by a rosehead sprinkler to enable the material to
become thoroughly incorporated, and the process of mixing
shall be continued until the surface of each stone is well
covered with mortar. The concrete shall be spread upon the
foundation as soon as mixed in a layer of such depth that after
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having been thoroughly compacted with iron-shod rammers,
7 ins. square and weighing not less than 40 Ibs., it shall not
be in any place less than 3% ins. thick, and the upper surface
shall be parallel with and not less than } in. below the pro-
posed surface of the completed pavement. To insure this
the concrete shall be struck with a gauge which shall be shod
with a steel plate not less than 1 in. in thickness. Special care
shall be taken to thoroughly tamp the concrete in all cases. It
shall be tamped until ajthin layer of water appears on the surface.
- At such points as may be directed by the city engineer,
and which shall be approximately 120 ft. apart, all concrete
sidewalks shall have a joint } in. in width, extending entirely
through the conecrete base and wearing surface. As soon as
the concrete is thoroughly set, this joint shall be carefully
cleaned and immediately poured full, even with the surface,
with hot grade “D” asphalt, or with pavers’ pitch No. 6.

When the bottom course is completed, and before the con-
crete has begun to set, the finishing or wearing course shall
be laid down. The correct proportions of sand and cement
shall be thoroughly mixed dry until of one uniform color and
sufficient water added to make a mortar of proper consistency.
The mortar shall be colored by mixing lampblack therewith,
at the rate of about 2 lbs. of lampblack to 1 bbl. of cement.
This quantity may be varied to produce the shade desired.
The lampblack shall be thoroughly mixed with the cement
. mortar in such manner as to produce a uniform and even shade
satisfactory to the city engineer. Special care must be taken
to thoroughly trowel down the mortar in order to secure a
perfect bond with the concrete base. It shall then be care-
fully smoothed to a uniform surface, which must not be dis-
turbed after the first setting takes place.

V-shaped grooves } inch in depth shall then be made with
a suitable tool, dividing the pavement into blocks 2 feet square.
The thickness of the completed wearing surface must not be less
than } in. at any point. On steep grades the cement coating
shall be roughened in such manner as the city engineer may direct.

When the sidewalk is completed it shall be covered with
such material as may be directed and kept moist by sprinkling
for at least one week. The sprinkling shall be done as often
as may be necessary to keep the sidewalk constantly moist.

The contractor will be required to stamp his name in letters 1
in. high and % in. deep twice in each block on each side of street.

13
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All concrete shall be laid in short sections and immediately
covered with the wearing surface. Retempering of concrete
cr mortar will not be permitted. All mortar or concrete that
has begun to set before ramming is completed shall be removed
from the work. Any concrete or mortar that fails to show
proper bond, or that fails to set after, in the opinion of the
city engineer, it has been allowed sufficient time, shall be
taken up and replaced by the contractor at his own expense
with new concrete or mortar of proper quality.

Granolithic Sidewalk.—The following extract is taken from
specifications prepared and used by the supervising architect of
the U. S. Treasury Department:

The sidewalk shall be of 4 ins. of concrete with 1-in. finish-
ing coat laid on 8 ins. of broken stone or cinders, the stone or
cinders to be well rolled or tamped before the concrete is laid.
The concrete shall be composed of one volume of Portland
cement, two volumes of sand, and three volumes of clean hard
stone broken to pass through a 1l-in.-mesh sieve. Lay off in
rectangular slabs about 4 ft. square, the joints to extend at least
half way through the concrete, and before the concrete com- .
mences to set spread the finish coat, composed of equal volumes
of Portland cement and finely crushed granite, mixed with only
enough water to dampen the mass, as dusting with dry cement in
finishing will not be permitted.

Trowel to smooth even surface cut through on lines coinciding
with the joints in the concrete and finish the joints with a
V-shaped tool. Leave 1}-in. margin around each slab.

In all work under the supervising architect samples of ma-
terials to be used must be submitted and approved before the
work is commenced.

Weight of Concrete:

Cinder concrete. ......... about 105 1bs. per cubic f00t
Crushed-stone conerete. . CERTAQ) <O WeSE 4t
Gravel conerete. .. ....... B8 T Sl [ e e 3
Slag conecrete. . ........ . % 135 ¢ o« o« #)

Per cent of strength of concrete at different ages:
30 days old 60 per cent of full strength

60 75

90 « « 85 &« {13 €«
120 {1 6 90 [ €« 113 €«
180 & 13 95 ," @« 113

360 13 13 100 [ 6"’ 43 {3
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THE COMPOSITION OF CONCRETE FOR VARIOUS USES.

Proportions.
Nature of Work. B
roken| -
Cement | Sand. | oo Lime

Sidewalks, base. .. ... 1 2 G324 iciles, 3-in. foundation of
brokenstone, grav-
el, or cinders from
6 to 12 ins. deep.

Sidewalks, surface. . 1 Il I e .......| 1-in. erushed granite
or sand.

Concrete, general use. i 3 voF s I AT Broken stone from }
to 2 ins, in diam-
eter.

Portland cement,lime,

1Y) (1 L 1 TE QAT 1
Concrete bridge foun-
dations and abut-
ment walls, . ..... 1 3 6 ....| Stone to pass ring

Concrete haunches, 1% ins. in diameter.,

arches, catch-basins 1 2 5 vee..| Stone to pass ring

Plastering faces of 1% ins. in diameter.

concrete arch and 5
catch-basins. . .... 1 3l 9% TR Y ] 50 A

Stable floors, base. .. 1 1% e s| el igee 3 ins. thick.

Stable floors, surface. 7’ IS (70l ol ...]2 ins. thick, hard-
trowelled. Very
fine sand, or pref-
erably erushed
granite,

Repairing masonry.. . 1 i il I 05 et 88 Eeliaae '

TICCO. $9nse 5oie o iunrfe 1 BE thalra i s + | 3to#in. thick.

Plastering brick wall,

first coat contain-
AREshairs " 1. () T R R R N 1+ | % in. thick.

Plastering brick wall,

second coat applied
before the first has
............... 1 2 Lot w4 ing thick.

Concrete tanks, cis- .

terns, ete......... 1 2 ( gen 20l Stone to pass 1-in,

Concrete pillars, posts,

walls, ete......... 1 2 ! SR PR Broken stone to $-
in. ring.

Ornamental work. ... g 2 s [l Futle—crushed gran-
ite.

Cinder and cement

concrete for  fire-
proof floors. .. .. .. 1 2% |6 parts|......
steam
Cement grout for cinders
pouring between
concrete blocks.. .. 1 Lid RS A S Water should  be
added in sufficient
quantity to pro-
duce a fluid con-
dition.

CoNcRETE WasH.—The facing of concrete work employed
by the Wabash Ry. for bridge abutments of concrete and con~
crete-steel consists in applying a facing wash composed of
1 part of plaster of Paris to 3 parts of cement, made very thin
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and put on with whitewash-brushes. This has been found very
satisfactory.

Live ConcrETE.—In Paris a concrete is much used, composed
as follows:

Sand and gravel 8 parts, burned and powdered earth 1 part,
pulverized clinkers and cinders 1 part, and unslaked hydraulic
lime 1} parts. These materials are thoroughly mixed while dry
and then dampened. This mixture sets in a short while and
becomes very hard and strong in a few days. It is claimed for
this conerete that it is not liable to crack or scale.

Experiments for volume on cement, sand, gravel, Lroken
stone, mortar, and concrete are shown in the following table,
the volumes being measured loose:

Volume Water Volume of
Cement. of Loose Adaed by | Stiff Cement
Cement. Measure. Paste.
Portland cement (Atlas)....... 1.00 0.35 0.78
Natural cement, Louisville. .. .. 1:00 0.43 0.78

Remarks.—6.56 harrels of eement =1 cubic yard measured loose.

Aggregates. \il%l:::‘le Solids. | Voids.

1. Sand, moist, fine, will pass 18-mesh sieve. 1.00 0.57 0.43
o4 Sand molst, coarse, will not pass 18-mesh

S TR S ST - SA e T 1.00 0.65 0.35
3. Sand, moist, coarse and fine mixed (ordi-

nary) ............................... 1.00 0.62 0.38
4, Sand, dry, coarse and fine mixed.. ....... 1.00 0.70 0.30
5. Stone screenings and stone dust.......... 1.00 0.58 0.42

6. Gravel, ¥ in. and under, 6 per cent coarse

eyt L A R Rk & Ay A 1.00 0.67 0.33
7. Broken stone, 1 in. and under........... 1.00 0.54 0.46
8. Broken stone, 2% ins. and under, dust only

sereened OUb:. .%o v o u o ss e S0te caute s 1.00 0.59 0.41
9. Broken stone, 23 ins. and under, most small

stones screened out................... 1.00 0.55 0.45

MORTARS WITH NO. 3 SAND.

Parts of sand mixed with 1 part of
DTN O R et RS A e 1.0 (1.5 |12.0 12.5 |3.0 {3.5 (4.0 (5.0
Volume of slush mortar. .. ...... 1.4011.78(2.17|2.55/2.98|3.39(3.82|4.65
Required for 1 cubic yard:
Cement, bbls. .. ............. 4.70|3.70(3.04(2.58(2.21|1.94/1.72/1.41
Sand, cubic yards. ... ....... 0.71/0.84(0.92|0.98(1.01}1.03(1.05(1.08
Volume of dry facing mortar
Cramenied ) = . s S R 1.2211.57|1.93]2.28(2.64(2.99(3.35/4.08
Required for 1 cublc yard:
ement, bl 2. .3 sl 5.40|4.1813.41!2.88/2.49/2.20(1.96/1.61
Sand, cublc yards. a7 IR 0.82/0.95/1.04|1.10({1.14{1.17|1.20/1.23
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MATERIALS REQUIRED TO MAXE DIrFeErRENT CrAssEs oF Con-
CRETE FOR CONNECTICUT AVE. BRIDGE, WASHINGTON, D. C.

The following concrete preparations were determined by
Mr. A. W. Dow, Inspector of Asphalts and Cements, and W. J.
Douglas, Engineer of Bridges, D. C.

Class A.

4 bags=1 bbl. Vulcanite cement =378.25 lbs.=4.5 cu. ft.
9.00 cu. ft. sand.
20.25 ‘¢ ¢“ stone,

Yielded 21.4 cu. ft. concrete when rammed into place.

Class B.
1:23:6 (broken stone).

4 bags=1 bbl. Vulecanite cement=378.25 lbs.=4.5 cu. ft.
11.25 cu. ft. sand.
27.00 ‘¢ ‘“ stone.
Yielded 27.66 cu. ft. concrete when rammed into place.

Class B.
1:23:3:3 (3 gravel and 3 stone).

4 bags=1 bbl. Vulcanite cement =378.25 lbs. =4.5 cu. ft.
11.25 cu. ft. sand.
13.50 ¢ ¢¢ gravel.
13.50 ‘¢ ‘¢ stone.
Yielded 27.66 cu. ft. concrete when rammed into place.

Class C.
1:3:10 (gravel).

4 bags=1 bbl. Vulcanite cement =378.25 lbs.=4.5 cu. ft.
13.5 cu. ft. sand.
450 ‘¢ ‘¢ gravel.

Yielded 45 cu. ft. of concrete when rammed into place.

Nores oN CeEMENT CONCRETE, ETC.—Good cement should
be a uniform bluish-gray color throughout; yellow checks or
places indicate an excess of clay or that the cement has not
been sufficiently burned; and it is then probably a quick-setting
cement of low specific gravity and deficient strength.
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Cement that will stand a high test for seven days may have
an excess of lime, which will cause it to deteriorate. The
twenty-eight-day test is, therefore, very useful.

The most dangerous feature in Portland cement is the presence
of too much magnesia and an excess of free lime, the latter
indicated by the cracks and distortions in the test cakes and
the former in the deficiency of tensile strength of the briquettes:
Over 3 per cent of-magnesia is excessive and dangerous.

For general information the following building material will
make 1 cubic yard of concrete: 2400 pounds crushed stone,
295 pounds cement, 880 pounds sand, 700 pounds rough building
stone.

Cement work which is to be painted must be fully hardened
and dry. The best results are obtained after the concrete is
a year old. A good preparatory coating for oil paint is a solu-~
tion of water-glass in 4 parts of water. After two applications
the surface is washed with water and water-glass applied again.
When thoroughly dry the paint can be used.

The quality of cement-work is always improved by keeping
it wet, especially during the process of setting. Cement should
in no case be disturbed after it has attained its initial set.

When metal moulds are used for forming concrete, or metal
lining for wooden forms, ordinary pork fat has been successfully
used to prevent adhesion.

The white efflorescence sometimes seen defacing concrete is
not permanent or serious, and it is easily removed by scrubbing
with broom and water. It is caused by the wetting and drying
of the concrete, which leaches out the alkali in the masonry
from sand, water, and cement.

Sieves used to ascertain the fineness of cement:

N e e 2,500 meshes to the square inch
N R Bl st et o 5,476 SUIPA SO 9% €4
INOY 100 At 10;000 i SRy -y o4
INOEDO0% IR DR 40,000 ol 4 /3

In moulding a concrete block the operation should always be
continuous and great care exercised in compacting the cement
next to all parts of mould which mould the exterior surfaces.
Great care should be exercised in removing the moulds, which
under ordinary circumstances can be done twenty-four hours
after the concrete has been in place. The block, after removal
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of the mould, should be shaded by canvas or heavy burlap and
kept thoroughly wetted for a number of days.

Neat cement reaches a greater strength at short periods than
sand mixtures. Long-time tests prove, however, that sand mix-
tures ultimately attain equal and often greater strength than
neat cement.

The compressive strength of cement is from eight to twelve
times the tensile strength.

White sand or marble dust used in makmo' conerete gives
the finished work a lighter color than is attained by using
ordinary sand.

When salt is used in concrete, to prevent freezing, it should
always be thoroughly dissolved in water before it is added to
the cement—one pound of salt to every 18 gallons of water
when the thermometer is at 32° F., and one additional ounce
of salt for every further degree below 32.

ConcrETE ConsTRUCTION.—Concrete was the most important
of all the building materials used by the Romans, and the
developments of the past few years have brought about changes
until it is now recognized as one of the most important mate-
rials used at the present time.

A test as to the durability of concrete is found in the Pantheon
at Rome, which was built by Agrippa, 27 B.c., nearly 2000
years ago. The circular walls are about 20 feet in thickness,
and the roof is a hemispherical cement concrete dome with
a 30-foot opening in the top and spanning in the clear 142 feet
6 inches. This is the most remarkable instance in the world’s
history, showing the great strength and durability in cement-
concrete construction.

Concrete construction is usually done by building wood
forms or moulds and ramming “them full of concrete, either
solid or with hollow walls. The.superintendent must see that
these forms are built tight and strong enough to withstand
the pressure of the comerete while being rammed. If the con-
crete is to be reinforced with steel of any kind he must see
that it is put in at the proper place and in sufficient quantity.

Forms—Pine is the best wood for building forms or moulds;
some other woods (especially California redwood) will stain
the finished surface of the concrete.

Mouldings, rustications, ete., are built in the form and the
concrete is rammed into them.

It is advisable to wet the concrete several times a day for
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several days after it has been put in place, to prevent it drying
too fast. In building forms for foundations, walls, etc., care
must be taken to provide chases and openings for all pipes, ete..
and where any wood is to be fastened to the concrete to build
in bolts with the nut end sticking out from the face of the
wall a sufficient distance to bolt up the woodwork.

Concrete is one of the best and most reliable of building
materials when ‘mixed and put in place in a proper manner;
where there have been failures in concrete construction it has
generally been due to one of the following causes: Bad cen-
tring and forms, bad material, poor mixing, insufficient ram-
ming, or insufficient and poor reinforcement.

It will be the duty of the superintendent to see that all the~
requirements of the plans and specifications are carried out
to their striet intentions and meaning.

Concrete building-blocks in imitation of stone, etec., are now
being made, which require close inspection to tell that they
are not the natural stone. These are made in any shape or
form desired and given any desired finish. In use these blocks
are set and pointed the same as stone ashlar.

ConcrETE-STEEL ConstrUCTION.—The following regulations
for reinforced concrete-steel construction were issued by the
Bureau of Buildings of the Borough of Manhattan, Greater New
York, September 9, 1903:

1. The term ‘concrete-steel” in these regulations shall be
understood to mean an approved concrete mixture reinforced
by steel of any shape, so combined that the steel will take up
the tensional stresses and assist in the resistanee to shear.

2. Concrete-steel construction will be approved only for
buildings which are not required to be fireproof by the Build-
ing Code, unless satisfactory fire and water tests shall have
been made under the supervision of this bureau. Such tests
shall be made in accordance with the regulations fixed by this
bureau and conducted as nearly as practicable in the same
manner as prescribed for fire-proof floor fillings in Section 106
of the Building Code. Each company offering a system of
concrete-steel construction for fire-proof buildings must submit
such construction to a fire and water test. )

3. Before permission to erect any concrete-steel structure
is issued complete drawings. and specifications must be filed
with the superintendent of buildings, showing all details of the
construction, the size and position of all reinforeing-rods, stir-
rups, ete., and giving the composition of the concrete.
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4. The execution of work shall be confided to workmen
who shall be under the control of a competent foreman or
superintendent.

5. The concrete must be mixed in the proportions of one
of cement, two of sand, and four of stone or gravel; or the
proportions may be such that the resistance of the concrete
to crushing shall not be less than 2000 pounds per square inch
after hardening for 28 days. The tests to determine this value
must be made under the direction of the superintendent of
buildings. The concrete used in concrcte-steel construction
must be what is usually known as a “wet” mixture.

6. Only high-grade Portland cements shall be permitted
-in concrete-steel construction. Such cements, when tested
neat, shall, after one day in air, develop a tensile strength of
at least 300 pounds per square inch; and after one day in air
and six days in water shall develop a tensile strength of at least
500 pounds per square inch; and after one day in air and 27
days in water shall develop a tensile strength of at least 600
. pounds per square inch. Other tests, as to fineness, constancy
of volume, ete., made in accordance with the standard method
prescribed by the American Society of Civil Engineers’ Com-
mittee, may from time to time be prescribed by the superin-
tendent of buildings.

7. The sand to be used must be clean, sharp, grit sand free
from loam or dirt, and shall not be finer than the standard
sample of the Bureau of Buildings.

8. The stone used in the concrete shall be a clean, broken
trap-rock or gravel of a size that will pass through a $-inch
ring. In case it is desired to use any other material or other
kind of stone than that specified, samples of same must first be
submitted to and approved by the superintendent of buildings.

9. The steel shall meet the requirements of Section 21 of
the Building Code.

10. Concrcte-steel shall be so designed that the stresses in
the concrete and the steel shall not exceed the following limits:

Pounds per
Square Inch.
Extreme fibre stress on concrete in compression....... 500
Shearing stress in conerete........... .o, 50
Concrete in direct compression..........cvevevunn.. 350
Pensile stressin steel. . oo oo i i iiiniideeiaee 16,000

Shearing stress in steel. ... ...... Do T el AL A10,000
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11. The adhesion of concrete to steel shall be assumed to
be not greater than the shearing strength of the concrete.

12. The ratio of the moduli of elasticity of concrete and
steel shall be taken as 1 to 12.

13. The following assumption shall guide in the determina-
tion of the bending moments due to the external forces: Beams
and girders shall be considered as simply supported at the
ends, no allowance being made for the continuous construction
over supports. Floor plates, when constructed continuous
and when provided with reinforcement at top of plate over
the supports, may be treated as continuous beams, the bending
moment for uniformly distributed loads being taken at not
less than %Ii; the bending moment may be taken as % in
the case of square floor plates which are reinforced in both
directions and supported on all sides. The floor plate to the
extent of not more than ten times the width of any beam or
girder may be taken as part of that beam or girder in com-
puting its moment of resistance.

14. The moment of resistance of any concrete-steel con-
struction under transverse loads shall be determined by for-
mulas based on the following assumptions:

a. The bond between the concrete and steel is sufficient to
make the two materials act together as a homogeneous solid.

b. The strain in any fibre is directly proportionate to the
distance of that fibre from the neutral axis.

¢. The modulus of elasticity of the concrete remains constant
within the limits of the working stresses fixed in these regulations.

From these assumptions it follows that the stress in any
fibre is directly proportionate to the distance of that fibre
from the neutral axis.

The tensile strength of the concrete shall not be considered.

15. When the shearing stresses developed in any part of a
construction exceed the safe working-strength concrete, as
fixed in these regulations, a sufficient amount of steel shall be
introduced in such a position that the deficiency in the resist-
ance to shear is overcome.

16. When the safe limit of adhesion between the concrete
and steel is exceeded, some provision must be made for trans-
mitting the strength of the steel to the concrete.

17. Concrete-steel may be used for columns in which the
ratio of length to least side or diameter does not exceed 12.
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The reinforcing-rods must be tied together at intervals of not
mote than the least side or diameter of the column.

18. The contractor must be prepared to make load tests
on any portion of a concrete-steel construction, within a reason-
able time after erection, as often as may be required by, the
superintendent of brildings. The tests must show that the
construction will sustain a load of three times that for which
it is designed without any sign of failure.

Approved September 9, 1903. .

HenrY S. THOMPSON,
Superintendent of Buildings for the Borough of Manhattan.

CoNCRETE-FLOOR CoNSTRUCTION. — There are a number of
different systems of concrete-floor construction and fireproofing,
each being controlled by a different company, and it will be
the duty of the superintendent to keep himself posted regard-
ing all the different systems, so that when one is put under
his supervision he can readily judge if it is being done right.

A system of floor construction may be perfectly reliable when
properly constructed but with poor material or workmanship it
may result in a weak floor.

Cinder concrete reinforced in different ways with steel is
the usual construction, and the superintendent must see that
all the materials are the best and the reinforcing and work-
manship done in a proper manner.

The proportions for a good cinder concrete are one part
cement, two parts sand, and five parts cinders.

Regarding fire-proof floors the New York Building Code says:

Sec. 106. Fire-proof Floors.—Fire-proof floors shall be con-
structed with wrought-iron or steel floor-beams so arranged
as to spacing and length of beams that the load to be sup-
ported by them, together with the weights of the materials
used in the construction of the said floors, shall not cause a
greater deflection of the said beams than one-thirtieth of an
inch per foot of span under the total load; and they shall be
tied together at intervals of not more than eight times the
depth of the beam. Between the wrought-iron or steel floor-
beams shall be placed brick arches springing from the lower
flange of the steel beams. Said brick arches shall be designed
with a rise to safely carry the imposed load, but never less than
one and one-quarter inches for each foot of span between
the beams, and they shall have a thickness of not less than
four inches for spans of five feet or less and eight inches for
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spans over five feet, or such thickness as may be required by
the Board of Buildings. Said brick arches shall be com-
posed of good, hard brick or hollow brick of ordinary dimen-
sions laid to a line on the centres, properly and solidly bonded,
each longitudinal line of brick breaking joints with the adjoin-
ing lines in the same ring and with the ring under it when more
than a four-inch arch is used. The brick shall be well wet
and the joints filled in solid with cement mortar. The arches
shall be well grouted and properly keyed. Or the space be-
tween the beams may be filled in with hollow-tile arches of
hard-burnt clay or porous terra-cotta of uniform density and
hardness of burn. The skew-backs shall be of such form and
section as to properly receive the thrust of said arch; and the
said arches shall be of a depth and sectional area to carry the
load to be imposed thereon, without straining the inaterial
beyond its safe working load, but said depth shall not be less
than one and three-quarter inches for each foot of span. not
including any portion of the depth of the tile projecting below
the under side of the beams, a variable distance being allowed
of not over six inches in the span between the beams, if the
soffits of the tile arc straight; but if said arches are segmental,
having a rise of not less than one and one-quarter inches for
each foot of span, the depth of the tile shall be not less than
six inches. The joints shall be solidly filled with cement mor-
tar as required for common brick arches and the arch so con-
structed that the key block shall always fall in the central
portion. The shiells and webs of all end construction blocks
shall abut, one against another. Or the space between the
beams may be filled with arches of Portland-cement concrete,
segmental in form, and which shall have a rise of not less than
one and one-quarter inches for each foot of span between the
beams. The concrete shall be not less than four inches in
thickness at the crown of the arch and shall be mixed in the
proportions required by Section 18 of this Code. These arches
shall in all cases be reinforced and protected on the under side
with corrugated or sheet steel, steel ribs, or metal in other
forms weighing not less than one pound per square foot and
having no openings larger than three inches square. Or between
the said beams may be placed solid or hollow burnt-clay, stone,
brick, or concrete slabs in flat or curved shapes, concrete or
other fire-proof composition, and any of said materials may be
used in combination with wire cloth, expanded metal wire

’
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strands, or wrought-iron or steel bars; but in any such con-
struction and as a precedent condition to the same being used,
tests shall be made as herein provided by the manufacturer
thereof under the direction and to the satisfaction of the Board
of Buildings, and evidence of the same shall be kept on file
in the Department of Buildings, showing the nature of the
test and the result of the test. Such tests shall be made by
constructing within inclosure walls a platform consisting of
four rolled steel beams, ten inches deep, weighing each twenty-
five pounds per lineal foot, and placed four feet between the
centres, and connected by transverse tie-rods, and with a clear
span of fourteen feet for the two interior beams and with the
two outer beams supported on the side walls throughout their
length, and with both a filling between the said beams and a
fire-proof protection of the exposed parts of the beams of the
system to be tested, constructed as in actual practice, with the
quality of material ordinarily used in that system and the ceil-
ing plastered below, as in a finished job; such filling between
the two interior beams being loaded with a distributed load of
one hundred and fifty pounds per square foot of its area and
all carried by such filling; and subjecting the platform so con-
structed to the continuous heat of a wood fire below, averag-
ing not less than seventeen hundred degrees Fahrenheit for
not less than four hours, during which time the platform shall
have remained in such condition that no flame will have passed
through the platform or any part of the same, and that no
part of the load shall have fallen through, and that the beams
shall have been protected from the heat to the extent that after
applying to the under side of the platform at the end of the
heat test a stream of water directed against the bottom of the
platform and discharged through a one and one-eighth inch
nozzle under sixty pounds pressure for five minutes, and after
flooding the top of the platform with water under low pres-
sure, and then again applying the stream of water through
the nozzle under the sixty pounds pressure to the bottom of
the platform for five minutes, and after a total load of six
hundred pounds per square foot uniformly distributed over
the middle bay shall have been applied and removed, after the
platform shall have cooled, the maximum deflection of the
interior beams shall not exceed two and one-half inches. The
Board of Buildings may from time to time prescribe additional
or different tests than the foregoing for systems of filling between
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iron or steel floor-beams, and the protection of the exposed
parts of the beams. Any system failing to meet the require-
- ments of the test of heat, water, and weight as herein prescribed
shall be prohibited from use in any building hereafter erected.
Duly authenticated records of the tests heretofore made of
any system of fire-proof floor filling and protection of the ex-
posed parts of the beams may be presented to the Board of
Buildings, and if the same be satisfactory to said Board, it
shall be accepted as conclusive. No filling of any kind which
may be injured by frost shall be placed between said floor-beams
during freezing weather, and if the same is so placed during
any winter month, it shall be temporarily covered with suitable
material for protection from being frozen. On top of any
arch, lintel, or other device which does not extend to and form
a horizontal line with the top of the said floor-beams, cinder
concrete or other suitable fire-proof material shall be placed
to solidly fill up the space to a level with the top of the said
floor-beams, and shall be carried to the under side of the wood
floor-boards in case such be used. Temporary centring when
used in placing fire-proof systems between floor-beams shall
not be removed within twenty-four hours or until such time
as the mortar or material has set. All fire-proof floor systems
shall be of sufficient strength to safely carry the load to be
imposed thercon - without straining the material in any case
beyond its safe working load. The bottom flanges of all wrought-
iron or rolled-steel floor and flat roof beams, and all exposed
portions of such beams below the abutments of the floor-arches,
shall be entirely encased with hard-burnt clay, porous terra-
cotta, or other fire-proof material allowed to be used for the filling
between the beams under the provisions of this section, such
incasing material to be properly secured to the beams.

The exposed sides and bottom plates or flanges of wrought-
iron or rolled-steel girders supporting iron or steel floor-beams,
or supporting floor-arches or floors, shall be entirely incased in
the same manner. Openings through fire-proof floors for pipes,
conduits, and similar purposes shall be shown on the plans.
After the floors are constructed no opening greater than eight
inches square shall be cut through said floors unless properly boxed
or framed around with iron. And such openings shall be filled
in with fire-proof material after the pipes or conduits are in place.

Sec. 107. Incasing Interior Columns.—All cast-iron, wrought-
iron, or rolled-steel columns, including the lugs and brackets on
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same, used in the interior of any fire-proof building, or used to
support any fire-proof floor, shall be protected with not less
than two inches of fire-proof material, securely applied. The
extreme outer edge of lugs, brackets, and similar supporting
metal may project to within seven-eighths of an inch of the
surface of the fireproofing.

Expanded-metal Floor Construction.—The follow-
ing cuts show the method of concrete floor construction used
by the various expanded-metal companies. This is a flat
cinder concrete arch reinforced with expanded metal as shown.

" System No.3 A.

x b x

System No.3 B.

Fig. 125.

Systems 3 A and 3 B, Fig. 125, are alike except that 3 A has
a flat ceiling supported on the under flange of the floor-beams.
This system fireproofs the beam by a haunch fill of the cinder
concrete.

: I System No.4 B. I

Fic. 126.

Systems 4 A and 4 B, Fig. 126, are alike except that 4 A has
a flat ceiling suspended. By changing the thickness of the
concrete and the quantity of metal spans, from four to ten feet
can be built on this system.

System 5, Fig. 127, differs from 4 B in that the floor-beam is
protected with a coat of plaster on a metal lath, which is furred to
the beams, giving the panelled ceiling. The usual way of putting
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on this furring is to nail it up to the concrete as shown, but
a better way is to put it in place before the floor is laid and
turn it up over the top of the beam and wire it fast.

System No. 5
Fia. 127.

System 7, Fig. 129, is developed from System 8, where the
beams are too deep for a fill above the concrete construction.

Bl = =
Systern No. 8
Fic. 128.

System 8, Fig. 128, is designed to be used where the floor-beams
are light and can be used with economy with beams not over 7 ins.
deep or more than 4 ft. 6 ins. on centres.

\J System No, 7 :W_

Fie. 129,

Systems 9 A and 9 B, Fig. 130, are designed for heavy loads,
and is one of the strongest systems used.

Fia. 130,

In any of the above systems it will be the duty of the superin-
tendent to see that the centring is put up solid enough to
withstand the tamping of the concrete. See that the concrete
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is mixed and put in place correctly, and as the strain on the
expanded metal is a tensile one, see that it is stretched tight
before the concrete is put on top.

A floor-arch of this construction, as shown by Fig. 131, was
tested at the Government Hospital for Insane, at Washington,
D. C., with the following results.

In Fig. 131 is given a cross-section of the floor-slab as built
for test. The test was made on 15-inch beams which had

=

k

oL

Plato Cinder Concrete & Expanded

Fia, 131,—Cross-section of Floor-slab Tested at Washington, D. C.

bearings on foundations 20 feet apart, and a floor was built
covering the whole distance from bearing to bearing. The
test load was applied dn an area 5 6” X5’ 6”, making a trifle
over 30 square feet of area. Standard practice in this con-
nection was followed, which means that the concrete plate
was 3 inches thick, and the formula of mixture was 1 part
cement, 2 parts sand, and 6 parts of bituminous-coal cinders.
The illustration in this connection of the cross-section clearly
shows the details of the case.

The arch was thirty-eight days old when it was first loaded
with 600 pounds per square foot. Under that weight the arch
showed a deflection of Y inch. There was also a slight deflec-
tion to the beams themselves. On the following day the load
was increased to 1256 pounds per square foot, and at that
time the deflection amounted to 3% inch in the concrete plate,
with an increased deflection of the beams. The succeeding
day the load was increased until a final load of 1800 pounds
per square foot was carried. This resulted in very marked
beam deflection and twisting, and also some eracks appeared
in the concrete plate, but the load was carried without falling
for some days, when it was finally removed.

Roebling System of Fire-proof Construction.—In
this system the concrete is reinforced with 172" flat steel
bars set on edge, and by a quarter turn is hooked over the
beam at each end. These bars act as flitch-plates when bedded
in the concrete, and when put in place in a proper manner
give great strength to the concrete.
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The superintendent should see that the twist on the bar is
made so it comes tight against the beam. The author has seen
these bars put in where the twist was 4 or 5 inches away from
the beam, and in this space the bar would be on its flat, as
shown by Fig. 132, and have very little strength. He should

Fra. 132.

also see that the bars are hooked tight over the beam, as the
strength depends materially on this.

An improvement on this system is made by running the
bars across the beam and bolting them together, as shown by
Fig. 133.

This gives more strength, as there is no twist, and the entire
bar is on edge. This system is sometimes put in by hanging

L = qf 1

Frc. 133,

1

wire lath to the bars and depositing the concrete directly on
the lath, but concrete deposited in this way must be made
very dry or the water will run out, taking a large part of the
cement with it, and if made dry, there is no way of ramming
it to make it solid; by using a wood centre a much better and
stronger floor can be made. ;

The following cuts.show various types of this floor con-
struction.

The “System A,” or arch construction, with flat ceiling, is
illustrated by Fig. 134. It consists of a wire-cloth arch, stiffened
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by woven-in steel rods, whieh is sprung between the floor-beams,
and abuts into the seat formed by the web and lower flange -
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Fic. 134.—Adapted for Publie Buildings, Offices, Theatres, Hotels, Schools,
Churches, Banks, Libraries, Hospitals, Residences, ete.

of the I beams. On this wire centring Portland-cement con-
crete is deposited and allowed to harden. X

The ceiling consists of a system of supporting rods attached
to the lower flanges of the floor-beams by a patent clamp which
offsets the rods below the I beams. TUnder these rods, and
securely laced to them, is the Roebling Standard wire lathing,
with the woven-in }-inch solid-steel stiffening-ribs crossing the
supporting rods at right angles.

Doubls Wood i

EF
S ——————— 7

Fic. 135.—S8ystem B—Flat Construction,

The “System B,” or flat construction, is illustrated by Figs.
135 and 136. It consists of a light iron framework imbedded
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in concrete and spans the interval between the iron beams in
the form of a slab. Thelight iron framework consists of flat iron
or steel bars set on edge and spaced 16 inches, centre to centre,
with a quarter turn at both ends where the bars rest upon the
iron beams. Spacers of half oval iron are placed at suitable
intervals to separate and brace the bars. The Roebling Standard
wire lathing, with the }-inch solid-steel stiffening-rib woven in
every 7} inches, is applied to the under side of the bars, the
stiffening-ribs running crosswise under the bars and laced to
them at every intersection. On the wire lathing so supported,
cinder concrete is deposited, thoroughly imbedding the light
ironwork.

7870072 1 kool Rod Spueer

i e e e et o
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;&-.: :
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FIG 136.—System B—Type 1.
(Dotted lines indicate temporary wood centring.)

The Renton System of Fire-proof Floors.—The
Renton system of floor construction as shown by the following cuts
is a flat concrete arch of cinder concrete, reinforced with ordinary
barb wire. The strain on the wire being tensile, the superin-
tendent should see that it is stretched tight and made fast
at each end. This method of construction 4} inches thick
has been tested to carry a load of 650 pounds per square foot.

i Sprm 670° !

¥16, 137.—System No, 1.

SysteM No. 1.—This is perhaps the most popular system,
as it gives a minimum thickness of floor and is adapted to
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the conditions most commonly found in fire-proof buildings.
It can be used for spans up to 8 feet, although a span of 6 feet -
is the most desirable.,
Weight of concrete, about 34 pounds per square foot.
Weight of entire floor as shown, 52 pounds per square foot.

W
\

FiGg. 138.—8ystem No. 2.

SysteEM No. 2.—This system, as shown by Fig. 138, can be
used for spans between floor-beams of from 6 to 10 feet, and
has ample strength for most mercantile buildings, factories,
etc. It can be used either with or without the suspended
flat ceiling shown.

Weight of entire floor, without ceiling, 40 pounds per square
foot. -

Weight of suspended ceiling, including plaster, 10 pounds
per square foot.

Frc. 139.—System No. 3.

SysTeEM No. 3.—This system, Fig. 139, is the same as No. 2,
except that the floor-beams are thoroughly protected and the
flat ceiling is omitted.
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Weight per square foot for 4 inches of conerete, 10-inch
steel beams, 6 feet on centres, 2X3 sleepers and a single wood
floor, no plastering, 48 pounds.

Weight with cement top, 59 pounds per square foot. For
3}-inch plastering add 5 pounds per square foot.

Filllng
~Finfshed Floor / ‘Rough Floor

7 Beam
Wire Lath

‘Wire Cables

Space v%

if~Wire Lath b
/3% X I'Bar 160°C.

@0.18 Lacing Wire

=
\WWire Lath  “Plaster 14 Steal Rods Woven in
Fic. 140.—System No. 4.

System No. 4.—This system, Fig. 40, is adapted to public
buildings and all buildings in which considerable strength,
absolute fire protection, and a flat ceiling are required.

Weight complete as shown, 60 pounds per_square foot.

Finished Floor  Cement Pipes & Wires Diagonal Sheathing

Fia. 141.—System No. 5.

System No. 5—This system, Fig. 141, is especially adapted
to apartment houses, private residences, ete.
SystEM No. 6 (Arca ConsTRUCTION).—This system, Fig. 142,

Fia. 142.—System No. 6 (Arch Construction).

is designed for warchouses, storage buildings, etc., and all
buildings in which great strength and absolute fire protection
are required. With a span of 6 feet this floor is guaranteed
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to sustain a distributed load of 1000 pounds per square foot over
its entire surface without falling. )

¢ Kuhne’s Sheet-metal Structural Element.””—
The following cuts show a system of floor construction in which a

SYSTEM NO.III.

SYSTEM NO.IV.
Fig, 144.

System No. VII
Fic. 145,
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patent metal lath which is cut and bent so as to form a series
of trusses is used as a reinforcing material. This lath is manu-
factured by the Truss Metal Lath Company, New York.

Fig. 143 shows a view of the lath, and TFigs. 144 and 145 show
methods of floor construction.

International System.—This system, used by the Inter-
national Fence and Fireproofing Company, Columbus, Ohio, is
shown by the following cuts, 146 and 147. In this system the
concrete is reinforced with wire rods and wire cables.

LA

WOO0D, TILE OR
CEMENT FLOOR

The strain on the wire and cables being a tensile one the
uperintendent must see that they are well fastened at each
end. :

When rods are used as shown in Fig. 147 and hooked over

A 8

WOO0D, TILE OR
CEMENT FLOOR

7

N
2 CABLES
METALLIC NETTING
=

Fra., 147,

he beam, the rod should be bent while hot, so that when the
hook is made over the beam the rod will be drawn tight and
have no play.

Fig. 146 illustrates a flat arch, using the cabling system. I
eams fully incased and reinforced with concrete, the cables run-
hing across the I beams and anchored thereto. The sheeting is
Histributed over the cables and both are imbedded well toward
he bottom of the concrete stone. Anchors should be built in
the wall to fasten the cables and sheeting when the walls are
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built, and always have the brick laid in eement where ancho
are placed.

Fig. 147 represents flat arch with distributing rods, met:
lic sheeting, encased I beams, and section of concrete floc
Anchors should be built in the wall at a level with the top

Plaster Centers

TYPE “AY

Suspended Cejling of Metal Lath,
TYPE "B"

TIIT

€ der\ {Cdnerete

',r'ﬁle 'Rbﬂ‘

Plaster Centers

g Flange protection of
n
TYPE™E Metal Lath and Cement

CQErin Gondrete;

“Plaster Centers

Suspended Celllng of Metal Lnth/ IElange protection of
Metal Lath.and Cement

TYPE “F"
TYPES OF VULCANITE FIRE-PROOF

FLOOR ARCHES
Fic. 148,

the I beams, upon which the ends and outside sheets are fastene
Inside laps are attached by means of loops on the edge whi
are interwrapped with a twist.
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The Vulcanite Fire-proef Floor.— The Vulcanite
fire-proof floor system, constructed by The Vulcanite Paving
Company, Philadelphia, is a cinder concrete arch put in on a
plaster-of-Paris centre, as shown by Fig. 148. The plaster-of-
Paris centre is cast in sections and put in place on the lower
flange of the beam and the concrete spread over it. This is
a very strong system of floor construction, as the strain on
the concrete is a compressive one.

Ferroinclave.—Ferroinclave is the name of a steel and
cement fire-proof construction consisting of a sheet of steel
corrugated into dovetail shape, and which is laid and fastened
to the beams and the mortar or concrete spread on top.
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Fia. 149, F1e. 150.—Sheet bent to shape.
rm |
Fic. 151.
[ 3]
Fi1a. 152.

Figs. 149 and 150 show a sheet of the metal, and Figs, 151
and 152 show floor sections.
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Buckeye Floor Construetion.—Fig. 153 shows a
method of floor construction patented and used by The Youngs-
town Iron and Steel Roofing Co., Youngstown, Ohio.

Fra. 153.

A series of corrugated metal troughs are furnished the exact
length to lay on the beams, and these troughs are filled with
the concrete to the desired depth.

Kahn System of Remforcement.—Fxgs. 154 and 155
show a.bar and method of using the same which has been
patented and is used by The Trussed Concrete Steel Company,
of Detroit, Mich.

Cross Sectil
X of Bar .
= -
Perspective View of Sheared Bar
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Frc. 154,

Truss Action

Metropolitan System.—This system, as shown by Figs.
156, 157, and 158, is a slab or arch made of plaster of Paris
and wood chips, reinforced with wire cables in the form of



METROPOLITAN SYSTEM. 211

hog-chains and bedded in the concrete. The cables must be
made secure at the ends and have just sag enough so that at
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Fic. 155.

the low point they will be about one-half inch from the bottom
of the concrete.

SPECIFICATIONS FOR ABOVE TYPE OF FLOOR.

By means of forms or centres placed about the bottom flanges
of the floor beams and girders, a 13"/ covering of composition,
composed principally of plaster of Paris and wood chips, shall

Fia. 156.

be cast in place, protecting the bottom flanges of the floor
beams and girders.

Cables, each composed of two No. 12 galvanized wires, twisted,
shall be carried over the tops of the floor-beams and shall be
secured to walls by anchors and bars; or where they end on
a beam, shall be secured to it by strong hooks. These cables
shall be laid parallel and pass under round iron bars midway
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between the beams, so as to cause the cables to deflect uniformly.
The cables shall be laid at distances apart from each other,
varying from 1” to 3”, according to the spans.

Forms or centres shall be put in place between the floor-
beams 1” below the round iron bars mentioned above. The
composition mentioned above shall be poured in place and
brought to a level }”” above the tops of the flanges of the floor-
beams and form a floor plate about 4 thick, ready for the
laying of wood sleepers or concrete on top and the plastering
underneath,

SPECIFICATION. FOR THE METROPOLITAN FIRE-
PROOFING COMPANY’S SYSTEM OF FIRE-PROOF
FLOOR CONSTRUCTION.

E a;\\\
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Metal clips shall be fastened to the bottom flanges of the
floor-beams, which shall support 17X 3%;” flat iron bars spaced
about 16” on centres running transversely with the floor-
beams, the tops of such flats to be on a level about 1” below
the bottom flanges.

Blocks 14” thick of our composition, composed principally
of plaster of Paris and wood chips, shall be fastened securely
to the bottom flanges and against the webs of the ﬂoor—beams
covering the exposed portions.

To take the plaster there shall be fastened to the 17 flats
herring-bone pressed-steel lathing, coated with asphaltum.

Cables, each composed of two No. 12 galvanized wires,
twisted, shall be carried over the tops of the floor-beams and
shall be secured to walls by anchors or bars, or where they end
on a beam shall be secured to it by strong hooks. These cables
shall be laid parallel and pass under round iron bars midway
between the beams so as to cause the cables to deflect uniformly.
The cables shall be laid at distances apart from each other
varying from 1”7 to 3”, according to spans. Forms or centres
shall be put in place between the fioor-beams 17 below the
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round iron bars mentioned above. The composition men-
tioned above shall be poured in place and brought to a level
about }” above the tops of the flanges of the floor-beams and
form a floor plate about 4” thick ready for the laying of wood
sleepers or concrete.

The exposed portions of the girders shall be covered with
blocks of the same composition 1} in thickness, securely
fastened in place.

SPECIFICATION FOR THE METROPOLITAN FIRE-
PROOFING COMPANY’S SYSTEM OF FIRE-PROOF
FLOOR CONSTRUCTION, FORM A2.

Fia. 158.

Metal clips shall be fastened to the bottom flanges of the
floor-beams, which shall support 17 X% flat iron bars spaced
about 12”7 on centres, running transversely with the floor-beams,
the tops of such flats to be on a level about 1’ below the bottom
flanges.

To take the plaster there shall be fastened to the 17 flats
herring-bone pressed-steel lathing, coated with asphaltum.

Cables, each composed of two No. 12 galvanized wires,
twisted, shall be carried over the tops of the floor-beams and
shall be secured to walls by anchors or bars, or where they end
on a beam shall be secured to it by strong hooks. These cables
shall be laid parallel and pass under round iron bars midway
between the beams so as to cause the cables to deflect uniformly.
The cables shall be laid at distances apart from each other
varying from 17 to 3”, according to spans. Forms or centres
shall be put in place between the floor-beams 1’ below the
round iron bars mentioned above. A composition composed
principally of plaster of Paris and wood chips shall be poured
in place and brought to a level about }”” above the tops of the
flanges of the floor-beams covering the webs of the beams and
forming a floor-plate about 4 thick, ready for the laying of
wood sleepers or concrete.

The exposed portions of the girders shall be covered with
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blocks of the same composition, 14" in thickness, securely
fastened in place.

The Ransome System.—The Ransome system of con-
crete and cold-twisted” steel construction was invented by
Mr. Ernest L. Ransome. The basis of this system is the com-
bination of steel and concrete in such a manner as to give to
the concrete all the tensional ‘strength of steel, and thereby
fully utilize the immense compressive strength inherent in the
concrete. The patent for this system covers the use of cold-
twisted rectangular steel bars, by means of which the spiral
ribs formed upon the metal make a continuous lock between
it and the concrete. By this means the ductility of the steel
is controlled, defective steel detected, and a large percentage
of strength added thereto.

The tensional strength of steel or iron (about 30 tons to the
square inch) increases the strength of the concrete 100-fold.
The Ransome bar strengthens the concrete so that in the
heaviest floors for warehouse sand factories bars of only 1} inches
have been used. The extensive application of the Ransome
system for fire-proof floors, spanning without steel beams, from
20 to 25 and 45 feet, represents one of its important suc-
cesses.

To make a practical success of this principle a continuous
bond between the iron and the concrete had to be invented,
the ductility of the iron had to be controlled, and appliances
for moulding had to be perfected, as well as means of controlling
the shrinkage. Furthermore, it was desirable to give an artistic
appearance to the structure. These, with other important
and practical inventions, constituted the Ransome system.

This system of concrete-iron construction is universal in its
application, covering the entire field now occupied by stone,
brick, and terra-cotta, and is unrivalled for stairs, foundations,
walls, floors, columns, partitions, harbor works, dry docks,
piers, bridges, reservoirs, filter-beds, fortifications, retaining-
walls, sidewalks, vault lights, ete.

The Ransome patents are owned by the Ransome Concrete
Company, 26 Broadway, New York.

Hennebique System of Cement Concrete Con-
struction.—The Hennebique system, Fig. 159, is not only
a system of fire-proofing, but a mode of construction success-
fully applied to many uses, such as floors, bridges, reservoirs,
docks, foundations, etc. Broadly sneaking, the system, as
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patented in 1898, is for concrete reinforced with ordinary
round bars of iron or steel and stirrups of hoop iron.

-Axis of Compression Filling
e = T
i ! J;., %) Stirrup
Loy \Axis of Tension Round Iron

Fi6. 159.—Section of Hennebique Floor.

The principle of the Hennebique system is to make the cement
concrete subject only to compression stresses, resistance to
which is its chief characteristic; and the iron subject to ten-
sile stresses, which it is essentially adapted to meet. For
floor construction plain, round iron bars, set in the lower part
of a beam of rectangular or trapezoidal section, are the parts
in tension; in that position the metal exerts its best quality,
resistance in tension. A series of straps distributed along
the beam connect the bar with the upper part of the concrete
and make a series of fastenings which steady and support

the bar. They carry to the upper part of the concrete the
stresses which in them are tensile, but which are then distributed
as compression stresses through the body of concrete.
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Columbian System of Floor Construction. —In
the Columbian system, as shown by Figs 160, 161, and 162,
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the concrete is reinforced with specially designed bars of steel
hung on stirrups over the beams. This construction is guaran-
teed by the company to carry 200 pounds per square foot
with a 3-inch arch, 6-foot span, 600 pounds per square foot
with a 4-inch arch, 6-foot span, and 150 pounds per square foot
on a 2}-inch arch, 5-foot span, with a factor of safety of four.

View of Stirrups for Bars, Floors Nos. 2 and 3.

Multiplex Steel-plate Floor Construction.—This
construction, which is used by The Berger Manufacturing
Company, of Canton, Ohio, is shown by Figs. 163-166. The

P r——

The Multiplex Steel Plate used in its simplest form

Fic. 163.

The Multiplex Steel Plate Floor with a Paneled Ceiling
Fre. 164,

steel plate is corrugated and bent as shown, laid on top
of the floor-beams and then filled with the cinder concrete
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to a height of about 2 inches above the plate. The different
methods of construction are shown in the cuts.

13 9
The Multiplex Steel Plate Floor with a Flat Ceiling ,
Frc. 165.
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‘Dimensions of the Multiplex Steel Plate as ordinarily used for Floor_Atches
Fi1e. 166.

The Thacher System of Concrete-steel Conse
struction.—The concrete-steel arch, patented Jan. 10, 1899,
and known as the Thacher system, may be described as follows:
Steel bars (Fig. 167) in pairs, spaced at proper distances apart,

Fic. 167.—Bar used in the Thacher System,

and spliced at convenient intervals, are imbedded in the con-
crete near the outer and inner surfaces of the arch, and extend
well into the abutments and piers. The bars of each pair have
no connection with each other, except through the concrete,
although each bar is provided with projections, preferably rivet-
heads of extra hewht but which may be lugs, dowels, or bolts,
spaced at short mtervals, thereby providing a mechanical
reinforcement of the adhesion between the steel and the con-
crete, so that a complete crushing or shearing of the concrete
must take place before a separation can be effected. The bars
act as the flanges of a beam to assist the concrete in resisting
the thrusts and bending moments to which the arch is sub-
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jected. The shearing stresses are small, and are taken mostly
by the concrete. The principal advantages claimed for this
system are as follows: That it gives a larger moment of inertia,
and consequently greater strength, for the same amount of
steel; that a more reliable connection is secured between the
steel and the concrete than in a system that depends on adhe-
sion alone; and that the bars can be shipped straight in any
convenient length and bent cold to any desired curve, resulting
in les cost for manufacture and greater convenience in hand-
ling and shipping.

Cummings System of Reinforced Concrete Con=-
struction.—TFig. 168 shows a system of reinforced concrete

Perspective Sketch
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Fia. 168.

construction designed by Robert A. Cummings, Pittsburgh, Pa.
The rod reinforcement as shown is bedded in the concrete beam.
Fig. 169 shows a corrugated steel bar used for concrete eon-

}I’I'l.'.l.il-ll-\l Tw \\\\\
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% ing Bar. Net section, 0.550 in. Weight, 2.05 Ibs. pex frf.‘
Fra. 169.

struction by the St. Louis Expanded Metal Fireproofing Com-
pany.

These bars are made of various sizes and strengths.

Where there will be a tensile strain on concrete in floor con-
gtruction, it should be made of fine crushed stone so as to make
the highest quality of tension concrete. Cinders should be used
in construction only where the greatest strain is in compression.
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Tor Firring.—Before any concrete filling is put in on top of
any floors, the concrete floors or arches should be swept clean
and then thoroughly wet, so the filling will take hold to the
concrete arch already in place.

-This filling is generally not made as strong with cement as
the concrete in the arches, the usual proportions being about
1 cement, 3 sand, and 6 cinder or other aggregate.

Terra-cotta Floor Construction.—Figs. 170 and 171
show the ordinary terra-cotta arch, Fig. 171 is what is known
as side construction, and Fig. 170 end construction.

2°x 4"Beveled Floor Strlps 16 Center to Center

Bteel Cleats Finlshed Floor Line Conorete Filling
e L T ot e T TS
s | =Ty _
. Bection of Ten Inch Arch End Construction 3¢ Lbs. per Sq. Ft.
Fia. 170.
o~ Marble or Tile Floor

The main points to be observed in either of these arches
are to see that the blocks are of the right size and that they
are bedded in mortar the full width of the joint. The keys
should be of a size so that they will shove into place and have
a good bed of mortar. !

The National Fire-proofing Co.’s Johnson
System,—This system is a terra-cotta arch reinforced with
wire, as shown by Fig. 172. The basis of this flooring is formed
of large steel wires transversely interwoven with still larger
wires placed 4 inches apart. These last run straight from
bearing to bearing.

Over and through these wires is spread a bed of cement
mortar and on this bed the tiles are set. On top of the tiles
is spread 3 inches of cinder concrete. This makes a very strong
floor.

““New York” Reinforced Terra-cotta Arch
(Bevier Patent).—A system of reinforced terra-cotta arch
construction now used by the The National Fireproofing Com-
pany is shown by Figs. 173-175.
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In this construction a wire reinforcement in the form of
a wire truss, the upper and lower chords being composed of

Johnson system of construction—
side view

Jehnson system of oonstruction—
end view

Johnson system—
25 feet between girders

Fia, 172,

BECTION SHOWING
RAISED ARCH IN
DEEP BEAM

Fia. 173.—Above Arch Accepted by New York Building Department for
Live Load of One Hundred and Fifty Pounds per Square Foot.

two No. 13 galvanized twisted wires and the diagonal members
being single No. 14 wires, is bedded in the cross joints of the
terra-cotta, thus adding strength to it.

The truss is placed on edge and runs from beam to beam in
the vertical joint between adjoining blocks. the joint being
about } inch wide and the mortar well grouted around the
wires.
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¢ Herculean” Flat Arch.,—The floor -construction
shown by Fig, 176 is known as the “Herculean” arch, and is
used by Henry Maurer & Son of New York.

SN ) g 21 E T
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SECTIONS WHERE GREATER LOAD OR WIDER SPAN IS REQUIRED.

Fig. 174.—Half Section through Wide Span Arch, showing use of more than
one piece of wire truss to give greater stren%h in centre and prevent
shearing of blocks at ends of arch. Depth of blocks, number of trusses,
and size of wires are proportioned to load and span.
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Fre. 176.~' Herculean’ Flat Arch (Patented May 3, 1898,and
3 February 6, 1900).

In this arch the terra-cotta is reinforced with steel tee irons
as shown, and makes a very strong floor. In constructing
this arch eare should be taken to see that sufficient mortar is
used so that when the tile blocks are shoved into position the
mortar will fill all the spaces and the joint around the tee
irons.
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Fig, 177 shows a new style of terra-cotta arch of the end-
construction system. As will be seen the number of webs in
the blocks makes them very strong.

\e] v/ Gl
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Fire-proof Partitions.—FEach fireproofing company
usually has its own system for putting up partitions, as well
as floor construction, and the superintendent should keep him-
self familiar with all the different methods.

Fig. 178 shows the partition used by The Roebling Company.
Small steel angles or channels are set up and fastened top and
bottom to form the studs of the partition, and then covered on
both sides with their wire-cloth lath, The space between the
two sheets of lath is usually filled with cinder concrete, after
which the two sides of the partition are plastered.

Expanded-metal Partition.—This partition is made
by setting up small channel bars to form the studs and then
covering them with expanded-metal lath, after which it is
plastered on both sides, making a solid partition 1} or 2 inches
thick.

Several other companies put up a partition similar to the
one described above; the only difference is using a different
make of metal lath.

Rabbit Partition.—Fig. 179 shows a partition patented
by Samuel E. Rabbit of Washington, D, C., which is termed
a fire-proof partition. As shown, strips of wood /X2’ are
set up and lathed with wood lath, and then plastered on both
sides solid to a thickness of 2 inches. This partition has been
used in a number of buildings in Washington.

Metropolitan Fireproofing Company’s Parti-
tion.—A partition now being used by The Metropolitan
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Fireproofing Company is shown by Fig. 180 and is described as
follows:

\\ Wire Lat

A newly patented fire-proof partition which is formed with
2-inch solid blocks of their fire-proof material, which has been
fully demonstrated to be effec-
tively fire-resisting, as well as
fire-proof.

The partition is quickly put
in place, can be finished and plas-
tered at once, requires no up-
right studs to support it, holds
nail well, and is when finished
not over 3 inches thick.

Phoeenix Wall Construc-
tion.—Fig. 181 shows a terra- >
cotta partition called the Fic. 180.
“Phoenix” which is put up by
Henry Maurer & Son, New York. The terra-cotta blocks have
dovetail recesses on the sides to receive the plaster, and the
partition is reinforced in each horizontal joint with a strip of
band iron set in the terra-cotfa as shown.

The Berger Fire-proof Partitiomn.—This partition,
as shown by Fig. 182, is made of expanded-metal lath fastened
to a metal stud, which is made as shown, having prongs cut
and bent out and which are used to fasten the lath to the stud.
This partition is plastered on both sides solid.

Furring, Beams, ete.—Figs. 183 and 184 show one of the
usual methods used to fur out beams, build false beams, etec.
A piece of channel iron is bent the desired shape and fastened
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to the beam or floor above. These ribs are usually spaced about
12 inches apart, then at each angle a }-inch rod is run along
and wired to the ribs, and over this frame the metal lath is
bent and wired. The superintendent must see that this frame-
work is put up secure and braced as well as possible. A good

Fra. 181.—Method of Construction of the ‘‘Phtenix’’ Wall, 4 inches thick,
with band iron between the courses. Size of blocks, 4 X8X12 inches.

@ Dtz

Fra. 182.—A shows Stud with Prongs; B and C, Top and Bottom Sockets}
D, Stud in Position ready for Lath; E, Lath Attached to Stud by
clinching down Prongs.

way to fasten the ribs is to run them up through the floor cons
struction and turn them over into the concrete.

Architectural Terra-cotta.—Terra-cotta is used for
the ornamentation and trimmings of buildings, taking the
place of brick and stone to a great extent. It is made in
various shades and colors, from white to deep red or brown,
and is usually colored by means of chemicals, so that any color
desired can be obtained.

The duty of the superintendent, where terra-cotta is used,
will be to see that the blocks of terra-cotta, design, ete., con-~
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form to the details, that it is the desired color, and that each
piece is in perfect condition. In setting, he should take the
same precautions as with stone, and in addition to this see

that every piece is anchored properly and tied to the struc-
tural iron provided for that purpose.

Where any weight will rest on any hollow bloek, it should
be filled with brick and mortar. Care must also be taken to

Fiec. 184,

have all the joints filled with mortar so there will be no chance
for the water to get into them.

Terra-cotta should always be set in strong ecement mortar
and each block thoroughly wet before being set.

Any blocks twisted or warped in burning, and which cannot
be set straight or in line, should be rejected.
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As soon as any terra-cotta is set it should be boxed in so as
to prevent any damage being done to it by anything falling

on it.

Lookouts A held down by continuous L, B, and rods C.
Modillions are suspended from lookouts A by means of clips and
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D is a wall

Figs. 185-188 show some typical methods of terra-cotta

construction,
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Fire-proof Construction and Fire Protection of
Buildings.—It may not be amiss in introducing the follow-
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Fig. 187.—Details of Construction for a Central Pavilion.
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F1c. 188.—Suggestion for a Terra-cotta Balcony.

ing suggestions with regard to the installation of fire-proof
construction to say a word regarding the general importance
of the subject so far as bulldmg methods in the United States
are concerned.
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The annual fire .oss, that is to say that portion of it paid by
insurance companies in this country, is not far from $150,000,000,
a large percentage of which might be readily avoided. As a
matter of fact corresponding losses are avoided in practically
all of the European countries, the fire loss abroad being but a
comparatively small percentage of the fire loss here, taking
into account equal amounts of property insured.

It is a customary error to speak of loss by fire being ¢ covered
by insurance.” The falsity of this statement lies in the assump-
tion that anything actually burned up can be restored, whereas
it can only be replaced. As a matter of fact insurance indem-
nity represents merely an amount collected from the public
at large for the reimbursement of the few who suffer from
fire loss. This does not in the least alter the fact that every
dollar’s worth of property consumed by fire is just so much
annihilated from the wealth of the country.

Due consideration of the foregoing should bring to the mind
of every superintendent of building construetion a realization
of the personal responsibility devolving upon him as a valuable
member of the community to administer his office in such man-
ner as to elimindte in the largest measure such probability of
fire loss as may come within his province.

Too strong emphasis cannot be laid upon the necessity for
the superintendent to administer his office in such manner
that the work performed shall be consistent with the most rigid
of specifications looking to the highest immunity from loss by
fire.

While failure to live up to specifications is always reprehen-
sible, it is to be questioned whether if in any other branch of
building construction the results of comparatively insignificant
omissions or remissions may so thoroughly nullify the whole
effort as in matters pertaining to fire protection.

Materials depend for their efficiency first upon wise design
and honest manufacture, and second upon intelligent installa~
tion, and it is to the latter branch that the following suggestions
relate. In these suggestions no attempt is made at logical
sequence, but rather an endeavor to place at the disposal of
the superintendent certain data which may prove of immediate
and practical value. '

Fire Protection of Buildings.—In taking up this
subject it is the aim of the author to point out and show some
of the points in building construction of the present day that



FIRE PROTECTION OF BUILDINGS. 231

are defects, inasmuch as they are liable to cause a fire or to
assist it when once started.

The superintendent should be always on the lookout during
the construction of a building for any of these defects and
should see that every part of the work is so done that it will
render the building fire-proof, or ‘as near fire-proof as the
character of the building will allow.

In the ordinary dwellings and the smaller buildings there
is often very little care taken on this point, and there is no doubt
that many a house or building has been destroyed by fire which
gained its start through the neglect of some superintendent,
architect, builder, or workman,

Frame-HOUSE ProTECTION, FLUuEms, BTO.~We will take, for
instance, the ordinary frame house with brick chimneys, which
are usually built, as shown by Fig. 189, with 4 inches of brick«
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Fia. 189.

work around the flues and back of the fireplace. The studs
are set tight against the brickwork as shown, and the floor
trimmers are usually framed tight against the sides of the
chimney. Notw all this wood is but 4 inches or the width of a
brick from theé flue or fire, and how easy it is for a mason to
overlook a ‘“‘dry” joint or leave a little hole through this 4-inch
wall, thus giving the fire a chance to get through. A chimney
may be built this way and have such defects and be in use for
a number of years and no harm result; then the flue may
become lined with soot, which may at any time ‘‘burn out,”
when, if there should happen to be a hole or dry joint, the flame
or sparks may be drawn through and set fire to the building,
Then often when there is but a 4-inch back wall to a chimney and
fireplace and the grate tile are set tight against the back wall
the heat from the grate will be carried through and may be the
means of setting fire to the studding behind the chimney.

All chimneys should either have 8 inches of brickwork around
all outside walls of the flues, as shown by Fig. 190, or élse have
terra~cotta flue lining, and when flue lining is used the back

POBRARTN
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wall of the fireplace should be made 8 inches, or at least 6 inches,
by setting a course of brick on edge and thus breaking joints
with the back 4-inch wall. The flue lining should, be carried
up through the roof, or better still, to the top of the chimney.

e

B

Another weak point so far as fire protection is concerned
in the ordinary house is where the flues are drawn together
at the ceiling joist. Fig. 191 shows how this is usually done.

Fra. 190.
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Frc. 191,

The main part of the chimney is cut off so that the ceiling
joist will run across the top and frame around the flues, which
are drawn together as shown.

This again leaves but 4 inches of brlckwork between the
flue and the wood joist, and as many a house has been destroyed
by a fire starting in the attic, no doubt but some of the fires
started at this point The brickwork around the flues should
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be carried up 8 inches until the chimney passes through the
roof as shown by Fig. 192; then if desired it can be drawn in

b
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" Ceiling
Joist

Frc. 192.

as shown, making a much better looking top than if there was
no base to it.

HeartH BorTOoMs.—Another point not to be overlooked is
the common method of putting in wooden hearth bottoms, as
shown by Fig. 120, page 87. This should not be allowed unless
the wall is corbelled out as described by Fig. 121, page 87.

{"T Joist

Flue

Fre. 193.

A brick arch or corrugated metal bent to a radius, as shown
by Fig. 193, is much to be preferred.
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Stuppep FirEPLACES.—A cheap form of chimney which has
been used throughout California and the South is shown by

Brick fireplace

Fia. 194,

Tig. 194, the fireplace being built up of brick and drawn in at tle
top as shown; then a terra-cotta, or in some cases a sheet-iron
pipe is run up for a flue. The fireplace and chimney is ‘then
studded around and plastered, as shown by Fig. 195, so as to give

F1a. 195.

it the appearance of a large chimney-breast. This arrangement
is nothing more or less than a fire-trap and should never be used.

Regarding this method of construction around fireplaces and
chimneys, the San Francisco Building Code says:

“Sec. 21. When a chimney-breast is furred out, the space
between the chimney and the breast shall be so built that the
passage of fire and smoke shall be intercepted.”

This section of the Building Code states that the space
shall be built so as to intercept the fire, but the only reliable
way is to build a brick chimney and have no blank spaces.
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CLosETs As FIrRE-rRAPS.—In brick and frame houses the space
along the side of the room formed by the projection or jamb
of the chimney is usually utilized for a closet, as shown by Fig.
196, and the closet is usually furred down and ceiled a few

F1c. 196,

inches above the door height. The sides of the flues are
usually but 4 inches thick as shown, and the woodwork of the
closet is put tight against the chimney, and the space thus
formed above the closet is shut off from all aceess. This wood-
work in time becomes so dry that a spark would set it on fire
or possibly it would catch fire from the heat from the flue.

This is considercd by the author a very weak point in the
ordinary house construction, so far as fire protection is concerned.

As mentioned before, the flues should either be lined with flue
lining or the outside walls made 8 inches thick.

Chimneys and Flues in Frame Buildings.—
The following instructions regarding the construction of chim-
neys are given in the Building Code prepared by the National
Board of Fire Underwriters:

MATERIAL.—AIll chimneys in frame buildings shall be built
of brick or stone or other fire-proof material.

THICKNESS OF Brickwork.—If of brick the flues shall have
wallg at least eight inches thick, except where flues are lined
with burnt-clay pipe, in which case the walls around flues
may be four inches thick.

Hzuicar ror FLUE LiNings.~—All flue linings shall extend at
least one foot above the roof-boards.

WrEN CHIMNEYS ARE OF STONE.—~—Where chimneys are built
of stone the walls of the flues shall be not less than eight inches
on all sides, and shall be lined with burnt-clay pipe.

HeigaT ror CHiMNEYS.—All chimneys shall be topped out
at least four feet above the highest point of contact with the
roof, and be properly capped.
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ParTy-waLL Cummneys.—Chimneys in party walls or serving
two rooms on the same floor may be built in the walls or parti-
tions.

InpEPENDENT CHIMNEYS. — Elsewhere, they shall be built
inside of the frame, except in the case of ornamental or exposed
chimneys

Fire-stops in Furred Walls.—When brick walls are
furred, as shown by Fig. 197, at least two courses of brick

Furring _ }
>
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should be set out the full thickness of the furring, to form a
fire-stop, both above and below the joist as shown at A4. If
wood furring is used the plate can be set on this projection and
the cap under, and wire lath should be used over the brick
to prevent the plaster from cracking.

Wooden Nailing-plugs.—Another bad piece of work is
the ordinary method carpenters have of driving wooden plugs
in the joints of the brickwork of a chimney to nail the base to
or to fasten the mantel. The author once saw a mantel take
fire from this cause; the wooden plug caught fire and burned out,
setting fire to the mantel. The base can always be fastened
by nailing into the joints of the brickwork, or if the mortar will
not hold the nail, metal wall plugs can be put in and the base
nailed to the plugs. Mantels can be hung by driving hooks
into the joints of the brickwork and the mantel hung to these
hooks by eyes or staples screwed on the back of the mantel.

Bridging as Fire-stops in Partitions, — Where
wooden partitions are used, whether inside or outside, and which
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rest on the sill, they should have a row of solid bridging cut
around at the floor level, as shown at A, Fig. 198, and if the
studs run through two stories they should be bridged at the
ceiling and floor levels, as shown at B, Fig. 198; this prevents
any draught or suction up the partitions in case of fire. The
joist should also be bridged solid along every partition, so in
case of fire to keep it from spreading under the floor between
the joist.

A method of framing used in some parts of the country,
especially on the Pacific Coast, is one in which each story of a
building is framed separate, as shown by Fig. 199. For fire
]
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protection this is a very good method, as the plates and caps
of the walls and partitions cut each story off separate from the
others and there is no chance for fire to follow up the inside of
the walls. Also see Brick-nogging, page 87.

Regarding this method of construction the San Francisco
Building Code says:

“Sec. 19. When stories are framed separately, each tier of
studding must have top and bottom plates, and the top plates
must be doubled; when stories are not framed separately,
proper bridging must be placed behind the ribbon at the
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ceiling line and on top of the joist at the floor line. Bridging
must be two inches thick and of the full width of the studding
in every case.

“Sec. 20. Bripaing.—All stud-walls, or partitions hereafter
built, altered, or repaired, shall have one row of bridging for every
seven feet in height over the first seven feet. Said bridging
shall in all cases extend to the lathing or sheathing, so as to
prevent the passage of fire and smoke, and shall be the same -
thickniess as the studding. Al outside walls and cross parti-
tions shall be thoroughly and angle braced; all joists shall
have solid end blocking. All buildings over twenty-five (25)
feet in width shall have a row of solid blocking over girder
or partition of stairways. A row of cross bridging at least
two (2) inches thick must be placed between the floor-joists
at least every twelve (12) feet.” :

Underwriters’ Rules for Fire-stops.—A better
method is to build a fire-stop of brick or other incombustible
material as recommended by the rules of the National Board of
Fire Underwriters, which reads as follows: \

Firp-stors A1 ENDS oF BEAMS, IN STUD-WALLS, AND IN
ParTiTIONs REsTING OVER EAacH OTHER.—In all frame build-
ings which are to be lathed and plastered or otherwise sheathed
on the inside, the spaces between such parts of the floor joist
or beams that rest upon the stud-walls or upon partition heads
shall be filled in solid for the depth of the joist or beams and
between the studs or uprights to the depth of the latter to a
height of six inches above the top of the floor joist or beams
with suitable incombustible materials.

Horizontas Bopy or MaTErIaL.—The fire-stop shall extend
around all the stud-walls of the building, supporting the filling
material where necessary on strips. of wood nailed between
studs, and in all stud-partitions that rest directly over each other,
and thus form a horizontal line of incombustible material to
effectually cut off draft openings from story to story through
floors, stud-walls, and partitions.

The Building Code of the National Board of Fire Under-
writers gives the following rules regarding chimneys, flues, heat-
ing-pipes, etc., and which will be a good guide for the superin-
tendent:
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CHIMNEYS, FLUES, FIREPLACES, AND HEATING-PIPES.

Sec¢. 64. TRIMMER-ARCHES.—T0 Support Hearths.—All fire-
places and chimrey-breasts where mantels are placed, whether
intended for orditiary fireplace uses or not, shall have trimmer
arches to support hearths. .

Width of Trimmer-arches.~—And the said arches shall be at
least twenty inches in width, measured from the face of the
chimney-breast, and they shall be constructed of brick, stone,
or burnt clay.

Length of Trimmer-arches.—The length of a trimmer-arch
shall be not less than the width of the chimney-breast.

Wood Cenires under Trimmer-arches.—Wood centres under
trimmer-arches shall be removed before plastering the ceiling
underneath.

Hearth under Haater.—If a heater is placed in a fireplace,
then the hearth shall be the full width of the heater.

Mantels.—All fireplaces in which heaters are placed shall
have incombustible mantels.

Woodwork Back of a Summer-piece.—~No wood mantel or other
woodwork shall be exposed back of a summer-piece; the iron-
work of the summer-piece shall be placed against the brick
or stone work of the fireplace.

Fire-bourds.~No fireplace shall be closed with a wooden
fire-board.

Sec¢. 65. CaiMNEYS, FLUES, AND FIrREPLACES.—Joints Struck
Simooth.—All fireplaces and chimneys in stone or brick walls in
any building hereafter erected, except as herein otherwise
provided, and any chimney or flues hereafter altered or repaired,
without reference to the purpose for which they may be used,
shall have the joints struck smooth on the inside, except when
lined on the inside with pipe.

Parging of Flues Prohibiled.—No parging mortar shall be
used on the inside of any fireplace, chimney, or flue.

Fireplace Backs, Thickness of.—~The fire-backs of all fire~
places hereafter erected shall be not less than eight inches in
thickness, of solid masonry.

Lining Behind Grate in Fireplace.~~When a grate is set in a
fireplace, a lining of fire-brick, at least two inches in thickness,
shall be added to the fire-back, unless soapstone, tile, or cast
iron is used, and filled solidly behind with fire-proof material,
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Thickness for Smoke-flues of Boilers, Furnaces, etc.—The stone
or brickwork of the smoke-flues of all boilers, furnaces, bakers’
ovens, large cooking ranges, large laundry stoves, and all flues
used for a similar purpose shall be at least eight inches in thick-
ness, and shall be capped with terra-cotta, stone, or cast iron,

Inside of Flues for Boilers.—The inside four inches of all boiler-
flues shall be fire-brick, laid in fire mortar, for a distance of
twenty-five feet in any direction from the source of heat.

Smoke-flues of Steam-boilers.—All smoke-flues of smelting-
furnaces or of steam-boilers, or other apparatus which heat the
flues to a high temperature, shall be built with double walls of
suitable thickness for the temperature with an air space between
the walls, the inside four inches of the flues to be of fire-brick.

Height for Smoke-flues.—All smoke-flues shall extend at
least three feet above a flat roof and at least two feet above
a peak roof. |

Tops of Chimneys on Three-story Dwellings and Stables.—On
dwelling-houses and stables three stories or less in height
not less than six of the top courses of a chimney may be laid
in pure cement mortar and the brickwork carefully bonded
and anchored together in lieu of coping.

CuiMNEYS, FLUES, AND FIREPLACES.—Smoke-flues to be Lined
with Cast-iron or Clay Pipe.—In all buildings hereafter erected
every smoke-flue, except the flues hereinbefore mentioned,
shall be lined continuously on the inside with cast-iron or well-
burnt clay, or terra-cotta pipe, made smooth on the inside,
from the bottom of the flue, or from the throat of the fire-
place, if the flue starts from the latter, and carried up con-
tinuously to the extreme height of the flue.

Ends of Lining Pipe to Fit Close.—The ends of all such lining
pipes shall be made to fit close together, and the pipe shall be
built in as the flue or flues are carried up.

Brickwork. —Each smoke-pipe shall be inclosed on all sides
with not less than four inches of brickwork properly bonded
together.

FLuEs 170 BE LEFT CLEAN AT COMPLETION OF BUILDING.—All
flues in every building shall be properly cleaned and all rubbish
removed, and the flues left smooth on the inside upon the
completion of the building.

Sec. 66. CHIMNEY Suprorts.—Forbidding Supports of Wood.
—No chimney shall be started or built upon any floor or beam
of wood.
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Corbelling.—In no case shall a chimney be corbelled out more
than eight inches from the wall, and in all such cases the cor-
belling shall consist of at least five courses of brick.

Corbelling in Fight-inch Walls.—But no corbelling more than
four inches shall be allowed in eight-inch brick walls.

Piers Supporting Chimneys—Where chimneys are supported
by piers, the piers shall start from the foundation on the same
line with the chimney-breast, and shall be not less than twelve
inches on the face, properly bonded into the walls.

Supports for Chimneys Cut Off Below.—When a chimney is to
be cut off below, in whole or in part, it shall be wholly supported
by stone, brick, iron, or steel.

Unsafe Chimneys —All chimneys which shall be dangerous
in any manner whatever shall be repaired and made safe or
taken down.

Sec. 67. CHmMNEYS oF Cuproras.—Foundry Cupolas.—Ivon
cupola chimneys of foundries shall extend at least ten feet
above the highest point of any roof within a radius of fifty feet
of such cupola and be covered on top with a heavy wire netting.

Distance for Woodwork.—No woodwork shall be placed within
two feet of the cupola.

Sec. 68. Hor-a1r Frues, Prres, AND VENT-DUCTS.—Hot-air
Flues to be Lined.—All stone or brick hot-air flues and shafts
shall be lined with tin, galvanized ‘iron, or burnt-clay pipes.

Woodwork not to be Placed against Flues—No wood casing, fur-
ring, or lath shall be placed against or cover any smoke-flue or
metal pipe used to convey hot air or steam.

Forbidding Smoke-pipes through Floors.—No smoke-pipe shall
pass through any wood floor.

Stovepipes, Distance from Ceilings and Partitions.—No stove-
pipe shall be placed nearer than nine inches to any lath-and-
plaster or board partition, ceiling, or any woodwork.

Metal Shields—Smoke-pipes of laundry-stoves, large cooking-
ranges, and of furnaces shall be not less than fifteen inches
from any woodwork, unless they are properly guarded by
metal shields; if so guarded, stovepipes shall be not less than
six inches distant.

Distance.—Smoke-pipes of laundry-stoves, large cooking-
ranges, and of furnaces shall be not less than nine inches distant
from any woodwork.

Smoke-pipes through Partitions.— Where smoke-pipes pass
through a lath-and-plaster partition they shall be guarded by
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galvanized-iron ventilated thimbles at least twelve inches
larger in diameter than the pipes, or by galvanized-iron thimbles
built in at least eight inches of brickwork.

SMOKE-PIPES THROUGH Roors. — Permit Necessary. — No
smoke-pipe shall pass through the roof of any building unless
a special permit be first obtained from the Commissioner of
Buildings for the same. If a permit is so granted, then the
roof through which the smoke-pipe passes shall be protected
in the following manner:

How Protected.—A galvanized-iron ventilated thimble of the
following dimensions shall be placed; in case of a stovepipe,
the diameter of the outside guard shall be not less than twelve
inches, and the diameter of the inner one eight inches, and for
all furnaces, or where similar large hot fires are used, the diameter
of the outside guard shall be not less than eighteen inches, and
the diameter of the inner one twelve inches.

Thimbles—The smoke-pipe thimbles shall extend from the

under side of the ceiling or roof beams to at least nine inches
above the roof, and they shall have openings for ventilation
at the lower end where the smoke-pipes enter, also at the top
of the guards above the roof.
. Smoke-pipe of Boiler through Roof.—Where a smoke-pipe of a’
botler passes through a roof, the same shall be guarded by a
ventilated thimble, same as before specified, thirty-six inches
larger than the diameter of the smoke-pipe of the boiler.

Hor-a1r Prees 1N WaLLs.—Covering of Brick or Stone.—Tin
or other metal pipes in brick or stone walls used or intended
to be used to convey heated air, shall be covered with brick or
stone at least four inches in thickness.

Hot-A1r Prpes 18 STUD PArTITIONS.—Woodwork to be Guarded.
—Woodwork near hot-air pipes shall be guarded in the follow-
ing manner: A hot-air pipe shall be placed inside another
pipe, one inch larger in diameter, or a metal shield shall be
placed not less than one-half inch from the hot-air pipe; the
outside pipe or the metal shield shall remain one and a half
inches away from the woodwork, and the latter must be tin-
lined, or in lieu of the above protection, four inches of brick-
work may be placed between the hot-air pipe and the wood-
work. This shall not prevent the placing of metal lath and
plaster directly on the face of hot-air pipes or the placing of
woodwork on such metal lath or plaster, provided the distance
is not less than seven-eighths of an inch,
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Distance from Furnace.—No vertical hot-air pipe shall be
placed in a stud partition, or in a wood inclosure, unless it be
at least eight feet distant in a horizontal direction from the
furnace.

Hotr-atr Ptres IN Crosers.—Hot-air pipes in closets shall be
double, with a space of one inch between them.

HorizontaL Hot-a1R  Prees.—Distance from Combustible
Cesling.—Horizontal hot-air pipes shall be placed six inches
below the floor-beams or ceiling; if the floor-beams or ceiling
are plastered and protected by a metal shield, then the distance
shall be not less than three inches.

Ducrs For VENTILATION.-—Construction.—Vent flues or ducts
for the removal of foul or vitiated air, in which the temperature
of the air cannot exceed that of the rooms, may be constructed
of iron or other incombustible material, and shall not be placed
nearer than one inch to any woodworlk, and no such pipe shall
be used for any other purpose.

Material and Thickness of Same in Fire-proof Buildings.~—~In
buildings of fire-proof construction ventilating shafts passing
through floors shall be constructed of fire-proof material not
less than four inches in thickness. Any opening in such ducts
or shafts shall be protected by automatic closing doors or by
metal louvres riveted into metal frames, and such duects shall
open to the outside of the building.

VeEnT-DUCTS IN PUBLIC ScHoors.—How Constructed.—In the
support or construction of such ducts, if placed in a public
school-room, no wood furring or other inflammable material
shall be nearer than two inches to said flues or duects, and shall
be covered on all sides, other than those resting against brick,
terra-cotta, or other incombustible material, with metal lath
plastered with at least two heavy coats of mortar, and having
at least one-half inch air space between the flues or duets and
the lath and plaster.

Sec. 69. SteaM aNp Hor-water HeatiNg Prees.—Distance
from Woodwork.—Steam or hot-water heating pipes shall not be
placed within two inches of any timber or woodwork, unless the
timber or woodwork is protected by a metal shield; then the
distance shall be not less than one inch.

Through Floors, how Protected.—All steam or hot-water
heating pipes passing through floors and ceilings or lath and
plastered partitions shall be protected by a metal tube one
inch larger in diameter than the pipe, having a metal cap at the
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floor, and where they are run in a horizontal direction between a
floor and ceiling a metal shield shall be placed on the under
side of the floor over them, and on the sides of wood beams run-
ning parallel with said pipes.

Wood-inclosing Boxes to be Lined with Metal—All wood boxes
or casings inclosing steam or hot-water heating pipes and all
wood covers to recesses in walls in which steam or hot-water
heating pipes are placed shall be lined with metal.

Incombustible Pipes.—All pipes or ducts used to convey air
warmed by steam or hot water shall be of metal or other fire-
proof material.

Pipe Coverings.—All steam and hot-water pipe coverings
shall consist of fire-proof materials only.

Prumsing Pipes Passing TtHrROUGH Froors.—Cold-water or
other exposed plumbing pipes shall have the surrounding air
‘space closed off at the ceiling and floor line of any floor through
which any such pipe or pipes shall be carried.

Hot-air Pipes.—As the hot-air pipes, ete., are put in position
the superintendent should pay close attention and see that the
work is done properly, as mechanics often slight this part of the
work, thinking it will soon be covered up.

Installation of Heating Plants, etc.—The Building
Code of the city of Cleveland gives the following rules for in-
stalling heating-plants, steam and hot-air pipes, flues, ete., and
will be a good guide for the superintendent.

HEATING.

The subjects under this title include all hearths, pipes, and
heating apparatus and their inclosures within a building.

Sec. 1. Frue Connecrions.—All boilers, furnaces, fireplaces,
ovens, and all other heating apparatus mentioned under this
title shall be properly connected with a flue chimney or stack
as direct and within the shortest distance possible.

This shall include all permanent or temporary heat generators
which are used in the erection of a building, and no such heat gen-
erator shall hereafter be placed upon the floor or in close prox-
imity to any building which allows the products of combustion
to escape directly into the air within twenty (20) feet of any ceil-
ing without being connected with some flue as herein prescribed.

Sec. 2. HearTas.—All hearths of fireplaces, irrespective of
the fuel used, shall be supported by trimmer-arches of brick,
stone, iron, or concrete, or be of single stone at least six (6)
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inches thick, built into the chimney and supported by iron
beams, one end of which shall be securely built into the masonry
of the chimney or an adjoining wall, or which shall otherwise
rest upon incombustible support.

The brick jambs of every fireplace or grate opening, inde-
pendent of the lining, shall be at least one (1) brick wide each,
and the back of such openings shall be at least one (1) brick
thick. All hearths and trimmer-arches shall be at least twelve
(12) inches longer on each side than the width of such open-
ings, and at least twenty (20) inches wide in front of the chimney-
breast. DBrickwork over fireplaces and grate openings shall be
supported by iron bars or brick arches.

The wooden covering in all buildings except those of the
VI. and VII. classes under trimmer-arches to be removed before
plastering the ceiling underneath.

Sec. 3. BoiLers.—Brick-set.—No brick-set boiler for the
generation of hot water or steam for heating or power or any
portable power boiler or engine over ten (10) horse-power
shall be placed on any wood or ecombustible floor or beams.

Sec. 4. BorLers.—Portable.—Wood or combustible floors and
beams under and not less than three (3) feet in front and one (1)
foot on the sides of ali portable boilers shall be protected by a
suitable hrick foundation of not less than two (2) courses of
brick well laid in mortar on sheet iron; the said sheet iron shall
extend at least twenty-four (24) inches outside of the founda-
tion at the sides and front. Bearing lines of bricks, laid on
the flat, with air spaces between them, shall be placed on the
foundation to support a cast-iron ash-pan of suitable thickness,
on which the base of the boiler shall be placed, and shall have
a flange, turned up in the front and on the sides, four (4) inches
high; said pan shall be in width not less than the base of the
boiler, and shall extend at least two (2) feet in front of it. If a
boiler is supported on a cast-iron base with the bottom of the
required thickness for an ash-pan, and is placed on bearing
lines of brick in the same manner as specified for an ash-pan,
then an ash-pan shall be placed in front of the said base and
shall not be required to extend under it. All lath-and-plaster
and wood ceilings and beams over and up to a distance of not
less than four (4) feet in front of all boilers shall be shielded with
metal. The distance from the top of the boiler to said shield
shall be not less than twelve (12) inches. No combustible
partition shall be within four (4) feet of the sides and back and
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six (6) feet from the front of any boiler, unless said partition shall
be covered with metal to the height of at least three (3) feet
above the floor, and shall extend from the end or back of the
boiler to at least five (5) feet in front of it; then the distance
shall be not less than two (2) feet from the sides and five (5)
feet from the front of the boiler.

. Sec. 5, Furyaces,—DBrick-set.—All brick-set hot-air furnaces
shall have two (2) covers with an air space of at least two (2)
inches between them; the inner cover of the hot-air chamber
shall be either a brick arch or two (2) courses of brick laid on
galvanized iron or tin, supported on iron bars; the outside cover,
which is the top of the furnace, shall be made of brick or metal
supported on iron bars and so constructed as to be perfectly
tight, and shall be not less than four (4) inches below any com-
bustible ceiling or floor beams.

A single concave iron cover may be used if rigidly supported
on the margin and filled with sand to a depth of at least eight
(8) inches in the centre and two (2) inches at the edges on all sides.

The walls of the furnace shall be built hollow in the follow-
ing manner; One (1) inner and one (1) outer wall, each four
(4) inches in thickness, properly bonded together with an air
space of not less than two (2) inches between them. Al brick-
set furnaces shall be at least four (4) inches from all wood-work,

Sec. 6. F'urNacEs.—Portable.—All portable hot-air furnaces
shall have a double-cased jacket of not less than No, 26 iron
from the base to the top of easting, with an air space of at least
one (1) inch between, and shall be placed at least two (2) feet
from any wood or combustible partition or ceiling, unless the
partitions and ceiling are properly protected by a metal shield
when the distance shall not be less than one (1) foot. Wood
floors under all portable furnaces shall be protected by two (2)
courses of brickwork, well laid in mortar on sheet iron. Said
brickwork shall extend at least two (2) feet beyond the furnace
in front of the ash-pan.

Sec. 7. CoLp-a1r Boxms.—The cold-air boxes of all hot-air
furnaces shall be made of metal, brick, or other incombustible
material for a distance of at least ten (10) feet from the furnace.

Sec. 8. Ranges.—Where a kitchen range is placed from
twelve (12) to six (6) inches from a wood stud partition, the
said partition shall be shielded with metal from the floor to the
height of not less than three (3) feet higher than the range; if
the range is less than six (6) inches from the partition, then the
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studs shall be cut away and framed three (3) feet higher and
one (1) foot wider than the range and filled into the face of the
said stud partition with brick or fire-proof blocks with plaster
thereon, All ranges on wood or combustible floors and beams
that are not supported on legs and have ash-pans three (3) inches
or more above their base shall be set on suitable brick founda-
tions consisting of not less than two (2) courses of brick well
laid in mortar on sheet iron, except small ranges that have ash-
pans three (8) inches or more above their base, which ghall
be placed on at least one (1) course of brickwork on sheet iron
or cement, No range shall be placed against a furred wall.
All lath-and-plaster or wood ceilings over all large ranges, and
ranges in hotels and restaurants, shall be guarded by metal
hoods placed at least nine (9) inches below the ceiling. A
ventilating pipe connected with a hood over a range shall be
at least nine (9) inches from all lath and plaster or woodwork
and shielded, If the pipe is less than nine (9) inches from lath
and plaster and woodwork, then the pipe shall be covered
with one-half (}) inch of asbestos plaster or other incombustible
covering. No ventilating pipe connected with a hood over a
range shall pass through any floor unless protected as prescribed
in See, 13 for smoke-pipes,

Sec, 9. LAUNDRY-, COORING-, AND HEATING-5TOVES,—Laundry-
stoves on wood or combustible floors shall have a course of brick,
laid on metal, on the floor under and extended twenty-four (24)
inches on all sides of them. All stoves for cooking and heating
purposes shall be properly supported on iron legs resting on
the floor, three (3) feet from all lath and plaster or woodwork;
if the lath and plaster or woodwork is properly protected by a
metal shield, then the distance shall be not less than eighteen
(18) inches. A metal shield shall be placed under and twelve
(12) inches in front of the ash-pan of all stoves that are placed
on wood floors. i

Sec, 10, Gas-stoves AND Rangms.—All low gas-stoves shall
be placed on iron stands, or the burners $hall be at least six (6)
inches above the base of the stoves, and metal guard plates
placed four (4) inches below the burners, and all woodwork
under them shall be covered with metal. Open gas-stoves
shall be jsolated in the same manner as provided for stoves
in Sec. 9. Gas-ranges, if properly air insulated within them-
selves, shall be placed one (1) foot distant from all unprotected
woodwork or plastered stud partitions.
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The use of gas-burners or heaters, located in a floor system
under an open register, or on the outside of the fire-pot of any
hot-air furnace, in which the products of combustion are allowed
to escape into a room, is hereby prohibited, and all such burners
or heaters so located shall be removed within thirty (30) days
after the passage of this Code.

For gas-fitting and fixtures see Title XXXIX.

Sec. 11. BAKE-OVENS.—DBake-ovens are to rest on solid
foundations or metal beams and columns; the sides and ends
shall be at least two (2) feet from any woodwork and the crown
of arch at least four (4) feet from ceilings that have wood joists.
The hearth in front of bake-oven shall extend at least three
and one-half (3%) feet beyond the face of said oven, otherwise
all woodwork shall be protected as prescribed for boilers in Sec. 4.

Sec. 12. CorE- AND ANNEALING-0VENS.—All core- and anneal-
ing-ovens, or any portable smelting-furnace, shall be set on in-
combustible hearths with an air-space of at least five (5) inches
between hearths and the bottoms of such ovens or furnaces.
The construction of hearths and protection of surrounding
woodwork shall be the same as prescribed in Sec. 4 for portable
boilers.

Sec. 13. SmoxEe-pIPES.—Where smoke-pipes pass through a
wood or plastered stud partition, or furred wall, or floor, they
shall be surrounded either by a body of hard, incombustible
material, measuring at least four (4) inches all around such
smoke-pipe, or they shall be surrounded by a double safety
thimble of sheet metal made of two (2) concentric rings of
sheet metal at least one (1) inch apart, and the entire thimble
so constructed that there will be a circulation of air between
the two (2) rings forming the same. No smoke-pipe shall
project through an external wall unless connected with a chimney
or metal stack carried above the roof.

No stove- or smoke-pipe or any pipe condueting the products
of combustion from any range, oven, or heater shall be concealed
in any wood partition or be placed nearer than nine (9) inches
to any unprotected lath-and-plaster or board partition, ceiling, or
any woodwork.

Smoke-pipes of less diameter than twelve (12) inches shall
be kept at least twelve (12) inches distant from any woodwork,
unless the same is properly protected by a metal shield, in which
case the distance shall not be less than three (3) inches.

Smoke-pipes of greater diameter than twelve (12) inches
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and less area than six (6) square feet, must be kept at least
twenty (20) inches from any woodwork, unless the same is prop-
erly protected by a shield, in which case the distance shall not
be less than eight (8) inches.

Smoke-pipes of larger area than six (6) square feet shall be
kept at least three (3) feet distant from any woodwork, unless
the same is properly protected by a shield, in which case the dis-
tance shall not be less than sixteen (16) inches.

Sec. 14. SMOKE-PIPE SHIELDS.—The metal shields prescribed
in the previous section shall be at least one and one-half (1})
the diameter of the pipe in width and shall have a ventilated
air-space of at least one (1) inch between shield and woodwork.
Incombustible covering, as preseribed in Sec. 19, may be sub-
stituted for metal shields, or the smoke-pipe may be covered
as prescribed for steam-pipe in Sec. 17.

Sec. 15. Hor-A1r Prees.—Hot-air pipes conveying hot air
from hot-air furnaces built in between timbers or joists, or
through the same, or through wood floors, or in wood partitions
or other combustible materials, within ten (10) inches of the
same, shall be made double.

The space between the two metal pipes on all sides shall be
at least three-eighths (3) of an inch in the clear, and the two
pipes shall be kept apart from each other by the insertion of a
sufficient number of metallic separators between, one for every
two (2) feet of length of the pipe. Such pipes are to be made
with air-tight joints, without soldering them, and shall be
securely fastened to the partitions at every two (2) foot interval
and at least one-half (}) an inch from any unprotected wood-
work.

No vertical hot-air pipe shall be placed in a stud partition,
or in a wood inclosure, unless it be at least one-half (}) of a
diameter of the least dimension of the furnace distant in a hori-
zontal direction from the furnace. Hot-air pipes in closets
shall be double, with an air-space as preseribed above, and shall
be placed at least one (1) inch from any unprotected wood-
work. Horizontal single hot-air pipes shall be placed six (6)
inches below the floor-beams or ceiling; if the floor-beams or
ceiling are plastered on metal lath or are protected by a metal
shield one (1) inch therefrom, then the distance shall not be
less than two (2) inches from such ceiling or shield.

When the air conveyed through pipes is heated in an ordinary
hot-air furnace. or in any other apparatus by direct contact
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of the air with the fire-box, the material used for these double
ducts, pipes, and register-boxes shall be bright tin. Where the
air is heated with hot-water or steam pipes, any other sheet
metal, but of not less gauge than preseribed for tin, may be used
for the pipes, and the use of double pipes is not obligatory.

Sec. 16. Venr-rrpes.—Vent flues or duets for the removal
of foul or vitiated air in which the temperature of the air cannot
exceed that of the rooms may be constructed of iron or other
incombustible material, and shall not be placed nearer than
one (1) inch to any woodwork, and no such pipe shall be used
for any other purpose.

In the support or construction of such duets, if placed in a
public school-room, no wood furring or other inflammable
material shall be nearer than two (2) inches to said flues or ducts,
and shall be covered on all sides other than those resting against
brick, terra-cotta, or other incombustible material with metal
lath, plastered with at least two (2) heavy coats of mortar and
having at least one-half (}) inch air-space between the flues
or ducts and the lath and plaster.

Sec. 17. Steam AND Hor-waTeEr HEeATiNg Prres.—Steam
and hot-water heating pipes shall not be placed within two (2)
inches of any timber or woodwork, unless the timber or wood-
work is protected by a metal shield; then the distance shall
not be less than one-half (}) inch. All steam or hot-water
heating pipes passing through floors and ceilings or lath and
plastered partitions shall be protected by a metal tube one (1)
inch larger in diameter than the pipe, having a metal cap at
the floor and ceiling, and where they run in 4 horiZontal ditec-
tion between the floor and the ceiling they shall be supported
on iron and a metal shield shall be placed on the under side
of the floor over them, and on the sides of wood beams run-
ning parallel with said pipes; or said horizontal pipes shall be
covered with incombustible pipe-covering at least three-quarters
(3) of an inch thick. In no case shall lateral branches from
rising lines to radiators or coils be allowed between any floor
and ceiling line when such laterals cut into or through joists or
beams in conflict with Sec. 5, Title XIIT; and when such pipes
are inaccessibly concealed, they shall be covered with incom-
bustible material, as provided in Sections 18 and 19.

Sec. 18. Woop Casings.—All wood boxes or casings inclos-
ing steam or hot-water heating pipes, and all wood coverings
to recesses in walls, in which steam or hot-water heating pipes
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are placed, shall be lined with metal, or said pipes shall be covered
with incombustible sectional pipe-covering at least three-quarters
(@) of an inch thick.

Sec. 19. INcoMBUSTIBLE P1PE-COVERING.—No concealed pipe
shall be covered with a covering whose non-conductivity depends
upon cork, felt, or any other organic matter.

All coverings of heated surfaces, or surfaces requiring to
be protected from heat, and all concealed or inaccessible steam
or hot-water pipes, and all cold and ice water pipes, or other
pipes, as preseribed in Sec. 12, Title XTI, in buildings having iron
frames, shall be made of standard fire-resisting covering, either
of magnesium carbonate, calcium carbonate with binders of
asbestos fibre, or asbestos fibre and sheet coverings.

Sec. 20. Ducts ror Pipes.—All ducts for hot-air, steam, or
hot-water pipes shall be inclosed on all sides with fire-proof
material, and the opening through each floor shall be properly
fire-stopped.

Sec. 21. Rraisters.—Registers located over a brick furnace
shall be supported by a brick shaft built up from the ¢over of the
hot-air chamber; said shaft shall be lined with a metal pipe,
and all wood beams shall be trimmed away not less than four
(4) inches from it. Where a register is placed on any woodwork
in connection with a metal pipe or duct, the end of the said pipe
or duct shall be flanged over on the woodwork under it. All
registers for hot-air furnaces placed in any woodwork or com-
bustible floors shall have stone or iron borders,

All register-boxes shall be made of tinplate or galvanized
iron with a flange on the top to fit the groove in the frame,
the register to rest upon the same; there shall be an open space
of two (2) inches on all sides of the register-box, extending
from the under side of the border to and through the ceiling
below. The said opening shall be fitted with a tight tin or
galvanized-iron casing, the upper end of which shall be turned
under the frame. When a register-box is placed in the floor
over a portable furnace, the open space on all sides of the reg-
ister-box shall be not less than three (3) inches. When only
one register is connected with a furnace said regxster shall have
no valve.

Register-boxes, heads, or collars in floors or walls shall be
made double and set flush with floor or plaster line.

Sec. 22. NoTiCE As TO HEATING APPARATUS.—In cases where
hot-water, steam, hot-air, or other heating appliances or furnaces
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are hereafter placed in any building, or flues or fireplaces are
changed or enlarged, due notice shall first be given to the
Department of Buildings by the person or persons placing the
said furnace or furnaces in said building, or by the contractor
or superintendent of said work.

Sec. 23. BoiLEr-rRooMs.—No boiler for the generation of
power shall be placed in any building of the VII. class if of
greater capacity than ten (10) H.P. Boilers of more than ten
(10) and less than seventy-five (75) horse-power shall not be
located within eight (8) feet of any building of the VIL. class;
if of more than seventy-five (75) and less than two hundred
and fifty (250) horse-power they shall be at least twenty (20)
feet distant from any building of this class, and if of greater
capacity than two hundred and fifty (250) horse-power, they
shall not be less than thirty (30) feet distant.

Boiler- and fuel-rooms and smoke-houses which may here-
after be constructed shall be located not less than eight (8) feet
distant from any other building and shall be built throughout of
incombustible material. All the openings to such boiler- and fuel-
rooms and smoke-houses. if same are located within thirty (30)
feet of any other building, shall have shutters and doors of
metal, or wood covered with metal on both sides “and
edges.

Boiler- and fuel-rooms, when constructed in buildings shall
be separately inclosed in brick walls so arranged that all open-
ings between them and other parts of the building will be securely
closed with fire-doors at the end of each day’s work.

Sec. 24. DryinG-rooms.—All walls, ceilings, and partitions
inclosing drying-rooms, when not made of fire-proof material
shall be wire-lathed and plastered, or covered with metal, tile,
or other hard incombustible material.

Sec. 25. HEATING APPARATUS IN BaseEMENTS.—All rooms in
cellars or basements containing heating-boilers, furnaces, or
stoves of any kind, if not constructed of fire-proof material
shall have all ceilings lathed and plastered with two (2) coats
of brown mortar.

When heating-boilers are used, that portion of the ceiling
over the boiler and within a radius of four (4) feet therefrom
shall be plastered on metal lath or be protected by incombustible
shields. :

Sec. 26. ProTECTION AGAINST MOLTEN METAL, HoT LiQUIDS,
Gasgs, aAND Dust.—In every factory or workshop, all machinery
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and appliances connected therewith, also every vat, pan, or
other structure with molten or hot liquids, shall be placed upon
an incombustible foundation or hearth, and shall be constructed
in such.a manner and so guarded and further protected by such
ventilating ducts or pipes as to protect those employed in their
operation and use, or about them.

Sec. 27. AsH BoxEs AND Pirrs.—All receptacles for ashes shall
be of galvanized iron, brick, or other incombustible material.
When the ash-pit is located in a basement or cellar it shall
have brick walls at least one (1) brick in thickness, and if floor
over same is of wood, such pit shall be covered over with either
brick arching, stone, or concrete not less than four (4) inches
thick with four (4) inches of air-space between the covering of
pit and the ceiling, except for pits built directly under the
trimmer-arches of hearths.

The ash-flues connected with the upper floors of any building
shall be constructed and extend clear up to and above the roof,
the same as chimneys.

A self-closing scuppered cast-iron ash-door shall be placed
in each story at least two (2) feet above the floor. The metal
collar attached to frame shall be at least one-half (3) inch dis-
tant from all woodwork and connection with flue made air-
tight. Such flues or pits may also be used for sweepings, but for
no purpose which would be in violation of the ordinances of the
city or the regulations of the Board of Health, and when such
flues or pits are built in any building more than two (2) stories
high and occupied for any other purpose than a dwelling such
ash-pits must have the cleaning-out door accessible from the
outside of the building only.

Classification of Fire-proof and Slow-burning
Structures.—Highly fire-retardant as well as so-called fire-
proof building construction, in structures of any considerable
size, may be roughly divided into three classes.

First, mill construction, consisting of brick walls, very heavy
solid wooden beams, posts, girders, and flooring, having no con-
cealed spaces or ornamentation; vertical subdivisions such as
elevator-shafts, stairways, ete., cut off by brick walls and the
whole protected by automatic sprinklers. This type is found
principally in the textile mills of New England and the Southern
States.

Second, so-called fire-proof buildings having self-sustaining
outside walls of brick or stone and interior supporting members
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of steel or iron covered with some form of heat insulator, the
horizontal sections of which are utilized as flooring.

Third, the so-called steel-cage type of building, consisting
of a steel framework of sufficient strength to support the eom-
paratively thin outside walls with which it is veneered, as well
as such interior construction as may be essential to floors, par-
titions, ete.

The first of these types, the mill-constructed building, ex-
pressed the outcome of some fifty years of exceedingly expensive
experience. This experience has shown that where such build-
ings are isolated and where specifications such as are furnished
by the New England mutual insurance companies are followed
the fire loss is reduced to a minimum. Complete desecription
and typical plans, however, can be had gratis upon applica-
tion to Edward Atkinson, 31 Milk Street, Boston, Mass.

The second type of building, namely the outside supporting
walls with iron or steel interior framework, came into existence
practically with the invention of the rolled I beam in about 1855.

There is little to say from the fire-protection point of view
to the superintendent regarding the construction of outside
self-sustaining walls. Their limit of thickness and general de-
tails of construction are usually fixed within sufficiently safe
limits by local building ordinances, which if followed out con-
sistently should insure satisfactory results.

Coming to the matter of floors, partitions, and other highly
fire-resistant interior subdivisons of the second type of build-
ing, it may be stated generally that they are very similar in
form to corresponding portions of buildings of the third type,
while the outside walls, partitions, ete., in the so-called cage-
constructed building might, without much stretch of imagina-
tion, be considered merely as a vertical flooring inasmuch as
each seetion is sustained upon the general steel framework.
In view of the foregoing it is perhaps fair to treat outside walls
of the cage type of building as well as interior floor and parti-
tion construction in both second and third class of buildings
under one heading and make general suggestions for all at
once. R

As experiments have demonstrated clearly, the steel or iron
struetural members of a building, while eomposed of what is
commonly regarded as thoroughly fire-proof material, are inca-
pable of withstanding any considerable degree of heat without
reducing their mechanical strength to such an extent as to
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render them no longer self-supporting, let alone capable of
supporting any outside load. ‘

‘00 "O1L

ExEs

' EEEJ

As is well known, steel has a comparatively low specific heat
and is a good conductor of heat. These, together with the
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fact that it loses its mechanical strength at a tremendously
rapid rate when heated above 1200° to 1400° F., make exposed-
steel construction exceedingly dangerous in the presence of
even an insignificant amount of heat, such an amount, for
example, as might be generated by the burning of the fur-
nishings of an ordinary room.

Fach system has its advantages, its disadvantages, and its
partisan advocates, but any great superiority of either over
the other depends on care of installation rather than on any-
thing inherent. {

To protect iron and steel structural building members from the
effect of possible heat, many systems of so-called fire-proof con-
struction have been put forward.

These may be roughly divided into two classes, and in nearly
every instance the matter of heat-insulation is combined with

fFlashing

<Iron Plate
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«Roof Anchor
74
Fic. 201. Fic. 202.
Roof-timber resting on cast-iron Roof-timber resting on column-

wall-plate, showing overhanging, ca{J, cast to fit slope of roof. Timbers
open, wood cornice and wrought-iron held together by 1-inch wrought-iron
anchor. dogs.

a more or less feasible system for the installation of floors,
partitions, etc., and in some instances outside walls as well.
The two systems mentioned are, first, some form of baked
clay, or moulded plaster or concrete finished in definite forms
or blocks and intended for installation in some modification
of the arch form. Second, various combinations of steel-support-
ing members incorporated into and forming a support for a body
of Portland-cement concrete, which extends in an unbroken
mass from one main structural element to another.
Slow-burning or Mill Construction.—This method
of construetion, shown by Fig. 200, has been brought into use
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through the efforts of the Associated Factory Mutual Fire
Insurance Companies of Boston. :

While not being in any sense of the word a fire-proof con-
struction, still it affords protection from fire, inasmuch as what-
ever combustible material is used is so exposed and so put
together that it is difficult to cause it to take fire, and when
once started it burns slowly and the fire is in plain sight, as there
are no hollow walls or spaces to conceal it.

Fic. 203. Fic. 204.

Floor-timber resting on cast-iron Cast-iron cap and giilrlltle for col-
wall-plates, with lugs for anchoring umns and dogs for holding floor-tim-
timber to the wall. bers together.

The walls of this class of buildings are usually of brick, with
or without piers or pilasters. The
floor- and roof-timbers are made
heavy enough so that they can be
spaced about 8 feet apart, and
are carried on wooden posts through
the interior of the building. These
posts are framed together with a
cast-iron pintle, as shown by Figs.
204 and 205.

Where the floor-timbers or
girders rest on the wall they are

Fia. 205.
Cap and pintle cast to fit

framed, as shown by Fig. 203, on columns on each story. Heavy
: diagonal webs on under side of
a cast-iron plate or wall anchor- cap.

box.

The floor-timbers are covered with a 3-inch or 4-inch plank
floor put together with hard-wood splines, and on top of this
is usually laid a matched floor of some hard wood, and in some
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cases a double floor is laid on top of the plank floor, the first
thickness of flooring being laid diagonally and the top floor laid
80 as to cross the plank floor.

In this system of construction the main object is to have
no concealed spaces for fire to get into, or cause a draught, and
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all timbers connecting with or resting on the walls should be so
framed and fastened that if broken or burned off they will
readily drop out without injury to the wall. In this construc-
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tion each floor is isolated from the others so far as possible,
the stairways, belt tower, vent shaft, etc., being cut off with
brick walls extending to the roof, as shown by Figs. 206 and
207.

The special features of this method of construction as recom-
mended by the associated factory mutual fire insurance
companies are as follows:

1. Warrs.—Brick walls at least 1 foot thick in top story
and increased.in thickness at lower floors to support additional
load. The pilastered wall has many favorable features and is
often preferred to the plain wall. Window- and door-arches
should be of brick, window-sills of sandstone, and door-sills
and underpinning of granite.

2. Roors.—Roofs of 3-inch white pine plank, spiked directly
to the heavy roof timbers and covered with 5-ply tar and gravel
roofing. Roofs should pitch 4 inch per foot. An incombustible
cornice is recommended .when there is exposure from neighbor-
ing buildings.

3. FLoors.—Floors of spruce plank 4 inches or more in
thickness according to the floor loads, spiked directly to the
floor-timbers. In floors and roof, the bays should be 8 to 10} feet
wide and all planks two bays in length, laid to break joints every
3 feet and grooved for hardwood splines. Usually a top floor
of birch or maple is laid at right angles to the planking, but
the best mills have a double top floor, the lower one of soft wood
laid diagonally upon the plank and the upper one laid length-
wise. This latter method allows boards in alleys to be easily
replaced when worn, and the diagonal boards brace the floors,
prevent vibration, and distribute the floor load even better than
the former method.

Between the planking and the top floor should be two or
three layers of heavy tarred paper, laid to break joints, and
each mopped with hot tar or similar material to produce a
reasonably water-tight as well as dust-tight floor.

Rapid decay of basement or lower floors of mills makes it
desirable, whenever wood is not absolutely necessary, to pro-
vide cement floors for these places. If wooden floors are’ re-
quired, crushed stone or cinders should be spread evenly over the
surface and covered with a thick layer of hot tar conerete, into
which an under floor of 2-inch seasoned plank should be pressed
and the hardwood top floor-boards nailed across the plank.
Cement concretes are apt to promote decay of wood in contact
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with them. If extra support is required for heavy machinery,
independent foundations of masonry should be provided.

4. TimBERS AND CoLuMns.—All woodwork in standard con-
struction, in order to be slow-burning, must be in large masses
that present the least surface possible to a fire. No. sticks less
than 6 inches in width should be used, even for the lightest
roofs, and for substantial roofs and floors much wider ones
are needed. Timbers should be of sound Georgia pine, and
for sizes up to 14X 16 inches single sticks are preferred, but
timbers 7 or 8 inches by 16 are often used in pairs, bolted
together with a slight air-space between (} to % inch). They
should not be painted, varnished, or filled for three years because
of danger of dry rot, and an air-space should be left in the
masonry around the ends for the same reason. Timbers should
rest on cast-iron plates in the walls and on cast-iron caps on
the columns.

Columns of Southern pine should be bored through the
centre by a 13-inch hole, with }-inch vent-holes top and bottom,
and ends should be carefully squared. They also should not
be painted until thoroughly seasoned, to prevent dry rot.
Columns should be set on pintles, which may be cast in one
piece with a cap, or separately, as preferred. Columns of cast
iron are preferred by some engineers, and when the building
is equipped with automatic sprinklers have proved satisfactory.

5. Stairs, ELEvaTORS, AND BELTS.—One of the most impor-
tant features of slow-burning construction is to make the floors
continuous from wall to wall without holes for belts, stairways,
or elevators, so that a fire may be confined to the floor where
it starts. Elevators and stairs, as well as main belts, must be
inclosed in brick towers, and all openings provided with self-
closing fire-doors. These self-closing doors, as illustrated,
should be hung on heavy, inclined, solid-steel rails and balanced
by a weight held by a fusible link.

6. Winpows.—Windows to be placed as high and made as
wide as possible to obtain the best light, and the use of ribbed
glass is recommended in upper sashes. In the illustration
windows with the ordinary rising sash are shown on the end
wall in the upper story, and on the third story the English
type, in which the lower sashes may be either fixed or rising,
with a transom for ventilation. On the second floor is illus-
trated a window for wide panels, with a mullion in the centre.

ANCHORS oN Jorsts, ETc.—In mill or factory, and also in
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house construction, the specifications will generally specify
that the ends of the joists are to be bevelled on the ends 3 inches
or 4 inches in the width of the joists. The idea for this is so
in case the joists are broken or burned off they will readily
drop out of the wall without doing any damage. Then often
the same specifications will go on and ecall for wrought-iron
anchors to be built in the wall and securely fastened to every
third or fourth joist. These anchors are usually fastened to
the sides of the joist and are often put up near the top edge
of the joist, which should not be permitted, for if the anchors
are fastened at or near the top of the joist and the joist should
drop the anchor will either pull in a part of the wall or the
lower corner of the end of the joist will forece out a portion of
the wall. Thus we find the intent of the specifications con-
flicting, one paragraph tending to release the joists and another
fastening them more solid.

When anchors of this kind are used they should be put at
the bottom of the joist, and if made of flat iron, as is usual,
they should be given a quarter turn at the wall, so the flat of
the iron will be in a position to bend easily if the joist should
fall.

A more desirable anchor is a cast-iron box in which each joist
is set and engaged with lugs, the box being built solid in the
wall.

Regarding slow-burning and mill construction the Chicago
Building Code says:

Sec. 68. SLow-BURNING CoNSTRUCTION DEFINED.—The term
“slow-burning construction’’ shall apply to all buildings in which
the structural members which carry the loads and strains which
come upon the floors and roof thereof are made wholly or in
part of combustible material, but throughout which the com-
bustible as well as the incombustible materials shall be pro-
tected against injury from fire, by coverings of incombustible,
non-heat-conducting material similar to those described under
the head of “skeleton construction,” except that a single cover-
ing of plastering on metal lath and metal furring shall be con-
sidered sufficient protection for the under side of joists, and
that a deafening of mortar or its equivalent, applied at least
one and one-half inches thick, shall be used to cover all floors
and roof-surfaces above the joists of the same.

Fire-PrOOF COVERING OF Posts AND ELEVATOR INCLOSURES
—Where oak posts of greater sectional area than one hundred
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square inches are used, they need not have special fire-proof
covering. All partitions and all elevator inclosures in build-
ings of this type shall be made entirely of incombustible material.
The use of wood furring or of stud partitions shall not be allowed
in buildings of this class.

Sec. 69. ML ConstrUcTION DEFINED.—The term “Mill
Construction” shall apply to all buildings in which all the
girders and joists supporting floors and roof have a sectional
area of not less than seventy-two square inches, and above
the joists of which there is laid a solid timber floor of thickness
not less than three and three-fourths inches thick. Wooden
posts used in buildings of this class shall not be. of smaller
sectional area than one hundred square inches. Partitions and
elevator inclosures in buildings of this class shall be made
entirely of incombustible material.

FireprooFiNGg.—If iron pillars, girders, or beams are used in
buildings of this class, they shall be protected as provided for
fire-proof buildings; but the wooden posts, girders, and joists
need not be protected by fire-proof covering. The use of wood
furring, wood laths, or stud partitions shall not be permitted
in buildings of this class. i

The following regarding bond iron is taken from the San
Francisco Building Code, and the author regards it as an excellent
method of construction, as the flat iron gives a bearing for the
joist and it also ties the wall together.

Sec. 130. Bonp IronN.—Bond iron at least three by one-
quarter (3X1) inches shall be placed under each tier of floor
and ceiling joists of all brick and stone buildings other than
Class “A” and run around the entire walls of the building,
and must be lock-jointed and anchored at each angle

Fire Protection of Fire-proof Structures.—It ig
not the intention of the author, in taking up this subject of
fire protection, to advocate any one or more of the many systems
of fire-proof construction, or to recommend or condemn either
tile or concrete construction, for it is his opinion that either
tile or cinder-concrete fireproofing will stand any test of fire that
it is liable to be subjected to, providing that the materials and
workmanship used are of the best, and the work is done in
the best possible manner.

We have only to notice the tests made by various authorities
on the different systems of fireproofing to see that nearly all
gtand the most severe tests; and why? Because when an arch
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is built for the purpose of making a test, it is always constructed
of the best materials to be obtained, and in the best possible
manner.

It is very amusing to read the reports and opinions of the
different engineers and architects who visited the scene of
some great conflagration, as at Baltimore. One engineer will
visit the various buildings that have been damaged by the
fire, and according to his report he could see nothing that with-
stood the fire element but burnt-tile construction; while another
engineer will go over the same ground and find that all fire-
proofing failed except cinder-concrete construction. Then the
trade journals will come out, some advocating tile fireproof-
ing, and will publish long articles with photographs showing
how tile had stood and concrete failed; while other journals
will show that concrete construction had stood and tile had
failed; and so to a person not interested in any one method
of construction these reports and visits to the scene of the
fire show that in places both tile and concrete withstood the
hottest fire, and in other places they both failed.

Now, with these facts having but recently been brought before

"us, it will be the intention of the author to try and show where
the work of fireproofing is usually slighted, and where it will
be the duty of the superintendent to see that it is done as well
as the best materials and workmanship can do if. .

Floor Construction of Fire-proof Buildings.—
This is one of the most vital points in the construction of a
building, and one on which the preservation of the building
depends to a great extent in case of fire. Each floor in a build-
ing acts as a barrier in case of fire between the different stories,
and if the floor construction is weak or fails, then the fire has
egress from floor to floor and the fire cannot be éonfined.

Nearly all the various systems of floor construction now
used have been tested and have given excellent results in with-
standing heat, except in cases where it has been shown that
poor materials and bad workmanship have been used. The
Baltimore fire proved that where good materials and workman-
ship had been used the various systems stood the heat remark=
ably well, but where bad materials and careless workmanship
had been employed they failed.

As the work is so rushed in many instances, and so little
care taken in superintending the work, it is little wonder that
some buildings fail when put to a fire test.
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In all the different methods of floor construction only the
very best of materials and labor should be employed, and the
work should be done under the direct supervision of a com-
petent superintendent; no matter how good or competent
workmen may be they will at times grow careless unless they
know some one is watching them.

Horvrow-TiLE ConsTrRUCTION.—Hollow tile is one of the oldest
systems of fire-proof construction, and has given good results
in past fires, where the arches were properly built; but where
poor workmanship has been used it failed to stand as it
should. ;

Mortar.—The mortar for setting tile should be made with the
best Portland cement, and as Portland-cement mortar is too
short or brittle to stick to the tile a little lime putty should be
added.

The superintendent should see that just enough of the putty
is used to make the mortar plastic enough so that it will stick to
the tile as it is shoved into place. Hot lime mortar should
never be used.

Setting Tile.—In setting the tile the sides of the beam should
first be given a heavy coat of mortar, then the skew-back tile
should be coated on the end which sets against the beam, and
the tile shoved into place. The succeeding tile should then
be coated with mortar on one end and side and shoved into
place so as to obtain a solid joint of about ¢ inch, as this
size joint is heavy enough for all tile-work. The tile used
should be of such a size that the key will just fill the space with
the above-sized joints; it should not be so tight that it will
have to be forced or driven home. If the joints are a little
large they should be wedged with a flat piece of tile or
slate, but if the proper-sized tile is used this will not be neces-
sary. :
When setting tile arches the superintendent should have the
workman complete the arch as he goes along. That is, finish
each course of tile across the arch and insert the key before
starting another course of tile. In side construction, when the
tiles overlap and break joints the courses can be stepped back
and the key put in place. This method gives the werkman a
better chance to get the joints slushed full of mortar and also
prevents the wooden centre from sagging with the weight of the
tile, which is the case when the tiles are all put in and the keys
left out until the last.
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In floor arches of end construction, if the workmen are not
watched they are liable to get the courses | p-——-=-eeuo——_—
of tile out of line, or one tile higher than \\“““W\“&\"
another, so that the webs of the two
adjoining tiles will not butt against each
other, as shown by Fig. 208, the shaded
section representing the end of one tile
and the dotted lines that ‘of the abutting
tile.

An arch built in this manner has very
little strength. The webs of each succeed-
ing tile should butt solid against the one already set and all
joints should be filled solid with mortar.

After the Baltimore fire it was noticed in some of the buildings
that the tile floors of side construction stood better than those
of end construction, and no doubt the cause of this was that in
the side construction it is easier for the mason to fill his joints
than in the end construction, and the end construction men-
tioned had been slighted. This is one point that the superin-
tendent should bear in mind when superintending any tile-work.
After the arch is in place it is well to coat it over with about
} ineh of mortar trowelled smooth, as this insures the filling of
all holes and protects the tile.

The webs of tile, to resist fire effectively, should not be less
than 1 inch in thickness, and all shoe-tiles for the protection of
beams, ete., should be heavy enough so that the beam will be
protected with at least 2 inches of tile and mortar, exclusive
of the plastering.. These shoes should be put on so that
they are held in place and supported by the beam and its
flange, and no wires should be used to hold them in
place.

The lower lips on arch skew-backs are usually 2 inches or
less in thickness and form the section of the block most easily
chipped off in handling. Even 2 inches of insulation is quite
thin enough on the lower flanges of beams and girders, and all
chipped skew-backs should be rejected, as patching cannot be
done successfully.

Wetting the Tile.—In warm weather all hollow tiles, whether
dense or porous, should be well wet or water-soaked before
laying. In freezing weather they must be kept dry.

It is good policy to suspend operations and not set any tiles
when the weather is so cold as to prevent wetting the tiles,
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Dry tiles draw the moisture from the cement mortar and
eauses it to loose strength.

Concrete Fire-proof Construction.—In fire-proof con-
struction of this kind the main point to be abserved is to get
good materials. Portland-cement mortar has proven to be
one of the best materials to withstand fire, and if the aggregate
used to form the concrete is of like material, then there will
be no danger of failure from a floor built of this material.

THE AGGREGATE.—Broken brick or tile makes the best aggre-
gate, but on account of the cost is not much used. Broken stone
is to be avoided, as stone will not stand the heat. Crushed slag
or clinkers make a good aggregate and are entirely fire-proof.
Cinders have been, and will be, the principal aggregate used for
fire-proof concrete construction, because of its cheapness, and
because cinders can be obtained in almost any locality.

In many cases the cinders that have been used to make the
concrete have been fireproof in name only, and it is these cases
that fail in case of fire. The ordinary cinders usually contain
from 50 to 70 per cent of dirt, ash, and unburned coal, and this
must all be taken out before it is a fire-proof material. The
cinder aggregate should be composed of small or crushed
clinkers, and if there is more than 10 per cent of dirt, ash, or
unburned coal it should not be used. The superintendent
should see that the cinders are so screened, and if necessary,
washed, so as to obtain an aggregate of 90 per cent clinkers.
A concrete made of this aggregate and Portland cement will
withstand any fire it is liable to come in contact with.

PrEPARING AND PraciNg.—The conerete should be prepared
and put in place as described on pages 167 and 174.

When beams, girders, columns, ete., are protected by concrete
the concrete should not be less than 3} inches thick on the outer
corners of the beam or column.

UskE oF PrAsTER OoF PAris.—Any floor construction in which
plaster of Paris is used to any large extent should be avoided,
or any wall plaster which has plaster of Paris as its base should
not be used, as plaster of Paris will not stand excessive heat.

The Building Code of the city of Cleveland prohibits the
use of plaster of Paris in the following: ‘

Sec. 1. MaTEriaLs Pronisrrep.—No plaster of Paris, or
sulphate of lime, and no coal, sawdust, coke, coke breese, or
unconsumed or partly consumed material, inclusive of cinders,
containing any of the compounds of carbon and subject to com-
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bustion, disintegration, or distillation at 1500° F., shall enter
into any material used for the construction of the floors, par-
titions, covering for structural members, or in any part of fire-
proof buildings of the I. and II. classes, except in the form of
wall plastering or as a gauge for mortar. No quicklime shail
be used in the composition of the material used in the con-
struction of walls or floors except in combination with Portland
cement, when used for mortar in setting fire-proof material with
a trowel.

Tile Partitions, Furring, etc.—All tile partitions
should start directly on top of the floor arch or beam, and should
never be built on top of any wood floor or floor strips, The
tile should be well anchored to the adjoining walls and joints
broken so as to get as rigid a wall as possible.

ArcHEs OVER OpENINGS.—Over all openings the tile should
be cut so as to form a flat arch, and no dependence should be
placed on the frame to carry the tile.

NAILING-BLOCKS.—It has been the custom in the past to
build in wood blocks as shown by Fig. 209, for nailing base
or grounds to.
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Fic. 209.

Blocks of this kind should not be used, but a wood block
can be put inside the tile for nailing purposes as shown and
described on page 303.

Casing of Columns, Furring, etec.—When iron or
steel columns are furred or cased with tile, the tile should never
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be less than 4 inches thick, and all space between the tile and
iron should be filled solid with mortar and small pieces of tile,
as this in itself is a good protection from fire, The tile
should always be put up in such a manner that it will sustain
itself, and never be dependent on wires or metal clips of any
kind.

Wood in Fire-proof Structures.—During the past few
years fire-proof materials have been gradually taking the place
of wood in the construction of fire-proof buildings until at the
present time all the wood used is in the floors, windows, doors,
and trim; and it will be but a short while until all wood will
be practically eliminated from any fire-proof structure. Window
frames and sash are now made in metal, floors are made of
various fire-proof compositions, doors are made of metal or of
wood covered with metal, mouldings for trim and base can be
made in metal or run in cement, so at the present time it is
possible to erect a building that will have no combustible
material whatever in its construetion. But as construction of
this kind means extra cost capitalists and builders will be
averse to it unless forced to it by the building laws of the various
cities.

By making some changes in the methods used at the present
time buildings can be made fireproof and with a small percentage
of additional cost. Wood floors when laid on sleepers bedded
in concrete afford very poor fuel for a fire, and it would be hard
to ignite unless a large amount of other inflammable material was
in the room to make a great heat. The wood base can be replaced
with a neat cement base at very little extra cost.

The windows should be entirely of metal to afford protection
from the outside, as will be explained more fully.

The doors and jambs can be made of wood and the plaster
finished to the jamb with a bead or with a stucco or cement
moulding. This will give a building with no wood but floors
and doors, and the cost will not be much in excess of what it
would be with the present methods of construction.

In some buildings erected during the past few years the floors
have been laid on strips which were simply laid on the floor-
arch, and the space between not filled with concrete but left
open.

This should never be permitted, as this space only makes a
draught or sort of flue in case of fire. The space should be
filled solid to the top of the floor strips with concrete.
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Then heavy wood frames have been set in all openings of
partitions, etc., and the tile built around them and across the
top, the wood frames being depended upon to carry the tile
over the opening. This should never be allowed. Wood blocks
can be put inside the tile and the door-jambs can be nailed
and fastened through the tile into these blocks, or the jamb
can be bolted fast with toggle-bolts.

If it is desired to use a rough frame a 2-inch one is heavy
enough and should be bolted fast to the tile, and the tile should
be arched over the top so as to carry its own weight.

There are several processes by which wood can be rendered
fireproof, and all wood used in a fire-proof building should be fire-
proofed by an approved process.

Pipes, Wires, etc., in Fire-proof Buildings.—In all
fire-proof buildings there should be provisions made for taking
care of all pipes, conduits, wires, ete., without having them
built in the partitions or in the casing of the columns, as is
commonly done. A shaft should be built with brick walls
extending from the cellar to the roof with outlets at each floor
covered with fire-proof doors. The pipes can be carried up
in such a shaft and branches taken off to supply each floor; a
ladder should be provided the full length of the shaft with
platforms at each floor, then the valves or stop-cocks con-
trolling the various branches would be easily accessible. It
was claimed by some parties after the Baltimore fire that the
pipes encased in the column fireproofing of some of the build-
ings got so hot they buckled and forced off the fire-proof casing;
but if they did it was because the fireproofing gave way or was
not heavy enough to protect the pipes or they would not have
got hot. Still all pipes should be run up in a shaft where they
can be got at any time. When a pipe runs up in a partition or
column the mason has to cut his tile around it and this weakens
the fireproofing.

Stairways in Fire-proof Buildings.—The stairway
or shaft in a fire-proof, or in fact in any brick or other than a frame
strueture, should be inclosed on all sides with brick walls, and
all openings should be provided with fire-proof doors so that
the stairway can be shut off from the rest of the building. These
doors should be -arranged so as to work automatically in case
of fire. The stairs should be built of iron or other incombustible
material, and if slate or marble treads or platforms are used
the slate or marble should be supported under its entire surface
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with metal or concrete. Marble and slate will not stand exces-
sive heat, and the treads or platforms are liable to get hot and
break in case of fire; this endangers the lives of firemen who
may be using the stairs.

The spread of fire in a vertical direction is undoubtedly most
effectively guarded against by making the floors continuous
and unbroken ; that is, eliminating all openings in the floors and
placing the necessary means of communication, such as stair-
ways, elevators, pipes, shafts, belts, ete., in shafts entirely
separated from the rest of the building by brick walls. Elevator
shafts, stairways, and corridors, in buildings where sightliness
is an essential, can be thoroughly cut off from the remainder
of the building by wire-glass partitions mounted in iron frame-
work. This application is favored in office buildings, hotels,
department stores, etc.

"The Building Code recommended by the National Board
of Fire Underwriters gives the following

RULES FOR FIRE-PROOF CONSTRUCTION.

Sec. 105. FIrE-PrROOF BuiLpiNgs.—Buildings Named.—Every
building hereafter erected or altered to be used as a theatre,
lodging-house, school, jail, public station, hospital, asylum,
institution for the use, care, or treatment of persons, the height
of which exceeds three stories and not more than forty feet in
height, and every building hereafter erected or altered to be
used as a hotel or an apartment hotel which exceeds four stories
and not more than fifty feet in height, exceping all buildings
for which specifications and plans have been heretofore approved
by the proper authorities, and every other building the height
of which exceeds fifty-five feet or more than four stories in
height, shall be built: fireproof; that is to say—

Fire-proof Construction Stated.—They shall be constructed
with walls of brick, stone, Portland-cement conerete, iron, or
steel in which wood beams or lintels shall not be placed, and
in which the floors and roofs shall be constructed with rolled
wrought-iron or steel floor-beams, spaced not more than five
feet on centres and otherwise so arranged as to spacing and
length of beams that the load to be supported by them, together
with the weights of the materials used in the construction of
the said floors, shall not cause a greater deflection of the said
beams than one-thirtieth of an inch per foot of span under the
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total load; and they shall be tied together at intervals of not
more than eight times the depth of the beams with suitable
tie-rods.

Floor Filling betweéen Beams.—Between the floor-beams shall
be placed brick arches springing from the lower flanges of the _
steel beams, or the spaces between the beams may be filled with
hollow-tile arches of hard-burnt clay or porous terra-cotta, or
arches of Portland cement reinforced with metal, or such other
fire-proof composition may be used, provided that in each and
all cases the strength and method of construction shall be accept-
able to the commissioner of buildings.

Stairs—The stairs and staircase landings shall be entirely
of brick, stone, Portland-vement concrete, iron, or steel.

Allowed Woodwork Mentioned—~No woodwork or other in-
flammable material shall be used in any of the partitions,
furrings, or ceilings in any such fire-proof buildings, excepting,
however, that when the height of the building does not exceed
eight stories nor more than oné hundred feet the doors and
windows and their frames and trims, the casings, the interior
finish when filled solidly at the back with fire-proof material,
and the floor-boards and sleepers directly thereunder, may be
of wood, but the space between the sleepers shall be solidly
filled with fire-proof materials and extend up to the under side
of the floor-boards.

When More than Eight Stories or More than 100 Feet High.—
When the height of a fire-proof building exceeds eight stories,
or more than one hundred feet, the floor surfaces shall be of
stone, cement, rock asphalt, tiling, or similar incombustible
material, or the sleepers and floor-boards may be of wood treated
by some process approved by the commissioner of buildings
to render the same fire-retarding. \

Metal Window Frames and Sash.—All 0uts1de window frames
and sash shall be of metal.

Inside Woodwork, how Treated.—The inside window frames
and sash, doors, trim, and other interior finish may be of wood
covered with metal, or of wood treated by some process ap-
proved by the commissioner of buildings, to render the same
fire-retarding.

Hall and Permanent Partitions of Fire-proof Material.—
All hall partitions or permanent partitions between rooms in
fire-prcof buildings shall be built of fire-proof material and
shall niot be started on wood sills nor on wood floor-boards, but, -
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be built upon the fire-proof construction of the floor and extend
to the fire-proof beam filling above. ‘

Solid Space above Doors and Windows in Partitions.—The tops
of all door and window openings in such partitions shall be at
_ least twelve inches below the ceiling line.

Inclosing of Stair Halls.—In all fire-proof buildings other than
stores, warehouses, and factories, if exceeding three stories and
forty feet in height, the stair halls shall be inclosed on each
story with fire-proof material, same as required for elevators,
to so form an inclosure the floor area of which shall not be more
than three times the united area of the floor openings for the
elevators and stairs.

Sec. 106. Fire-PROOF FrLoor FILLINGS BETWEEN Brams.—
Common Brick Arches.—Between the wrought-iron or steel
floor-beams shall be placed brick arches springing from the
lower flange of the steel beams.

Rise per Foot of Span.—Said brick arches shall be designed
with a rise to safely carry the imposed load, but never less than
one and one-quarter inches for each foot of span:between the
beams, and they shall have a thickness of not less than four
inches for spans of five feet or less and eight inches for spans
over five feet, or such thickness as may be required by the
commissioner of buildings.

How Laid.—Said brick arches shall be composed of good,
hard brick or hollow brick of ordinary dimensions laid to a
line on the centres, properly and solidly bonded, each longi-
tudinal line of brick breaking joints with the adjoining lines
in the same ring and with the ring under it when more than
a four-inch arch is used. The brick shall be well wet and
the joints filled in solid with cement mortar. The arches shall
be well grouted and properly keyed.

Hollow-tile Arches of Burnt Clay or Terra-cotta.—Or the space
between the beams may be filled in with hollow-tile arches of
hard-burnt clay or porous terra-cotta of uniform density and
hardness of burn.

Skew-backs.—The skew-backs shall be of such form and
section as to properly receive the thrust of said arch; and the
said arches shall be of a depth and sectional area to carry the
load to be imposed thereon without straining the material
beyond its safe working load, but said depth shall not be less
than one and three-quarters inches for each foot of span, not
- including any portion of the depth of the tile projecting below
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the under side of the beams, a variable distance being allowed
of not over six inches in the span between the beams if the
soffits of the tile are straight; but if said arches are segmental,
having a rise of not less than one and one-quarter inches for
each foot of span, the depth of the tile shall be not less than
six inches. .

Joints Filled with Cement Mortar.—The joints shall be solidly
filled with cement mortar as required for common brick arches
and the arch so constructed that the key parts shall always
fall in the central portion.

End Construction.—The shells and web of all end-construction
blocks shall abut, one against another.

Arches of Portland-cement Concrete Reinforced with JlIetal
‘Segmental in Form.—Or the space between the beams may be
filled with arches of Portland-cement concrete, segmental
in form, and which shall have a-rise of not less than one
and one-quarter inches for each foot of span between the
beams.

Thickness at Crown of Arch.—The concrete shall be not less
than four inches in thickness at the crown of the arch and
shall be mixed in the proportions required by Section 18 of this
Code. :

Reinforced with Metal—These arches shall in all cases be
reinforced and protected on the under side with corrugated or
sheet steel, steel ribs, or metal in other forms weighing not
less than one pound per square foot and having no openings
larger than three inches square.

Various Fillings between Floor-beams— Tests as a Precedent
Condition of Use.—~Or between the said beams may be placed
solid- or hollow-burnt elay, stone, brick, or concrete slabs in
flat or curved shapes, concrete or other fire-proof composition,
and any of said materials may be used in combination with
wire cloth, expanded metal, wire strands, or wrought-iron or steel
bars; but in any such construction and as a precedent condi-
tion to the same being used, tests shall be made as herein pro-
vided by the manufacturer thereof under the direction and
to the satisfaction of the Commissioner of Buildings, and
evidence of the same shall be kept on file in the Department
of Buildings, showing the nature of the test and the result
of the test.

How Tests shall be Made.—Such tests shall be made by con-
structing within inclosure walls a platform consisting of four
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rolled steel beams, ten inches deep, weighing each twenty-five
pounds per lineal foot, and placed four feet between the centres,
and connected by transverse tie-rods, and with a clear span
of fourteen feet for the two interior beams and with the two
outer beams supported on the side walls throughout their length,
and with both a filling between the said beams, and a fire-proof
protection of the exposed parts of the beams of the system to
be tested, constructed as in actual practice, with the quality
of material ordinarily used in that system and the ceiling
plastered below, as in a finished job; such filling between the
two interior beams being loaded with a distributed load of one
hundred and fifty pounds per square foot of its area and all
carried by such filling; and subjecting the platform so con-
structed to the continuous heat of a wood fire below, averaging
not less than seventeen hundred degrees Fahrenheit for not
less than four hours, during which time the platform shall
have remained in such condition that no flame will have passed
through the platform or any part of the same, and that no part
of the load shall have fallen through, and that the beams shall
have been protected from the heat to the extent that after
applying to the under side of the platform at the end of the heat
test a stream of water directed against the bottom of the plat-
form and discharged through a one and one-eighth inch nozzle
under sixty pounds pressure for five minutes, and after flooding
the top of the platform with water under low pressure, and
then again applying the stream of water through the nozzle under
the sixty-pounds pressure to the bottom of the platform for
five minutes, and after a total load of six hundred pounds per
square foot uniformly distributed.over the middle bay shall
have been applied and removed, after the platform shall have
cooled, the maximum deflection of the interior beams shall
not exceed two and one-half inches.

Different Tests may be Prescribed.—The Commissioner of
Buildings may from time to time preseribe additional or dif-
ferent tests than the foregoing for systems of filling between
iron or steel floor-beams, and the protection of the exposed
parts of the beams.
~ Systems Failing under Test, Use Prohibited.—Any system
failing to meet the requirements of the test of heat, water,
and weight as herein prescribed shall be prohibited from use
in any building hereafter erected.

Awuthenticated Tests may be Accepted.—Duly authenticated
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records of the test heretofore made of any system of fire-proof
floor filling and protection of the exposed parts of the beams
may be presented to the Commissioner of Buildings, and if
the same be satisfactory to said Commissioner it shall be accepted
as conclusive.

Protection against Injury by Freezing.—Temporarily Covered
over when Necessary.—No filling of any kind which may be injured
by frost shall be placed between said floor-beams during freezing
weather, and if the same is so placed during any winter month,
it shall be temporarily eovered with suitable material for pro-
tection from being frozen.

Cinder-conerete Filling on Top, to be Filled up to Under
Side of Wood Floor-boards.—On top of any arch, lintel, or other
device which does not extend to and form a horizontal line
with the top of the said floor-beams, cinder concrete, or other
suitable firc-proof material shall be placed to solidly fill up the
space to a level with the top of the said floor-beams, and shall
be carried to the under side of the wood floor-boards in case
such be used.

Temporary Centring, when to be Removed.—Temporary cen-
tring, when used in placing fire-proof systems between floor-
beams, shall not be removed within twenty-four hours, or
until such time as the mortar or material has set.

Strength for Fire-proof Floor Fillings—Material to be within
Safe Bearing Load.—All fire-proof floor systems shall be of
sufficient strength to safely carry the load to be imposed thereon
without straining the material in any case beyond its safe work-
ing load.

Incasing Exposed Sides and Bottom Flanges of Beams and
@irders—Floor- and Roof-beams.—The bottom flanges of all
wrought-iron or rolled-steel floor- and flat roof-beams, and all
exposed portions of such beams below the abutments of the
floor arches or filling between the floor-beams, shall be entirely
incased with hard-burnt clay, porous terra-cotta, or other fire-
proof material corresponding to the filling between the beams,
such incasinig material to be properly secured to the beams.

Girders—The exposed sides and bottom plates or flanges
of wrought-iron or rolled-steel girders supporting iron or steel
floor-beams, or supporting floor arches or floors, shall be entirely
incased in the same manner.

Pipe ‘Openings through Fire-proof Floors to be Shown on
Plans.—Openings through fire-proof floors for pipes, conduits,



276 PROTECTION FROM FIRE FROM THE OUTSIDE.

and similar purposes shall be shown on the plans filed in the
Department of Buildings.

Limited Size for Holes after Floors are in.—After the floors
are constructed no opening greater than eight inches square
shall be cut through said floors unless properly boxed or framed
around with iron; v

Openings to be Filled—And such openings shall be filled in
with fire-proof material after the pipes or conduits are in place.

Sec. 107. INcasiNg INTERIOR CoLuMNs.—Material and Thick-
ness.—All cast-iron, wrought-iron, or rolled-steel columns,
including the lugs and brackets on same, used in the interior
of any fire-proof building, or used to support any fire-proof
floor, shall be entirely protected with not less than four inches
of hard-burnt brickwork, terra-cotta, concrete, or other fire-
proof material, securely applied, but no plaster of Paris nor
lime mortar shall be used for this purpose. ..

Lugs and Brackets, Incasing of—The extreme outer edge of
lugs, brackets, and similar supporting metal may project to
within seven-eighths of an inch of the surface of the fireproofing.

Prohibiting Pipes, Wires, Conduits, being Placed within Cover-
ings of Columns, Girders, etc—No pipes, wires, or conduits of
any kind shall be incased in the fireproofing surrounding any
column, girder, or beam of steel or iron, but shall be placed
outside of such fireproofing.

Protection of Buildings from Fire from the Out-
side.— Until within recent years the aim of architects and
engineers in designing fire-proof structures has been to design
a building or structure which would be fire-proof against any
fire originating within itself, giving very little thought to
the protection of the structure from an outside fire.

One of the first instances of a large fire which demonstrated
the fact that outside .protection was necessary was when the
Horne Building in Pittsburg, Pa., was burned in 1897. This
building, filled with dry-goods, took fire from the heat of a fire
on the opposite side of the street, the contents burned, and
the building was gutted and damaged to a great extent. Then
in more ‘recent conflagrations the fact has. become more
evident that a building to be entirely fire-proof must be pro-
tected just as much, if not more, from an outside fire as from
one within its own walls. The building itself may be con-
structed entirely of fire-proof materials, yet the contents of the
building may be very inflammable, and if not protected from
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fire from the outside would become ignited, and in burning
do much damage to the building.

SErecrioN oF MateriaLs.—The first consideration in the
construction of a fire-proof building should be in the selection
of the materials to be used, and if the building is to be erected
to withstand fire from the outside, then only those materials
should be used that are known to be able to withstand fire. '

The fire-resisting qualities of brick, stone, ete., are about as
follows, with brick ranking first: Brick, plain terra-cotta,
concrete, sandstone containing iron, granite, limestone, marble.

The prevailing material of all outside walls should be brick;
and stone or granite should not be used above the first or second
stories. Granite or stone will not stand excessive heat, and -
in case of fire the heat above the first story is so intense that
stone or granite will not stand. It is possible that in the first
story of a building it would pass through a fire unharmed, pro-
viding the stone or granite had no sharp corners or projections
to spall off.

In the brick it is advisable to have all exposed corners round
or chamfered so as to prevent spalling.

No brick wall should be less than 18 inches thick, as a wall of
less thickness is liable to crack when exposed to strong heat.

Sitrs AND Linters.—The sills and lintels of the windows
should be of terra-cotta or brick.

Terra-cotta is one of the best of fire-resisting materials, but
should be made plain and have few projections and sharp
corners. When any terra-cotta is built in the wall it should
be backed up and filled solid with brick and mortar.

MeraL WarL Ties anp SecreTE Heapers.—Under no con-
sideration should metal wall ties or secrete headers or bond be
used in the walls of any structure that may have to withstand
a fire, for the face course of brick, or veneering as it really is,
will invariably crack and fall off in case of fire.

Pointing.—The pointing of the joints in the brick- or stone-
work should be made concave, for a convex joint will break off
in case of fire.

Cornices.—The cornices of a fire-proof building should be
made of terra-cotta or sheet metal, and if sheet metal is used
it should be fastened to iron brackets or supports, and in no
case should wood be used for this purpose. When terra-cotta
is used for cornices or any projections it should be firmly
anchored to iron brackets provided for this purpose.
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CemeENT MoRTAR.—Cement mortar should be used through-
out in all walls of a fire-proof building.

Protection of External Openings in Fire-proof
Buildings.—The exterior door and window openings of a
building are its weakest points in resisting an outside fire, and
,until recent years these points have received but little attention
“from architects and engineers when designing a building to be
fire-proof.

* Frames and sash are now made of metal, and with wire-glass
and iron shutters a window or door opening can be so protected
that it will withstand a most severe fire.

The metal frames should be made heavy enough and so
anchored to the masonry that they will hot warp or twist out
of shape and let the sash drop out. The sash should be hung
with a chain or ribbon that will not melt if if becomes hot, and
the chain should be so fastened that there will be no danger of
the weight becoming loose in case of fire and permitting the
sash to drop.

Lead weights should not be used unless the box in the frame
is so protected that the frame will not get hot enough to melt
the weights, and thus let the sash drop down.

The glass also should be fastened in such a manner that there
will be no danger of it dropping out.

The sash should be glazed with wire-glass not less than } inch
in thickness, as this offers a very éffective resistance to fire; but
the author is of the opinion that wire-glass in itself is not a
sufficient . protection to window openings. In addition to
the wire-glass the openings should be provided with iron shutters.
The cld iron-clad shutter recommended by the National Board
of Fire Underwriters has given a good account of itself in
recent fires, but it cannot be expected to withstand extreme
heat, for the wood will become charred and the metal covering
warp out of shape, permitting an egress for flame

Steel shutters should be used on all openings possible, the
shutters being made of a single piece of plate not less than
1 inch in thickness, and if any stiffening-bar or frame is used
it should be fastened to the plate so as to allow for any unequal
expansion between the frame and the plate. The shutters
should be arranged so as to allow for expansion, and the fasten-
ings made so that the shutters can readily be opened from
the outside in case of fire within.

Where it is not possible to use a plate-shutter, a rolling one
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can be used. These shutters are made of corrugated bars of
sheet metal riveted and locked together, and when used for ﬁre
protectlon should be made of heavy sheet steel.

The main points to be considered when using metal shutters
and doors of any kind are to see that they are fastened securely
to the masonry and also that provisions have been made for
expansion. The fastenings should be such that they will hold
the door or shutter firmly in place and not allow it to warp open. -

The following specifications have been accepted by The
Chicago Underwriters’ Association for metal frames and sash:

THE CHICAGO UNDERWRITERS’ ASSOCIATION.

REQUIREMENTS FOR THE ACCEPTANCE OF WINDOWS OF APPROVED
WIRE-GLASS IN METALLIC FRAMES AND SASH IN LIEU OF
FIRE-SHUTTERS.

Frames,—All parts of frame and sash must be made of No. 24
galvanized iron or heavier, and of a quality soft enough to bend
without breaking, or 18-0z. copper. Sides so made as to form
an air-space at least 2 in. X 4 in., made of three parts, two of
which are locked entire length, making a half-inch seam of
three thicknesses. The third to be locked to first two parts by
inseparable cleats every 18 inches. The two parts already
mentioned to provide in themselves weather qualities and
inseparable cleats for holding glass, thereby insuring stability by
reducing to a minimum the parts and connections,

Top-raiL.—To be made in one piece, so formed as to afford
ample weather qualities.

Tae SiLr.—To be made of one piece, formed so as to afford
ample weather qualities and condensation sheds with outlets.

TeE MmpiLE Ram.—To be made of two pieces, forming an
air-chamber with inseparable cleats, lock-jointed, and of length
sufficient to extend in and through sides of frame, where the
same is lapped four ways onto sides and riveted. The top of
this rail receiving sash is made with a wash.

Connections of various parts of frame must, in all cases, be
made by lapping prior to riveting.

SasH.—The plain frame, having top, bottom, and two sides,
of air-chamber construction and made so that depth of sash is
2 inches, and width of same back or front or rabbet is 2 inches,
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The same shall be lock-jointed throughout, shall have inseparable
cleats, and all necessary weather qualities. The corners of this
frame shall be double-locked. Each corner of frame shall be
double-locked on front, back, and at sharp corners, so as to
completely dispense with the need of solder and rivets. The
sash shall be so made as to correspond with frame at points
of meeting, and the hanging of same must be on horizontal
pivots above the centre, to allow quick closing, as hereinafter
arranged for, automatically.

Reinforce frame where pivots enter by riveting a strip of {-in.
iron so bored as to allow a bearing for pivot.

The upright sash-rail must be made of one piece of galvanized
iron or copper, with inseparable cleats and lock-jointed about an
iron bar } in.X1} in., in a manner to afford an air-chamber of
1 inch square, and rabbets for holding.glass, and the same
lapped and riveted to frame and sash.

MurrioNn Winpows.—Where an architect prepares clear open-
ing for a mullion window, the metal frame must be reinforced
at every point of division by structural iron, channels pre-
ferred. These divisions, that of necessity must be chambers of
air-spaces, will afford ample room for channels. The channels
must be built into window as made.

IN GeNERAL.—Flat surfaces that retain water must be
avoided. The lock shall be a double-spiral spring brass lock,
and shall be bolted to middle rail and sash.

The window shall be made with swtionary lower sash, and
upper sash swung on bearings in upper half of sash, and shall
be so equipped with fusible link, rings, and rod, that the same
will close and lock automatically under fire.

The rabbets against which the glass is set shall be for glass
of a small to medium dimension, } in. wide, and for a glass of
more than medium dimensions, % in. wide.

The inseparable cleat must be at least 1} in. in length, and
must repeat at least every 12 inches.

Windows of more than ordinary width shall be reinforced
by structural iron in cross-rail.

Caution must be had against using glass of unreasonable
dimensions. For a window 4 ft.X8 ft., arrange sashes for
three lights each, or glass 15X46. FYor a window 4 ft. X6 ft.,
arrange sash for two lights each, or glass 22X34. For a window
5 ft. X8 ft., arrange sash for three lights each, or glass about
19X46. My recommendations would be not to exceed in
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width 18 inches, where height is 48 inches or more, and in no
case to exceed 24 inches in width.

The following regarding shutters, ete., for protection against
fire is taken from an address by John R. Freeman, Consulting
Engineer, Providence, R. 1., at the annual banquet of the National
Board of Fire Underwriters, Delmonico’s, New York, May 12,
1904, in respense to the toast

“AN ENGINEER’S SUGGESTIONS TO FIRE UNDER-
WRITERS.”

CoNCERNING FIRE-SHUTTERS.—A point which interested me
exceedingly, in studying the Baltimore ruins, was to see whether
thin wrought-iron or steel plate, such as is used for covering
fire-shutters, had at any point been heated to a point where
its power of resistance was seriously impaired. The ordinary
underwriters’ fire-shutter depends for its strength and its
resistance upon its thin covering of very soft mild steel coated
with tin. T examined thin sheet-steel lamp-shades, thin bands
for pipe-coverings, tin boxes, filing-cases, and dozens of shut-
ters themselves. In no place did I find any indication that
metal of that quality had been so softened or had reached
such a heat that it would be seriously impaired for the pur-
pose of fire-shutters, and one of the great lessons that I brought
away from the Baltimore fire was that our standard tin covering
for the underwriters’ shutter is all right, and that this cover-
ing material has sufficient power of resistance to withstand
the fiercest heat of a great conflagration, but that we do need
to find some better material than pine wood to fill it with, I
also made careful examinations of copper in flashings, cor-
nices, ete., to see if it had melted. In a few small spots in
_rare instances fusion had begun, but in general I found it had
ample resistance to fusion, so that it can prudently be used
for covering fire-shutters where something more ornamental
or weatherproof than tinned plate is desired and expense is
no bar.

The standard underwriter shutter of wood covered with
tin did not give a very good account of itself in the Balti-
more fire, and I think it ean be said, without fear of serious
contradiction, that the endurance of the ordinary underwriters’
shutter of tin-clad wood is limited to not more than about half
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an hour’s enduratice of a temperature of 1500 degrees, and that
thislimit is often passed in the heat of an ordinary conflagration,
and that in many of the cases where single doors or shutters
have shown up so well there has happened to be an incoming
air-current that has helped to cool the shutter.

The limitations of the tin-clad wooden shutter were shown
at one corner of the burned district in Baltimore. A large
shirt factory whose windows were protected by wooden fire-
shutters had a very close call. By heroic efforts with private
pump and hose streams the employés saved the factory. I
took particular interest in examining those shutters, and al-
though this was not at the hottest part of the fire, I found, in
parts of the shutter at the hottest exposure, that the pine wood
was charred entirely through and all gone.

This matter of better shutters is one on which we should
set some of our best talent at work in the experimental way.
In your excellent laboratory in Chicago there is excellent ap-
paratus for the needed tests. Although the present shutter
and the present approved form of fire-door is all right nine-
tenths of the time, and perhaps nineteen-twentieths of the
time, it is not all that we need in a great conflagration.

I have said that buildings can be made fireproof against
bad exposures. The possibility of making them so is found
largely in the development of a superior.thin form of fire-
shutter, and in educating the architects and owners of buildings
toward building a shape of window that is easily protected by
the fire-shutter, and a neat window-jamb formed to receive this
shutter when folded back inside the window.

Windows of suitable size for all ordinary office purpose
can easily be so designed that they can be protected by fire-
shutters, and that the shutters when open and folded back on
the inside will not be obtrusive or unsightly. When a bad
exposure fire comes the ruin of the sash and glazing ean be
paid for cheerfully if the contents of the building are saved.

I was very much interested in the efficiency of the plain
steel-plate shutters on the inside of the windows in the Safe
Deposit and Trust Company Building. These kept the fire
out very successfully, notwithstanding that the large non-
fire-proof building of the Baltimore Sun, which was entirely
wrecked, and was one of the hottest parts of the entire confla-
gration, was only ten feet away. The damage was so immi-
nerit that the police ordered the men to leave the Safe Deposit
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Building, and the heat melted the lead sash-weights within the
cast<iron window-casings, destroyed the sash and glass, and
chipped the brick walls, but the damage on the interior of the
building was almost nothing. These steel-plate shutters were
so set that they were free to expand, and they were free from
ribs and of a form not likely to warp much, and they did in
fact warp but little, and the casing and jamb were of such
form that this warping of the shutter off its seat did not open
a wide crack, and there was no combustible material near them
on the inside to receive their radiant heat.

Capt. Sewell, if I understood his remarks aright, suggested
a steel shutter stiffened by ribs.

Ribs are dangerous unless very carefully designed and at-
tached, and as generally applied increase the liability to warp.

I happen to have been an eye-witness of the fire twenty or
twenty-five years ago that gave to the tin-clad shutter its great
start on the road to popularity. This fire was in the Pacific
Mills, at Lawrence, Mass. In that case theré was a tin-clad
wooden fire-door, of what has since become standard construe-
tion, standing immediately beside a steel-plate shutter that was
heavily ribbed on the edges. Apparently it was a fair com-
parative test for the two shutters. The ribbed-steel shutter
warped away from its bearings two inches or three inches, as
I now remember it, in a way that let the fire play freely around
its edges, while the tin-clad wooden shutter remained in place
without warping and was in good working order when the fire
was over, the tin covering intact and the wood charred only
about half an inch deep. These results were published far and
wide, and this gave the first great impctus to tin-clad wooden
shutters.

There have since been hundreds of demonstrations of the
endurance of tin-clad shutters in fires, and I have taken advan-
tage of many opportunities to examine earefully into the con-
ditions under which they have been exposed. The result of
these examinations has been to convince me that the endurance
of the tin-clad shutter is limited; that its limit of endurance is
often passed; that for severe cases we do need something better
than the ordinary underwriters’ tin-clad wooden shutter, and
that we do need something very much better than the ribbed~
steel shutter or the rolling jointed steel shutter.

At present the best we can do in any important case is to
use two fire-shutters or ﬁre—doors, one outside and another

/ / "OF THE
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inside; one will receive the brunt of the onslaught and per-
haps in the course of half an hour or an hour warp or break
down; the second, shielded behind the first, will stand up to
its work until any ordinary fire is over.

It seems to me that the main reason why those steel shutters
in Baltimore, at the building which I have just mentioned,
performed so well was that they were free from ribs, and thus
became heated more uniformly, with but very slight warping;
that they happened to be so fastened to a frame that they were
free to expand, and their seat happened to be of such a shape
that, although the shutter did warp a little, this did not open
much of a crack, and that there was no combustible material
close to them on the inside.

The path of safety from exposure fires for office-buildings
and the like lies in a window-casing formed so that we can
attach to it a shutter of a form similar to the ordinary inside
house-blind. Our ordinary business buildings have walls thick
enough, so that by making the shutter in four folds, or leaves,
two being hinged together, and these two in turn attached to
the wall, making each fold in the shutter only about fifteen
inches wide, the window will be wide enough for all practical
purposes, and we can fold the shutter back within the window-
jamb, very much as we do the inside blind.

To do that with the present ordinary tin-clad shutter would
be almost impossible, because of the thickness of that form of
shutter. It can be done with a steel-plate shutter without ribs
and the radiation from the inside can be checked by some thin
incombustible porous covering like asbestos board. If in our
underwriters’ laboratories, in our technical schools, and in our
tours of survey we can direct attention to these views and
urge the solution of the problem of how to make an efficient
fire-shutter which shall only be three-quarters of an inch or an
inch in thickness, I believe that before long the problem of pro-
tecting an office-building against exposure fires will be found
solved.

It is entirely possible to design a window opening adapted
to receive a safe shutter, so that it will be just as convenient
for ordinary business purposes as the type now common. I
think it probable that the best place for the shutters is inside
the glass, sacrificing the glazed sash outside them in case of any
great conflagration.

“WATER-CURTAINS” AND “WIRE-GLASS,”—We hear a good
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deal nowadays about ‘‘water-curtains,” and I would like to
say just a word on that, because I think there is a great deal
of misapprehension about their efficiency. I would like to
say a word about wire-glass also, because although in general
excellent I think there is a great misapprehension as to what
wire-glass can do.

I began experimenting with wire-glass very soon after it
first came out, and I have used it in numerous instances, and
it is a most excellent material in its way, but it has its limita-
tions; it has the same limitations that a water-curtain has,
and that is, that it does not stop the passage of radiant
heat. »

You all have noticed how, when you are travelling in a rail-
way train, perhaps at sixty miles an hour, and they happen to be
burning a pile of ties along the track, that although your face
is directed towards your newspaper, you will feel the flash of
heat passing through the car window and striking against your
face as you go past that pile of burning ties. That simply
illustrates the great ease and rapidity with which radiant heat
passes through glass.

Now, radiant heat passes through glass with wire netting
in it almost as easily as it does through any other glass, and
the record made by wire-glass in a certain building in Balti-
more, which is pointed to with so much pride, is, I think, simply
due to the fact that it was at a place where nothing combus-
tible was immediately behind it. If you have a stock of dry
goods, or wooden ware, or baled cotton or hemp just inside a
wire-glass window without shutters, and there is a hot fire
across the street, these can probably be set on fire with much
promptness by the radiant heat passing through the glass, and
the subject should be thoroughly studied on a large scale in
our underwriters’ laboratories. For safety, there must be
something which will stop the radiant heat, and that can only
be in the form of a shutter, and, by virtue of stopping the
heat, the shutter will become hot.

The case with the water-curtain is very much the same as
with the glass. Water is diathermous, as physicists call it—
that is, radiant heat passes through water very easily.

We must, I believe, set down these stories that have been
told about the efficiency of water-curtains as being mainly
fairy tales.

This supposed efficiency of the water-curtain is another
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topic which I hope that some one of our underwriters’ labora-
tories and some of our schools of applied science will take
up and investigate with precision of measurement.

I have heard stories of the wonderful efficiency of the water-
curtain, but I must beg to disbelieve them, largely on theo-
retical grounds as yet. It is a matter which can be tested very
easily.

The window-sprinkler came in for a good deal of praise in
certain quarters in Baltimore. I took particular pains to inves-
tigate that, because I wanted to find just how far they merited
it, and I have no doubt they did some good, but they are not
entitled to anything like the glory that is claimed for them.
They will tell you a great deal about the remarkable work
done by the window-sprinklers in the Toronto fire. Now,
I sent a bright young engineer up there especially to investi-
gate that question and to go into it in detail, and to take photo-
graphs of the individual windows and to get right down to
the bed-rock facts, and, from the mass of evidence that he
brings back, I do not doubt that they did some good; but ¢3¢
inside ordinary automatic sprinkler near each of these windows
did very much more good.

In short, if you want to provide against an exposure fire, I
believe that the only way to do it is,

First, by a wall either of brick or cement concrete.

Second, by properly designed window openings and window
casings, and

Third, by good shutters in those windows.

In the absence of shutters, automatic sprinklers, supple-
mented by heroic efforts with hose streams on the inside, may
sometimes save the day; with great expense for water damage,
but where exposures are bad, a good shutter on a proper window
should be the first care of architect and owner.

Fire Resisting Devices.—Of the many fire-retardant
and fire-resistant devices with which the modern building is
equipped much lies in the province of the superintendent. Per-
haps in even larger measure than in the realm of materials does
proper installation secure success.

The more important of these devices have been the sub-
ject of extensive investigations by the engineering bodies of
the National Board of Fire Underwriters, and rules governing
their manufacture and installation have been issued. Copies
of these rules may be had gratis on application to the Na-
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tional Board of Fire Underwriters, 32 Nassau Street, New York
City.

Among the subjects covered are the following:

Rules and requirements for the installation of automatic
electric fire-alarm systems and the construction of thermostat
alarm ecircuit closers; the construction and installation and
use of acetylene-gas machines, and for thé storage of calcium
carbide; the installation of auxiliary fire-alarm systems; the
installation of automatic-sprinkler equipments; the construc-
tion and installation of stationary chemical fire-extinguishers;
the manufacture of wired glass and the construction of frames
for wired and prism glass used as a fire retardant; the con-
struction, installation, and use of gasolene vapor gas lighting
machines, lamps, and systems; for the installation of electric
wiring and apparatus.

Each of these subjects is so thoroughly and concisely covered
by the several rules just mentioned that their careful perusal
by the superintendent will provide both information and incen-
tive looking to the exercise of the most judicious eare in all
fire protection matters within his province.

Among the most important of the National Board’s rules are
those which deal with sprinkler systems and with the manu-
facture and installation of wire-glass and frames to contain
the same.

The automatic sprinkler is a device for applying water for
the extinguishment of fire, such water to be applied auto-
matically at the right spot and in the least volume necessary
for such extinguishment. This is accomplished by valves or
sprinkler-heads which will open by the effect of heat from
the fire they are intended to extinguish.

To secure the most efficient sprinkler service, the following
general conditions should prevail:

1. Sprinklers to be so located that every portion of the
building can be covered by water. This necessitates an open
type of construction, free from concealed spaces where water
cannot penetrate.

2. Sprinkler piping to be of ample size and provided with
water at all times. Should danger of freezing exist, what is
called the “dry-pipe system’’ should be used.

3. The general supply of water should be of ample pressure
and volume, and the service be automatic in its action at all
times.
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Location of sprinkler-heads, sizes of piping, and general
instructions for installation are fully set forth in the National
Board’s rules, to which the superintendent should refer.

As fire-escapes are one of the main features of building
protection, the following is taken from the Philadelphia Building
Law:

Formula Governing the Erection of Fire-escapes.
—In accordance with the Act of Assembly approved June 3,
1885, and the Ordinance of Councils approved December 10,
1896, and supplemental thereto, the following formula will
govern the matter of the design, construction, and erection of
all fire-escapes hereafter required within the city of Phila-
delphia.

Prarrorms.—The platforms shall consist of iron balconies
not less than four (4) feet in width, the length of the platform
to be dependent upon the size of the building and the number
of its occupants. The inspector of the district will designate
the length of such platform, which shall extend in front of, and
not less than nine (9) inches beyond, at least two windows,
except in the case of a doorway leading from the floor level of
the building to the floor level of the platform, in which case
such doorway opening will suffice. Each platform shall be
provided with a landing at the head and foot of each stairway
of not less than twenty-four (24) inches, the stairway opening
of the top platform to be no longer than sufficient to provide
clear headway. The floors of balconies must be of wrought
iron or steel, one and one-half (1}) inches by five-sixteenths
(%46) inch slats, not more than one and one-fourth (1%) inches
apart, and be securely riveted to frame and brackets. Outside
angle frame to be not less than two and one-fourth (21) inch
angle iron. If flooring is made of wire, same to be not less
than No. 6 wire gauge, three-fourths (3) inch mesh, securely
fastened to frame and brackets. All stair openings to be
sufficient to provide clear headway. In all cases platforms
must be designed, constructed, and erected to safely sustain
in all their parts a safe load, at a ratio of four to one, of not less
than eighty (80) pounds per square foot of surface.

RaiLings.—The outside top railing to extend around the
entire length of the platform, and through the wall at each end,
and to be properly secured by nuts and washers, or otherwise
equally well braced and bolted. The top rail of the balcony
must not be less than one (1) inch pipe iron, or material equally
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as strong. The bottom rail must not be less than three-fourths
(3) inch pipe iron, or material equally as strong, well leaded
into the wall. The standards must be not less than one (1)
inch pipe iron or material equally as strong, and must be securely
connected with top and bottom rail and platform frame.
Standards must also be securely braced by means of outside
brackets at suitable intervals. Railings in all cases to extend
around the stairway openings and be continuous down the
stairway, the height of the railing to be not less than three
3) feet.

STAIRWAY.—Stairways must be designed, constructed, and
erected to safely sustain in all their parts a safe load, at a ratio
of four to one, of not less than one hundred (100) pounds per
step, with the exception of the tread, which must safely sustain,
at a ratio of four to one, a load of two hundred (200) pounds
per tread. The treads to be not less than six (6) inches wide,
and the rise not more than ten (10) inches. The stairs in all
cases to be not less than twenty-four (24) inches wide, and the
strings or horses to be not less than three (3) inch channels of
iron or steel, or other shape equally as strong and to rest upon
and be fastened to a bracket; said bracket to be fastened
through the wall as otherwise provided for brackets. The
strings or horses to be also securely fastened to the balcony at
the top. The steps in all cases to be double riveted or bolted
to the strings or horses.

Brackers.—Brackets must not be less than two and one-
fourth (21) inch angle iron, or material equally as strong, not
more than three (3) feet apart, braced by means of not less than
one (1) inch square, or one and one-fourth (1}) inch round
iron, let into the wall at least four (4) inches, with shoulders
on brace, and three (3) inch washer between shoulder and
wall, and to extend down the wall four (4) feet from the top
of the bracket, and out on the bracket angle three (3) feet from
the wall. In all cases the bracket angle directly under the
balcony must be secured to wall by means of bolts of suitable
size passing through the wall, and four (4) inch washers. There
must also be a bar of wrought iron or steel two (2) inches by
three-eighths (§) inch, let into the wall four (4) inches edge-
wise, between the brackets, and riveted to the balcony for the
floor to rest upon. Whenever the bottom balcony is supported
by means of suspension-rods (riveted or bolted) to the balcony
above, the brackets (of the above balcony) shall be increased
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in size to meet the increase strain occasioned thereby. The
bottom balcony to have a drop-ladder of same construetion as
the stairway, to be hinged and hung with a counter weight.
Whenever the drop-ladder is upheld by means of a counter
balance-weight suspended to a chain, such weight shall hang
within the platform railing if practicable.

In all cases the bolts, rivets, and other material used shall be
proportioned so as to develop the full strength of the members
connected by them.

All the parts of such fire-escapes must receive not less than
two coats of paint—one coat in the shop and one after erection.

Formula for Construction of Tower Fire-escape.
—The said tower fire-escape shall be divided from the building
by, and completely inclosed with, brick walls or such other
fire-proof materials as shall be accepted by the Bureau of Build-
ing Inspection. The said walls to be built solidly from the
foundation to and at least 36 inches above the roof.

The roaf of said tower shall be built of hard, incombustible
materials. _ ’

The stairs of said tower may be iron or wood; but in all
cases there must be provided stone or iron thresholds, iron
frames, or wood frames covered with metal, and iron doors,
or wood doors covered with tin. The rise of said stairs shall
not be more than eight (8) inches and the tread not less than
nine (9) inches. The entrance to said tower shall be by means
of an outside balcony or an incombustible vestibule, of which
one side shall be entirely open and exténd from the top of
floor to under side of ceiling and the full width of the tower,
the said open side to face a street or such open space as pro-
vides for exit of said tower.

There shall be a brick wall, or other wall of hard, incom-
bustible material separating the tower from the vestibule.
The opening into tower from said vestibule to be not over
seven (7) feet in height. The floor, ceiling, and sides of said
vestibule to be of hard, incombustible material.

The rails inclosing the side facing the open space or street,
to be not over four (4) feet high and not less than three (3) feet,
may be open or inclosed.

The entrance to the tower from the building shall be through
the vestibule. }

Towers that have not the fire-proof vestibule shall have
outside balconies; floors of balconies to be solid, and builf
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of hard, incombustible material, and be of sufficient strength
to carry the imposed weights.
The rails around said balconies shall be not over four (4) feet

in height nor less than three (3) feet, and may be inclosed or
open.



PART 1IV.

LATHING AND PLASTERING. CARPEN-
TRY ; TIMBER. PLUMBING. TIN AND
SHEET METAL WORK. PAINTING,
GLAZING, AND PAPER-HANGING.
IRONWORK. ELECTRIC WIRING, ETC
HEATING.

Lathing and Plastering.—The duties of the superin-
tendent during this branch of the work will be first to see that
the laths, when wooden laths are used, are sound, straight-
grained, and free from sap, loose knots, or oil.

As the laths are put on he should see that they are nailed
solid and given the proper space between; they should be
spaced about § inch apart for ordinary lime mortar and
about } inch apart when any of the hard or patent plasters
are used. The laths should have one nail to every bearing and
have two nails to each end. The perpendicular joints in the
laths should be broken about every six lath. No laths should
be set vertical to fill out any corner or any other place. Where
laths cross a bearing over two inches wide a lath or strip
should be put under the laths so the plaster will have a chance
to key.

Laths over door or other openings should have as few vertical
joints as possible so as to prevent cracks; if possible the laths
should extend across the opening.

1000 laths 1§ inches wide will cover about 570 square feet.

1000 laths 1} inches wide will cover about 620 square feet.

1000 laths require about 5 pounds of lath nails, 6 nails to a

lath,
292
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MeraL or Wire LaTHING.—Where metal or wire lathing is
used it must be stretched tight and securely fastened. If it is
put on wooden joists or studs it should be fastened with staples,
and if fastened to metal furring or beams should be fastened with
galvanized or coated wire. All metal lathing should be coated
to prevent rust; it is usually prepared in this way by the manu-
facturers. In all angles where wood or terra-cotta partitions
join the main wall of the building there should be a strip of
the metal lath bent in the angle and extending out on each side
about six inches and securely fastened; this will prevent any
cracks in the angles after the plastering is done.

CornNER Beaps.—Metal corner beads should be used on all
external angles, and care must be taken in setting them to get
them straight and fastened solid.

Plastering.—Lime for making mortar for plastering should
be of the very best quality and free from all dirt. It should
slake readily so there will be no unslaked particles of lime in
the mortar to slake after it is put on the wall. If this happens
the small pieces of lime swelling and slaking will cause small
pieces of the plaster to fall off, leaving “pits” or holes. The
lime should be slaked at least a week before being put on the
wall.

SanND.—The sand should be sharp and angular, free from
any dirt or oil or anything to stain the plaster. When sea sand
is used it must be thoroughly washed with fresh water so as
to remove all salt.

Hamr aAnp FiBre.—These are used in the mortar to form a
bond and bind the sheet of mortar together. Cattle hair is
generally used, but of late years jute and several fibre
products have been used satisfactorily to a great extent.

PrastER OF Paris.—Plaster of Paris is prepared by grinding
and heating natural gypsum in a furnace so as to drive off its
water of crystallization. Plaster of Paris owes its value to
the property it possesses of absorbing water and passing into
the water-soaked condition, in doing which it sets into a hard
mass. This setting takes place quickly, but sufficient time
elapses between mixing it with water and selting to permit
it to be run into moulds or for coating surfaces, and to gauge
the skim or finish coat and for running cornices, centre-pieces,
and other ornamental work. Plaster of Paris should be kept
in a dry place, as it readily absorbs moisture.

The superintendent should see that the mortar is made up at
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least a week before it will be required for use. Ordinarily the
hair is mixed with themortar when it is made up, but on first-
class work it should be added when the mortar is mixed for
use.

When the hair is added to the mortar when the lime is first
slaked there is danger of the hot lime burning the hair and
causing it te rot.

Before the mortar is put on the superintendent should ex-
amine all grounds to see that they are straight and solid, also
see that all gas and electric outlets are in their proper places,
and that every possible provision has been made for securing
the wood or other finish in place. All walls should be dusted
off and wet before any mortar is put on. The superintendent
should watch and see that the plasterers use sufficient force
in spreading the first coat of mortar to force it through the
lathing and key in all spaces. The space back of all wainscot
or base should be plastered flush with the face of the grounds,
so the wood will lay solid against the plaster.

Cornices or any ornamental work should be run and put in
place before the finish or skim coat of plaster.

In putting on the skim coat the superintendent must see
that it is given sufficient trowelling to bring it to a smooth
glossy surface. By looking along the finished walls where the
light strikes them he can tell if they have a good finish; there
should be no trowel- or brush-marks show on the finished
surface.

ParentT PrasTErs.—There are a number of hard or patent
plasters on the market and sold undér various names, as
Adamant, King’s Windsor, Rock Wall, Granite, Elastic Pulp,
Ideal, Elyria Wood, Kallolite, Imperial Wall, etc.

The composition of the various plasters is pretty much the
same, the hardness being based on the plaster of Paris or gypsum
used in their manufacture. These plasters give good satisfaction
and make a hard durable job of plastering. For quick work
or for use in cold weather they are preferable to lime plaster,
as they will set and harden much quicker.

When any of the hard finishes are used the plasterer will
generally try to work lime putty in along with it to make it
work smoother and easier. This may be permitted to the extent
of about 15 per cent lime putty, but no more, and when this
permission is granted the superintendent will have to watch
to see that no more is used.
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The covering capacity of the different patent plasters varies
from 90 to 150 yards per ton of plaster.

Outsive Stucco-work.—This is the name usually given to
exterior plastering, and is generally done with cement mortat.
Care should be taken to keep any outside work from freezing,
or from being dried too fast with the heat; it should be shaded
to protect it from the sun, and wetting it two or three times a
day for several days will improve it.

Scagrrora,—This is a composition made to imitate marble.
It is composed of plaster of Paris or Keene’s ceément tnixed
with glue or gelatine and the various colors are added to obtain
the desired iniitation. This work when properly done will
take a good polish and makes a good imitation of marble.

CorniceEs AND MouwrpiNgs.—Cornices, mouldings, ete., are
usually run with a mould made of sheet iron and cut the reverse
contour of the mouldings to be run.
Strips of wood are tacked around
the walls and ceiling to form a guide
to run the mould along. These
moulds are usually made to set at
right angles to the mouldings, thus
leaving a space the width of the
moulding or cornice at all angles
which have to be worked out by Tic. 210,
hand. If the mould is made to set
at an angle of 45°, or a true mitre with the moulding and the
mould made to correspond with the profile of the mouldings
on this angle, then the mould can be run in close to all angles,
Fig. 210 shows how this mould is made and used.

PrasTERING DaTA.—1 barrel of lime will make about 23
barrels of paste.

1 bushel of hair weighs about 15 pounds.

1 barrel of lime, 18 cubic feet of sand, and 22 pounds of hair
will brown coat about 40 yards on wooden lath with Z-inch
grounds, or about 32 yards on brick or terra-cotta walls with
$-inch grounds, or about 30 yards on wire or metal lath.

1 barrel of lime, 1 barrel of plaster of Paris, 1 barrel white
sand will skim coat about 140 square yards.

First coat mortar=1 barrel lime, 18 cubic feet sand, 1}
bushels hair. :

Second coat mortar=1 barrel lime, 21} cubic feet sand,
% bushel hair.
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Lararce CeMENT.—Lafarge cement is much used for out-
side stucco-work. It should be mixed as follows:

First coat, 1 part cement, 3 parts sand, 25 per cent lime paste,
and sufficient hair.

Second coat, 1 part cement 2 parts sand, 10 per cent lime
paste. 1 barrel of cement and 3 of sand will cover about
34 square yards § inch thick.

1 barrel of cement and 2 of sand will cover about 25 square
yards # inch thick.

KEeENE’s CEMENT.—This cement, or plaster, is made by recal-
cining plaster of Paris after soaking it in a solution of alum;
it is used for wainscot, base, caps, etc., and also for hard
finish. i

The first coat is composed of 1 part cement, 1 part lime
paste, and 3 parts sand. .

The second coat of 1 part cement, 1 part lime paste, and 4
parts sand.

1 ton of Keene’s cement will first coat about 475 yards,
or brown coat and white hard finish about 300 yards, or first
and second coat about 350 yards.

Wairewasa—Common whitewash is made by slaking fresh
lime and adding enough water to make a thin paste; by using
2 pounds of sulphate of zine and 1 pound of salt to each half
bushel of lime the whitewash will be much harder and not crack.
A half pint of linseed-oil to each gallon of whitewash will make
it more durable for outside work. To color add to each bushel
of lime 4 to 6 pounds of ochre for cream color; 6 to 8 pound-
amber, 2 pounds Indian red, and 2 pounds of lampblack for
fawn color; 6 to 8 pounds raw umber and 3 or 4 pounds lamps
black for buff or stone color.

Carpentry.—In superintending this branch of work, the
superintendent, in addition to examining the materials used,
will be required to see that all work is fitted together and
secured in a proper manner.

In fire-proof structures, among the first work of the carpenter
will be the setting of the window-frames, laying floor strips, ete.

Before being set the window-frames should be examined to
see that they conform to the detail drawings, that the pulleys
and pockets are put in as desired, and that partitions are pro-
vided in the boxes to separate the weights. Care should be
taken in setting the frames to get them plumb, and to show
theproper reveal on the outside jamb; then they should be se-




CARPENTRY. 297

-
curely fastened to the anchors or whatever means that have been
provided for fastening them. As soon as the frames are set
the sills should be covered to protect them from any damage.

Froor Strips.—The setting of the floor strips will roquire
close attention to be got straight and level, and the superin-
tendent should see that this is done or a bad floor will be the
result. Where there is to be a diagonal underfloor laid there
should be a floor strip around all sides of the room to catch
the ends of the diagonal flooring. After the concrete filling
is put in place all the floor strips should be examined with a
straight-edge, and any not straight or level should be taken out
and reset.

In putting down the floor strips, they should be run so that
when the finished floor is laid it will run lengthwise of the room.

Wherever an underfloor is used it should be laid diagonally, as
the top floor ean then be laid across the floor strips, and also
across the joints of the underfloor. If the underfloor is laid in
the same direction as the top floor it will cause much trouble
in laying the top floor, as the underfloor will usually cup up at
the joints enough to make the top floor irregular, but if
the top flooring crosses the underfloor this trouble will be
avoided.

In terra-cotta and other fire-proof partitions it is customary
to set a rough-wood frame in the opening, and build up to it.
Care must be taken to have these frames set plumb and
securely fastened top and bottom, and as the tile is built up
against them, to fasten the tile to them with metal clips, or nails
driven through the tile. As the partitions are built, provisions
must be made for nailing or fastening the wood finish. (See
page 303.)

Joists.—In framing wood joist for a building, they should be
given a ‘‘camber’ or crown of about } inch in 20 feet, and the
end should be cut on a bevel of about 4 inches, so that in case
of fire the joist can drop out of the wall and do no damage.
In levelling up joists no wood should be used, but the joist blocked
where necessary with slate or flat pieces of iron. Wood joist
in brick or stone walls should have the ends cut on a bevel, so
that in case of fire, the joist can drop out without pulling down
the wall.

In setting joists the superintendent should see that none are
set less than 8 inches from the inside of any flue, and 4 inches
from any chimney or hot-air pipe; he should watch as the
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jaist are framed together and see that all joints are tight and
‘have good bearings.

Brincing.—All joists should be bridged as the specxﬁcatlons
may call for. The bridging should be heavy enough so that
two tenpenny nails can be used in each end without splitting
the bridging. It should be cut and put in place by nailing
the top end only, leaving the bottom end to be nailed after
the floor is laid; in this way the flooring draws the joists to a
stfaight line and the bridging braces and holds them there.
The nails should be started in the lower end before the bridging
is put in place; then all that remains to be done is to drive
them home after the floor is laid.

Grounps.— This is one of the most particular parts of the
carpenter-work, and one that is most often slighted. If the
grounds are not put up solid and straight, then the plastering
will be crooked and the wood finish will not fit the walls tight.
The superintendent should pay special attention and see that
all the .grounds are put up in the best possible manner; he
should take a straight-edge and try them, and if he finds any
not straight, have them made so at once.

ParTiTions.—All stud-partitions should be bridged at half-
height; the studs should be brought to a line by tacking a
straight piece of 2X4 or 23X 6 along them as shown at B, Fig. 211.
One of the best methods of bridging is shown in Fig. 211, called
“herring-bone” bridging; material of the same dimensions
as the studs is used, and being set on an angle, as shown, gives
a good chance for nailing the ends of the bridging and making
the partition solid.

Fig. 212 shows another good method of bridging, by running
the bridging horizontally, but setting it diagonally across the
stud, as shown at A, each alternate piece of bridging being
set at opposite angles. Bridging set in this manner gives the
plastering a chance to key, and there will be no ‘“dead” plaster.

=
B | | B
F=B
- A
Fre. 211 Fia. 212

Door OpeniNGgs.—All door openings in partitions which
carry any weight should be trussed as shown in Fig. 213, and



CARPENTRY. 299

for bracing it is well to continue the brace to the floor, as
shown. In stud partitions a block should be placed at the
sides of the door openings to catch and nail the end of the
base to, as shown at A4, Fig. 213,

— 4

PV
Fic. 213.

Axcres.—Care must be taken to make all angles solid, and
in no case should one be permitted to set the partition-studs
so that laths can be run from one room to another. Fig. 214

Fia. 214,

shows several methods of setting studs at angles. All studs
for partitions should be sized to a width, and all caps and
plates sized to a width and thickness; this saves much time
and trouble and makes straight work.

SmineLiNG.—In laying shingles the essential points are that
the shingles be not too wide, thet each shingle receives two
nails, that they are not laid too much to the weather, that the
joints are well broken, that the shingles have a good lap and
are fitted close along any ridges, hips, ete. Shingles should
not be over 7 inches wide to make a good roof, and any
over this width should be split in two. FEach shingle should
receive two nails, regardless of its width. Shingles should
not be laid more than 5 inches to the weather, and 4} inches
~makes a better roof. In laying shingles the joints should
be broken and the shingles lapped enough, so that there is
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no danger of the water following under the shingle to the joint
in the course below; care should be taken to break joints with
the last two courses laid so that, in case a shingle should split
under a joint, the split will not come over a joint in the course
below.

In shingling hips the full shingle should be carried out to
the hip, and if no saddle is to be used the courses should be
lapped and woven together and also flashed so as to make a
water-tight job, or a more desirable method called the Boston
hip is shown by Fig. 215.

Fre. 215.

Gauged shingles or shingles of a uniform width should be
selected to shingle the hip and two lines drawn on the sheathing
parallel to the hip, as at AA, 4A. The roof-shingles should be
carried up to these lines in steps as shown by 1, 2, 3, after which
the hip should be shingled, as shown by B, C, D, working the
shingles so they lap alternately as shown. This makes a very
neat and water-tight hip.

When valleys are to be shingled close and flashed, the super-
intendent must see that flashings of a large enough size are used
and that no nails are driven where they will be liable to cause
a leak.

In open valleys, in order to keep both sides of the shingles
straight, a good scheme is to lay a studding of the desired
width in the valley and fit the shingles up to it on both sides.”
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The superintendent should see that the shinglers do not
drive nails through the roof in building their scaffold. This
is often done and the nail-holes plugged up as they take down
the scaffold; but it should never be permitted, for the plugs
will rot or dry out and cause a leak.

In shingling up the corners of a building or the hips of a roof,
the shingles should be lapped, as shown in Fig. 216, as this
will show the edge of the shingle on both sides of the corner,
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or hip, alternately. A, Fig. 217, shows how the shingles should
be lapped two courses at a time.

If the courses of shingles are simply lapped time about it
will bring all the edges of the shingles to show on the one side
of the corner.

Flashing should be used up the sides of all frames and across
the top, or any place where the water is liable to penetrate.
Shingles should always be laid with galvanized nails.

Four pounds of 4d common or three pounds of 3d common
wire nails will put on 1000 shingles.

The following table shows the number of shingles required
to a square and the surface 1000 shingles will cover:

Number of Square Feet of
Roof Covered by One

Number of Shingles Required
for One Hundred Square

Exposure to Thousand Shingles. Feet of Roof.
the Weather
in Inches,
Four Inches Six Inches Four Inches Six Inches
ide. ide. Wide. Wide.
4 111 167 900 600
5 139 208 720 480
6 167 250 600 400
7 194 291 514 343
8 222 333 450 300
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The average width of shingles is 4 inches; thus 1000 shingles
is the equivalent of 1000 shingles 4 inches wide. This is usually
four bunches, as each bunch contains 250 shingles, although on
the Pacific Coast the redwood shingles are put up 200 to a
bunch and four bunches are sold for 1000 shingles, while in
reality they contain but 800. This same rule is used by the
shinglers in that section of the country: they charge so much
a thousand for laying the shingles, but call four bunches
1000. -

To approximate the number of squares in a roof, see page
5b5.

SueaTHING.—When the sheathing of the roof is being put
on the superintendent should see that a good joint is made
along the line of the hips and valleys, so the lining of the valley
will lay solid, and that there will be solid wood at the angle
of the hip to hold the nails of the shingles or slate.

Frag-poLEs.—Masts or flag-poles should be made with a
small swell to them, as described for the entasis of columns,
page 574.

Prrcu oF Starrs:—In putting up horses for stairs and getting
them out the tread should be made to pitch about } inch in
its width, as this makes a much easier stair than if the treads
were perfectly level.

SasH AND Doors.—Great care must be taken in fitting sash
and doors, and also in hanging them; they should have just
enough play to work without binding.
One of the main troubles with sash is

found in the thickness of the sash and
.| meeting-rail, the sash often being made

they will strike as the bottom sash is
closed and pull the top sash down from
the top; then when the bottom sash is
raised there will be too much play be-
{ tween the sash and the parting bead, as
shown .at B, Fig. 218, and the sash will
rattle. A4, Fig. 218, shows how the meet-
ing-rails should come together. Care also
must be taken in hanging the sash to

Fre. 218. get the proper weights so the sash will
be evenly balanced.
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PAaNEL-MoULDINGS.—The superintendent should examine all
doors and panel-work and see how the mouldings are nailed or
fastened. The moulding should be nailed to the
rail or stile as shown at A, Fig. 219, and not to
the panel: If the moulding is fastened to the
panel and the panel shrinks, as it generally does,
it will make an open joint as shown at B.

In nailing up finish or any interior work, the <
nails should be concealed as much as possible;
this can be done by nailing in members of the
mouldings which will be covered, or if the mould-
ing is all exposed, by nailing in the quirks of the
moulding where it will not be noticed after being -
puttied up; in quartered oak, chestnut, ash, etc.,  Fie. 219.
if the nail is driven in one of the pores of the wood and puttled
neatly it will not be noticeable.

SecuriNg INTERIOR WoOD TRIM.—During the entire construc-
tion of a building the superintendent must see that proper
provisions are made as the work progresses for nailing or fasten-
ing the wood finish or trim. Until recent days it has been
customary to build wood blocks in the wall and nail the trim
to these blocks. Wood blocks in some cases do not give entire
satisfaction, as they are liable to shrink and come loose, and
this will usually happen unless they are built in properly.

Of late some architects go so far as to specify that no wood
blocks or plugs shall be used to secure the inside trim. Still
there are some places where, if built
in properly, a wood block will give
better satisfaction than anything else
for nailing and securing the trim.
For base moulding, chair-rail, picture
mould, etc., a wood block, if cut dove-
tail shape as shown by Fig. 220 and built solid in the wall will
give good satisfaction and can never come loose, or take a wood
block and drive nails in both sides, leaving the nails project
out about } inch and build this in the wall so the projecting
nails are bedded in the mortar joint, it will always remain solid
and secure.

If it is not desired to use wood blocks exposed, a terra-cotta
block filled with wood and built in the wall will answer quite
as well provided nails long enough are used so as to reach into
the wood.
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All door openings in terra-cotta walls usually have a rough
stud frame, as shown at 4, Fig. 221, and the tile should be built
up to this frame and each course nailed or anchored to the stud.

Wherever there is to be any nailing in the terra-cotta the
author has derived the best satisfaction by inserting a wood

~

Fra. 221.

block in the tile as shown at B, Fig. 221, and then nailing through
the tile into the block. Terra-cotta is supposed to hold a nail,
but will not give satisfaction for nailing trim to; the jar of
the hammer in setting the nail will nearly always jar the nail
loose.

Fig. 222 shows a good method of fastening window-frames
and securing the trim; the bolts as shown are built in as the

1 BRICK WALL
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Fic. 222.

walls are built, and a 2-inch nailing-piece is bolted fast as
shown, keeping one edge out to form a plaster ground. The
frame can be set and anchored as shown, and the trim nailed
to the nailing-piece before the back strip is put on.

The space around the frame should always be well calked
with oakum or mineral wool.
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Door-frames and trim in brick openings can be secured in
a similar manner.

Metal nailing-plugs are used to some extent for securing
finish or trim, but nothing gives as good satisfaction as wood
securely anchored. In some cases expansion-bolts can be used
with good satisfaction where there is nothing to' nail to.

Figs. 223 and 224 show a method the author’has used for
fastening up wainscotting to brick walls, the bolts, as shown,
being built in as the walls were built; the blocking or core piece,
as shown, is bolted fast to the wall as the wainscot is put up
and bolted fast. The cap and base can then be nailed securely
to the wainscot and blocking.

R

~N;

T1c. 223. Fra. 224,

In tile partitions, in place of a bolt being built in the wall
a toggle bolt can be used.

Harpware.—All hardware should be fitted in place before any
painting or varnishing is done, and when this is done the superin-
tendent should have it left in place long enough for him to
examine it and see that all pieces work easily. After examining
them all he should have all hardware taken off and put on
final at the completion of the painting.

Hanps oF Doors.—The hand of a door is determined from
the outside of a building, room, or closet. Door No. 1 in Fig.
225 is a right-hand door because it opens to the right as you
enter the room, and No. 2 is a left-hand door, as it opens to
the left as you enter.

If the doors open to the outside, as shown in Fig. 226, door
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No. 1 will be a right-hand reverse bevel, because it opens to
the ‘right, and No. 2 will be a left-hand reverse bevel, as it
opens fo the left, but the bevel for locks for these doors will

31 e *9 £ 5,7
Fic. 225. Fra. 226.

be just the reverse of those for doors hung or opening on the
inside of the room.

Regarding wood beams, ete., the New York Building Code
says: :
Sec. 59. Woop Brams, GirpErs, AND CoLuMNS.— Wood
Beams.—All wood beams and other timbers in the party
wall of every building built of stone, brick, or iron shall be
separated from the beam or timber entering in the opposite
side of the wall by at least four inches of solid masonwork. No
wood floor-beams or wood roof-beams used in any building
hereafter erected shall be of a less thickness than three inches.
All wood trimmer and header beams shall be proportioned to
carry with safety the loads they are intended to sustain. Every
wood header or trimmer more than four feet long used in any
building shall be hung in stirrup-irons of suitable thickness
for the size of the timbers. KEvery wood beam, except header
and tail beams, shall rest at one end four inches in the wall, or
upon a girder as authorized by this Code. The ends of all
wood floor- and roof-beams, where they rest on brick walls,
shall be cut to a bevel of three inches on their depth. . In no
case shall either end of a floor- or roof-beam be supported on
stud partitions, except in frame buildings. All wood floor-
and wood roof-beams shall be properly bridged with ecross-
bridging, and the distance between bridging or between bridg-
ing ‘and walls shall not exceed eight feet. All wood beams
shall be trimmed away from all flues and chimneys, whether
the same be a smoke, air, or any other flue or chimney. The
trimmer beam shall be not less than eight inches from the
inside face of a flue and four inches from the outside of a chimney-
breast, and the header beam not less than two inches from the
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outside face of the brick or storie work of the same, except that
for the smoke-flues of boilers and furnaces where the brickwork
is required to be eight inches in thickness, the trimmer beam
shall be not less than twelve inches from the inside of the flue,
The header beam, carrying the tail beams of a floor, and support-
ing the trimmer arch in front of a fireplace, shall be not less
than twenty inches from the chimney-breast. The safe carrying
capacity of wood beams for uniformly distributed loads shall
be determined by multiplying the area in square inches by its
depth in inches and dividing this product by the span of the
beam in feet. This result is to be multiplied by seventy for
hemlock, ninety for spruce and white pine, one hundred and
twenty for oak, and by one hundred and forty for yellow pine.
The safe carrying capacity of short-span timber beams shall
be determined by their resistance to shear in accordance with
the unit stresses fixed by Section 139 of this Code.

Sec. 60. Anchors and Straps for Wood Beams and Girders,
—Each tier of beams shall be anchored to the side, front, rear,
or party walls at intervals of not more than six feet apart
with good, strong, wrought-iron anchors of not less than one
and a half inches by three-eighths of an inch in size, well
fastened to the side of the beams by two or more nails made
of wrought iron at least one-fourth of an inch in diameter.
Where the beams are supported by girders, the girders shall be
anchored to the walls and fastened to each other by suitable
iron straps. The ends of wood beams resting upon girders
shall be butted together end to end and strapped by wrought-
iron straps of the same size and distance apart, and in the same
beam as the wall anchors, and shall be fastened in the same
manner as said wall anchors.

Or they may lap each other at least twelve inches and be
well spiked or bolted together where lapped.

Each tier of beams front and rear, opposite each pier, shall
have hardwood anchor strips dovetailed into the beams diag-
onally, which strips shall cover at least four beams and be one
inch thick and four inches wide, but no such anchor strips shall
be let in within four feet of the centre line of the beams; or
wood strips may be nailed on the top of the beams and kept
in place until the floors are being laid. Every pier and wall,
front or rear, shall be well anchored to the beams of each story
with the same size anchors as are required for side walls, which
anchors shall hook over the fourth beam.
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Sec. 61. Wood Columns and Plates.—All timber columns
shall be squared at the ends perpendicular to their axes.

To prevent the unit stresses from exceeding those fixed in
this Code, timber or iron cap and base plates shall be provided.

Additional iron cheek plates shall be placed between the cap
and base plates and bolted to the girders when required to
transmit the loads with safety.

Sec. 62. TiMBEr  For TrussEs.—When compression mem-
bers of trusses are of timber they shall be strained in the direc-
tion of the fibre only. When timber is strained in tension, it
shall be strained in the direction of the fibre only. The working
stress in timber struts of pin-connected trusses shall not exceed
seventy-five per cent of the working stresses established in
section 139, this Code.

Sec. 63. Borts AND WasHERS FOR TIMBER-WORK.—AIl bolts
used in connection with timber and wood-beam work shall be
provided with washers of such proportions as will reduce the
compression on the wood at the face of the washer to that
allowed in Section 139, this Code, supposing the bolt to be
strained to its limit.

Nails.—Functions and Requirements.—Nails are used to
fasten pieces of wood superposed or adjacent to each other.
They are driven perpendicularly to the materials when they are
superposed and obliquely when adjacent. In the former case
they draw directly in line of the axis of the nail, and in the
latter, obliquely to its axis; in this case the rigidity or trans-
verse strength of the nail plays an important part.

In all cases the adhesive resistance of a nail is nearly in ratio
to the area of surface of the nail subjected to compression
of the wood fibre, into which it is imbedded. It is therefore
requisite that the greater portion of the nail be imbedded in
the piece to which another is fastened; but in no instance is
it necessary that it should penetrate through it.

Adhesive Resistance.—This property in a nail is secondary
to none, and must always be supplemented with the proper
area of head to increase the crushing strength of wood fibre,
in order that a nail may fulfill its primary function of holding
pieces together by compression. -

It has been found in practice that the cut nail is harder to
drive in than the wire nail, on account of the blunt point and
tapering sides. While it has more adhesive resistance than a
smooth wire nail of the same length, this is due directly to the
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fact that two of its sides are tapering, or wedging, and that it
has nearly twice the area of compression; but the slightest with-
drawal of the nail releases the wedge, which immediately re-
duces the area of compression and lowers its adhesive resistance
about 40 per cent. ;

This is not so with the wire nail, because the area of com-
pression only varies as the distance the nail is imbedded, and
its adhesive resistance is nearly in ratio to this area.

From what has been stated it is readily seen that the greatest
area of compression and adhesive resistance in a cut nail is
towards the head of the nail, whereas it should be at the point,
while in the wire nail it varies only as the units of its length;
therefore the excess of metal used and the very form of the
cut nail is primarily wrong, as proved by modern practice, and
is contrary to the very sense of its purpose, while the wire nail
fulfils the requirements of a perfect nail.

Herein follow tables showing comparative tests of smooth
steel wire nails, steel cut nails, and coated steel wire nails, with
reference to their area of compression and adhesive resistance
to pull.

TESTS SHOWING ADHESIVE RESISTANCE FOR EACH ONE-
HALF INCH UNIT OF LENGTH OF NAIL IMBEDDED INTO
WHITE PINE.

Adhesive Resistance in Pounds

Com- | Diam- or Each }-inch Unit.

Kind of Nail. mercial | eter in

Gauge. | Inches. 2 Ins., |13 Ins., | 11In, &In
Lbs. Lbs. Lbs. bs

8d common smooth
Xives. . &ka JL0 10} .135 210 170 140 90

10d common smooth
............... 9 .148 200 150 110 80

20d common smooth
wires . Bk S S 6 .192 220 130 110 80

8d  common coated
wirenail. ... ....... 11 .120 370 280 220 120

10d  common coated
wirenail. ... ....... 10 .135 400 330 250 150

Dimensions. X

8d common cut steel. . . 104 X9 260 90 40 0
10d common cut steel.. . 104 X 5% 320 140 60 (1}
20d common cut steel. . . 7 X4 230 90 40 0

Remarks.—The resistance here given was recorded on the machine gauge,
the nail being driven into the wood 2 inches deep, then each reading of the
gauge was taken successively as the nail was withdrawn to the measurements
given,
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A CUT NAIL LOSES FORTY PER CENT OF ITS ADHESIVE RE-
SISTANCE THE MOMENT IT HAS BEEN SLIGHTLY WITH-
DRAWN.

Dis- | Resist- | Resist- R;féit'
: Com- | tance |anceto| ance | 7 o Per

Kind of Nail, mercial | Im- | Initial | Second e Cent
Gauge. (hedded,| Pull, Pull, First Loss.

Inches.| Lbs. Lbs. Pull.

8d cut common ,.....| 10% 1% 260 160 100 40
12d " ¢ 13 Socll qn 9 2 390 220 170 43

Remarks.—The first pull extracted the nail about % inch.

ORDNANCE DEPARTMENT, U. 8. A.

Reports of mechanical tests made with the United States Testing Machine
at Watertown Arsenal, Watertown, Mass., June 30, 1902, and August 5
and 16, 1902, for J. C. Pearson Company.

(Nails driven perpendicular to the grain of the wood. All nails driven in
the same stick.)

. Description of Nail. Adhe-

Test Length RS“Z? Aver-

Num- . Driven,| Besist-| 500

s Diam- | Total ance, !

ber. Size and Name. eter, |Length, Inches.| mgeaj [ Lbs.
Inches. | Inches. Lbs.
10d common smooth .| .145 2.99 2.50 136

11.989 10d % £4 .l 145 2.99 2.50 144 167
10d £ £5) Jo.145 2.99 2.50 220
{10d coated.......... 117 3.00 2.50 414

12.058 0d & doienitiad | b: 117, 3.00 2.50 406 418
‘}IOd o Aok A - e 117 3.00 2.50 435
5 9d common smooth 0132 2.83 2.25 226

11.991 9d .l .132 2.83 2.25 125 182
Intgasg | ¢ | ‘132 | 2:83 | 2.25 | 196
9d coated .......... 114 2.68 2.25 345

11.992 (15 b o1 Vi s R 2 .114 2.68 2.25 318 327
Ods': 45 Syt oo, .114 2.68 2.25 317
8d common smooth .| .132 2.52 2.00 146

11,993 8d 4 | 132 2.52 2.00 228 189
8d 5 2 . .132 2.52 2.00 192
8d coated o) 112 2.39 2.00 322

12.044 8d 112 2.39 2.00 318 316
b I ) .112 2.39 2.00 309
6d common smooth .| .097 2.05 1.625| 100

11.998 6d o Fa . .097 2.05 1.625]1 112 106
6d i 3 I O 2.05 1.625| 105
6d coated.......... .092 1.94 1.625| 214

12.059 (57 Foord sl eVl .092 1.94 1.6251 218 226
6AI= PRY U NARRAR .092 1.94 1.625| 247

The coated nails used in making the above tests were those
manufactured by J. C. Pearson Company, Boston.

The various kinds of nails derive their names from their
shape, material from which they are made, or from the use
for which they are intended.
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The term penny, as applied to nails, is derived from pound.
It originally meant so many pounds to the thousand. Three-
penny nails would mean three pounds to the thousand nails;
eight-penny, eight pounds to the thousand nails, etec. Now
the term penny is used only to refer to the length of the nail.

3 lbs. 8d nails will lay one square flooring,
P S eeRAE AFS fox 6 )t 1 Bishen thing ]
2 {3 8d “ " “ (43 “ Siding.

For quantity of nails required see Lathing, Shingling, and
Slating,.

SPIKES, NAILS, AND TACKS.

Standard Steel Wire Nails. Steel Wire Common Iron
Spikes. Nails,

¢ | Common. | Finishing. | % &l 7 =

£ - 5 2%

K oo sl o alns e 2 g 8

L | 88| 2| 88| 8 e BTl i < e

4 |gs &3 8|83 £ |82 2 Sl S

@ & | Eg | g8 |8 | e | @ (€8 | § % ) &

2 S |g=|z3a|83|3al & |s=] 5 g g g

AR I b= el b=Vl s il =l e o [ Sl 22
2d | 1 05241060 {.0453 1558 | 3 1€20{ 41 2d | 1 800
3d | 14 {.0588| 640 }.0508 913 3% |.1819| 30 3d | 1+ | 400
4d 13 1.0720| 380 |.0508 761 * 2043| 23 d 1+ | 300
5d | 1% |.0764| 275 [.0571 500 4% 1.2294| 17 5d | 1% | 200
6d | 2 .0808| 210 .0641‘ 350 5 2576] 13 6d | 2 150
7d | 2% 1.0858| 160 {,0641, 315 5% |.2893| 11 7d | 2% { 120
8d | 2% 1.0935} 115 {.0720 214 6 2893| 10 8d | 24 85
9d | 2% [.0963] 93 |.0720 195 6% |.2249| 7% 9d | 2% 75
10d | 3 1082) 77 |.0808 137 7 2249 7 10d | 3 60
12d | 3% 1144} 60 |.0808| 127 8 3648 5 12d | 3% 50
16d | 3% |.1285[ 48 .0907r 9 | 9 3648 4% | 16d | 3% 40
20d | 4 1620) " 31*TO1G ]S SB2 S ICOmmatacsir S| s 20d | 4 20
30d | 4% 181900220 | oA eT T el - AR RoaeS i ol 30d | 43 16
40d | 5 AU o e e o) I IR 2 e Al e e 40d | 5 14
50d | 5% |.2294| 13 |.....|.... ’ . Y e 50d | 5% 11
60d | 6 OGS A L IUIT8 S A R e o 60d | 6 8

TACKS,

Title, |Length,} Num- || Title, | Length,| Num- || Title, {Length,{ Num-
Ounce.! Inches. | ber per |[Ounce.| Inches. | ber per | Ounce.}Inches. | ber per
! Pound. Pound. || Pound.

1 14 16,000 4 T4e 4000 14 1844 1143
1% 80 10,666 6 %6 2666 16 3 1000
ol ) 74 8,000 8 5% 2000 18 1544 888
2% B 6,400 10 1144 1600 20 1 800
3 3% 53331 12 | ¥ 1333 |- 22 | 134, 727

l 24 124 666
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WROUGHT SPIKES.
Number to a keg of 150 pounds.

L’gth, /Inv SAGIII, 3/8111. L'gth, }/In, %e In.,|38 In.,|%eIn.,|}4 Inly
I‘L;N Num- | Num- | Num- il‘fs Num- | Num- | Num- | Num- | Num-
3 ber. ber. | ber. ¥ ber. | ber. | ber. | ber. | ber.
3 7 1161 662 482 445 306
3% 1890 | 1208 8 Ao 635 455 384 256
4 1 1135 | v2'53 9 573 424 300 240
4% 1464 { 1064 | .... 10 207 LB 3 391 270 222
5 1380 930 742 11 RY LI O e 249 203
6 1292 868 | 570 12 aafers o0 Sl 4, 236 180
WEIGHT OF COPPER NAILS.
Cur CoppER SLATING NaILs.
11 inch, about 190 to the pound.
1% inch, about 135 to the pound.
Cur YeLrow MEerTAL StariNg Naivs.
1% inch, about 154 to the pound.
1% inch, about 140 to the pound.
CorPER WIRE SLATING NAILS.
% inch No. 12 gauge about 303 per pound
T ol 270
11 113 113 11 4 {3 196 [13 €«
1% [ (43 10 [ 13 134 113 (43
11 (g (13 12 [ L3 231 [13 13
1 % {3 (13 12 {3 «© 210 13 (13
NUMBER OF BOAT SPIKES TO 200-POUND KEG.
.8 Diameter.
2
25 | 1 Inch |46 Inch | 24 Inch |74 Inch | 14 Inch | 54 Inch | 3 Inch
.3 Square. | Square. | Square. | Square. | Square. | Square. | Square.
3% e e .
4% 1039 R
5 935 Sl
5% 880 = Tik
6 710 562 433
7 665 516 400
8 602 453 337
9 519 409 305
10 468 369 297
12 410 302 241
14 SEE b 216
16 182
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NUMBER AND DIAMETER OF WOOD SCREWS.

J
Num- | Diam- || Num- | Diam- || Num- | Diam- || Num- | Diam-

ber, eter. ber. eter. ber. eter. ber. eter.
0 056 8 162 16 .268 24 374
1 069 9 175 17 .281 25 387
2 082 10 188 18 .293 26 401
3 096 11 201 19 308 27 414
4 109 12 215 20 321 28 427
5 122 13 228 21 334 29 440
6 135 14 .241 22 347 30 453
i 149 15 .255 23 361

Timber.—DgscripTiON OF THE VARIoUs Woops USED IN
ConstrUCTION.—White Pine, or Northern pine, is found in the
northern part of the United States and in Canada. It is a light,
soft, straight-grained wood of a light yellowish color; it is
mostly used in buildings for trim and mouldings, where the
work is to be painted or stained. It is one of the most reliable
of woods for staying in place after it is put up, as it does not
twist and warp like some of the other woods.

Georgia Pine, which is also known as pitch or hard pine, and
is usually specified as ‘‘long-leaf pine,” is found along the
southern coast of the United States, from Virginia to Texas;
it is the best variety of the yellow pine, and is much used for
flooring, and also for heavy framing. 1t is a very strong wood
and contains much resin. It should not be used under ground
or in damp places, as it decays very fast in such places. The
other species of yellow pine are often sold as Georgia “long-
leaf,” but they are much softer and not so strong. The super-
intendent should make himself familiar with the different
species so as to be able to distinguish them.

Spruce is the name given to all the varieties of the spruce-
fir tree, of which there are four: white, black, Norway, and
single spruce. Spruce is a very tough light wood, with a red-
dish color, and is much used for framing lumber; it is also
much used for piles, as it preserves well in the water or in damp
places.

Oregon Pine.—This is the best framing lumber found in the
United States. It is much harder and stronger than the white
pine and does not contain as much resin as the yellow pine.
It can be got in any size and length and is much used for masts
and spars.

Hemlock is similar to spruce in appearance, but is a much
inferior wood. It is very brittle, splits very easily, and is often
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found shaky. The grain is very coarse and the concentric
circular layers of the wood separate easily. It is only used as
a cheap framing lumber, and for sheathing, as it holds a nail
better than the soft pine.

White Cedar is a soft white, fine-grained wood, and is very
durable when exposed to dampness, hence it makes good shingles,
for which purpose it is much used.

Red Cedar is a similar wood to the white cedar, but is of a
reddish-brown color. It possesses a strong odor which repels
insects, and on this account is much used for making chests,
lining wardrobes, ete. It is also a good wood for use in damp
places, as it stands the moisture very well.

Cypress is a.wood somewhat similar to cedar, and is much
used for shingles, and for use where dampness is to be con-
sidered. It is found in the southern and southwestern parts of
the United States.

Red Wood, which is the common name given to the Sequoia
or “big trees” of California, is a valuable lumber for building
purposes where great strength is not necessary. It has great
lasting qualities when exposed to dampness and makes the
best. of shingles. For sills or posts in the ground it is one of
the best woods to be found. It makes good weather-boarding
or mouldings and takes the paint well. It is of a dull-reddish
color and makes a very nice finish when finished natural.

White Oak is the hardest of the several varieties of oak, and
is found in the eastern half of the United States. The wood
is very heavy, hard, and strong, and is used where strength is
desired.

Red Oak is of a more open grain than the white oak and is
softer and not so strong. It is more easily worked and is much
used for inside finish. Red oak when quarter-sawed makes
one of the most pleasing finishes to the eye.

Ash.—This wood grows in the northern part of the United
States. It is very heavy and hard, is usually white in color, and
is used for finish and for furniture.

Hickory is the ‘heaviest, toughest, hardest, and strongest of
all woods found in America. It is very close-grained and is
very flexible. It is not used much for building purposes, unless
for wedges, pins, and such like.

Locust is a hard, close-grained wood of a yellowish color;
its use is principally for posts in the ground or such places, as it
is a very lasting wood in damp places.
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Black Walnut is a heavy, hard wood of a dark-brown ecolor
and has a very nice even grain. On account of its value it is
not used much for building purposes, but its use is confined
mostly to furniture and cabinet work.

White Walnut (butternut) is a specie of the walnut; the wood
is lighter in color and heavier in grain. Its uses are about the
same as black walnut.

Cherry—This wood, which is obtained from the wild-cherry
tree, is used for interior finish and for furniture. It is hard,
close-grained, and very durable; it takes a high polish and
stands well, as it is not liable to twist or warp.

Birch is much similar to cherry in structure and in appearance,
but it does not stand as well, being more liable to twist and
warp.

Maple is a hard, heavy, strong, close-grained wood of a
light color. It is one of the best woods in use for flooring, and
is much used for this purpose. The “bird’s-eye” maple, which
is covered with small spots which resemble small knots, is used
for finish and for furniture.

Chestnut, which is a soft, coarse-grained wood of a somewhat
similar color to oak, is found in the eastern part of the United
States. It is not a strong wood, being very brittle, but its
lasting qualities are very good. It is used for inside finish and
resembles oak. It is also used for outside structures exposed
to the weather, on account of its durability.

Poplar (whitewood) is a wood of a yellowish color, soft
and brittle, with a close grain. It is used mostly for mouldings
or inside finish, frequently to imitate hard woods, as it has a
close grain and takes stain well. The sap-wood is nearly white
in color.

Mahogany. — This wood comes from the West Indies and
Central America, and is very valuable. It is used principally
in the manufacture of furniture; also for finishing in the more
expensive houses or buildings.

When timber of any kind is to be used in any structure or
construction of any kind, it will be the duty of the superin-
tendent to see that it is free from all defects, of which the most
common are rot, dry-rot, wind-shakes, splits, bad knots,
sap, ete.

In lumber which contains sap, and which has been piled
for some time, just after being sawed, and piled without stick-
ing, the sap will usually turn a dark-blue or drab color, ~This
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is “black or blue sap” and is the first stages of ‘“dry-rot,”
and any lumber in this condition should be rejected.

Lumber which has been cut from trees growing in soft soil
or swamps is often found to contain ‘‘wind-shakes,” caused
by the usually rapid growth of the trees and the swaying or
bending of the trees by the wind. These shakes are yracks
separating the concentric circular rings of the wood.

Heart-shakes, or splits, are the cracks found in the heart of
the log, usually caused by the shrinkage of the log, or the heart
of the tree or log separating from the outside layers of the
wood.

A sound stick of timber when struck a sharp blow with a
hammer on the end should give forth a clear ringing sound,
and which can be heard by a person placing his ear at
the opposite end of the stick. If the sound is dull and
faint it is an indication of decay or some defect in the
stick. .

Timber for posts carrying great weight should be from the
heart of the tree, as this is usually the strongest, and the com-
pression strength will be the same on all outside parts of the
stick. '

Timber for flag-poles or masts should also be from the heart
of the tree. If one side of the stick is heart-wood and the
opposite side of the stick is wood from out next the bark the
unequal shrinkage of the two sides of the stick in length will
cause the stick to bow and become crooked.

Timber before being used should be well seasoned either by
natural or artificial means. Timber if piled when sawed and
strips placed between each layer of timber so as to permit the
air to get to all sides of the timber will season for ordinary
use in from seven months to two years, according to the kind
of wood and the size of the sticks.

When timber is used in any place where shrinkage in the
timber may weaken the structure, the superintendent should
make sure that the timber has been well seasoned and is per-
fectly dry.

‘When lumber of any kind is brought to the work the super-
intendent should see that it is piled up and covered in a proper
manner to protect it from the sun and weather, as good lum-
ber can be very easily spoiled by carelessness in piling or
covering.

The shrinkage of timber is shown by the following table:
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CedarsRass S il S P s 12 to 11.40 inches.
D e N S = M L N E Y o 12 to 11.70 “¢
(U] B B 200 4 o i e 12560 PFH7HIIISE
Pmes(white)..iorors w0l Yasabyiln oo 12 to 11.80 ‘¢
Pine (yellow).......... .00, 12 to 11.90 ¢¢
Pine (yellow long-leaf). .. ....... 12 to 11.95 ¢
Redwood (California). .. ........ 12 to 11.95 ¢
SPEuCEME L e N e 12 to 11.85 *¢

The working strength of timber as given by the New York
Building Code is shown by the following table:

WORKING STRENGTH PER SQUARE INCH IN POUNDS.

Direct Compres- . Safe Ex-
o ¥ Shearing. tFr\ ?l;n 5
Wt o iy e ‘en-~ Hew s ibre
Name of Wood. - Sont Stress
With Across With Across | (Bend-
Grain, Grain. Fibre. Fibre. ing).
WAK T, LT L. 8T 900 800 1000 100 600 1000
Yellow pine. ....] 1000 600 1200 70 500 1200
White pine. ... . 800 400 800 40 250 800
Spruce. ........ 860 400 800 50 320 800
Locust. ........| 1200 1000 38 100 720 1200
Hemlock. . ..... 500 500 &3 | 40 275 600
Chestnut. . . .... 500 1000 et d . £ 150 800

Lasting QuarrTies oF Woop IN THE EarTH. — Experi-
ments have been made by driving sticks of different woods
into the ground, by which it is ascertained that in five years
all of those made of oak, elm, fir, ash, soft mahogany, and all
varieties of pine were almost totally rotten; larch and teak
were decayed on the outside; acacia was only slightly decayed
on the outside; hard mahogany and cedar of Lebanon were
in good condition; Virginia cedar was as good as when put in.
California redwood 1is also one of the best woods for use in
damp places, as it is very slow to decay.

Any wood to be exposed to much dampness should if possible
be coated or impregnated with some preservative. The most
effectual method of preserving wood from decay is to force the
-preservative, such as creosote or other mixture, into the pores
of the wood. Plants for doing this are found in nearly all the
large cities.

For timbers, ete., to be used underground, a coat of coal-tar
applied hot is a good method of preserving the wood from rot,
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SAFE LOADS UNIFORMLY DISTRIBUTED FOR RECTANGULAR
SPRUCE OR WHITE-PINE BEAMS ONE INCH THICK.

The following table has been calculated for extreme fibre stresses of 750
pounds per square inch corresponding to the followmg values for moduli
of rupture recommended by Prof. Lanza, viz.

Spruce and white pine............ + SABHRIDIREA .. 3000 Ibs.
(07:) ' ZRPRE <P R I71 Spood TR S e~ Aot ity 3 o 4000 **
DV EllOWADARE. fei's ol wie ~goats shes e o BRI B 5 S B0l 5000 **

For oak increase values in table by 3. For yellow pine increase values in
table by %.

The safe load for any other values per square inch is found by increasing
or decreasing the loads given in the table in the same proportion as the
increased or decreased fibre stress.

Depth of Beam.
Span

in
Feet. | 6 7 8 9 10 ’ 11 12 13 14 15 16
Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins. | Ins,

To obtain the safe load for any thickness multiply values for 1 inch by,
thickness of beam. :

To obtain the required thickness for any load divide by safe load for
1 inch.
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SAFE LOADS FOR RECTANGULAR WOODEN PILLARS
(SEASONED).

t=Ilength of pillar in inches;
d=width of smallest side in inches,

Yellow Pine (Southern). White Oak. ‘White Pine and Spruce.
1125 925 800
1+ ~ICET 14+ pis. -l 1+ por
1100d2 110042 110042

These formule give safe loads of one~fourth the ultimate strength for
short pillars, decreasing to one-fifth the ultimate for long pillars.

Ratio of Length " Safe Loads in Pounds per Square Inch of Section.
to Least Side ,
L, Yellow Pine 1 ‘White Pine and
d (Southern). White Oak. Spruce.
12 995 818 707
14 955 785 679
16 913 750 649
18 869 715 618
20 825 678 587
22 781 642 556
24 738 607 525
26 697 575 495
28 657 541 467
30 619 509 440
32 583 479 414
34 549 451 390
36 516 425 367
38 487 400 346
40 453 377 326

The Cleveland Building Code gives the following proportions
for wood and other columns:

Sec. 14. LenetH oFr Corumwns, Posts, AND Pirrs.—No free-
standing or built-in column, pier, or post shall exceed the follow-
ing proportions of the least side or diameter to the height with-
out being anchored, stayed, or tied by beams or girders in at
least two (2) directions at right angles to each other:

Brick plersiii . Sasiae st e IR E A f 1: 8
Block ston € pICHE s tes P irlog 1:10
Wooden posts, short ............ccvvun.. . 1:16
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Wooden posts, long...... s AACAS AT 1:24
Cast-iron columns, short. . ... L L =% ) 3 2=l o)
Cast-iron columns, long. .................. 1:30
Wrought-iron columns........... RS ok PP c: 0
Steelseol imng et el 17 4 VL 5 BIREOLE A i 1:44

SAFE LOADS IN TONS OF 2000 POUNDS FOR SQUARE WOODEN

PILLARS.

Unsup- ’ o

forted Size of Pillar in Inches.

ength

of Col-

umn in

Feet. 6X6 l 8X8 9X9 10X 10 [ 12X12 | 14X14 | 16X16

‘Waire PINE orR SPRUCE.
6 12.80 44 o
8 11.70 22.7 29.6 ¢ Y 9
10 10.60 21.3 28.0 35.5 e
12 9.54 19.8 26.3 33.7 51.1 ok
14 8.46 18.4 24.7 31.9 49.0 69.6 o
16 7.38 17.0 23.1 30.1 46.8 67.0 1.0
18 15.5 21.5 28.3 44.7 64.5 88.0
20 14.1 19.8 26.5 42.5 62.0 85.2
22 18.2 24.7 40.3 59.5 82.3
24 22.9 38.2 57.0 79.4
WhitE OAK.
8 26.2 34.0
10 24.6 32.4 41.0
12 22.7 30.4 39.1 59.1
14 21.1 28.4 36.7 56.9 80.4
16 19.5 26.5 34.6 54.0 77.8 105.0
18 17.8 24.7 32.4 51.1 74.5 102.0
20 16.3 22.7 30.5 49.1 71.3 98.5
22 21.1 28.2 46.1 68.3 94.7
24 26.4 43.9 65.5 90.9
YerLLow PINE (SOUTHERN).

8 16.4 32.0 41.6
10 14.9 29.9 39.4 50.0
12 13.3 27.8 36.9 47.6 72.0
14 11.9 25.8 34.7 44.7 69.1 98.0 132.0
16 10.4 23.7 32.3 42.3 " 65.5 94.6 128.0
18 21.8 20.0 39.5 62.6 90.7 124.0
20 19.8 27.8 37.0 59.8 86.9 120.0
22 25.7 34.6 56.2 83.6 115.0
24 32.2 53.3 80.0 111.0
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As a guide to the superintendent for inspection of lumber
of various kinds the rules for inspection of the different lumber
associations are given as follows:

w

SOUTHERN LUMBER MANUFACTURERS’ ASSOCIATION.

RULES FOR THE GRADING AND CLASSIFICATION OF
YELLOW PINE.

General Instructions.—1. Yerrow-pINE LuMBER shall
be graded and classified according to the following rules and
specifications as to quality, and dressed stock shall conform
to the subjoined table of standard sizes, except where otherwise
expressly stipulated between buyer and seller.

2. Recognized defects in yellow pine are knots, knot-holes,
splits (either from seasoning ring hearts or rough handling),
shake, wane, red heart, rot, rotten streaks, worm-holes, pitch
streaks, pitch pockets, solid pitch, torn grain, loosened grain,
seasoning or kiln checks, and black or blue sap-stains.

3. K~nors.—Knots shall be classified as pin, standard, and
large, as to size; and round and spike, as to form; and as sound,
loose, encased, pith and rotten, as to quality.

4. A pin knot is sound and not over } inch in diameter.

5. A standard knot is sound and not over 1} inches:in
diameter.

6. A large knot is sound and any size over 1} inches in
diameter.

7. A round knot is oval or circular in form, and the mean or
average diameter of the same shall be considered in applying
and construing the rules.

8. A spike knot is one sawn in a lengthwise direction.

9. A sound knot is one solid across its face, is as hard as the
wood it is in, may be either red or black, and is so fixed by growth
or position that it will retain its place in the piece.

10. A loose knot is one not held firmly in place by growth
or position.

11. A pith knot is a small, sound knot with a pith-hole not
more than } inch in diameter in the centre.
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LUMBER MEASURE.

Length in Feet.

Inches

ide.
12 14 16 18 20 22 24
o2 9 11 12 13 15 16
1X10 10 12 13 15 17 18 20
1X12 12 14 16 18 20 22 24
2X '3 6 7 8 9 10 11 12
2X 4 11 12 13 15 16
2X 6 12 14 16 18 20 22 24
2X 8 16 19 21 24 27 29 32
2X10 20 23 27 30 33 37 40
2X12 24 28 32 36 40 44 48
2% 14 28 33 87 42 47 51 56
2X16 32 37 43 48 53 59 64
3X 4 12 14 16 18 20 22 24
3X 6 18 21 24 27 30 33 36
3X 8 24 28 32 36 40 44 48
3X10 30 35 40 45 50 55 60
3X12 36 42 48 54 60 66 72
3X14 42 49 56 63 70 77 84
3X16 48 56 64 72 80 88 96
4X 4 16 19 21 24 27 29 32
4X 6 24 28 32 36 40 44 48
4X 81 32 37 43 48 53 59 64
4X10 40 47 53 60 67 73 80
4X12 48 56 64 72 80 88 96
6X 6 36 42 48 54 60 66 72
6X 8 48 56 64 72 80 88 96
6X10 60 70 80 ] 100 110 120
6X12 72 84 96 108 129 132 144
6X14 84 98 112 126 140 154 168
6X16 26 112 128 144 160 176 192
8X 8 64 75 85 96 107 117 128
8X10 80 93 107 120 133 147 160
8X12 9 112 128 144 160 176 192
8X 14 112 131 149 168 187 205 224
BX16 128 149 171 192 213 235 256
10X 10 100 117 133 150 167 183 200
10X 12 120 140 160 180 200 220 240
1212 144 168 192 216 240 264 288

12. An incased knot is one surrounded wholly or in part by
bark or pitch.

13. A rotten knot is one not as hard as the wood it is in.

14, Prrcu.—Pitch pockets are openings between the grain
of the wood containing more or less pitch or bark, and shall
be classified as large and small pitch pockets.

15. A standard pitch pocket is one not over § of an inch in
open width or 3 inches in length.

A small pitch pocket is one less than § of an inch in open
width. :

16. A pitch pocket showing open on both sides of the piece
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LUMBER MEASURE.

2 Length in Feet.
Inches
Wide.
26 28 30 32 34 36 38 40

R D 14 15 16 X v
2X 4 17 19 20 21 23 24 25 27
2X 6 26 28 30 32 34 36
2X 8 35 37 40 43 45 51 53
2X10 43 47 53 57 67
2X12| 52 56 60 64 68 72 76 . 80
2X14| 61 65 70 75 79 84 8 93
2X16 69 75 80 85 91 101 107
3X 4] 26 28 30 32 34 36 38 40
3X 6 39 42 45 48 51 54 57 60
3X 8 52 56 60 64 68 72 76 80
3X 10 70 75 80 85 95 100
3X12 78 84 96 102 108 114 120
3X14 91 98 105 112 119 126 133 140
3X16| 104 112 120 128 136 144 152 160
4X 4 35 37 40 43 4, 51 53
4X 6| 52 56 60 64 68 72 7 80
4X 8 69 75 85 91 96 101 107
4X10| 87 93 100 107 113 120 127 133
4X12) 104 112 120 128 136 144 152 1
6X 6 84 96 102 108 114 120
6X 8 104 112 120 128 136 144 152 160
6X10/ 130 140 150 160 170 180 190 200
6X12| 156 168 180 192 204 216 228 240
6X14| 182 196 210 224 238 252 266 280
8X16| 208 224 240 256 272 304 320
8X 8| 139 149 160 171 181 192 203 213
8X10| 173 187 200 213 227 240 253 267
8X12; 208 224 240 256 272 288 304 320
8X 14! 243 261 280 299 317 336 355 373
8X 16, 277 299 320 341 363 384 405 427

10X 10| 217 233 250 267 283 300 317 333

10X 12| 260 280 300 320 340 360 380 400

12X12| 312 336 360 384 408 432 456 480

% of an inch or more in width shall be considered the same as
a knot-hole.

17. A pitch streak is a well-defined accumulation of pitch
at one point in the picce, and when not sufficient to develop
a well-defined streak, it shall not be considered a defect.

18. A small pitch streak shall be equivalent to not over one-
twelfth the width and one-sixth the length of the piece it
is in. :

A standard pitch streak shall be equivalent to not over one-
sixth the width and one-third of the length of the piece it
is in.

19. Sap.—Bright sap shall not be considered a defect in
any of the grades provided for and described in these rules.
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The restriction or exclusion of bright sap constitutes a special
class of material which can only be secured by special contract.

20. Blued sap shall not be considered a defect in any of the
grades of common lumber,

21.- MisceLLANEOUS.—Firm red heart shall not be considered
a defect in any of the grades of common lumber.

22, Defects in rough stock caused by improper manufacture
and drying will reduce grade, unless they can be removed in
dressing such stock to standard sizes.

23. All stock shall be inspected on the face side to determine
the grade. TFor stock surfaced one side the dressed surface
shall be considered the face side. And for stock rough or
dressed two sides, the best side shall be considered the face,
but the reverse side of all such stock should not be more than
one grade lower.

24. Imperfect manufacture in dressed stock, such as torn
grain, loosened grain, broken knots, mismatched, insufficient
tongue or groove on flooring, ceiling, drop-siding, etc., shall
be considered defects, and will reduce grade according as
they are slight or serious in their effects on the use of the
stock.,

25. Pieces of either flooring, ceiling, or drop-siding having
less than & inch of tongue shall not be admitted in any grade
above No. 2 Common, pieces with % inch or more of tongue
to be admitted in any grade.

26. In all grades of flooring, ceiling, drop-siding, etc., wane on
the reverse side, not exceeding one-third the width and one-
sixth the length of any piece, provided the wane does not extend
into the tongue, nor over one-half the thickness below the
groove, is admissible.

27. Chipped grain consists in a part of the surface being
chipped or broken out in small particles below the line of the
cut, and as usually found should not be classed as torn grain
and shall not be considered a defect.

28. Torn grain consists in a part of the wood being torn
out in dressing. It occurs around knots and curly places.

29, Loosened grain consists in a point of one grain being
torn loose from the next grain. It occurs on the heart side of
the piece, and is a serious defect, especially in flooring.

30. The grade of all regular stock shall be determined by
the number, character, and position of the defects visible in any
piece. The enumerated defects admissible in any grade are
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intended to be descriptive of the coarsest pieces such grades may
contain., The average quality of the grade should be about
midway between such pieces and the coarest pieces allowed
in the next higher grade.

31. Lumber and timber sawed for specific purposes must be
inspected with a view to its adaptability for the use intended.
Material not conforming to standard sizes, for agricultural-
implement companies, wagon companies, car-manufacturing
companies, railway companies, ete., shall be governed by
special contact.

32. The standard lengths are multiples of two feet, ten to
twenty-four feet, inclusive, for boards, stripes, dimension,
joists, and timbers. Longer or shorter lengths than those
herein specified are special. - Odd and fractional lengths shall
be counted as of the next higher even length.

33. On stock-width shipments of No. 1 Common and better
lumber, either rough or dressed one or two sides, no piece shall
be admissible that is more than % inch scant on 8-inch and
under; 2 inch scant on 10-inch, or % inch scant on 12-inch or
wider. All 4-inch and wider No. 2 Common stock may go % inch
scant in width.

34. Yellow pine of a better grade than No. 1 Common, up to
4 inches in width, shall be classified as to grain as edge grain
and flat grain.

Edge grain has been variously designated as rift sawn, vertical
grain, quarter sawn, all being commercially synonymous terms.
Edge-grain stock is especially desirable for flooring and admits
no piece in which the angle of the grain exceeds 45 degrees from
verticle at any point, thus excluding all pieces that will sliver
or shell from wear. Such as will not meet these requirements
shall be known as flat grain.

35. Al dressed stock shall be measured and sold strip count,
viz., full size of rough material necessarily used in its manufac-
ture.

All sizes 1 inch or less in thickness shall be counted as 1 inch
thick.

36. Equivalent means equal, and in construing and apply-
ing these rules, the defects allowed, whether specified or not,
are understood to be equivalent in damaging effect to those
mentioned applying to stock under consideration.

37. The foregoing general observations shall apply to and
govern the application of the following rules:
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DRESSED YELLOW-PINE FinisHiNG.—Grades: First and Sec-
ond Clear, Third Clear.,

38. First and Second Clear. Inch, 1%, 1%, and 2-inch, dressed
one or two sides up to and including 8 inches wide, must show
one face practically clear of all defects. 10 inches wide will
admit any one of the following defects: One split not more
than 6 inches long, one small pitch pocket, one pin knot, pitch
streak, or blue sap stain not to exceed the equivalent of 6
square inehes. One-third of any shipment of 12- and 14~
inch in addition to one straight split not to exceed in
length the width of the piece will admit any one of the
following defects or its equivalent: Three pin knots, one
standard knot, two small pitch pockets, or one large pitch
pocket, one small pitch streak, small kiln or seasoning checks,
one blue sap stain 1} inches wide running across the face of
the piece.

Each two inches above 14 inches in width, in addition to
one straight split, not to exceed in length the width of the
piece, will admit any two of the defects allowed in 12-inch
or their equivalent. Pieces otherwise admissible which have
loosened or torn grain on the face side shall be put in a lower
grade.

39. Special—In case both sides are desired clear special
contract must be made. Defective dressing on the reverse
side of finishing is admissible.

40. Third Clear.—Inch, 14, 1%, and 2-inch, dressed two sides
up to and including 10 inches in width, in addition to one
straight split not to exceed in length the width of the piece,
may have any two of the following defects or their equivalent:
Slight torn grain, three pin knots, one standard knot, three small
pitch pockets, one standard pitch pocket, one standard pitch
streak, three blue sap stains 2 inches wide across the face or
blue sap not over 8 inches deep on one end, wane not to exceed
1 inch in width and % the length of the piece, or small kiln or
seasoning checks. Twelve or 14 inches will admit three of
the above defects or their equivalent.

FrLooriNG.—Grades: A, B, and C Flat, A, B, and C Edge
Grain, No. 1 and 2 Fence.

Special Section.—Defects named in Flooring and Ceiling are
based upon a piece manufactured from 1X4—12, and pieces
larger or smaller than this will take a greater or less number
of defects, proportioned to their size on this basis.
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41. A Flat Flooring must be practically free from defects on
the face side and well manufactured.

42. B Flat Flooring may have any two of the following defects
or their equivalent: Blue sap stain not to exceed 15 per
cent of the face, three pin knots, one standard knot, three
small pitch pockets, one standard pitch pocket, one standard
pitch streak, slight torn grain, or small kiln or seasoning
checks.

Pieces otherwise good enough for A, but containing not over
stz small pinworm-holes that have no blue sap about them,
shall be admitted in B.

43. Edge-grain Flooring shall take the same inspection as
flat grain, except as to the angle of the grain.

431. Heart-face Edge Grain shall be free from sap on face
side.

43%. Flal-grain C Flooring shall consist of stock that falls
below a B grade of flooring in working B and better strips,
and will admit of any two of the following or their equivalent
of combined defects: 60 per cent of blue sap, pitch streak, or
firm red heart; chipped or torn grain not over y§ inch deep in
three places in one piece, or other machine defects that will
lay without waste; shake or seasoning checks that do not go
through, two standard pitch pockets, or six small pitch pockets,
twenty pinworm-holes, two standard or six pin knots, or two
pith knots; pieces otherwise as good as ‘“A” can have one
defect (as a knot-hole) that can be cut out by wasting 1} inches
of the length of the piece.

44. No. 1 Fence Flooring may contain the following defects
or their equivalent: Sound knots not over one-half the width
of the piece at any one point throughout its length; spike knots
whose length is not over one-half the width of the piece, and
if on the edge not to exceed one-half the thickness; three pith
knots, pitch, pitch pockets, blue sap, firm red heart, season-
ing checks or slight shake, twenty pinworm-holes, chipped,
loosened, or torn grain not over } inch deep in three places in
a piece, or other machine defects that will lay without waste;
and if otherwise as good as “B’” one defect (like a knot-hole)
that can be cut out by wasting 3 inches of the length of the

iece.
3 45. No. 2 Fence Flooring admit sall pieces that will not grade
as good as No. 1 Fence Flooring, that can be used for cheap
floors or sheathing without a waste of more than one-fourth
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the length of any one piece, and admits all the defects named
in No. 2 Cemmon Fencing.

46. Centre Maiched Flooring shall be required to come up to
grade on face side only.

CeruiNg.—Grades: A, B, No. 1 and No. 2 Common,

47. A Ceiling must be practically free from defects on the
face side and well manufactured.

48. B Ceiling will admit of any two of the following defects
or their equivalent: Slight torn grain, three pin knots, one
standard knot, three small pitch pockets, one standard pitch
pocket, one small pitch streak, seasoning or kiln checks that do
not go through, blue sap stain or firm red heart not to exceed
15 per cent of the face.

Pieces otherwise good enough for A, but containing not over
six small pinworm-holes that have no blue sap about them,
shall be admitted in B.

49. No. 1 Common Ceiling will admit sound knots not over
one-half the width of piece in the rough, blue sap, pitch streaks,
pitch pockets, firm red heart, slight shake, torn grain, kiln or
seasoning checks, or defects in manufacture.

Pieces otherwise good enough for A, but containing one loose
or unsound knot or knot-hole, 1} inches in diameter or less, shall
be graded No. 1 Common.

Pieces otherwise good enough for A, but containing not over
ten small pinworm-holes that have no blue stain about them,
shall be graded No. 1 Common.

Pieces otherwise good enough for A, but containing one pith’
knot, shall be admitted in the grade of No. 1 Common.

50. No. 2 Common Ceiling admits of all pieces not as good
as No. 1 Common that can be used without waste of more than
one-fourth the length of any one piece.

Wagon-Borroms.—Grades: A and B.

51. Wagon-bottoms unless otherwise ordered (see section 31)
shall be graded the same as A and B Flat Flooring.

Drop-siping.—Grades: A, B, and No. 1 Common.

52. A Drop-siding must be practically free from defects
on the face side and well manufactured.

53. B Drop-siding will admit any two of the following defects
or their equivalent: Slight-torn grain, three pin knots, one
standard knot, blue sap stain or firm red heart not to exceed
15 per cent of the face, and slight kiln and seasoning checks.

Pieces otherwise good enough for A, but containing not over
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siz small pinworm-holes that have no blue sap about them,
shall be admitted in B.

54. No. 1 Common Drop-siding will admit one standard pitch
streak or one large pitch pocket, or their equivalent; and in
addition, sound knots not over one-half the width of piece in the
rough, blue sap stain, firm red heart, slight shake, torn grain,
defects in manufacture, and kiln'or seasoning checks that do
not go through the piece.

Pieces otherwise good enough for A, but containing one loose
or unsound knot or knot-hole 1} inches in diameter or less,
shall be graded No. 1 Common.

Pieces otherwise good enough for A, but containing not over
ten small pinworm-holes that have no blue stain about them,
shall be graded No. 1 Common.

Pieces otherwise good enough for A, but containing one pith
knot, shall be admitted in the grade of No. 1 Common.

BEvVEL-sipING.—Grades: A, B, and No. 1 Common.

55. Bevel-siding shall be graded according to the rules for
drop-siding, and will admit in addition slight imperfections
on the thin edge, which will be covered by the lap when laid
4% inches to the weather.

ParriTioN.—Grades: A, B, and No. 1 Common.

56. Partition shall be graded according to ceiling rules, and
must meet the requirements of the specified grades on the face
side only, but the reverse side shall not be more than one grade
lower.

MouLpED CasiNG AND Base. WiNDOW- AND DOOR-JAMBS.—
Grades: A and B.

57. A Moulded Casing and Base must be practically free
from defects on the face side and well manufactured.

58. B Casing or Base consists of rejections made after dressing
stock inspected in the rough as ““A.” The defects admitted in
B Ceiling shall be allowed.

Window- and Door-jambs shall be graded the same as
moulded casing and base.

See section No. 35 for width.

ComMON BoArDS, SHIPLAP, AND BARN SipiNg, 8, 10, AND
12 Incaes Wipe.—Grades: No. 1, No. 2, and No. 3 Com-
mon.

59. No. 1 Common Boards, dressed one or two sides, and
No. 1 Common Shiplap and Barn Siding shall be well manu-
faciured; will admit any number of sound knots, not over one-
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fourth of the width of the piece if located at the edge, nor over
one-third of the width of the piece if located away from the
¢dge; or their equivalent spike knots~—prov1ded however, that
the spike knots when located on the edge do not occupy more
than one-half the thickness of said edge—two pith knots, one
straight split not to exceed in length the width of the piece,
piteh, pitch pockets, blue sap, seasoning checks that do not go
through, firm red heart, wane 1 inch deep on edge, and one-
third the length of the piece or its equivalent, and a limited
number of small pinworm-holes well scattered. These boards
should be firm and strong and suitable for use in all ordinary
construction.

GroovED RoOFING.—Grooved Roofing shall be graded by
rules governing No. 1 Boards, omitting the pith knots, worm-
holes, and splits in end.

60. No. 2 Common Boards, dressed one or two sides, and
No. 2 Common Shiplap, No. 2 Common Grooved Roofing may
contain any number of knots, none of which are over 4} inches
in diameter, or their equivalent spike knots, worm-holes, one
straight split one-fourth the length of the piece, but must be
free from through-rotten streaks, through-heart shakes over
one-half of the length of the piece, and wane over 2 inches wide
exceeding one-half the length of the piece.

A knot-hole 1% inches in diameter, or its equivalent in small
knot-holes or rotten streaks, will be allowed, provided the
piece is otherwise as good as No. 1 Common.

FENcING, 3, 4, AND 6 INcHES WipE.—Grades: No. 1, 2, and
3 Common,

61. No. 1 Fencing may contain the following defects or their
equivalent: Sound knots, not over one-half width of piece at
any point throughout its length; spike knots whose length is
not over one-half the width of the piece, and if on the edge not
to exceed one-half the thickness, three pith knots or their
equivalent, wane one-half inch deep on edge and one-half of
the length of the piece, pitch, pitch pockets, blue sap, seasoning
checks, firm red heart, and a limited number of small pinworm-
holes well scattered.

62. No. 2 Fencing, in addmon to the defects allowed in
No. 1 Common, will admit the following defects or their equiva-
lent. Knots that do not badly weaken the piece at any point,
small, unsound or loose knots, one straight split one-fourth the
length of the piece, worm-holes, rotten streaks that do not
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go through; shake and wane, but must be good enough to
be used in full length as fencing.

A knot-hole 1% inches in diameter or its equivalent in small
hollow knots will be allowed, provided the piece is otherwise
as good as No. 1 Common.

63. No.3 Fencing and No. 3 Boards are defective lumber, and
will admit of coarse knots, knot-holes, very wormy pieces,
some red rot and other defects that will not prevent its use
as a whole for cheap sheathing or cutting one-half its length
as No. 2 Common. :

64. Miscut 1-inch boards and fencing which do not fall
below % inch in thickness shall be admitted in No. 2 Common,
provided the grade of such thin stock is otherwise as good as
No. 1 Common. .

Divexsion. S.1 8.1 E—Grades: No. 1, No. 2, and No. 3
Common.

65. Inspection of dimension is a question of strength and
uniformity of size, and whatever reduces its strength in cross-
section must be considered a defect to that extent.

66. No. 1 Common Dimension may contain sound knots,
none of which in 2X4s should be larger than 2 inches in diameter
on one or both sides of the piece, and on wider stock which does
not occupy more than one-third of the cross-section at any
point throughout its length if located at the edge of the piece,
or more than one-half of the cross-section if located away from
the edge; two pith knots, or smaller or more defective knots
which do not weaken the piece more than the knot aforesaid;
will admit of seasoning checks, firm red heart, heart-shakes
that do not go through, wane, piteh, blue sap stains, pitch
pockets, splits in ends not exceeding in length the width of
the piece, a limited number of small pinworm-holes well scat-
tered, and such other defects as do not prevent its use as sub-
stantial structural material.

67. No. 2 Common Dimension may have knots which do
not occupy more than one-half of the cross-section at any one
point if located at the edge of the piece, nor more than two-
thirds of the cross-section if located away from the edge;
smaller, loose, hollow, or rotten knots that do not weaken the
piece more than the knots aforesaid; will admit rotten streaks,
shake, wane, worm-holes, and other decfects which do not
prevent its use without waste. ;

68. No. 3 Dimension will include all pieces falling below
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No. 2 grade which are sound enough to use for cheap building
material.

69. Miscut 2-inch stock which does not fall below 1} inches
in thickness shall be admitted in No. 2 Common, provided
such pieces are in all other respects as good as No. 1 Common.

70. Rovee YEeirow Pine Finisaing.— Finish must be
evenly manufactured, and shall embrace all sizes from 1 to 2
inches in thickness by 4 inches and over in width.

71. No inch, 1} and 1} finishing lumber, unless otherwise
ordered, shall measure when dry more than 5 inch scant
in thickness and on 2-inch it may be } inch scant.

72. Wane and seasoning checks that will dress out in work-
ing to standard thickness and widths are admissible.

73. Subject to the foregoing provisions, rough-finishing
shall be graded according to the specifications applying to
dressed finishing lumber.

All rough finishing lumber, if thicker than specified thick-
ness for dry or green stock, may be dressed to such standard
thickness, and when so dressed shall be considered as rough
stock. '

When like grade on both faces is required, special contract
must be made.

74. CommoN Boarps, FENcING, AND DiMENsION.—Rough com-
mon boards and fencing must be well manufactured, and should
not be less than % inch thick when dry.

75. Rough 2-inch common shall be well manufactured and
not less than 1% inches thick when green, or 1} inches thick
when dry. The several widths must not be less than # inch
over the standard dressing width for such stock.

Rough common dimension of a greater thickness than 2
inches and less than 4 inches shall be subject to special con-
tract as to thickness and width.

76. Rough Dimension, if thicker than specified thickness for
dry or green stock, may be dressed to such standard thickness,
and when so dressed shall be considered as rough stock.

77. The defects admissible in rough boards, fencing, and
dimension shall be the same as those applying to dressed stock
of like kind and grade, and such further defects as would dis-
appear in dressing to standard sizes of such material shall be
allowed.

78. No. 1 ComMon TimBERs.—Rough Timbers, 4X4 and
larger, shall not be more than } inch scant when green, and
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be well manufactured, with not less than three square edges,

and must be free from knots that will materially weaken the

piece.

Timbers 10X10 in size may have a 2-inch wane on one
corner, measured on faces, or its equivalent on two or more
corners, one-third the length of the piece. Larger sizes may
have proportionately greater defects.

Shakes extending not over one-eighth of the length of the
piece are admissible, and seasoning checks shall not be con-
sidered a defect.

79. Dressed timbers shall conform in grading to the speci-
fications applying to rough timbers of same size.

80. Rough timbers, if thicker than specified thickness for
dry or green stock, may be dressed to such standard thickness
and when so dressed shall be considered as rough stock.

STANDARD SrzeEs oF DrEssEp LuMBER.—Finishing.—l-inch
S.18S. or28.to13, 11 inch 8. 1 S. or 2 8. to 154, 1} inch S.
18.0or28. to 13}, 2inch S. 1 8. or 2 8. to 1% inches.

Moulded Casing and Base—3% to patterns as per Southern
Lumber Manufacturers’ Association Moulding Book, 1901 edition.
1X4 8. 4 S. shall be 3} inches wide, finished, and 1X6 S. 4 S.
shall be 5% inches wide, finished.

Flooring.—The standard of 1X3, 1X4, and 1X6 inches shall
be }3 X 21, 3%, and 51 inches, 11-inch flooring shall be 14 inches
thick.

Drop Siding.—D. and M. X3} and 5} inches; shiplap,
$X5 inch face, 5% over all. .

Partition.—3 X 3% and 5% inches.

Ceiling.— 3-inch ceiling, { inch; %-inch ceiling, % inch;
§-inch ceiling, % inch; $-inch ceiling 3} inch. Same width as
flooring. The bead on all ceiling and partition shall be depressed
47 of an inch below surface line of piece.

Bevel Siding.—To be made from stock S. 4 S. to ¥ X5} and
resawed on a bevel.

Window- and Door-jambs.—(See section 35.)

Dressed, rabbeted, and ploughed as ordered, worked # inch
scant of width.

i Boards and Fencing.—1-inch S. 1 S. or 2 S. to {3 inch.
Shiplap.—8-, 10-, and 12-inch. 3§ X7%, 9%, and 11} inches.
D. and M.—8-, 10-, and 12-inch. 13X 7%,9%, and 11} inches.
Grooved Roofing.—10-and 12-inch S. 1 S. and 2 E. to 3 X9}

and 113.
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Wagon-bottoms, unless otherwise ordered (see section 31),
shall be made in sets 38 and 42 inches face and from stock
4 inches or over in width.

Dimension.—2%X4 D. 1 8. and 1 E. to 1§ X 3§ inches; 2Xx6 D,
1 8. and 1 E.to 1§ X 5§ inches; 2X8 D. 18. and 1 E. to 1§X7}
inches; 2X10 D. 1 8. and 1 E. to 15X 9% inches; 2X12 D. 1 8.
and 1 E. to 1§X11} inches; 4X4 and 4X6 D.1 S. and 1 E.
to  inch off side and edge; S. 4 S. }inch off each side.

SOUTHERN CYPRESS LUMBER ASSOCIATION.
In effect February 22, 1897.

Strips.—4” to 6” strips shall be graded A, B, C, D, and read
the same as flooring grades.

Siding.—‘Clear and A’ Siding may have 1”7 of bright sap
on thin edge, and may contain one small sound knot.

“B” may have } of face bright sap if otherwise clear, or
in lieu of } sap may contain two small sound knots.

“C” may be all bright sap or may have one to five knots,
the whole not aggregating over 3/, or knots or other defects
that can be removed in two cuts with waste not exceeding
12” in length, or three pinworm-holes, and may have check
or split at one end, not exceeding 12" in length.

“D” may have stained sap and pinworm-holes, or may
have other defects that will not cause a waste to exceed } the
piece.

DressEp FINIsHING.—Seven inches (7”) and up random
width to be two grades, as deseribed in 1st and 2d Clear and Select.

Frooring, CEILING, AND ParTITION.—Clear must be free of sap
and defects.

““A” may have 1” bright sap on one edge, may contain one
small sound knot, or may have bright sap } its width on one end
for not exceeding two feet from end.

“B” may have } of its face bright sap if otherwise clear,
or in lieu of bright sap contain two small sound knots, or may
have a split not to exceed 9" at one end.

“C” may have all bright sap, or may have one to five
knots, the whole not aggregating over 3", or knots or other
defects that can be removed in two cuts with waste not to
exceed 12” in length, or may have three pinworm-holes, or
may have check or split at one end not to exceed 12” in length.
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“D” may have stained sap and pinworm-holes, or may have
unsound knots or other defects that will not cause a waste to
exceed } of the piece.

DresseEp FiNisHING. —Strips 1, 11, and 13X 4 to 6 inches wide
to be graded as 1st and 2d Clear and Select. The above 1st
and 2d Clear strips, which are 1, 1}, and 1% thick, shall have
one heart face, and will admit one inch sap, on one edge.
Select may be all bright sap, or in lieu of sap may contain two
standard knots. 2X4 and 2X6 to be graded Clear and Select
as described in above 1, 1%, and 1% strips.

Squares.—Squares to be graded Clear and Select 4X4 to
10%x10. A clear square to admit 1 its size of sap on one corner.
Select may have half bright sap.

SHINGLES.—Best.—A dimension shingle, 4, 5, and 6 inches, each
width separately bunched, sixteen inches long, five butts to meas-
ure two inches, all heart free of shakes, knots, and other defects.

Primes.—Dimension, each width separately bunched, six-
teen inches long, five butts to measure two inches, admitting
tight knots and sap, free of shakes and other defects, but with
no knots within eight inches of the butt.

Eztra ““A.”—Same as Primes, except random width and
may admit of shingles fourteen inches long.

Clippers.—Any shingles which are sound for five inches from
the butts—worm-holes excepted—and two and one-half inches
or up in width.

WEeIGHTS.

Pounds per M.
Lumber, rough, 2 inchesand under .................... 3000
Lumber, rough, 23 and 3inches ....................... 3500
Z-inch flooring and ceiling. ... ....... ..o .o il 2300
Ssinchliceilingolnty Tt ot U sl s T2 o B S8 1600
$uincht ceiling uehn Jone' e Snlelimosiniy. Jiolie oF, Sha 1300
$eineh ceiliftg. Lo tah T Rabvain Cise Al ndshg DR 1000
J=inch bewvel sidingfis orsdu domwadih, Jeseh s eeaig 1000
Shingles; allsgbadessaungs. Lr3duh . swite . oo bl . ol 300
F=inchiplaster lathi Lufe 0L onadd | STowaliiud v et 500
Fiinchdenice Jath. sen. s VO husnxs. o Jow 'Higs, Shaeem 900
13X 13X4 ' D. & H. pickets . . sraitals waielio it e ke 1600
FX 2 X4 D & cpteletsyi iz Jstn U A pd ol 1£00
2inch O1G. battenstita: Ags) sodianat Tt wmbatlngi ol Suw, 500
2)-inch -1 G battensiz s&hat ot S S aie oy Jis. 600

3-inch 0. G. battens! - FENiN FHl BRI s e 700
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Gavees For MaTcHED LUMBER.—Flooring.—1X4 and 1X6
shall be 37 by 3} and 3} X 51”.

11 flooring shall be 1.

Ceiling.—3%” shall be f”’; 1 shall be {5 §” shall be {%”;
2/ shall be $}”, and the width shall be the same as flooring.

Tank Stock shall be 5 and over in width, 1}” to 4”
thick. and 8 and over long. Pieces up to 7” shall be free of
sap. Pieces wider than 7” may have 1”7 of sound sap on one
edge, ‘not to exceed half the length and half the thickness of
the piece. In all widths, sound knots that do not 1mpa1r its
usefulness for tank purposes may be admitted.

1sT AND 2D CLEAR shall be 8” and over in width. Pieces
8” to 10” may have 1” of bright sap on each edge, or its
equivalent on one edge, otherwise they must be clear.
Pieces 10” and under 12 wide may have 1} of bright sap
on each edge, or 3” on one edge, and one standard knot 11" in
diameter.

Pieces 12”7 wide may have one standard knot and 2” of
bright sap on each edge, or the equivalent on one edge; or
in lieu of sap may have two standard knots or their equiva-
lents. Pieces wider than 12” may admit of defects in pro-
portion as width increases. Pieces 14” and wider may have
one straight split not over 10’ to 12” long, when comparatively
free from other defects. Slight season checks allowed in above
grade. ‘

SerEcTs shall have one face side and be 7" and over in
width. Pieces 10” and under in width shall admit two stand-
ard knots of 1}” in diameter, and an additional standard knot
for every two inches in width, over 10”. Bright sap not con-
sidered a defect. Unsound knots that do not go through the
piece to be allowed. Pieces free from other defects, 10” and
over wide, to admit pinworm-holes on one edge cae-tenth the
width of the piece. Season checks no defect. Slight wane
on 10” pieces and over, allowed on one side, not over 3 feet
in length. When no other defects appear, slight amount
stained sap may be allowed. Pieces 10" and over in width may
have a straight split not to exceed 12” in one end, when com-
paratively free from other defects.

SHor.—Shop to be 6” and over in width, 8 and over in
length, and to include all lumber that will not go into above
grades, but that will cut for shop use 60 per cent clear of waste.
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MERCHANTABLE OrR CoMMON may be any width, admitting
sap, knots, shake, or peck, when the strength is not impaired.

RULES FOR GRADING EASTERN OREGON WHITE PINE.

Common lumber will be divided into four grades as follows:
No. 1 Common, No. 2 Common, No.3 Common or Sheathing,
and No. 4 Common or Culls.

No. 1 CommoN Boarps AND Strips shall include all sound,
tight-knotted stock whether red or black knots, but must be
free from large coarse knots that will weaken the piece or loose
knots that will fall out in the seasoning or handling. A small
amount of blue sap stain is admissible in a piece where the knot
defects are not very pronounced.

Ex.1. No.1 Common 1X12—16 S.1S.—Has five red knots
from 1} to 2 in. in diameter, three limb knots or V 1}X3 in.,
but running in not more than one-half thickness of the board;
also twelve small black and red knots all sound and well scattered,
these smaller knots varying in size from % in. to 1 in. in diameter.

Ex. 2. No.1 Common 1X12—20 8.1 S.—Has seven red knots
from 1% in. to 2 in. in diameter and five red branch knots extend-
ing across not more than one-third the width of the board nor
running in not more than one-half the thickness of the board;
also several small sound knots from % in. to 1} in. in diameter.
This is a heart board.

Ex. 3. No. 1 Common 1X10—16 GroovEp Rooring.—This
piece contains three sound smooth knots from 1} to 2 in. in
diameter and eight small red knots from % to 1 in. in diameter
and a small amount of blue stain.

Ex. 4. No. 1 CommoN 1X8—16 SHipLAP or Rustic.—This
piece contains three sound red knots from 1% in. to 1} in. in
diameter and eight or ten small sound knots and pin knots and
will admit of a small amount of blue stain. The piece must
work smooth and sound.

Ex. 5. No. 1 Common 1X6—16 FEncing $.1 S.—This piece
contains five sound knots from 1 in. to 1} in. in diameter well
scattered and some small sound tight knot sthat will in no way
weaken the piece. It will also admit of some blue stain.

Ex. 6. No. 1 Common 1X4—16 FExcing S. 1 S.—Has three
sound knots from 1 in. to 1} in. well scattered through the piece
and a few smaller sound knots, but none that will impair the
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strength of the board. It will also admit of a small streak
of blue stain.

No. 2 CommoN Boarps anp Strips shall also be sound in
appearance, but will admit of larger and coarser knots not
necessarily sound and more sap stain than No. 1 Common. It
will also admit.of larger and coarser V or limb knots, but not
so large or so coarse as to weaken the piece or materially impair
its strength. It shall be free from knot-holes, rot, or splits, but
should a knot on the edge of the board slough off in the milling
it will not disqualify it for this grade. It must have a good
bearing on both sides. A single split not to exceed 2 feet in
length in one end of a piece shall not disqualify it for this grade.

Ex. 1. No. 2 Common 1xX12—16 S.1 S.—Has five knots 2}
to 8 in. in diameter and three limb or V knots and a number
of smaller knots and will admit of considerable discoloration.
All the knots must be firmly set and the limb knots must not
extend more than one-half the width of the piece.

Ex. 2. No. 2 CommoN 1X12-—-20 S. 1 S.—Has six knots
from 2} to 3 in. in diameter and five limb or V knots that do
not extend across over half the face of the board and a number
of smaller knots from } to 1} in. in diameter. All knots firmly
set and well distributed. One-third of the face of the piece
is slightly stained.

Ex. 3. No. 2 Common 1X10—16 S. 1 S.—Has three round
knots 3 in. in diameter and several smaller knots from 1} to
2 in. in diameter and a number of knots from } to 1} in. in
diameter, but all well scattered and firmly set.

Ex. 4. No, 2 Common 1X8--16 8. 1 S.~—Has several red and
black knots from 2 in. to 2} in. in diameter and a number
of smaller knots scattered throughout the piece and all firm;
will also admit of medium-sized live-limb knots,

Ex. 5, 1X6—16 No. 2 Common S. 1 S.—Will admit of large
red or black knots scattered throughout the centre of the piece
where they do not materially impair its strength.

Ex. 6. 1X4—16 No. 2 Common S. 1 S.—Graded practically
the same as 1X6 No. 2 Common, admitting of the large knots
not to exceed 2 in. scattered throughout the piece, but no large
knots in the edge of the board.

No. 3 Common or SHEATHING.—Will not only admit of all
defects of the better grades, but will also admit of large loose
knots and knot-holes and any amount of blue stain or pitch and
a split extending not more than one-third length of board; but
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no rot will be admitted in this grade except the unsound knots

or red stain if the wood is quite firm. The boards of this grade
must be of good thickness and full size, i.e., no pieces of spht
or broken boards will be allowed to go in thls grade.

No. 4 ComvoN or Currs.—The defects characterizing this
grade are red- and black-rot pieces showing numerous large worm-
holes or a large number of knot-holes or pieces that are extremely
coarse-knotted or badly split.

Eastern Oregon White Pine Selects or Uppers will be divided
into three grades of finish and shall be known as A or No. 1,
B or No. 2, and C or No. 3.

A or No. 1 Finisu shall be perfectly bright on the face side °
and free of knots or stain or pitch seams. The reverse side of
the board may show one knot 1 in. in diameter or two knots
less than 1 in. and small pitch seams, and may admit of a slight
discoloration., Wider pieces will admit of relatively more
defects on the reverse side.

B or No., 2 Fivisg will admit of more defects, larger and
coarser knots, longer pitch seams and also some stain if not too
pronounced. A 12-in. piece may show one knot 1 in. to 2 in.
in diameter or two or three smaller knots; also a few small
pitch seams, Light-blue sap stain may extend over not to
exceed one-third of the face of the board where the knot defects
are not so pronounced. In wider boards the defects may
increase proportionately.

C or No. 3 Finisu.—This is the lowest recognized grade of
finish lumber and will admit of quite serious defects as long as
the piece has the appearance of finish in the knotty type.
A 12-in. piece may contain a large number of small knots and
one or two very coarse knots or occasionally a knot-hole if board
is otherwise fairly clear, or in the abzence of knots the whole
face of the piece may be blue, but where the piece is very blue
no other defects are admissible. In this grade of finish the
appearance of the face side only will be taken into consideration
except that the reverse side must have a good bearing.

Frooring, Drop SipiNg, Rustic, aNp CriLiNG, SELECT.—In
grading this lumber the same rules will be used that govern the
other selects except that the grade is determined from the face
side only. In all except ceiling, and that only when it is specified
as partition, then the grade shall be determined from the poorer
side, but it should always be borne in mind that the reverse
side should have a good bearing surface and nothing will be
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allowed in A or B that would materially weaken the piece
and only in a C when the defect may be removed by wasting
six inches.

Coumon Frooring.—All flooring in the common grades shall
be graded the same as wider pieces in the same grade, with the
proper allowance for width.

BeveL Sming.—Care shall be taken in selecting this stock,
which shall be free from knots in the edge, as in working the
knots are liable to drop out, and a knot broken out in the thick
edge gives the piece a rough appearance.

This siding shall be graded into four grades No. 1 or A, No. 2
* or B, No. 3 or C, No. 4 or D.

In A, or No. 1, the only defects admissible are a sound knot
not to exceed } in. in diameter or a very slight pitch pocket in
a piece 12 feet or longer.

B, or No. 2, will admit of the defects in A or No. 1, together
with other defects such as a small amount of stain, larger pitch
pockets, or a little pitch or two or three small sound knots not
exceeding } in. in diameter.

In C, or No. 3, the defects admissible are the same as
B or No. 2, only more pronounced. It will admit of more
discoloration and also of one or two loose knots or small
knot-holes provided there would not be more than six inches
of waste in the piece by cutting out these defects, and when
the waste is allowed the balance of the piece must show a B
face.

D, or No. 4, will admit of all the defects of the better grades
and any amount of blue stain, or where the piece is badly dis-
colored it shall be practically free of other defects. This grade
is practically a cutting grade when not colored.

Facrory Prank.—Grades deseribed under this head are
valued for cutting-up qualities only and should not be con-
founded, either in quality or value, with grades outlined in-
another part of this book for yard purposes.

Factory plank of all kinds shall be graded for the percentages
of door cuttings that can be obtained.

Two grades of door cuttings only shall be recognized, and
are to be known as No. 1 and No. 2 cuttings.

The only defect admissible in No. 1 cuttings is white
sap.

The grade of No. 1 door cuttings must be free from all other
defects.
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The grade of No. 2 door cuttings will admit of one defect
only in any one piece. This may be a small knot of sound
character, not. to exceed five-eighths of an inch in diameter, or
the defect may be slightly stained sap which does not extend
over more than one-half of the face of the piece on one side.

No. 1 Shop Common.—The sizes and grades of cuttings ad-
missible in the grade of No. 1 Shop Common are as follows:

No. 1 Stiles in width 5% or 6 in. and in length from 6 ft. 8 in.
to 7 ft. 6 in.

No. 1 Rails 9 or 10 in. wide and from 2 ft. 4 in. to 3 ft. in
length.

No. 1 Muntins 5} in. wide and from 3 ft. 6 in. to 4 ft. in length.

Any number of pieces of either the stiles or rails mentioned
above are admissible in the grade of No. 1 Shop Common;
but only two muntins of the sizes mentioned above shall be
considered, and one No. 2 door stile may also be considered,
in securing the required percentage of cuttings in any given
plank.

Each plank of No. 1 Shop Common shall contain not less
than 50 per cent nor more than 70 per cent of door cuttings
of the sizes and grades above mentioned.

No. 2 Shop Common.—The sizes admissible in No. 2 Shop
Common are as follows:

Stiles in width 53 in. or 6 in. and from 6 ft. 8 in. to 7 ft. 6 in.
in length.

Rails 9 or 10 in. in width and from 2 ft. 4 in. to 3 ft. in
length.

Top rails 5} in: wide and from 2 ft. 4 in. to 3 ft. in length.
Top rails must, however, be of No. 1 door-cutting quality.

Muntins 53 in. wide and from 3 ft. 6 in. to 4 ft. in length.

Any number of cuttings of any one of the above sizes are
admissible in the grade of No. 2 Shop Common.

Each piece of No. 2 Shop Common shall contain either one
of the following: At least 25 per cent of No. 1 door cuttings,
or not less than 40 per cent of all No. 2 door cuttings, or not
less than 33} per cent of No. 1 and No. 2 door cuttings combined.

No. 3 Shop Common, 1} in., 1} in., and 2 in., will admit all
below the grades described as No. 2 Shop Common, except such
plank without euttings as:

Show excessive rot. :

Excessively pitch pieces.

Pieces stained on the greater part of both sides.’
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The type where there are no cuttings between knots and
those knots are too unsound to be admitted in a cheap door.

A few small worm- or grub-holes, when not combined with
blue sap or other serious defects, are admissible on one side
of the piece only.

DOUGLAS FIR OR OREGON PINE:,

GRADING RULES.
NOTES TO SURVEYORS.

BureAaU oF GrADES AND INsPEcTION.—Surveyors at ports
within the jurisdiction of the established Bureau of Grades and
Inspection will receive their appointment from and be sub-
ject to the instructions of the properly designated officers of
said Bureau, particularly as to an interpretation of the fol-
lowing rules:

At ports outside of said jurisdiction the surveyor shall be
satisfactory -to and subject to the mutual instructions of both
buyer and seller as to any special conditions, but otherwise
shall conform to the rules hereinafter noted and exercise his
best judgment as to a correct interpretation thereof.

SaLe Mreasure.—All intermediate (odd or fractional) lengths
shall be measured as of the contents of the next longer length,
unless otherwise especially instructed by the proper parties.

All lumber sawn less than 1’ in thickness shall be measured
as of 17 (i.e., at surface measure).

All rough lumber 17 and over in thickness shall be meas-
ured at board-measure contents .

All worked lumber shall be measured at board-measure
contents before working.

Sizes 4/ and under in thickness will be worked 3” less for .
each side surfaced. Sizes over 4” in thickness will be worked
¥ less for each side surfaced.

T. & G. S. 1 S. shall be worked }” less in thickness and §”
narrower on face.

All sizes are subject to natural shrinkage, whether “green,’’
partially or wholly seasoned, and in such cases the surveyor
will make allowance for variations from above.

Recognized defects are knots, knot-holes, splits (either from
seasoning, ring heart, or rough handling), shakes, wane, red
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heart, rot, rotten streaks, worm-holes, pitch seams, piteh pockets,
solid pitch, chipped grain, torn grain, loosened grain, seasoning
checks, and black sap.

Kx~ots shall be classified as pin, small, standard, and large as
to size; round and spike as to form; and sound, loose, incased,
pith, and rotten as to quality.

A pin knot is sound and not over }” in diameter.

A small knot is sound and not over 1’ in diameter.

A standard knot is sound and not over 13" in diameter.

A large knot is sound and any size over 1§/ in diameter.

A round knot may be oval or circular in form, and the mean
or average diameter shall be considered in applying these rules.

A spike knot is one sawn in a lengthwise direction.

A sound knot is one solid across its face, as hard as the wood
it is in, and so fixed by growth or posxtlon that it will retain
its place in the piece.

A loose knot is one not held firmly in place by growth or
position.

An incased knot is one surrounded wholly or in part by
bark or pitch.

A pith knot is a small sound knot with a pith hole not more
than ¥/ in the centre.

A rotten knot is one not as hard as the wood it is in.

Prrcu.—Seams are openings between the grain of wood
containing more or less pitch and shall be classified as large and
small.

A large pitch seam is one }” and over in open width and
not over 8” in length.

A small pitch seam is one less than 1 in open width and not
exceeding 4” in length.

A pitch pocket is a well-defined accumulation of pitch at
one point of the piece.

A pitch seam or pocket showing open on both sides of the
piece }”” or more in width shall be considered the equivalent
of a knot-hole.

Gramn.—Chipped grain consists of a part of the surface being
chipped or broken out in small particles below the surface, but
shall not be classed as torn grain. -

Torn grain consists of a part of the wood being torn out in
dressing, usually around knots or curly places,

Loosened grain consists of the point of one grain being torn loose
from the next grain, noticeable on the heart side of a piece,
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Sap.—Colored, blue or black.

Bright sap shall not be considered a defect unless the sur-
veyor shall receive from the supervising inspector, or both
buyer and seller, contrary instructions.

Sunpries.—Firm red heart shall not be considered a defect
in any of the grades of commons.

Occasional variations in sawing, or occasional scant thick-
ness, shall not be considered a defect when not rendering the
piece unfitted for its probable use.

Imperfect manufacture in dressed stock, such as chipped
grain, torn grain, loosened grain, broken knots, mismatching,
or insufficient tongue or groove, will reduce the grade, according
to whether such defects are slight or serious, in their effect upon
the use of the piece. (

Equivalent, in the application of these rules, means that the
defects allowed, whether specified or not, are understood to be
equivalent in damaging effect to those specially mentioned.

The grades of all regular stock shall be determined by the
number, character, and position of defects visible in any piece.
The enumerated defects permissible in any grade are intended
to be descriptive of the coarsest piece such grade may contain
hereunder; the average quality of the grade should be about
midway between such piece and the coarsest piece allowed in
the next higher grade.

DOUGLAS FIR.

Grades shall be known and designated as follows:

Rouga Axp WorkeEp Commons.—‘‘Merchantable,” “Sec-
onds,” ‘‘Refuse.”

Rouveu UppeErs.—*“Clear,” ‘‘Select.”

Car Stock—‘“No. 1,” “No. 2.”

Ship Stuff—“No. 1,” “No. 2.”

Worgep UppeErs.—D. & M. Flooring—“No. 1,” “No. 2,”
N o3

Stepping—*“No. 1,” “No. 2,” “No. 3.”

Rustic—*No. 1,” “No. 2,” “No. 3.”

Ceiling—*No. 1,” “No. 2,” “No. 3.”

Rouan "Commons.—Merchantable.—This grade shall consist
of lengths 10” and over (except shorter lengths be ordered) of
sound, strong lumber, free from loose or rotten knots, knot-
holes, splits, shakes, wane, rot, pitch seams (open on both
sides of the piece), or other defects that materially impair the
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strength of the piece; well manufactured and suitable for good
substantial construction purposes, or the purpose for which
it is intended. Will allow:

Occasional variations in sawing, or occasional scant thick-
nesses.

Sound large knots,

Large pitch seams.

Bright or colored sap on corners one-third the width and
one-half the thickness.

Firm red heart.

Recognized defects in all cases to be considered in connec-
tion with size of piece and its quality otherwise.

Bill Stuff shall consist of sizes ordered ‘for specific
construction and not intended for ““Yard Stock,” and must
be inspected with the view of its adaptability to the
uses intended, and unless manifestly unfit therefor shall
be surveyed under this grade, except the order be for a higher
grade.

Seconds.—This grade shall consist of lengths 10’ and over
(except shorter lengths be ordered) having any of the recog-
nized defects which exclude it from grading as Merchantable.
Will allow:

Recognized defects which render it unfit for good substan-
tial construction purposes but suitable for an inferior class of
work.

Refuse.—This grade shall consist only of commons absolutely
unfit for any other use than firewood.

Rouver UppeErs.—Selects.—Shall be sound, strong lumber,
and in flooring, ceiling, and finish stock of good grain, well
manufactured. Will allow:

In sizes under 6”xX6"":

Pin knots, bright sap on corners one-quarter the width and
one-half the thickness, and small pitch seams. Not more than
two such defects in for each 10 linear feet.

In sizes 6" X6” and over:

Small and standard knots varying in diameter according to
size of piece.

Bright sap on corners not to exceed 3’ on both faces and
edges.

Large pitch seams.

Recognized defects to be considered in all cases in connec-
tion with size of piece and its general quality.
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Clears.—Flooring, ceiling, and finish stock shall be sound,
close grain, well sawn, and on one side and two edges
free from defects impairing its use for probable purposes
intended.

Edge grain in widths 12" and wider shall be so graded if show-
ing grain on edge within an angle of 45 degrees for at least
three-fourths of width and otherwise free from defects on
one face and two edges. :

Slash grain (nearly parallel to surface) shall be otherwise
free from recognized defects on one face and two edges.

Other lumber in this grade shall be uniformly sawn and gen-
erally free from recognized defects. Will allow—

In dimensions containing 24" or less to the linear foot:

Bright sap when not exceeding one-quarter the width, thick-
ness, or length.

Small pitch seams when not extending through the piece.
In dimensions 3 to 6/ thick and over 8” to 12" wide:

Pin knots when on one side and lower half of edges.

Bright sap not exceeding one-fourth the face or edges, or
one-third the length.

Small pitch seams when not extending through the piece.
In dimensions larger than above:

Small knots, according to size of piece, when on one face
and lower half of edges, leaving one face and upper half of edges
clear.

Bright sap on corners not exceeding 3" on face and edges,
or one-half the length.

Large pitch seams when not extending through the piece.

Ship Stuff.—All lumber for this purpose shall be strong, of
live wood, and close grain.

No. 1 Plank.—Includes outboard planking, garboards, wales,
clamps, rails, and lumber for similar purposes; if worked, to
be fairly smooth. Will allow:

Small tight, hard knots when not on corners or calking
seam.

Bright sap on face side edges not exceeding one-quarter the
width or thickness.

Small pitch seams not extending through the piece.

Said defects to be considered in connection with size of
piece and its quality otherwise.

No. 1 Decking.~—Shall be uniformly sawn, close grain, free
from recognized defects on one face and both edges, and if
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worked to be of uniform size and fairly smooth. Flat sizes
shall show edge grain on broad face, and both square and flat
sizes be free from recognized defects on edge grain face. Will
allow:

Pin knots on under side and lower part of -calking
edges.

Bright sap on face side edges not exceeding one-eighth the
width and one-fourth the thickness.

No. 2 Plank and Decking.—~This grade shall include all of
above material not suited for grading as No. 1 hereunder, but
in quality shall be equal to the grade of Select.

Car Stock.—Lumber in this grade shall be strong, of
fine grain, and uniformly sawn. Sizes 27 thick and less
and 12”7 and less wide shall be practically clear, free
from all recognized defects that would impair it for its
intended use. Will allow in dimensions over 2” thick and
12”7 wide:

Small knots, according to size of piece.

Bright sap in limited amount, according to size of piece.

Small pitch seams.

Said defects to be considered in connection with size of piece
and its quality otherwise. :

No. 2—This grade shall include material impaired by recog-
nized defects from grading as No. 1, but generally conforming
to the grade of *“Selects.”

Car Siding and Roofing.—To be graded under rules for D. &
M. ceiling. :

WorkeEp Uppers.—D. & M. Flooring. No. 1.—This grade
shall consist of lengths 10’ and up (except shorter lengths be
ordered), edge grain on face for three-quarters of width; of
sound, close grain lumber, and free from recognized defects
on face and edges; well worked and conform generally to
grade of Clears. Will allow:

One pin knot in each piece.

Bright sap when not extending over one-quarter face and
length.

Only one such defect allowed in any one piece.

No. 2.—This grade shall consist of edge or slash grain of
lengths 10’ and up (except shorter lengths when ordered), well
worked and conform generally to the grade of Selects. Will
allow:

Small knots if not appearing on edges,
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Bright sap when not extending over one-half the face and
length.

Small pitch seams.

Chipped grain.

Said defects to be considered in connection with length of
piece and its quality otherwise. Not more than two such
defects to each 12 linear feet.

No. 3.—This grade shall consist of lengths 6’ and up re-
gardless of grain and conform generally to grade of Merchant-
able.

Stepping.—This material shall consist of lengths 10" and over
(except shorter lengths be ordered), and defects allowed shall
be considered with regard to length of piece.

No. 1.—This grade shall conform generally to grade of Clears,
be worked smooth on one side, shall show edge grain on face
to extent of not less than three-fourths of width, and free from
defects on face and one edge.

No. 2.—This grade shall show edge grain on face to extent
of not less than one-half the width and conform generally to
grade of “Selects.” Will allow:

Pin knots on one face or one edge.

Bright sap when not extending over one-quarter the
width.

Small pitch seams.

Chipped grain and other recognized defects impairing it from
grading as No. 1.

No. 3.—This grade shall be regardless of grain and conform
generally to grade of Merchantable.

Rustic Siding and Ceiling. No. 1.—Shall consist of lengths
10’ and up (except shorter lengths be ordered), sound lumber,
regardless of grain, free from recognized defects on face and
edges, well worked, and conform generally to grade of “Clears,”
Will allow:

One pin knot.

Or bright sap not extending over one-quarter width or length
of piece.

Only one such defect allowed in any one piece.

No. 2.—This grade shall conform generally to grade of
“Selects.” Will allow:

Small knots if not. appearing on edges.

Bright sap when not extending over one-half the face and
length.
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Small piteh seams if not extending through the piece.

Chipped grain.

Said defects to be con51dered in connection with size and
length of piece.

No. 3.—Shall conform generally to grade of Merchantable.

CALIFORNIA REDWOOD.

CreEar REpWOOD.—No. 1. Shall be good and sound, clear
of knots, splits, sap and shakes, and well manufactured to
standard thickness. Will allow:

Small birdseye.

Slash-grained sawing.

No. 2. Shall be inferior in quality to No. 1. Will allow:

Small sound knots and pin knots, sap on end and edge not
exceeding 4 per cent of area.

Slight roughness in milling.

Tank, Panel, and Casing Stock.—Shall be good and sound
clear of knots, splits, sap, and shakes, and well manufactured.

Sap Clear.—This grade shall conform generally to No. 1 and
No. 2 Clear, except that it shall contain sap in excess of 4 per
cent of the area. Will allow:

Discoloration of sap.

Flooring, Ceiling, and Rustic Stock.—No. 1. Shall be the
grade of No. 1 clear. Will allow:

Slash-grained sawing that will probably not rough up in
working.

No. 2. Shall conform to the grade of No. 2 clear.

Standard Grade, Rustic Stock.—Will allow:

3 or 4 sound standard (1}”" diameter) knots.

1 or 2 sound knots not to exceed 2” in diameter.

Sap with small knots.

Poor machining, which would make it unfit for No. 1 and
No. 2 clear.

Half-inch Lumber.—Shall be graded under the same rules
as inch lumber of the same quality.

Grapes, ComMoN.—No. 1. This grade shall consist of sound,
étrong lumber, free from rot, large shake and large, loose knots.
It shall be well manufactured and suitable for good, substantial
construction purposes. Will allow:

Qccasional variations in widths and thickness.
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DIFFERENT KINDS OF WOOD

Knots, weath;ar check, and small shake that do not materially

impair its strength.

Sap not to exceed 4 per cent of the area of outside surfaces.
No. 2. This grade shall consist of lumber having any of the

recognized defects which exclude it from the No. 1 grade.

allow:

Will

Sap, loose and rotten knots and shakes; also splits not extend-
ing over one-fourth the length of the piece.

Recognized defects which render it unfit for good, sub-
stantial construction purposes but suitable for an inferior class

of work.

No. 3. This grade shall consist of anything that is not good
enough to go into No. 2 grade, but which can be used for any

purpose as lumber.

DIFFERENT KINDS OF WOOD AND WHERE FOUND.

NAME. Waere Founp.
Acacia. . ......Warm climates.
Alder. . ...... Europe, ete.
Almond. ...... South of Europe.
Ambome . ....Africa. )

Apple. .o ool Europe, America.
Apple (cra,b) . East. United States.
Arbor-vite. . .Temperace climates.

i e Britain, ete.

‘¢ black. ... .East Umted States.

‘“ blue. .....

‘‘ white..... ¢ I 4
Bamboo. . .. ...China and India.
Barwood. . ....Africa.

Basswood. . .. . East. United States.
Beech. . ... Felad ¥ & i
Birch. . . ......Europe, America.
Bite-tHe - . Jar. . .India.
Black Bota n

Bay wood. Australia.
Blue-gum. .... &
Bog-oak. .. ...England, Ireland.

.Southern and west-
ern Europe.

Boxwood. . ...

Brazil wood.. . .Brazil.

Buckeye....... Tennessee and
Nort

Bullet-tree. .. ..Jamaica.

Buttonwood. . .(See Sycamore.)

Calamander. .. .Ceylon.

Camphor. .....Warm climates.

Camwood.. .. .. Africa.

Canary-wood Brazil

Caugica-wood .

Catalpa. . .. Bast. Umted States.

Cedar, bastard Southern California.

red.. . .East. United States.

yellow. .Utah to Pacific
Coast.

6

Nawme. Waere Founp.
East India
blackwood. . East Indies.
Ebony. . ...... Ceylon, Afriea, In-
dia.
Elder.. ....... Jamaica.
Elmawe. el Europe
s Wgedt MRYL, East. Umted States.
** white.....
Fir, red silver. .Sierra Nevada Mts.
** Scotch Europe.
AR TN California.
Fustie......... North and South
America.
Greenheart. . . .Guiana, Trinidad.
Gum, black and
iredit ; ty, ot East. United States.
Hawthorn. . ...Europe, ete.
agel, ...l 2 e
Hemloe
(spruce). . . .. North America.
Elickonyaey. + ot 4 America.
HON T 4] Europe, Southeast-
ern United States.
Hoonsay. .. ... India.
Ironwoud ...... TFast. United States.
red.. .Jamaica.
Jackwood ..... Asia, Ceylon.
Junipgerdsa ' . . (See Cedar.)
Kiaboca. . ..... East Indies.
Kingwood. .... Brazil.
Laburnum. . .. .Europe.
Lancewood. . .. South America.
" plack.Jamaica.
Il G e At Furope.
‘¢ Western. Oregon.
Laurel moun-

......... Penn. and South.
Leopard-wood Central America.
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DIFFERENT KINDS OF WOOD AND WHERE FOUND—(Continued).

NAME. Wuere Founo.
Cedar, Spanish. West Indies  and
South America.
‘¢ Western.Utah to Oregon.

‘‘  white. . .United States.
‘“  West In-
dia. .. West Indjes.

EChepryseR: ... Europe, America.
Cherry, wild,.

hlaek 0. 1. East. United States,
Cherry-tree... . . Australia.
Chestnut. . .... America, Europe.
Cocoa-wood. ... West Indies.
Coquilla-nut. ... Brazil.
Cork-oak... . ...Southwest Europe.
Cottonwood. . . . West. United States.

Cowdi-pine. ... .Temperate climates.
Cypress. .. ....So. United States.
by ..New Zealand.

Deodar,....... India.

Dogwood. . . ...Tasmania, Jamajca,
and East. United
States.

Mustaiba...... Brazil.

Myrtle. . ..... Southern = FEurope,
Tasmania.

Nellec. ........ India.

Nettle-tree. ... .South of Europe.

Norfolk Island

DIBE: . F oA Norfork Island.
Norway spruce. Norwny.
Novaladdi. . ... India.
E) s A S et Europe, etc.
‘" African .. .Africa,
‘‘ black. .. ..Fast. United States.
o ite. T e e
O R L “ “
S T S o .
Olive ......... Furope, Syria, Cali-
fornia.
Osage orange. . . Arkansas and South.
Osiers. ........ Europe.
(6] y s t er Bay
....... Tasmaniay
Padd]e wood. . .Guiana.

Palm, . . Tropical climates.
Partridge-wood. West Indies, South
America.
......... Europe and Asia.
yellow.. . Nt‘)rt An'}enca

Pine.

white.. . ..
spruce. . . .
Plane, ........North America,
Asia, Britain.

Plum. .. ......Britain, etec.
POGR g ot ok West Indies.
Europe, Asia.

FEast. United States.
Porcupme-wo’d Tropical climates,

Prima Vera. .. .Mexico.
Purpleheart . . . Brazil.

Quassia. .. .... Tropical climates.
Rattans....... '} -
Red sanders . . .India.

Redwood. .. ...California.

NaME. *  Waere Founp.
Lignum-vite. .. West Indies and
¢ Florida.
BT S = Europe.
Hnne SR A East. United States.
Locust. ....... West Indies.
SR i East of Missippissi
River.
Mahogany..... Central America and
uba,
‘‘  moun-

tain. Rocky Mountains.
‘*  white. (See Prima Vera.)

Mangrove. . .. . Tropics.
M%ﬂe blgck. Fast Umted States.
red. . .
. s‘ugar... “ . i
Mountain-ash. . Australia, Britain,
etc.
Mulberry ...... Europe and China.

red. ..East United States.

Muskwood .. Tasmania, New
South Wales.

Rhododendron. Himalaya.

Rosewood. . ... Tasmania,

Sandalwood.. . Indla

Sapan-wood. .

Sassafras. ..... Amenca, Tasmania.

ga&l]nwood Ea<t Indles.

Seotch fir. . .. ..Scotland.

Service-tree. . .. East. United States.

She-oak. ...... Tasmania,

Silverwood. . .
Snakewood. . .. West Indies.
Spindle-tree. ..Bntam ete.

Spruce, black. . Sierra Nevada Mts,

Engle—
man’s....... Rocky Mountains.

Stringy-bark. . . Australia.

Sycamore.. . ... Temperate climates.
S East. United States.
<2 (fig)Egypt.

Tamarack(Amer-

ican larch)....Northern and
Northeastern
United States.
Teak, African. . Africa.
‘*  Indian, ..India.

. Cape of Good Hope.

THOrRs 1504 N East. United States.
Toonwood. . ... India.

Toqua ........ Himalaya.
Tulip-wood. .. .Australia.

Vegetable i rvory Central America.
Walnut, black. East. United States.
White (lutter-
nut.

¢¢  English.. Europe

i French . Persia, Asia Minor.
Whitewood. ...New South Wales.
Willow. . ..... .Furope, America.
Yacca-wood. . .Jamalca.
Yew-wood. . ..Britain,

Oregon,

..... Brazil.

California,

Zebray. . .
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STRENGTH, WEIGHT, ETC., OF VARIOUS WOODS.

Strength er Relati
elative
Sq. In. in Lbs, e Hggdﬁ’ss Weight
T Modul oll- :
Name, Crushi of Elas- | bark %r» Specific
SLUDZ| “4hoit Hickory | Cubic | Gravity.
- in Direc- y. . oot.
Tensile, eing
tion of 1000
Grain, P
Acacia-wood. ...|...iieni el 46.5 .750
Alder-wood. ....[........ 6,150 50 .800
Apple-wood. ...l ... .. ... 49 .793
Ash (wtute)) ..| 17,000 8,600 ;g gg 2 gé(g)
62 .990
35.44 .567
40.42 .650
23.50 .376
44.70 .715
41.25 .660
v 15 .240
Cedar (whlte) 11,400 6,500 37.25 .596
Cedar (red). ....{ 9,000 6,000 g; o ig(l)
47.25 .750
86.16 | 1.331
42 .671
32 .512
52.69 .843
. 53.75 860
TEENR A T 47.50 760
Hickory (pignut)! 15,000 9,000 49.50 792
Hickor,; (shell-
bark).. ...... 18,000 | 10,000 43.12 .690
Hemlock. . .. ... ,740 5,400 23.00 .368
Hackmatack....|........}........ 37.00 .592
AT 1 etV Foo Gl i | it 35.37 . 566
LU T T RO (e b 45 .720
Larch.......... 9,500 {........ 34.55 .552
Lignum-vite. . ..| 12,000 9,000 83.31 | 1.333
Lol ey el (] IS 57.06 .913
Loecust. ........ 11,720 45.50 .728
Mahogany. ..... ,000 55.75 .829
Maple (hard), ,000 46.87 .750
Maple (white). ..| 10,000 7,000 36 .576
Oak (white), . ...| 16,000 6,000 |1.100,000{ 850 53.75 .860
Oak (red or
lack). 10,000 40.75 .652
;iear. e 9,800 i’g b ;gg
um, , y Arwer 1 figle 1k 5 2
Poplar 7,000 5} z 23.99 .383
Pine (white). . ..! 7,000 5,000 [1,000,000/ 300 30 .480
Pine (Norway). .| 8,300 7,000 {1,200,000{........ 33.25 .532
Pine (yellow). . .| 16,000 5,500 |1,200,000| 540 38.40 .612
Pine(yellow long-
leaf). ........ 20,000 9,000 [1,700,000|........ 43.62 .698
Pme (Oregon). ..| 13,800 7,000 |1,400,000(........ 34 .544
L Y TS LR S ) Rt N 1 " S M 45.50 .728
Redwood (Cal.)..| 8,000 2,500 | 7,00000(........ 26.23 .419
L e o e Rek I Tl 1 e R 55.31 .885
Spruce (Wthe) 14,000 6,500 (1,200,000]........ 31.25 .500
JRRaTh ol R s o el £ =5 » ol oo aoe 23.93 .383
Walnut. ... .... 10,000 S000 4. o 650 41.93 671
Willow. ........ 1200002 LB e el ore < o 5o 33.40 535
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Plumbing.—In this part of the work the superintendent
must see that the materials are all as specified; he should see
that the pipe used is of the right size and weight, and that
all fixtures are in perfect condition. He should provide him-
self with a catalogue of the various fixtures to be used so he
will know if the proper fixtures are provided.

In running the sewers and soil-pipes he must see that a
proper fall is given, which should not be less than that given
in the following table:

3

2 4
20 | 30

40

5 6 [ 7 819 |10

Diameter of pipe, inches. .
50 [ 60 | 70 | 80 | 90 (100

Length to 1 foot of fall, feet.

A small pipe should have a greater fall than a large one on
account of the friction being greater compared with the amount
" of water used.

All turns and connections should be made with Y branches
and } bends. If the joints are made with lead the superin-
tendent should see that they are made with one pouring of the
lead and calked tight.

When earthenware pipe is used for sewers they must be
examined for cracks, and to see if the bowl is in perfect condi-
tion care must be taken in making the cement joints so as to
Jeave the inside of the pipes smooth and level; as the pipes
are laid the inside should be wiped out so as to wipe out any
surplus cement on the inside. Fig. 227, 4, shows how pipes of

v -
A B
Fre. 227.

this kind are often laid, while Flg 227, B, shows how they should
be laid.

After all sewers, soil- and vent-pipes are in place they should
be tested by plugging the bottom or main outlet and filling
all the pipes to the roof level; this test should remain on for
at least six hours, after which all pipes and joints should be
thoroughly examined for leaks.

Soil- and vent-pipes should be securely fastened to the walls
and the vertical runs of pipe should set on a firm footing. Lead
pipe should be examined before using as to weight and thick-
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ness, and as to quality and condition of the pipe. By roug
handling of the coil of pipe in many cases the pipe is flattenec
80 as to render it unfit for use.

In laying water-pipes, or in fact pipes of any kind, they shoulc
be laid so that they will drain themselves, and inno case shoulc
any pipe be placed so as to cause a seal or trap in the pipe.

Stopcocks should be placed on all water lines where they car
be got at conveniently, controlling each fixture or set of fixtures

After all fixtures are in place the pipe and fixtures should be
tested with smoke, which is applied at the main outlet by
burning rags or waste saturated with oil, and forcing the smoke
up the pipes; after the pipes are filled with smoke the whole
system should be gone over and any joint or connection where
there is an odor of smoke should be examined, as any smel
of smoke is an indication of a leak. This test is mainly for
the connections of the fixtures, as the pipes have already beer
tested by the water test.

The water system should be tested by hydraulic pressure.

The following rules regarding plumbing are taken from the
Philadelphia Building Code:

Rule 10. The main drain of every house or Main drain tc

s 3 be connected
building shall be separately and independently with street
connected with the street sewer, where one is *%¢
provided; and where there is no sewer in the Zgggfigrg‘éife
street, and it is necessary to construct a private ﬁﬁ?’ﬁé’fﬁs
sewer to connect with one on an adjacent street, proved by
such plans may be used as may be approved by g‘;jgfh_"f
the Board of Health; but in no case shall a joint juin¢ drain
drain be laid in cellars parallel with street or not to belaid

in cellars.
alley.

All house-drains laid beneath the ground inside Material tobe
of buildings or beneath the cellar floor shall be Hzfgré,r"l#él 3
of plain, extra-heavy cast-iron pipe, with well house-drains.
leaded and calked joints, or of wrought iron, with
serew joints made with a paste of red lead and
treated to prevent corrosion.

All other drains or soil-pipes connected with Material tobe

5 . . . 4 . used in other
the main drain, or where_ the main drain pipe iS drain- or soil-
above the cellar floor, shall be of plain cast-iron PiPes.
pipe, or of wrought-iron pipe with screw joints
made with a paste of red lead and treated to pre-
vent corrosion,
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Outside of the buildings, where the soil is of
sufficient solidity for a proper foundation cylindri-
cal terra-cotta pipes of the best quality, free
from flaws, splits, or cracks, perfectly burned, and
well glazed over the entire inner and outer sur-
faces may be used, laid on a smooth bottom,
with a special groove cut in the bottom of trench
for each hub (in order to give the pipe a solid
bearing on its entire length) and the soil well
rammed on each side of the pipe. The spigot
and hub ends shall be concentric.

The space between the hub and pipe shall be
thoroughly filled with the best cement mortar,
made of equal parts of the best American natural
cement and bar sand thoroughly mixed dry, and
water enough afterward added to give it proper
consistency. The cement must be mixed in small
quantities at a time and used as soon as made.
The joints must be carefully wiped and pointed,
and all mortar that may be left inside thoroughly
cleaned out and the pipe left clean and smooth
throughout, for which purpose a swab shall be
used.

No tempered-up cement shall be used. A
straight-edge shall be used, and the different
sections shall be laid in perfect line on the bottom
and sides; but in no case shall terra-cotta pipes
be permitted within five (5) feet of any founda-
tion-wall, or for extension to connect with rain-
water conductors, surface or air inlets.

Note—After the test has been approved by
the inspector, iron drain- or soil-pipes may be
tar-coated. But in no case shall any coating be
applied to cast-iron soil- or drain-pipes until test
has been applied and approved by the inspector.

Rule 11, The house-drain shall be not less
than four (4) inches, nor more than ten (10)
inches in diameter, and the fall shall not be less
than one-half (3) an inch to the foot, unless by
special permission of the Board of Health; it
shall be laid in a trench cut at a uniform grade,
or it may be constructed along the foundation-
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Terra-cotta
drain-pipes
may be used
outside of
buildings un-
der certain
conditions,

Space be-
tween hub
and (i)lpg tobe
filled with ce-
ment mortar.

Joints 1to be
proper.
ﬁnished’.’

Quality of
cement.

Terra-cotta
pipes not to
be within 5
feet of foun-
dation-wall,
nor used for
extensions,

Coating of
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walls above the cellar floor, resting on nine (9)
inch brick piers laid in cement mortar (said piers
to be not more than seven (7) feet apart) and
securely fastened to said walls; no tests shall be
made by the inspector until said pipes are secured
as above described.

Rule. 12. The arrangement of soil- and waste-
pipes shall be as direct as possible. All changes
in direction on horizontal pipes shall be made with
Y branches, one-sixteenth (7) or one-eighth (})
bends.

Rule 13. Thehouse-drain shall be provided with
a horizontal trap, placed immediately inside the
cellar wall nearest to the sewer, or at the curb.

Arrangement
of house-
drains.

Location of
main trap of
house-drain.

The trap shall have a hand-hole, for convenience -

in cleaning, the cover of which shall be properly
fitted and the joints made air-tight.

Note.—If the trap and the main drain is placed
inside of the cellar wall, there shall be no clear-
out between the water seal of the trap and the
sewer.

Rule 14. There shall be an inlet for fresh air
entering the drain just inside the water seal of
the main trap, and also at the rear of the system,
when the vertical line of soil-pipe is located in
the central part of the building and the main
fresh-air inlet is deemed insufficient to ventilate
the entire system. Said inlets shall be at least
four (4) inches in diameter, leading to the outer
air and opening at any convenient place, with an
accessible clean-out, Where air inlets are located
off the footway, on grass plots, lawns, etec., they
shall extend not less than six (6) nor more than
fifteen (15) inches above the surface of the ground
* and be protected by a cowl securely fastened with
bolts.

Rule 15. Where the drain passes through 4
new foundation-wall a relieving arch shall be
built over it with a two (2) inch clearance on
either side.

Rule 16. Every vertical soil-pipe shall extend
at least two (2) feet above the highest part of the

Main trap to
have a hand-
hole.

Location of
fresh-air in-
lets in drains.

Relieving
arch required
when drain-
‘pipe passes
through a
new founda-
tion-wall.
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building or contiguous property, and shall be of
undiminished size, with the outlet uncovered
except with a wire guard. Such soil-pipe shall
not open near a window nor an air-shaft ventilating
living-rooms.

Rule 17. Every branch or horizontal line of
soil-pipe to which a group of two (2) or more
water-closets is to be connected, and every branch
line of horizontal soil-pipe eight (8) feet or more
in length, to which a water-closet is to be con-
nected, shall be ventilated, either by extending
said soil-pipe, undiminished in size, to at least
two (2) feet above the highest part of the building
or contiguous property, or by extending said soil-
pipe and connecting it with the main soil-pipe
above the highest fixture, or by a ventilating pipe
connected to the crown of each water-closet trap,
not less than two (2) inches in diameter, which
shall be increased one-half (1) an inch in diameter
for every fifteen (15) feet in length, and connected
to a special air-pipe, which shall not be less than
four (4) inches in diameter, or by connecting said
ventilating pipe with the main soil-pipe above the
highest fixture.

Rule 18. Where a separate line of waste-pipes is
used, not connected with sewer-pipes, it shall also be
carried two (2) feet above the highest part of the
building or contiguous property ,unless otherwise per-
mitted by the Board of Health. But in no case shall
a waste-pipe connect with a rain-water conductor.

Rule 19. There shall be no traps, caps, or cowls
on soil- and waste-pipes which will interfere with
the system of ventilation.

Rule 20. All soil-, waste-, anti-siphon pipes
and traps inside of new buildings, and of the
new work in old buildings, and also of the entire
system when alterations are made in old buildings,
and the owner or agent of said building or buildings
shall have contracted to have the entire drainage
system tested, shall have openings stopped and
a test of not less than three (3) pounds atmospheric
pressure to the square inch applied.
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Rule 21. The drain-, soil-, and waste-pipes,
and the traps, shall, if practicable, be exposed to
view for ready inspection at all times, and for
convenience in repairing. When placed within
walls or partitions and not exposed to view, or not
covered with woodwork fastened with screws so as
to be readily removed, or when not easily acces.
sible, extra-heavy pipes shall be used at the discre~
tion of the Board of Health.

Rule 22. No drainage work shall be covered
or concealed in any way until after it has been
examined and approved by a house-drainage
inspector, and notice must be sent to the Board
of Health, in writing, when the work is sufficiently
advanced for such inspection; and immediately
on the completion of the work application must
be made for final inspection. The failure on the
part of a master plumber to make said application
for final inspection, or the violation of any of the
rules of the Board of Health in the construction of
any drainage work, and failure to correct the fault
after notification, will be deemed sufficient cause
to place his name on the delinquent list until he
has complied with said rules and regulations. Any
attempt on the part of a master plumber to con-
struct or alter a system of drainage during the
time his name appears on said delinquent list will
subject him to criminal prosecution.

Rule 23. All drain and anti-siphon pipes of
cast iron shall be sound, free from holes, and of a
uniform thickness, and shall conform to the follow-
ing relative weights:

/i Stsf:ard. Extra Heavy.

n. s. In, Lbs.

g pipe, 46 per ‘f‘oot. g p‘ipe, g% per ‘i;oot.

4 :: 9 :: 4 13% &

5 12 a 5 ¢ 17 e

e engrle

i 8 o
10 45 i

12 [ 45 (13 12 [ 54 (14
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