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PREFACE TO FIFTH EDITION.

"Osborn's Tables" are now too well known among engineers

and designers to require further introduction. The first edition, by

Mr. Frank C. Osborn, appeared in 1886, and was followed in turn

by three others in the next eight years. Since the publication of

the fourth edition in 1894, the various mills have adopted uniform

standards of shapes which nearly all varied somewhat from those

used in the tables. This considerably decreased the usefulness of

the tables as they then existed.

Believing, however, that the work still fills a want among de-

signing engineers, the present edition has been prepared. The

tables of moments of inertia and squares of radii of gyration have

all been completely refigured, using the present standard mill sec-

tions and shapes, and combining them in accordance with present

designing practice. It is believed that these tables will prove much

more convenient than the earlier ones in this respect.

The tables of
>
square root, swing bridges, rivets, web plates

and timber beams, have alt been preserved in the present edition.

Some of the other matter, now obsolete, has been omitted and

instead there have been included tables of the safe working

strengths of soft steel and medium steel columns, of standard loads

and unit stresses for bridges, of timber columns and of bridge

weights.

There have also been included a few pages of historical and

other statistics concerning the bridges of the world that it is hoped

may prove of interest. Such information is not easily obtainable

elsewhere.

It is earnestly hoped that this new work may have the same

kind reception and may prove as useful a companion to the design-

ing engineer as have its preceding editions.

THE OSBORN ENGINEERING COMPANY.

CLEVELAND, MARCH, 1905.
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EXPLANATION.

The shapes used in the following tables are those manufactured

by the Carnegie Steel Co., Pittsburg Pa. The moments of inertia

will not, however, vary materially for shapes of same size and

weight made by other manufacturers.

In all cases calculations have been based on the gross area, and

if it is desired to use the sections as beams to resist direct bending f

due allowance should be made for loss of section from rivet holes

in tension flanges.

The following example will illustrate the general method pur-

sued in obtaining the moment of inertia and square of radius of gy-

ration for sections composed of two plates and four angles riveted

as shown on page 43:

2 plates 12 x 5^=6.00 sq. ins.

4 angles 3^ X 2% X % 8.44

Total, 14.44 sq. ins.

-HI2 X 122= 72.OO

X 5-34 2=24o.7i

4 X 1.09 4.36

1=317.07

317.07+ 14.44=21.96=^2

The moment of inertia of the plates being y
1
^ 6d3=^!f Ad* in

which =breadth, tf=depth, and A the area of the plates; and

the moment of inertia of each angle being adi+i, in which a equals

the area of the angle, d the distance of its center of gravity from

the neutral axis of the section, and z, its moment of inertia about

an axis through its own center of gravity parallel to that neutral

axis. In the above example, 5.34 inches is the distance from center

of gravity of angle to the neutral axis, and 1.09 is the moment of

inertia of one angle about an axis through its center of gravity, as

given in Carnegie's Pocket Companion.

For trough-shaped sections it is convenient to first determine

the position of the neutral axis, which is done as follows; Multiply

the area of the top plate, top angles, webs and bottom angles, each

by the distance of its center of gravity from the lower edge of web.

Divide the sum of these products by the total area of the section,

and the result will be the distance of the neutral axis above the

lower edge of the web:



Top plate 17 X %= 6.38 X 14-19= 90.53

2 top angles 3 X 3 X %== 4.22 X 13.11= 55.32

2 web plates 14 X ^=10.50 X 7.oo 73.50

2 hot. angles 4 X 3 X SA= 7.96 X 0.87=- 6.92

29.06 X 7.79=226.27

7.00

deduct, 29.06 X 0.792

6.38 X 7-i9 2 =3-9-S2

4.22 X 6.112=157.54

10.50-4-12X142=171.50

7.96 X 6.132=299.11

957-97

+ 9-36

96733
- 17.99

1=949 34

r2 =949.34-1- 29.06-32. 7

Find the moment of inertia of the section about an axis through
the center of the web, as follows: Multiply the area of the top

plate, top angles and bottom angles, each by the square of the dis-

tance of its center of gravity from the center of web; add to these

results the moment of inertia of the webs, which may be taken

from the table on page 12, and the moment of inertia of each angle
about an axis through its center of gravity. From the result sub-

tract the product of the area of the section by the square of the

distance from the neutral axis to the center of the web, and the

result will be the required moment of inertia of the section about

an axis through the center of gravity perpendicular to the web.

The moment of inertia of the top plate about an axis through
its center of gravity should, strictly speaking, be added to the

above, but its value in the present instance is so small that the final

result is not materially affected.

A somewhat easier method, especially when the operation has

to be performed without the aid of a slide rule is the following:

X 7-I9329-S2
X 6.11-157.54

Top plate 17 X %= 6.38 X 7.19=45.87

2 top angles 3 X 3 X % 4.22 X 6.11=25.78

71-65

2 web plates 14 X ^=10.50

2 bot. angles 4 X 3 X ^8= 7.96 X 6.13=48.79

29.06 X 0.79=22.86

deduct, 29.06 X 0.792

171.50

X 6.13299.11

957-97

+ 9.36

967.33
- 17-99

1=949-34

This plan avoids the use of squares in getting the moment of

inertia and saves cne multiplication in getting the position of i he

neutral axis.



The word eccentricity is used in the tables to denote the dis-

tance of the neutral axis of the section from the center of the web.

In the calculation of these sections for moments of inertia

sideways, the distance out to out of webs was assumed equal to the

width of top plates, less twice the nominal length of leg of top

angle.

The table for two angles, page 14, is based on the assumption

that the angles are attached to each other securely enough to act as

one member; if the angles are not so connected, then the least value

of r a for one angle should be used, and the column considered as

two separate members.

STRENGTH OF COLUMNS.

By means of the table of values of the working strength of

any column for which ri is known, can be readily obtained.

EXAMPLE: Required the working strength of a medium steel

column 18 feet long, square at both ends, made up as section 81 on

page 61.

The value of r"* is 37.0 and the area 38.72 square inches.

Referring to the table of , look down the column headed r%

until we come to 37.0; then in the same horizontal line, under 18,

find 9 for the value of
; referring now to the tables of working

strength of medium steel columns we find opposite 9 the working

strength per square inch of 14479 Ibs. The total working strength

of the column will then be:

14479 x 38.72 = 560626.82 Ibs.

BEARING AND SHEARING VAI,UE OF RIVETS.

This table is designed to facilitate the calculation of pitch and

diameter of rivets uniting flanges and web at the ends of stringers

and beams. Assuming the shear as acting in lines of 45 degrees

the total stress is transferred from web to flanges in a distance

equal to the effective depth of the stringer or beam. If, therefore,

we divide the total stress by the effective depth of beam we will

obtain the shear per vertical foot of beam or its equivalents, the

shear per horizontal running foot of beam. Dividing this shearper

foot run by the allowed unit stress for bearing or shearing we ob-

tain the required bearing or shearing area of rivets to be provided

for each running foot, and an inspection of the table will show at



once the necessary pitch, size of rivet and thickness of web required

to give this area.

EXAMPLE: Given a stringer or beam with an effective depth of 3

feet and a shear at the end of 45,000 pounds. What pitch and diam-

eter of rivet will be required to transmit the shear to the flanges

without exceeding a bearing pressure of 12,000 pounds per square

Inch or a shearing strain of 8,000 pounds per square inch on the

rivets?

45,000 Ibs. -*- 3 = 15,000 Ibs. per foot run.

*- 12,000 = 1.25 bearing area required.
* 8,000 = 1.88 shearing area required.

Referring now to the table we find that for a ft" web %"
rivets would require a pitch of 3", giving a bearing area of 1.31

square inches and 2.41 square inches for single shear, or 4.81 for

double shear. With a ^" web 3^" pitch would give the same

bearing area and would give 2.06 square inches for single shear or

4.12 square inches for double shear.

Using %" rivets, a %" web would require a pitch of 2%" giving 1.35

square inches for bearing and 2.12 square inches for single and 4.24

square inches for double shear. A -^" web would permit 3" pitch

and give i 31 square inches for bearing and 1.77 square inches for

single or 3.53 square inches for double shear.

RESISTANCE OF GIRDER WEBS AGAINST BUCKLING.

This table will indicate, when the shear per foot run is known,

whether stiffeners are necessary or not. If stiffeners are required

the table will show the proper clear distance between them. The

application of the table will be illustrated by the following;

EXAMPLE: Given a stringer or beam with an effective depth

of 3 feet and a shear at the end of 45,000 pounds. Will stiffeners be

required, and if so, how far apart should they be placed?

The shear per foot run equals

45,000 Ibs. + 3 = 15,000 Ibs.

Referring now to the table and assuming that a ft" web has

been adopted we find that in the column headed "t equals %," that

15,000 falls between 14,360 and 16,500, corresponding to a spacing of

stiffeners of 2 feet 6 inches and 2 feet 3 inches. This spacing being

less than the clear vertical distance between horizontal angles in-



dicates that stiffeners are necessary, and indicates, also, that the

end stiffeners should be spaced apart a distance not exceeding 2 feet

3 inches.

Should this shear be produced by a concentrated load on the

girder, then this spacing of stiffeners should be made uniform

from the end of the girder to the point of application of the load.

If this shear is produced by a uniformly distributed load the total

shear, and consequently the shear per foot run, diminishes toward

the center of the girder and consequently the stiffeners may be

spaced farther apart until the clear distance between them equals

the clear vertical distance between the horizontal angles of the gir-

der. When the table shows a distance apart between stiffeners

greater than the distance apart of the flange angles, stiffeners will

not be required to prevent buckling of the webs. By referring to

the column headed "t equals y^" it appears that if a -^ web is used

stiffeners would not be required, as their distance apart would just

equal the clear vertical distance between flange angles. If a T
5
^

web were used stiffeners would be required i foot and 9 inches apart

in the clear.

The several formulae in use have for the numerator constants

varying from 8,000 to 15,000. 10,000 has been adopted in the present

case, partly because it will in ordinary cases give fair results and

partly because in case it is desired to use another formula the pres-

ent formula may be readily adapted to another constant by a ready

percentage comparison.

CENTRIFUGAL FORCE.

This table shows, for various velocities and degrees of curva-

ture, the amount of centrifugal force, expressed in the form of per

cent, of weight. It will be found useful in determining the stresses

in lateral bracing due to moving loads on bridges located on

curves, and its application is as follows :

Obtain in the usual manner the maximum shearing stresses in

the various panels of the truss, due to the specified rolling load, and

in the same manner as if the truss were on a tangent. Multiply

these shearing stresses by the tabular coefficient corresponding to

the degrees of curvature and desired velocity and the results will be

the shearing stresses due to the centrifugal force.



STRENGTH OF TIMBER BEAMS.

The use of the tables of bending moments and capacities of

timber beams will be, perhaps, best illustrated by the following :

EXAMPLE : Required the size of joist to support a load of 100

Ibs. per square foot, the length of span being 18 feet, the joists to be

spaced 2 feet center to center and the unit stress not to exceed 1000

Ibs. per square inch.

Assume the weight of joists and flooring to be 20 Ibs. per square

foot.

From the table of bending moments we find

For 20 Ibs. per square foot and 18 foot span, 1620 foot Ibs.
" 100 " " 18 " 8100

Total bending moment= 9720

Referring now to the table of capacities for 1000 Ibs. fiber strain

we find that 3" X 16", 3^" X 15" or 4" X 14" will answer the purpose,

the 3" X 16* being the most economical in material.

For other spacing of joists than 24 inches, obtain the load per

lineal foot of joist and then select the corresponding bending mo-

ments and proceed as above. If, in the above example, the spacing

of joists was 18 inches instead of 24, the operation would be as fol-

lows :

20 Ibs. per square foot X i % = 30 Ibs. per lineal foot,
And 100 " X 1^=150 "

For 30 Ibs. per lineal foot, and 18 ft. span the

bending moment ...... = 1215 ft. Ibs.

For 158 Ibs per lineal foot, and 18 foot span the

bending moment ...... =6075 "

Total bending moment = 7290
"

This bending moment on the basis of 1000 Ibs. fiber strain,

would call for joists i%
n X 15", 3" X 14" or 4" X 12", the deepest one

being the stiffest as well as the most economical in material.
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TWO CHANNELS. ONE PLATE.
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L 2
L=Length in Feet.
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WORKING STRENGTHS OF SOFT STEEL COLUMNS.



WORKING STRENGTHS OF SOFT STEEL COLUMNS.

(CONTINUED.)



WORKING STRENGTHS OF SOFT STEEL COLUMNS.



WORKING STRENGTHS OF MEDIUM STEEL COLUMNS.



WORKING STRENGTHS OF MEDIUM STEEL COLUMNS.



WORKING STRENGTHS OF MEDIUM STEEL COLUMNS.
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SWI NG BRIDGES.

THREE POINTS OF SUPPORT.

TWO EQUAL ARMS.

REACTIONS, SHEARING STRESSES AND
BENDING MOMENTS.

Single I/Dads, - - - pages 113 to 128.

Symmetrical Loads, - "
12810142.

The following Tables are based on the assumption
of a panel load and panel length of unity. The actual

shear will, therefore, be obtained by multiplying the act-

ual panel load by the tabular shear, and the actual mo-

ment will be found by multiplying the actual panel load

by the actual panel length and by the proper tabular

coefficient.

If the chords are not parallel the web stresses may
be obtained by the method of moments, or by a combina-

tion of the method of moments and graphics.

As the coefficients are based on unity both for load

and panel length, the tables are applicable to any system
of measurement and apply with equal facility to pounds,
tons or kilogrammes and feet, inches or metres.

The coefficients are derived from the formulae of the

"Theorem of Three Moments" and are therefore appli-

cable for the conditions upon which the theory was

developed.
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SWING BRIDGES.

FOUR POINTS OF SUPPORT.
PARTIAL CONTINUITY.

TWO EQUAL ARMS.
SYMMETRICAL LOADS.

REACTIONS, SHEARING STRESSES AND
BENDING MOMENTS.

The following tables are based on the assumption of

a panel load and panel length of unity. The actual

shear will, therefore, be obtained by multiplying the

actual panel load by the tabular shear, and the actual

moment will be found by multiplying the actual panel
load by the actual panel length and by the proper tabu-

lar coefficient.

If the chords are not parallel the web stresses may
be obtained by the method of moments, or by a combin-

ation of the method of moments and graphics.

If the length of the center panel should differ to

some extent from the others, the tabular coefficient will

not be sensibly changed.

EXAMPLE.

For shear in cd
t
with loads at b and g, multiply

For moment at ct
and loads at b and g, multiply

wb (= wg) by panel length and by + 0.136.
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TOP CHORD LOADED TRANSVERSELY.

To proportion chord sections which are subjected

to a bending load in addition to direct compression let

M = the bending moment in inch pounds,

C = direct compression due to position as a truss

member,
A = required area of section,

I = moment of inertia of section,

d = distance from neutral axis to extreme top

fibre; then

Q = Direct compression per square inch,
A.

Mflf- compression per square inch in extreme

fibre due to bending.

y_
C
+ M^ = resultant fibre 6tress ..... (j)A 1

But I = A r2
,
and substituting in equation (i),

/= + M-4- from whichA AH

_ C r2 + M d

If the specified unit stresses for bending, live and

dead loads have different values, then let,

ft = unit stress for transverse load,

/i = unit stress for live load,

/d = unit stress for dead load, then

M d
At = -f j

~ area required for bending,

Cl
Al = -r- = area required for live load stress,

Ad= 7- = area required for dead load stress,
yd

and A = At + Ai + Ad =total area required.
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Fig. i. Stress AB = + W (^ + i )

B F has no direct stress, but B F C and AED are

both subjected to bending moments, varying uniform-

ly from

M = O at A, B, C and D to M = ^L? at F and E.

Fig. 2. Stress AB = - W^

BFC = - W

A E has no direct stress, but AED and BFC are

both subjected to bending moments, varying uniform-

ly from
M = O at A, B, C and D to

Fig. 3. Stress BH = + W (~b + i )

\& ft

Bending moments at E and F =
-^
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CAMBER.

Theoretically a truss should have just sufficient

camber to bring the joints of the compression chords to

a true square bearing when the truss is fully loaded.

The most perfect way of accomplishing this is to calcu-

late the lengths of the various members in the position

they are expected to assume when the truss is fully

loaded; then calculate the stresses in the web members
for the same condition of loading; calculate the elonga-
tions of the various tension members and the shortening
of the compression members due to the stresses under

full load and the actual sections used; then diminish the

lengths of the tension members and increase the lengths
of the compression members by these amounts.

While this method accomplishes the desired pur-

pose, it does not give directly the amount of camber

which the truss will assume when erected and unloaded.

This, however, may be calculated if desired.

A shorter method, and the one more generally used,

is as follows:

Assume the amount of camber to be given to the

truss; that is, the versed sine of the camber curve of the

chord; then assume the chords to be arcs of concentric

circles and the posts to be intercepts of radii. Knowing
the length of bottom chord panel and the depth of truss,

the length of top chord panel and the length of diagonal
members may be readily obtained.

Let c camber desired

d depth of truss

/ = length of span

n = number of panels in truss

i increase of top chord panel over bottom

chord panel,

all values being expressed in inches or all in feet.

1 60



Then:

In all ordinary cases 4C
2 is small in comparison with

the other values in the formula and may be neglected;
the formula then becomes

Scd
l

-~fo

in which ^may be expressed in inches, d and /in feet,

and the value i will be in inches.

Having now the length of top and bottom chord

panels the diagonal may be computed as the hypothe-
nuse of a right angled triangle of which one side is the

depth of truss and the other a mean of the top and bot-

tom chord panel lengths.
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LENGTH OF FLANGE PLATES, PLATE GIRDERS.

I

The lengths of flange plates for girders with par-
allel flanges may be readily obtained analytically, as

follows; let

a
l
= area of first flange plate

a
2

area of first and second plate

a,= area of first, second and third plate

a
t
= total area of flange

x
x
= length of first flange plate

x
2
= length of second flange plate

x
3
= length of third flange plate

/ = length of span.
From the equation of the parabola

(I'd ' a ' ' x 2 x 2 I2
**i **2 t i 2

but a
lt a

2 ,
a

t an(j / being known

***.=/ 121

These values of x lt
x2 ,

and x
3 may all be obtained

by one setting of the slide rule, as follows:

Set a
t
on the slide to

/ on scale of squares; then

opposite a
l ,

a
2
and a on the slide read x

x ,
x
a
and

on the scale of squares.
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SAFE WORKING STRESSES PER SQ. IN. FOR TIMBER.
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COOPER'S STANDARD LOADING
FOR RAILROAD BRIDGES.



THE OSBORN ENGINEERING COMPANY'S STANDARD LOADING

FOR ELECTRIC RAILWAY BRIDGES.

5'6" 16' o 16' o"5' 6" 7'c" 5' 6"

LIVE LOAD "A."

Train of 74-ton Coal Cars.

Weight of Car = 38,000 Ibs.

Rated Capacity = 100,000
'

10% Overload = 10,000
"

Total Load = 148,000
"

Axle " = 37,000
"

J II 1



THE OSBORN ENGINEERING COMPANY'S

STANDARD LIVE LOADS FOR HIGHWAY BRIDGES.

UNIFORM UVE lyOADS
For country bridges carrying heavy traffic, and for city bridges :

for spans up to 150 feet long, 100 Ibs. per square foot of roadway and

80 Ibs. per square foot of sidewalks. For spans over 150 feet long,

80 Ibs. per square foot of both roadway and sidewalks.

For country bridges carrying ordinary or very light traffic: for

spans up to 150 feet long, 80 Ibs. per square foot of both roadway

and sidewalks. For spans over 150 feet long, 60 Ibs. per square foot

of both roadway and sidewalks.

CONCENTRATED UVE I,OADS.

For country bridges carrying heavy traffic, and for city bridges:

a steam road roller weighing 35,000 Ibs., arranged as follows: 15 ooo

Ibs. on forward roll and 10,000 Ibs. on each rear roll; axles eleven

feet apart, forward roll four feet face, rear rolls each twenty inches

face, rear rolls five feet center to center.

For country bridges carrying ordinary traffic: a steam road

roller weighing 21,000 Ibs., arranged as follows: 9,000 Ibs. on for-

ward roll and 6,000 Ibs. on each rear roll; axles eleven feet apart,

forward roll four feet face, rear rolls each twenty inches face, rear

rolls five feet center to center.

For country bridges carrying very light traffic: a single horse

roller weighing 12,000 Ibs., the roll five feet face; or a wagon load

of io,ooq Ibs. on two axles eight feet apart, wheels five feet gauge.

Unit stresses may be increased twenty-five per cent, for the road

rollers, but concentrated loads should not be considered as distrib-

uted over two or more stringers, except when such distribution un-

questionably occurs.

If a paved floor of sufficient width be used, the rollers should be

considered when turned at right angles to the axis of the bridge.

If the structure is to be designed for the present or future ac-

commodation of electric railways, suitable concentrations should

be selected from page 171, and the structure proportioned for these

concentrations also.
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IMPACT FORMULAE.

THEOSBORN ENGINEERING CO.

where I Impact.
"L, = Maximum live load

stress.
D = Dead load stress.

THE AMERICAN BRIDGE CO.

-
L + 300

Where I =* Impact.
S = Maximum live load

stress.
1. = length in feet of

loaded distance which produces
maximum stress in member.

THE OSBORN ENGINEERING COMPANY'S

STANDARD UNIT STRESSES
Pounds per Square Inch

NATURE OF STRESS



VALUES OF MOMENTS OF INERTIA FOR STANDARD SHAPES

OF THE CARNEGIE STEEL COMPANY.

I=Moment of Inertia neutral axis parallel to flange.
I/= " " - " web.

j
Area A=dt-f-(s-}-y)2z.

I
4
)].

Area=A-dt+(s+y)z.

t*)]-Ax 2
.

1
8c(h ^)

3
].

I'= TV[d(b4-c)
3 2hc 3 6hcb 2

].

"T 1
t)t.

2(h+b)

l-x)-(b-t)(x-t)].
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VALUES OF I (Moment of Inertia) AND S (Section Modulus)

FOR USUAL SECTIONS.

bh 3

~"
12

'

bh 3

"36'

bh 2

bh 2

.

12

=0.0491 d
4

.

32
=0.0982 d

-"--A'A
1=

1=0.0491

I_b
/n 3+bn/3

-(b-b
/
)a

3

_____ _

0.0982
(d

3-

Min.= .

n

I=-
bh 3-2b'b/ 3

12

x x Denotes position of neutral axis.
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CONVENTIONAL SIGNS FOR BRIDGE RIVETS.

Shop. Field.

Two Full Heads.

Countersunk Inside and

Chipped.

Countersunk Outside and

Chipped.

Countersunk Both Sides and

Chipped.

Inside. Outside. Both Sides.

(DO
ODOqp

Flattened to y%" high or

Countersunk and not

Chipped.

Flattened to

Flattened to

The foundation of the above system is the diagonal cross to

represent a countersink, the blackened circle for a field rivet, and
the verticle stroke to indicate a flattened head. The position of the

cross with respect to the circle (inside, outside or both sides) indi-

cates the location of the countersink, and the number and position
of the verticle strokes indicate the height and position of the flat-

tened heads.

Any combination of field, countersunk and flattened head rivets

liable to occur may be readily indicated by the proper combination
of the above signs.
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BRIDGES.

SOME HISTORICAL AND OTHER INTERESTING DATA.

HISTORICAL.

Ancient bridges are known to have existed in China, Assyria
and India long before the Christian Eta. Stone bridges, built of

slabs on piers, were built by the Greeks.

The origin of the arch may be traced back to the Chaldeans and

Assyrians. Crude arches of brick have been found in ruins of

Thebes, probably built about 2900 B. C. The Romans, however,
were probably the first to use the arch understandingly, about the

second century B. C.

The first bridge in the United States, so far as known, was a

pile trestle, built in 1660, across Charles River, near Boston.

A noted long wooden span was the bridge "Colossus." 340' 3%"
long, built by lyouis Wernwag , about 1812, at Philadelphia, on the

site of the present Callowhill bridge.

The first iron bridge in the world was built over the Severn

River at Ironbridge, England, in 1779. It was a cast iron arch of

100' 6" span and 40' rise. The next was the "Buildwas Bridge," a

similar structure, built over the same river by Telford in 1796; span
130', rise 17'.

The
firs,t

iron railway bridge was built in 1823, for the Stockton

and Darlington Railway, over the Gaundless River, a tributary of

the Wear River, in England, a cast iron trestle consisting of four

spans i a' 6" each.

The first plate girders were made in England in 1846, by Fair-

bairn, from designs by Stephenson. They had cast iron flanges.

The first bridge across the Mississippi River was a suspension
bridge, built 1855, at Minneapolis, 620' span. There are now forty-
six bridges across that river.

Suspension bridges are said to have been built in China over
2000 years ago. Such structures were built in Europe as early as

1615.

The first chain bridge in England was a foot bridge of 70' span
built about 1741, over Tees River.

The first chain bridge in the United States was built by Finlay,
in 1796, over Jacob's Creek, near Uniontown, Pa. The first wire

suspension bridge in the United States was built in 1816, over the

Schuylkill River, in Philadelphia.
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The first suspension bridge over the Niagara River was built

by Charles Kllet, in 1848. The only railway suspension bridge in

the world was built by Roebling at Niagara, in 1855.

Wooden cantilever bridges were built by the Assyrians as early
as 2000 B. C.

The first cantilever bridge of importance to be built in the

United States was the Kentucky River Bridge, built by C. Shaler

Smith, in 1877. Total length, 1125'; being three equal spans of 375'.

The second was the Minnehaha Bridge over the Mississippi River

at St. Paul, built in 1880, with center span of 324'. The third was
the Niagara cantilever, built in 1883, with center span of 420'.

The Romans built cement arches ; remains of them still exist.

Since their times the earliest was a concrete arch of 31' span, built

by John C. Goodrich in 1871, in Prospect Park, Brooklyn, known as

the Cleftridge Bridge.

Reinforced concrete was first used by Monier in 1876.

The first reinforced concrete bridge in the United States was
built according to the Ransome system, in 1889, at Golden Gate

Park, San Francisco. Span 20'.

EVOLUTION OF TYPES IN THE UNITED STATES.

The first known patent for a bridge was granted to Chas. W.

Prale, Jan. 2, 1797.

Patents were also granted to Timothy Palmer, Dec. 17, 1797

to Thomas Pope, April 18, 1807 ;
to lyouis Wernwag, and several

others; but the Patent Office records were burned in 1836 and could

not be restored.

The first patent for a truss bridge was granted to Theodore

Burr, in 1817. The designs consisted of trusses reinforced with

wood arches.

Three noted names connected with early bridge building in the

United States are Theodore Burr, Timothy Palmer and I,ouis

Wernwag.

Ithiel Towne patented the lattice girder bridge in 1820.

I^ong patented his types in 1830 and 1839.

The first iron truss bridge was patented in 1833, by Augustus

Canfield. The first one built was over the Erie Canal at Frankfort,

N. Y., in 1840, by Earl Trumbull. It was a combination of cast

iron segments and suspension rods, with an anchored top chord in

tension.

Wm. Howe patented his type in 1840.

Squire Whipple built his first bridge in 1840. It was a bow-

string truss with cast iron compression members and wrought iron

tension members. He secured a patent on the type April 24, 1841.
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Thos. W. and Caleb Pratt patented the Pratt truss April 4, 1841.

Wendell Bollman's first bridge was built over the Potomac
River at Harper's Ferry, in 1852. It was a 124' span.

Albert Tfink built a three span bridge over the Monongahela
River in 1852.

The first pin connected span was built by John W. Murphy in

1859, over a canal at Phillipsburg, N. J. It was a 165' span and was
called a "Whipple-Murphy" bridge.

The first bridge in which wrought iron was used for both

tension and compression members was built by Murphy over the

Iehigh River, at Mauchchunk, for the I^ehigh Valley R. R.

The first riveted lattice girders were built in 1859 for the New
York Central R. R., by Howard Carroll.

S. S. Post built the first bridge of his type in 1865, for the Erie

R. R., at Washingtonville.

In 1874, James B. Hades built the Mississippi River Bridge at St.

L,ouis. It consists of three trussed arches, one of 520' and two of

502' span.

THE LONGEST BRIDGE STRUCTURES.

Congest wooden structure a pile trestle across Iake Pontchar-

train, near New Orleans, l,a., 21 miles long.

Congest metal structure the Tay Viaduct, Scotland, 10,800 feet

long, iron lattice girders. The bridge across the St. I^awrence
River at Montreal has a total length of 8,791 feet.

Longest masonry structure the I^ion Bridge in China, across

an arm of the Yellow Sea, 22,968 feet long, composed of 300 arches.

THE HIGHEST BRIDGE STRUCTURES.

Name
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