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INTRODUCTION. 
The tentative standard methods of sampling and testing high- 

way materials set forth in this bulletin are those recommended 
by the committee on tests and investigations of the American 
Association of State Highway Officials.” They were adopted by 
the association at its annual meeting at Kansas City, Mo., De- 
cember 4 to 7, 1922. They have since been approved by the 
Secretary of Agriculture for use in connection with the adminis- 
tration of Federal appropriations for construction of the Federal- 
aid highway system, superseding, for this purpose, the methods 
described in Department Bulletin 949, Standard and Tentative 
Methods of Sampling and Testing Highway Materials. 

1The membership of the committee on tests and investigations of the 
American Association of State Highway Officials follows: H. S. Matti- 
more, State Highway Department, Pennsylvania, Chairman; B. A. Ander- 
ton, United States Bureau of Public Roads, Washington, D. C.; J. H. 
Bateman, Department of Public Works, Massachusetts; J. B. Bragg, 
State Highway Commission, New Jersey; A. V. Bratt, Department of 
Public Works, Massachusetts; Shreve Clark, State Highway Commission, 
Virginia; H. F. Clemmer, Department of Public Works and Buildings, 
Illinois; W. F. Cooper, State Highway Commission, Louisiana; RK. W 
Crum, State Highway Commission, Iowa; R. B. Dayton, State Road Com- 
mission, West Virginia; R. B. Gage, State Highway Commission, New 
Jersey ; C. A. Hall, State Highway Commission, Oregon; H. A. Hall, State 
Road Department, Florida; G. W. Hutchinson, State Highway Commis- 
sion, North Carolina; F. H. Jackson, United States Bureau of Public 
Roads, Washington, D. C.; A. N. Johnson, State Roads Commission, 
Maryland; F. C. Lang, State Highway Department, Minnesota; E. T. 
Maddock, Department of Public Works, California; J. H. Milburn, United 
States Bureau of Public Roads, Washington, D. C.; J. E. Myers, Com- 
mission of Highways, New York; W. A. Norris, State Highway Depart- 
ment, Wyoming; R. L. Oberholser, State Highway Commission, North 
Carolina; W. F. Purrington, State Highway Department, New Hamp- 
shire; A. S. Rea, Department of Highways and Public Works, Ohio; C. H. 
Scholer, State Highway Commission, Kansas; C. M. Strahan, State 
Highway Department, Georgia; D. V. Terrill, Department of State Roads 
and Highways, Kentucky; M. H. Ulman, State Highway Department, 
Pennsylvania; C. G. Wickline, State Highway Department, Texas; N. C. 
Withey, State Highway Commission, Wisconsin. 
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METHODS OF SAMPLING AND TESTING NON- 
BITUMINOUS HIGHWAY MATERIALS. 

METHODS OF SAMPLING STONE, SLAG, GRAVEL, SAND, 
STONE BLOCK, AND PAVING BRICK FOR USE AS HIGH- 
WAY MATERIALS, INCLUDING SOME MATERIAL SUR- 
VEY METHODS. 

(A. S. T. M. standard method, serial designation D 75—22, modified.) 

1. Samples of all materials to be tested as a basis for acceptance 
or rejection of the supply shall be taken by the engineer or his 
authorized representative. Samples for inspection or preliminary 
test may be submitted by the producer or owner of the supply. 

I. SAMPLING OF STONE. 

A. SAMPLING OF STONE FROM LocAL LEDGES AND NONCOM MERCIAL 

QUARRIES FOR QUALITY. 

2. The ledge or quarry face shall be inspected closely to de- 
termine any variations in different layers. Any difference in color 
or structure shall be observed, and if necessary to secure a 
representative sample unweathered specimens shall be broken 
from different layers. 

3. (a) For the standard stone tests, separate samples, at least 
380 pounds of fresh unweathered specimens in each, shall be taken 
from all layers that appear to vary in color or structure. When 
more than one piece is taken, the minimum size shall be 2 inches, 
except that there shall be one piece of each sample to be used 
in the toughness or compression test which shall have a minimum 
size of 4 by 5 by 8 inches on which the bedding plane shall be 
marked and which shall be free from seams or fractures. 

(6) The character of samples to be tested for conerete ag- 
gregate will depend upon the kind of tests to be made and the 
number of specimens necessary. 

4. In addition to the general information to be furnished with 
all samples, the following information shall be furnished with 
all samples from local ledges which are not commercial sources: 
Name of owner; approximate quantity available (if quantity is 
very large this may be recorded as practically unlimited) ; amount 
and character of overburden or stripping: haul to nearest point 
on road where the material is to be used; character of haul 
(kind of road and grade); also some detailed record of the ex- 
tent and location of the material represented by each sample. 
For this purpose a sketch, plan and elevation showing the thick- 
ness and location of the different layers is recommended. 

B. SAMPLING oF STONE FROM COMMERCIAL QUARRIES FOR QUALITY 
AND SIZE. 

5. When practicable, samples from commercial quarries shall 
be taken from the ledge or quarry face and the same procedure 
shall be followed as when sampling local ledges. 

6. The following factors affect the size of broken stone: Size 
and shape of screen openings; length of screen sections; the 
angle of screen with the horizontal; the speed of screen rota- 
tion; and the rate at which the screen is fed. A general in- 
spection and record of these conditions shall be made. The 
sample shall be taken preferably from cars or boats while load- 
ing from stock piles or bins. In order that the sample may be 
representative, it is recommended that separate samples be taken 
at different times while the material is being loaded. If the 
sample must be taken from the bin or stock pile, several samples 
shall be taken from different parts of the stock pile and from 
the top of the bin and the loading chute, These separate samples 
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shall be well mixed to form a composite sample and the sample 
for testing shall be obtained by the quartering method. 

7. (a) If it is not practicable to visit the plant, samples for 
both quality and size shall be taken from different parts of the 
ear or boat during unloading. It is recommended that separate 
samples be taken from the top, middle, and bottom of the car 
or boat. These separate samples shall be well mixed to form 
a composite sample and the sample for testing shall be obtained 
by the quartering method. The results of tests of crushed stone 
for quality are not considered comparable with results from 
samples specially broken for test in the laboratory, but the gen- 
eral quality of the stone can be ascertained and check tests on 
various shipments should indicate any change in quality. In 
this case, tests for both quality and size can be made on the 
same sample. 

(6) If the stone is to be tested for size only, it is recommended 
that a small set of screens and a pair of scales or some recep- 
tacle for measuring volume be used for field testing in order to 
avoid delaying the decision on the use of the material. Occa- 
Sional check tests can be obtained from the laboratory to assure 
a fair degree of accuracy in the field testing. 

8. (a) The sample of crushed stone for mechanical analysis 
shall weigh at least 50 times the weight of the largest piece 
therein. 

(5) The character of samples to be tested for concrete aggre- 

Weight of 
sample. 

gate will depend upon the kind of tests to be made and the 
number of specimens necessary. 

C. SAMPLING OF FIELD STONE AND BOWLDERS. 

9. A detailed inspection of the deposits of field stone and 
bowlders shall be made in the area from which the supply is to 
be obtained. The different kinds of stone and their state of 
preservation in the various deposits shall be recorded. 

10. Separate samples shall be taken of all stone of different 
classes which, as determined by visual examination of their 
state of preservation and degree of lamination, should be con- 
sidered for use in construction. 

11. Records accompanying samples of field stone and bowlders, 
in addition to general information, shall include the following 
information : 

(a) Location of supply. 

Note.—The plotting of the field stone and bowlder area on a 
United States topographic or a similar map is recommended for this 
purpose. 

(6) Approximate quantity available. 

Notre.—A fairly accurate estimate of the amount of stone in 
fences can be made by measuring a cross section and pacing the 
length. It is more difficult to estimate the amount of stone scat- 
tered on the ground, and ordinarily it does not pay to work such 
deposits unless the accumulation is heavy. 

(c) Information in regard to the relative amounts of the dif- 

ferent classes of stone sampled and the materials rejected by 
visual examination which have to be handled and spoiled. 

NoTE.—The percentages of different kinds of material can only 
be estimated and the degree of accuracy attained will depend al- 
most entirely upon the experience and skill of the individual. 

I]. SAMPLING OF BLAST-FURNACE SLAG. 

12. It is recommended that blast-furnace slag be sampled for 
size and quality by the method specified for broken stone. 

Ill. SAMPLING OF SAND AND GRAVEL. 

A. SAMPLING oF NoNCOMMERCIAL Deposits, 

13. Noncommercial as used here includes all undeveloped sand 
and gravel deposits and all developed deposits where the material 
is not washed or screened, 

Method of 
sampling. 

Information 
with samples. 
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14. (a) The investigator should realize that few, if any, natural 
sand and gravel deposits are uniform, and when a sample is 
taken the quantity of material in the deposit similar to the sam- 
ple shall be ascertained as nearly as possible. 

(6) If possible, samples of sand shall be taken when it is in 
a damp condition. 

(c) If the deposit is worked as a bank or pit and has an open 
face, the sample shall be taken by channeling the open face so 
as to represent all material suitable for use as determined by a 
visual examination. Care shall be taken to eliminate any over- 
burden or stripping at the top and any material that has fallen 
along the face from the top. It is necessary, especially in small 
deposits, to excavate test pits some distance back of and in a 
line parallel to the face to determine the extent of the supply. 
The number and depth of these pits will depend upon the quantity 
of material that is to be taken from the deposit. Separate sam- 
ples shall be taken from the face of the bank and from the test 
pits. These shall be well mixed to form a composite sample and 
the sample for testing shall be obtained by the quartering method. 
(d) Deposits that have no open face shall be sampled by means 

of test pits. The number and depth of these pits will depend upon 
local conditions and the amount of material to be used from the 
source. A separate sample shall be taken from each pit and where 
visual examination indicates there is no radical difference in 
size of grain, color, etc., the several samples shall be well mixed 
to form a composite sample and the sample for testing shall be 
obtained by the quartering method. Where visual examination 
indicates there is a distinct difference in material from different 
pits, separate samples shall be taken for testing. 

(e) It is suggested that the colorimetric test be used for deter- 
mining the percentage of organic material.’ 

15. In addition to the general information accompanying all 
samples from sand and gravel deposits which are not commercial 
sources, detailed information shall be supplied similar to that 
specified to be furnished with samples of stone taken from local 
ledges. 

B. SAMPLING oF SAND AND GRAVEL FROM COMMERCIAL PLANTS. 

16. Samples of both sand and gravel from commercial screening 
or washing plants shall be taken from the bins or storage piles 
preferably while the material is being loaded from these supplies. 
The sand and gravel shall be sampled as separate units and ship- 

ped as such. It is difficult to secure a representative sample from 
stock piles and bins and, if conditions require sampling from these 
sources, the following is recommended: Separate samples shall be 
taken from different parts of the stock pile, care being taken to 
avoid sampling a segregated area of coarse-grained material which 
is likely to exist at the base of the pile. In sampling from a bin, 
separate samples shall be taken from the top and the loading 
chute. At the latter place at least one-half cubie yard of material 
shall be run off and representative samples taken from it. These 
separate samples shall be well mixed to form a composite sample 
and the sample for testing shall be obtained by the quartering 
method. 

17. The size of sand and gravel will be affected by the same 
factors as broken stone and the same inspection is necessary. In 
addition, the relative amount of water used in screening must be 
taken into consideration. The same procedure for taking a sample 
of broken stone for size is recommended for sampling sand and 
gravel for size, both at plant and at delivery. 

18. Where it is not practicable to visit the plant, samples for 
both quality and size shall be taken from different parts of the 

2For a description of this test, see the Standard Method of Test for 
Organic “baspatr ities in Sands for Concrete, serial designation, C 40-22, of 
the American Society for Testing Materials. 
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car or boat during unloading. It is recommended that separate 
samples be taken from the top, middle, and bottom of car or boat. 
These separate materials shall be well mixed in a composite 
sample and the sample for test obtained by the quartering method. 

C. QUANTITY OF SAND AND GRAVEL SAMPLES. 

19. Samples of run-of-bank (material in which the sand and 
gravel are combined) shall consist of at least 100 pounds of ma- 
terial when the gravel content is 50 per cent or more of the whole. 
If the material contains less than 50 per cent of gravel, the sample 
shall be increased in proportion. For example, when the gravel 
percentage is 25 per cent of the whole the sample should weigh 200 
pounds. 

20. Samples of sand shall contain at least 20 pounds of material. 
21. Samples of gravel shall contain at least 50 pounds of ma- 

terial. 
22. The quantity of samples to he tested for concrete aggregate 

will depend upon the kind of tests to be made and the number of 

specimens necessary. 

IV. SAMPLING OF MISCELLANEOUS MATERIALS. 

23. Samples of slag sand, screenings, mine tailings, and all other 
materials used as substitute for sand and gravel or broken stone, 
shall be inspected and sampled in the same way as the materials 
for which they are substituted. 

VY. SAMPLING OF STONE BLOCK. 

24. Samples shali be taken either at the quarry or from cars or 
boats as directed by the engineer. They shall be representative 
of the block which it is proposed to use and no sample shall in- 
clude block that would be rejected by visual examination. 

25. The sample shall consist of at least six blocks and the bed- 
ding plane shall be marked on at least two of these. 

VI. SAMPLING OF PAVING BRICK. 

26. Place of sampling.—Where a standard rattler has been in- 
stalled and is kept in an approved condition, and acceptable 
facilities for testing are furnished by the manufacturer, samples 
will be taken and tested at the plant by an inspector while 
cars are being loaded, provided daily shipments are sufficient to 
warrant it. Under all other conditions samples will be taken 
from the cars upon arrival at their destination. 

27. Method of selecting samples.—A single sample will be taken 
to represent each 10,000 to 15.000 brick according to conditions 
described later. No brick are to be included in the sample which 
are cracked or so deformed as to be unfit for laying under the 
specifications. 

28. (a) Samples from kilns—When samples are taken directly 
from the kiln, the first set will usually be chosen as soon as 
enough brick have been removed from the front of the kiln 
to permit of obtaining a sample representative of both the full 
width and height of the kiln. Later samples are to be taken 
with the idea of representing three degrees of burning in the kiln, 
one sample to be selected from localities (usually the top and 
sides) to represent the hardest burned brick, one sample usually 
selected from the more central portion of any cross section of 
the kiln to represent medium burned brick, and one sample usually 
from the bottom layers and away from the sides to represent 
the least burned brick. Each of these samples should represent 
approximately 15,000 brick. 

(b) Samples taken from piles—When the appearance of the 
pile of brick shows clearly that there is a considerable range in 
the degree of burning, samples to represent each of three degrees 

Size of 
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should be selected as in the case of samples taken from kilns, 
each sample to represent about 10,000 brick. When the surface 
appearance of the brick does not furnish any indication of their 
uniformity, samples are to be taken at random representing ap- 
proximately 10,000 brick. 

(c) Samples from cars.—When a sample is taken from a carload 
it shall be selected in the same manner as previously described 
to represent three approximate degrees of burning. 

29. Shipment of samples.—Samples which must be transported 
long distances by freight or express shall be carefully put up in 
packages holding not more than 12 brick each. When more than 
6 brick are shipped in one package, it shall be so arranged as to 
carry two parallel rows of brick side by side, and these rows shall 
be separated by a partition. In event of some of the brick being 
cracked or broken in transit, the sample shall be disqualified if 
there are not remaining 10 sound, undamaged brick. 

30. Storage and care of samples.—Samples shall be carefully 
handled to avoid breakage or injury. They shall be kept in the 
dry so far as practicable. If wet when received, or known to 
have been immersed or subjected to recent prolonged wetting, 
they shall be dried for at least six hours in a temperature of 100° 
IF’. before testing. 

VII. GENERAL DIRECTIONS FOR SHIPPING AND MARKING SAMPLES. 

31. Samples of ledge stone, crushed stone, and slag shall be 
shipped in a secure box or bag. 

32. Samples of stone block shall be securely crated. 
33. Samples of run-of-bank gravel, sand screenings, and other 

fine material shall be shipped in a tight box or closely woven 
bag so there shall be no loss of the finer particles. 

34. Each sample or separate container shall be accompanied 
by a card or regular form, preferably in the container, giving 
the following information: By whom taken; official title or rank 
of the sampler; by whom submitted; source of supply; proposed 
use of the material; and in case of commercial supplies, daily 
production ; geographic location; shipping facilities (name of rail- 
road, canal or river, or other common carrier) ; and price of the 
material. 

ABRASION TEST FOR BROKEN STONE. 

(A. 8S. T. M. standard method, serial designation D 2—08, slightly modified.) - 

(1) The machine shall consist of one or more hollow iron 
cylinders, closed at one end and furnished with a tightly fitting 
iron cover at the other; the cylinders to be 20 centimeters in 
diameter and 84 centimeters in depth inside. These cylinders 
are to be mounted on a shaft at an angle of 30° with the axis 
of rotation of the shaft. 

(2) The rock to be tested shall be broken from large pleces 
to as nearly uniform size and shape as possible, and as near to 
50 pieces as possible shall constitute a test Sample. No pieces 
with edges or faces that have been rounded by wear shall be in- 
cluded. The total weight of rock in a test shall be within 10 
grams of 5 kilograms. All test pieces shall be washed and 
thoroughly dried before weighing. Ten thousand revolutions, at 
the rate of between 30 and 33 per minute, shall constitute a test. 
Only the percentage of material worn off which will pass through 
a 0.16 centimeter (one-sixteenth inch) mesh sieve shall be con- 
sidered in determining the amount of wear. This shall be ex- 
pressed as the percentage of the 5 kilograms used in the test. 

(3) When the material has a specific gravity below 2.20 the 
quantity used for the test shall be adjusted on a weight basis, 
retaining the specified number of pieces. For such materials a 
weight of 4,000 grams of the broken stone or broken slag shall 
be used. 

(4) The results shall be reported as per cent of wear. 
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ABRASION TEST FOR GRAVEL. 

(1) The aggregate shall first be screened through screens havy- 
ing circular openings 2 inches, 14 inches, 1 inch, three-quarters 
inch, and one-half inch in diameter, The material of these sizes 
shall be washed and dried. The following weights of the dried 
stone shall then be taken: 1,250 grams of the size passing the 
2-inch and retained on the 14-inch screen, 1,250 grams of the size 
passing the 13-inch and retained on the 1-inch screen, 1,250 grams 
passing the 1-inch and retained on the three-quarters inch screen, 
1,250 grams passing the three-quarters inch and retained on the 
one-half inch screen. This material shall be placed in the cast- 
iron cylinder of the Deval machine as specified for the stand- 
ard abrasion test on stone. Six cast-iron spheres 1.875 inches in 
diameter and weighing approximately 0.95 pound (0.45 kilogram) 
each shall be placed in the cylinder as an abrasive charge. These 
spheres are the same as those used in the standard rattler test 
for paving brick. 

(2) The duration of the test and the rate of rotation shall be 
the same as specified for the standard test for stone, namely, 
10,000 revolutions at a rate of 30 to 33 revolutions per minute. 
At the completion of the test the material shall be taken out 
and screened over a one-sixteenth inch mesh sieve. The material 
retained upon the sieve shall be washed and dried and the per- 
centage loss by abrasion of the material passing the one-sixteenth 
inch mesh sieve calculated. 

(8) When the material has a specific gravity below 2.20 a 
total weight of 4,000 grams made up of the four groups of sizes 
described above, instead of 5,000 grams, shall be used in the 
abrasion test. 

TEST FOR TOUGHNESS OF ROCK. 

(A. S. T. M. standard method, serial designation D 3-18, slightly 
modified. ) 

1. The term “ toughness,’ as applied to rock, is defined as the 
resistance offered to fracture under impact, expressed as the fall 
in centimeters of a standard hammer which, after a series of 
blows from increasing heights, finally causes fracture of a cylin- 
drical test specimen of given dimensions. 

2. Quarry samples of rock from which test specimens are to 
be prepared shall measure at least 6 inches on a side and at 
least 4 inches in thickness, and when possible shall have the 
plane of structural weakness of the rock plainly marked thereon. 
Samples shall be taken from freshly quarried material, and only 
from pieces which show no evidences of incipient fracture due 
to blasting or other causes. The samples shall preferably be 
split from large pieces by the use of plugs and feathers and 
not by sledging. Commercial stone-block samples from which 
test specimens are to be prepared shall measure at least 3 inches 
on each edge. 

3. Specimens for testing shall be cylinders prepared as de- 
scribed in section 4, 25 millimeters in height and from 24 to 25 
millimeters in diameter. Three test specimens shall constitute 
a test set. The ends of the specimen shall be plane surfaces at 
right angles to the axis of the cylinder. 

4. One set of specimens shall be drilled perpendicular and an- 
other parallel to the plane of structural weakness of the rock, 
if such plane is apparent. If a plane of structural weakness is 
not apparent, one set of specimens shall be drilled at random. 
Specimens shall be drilled in a manner which will not subject 
the material to undue stresses and which will insure the specified 

Test sample. 

Duration 
of test. 

Size of sample. 

Preparation 
of specimen. 



dimensions.* The ends of the cylinders may be sawed by means 
of a band or diamond saw,‘ or in any other way which will not 
induce incipient fracture, but shall not be chipped or broken off 
with a hammer. After sawing, the ends of the specimens shall 

| be ground plane with water and carborundum or emery on a 
| cast-iron lap until the cylinders are 25 millimeters in length. 

Impact 5. Any form of impact machine which will comply with the 
machine. following essentials may be used in making the test: 

(a) A cast-iron anvil weighing not less than 50 kilograms, 
firmly fixed upon a solid foundation ; 

(b) A hammer weighing 2 kilograms, arranged so as to fall 
freely between suitable guides; 

(c) A plunger made of hardened steel and weighing 1 kilo- 
gram, arranged to slide freely in a vertical direction in a sleeve, 
the lower end of the plunger being spherical in shape with a 

) radius of 1 centimeter ; 
| (d@) Means for raising the hammer and for dropping it upon the 

plunger from any specified height from 1 to not less than 75 centi- 
meters, and means for determining the height of fall to approxi- 
mately 1 millimeter ; 

(e€) Means for holding the cylindrical test specimen securely on 
the anvil without rigid lateral support, and under the plunger in 
such a way that the center of its upper surface shall be tangent to 
the spherical end of the plunger at its lowest point throughout the 
test. 

6. The test shall consist of a 1-centimeter fall of the hammer for 
the first blow, a 2-centimeter fall for the second blow, and falls 
increasing by 1 centimeter for each succeeding blow until failure 
of the test specimen occurs. 

7. The height of fall in centimeters at failure shall be taken as 
the toughness of the test specimen. The individual and the aver- 
age toughness of three test specimens shall be reported when no 
plane of structural weakness is apparent. When a plane of struc- 
tural weakness is apparent, the individual and average toughness | 
of the three specimens in each set shall be reported and identified. 

: 
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Any peculiar condition of a test specimen which might affect the 
result, such as the presence of seams, fissures, ete., shall be noted 
and recorded with the test result. 

TEST FOR SOUNDNESS OF COARSE AGGREGATE. 

Immerse 10 small pieces (total weight about 1,000 grams) of the 
rock in a saturated solution at 70° F. of sodium sulphate 
(Na.SO;) for 20 hours, after which place them for 4 hours in a 
drying oven maintained at 100° C. Repeat the treatment five | 
times. Note the condition of the rock as to soundness at the end 
of the test. ; 

Samples which exhibit marked checking, cracking or disintegra- | 
tion shall be considered to have failed in this test. 

LITHOLOGICAL COUNT OF GRAVEL PARTICLES. 

From 100 to 200 pieces of gravel stones, selected at random, | 
ranging in size from one-half to 2 inches shall be separated into ’ 

the various rock types and the percentage composition noted. | 

Notry.—This is a simple test which, especially in dealing with the 
northern glacial gravels, will obviate considerable laboratory work. 
There is no single laboratory test for this type of material which, 
will give such conclusive results as to leer 4 of the material as this 
when the adjacent bedrock and direction of the glaciation are known, 

The form of diamond drill described in Bulletin No. 347, U. S. De- 
partment of Agriculture, pp. 6—7, is recommended, and should prove 
satisfactory if the instructions are strictly followed. 

4A satisfactory form of diamond saw is described in Bulletin No. 347, 
U. S. Department of Agriculture, pp. 7-9. 
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IMPACT TEST FOR GRAVEL AGGREGATE. 

The material to be tested is accurately quartered until a sample 
is obtained which contains at least 50 pieces ranging in size from 
three-quarters inch to 2 inches in diameter. Care should be taken 
to see that the various sizes appear in about the same proportion 
as in the original sample. The pieces thus obtained are then 
tested individually by first determining the average diameter 
across the shortest dimension and then subjecting each to a single 
blow of the Lammer using the machine described in a paper 
printed in the Proceedings of the American Society for Testing 
Materials for 1922 entitled “An Impact Test for Gravel,” by F. H. 
Jackson, Bureau of Public Roads. 

Notr.—It is suggested that the height of fall shall be that indi- 
cated in the following table: 

Height of fall. 

eae 3 : 
of particle. : gneous or 

Sedimentary metamorphic 
origin. origin. 

Inches. Inches. Inches. 
2 3 

1 4 
i-t 4 5 
1-4 5 6 

TEST FOR PERCENTAGE OF SHALE IN GRAVEL. 

It is suggested that for the separation of shale and other pieces 
having low specific gravity from concrete aggregate, a solution of 
zine chloride (ZnCl.) or some other satisfactory liquid having 
a specific gravity of approximately 1.95 be used. A sample of 
the pebbles should be first dried to constant weight at not over 
110° C., then placed in a container partially filled with the solu- 
tion. Agitate for five minutes, skim off the lighter materials, 
and then pour the solution through a sieve which will retain the 
pebbles. Repeat the operation until the entire sample has been 
separated. Dry to constant weight, measure the volume of re- 

tained material, and compute the percentage of volume of shale 
or other soft material. 

TEST FOR QUANTITY OF CLAY AND SILT IN GRAVEL FOR 
HIGHWAY CONSTRUCTION. 

(A. S. T. M. standard method, serial designation D: 72-21, slightly 
modified. ) 

1. This is a test for the determination of the quantity of clay 
and silt in natural gravel to be used in highway construction. 

2. The sample as received shall be moistened and thoroughly 
mixed, then dried to constant weight at a temperature between 
100>* and’110° GC, (212°-and 230°-F.). 

3. The pan or vessel to be used in the determination shall 
be 12 inches (30.5 centimeters in diameter by not less than 4 
inches (10.2 centimeters) deep, as nearly as may be obtained. 

4. (a) A representative portion of the dry material weighing 
not less than 50 times the weight of the largest stone in the 
sample shall be selected from the sample and placed in the pan 
which has been dried and accurately weighed. 

(b) Sufficient water shall be poured into the pan to cover the 
gravel. The gravel shall be agitated vigorously for 15 seconds 
with a trowel or stirring rod. After it has settled for 15 seconds 
the water shall be poured off into a tared evaporating dish, 

Method of test. 
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Calculation of 
percentage. 

Method of test. 

Calculation of 
percentage. 

care being taken not to pour off any sand. This process shall be 
repeated until the wash water is clear, a glass rod being used 
to stir the material for the last few washings. The pan and 
washed sand shall be dried to constant weight in an oven at a 
temperature between 100° and 110° ©. (212° and 280° B.), 
weighed, and the net weight of sand determined. 

5. The percentage of clay and silt shall be calculated from the 
formula: 

Percentage of clay and silt= 
Original ae Welashsatier washing.” 100 

riginal weight 

6. For a check on the results, the wash water shall be evapo- 
rated to dryness and the residue weighed: 

Weight of residue 
Percentage of clay and silt= Orivinal weight x 100 

TEST FOR QUANTITY OF CLAY AND SILT IN SAND FOR 
HIGHWAY CONSTRUCTION. 

(A. S. T. M. standard method, serial designation D 74-21, slightly 
modified.) 

1. This is a test for the determination of the quantity of clay 
and silt in natural sand to be used in highway construction. — 

2. The sample as received shall be moistened and thoroughly 
mixed, then dried to constant weight at a temperature between 
100° and’ 110° C. (212° and 230° F.). 

3. The pan or vessel to be used in the determination shall be 
substantially 9 inches (22.9 centimeters) in diameter by not less 
than 4 inches (10.2 centimeters) deep. It shall have vertical 
sides and shall be provided with a pouring lip. 

4. A representative portion of the dry material weighing 500 
grams shall be selected from the sample and placed in the pan 
which has been dried and accurately weighed. Sufficient water 
shall be poured into the pan to cover the sand (about 225 eubie 
centimeters) and agitated vigorously for 15 seconds. After it 
has settled for 15 seconds the water shall be poured off into a 
tared evaporating dish, care being taken not to pour off any sand. 
This process shall be repeated until the wash water is clear, a 
glass rod being used to stir the material for the last few washings. 
The pan and washed sand shall be dried to constant weight in 
an oven at a temperature between 100° and 110° ©. (212° and 
230° F.), weighed, and the net weight of sand determined. 

5. The percentage of clay and silt shall be calculated from the 
formula: 

Percentage of clay and silt= 
Original weight—Weight after washing 23 

a nlite = ere X 100 
Original weight 

6. For a check on the results, the wash water shall be evapo- 
rated to dryness and the residue weighed. 

Weight of residue 
Original weight 

TESTS FOR APPARENT SPECIFIC GRAVITY AND ABSORP- 
TION OF STONE OR OTHER COARSE MATERIALS. 

(1) The apparent specific gravity shall be obtained by weighing 
the water displaced by a sample of the material weighing ap- 
proximately 1,000 grams, broken into pieces about 14 inches in 
diameter. The vessel to be used consists of a galvanized-iron 
cylinder closed at one end and measuring 5 inches in diameter 
by 8 inches high. A brass spout one-half inch in diameter is 
soldered into the side of the cylinder 6 inches from the bottom. 

The spout is inclined at an angle of 2° with the horizontal and 

100 Percentage of clay and silt= 

ee es ae ee a ee ee Oe ee 



is 23 inches long. A notch is filed across its lower end, to stop 
the drip from the displaced water. To determine the specific 
gravity and absorption, the dried and cooled sample shall be 
weighed to thé nearest 0.5 gram and immersed in water for 24 
hours. The pieces shall then be surface-dried individually with a 
towel, the sample reweighed and immediately placed in the 
eylinder, which has been previously filled to overflowing with 

water at room temperature. 
(2) The weight of water displaced by the sample shall be used 

to calculate its apparent specific gravity. The difference between 
the original weight of the sample and its weight after 24 hours 
shall be used to determine the absorption. 

TEST FOR MECHANICAL ANALYSIS OF AGGREGATES “es 
CONCRETE. 

(A. S. T. M. standard method, serial designation C 41—22, slightly modified. ) 

‘oe linia i tii. 

1. A representative test sample of the aggregate shall be 
selected, by quartering or by use of a Sampler, which after dry- 
ing will give not less than the following: 

(a) Fine aggregate, 500 grams. 
(b) Coarse aggregate or a mixture of fine and coarse aggre- 

gates, weight in grams, 3,000 times size of largest sieve required, 
measured in inches. 

TABLE 1. 

| 

Tolerance. 

Sieve 4 

ee Sieve opening. | Wire diameter. pide Wire | Maxi- 
y ge : 

inches.! Pinnenin diam- |. m 
| penng-| eter | oe 

J Inches. | Mim. Inches. Mm. | Per cent. | Per cent. | Per cent. 
No. 100....| 0.0059 | 0.149 | 0.0040 0. 102 6 20 | 40 
NO. OO. -O117 | . 297 . 0074 . 188 6 20 40 
No. 30... - - 0232 | .59 . 0130 233 4 10 25 
No. 16... 0469 | 1.19 | .0213 . 54 3 10 10 
Neo Re +c! .. 0937 2.38 | .0331 . 84 3 | 10 10 
iy? =, yl . 187 4-76_ | _- 050 jet 3 10 10 
Zinch....- .375 9.5 | .092 2. 33 a] 10 10 
#inch..... 75 19.0) | 2135 3. 42 3 10 10 
lineh.._.. 1.00 25. 4 . 162 4.12 3 10 10 
13 inches..| 1.50 38.0 5877 4. 50 3 10 10 
2inches...| 2.00 ha-Sye bor 1g 4. 88 3 10 10 
3inches...| 3.00 Pa Nails Baer C 6.3 3 10 10 

| 

1 Sieves No. 100 to No. 4 are based on ‘‘Table of Fundamental Data on Standard 
Specifications for Sieves,”’ isued by the U. S. Bureau of Standards, 1920. The liberal 
tolerances will permit the use of certain sieves which do not exactly correspond to the 
numbers given in the table. 

2. The sample shall be dried at not over 110° C. (230° F.) to 
constant weight. 

3. (a) The sieves shall be of square-mesh wire cloth and shall 
be mounted on substantial. frames constructed in a manner that 
wil! prevent loss of material during sifting. 

(6) The size of wire and sieve openings shall be as given in 
Table 1. 

4. (a) The sample shall be separated into a series of sizes 
by means of the sieves specified in section 3. Sifting shall be 
continued until not more than 1 per cent by weight of the sample 
passes any sieve during one minute. 

(b) Each size shal! be weighed on a balance or scale which 
is sensitive to one one-thousandth of the weight of the test 
sample. 

; (c) The percentage by weight of the total sample which is 
finer than each of the sieves shall be computed. 

SAMPLING AND TESTING HIGHWAY MATERIALS. ce 

Selection of 
sample. 

Method of test. 

— © > os 
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Le Chatelier 
test. 

Jackson test. 

5. (a) The percentages in sieve analysis shall be reported to © 
the nearest whole number. 

(b) If more than 15 per cent of a fine aggregate is coarser © 
than the No. 4 sieve, or more than 15 per cent of a coarse aggre- 
gate is finer than the No. 4 sieve, the sieve analysis of the por- 
tions finer and coarser than this sieve shall be reported sepa- 
rately. 

Notrr.—It is recommended that the one-quarter-inch sieve be used 
rather than the No. 4 sieve and such additional U. S. Bureau of 
Standard sieves as may be decided as test limits. The Tyler standard 
sereens 100, 48, 28, 14, 8, 4 and three-eighth-inch come within the 
tolerance allowed for the Bureau of Standard screens 100, 50, 30, 
16, 8, 4 and three-eighth-inch. 

TEST FOR APPARENT SPECIFIC GRAVITY OF SAND, 
STONE, AND SLAG SCREENINGS, AND OTHER FINE 
NONBITUMINOUS HIGHWAY MATERIALS. 

(A. S. T. M. standard method, serial designation D 55-19, slightly 
modified.) 

1. The following tests, ‘“‘ Le Chatelier’” and ‘“ Jackson,” are 
equally suited for use in determining the apparent specific gravity 
of sand, stone, and slag screenings and other fine nonbituminous 
highway materials, and may be considered as alternates. 

LE CHATELIER TEST. 

2. The determination of specific gravity shall be made with a 
standardized Le Chatelier apparatus. This apparatus is stand- 
ardized by the United States Bureau of Standards. Kerosene, 
free from water, or benzene, not lighter than 62° Baumé, shall 
be used in making this determination. 

3. (a) The flask shall be filled with either of these liquids to 
a point on the stem between zero and 1 cubic centimeter and 
64 grams of sand or other fine nonbituminous highway material 
of the same temperature as the liquid shall be slowly introduced, 
taking care that the material does not adhere to the inside of 
the flask above the liquid and to free the material from air by 
rolling the flask in an inclined position. After all material is 
introduced the level of the liquid will rise to some division of 
the graduated neck; the difference between readings is the volume 
displaced by 64 grams of the material. The specific gravity shall 
then be calculated from the formula: 

Weight of material (grams.) 

Displaced volume (centimeters. ) 

(6) The flask, during the operation, shall be kept immersed 
in water, in order to avoid variations in the temperature of the 
liquid in the flask, and any variation that occurs shall not exceed 
0.5° C. The results of repeated tests should agree within 0.01. 

JACKSON TEST. 

Specific gravity= 

4. The determination shall be made with a Jackson specific- 
gravity apparatus which shall consist of a burette, with gradua- 
tions reading to 0.01 in specific gravity, about 23 centimeters 
(9 inches) long and with an inside diameter of about 0.6 centi- 
meter (0.25 inch), which shall be connected with a glass bulb 
approximately 18 centimeters (5.1 inches) long and 4.5 centi- 
meters (1.75 inches) in diameter, the glass bulb being of such 
size that from a mark on the neck at the top to a mark on the 
burette just below the bulb, the capacity is exactly 180 centi- 
meters (6.09 liquid ounces); and an Erlenmeyer flask, which 
shall contain a hollow ground-glass stopper having a neck of the 
same bore as the burette and a capacity of exactly 200 centi- 
meters (6.76 ounces) up to the graduation cn the neck of the 
stopper, 
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5. The method is as follows: 
(1) Dry at not more than 110° C. (230° F.) to constant weight 

a sample weighing about 55 grams; (2) weigh 50 grams of the 
| dry sample to 0.1 gram and pour it into the unstoppered Erlen- 

= * 

meyer flask, which shall be cleaned and dried before each deter- 
mination; (3) fill the bulb and burette with kerosene, leaving 
just space enough to take the temperature by introducing a ther- 
mometer through the neck; (4) remove the thermometer and add 

sufficient kerosene to fill exactly to the mark on the neck, drawing 
off any excess with the burette; (5) run into the flask about one- 
half of the kerosene in the bulb to remove air bubbles and then 
run in more kerosene, removing any material adhering to the 
neck of the flask, until the kerosene is just below the ground glass; 
(6) place the hollow ground-glass stopper in position and turn 
it to fit tightly, and then run in kerosene exactly to the 200 
cubic centimeter (6.76 ounces) graduation on the neck, care being 
taken to remove all air bubbles in the flask; (7) read the speci- 
fic gravity from the graduation on the burette, and the tempera- 
ture of the oil in the flask, noting the difference between the 
temperature of the oil in the bulb before the determination and 
that of the oil in the flask after the determination; (S) make a 
temperature correction to the reading of the specific gravity in 
accordance with the table furnished by the manufacturer of the 
apparatus, adding the correction if the temperature of the kero- 
sene has increased and subtracting it if the temperature of the 
kerosene has decreased. 

TEST FOR UNIT WEIGHT OF AGGREGATE FOR CONCRETE 
AND PERCENTAGE OF VOIDS. 

(A. S. T. M. standard method, serial designation C 29-21, slightly 
modified.) 

1. The unit weight of fine, coarse, or mixed aggregates for con- 
crete shall be determined by the following method: 

2. (a) The apparatus required consists of a cylindrical metal 

measure, a tamping rod, and a scale or balance, sensitive to 0.5 
per cent of the weight of the sample to be weighed. 

(6b) Measures—The measure shall be of metal, preferably ma- 
chined to accurate dimensions on the inside, cylindrical in form, 
water-tight, and of sufficient rigidity to retain its form under 
rough usage, with top and bottom true and even, and preferably 
provided with handles. : 

The measure shall be one-tenth, one-half, or 1 ecubie foot 
capacity, depending on the maximum diameter of the coarsest par- 
ticles in the aggregate. and shall be of the following dimensions: 

| hi sai Diameter 
: nside nside of largest 

Capacity. | diameter. | height. | particles of 
aggregate. 

| 

Inches. Inehes. Inches. | 
y; cubic foot... -- 6. 08 6.10 | Under 4 | 
3 cubic foot. ------ 10. 00 11.00 | Under13 | 
t eubic foot. -_- - - - 14. 00 11. 23 Over 13 

| 
| 

(c) Tamping rod.—The tamping rod shall be a straight metal 
rod three-fourths inch in diameter and 18 inches long, with one 
end tapered for a distance of 1 inch to a blunt, bullet-shaped point. 

3. The measure shall be calibrated by accurately determining 
the weight of water at 16.7° C. (62° F.) required to fill it. The 
factor for any unit shall be obtained by dividing the unit weight 
of water at 16.7° C. (62° F.)° by the weight of water at 16.7° C. 

- (62° F.) required to fill the measure. 

| 5 The unit weight of water at 16.7° C. (62° F.) is 62.355 pounds per 
‘ cubic foot. 

Apparatus. 

13. 
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Method of test. 

Method of test. 

4. The sample of aggregate shall be room-dry and thoroughly 
mixed. 

5. (a) The measure shall be filled one-third full and the top 
leveled off with the fingers. The mass shall be tamped with the 
pointed end of the tamping rod 25 times, evenly distributed over 
the surface. The measure shall then be filled two-thirds full and 
again tamped 25 times as before. The measure shall then be filled 
to overflowing, tamped 25 times, and the surplus aggregate struck 
off, using the tamping rod as a straight edge. 

In tamping the first layer the rod should not be permitted 
forcibly to strike the bottom of the measure. In tamping the 
second and final layers, only enough force to cause the tamping 
rod to penetrate the last layer of aggregate placed in the measure 
should be used. No effort should be made to fill holes left by the 
rod when the aggregate is damp. 

(b) The net weight of the aggregate in the measure shall be de- 
termined. The unit weight of the aggregate shall then be obtained 
by multiplying the net weight of the aggregate by the factor found 
as described in section 3. 

6. Results with the same sample should check within 1 per cent. 
7. The percentage of voids in the aggregate may be determined 

from the weight per cubie foot and the specific gravity in the usual 
manner, 

TEST FOR ORGANIC IMPURITIES IN SANDS FOR 
CONCRETE. 

(A. S. T. M. standard method, serial designation C 40-22, slightly 
modified. ) 

1. The test herein specified is an approximate test for the pres- — 
ence of injurious organic compounds in natural sands for cement — 
mortar or concrete. The principal value of the test is in furnish- — 
ing a warning that further tests of the sand are necessary before — 
they are used in concrete. Sands which produce a color in the | 
sodium hydroxide solution darker than the standard color should | 
be subjected to strength tests in mortar or concrete before use. — 

2. (a) A representative test sample of sand weighing about 1 — 
pound shall be obtained by quartering or by the use of a Sampler. — 

4 

a eS 

ee Te 

(b) A 12-ounce graduated glass prescription bottle shall be 

filled to the 44-ounce mark with the sand to be tested. 
(c) A 3 per cent solution of sodium hydroxide (NaOH) in 

water shall be added until the volume of sand and liquid after 
shaking gives a total volume of 7 liquid ounces. 

(7d) The bottle shall be stoppered and shaken thoroughly and — 
then allowed to stand for 24 hours. 

(e) A standard color solution shall be prepared by adding 2.5 
cubie centimeters of a 2 per cent solution of tannie acid in 10 per 
cent alcohol to 22.5 ecubie centimeters of a 8 per cent sodium hy- 
drexide solution, This shall be placed in a 12-ounce prescription 
bottle, stoppered, and allowed to stand for 24 hours, then 25 cubie 

centimeters of water added. 
(f) The color of the clear liquid above the sand shall be com- | 

pared with the standard color solution prepared as in paragraph 
(e) or with a glass of color similar to the standard solution. 

8. Solutions darker in color than the standard color have a 
“color value” higher than 250 parts per million in terms of 

tannic acid. 

Norr.—Special attention is called to the fact that this test is a 
warning that additional tests of the sand may be necessary. 

COMPRESSION AND TENSION TESTS OF FINE AGGREGATE 
FOR CONCRETE. 

1. Fine aggregate shall be tested for strength either by tension 
or compression in a mortar proportioned either by volume or by 
weight, using a 1:3 mix. ‘ 
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2, Mortars made of natural sand shall be compared to mortars 
made with the same cement and standard Ottawa sand mixed in 
the same proportion and of the same consistency. 

I. TENSION TEST. 

8. The briquets for the tension test shall be molded in the Tension test 
standard mold as used for testing Portland cement. Single or specimens. 
gang molds may be used. They shall be wiped with an oily 
cloth before using. 

4, Immediately after mixing, the mortar shall be placed in the 
molds, pressed in fifmly with the thumbs, and smoothed off with 
a trowel without ramming. Additional mortar shall be heaped 
above the mold and smoothed off with a trowel; the trowel shall 
be drawn over the mold in such a manner as to exert a moderate 
pressure on the material. The mold shall then be turned over 
and the operation of heaping, thumbing, and smoothing off 
repeated. 

5. Tests shall be made with any standard machine. The Method of test. 
briquets shall be tested as soon as they are removed from the 
water. The bearing surfaces of the clips and briguets shall be 
free from grains of sand or dirt. The briquets shall be care- 
fully centered and the load applied contintiously at the rate of 
600 pounds per minute. 

6. Testing machines shall be calibrated frequently in order to 
determine their accuracy. 

7. Briquets that are manifestly faulty, or which give strengths 
differing more than 15 per cent from the average value of all test 
pieces made from the sample and broken at the same period, 
shall not be considered in determining the tensile strength. 

Ii. COMPRESSION TEST. 

8. A cylindrical test piece 2 inches in diameter and 4 inches in Compression 
length shall be used in making the compression test. The molds test spectmens. 
(single cr gang molds) shall be made of noncorroding metal. 
The ends of the mold shall be parallel. They shall be oiled before 
using. During the molding of*the test piece, the mold shall rest 
on a clean, plane surface (preferably a piece of plate glass which 
is allowed to remain in place until the mold is removed). 

9. The mortar shall be placed in the molds in four layers about 
1 inch in thickness, each layer being thoroughly compacted, but 
not rammed by a steel tamper. The steel tamper shall have a 
total length of about 64 inches. It shall be 1 inch in diameter 
for 11 inches with the handle 51 inches long and five-eighths inch 
in diameter. It shall weigh approximately three-quarters of a 
pound. The surface of each layer shall be roughened before the 
addition of the next layer. In compacting the test pieces no mix- 
ing water shall be forced out of the mortar. In finishing the test 
piece, mortar shall be heaped above the mold and smoothed off 
with a trowel. As soon as the test pieces from one sample are 
molded, the top of each mold shall be covered with a piece of 
glass which shali be brought to a firm bearing on the fresh mor- 
tar. The cover glasses shall remain in place until the molds 
are removed. 

10. Tests of mortar cylinders shall be made in any testing ma- Method of test. 
chine which is adapted to meet the specified requirements. The 
test pieces shall be broken as soon as they are removed from the 
water. The ends of the test cylinders shall be smooth, plane sur- 
faces. The metal bearing plates of the testing machine shall be 

. placed in direct contact with the ends of the test piece. Dur- 
ing the test a spherical bearing block shall be used on top of 
the cylinder. In order to secure a uniform distribution of the 

_ load over the test cylinder, the spherical block must be accurately 
- centered. The diameter of the spherical bearing block should be 
only a little greater than that of the test piece. The test piece 

} 
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shall be loaded continuously to failure. The moving head of the 
testing machine shall travel at the rate of not less than 0.05 
or more than 0.10 inch per minute. 

11. Testing machines should be frequently calibrated in order 
to determine their accuracy. 

12. Cylinders that are manifestly faulty, or which give strengths 
differing more than 15 per cent from the average value of all 
test pieces tested at the same period and made from the same 
sample, shall not be considered in determining the compressive 
strength, 

II]. STORAGE OF TEST PIECES. 

Storage. 13. The moist closet may consist of a soapstone, slate, or con- 
crete box, or a wooden box lined with metal. If a wooden box 
is used, the interior should be covered with felt or broad wicking 
kept wet. The bottom of the moist closet should be covered with 
water. The interior of the closet should be provided with non- 
absorbent shelves on which to place the test pieces, the shelves 
being so arranged that they may be withdrawn readily. 

14. Unless otherwise specified, all test pieces, immediately af- 
ter molding, shall be placed in the moist closet for from 20 to 24 
hours. 

15. Cylinders or briquets shall be kept in molds on glass plates 
in the moist closet for at least 20 hours. After 24 hours in moist 
air the briquets or cylinders shall be immersed in clean water in 
storage tanks of noncorroding material. 

16. The air and water shall be maintained as nearly as prac- 
ticable at a temperature of 21° C. (70° F.) 

Norp.—It is recommended that the laboratory method of propor- 
tioning fine aggregate viz, by weight or by volume, for either the 
compression or tension test shall be the same as the method used 
in proportioning concrete in the field. 

When the mortar is proportioned by volume the required quan- 
tity of fine aggregate and cement shall be determined from the unit 
weight of the material. 

Example: 
Weight of sand, 100 pounds per cubic foot. 
Weight of cement, 94.0 pounds per cubic foot. 
Required, 75 cubic inches of mortar. 

75 
Quantity of sand, 1798 X 100 X 453.6=1,969 grams. 

25 
Quantity of cement, 7798 X94.0X 453.6=617 grams. 

METHOD OF SAMPLING AND TESTING SEMIGRAVEL, 
TOPSOIL, AND SAND-CLAY AGGREGATE FOR ROAD 
SURFACING. 

I. DEFINITION. 

1. The terms, clay, silt, sand, and coarse material, used herein, 
are defined as follows: 

Notr.—The definitions here given are intended to apply to these 
terms only when used in connection with roads of these types. 

Clay.—Material separated by subsidence through water and 
possessing plastic or adhesive properties, generally less than 0.02 

millimeter in diameter. 
Silt—Fine material, other than clay, which passes a 200-mesh 

sieve, generally from 0.07 to 0.02 millimeter in diameter. 
Sand.—Hard material, usually siliceous, which passes a 10- 

mesh sieve and is retained on a 200-mesh sieve, generally spt 
1.85 to 0.07 millimeter in diameter. 

Coarse material.—Hard material of gravelly nature, ccenaal 
on a 10-mesh sieve, i. e., more than 1.85 millimeters in diameter. 
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Il. METHOD OF SAMPLING. 
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2. Samples of materials of this class shall be of two kinds: 
Class I. Samples of the raw material taken from the natu- 

ral deposits. 
Class II. Samples of the loose material after being mixed 

in place on the roadbed and before consolidation. 
3. Class I samples shall be used for preliminary tests as to the 

suitability of the aggregate subject to admixture of one or more 
ingredients to adjust the composition to the limits set forth in 
the specifications. 

4. The final acceptance of the material as satisfying the speci- ‘ 
fications shall be based on Class II samples. 

5. Standard containers.—(1) A three-compartment box of paste- 
board, wood, or metal, outside dimensions 5 by 10 by 10 inches. 
(2) Close-woven bags or sacks of material which do not allow 
sifting out of fine particies, dimensions 6 inches wide by 12 inches 
long. 3 

6. Labeling.—Each compartment in the box container must Labeling 
contain a label showing at what depth the contents were taken. samples. 
The whole sample shall be accompanied by a ecard, securely at- 
tached thereto, stating date, by whom taken, by whom submitted, 
source of supply, exact location where sample was taken, position 
within the deposit where taken, owner, quantity available, amount 
and character of stripping, if any, whether material from same 
source has been previously used, where, and with what results, 
haul to nearest point on road, average haul to job, character of 
haul, initial cost of material. 

7. When bag containers are used, one complete sample shall 
comprise three bags, each bag labeled as to depth from which 
the material was taken. 

8. Each bag, or, if preferred, a larger receptacle containing the 
three bags, is to be labeled with the information detailed above. 

9. Method of taking Class I samples.—For each acre or less of Class | 
area, two samples must be taken, one a local sample and the samples. 
other a composite sample. 

10. The local sample is to be taken near the center of the area, 
and is intended to represent the vertical average of the material 
at the point. It shall be taken in three layers, each layer 4 inches 
thick, according to the method described as follows: 

(a) The material is to be loosened over a 3 by 3 foot area to 
a specified depth, usually 4 inches. The loose material is to be 
intermixed with a shovel and the sample for cne compartment of 
the box container or one of the bags is to be taken therefrom. : 

(6) The remaining loose material is to be shoveled out and dis- 
carded. The second layer is to be loosened to equal depth, usually 
4 inches, to be intermixed as before, and a second compartment or 
bag is to filled. The same procedure shall apply to the third layer 
and the filling of the third compartment or bag. 

(c) In exceptionally thick deposits the depth of each layer or 
the number of layers may be increased to cover the entire thick- 
ness of the deposit. 

11. The composite sample is to taken as follows: 
(a) Roughly divide the area to be represented by the sample 

into squares not exceeding 50 feet in size. At the corners of all 
squares loosen a 3 by 3 foot area to a depth of —® inches. Thor- 
oughly mix the loose material. Carry an equal amount of the 
material from each such point to a central point and intimately 
mix the various samples. Not less than 200 pounds of material 
must be so mixed. From the center of the pile of mixed material 

fill a container and label for shipment. 
(6b) Where the material occurs as a substratum, sink no less 

than four 3 by 3 foot pits per acre, or smaller area, to intersect 
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Class II 
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Analysis. 

Character of 
material. 

material. Remove the covering and sample the exposed bed as for 
a local sample described above. 

12. Method of taking Class II samples.—These are the most im- 
portant samples, and should be taken by the engineer or competent 
inspector while work is in progress. 

(a) When tle materials have been spread and intimately mixed 
in accordance with properly drawn clauses covering methods of 
construction, the engineer should fill a container at intervals of.— 
feet, along the road, and also at such other points as his judg- 
ment may dictate, where evidence of unsatisfactory mixing is ap- 
parent. 

(b) Very prompt examination of these samples should be made 
in order that defects of composition may be remedied by the 
builder before consolidation has progressed. 

II]. METHOD OF TEST. 

18. Dry 500 grams of the material at a temperature of 212° F. 
(100° ©.) to constant weight. Gently pulverize to break down 
soft clods or masses, but not grind or break hard material. Pass 
through a 10-mesh sieve, weigh the material retained and record as 
“coarse material.” Use the material passing the 10-mesh sieve as 
the starting point of a percentage analysis as follows: 

(a) Weigh out two samples of 50 grams of this material for 
duplicate analysis. Place each in a tared wide-mouth bottle 
(5 to 6 centimeters diameter and about 12 to 15 centimeters high.) 

(b) Mix with distilled water (about 200 cubie centimeters) and 
heat to simmering temperature for one hour. Allow subsidence for 

eight minutes and siphon to a depth of 8 centimeters from the 
surface of the liquid. (The depth of the liquid should be sufficient 
to leave about 4 centimeters below the point of siphoning.) Add 
distilled water and 5 cubic centimeters of diluted ammonia 
(1 :500), brush the material with a stiff brush, stir thoroughly, 
allow to settle for eight minutes, and siphon to a depth of eight 
centimeters from the surface. Continue this process until the 
supernatant liquid is clear. Be careful to wash the stopper and 
neck of the bottle free from coarse material before decanting. The 
washings may be drawn off, collected and evaporated to dryness 
for direct recovery of the fine sediment classed as “Total clay.” 
Ordinarily the sediment loss or “total clay” is computed as a dif- 
ference. 

Notw.—The ‘total clay” may be separated further by the centrifuge 
into ‘clay’? and ‘suspension clay’’ when desired. See methods used 
by the Bureau of Public Roads in its examination of subgrade 
materials. 

14. Wash the contents of the bottle cleanly into a porcelain 
evaporating dish and carry to dryness on a water bath. The dried 
residue should be carefully scraped from the dish and passed 
through a nest of 20, 60, and 200 mesh sieves. The residue re- 
tained on each sieve is weighed and recorded as sand of the 
respective sizes. Their sum constitutes the total “sand.” The 
residue passing the 200-mesh sieve and caught in the pan is 
weighed and recorded as “silt.””. Duplicate samples should check 
within 1 per cent. 

(a) The coarse material should be examined for hardness and 
with the magnifying glass to identify its character as quartz, 
hard iron compounds, feldspar, schistose material, or indurated 
clay. Hard quartz gravels are valuable in themselves and as in- 
dicating the quality of the finer aggregate. Feldspar, mica, and 
clay nodules are worthless, and indicate that the accompanying 
soil is poor for road building. 

(b) The sands should be examined with the magnifying glass 
for identification, as quartz, and for the presence of mica scales 

7 Intervals of 500 feet are suggested. 
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or feldspar. If mica or feldspar is present in appreciable amounts, 
the sample should be rejected. 

(c) When the clay is recovered by evaporation, it can be 
examined for tenacity by cementing together two glass plates, each 
1 inch wide set at right angles, with a layer of clay whose thick- 
ness is fixed by a fine bent wire laid between the plates. The | 
moist clay covers the wire on one plate and the other plate is | 

squeezed down tightly on the wire. After drying, the one plate | 
being held firmly against cleats, wire slings are run symmetrically | 
from the ends of the upper plate to one arm of a beam balance | 
and the tension necessary to separate the plates is given by shot | 

| 
| 

or weights in the other pan of the balance. 

Notre.—This test is tedious and is of service chiefly on low-grade 
Samples which are of doubtful efficiency, but which represent the 
only available material for local construction. 

(d) Approximate tests for tenacity of mixture can be made aS Tenacity of | 
follows: clay. 

(1) Make cylinders from the material passing the 10-mesh 
sieve, 25 by 25 millimeters. The material is worked into a stiff 
mud, and molded under 132 kilograms per square centimeter 
pressure. Dry thoroughly at 100° C. (212° F.) and break by 
means of the small Page impact machine using a 1 kilogram 
hammer and 1 centimeter drop. Record the number of strokes as 
the relative measure of tenacity. 

(2) Mix 50 grams of the material passing the 10-mesh sieve 
with —* grams of water and knead with the hands into a spheri- 
cal ball. Measure the diameter.’ Let this ball drop from a height 
of — centimeters on a flat slab. Measure and record the reduc- 
tion in diameter and examine the surface for cracks. 

(3) Usually the plastic character and adhesiveness of a good 
road soil can be judged by the feeling of the mud made from this 
material, its adherence to the hands, and its stretch under light 
pulling. 

METHOD OF PROPORTIONING NATURAL SAND AND . 
GRAVEL DEPOSITS FOR CONCRETE CONSTRUCTION. : 

For determining the amount of cement to make concrete equiva- 
lent to any base mixture, when the percentage of sand in the total 
aggregate varies from the base mixture— 
Rule—Decrease or increase the ratio by weight of total ag- 

gregate to cement by 0.05 times the increase, or decrease in the 
percentage of sand in the total aggregates by weight. This in- 
volves the following steps in the process: 

1. If the base mixture is stated as a relation by volume, it will 
be necessary to transfer the proportion to a statement of relation 
by weight. This requires that the weights per unit of loose vol- 
ume of the various materials be known or assumed. 

2. Determine the percentage of fine aggregate in the total ag- 
gregate in the base mixture and in the new mixture to be used, 
using the weight proportions. 

3. Multiply the difference between these two percentages by 0.05 
and subtract the result from the sum of the parts of fine and ; 
coarse aggregates in the weight proportion for the base mixture i 
if the percentage of fine aggregate is greater in the new mixture. : 
If the percentage of fine aggregate is less in the new mixture, add | 
instead of subtracting. | 

4. If screened materials are to be used, divide the parts of total 
aggregate determined above into fine and coarse aggregate accord- 
ing to the percentage of fine aggregate in the new mixture. t 

5. Transfer the resulting weight proportion into a statement of ij 

relation by loose volumes. | 
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8No definite weight of water or height of fall is recommended. See { 
Bulletin of University of Georgia, June, 1922, Volume XXII, No. 5a. 
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Example: 
Assume—Base mix, 1: 2:34 by volume. 
Unit weights— 

Fine aggregate, 95 pounds per cubie foot. 
Coarse aggregate, 110 pounds per cubic foot. 
Cement, 94 pounds per cubic foot. 

Percentage of fine aggregate in new mixture=60. 
1. 1:2:34=94:2 times 95:34 times 110. 

=94: 190: 3885 proportion by weight. 
=1: 2.02: 4.10=1: 6.12. 

2. Percentage of sand in base mixture aggregate= 

190 f a 
190-385 times 100=33 

Percentage of sand in new mixture=60. 
3. 60—33=27. 

27 times 0.05=1.35 
6.12—1.85—=4.77, therefore the new proportion by weight is 

bie oe 
4. Since 60 per cent of the total aggregate is to be fine aggre- 

gate, 
1: 4.77=1: 2.86: 1.91 

5. 1: 2.86: 1.91=—94 pounds: 269 pounds: 180 pounds. 
Dividing by the unit weights of materials. 

94 269 180 _ oe - 9) QOS . 4 _* 

94° 95° kT eee cubic foot: 2.83 cubic feet : 1.64 cubic feet. 

Or if unscreened gravel is to be used, determine the unit 
weight of the gravel. Assume for this case 115 pounds per 

cubic foot. 
Then 1: 4.77=94 pounds to 449 pounds. 
Dividing by unit weights, 

94 449 ; bsp 1 oh 
04° Taser cubic foot: 3.90 cubic feet. 

This method applies to either screened or unscreened mixtures 
of sand and gravel in which the specific gravities of the fine 
and coarse aggregate are approximately equal, and to percentages 
of fine aggregate greater than 33. 

Notr.—The method can be applied to mixtures of materials of 
different specific gravities, such as sand and crushed limestone, by 
reducing the proportions to relations by absolute volume and mak- 
ing the adjustment upon that basis. 

Recommended practice in the use of unscreened gravel. 
1. The fine aggregate portion must pass the user’s specifica- 

tion for fine aggregate. 
2. The coarse aggregate portion must pass the user’s specifica- 

tion for coarse aggregate. 
3. Unscreened gravel should not be used unless in the opinion 

of the engineer in charge, the amount of sand in the aggregate 
will not vary more than 19 per cent. 

4. Unsereened gravel should only be used from stock piles con- 
taining the largest practicable amount of material. 

Reference.—For a theoretical discussion of the method of pro- 
portioning see Bulletin No. 60, Engineering Experiment Station, 
Iowa State College. For verification see paper by R. W. Crum, 
Proceedings American Society for Testing Materials, 1922. 

COMPRESSION TEST OF CONCRETE. 

(A. 8S. T. M. tentative method, serial designation C 39-21 T, modified.) 

1. These methods are intended to cover compression tests of 
concrete made in a laboratory where accurate control of quan- 
tities of materials and test conditions is possible. They are de- 
signed to apply primarily to hand-mixed concrete, These methods 



SAMPLING AND TESTING HIGHWAY MATERIALS, 

may be used with slight modification in making tests for con- 
crete for wearing resistance, bond between concrete and steel, 
impermeability, etc. The investigation of machine-mixed concrete 
will require certain obvious changes in the method. 

2. Materials shall be brought to room temperature (65° to 70° 
F.) before beginning tests. Cement shall be stored in a dry 
place, preferably in covered metal cans. The cement shall be 
thoroughly mixed in advance, in order that the sample may be 
uniform throughout the tests. It shall be sifted through a No. 16 
sieve ard all lumps rejected. Aggregates shall be in a room-dry 
condition when used in concrete tests. 

3. Representative samples of aii concrete materials shall be 
secured for preliminary tests prior to the proportioning and 
mixing of the concrete. Cement test samples may be made up 
of a small quantity from each sack used in the concrete tests. 
Test samples of aggregates may be taken from larger lots by 
quartering. 

4, Cement shall be subjected to test, using the methods de- 
seribed in the standard specifications and tests for Portland 
cement. 

5. Fine aggregates shall be subjected, when required, to the 
following tests: 

(a) Sieve analysis test made in accordance with the test for 
mechanical analysis of aggregates for concrete. 

(6) Test for organic impurities (natural sand only) made in 
accordance with the test for organic impurities in sands for 
eoncrete. 

(c) Test for quality of silt, clay, or dust made in accordance 
with the test for quantity of clay and silt in sand for highway 
construction. 

(d) Test for unit weight made in accordance with the test for 

unit weight of aggregate for concrete and percentage of voids. 
(e) Strength test of 1:3 mortar at 7 and 28 days in com- 

parison with standard sand mortar, in accordance with the com- 
pression and tension tests of fine aggregate for concrete. 

6. Coarse aggregates shall be subjected, when required, to the 
following tests: 

(a) Sieve-analysis test as specified under section 5 (a). 
(6) Test for quantity of silt, clay, or dust, in accordance with 

the test for quantity of clay and silt in gravel for highway con- 
struction. 

(c) Test for unit weight as specified under section 5 (d). 
7. The unit weight of mixed fine and coarse aggregates as used 

in concrete tests shall be determined in accordance with the 
method specified in section 5 (d). 

8. The quantities of each size of aggregate to be used in each 
batch shall be determined on the basis of the sieve analysis and 
the unit weight of the mixed aggregate. The exact quantities of 
cement and of each size of aggregate for each batch shall be de- 
termined by weight. The quantity of water for each batch shall 
be accurately measured. The quantities of materials may be ex- 
pressed as (a) 1 volume of cement to — volumes of total aggregate 
mixed as used, or (0) 1 volume of cement, — volumes fine aggre- 
gate, and — volumes of coarse aggregate. 

9. Compression tests of concrete shall be made on cylinders of 
a diameter equal to one-half the length. The standard shall be 
6 by 12 inch cylinders where the coarse aggregate does not ex- 
ceed 2 inches in size; for aggregates larger than 2 inches, 8 by 
16 inch cylinders shall be used; 2 by 4 inch cylinders may be used 
for mixtures without coarse aggregate. 

10. (a) Concrete shail be mixed by hand in batches of such 
size as to leave a small quantity of concrete after molding the test 
pieces. The batch shall be mixed as follows: 

(b) The cement and fine aggregate shall be mixed dry until 
the mixture is homogeneous in color. 

(c) The coarse aggregate shall be added and mixed dry. 

a. 
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(d) Sufficient water shall be added to produce concrete of the 
required workability. 

Note.—Concrete tests should be made on plastie mixtures. It 
is of the utmost importance that a uniform degree of workability be 
secured in tests involving comparisons of different materials and 
methods. 

(e) The whole shall be mixed thoroughly until the entire mass 
is homogeneous in appearance. 

11. The workability or plasticity of each batch of concrete shall 
be measured immediately after mixing by one of the following 
methods: 

(a) Slump test, made in accordance with the test for con- 
sistency of Portland cement concrete (A. S. T. M. tentative 
method, serial designation D 138-22 T). 

(b) Flow test, made by placing a metal form in the shape of 
a frustum of a cone 6% inches in top diameter, 10 inches in bottom 

diameter, and 5 inches deep, on the table of the flow apparatus. 
The fresh concrete shall be placed in the mold in two layers. 
Each layer shall be puddled and finished as described in section 
13. Immediately after molding, the form shall be removed by a 
steady upward pull; the specimen raised one-half inch and 
dropped 15 times in about six seconds by means of a suitable cam 
and crank. The spread of the fresh concrete due to this treat- 
ment as compared with the original bottom diameter of the cone, 
expressed as a percentage, is the ‘ flow.” 

12. The forms shall preferably be of metal. Each form shall 
be provided with a machined metal base plate, and shall be oiled 
with a heavy mineral oil before using. Particular care shall be 
taken to obtain tight forms so that the mixing water will not 
escape during molding. 

Note :_Satisfactory forms can be made from lengths of cold-drawn 
steel tubing, split along one element and closed by means of a cir- 
cumferential band and bolt, lengths of steel water pipe machined on 
the inside, from rolled metal plates, from galvanized steel, machined 
iron or steel castings. Paraffined cardboard molds will give good 
results under expert supervision. 

13. Concrete test pieces shall be molded by placing the fresh 
concrete in the form in layers 3 to 4 inches in thickness. Each 

layer shall be puddled with 25 strokes of a five-eighths inch round 
steel bar of a length 9 inches greater than the length of the mold, 
pointed at the lower end. After the top layer has been puddled, 
the surplus concrete shail be cleaned off with a trowel, and the 
mold covered with a machined metal plate or a piece of plate glass 
at least one-quarter inch thick, which will be used later in capping 
the test piece. 

14. Two to four hours after molding, the test pieces shall be 
capped with a thin layer of stiff, neat, cement paste in order that 
the cylinders may present a smooth end for loading. The cap shall 
be formed by means of a machined metal plate or a piece of plate 
glass of suitable size, at least one-quarter inch thick, worked down 
on the fresh cement paste until it rests on the top of the cylinder 
form, The cement for capping shall be mixed to a stiff paste be- 
fore beginning to mix the concrete; in this way the tendency of the 
cap to shrink will be largely eliminated. The adhesion of the 
concrete to the metal base plate and the glass can be largely 
eliminated by oiling the cover plate or by inserting a sheet of 
paraftined tissue paper. 

15. Concrete test pieces shall be removed from the forms 20 to 
48 hours after molding, marked, weighed, and stored in damp 
and, under damp cloths, or in a moist chamber until the date of 

test. The temperature of the curing room should not fall outside 
the range of 60° to 75° F. 

16. Tests shall be made at the age of 7 and 28 days; ages of 3 
months and 1 year are recommended, if longer time tests are 

required. 
17. Three to five test pieces should be made in investigations in 

which accurate comparisons are desired. 

<a 
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18. Compression tests shall be made immediately upon removal Method of test. 
of the concrete test pieces from the curing room; that is, the test 
pieces shall be loaded in a damp condition. The length and aver- 
age diameter of the test piece shall be measured in inches and 
hundredths; two diameters shall be measured at right angles 
near the mid length. The test piece shall be weighed immediately 
before testing. 

19. In general, only the ultimate compression strength of the 
cylinders need be observed. The metal bearing plates of the test- 
ing machine shall be placed in contact with the ends of the test 
piece; cushioning materials shall not be used. An adjustable 
bearing block shall be used to transmit the load to the test piece. 
The bearing block shall be placed on top of the test piece in ver- 
tical testing machines. The diameter of the bearing block shall be 
approximately the same as that of the test piece. The upper 
section of the bearing block shall be kept in motion as the head of 
the testing machine is brought to a bearing on the test piece. 

20. The load shall be applied uniformly and without shock. The 
moving head of the testing machine should travel at the rate of 
about 0.1 inch per minute when the machine is running idle. 

21. The total load indicated by the testing machine at failure 
of the test piece shall be recorded and the unit compressive 
strength calculated in pounds per square inch, the area computed 
from the average diameter of the cylinder being used. The type 

of failure and appearance of the concrete shall be noted. 
22. The weight of the concrete in pounds per cubic foot shall 

be determined from the weight of the specimens and their di- 
mensions. 

23. Density and yield of concrete when required shall be c¢al- 
culated from the unit volumes of the constituent materials and 
the yvolume of the concrete. Density is here understood to be 
the ratio of solids in the concrete to the total volume of the mass. 
Yield is the volume of concrete resulting from one volume of ag- 
gregate mixed as used. 

24. The report of tests shall include the following: 
(a) The kind and origin of concrete materials; 
(6) Complete data on all tests of cement and aggregates; 
(c) A description of methods of making and testing the con- 

crete ; 
(d) The quantities of cement, aggregates, and water in each 

batch ; 
(e) The method of measuring workability or plasticity with 

“slump” or “flow” of concrete; 
(f) The quantity of water expressed as a ratio to volume of 

cement ; 
(g) The age at test; 

(h) The size of test pieces; 
(1) The date of molding and testing each cylinder: 
(j) The compression strength in pounds per square inch of each 

test piece and average of tests in a set: 
(k) A description of the failure and appearance of the con- 

crete in each test piece; 
(1) The unit weight, density and yield of the concrete. 

METHOD OF MAKING AND STORING SPECIMENS OF 
CONCRETE IN THE FIELD. 

(A, 8. T. M. standard method, serial designation, C 31-21, slightly 
modified.) 

1. The methods herein specified apply to molding and storing of 
test specimens made from samples of concrete being used in con- 
struction. 

2. The test specimens shall be cylindical in form with the length 
twice the diameter. In general, a mold whose diameter is not less 
than four times the diameter of the largest size aggregate shall 

Weight. 
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be used. (The sizes most commonly used are 6 by 12 inches and 
8 by 16 inches.) 

3. (a) The molds shall be cylindrical in form, made of non- 
absorbent material, and shall be substantial enough to hold their 
form during the molding of the test specimens. They shall not 
vary in diameter more than one-sixteenth inch in any direction, 
nor shall they vary in height more than one-sixteenth inch from 
the height required. They shall be substantially water-tight so that 
there will be no leakage of water from the test specimen during 
molding. 

(6) Each mold shall be provided with a base plate having a 
plane surface and made of nonabsorbent material. This plate 
shall be large enough in diameter to support the form properly 
without leakage. Plate glass or planed metal are satisfactory for 
this purpose. A similar plate should be provided for covering the 
top surface of the test specimen after it is molded. 

4. (a) Concrete for the test specimens shall be taken immedi- 
ately after it has been placed in the work. All the conerete for 

each sample shall be taken from one place. A sufficient number 
of samples—each large enough to make one test specimen—shall 
be taken at different points so that the test specimens made from 
them will give a fair average of the concrete placed in that portion 
of the structure selected for tests. The location from which 
each sample is taken shall be noted clearly for future reference. 

(0) In securing samples, the concrete shall be taken from the 
mass by a shovel or similar implement and placed in a large 
pail or other receptacle for transporting to the point of molding. 
Care shall be taken to see that each test specimen represents 
the total mixture of the concrete at that place. Different samples 
shall not be mixed together but each sample shall make one speci- 
men. 

5. (a) The pails or other receptacles containing the samples 
of concrete shall be taken as quickly as possible to the place 
selected for molding test specimens. To offset segregation of the 
concrete during transportation, each sample shall be dumped into 
a nonabsorbent, water-tight receptacle and, after slight stirring, 
immediately placed in the mold. 

(b) The test specimens shall be molded by placing the conerete 
in the form in layers approximately 4 inches in thickness. Each 
layer shall be puddled with from 25 to 30 strokes of a five-eighths 
to three-quarter-inch bar about 2 feet long, tapered slightly at 
the lower end. After puddling the top layer, the surface con- 
crete shall be struck off with a trowel and covered with the top 
cover plate which will later be used in capping the test speci- 

mens. 
6. Two to four hours after molding, the test specimens shall be 

capped with a thin layer of stiff, neat, cement paste in order that 
the cylinder may present a smooth end for testing. The cap can 
best be formed by means of a piece of plate glass one-quarter 
inch thick and of a diameter 2 or 3 inches larger than that of 
the mold. This plate is worked on the fresh cement paste until 
it rests on top of the form. The cement for capping should be 
mixed to a stiff paste some time before it is to be used, in order 
to avoid the tendeney of the cap to shrink. Adhesion of the con- 
crete to the top and bottom plates can be avoided by oiling the 
plates or by inserting a sheet of paraffined tissue paper. 

7. At the end of 48 hours the test specimens shall be removed 
from the molds and buried in damp sand, unless cardboard molds 
are used, in which case test specimens may be buried in damp 
sand without removal of the mold, thus permitting shipping of 
the test specimens in the molds. 

8. (a) The test specimens shall remain buried in damp sand 

until 10 days prior to the date of test. They shall then be well 

packed in damp sand or wet shavings and shipped to the testing 

laboratory, where they shall be stored either in a moist room or 

in damp sand until the date of test. 
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(b) Should a 7-day. test be required, the test specimens shall 
remain at the works as long as possible to harden and then 
shall be shipped so as to arrive at the laboratory in time to make 
the test on the required date. 

METHOD OF SECURING SPECIMENS OF HARDENED 
CONCRETE FROM THE STRUCTURE. 

(A. 8S. T. M tentative method, serial designation, C 42-21 T.) 

1. The methods and precautions herein specified apply to secur- 
ing test specimens from hardened concrete in the structure. 

2. A specimen from hardened concrete to be tested for strength 
shall not be taken until the concrete has become hard enough so 

that the cutting of the specimen will not disturb the bond be- 
tween the mortar content and the coarse aggregate of the speci- 
men. 

3. The specimen from the structure can best be secured by use Securing 
of a core drill. For specimens taken perpendicular to a hori- samples. 
zontal surface a drill using chilled shot may be used, but when 
taken perpendicular to a vertical surface a diamond drill should 
be used. 

4, (a) The core specimen taken shall be as nearly as possible 
a cylinder whose length is twice the diameter. 

(6) In securing a specimen perpendicular to a horizontal sur- 
face care shall be taken to secure, if possible, a specimen whose 
beds shall be parallel to the horizontal bed of the concrete as 
originally placed. 

(c) In securing a specimen perpendicular to a vertical surface, 
or to a surface with a batter, care shall be taken as to the 
point of securing the specimen. 'The lower portion of any one 
unit of depositing in mass concrete is more dense than is the 
upper portion of the unit, therefore a specimen shall be taken 

from near the middle of such unit of deposit. 
5. A specimen to be taken from hardened concrete which has 

been removed from a structure shall be cut out by a drill or 
shall be cut into a symmetrical test piece by tooling or by Sawing. 
The method of sawing can seldom be used to advantage in the 
field. In selecting this test specimen care shall be used to see 
that the concrete selected has not been injured or shattered by 
the method of its removal from the structure. 

6. The specimen secured shall have ends, or beds, as nearly 
as possible perpendicular to its axis, and if the specimen has 
ends with uneven surfaces, these ends shall be made parallel 
plane surfaces with a mortar richer than the mortar of the 
specimen or with a mixture of cement and calcined gypsum 
(plaster of Paris). 

ABSORPTION TEST OF CONCRETE. 

1. Specimens for the absorption test shall be apparently sound, 
solid pieces of concrete and shall not show cracks or fissures. 
The specimens shall be so marked as to permit the identity of 
each one to be ascertained at any stage of the test. 

2. Preparatory to the absorption test all specimens shall first Methed of test. 
be weighed and then dried in a drier or oven at a temperature 
of not less than 110° C. (230° F.) for not less than three hours. 
After removal from the drier, the specimens shall be allowed to 
cool to a temperature of 20° to 25° C. (68° to 77° F.) and re- 
weighed. If the specimens were apparently dry when taken, 
and the second weight closely checks the first, the specimens 
shall be considered dry. If the specimens were known to be 
wet when taken, they shall be placed in the drier for a further 
drying treatment of two hours, and reweighed. If the third 
weight checks the second, the specimens shall be considered dry. 
In case of any doubt, the specimens must be redried for 2-hour 

periods until check weights are obtained. 
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8. The balance used shall be sensitive to 0.05 gram when loaded 
with 1 kilogram and weighings shall be read at least to the 
nearest gram. When other than metric weights are used, the 
Same order of accuracy must be obtained. In reweighing after 
immersion, the specimens shall be removed from the water, not 
allowed to drain more than one minute, the superficial water 
removed by towel or blotting paper, and the specimens at once 
put upon the balance, 

4. Specimens after weighing shall be placed in a suitable re- 
ceptacle, covered with distilled water or rain water, raised to 
the boiling point and boiled for five hours, and then cooled in 
water to a final temperature of 10° to 15° GC. (50° to 59° F.). 

5. The test results shall be calculated as percentages of the ini- 
tial dry weight carried to the nearest first decimal place. The 
results shall be reported separately for each individual speci- 
men, together with the mean of the specimens comprising the 
sample. 

TRANSVERSE TEST OF CONCRETE. 

Specimens for the transverse test shall be 12 inches wide, 8 
inches deep, and 80 inches long. They shall be tested by a center 
load over a 24-inch span. 

The methods of proportioning, mixing, molding, and curing of 
the test pieces shall be the same as for making specimens of 
concrete for the compression test. 

The modulus of rupture Sr may be found from the following 
formula: 

gi Ne where 

P=center load in pounds. 
b=breadth of the slab in inches. .- 
d=depth of the slab in inches. 

TESTS FOR QUALITY OF WATER TO BE USED IN 
CONCRETE. 

1. Acidity and aikalinity—The acidity or alkalinity shall be 
determined with standard solutions of N/10 alkali or acid re- 
spectively, using not less than 200 cubic centimeters of the water 
under examination. Phenolphthalein or methyl orange should be 
used as an indicator. Excessive acidity or alkalinity indicates the 
necessity: for further tests. 

2. Total solids and inorganic matter—Five hundred cubic cen- 
timeters of the water shall be evaporated to dryness in a weighed 
dish. For this purpose a platinum dish of 100 to 200 cubie centi- 
meters capacity is found most convenient. The dish shall be 
nearly filled with the water and placed on a water bath, additional 
portions of the sample of water being added from time to time 
until 500 cubie centimeters have been used. The contents of the 
dish shall be evaporated to dryness and the dish and contents 
cooled in a desiccator and weighed. The weight of the residue in 
grams divided by 5 is the percentage of total solids in the water. 

3. The total solids obtained as described may consist of or- 
ganic matter, of inorganic matter, or of combinations of organic 
and inorganie matter. The platinum dish shall be ignited at low 
red heat, and the darkening of the residue during the early 
stage of the ignition usually indicates the presence of organic mat- 
ter. The per cent loss on ignition at low red heat will usually 
be an indicator of the amount of organic matter, but it should 
be noted that some mineral salts tend to volatilize or partly de- 
compose on heating. 

4. The determination of the composition of the mineral matter 
in the water usually requires a complete chemical analysis of 
the total solids obtained by the evaporation of 500 cubic centi- 
meters or more, of the water, and is not generally undertaken 



except when the percentage of total solids is large, or the water 
appears to give abnormal tests in other respects. 

5. A comparison of the given water with a water of known 
satisfactory quality can be obtained by making standard sound- 

ness, time-of-setting, and 1:3 mortar-strength tests with standard 

sand, using the same cement of standard quality with each water. 
(Suggested limits for the last-named test are as follows: Any 
indication of unsoundness, marked change in time of setting, or 
a variation of more than 10 per cent in strength from results 
obtained with mixtures containing the water of satisfactory 
quality, shall be sufficient cause for rejection of the water under 

test.) 

SPECIFICATIONS AND TESTS FOR PORTLAND CEMENT. 

(A. S. T. M. standard specifications, serial designation C 9-21, 
slightly modified. ) 

SPECIFICATIONS. 

1. Portland cement is the product obtained by finely pulverizing 
clinker produced by calcining to incipient fusion an intimate and 
properly proportioned mixture of argillaceous and calcareous ma- 
terials, with no additions subsequent to calcination excepting 

water and calcined or uncalcined gypsum. 

I. CHEMICAL PROPERTIES. 

2. The following limits shall not be exceeded: 
Per cent. 

TOO IRA OTE LOT ee pe a bce a Sy Se ee ee es 4.00 
i ont GR ET CSIC Cos = eet tae Sie el ee ae . 85 
Sulphuric anhydride (SOQ3)_~--- ~___ 3 £2343 8 Sip oie ca be LEA 2. 00 
Mapuesia’ (MgO) 2.2 Uta Sea E 54 eS Re Pel $e 98 oa pre ee a age 5. 00 

Il. PHYSICAL PROPERTIES. 

3. The specific gravity of cement shall be not less than 3.10 (3.07 
for white Portland cement). Should the test of cement as re- 
ceived fall below this requirement, a second test may be made 
upon an ignited sample. The specific gravity test will not be made 
unless specifically ordered. 

4. The residue on a standard No. 200 sieve shall not exceed 22 
per cent by weight. 

5. A pat of neat cement shall remain firm and hard, and show no 
signs of distortion, cracking, checking, or disintegration in the 
steam test for soundness. 

6. The cement shall not develop initial set in less than 45 min- 
utes when the Vicat needle is used or 60 minutes when the Gill- 
more needle is used. Final set shall be attained within 10 hours. 

7. The average tensile strength in pounds per square inch of 
not less than three standard mortar briquets (see section 50) 
composed of 1 part cement and 8 parts standard sand, by weight, 
shall be equal to or higher than the following: 

Tensile 
oe t Storage of briquets. strength per 

3 squareinch. 

Days. Pounds. 
if 1 day in moist air, 6 daysin water............. | 200 
28 1 day in moist air, 27 days in water.....-......-- 300 

8. The average tensile strength of standard mortar at 28 days 
shall be higher than the strength at 7 days. 
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Ill. PACKAGES, MARKING AND STORAGE. 

9. The cement shall be delivered in suitable bags or barrels with 
the brand and name of the manufacturer plainly marked thereon, 
unless shipped in bulk. A bag shall contain 94 pounds net. A 
barrel shall contain 376 pounds net. 

10. The cement shall be stored in such a manner as to permit 
easy access for proper inspection and identification of each ship- 
ment, and in a suitable weather-tight building whith will protect 
the cement from dampness. 

IV. INSPECTION. 

11. Every facility shall be provided the purchaser for careful 
sampling and inspection at either the mill or at the site of the 
work, as may be specified by the purchaser. At least 10 days 
from the time of sampling shall be allowed for the completion 
of the 7-day test, and at least 31 days shall be allowed for the 
completion of the 28-day test. The cement shall be tested in ac- 
cordance with the methods hereinafter prescribed. The 28-day 
test shall be waived only when specifically so ordered. 

V. REJECTION. 

12. (a) The cement may be rejected if it fails to meet any of 
the requirements of these specifications. 

(6) Samples of each lot shall be required to show practically 
uniform results in tests. Marked deviation from the uniform re- 
sult may be considered cause for rejection, even though the test 
‘requirements may be otherwise fulfilled. 

13. Cement shall not be rejected on account of failure to meet 
the fineness requirement if upon retest after drying at 100° C. 
for one hour it meets this requirement. 

14. In all cases the user, purchaser, or engineer in control 
of any construction where Portland cement is used reserves the 
option to take check samples for the purpose of making tests to 
determine the stability of the product and such check tests will 
be the basis for acceptance or rejection regardless of previous 
decisions. 7 

15. Packages varying more than 5 per cent from the specified 
weight may be rejected; and if the average weight of packages 
in any shipment, as shown by weighing 50 packages taken at ran- 
dom, is less than that specified, the entire shipment may be re- 
jected. 

TESTS. 

VI. SAMPLING. 

16. Tests may be made on individual or composite samples as 
may be ordered. Each test sample should weigh at least 8 pounds. 

17. (a) Individual sample.—If sampled in cars. one test sample 
shall be taken from each 50 barrels or fraction thereof. If sam- 
pled in bins, one sample shall be taken from each 100 barrels. 

(b) Composite sample—If sampled in cars, one sample shall 
be taken from 1 sack in each 40 sacks (or 1 barrel in each 10 
barrels) and combined to form one test sample. If Sampled in 
bins or warehouses, one test sample shall represent not more 

than 200 barrels. 
18. Cement may be sampled at the mill by any of the follow- 

ing methods that may be practicable, as ordered: 
(a) From the conveyor delivering to the bin.—At least 8 

pounds of cement shall be taken from approximately each 100 
barrels passing over the conveyor. 

(b) From filled bins by means of proper sampling tubes.— 
Tubes inserted vertically may be used for sampling cement to a 
maximum depth of 10 feet. Tubes inserted horizontally may be 

eee — 



used where the construction of the bin permits. Samples shall 
be taken from points well distributed over the face of the bin. 

(c) From filled bins at points of discharge.—Sufiicient ce- 
ment shall be drawn from the discharge openings to obtain 
samples representative of the cement contained in the bin, as 
determined by the appearance at the discharge openings of indi- 
cators placed on the surface of the cement directly above these 
openings before drawing of the cement is started. 

19. Samples preferably shall be shipped and stored in air- 
tight containers. Samples shall be passed through a sieve having 
20 meshes per linear inch in order to mix the sample thoroughly, 
break up lumps, and remove foreign materials, 

VII. CHEMICAL ANALYSIS. 

Loss ON IGNITION. 

20. One gram of cement shall be heated in a weighed covered 
platinum crucible, of 20 to 25 cubic centimeters capacity, as fol- 

lows, using either method (a) or (6) as ordered: 
(a) The crucible shall be placed in a hole in an asbestos board, 

clamped horizontally so that about three-fifths of the crucible 
projects below, and blasted at a full red heat for 15 minutes with 
an inclined flame; the loss in weight shall be checked by a second 
blasting for 5 minutes. Care shall be taken to wipe off particles 
of asbestos that may adhere to the crucible when withdrawn from 
the hole in the board. Greater neatness and shortening of the 
time of heating are secured by making a hole to fit the crucible in 
a circular disk of sheet platinum and placin® this disk over a 
somewhat larger hole in an asbestos board. 

(6) The crucible shall be placed in a muffle at any temperature 
between 900° and 1,600° C. for 15 minutes and the loss in weight 
shall be checked by a second heating for 5 minutes. 

21. A permissible variation of 0.25 will be allowed, and all re- 
sults in excess of the specified limit but within this permissible 
variation shall be reported as 4 per cent. 

INSOLUBLE RESIDUE. 

22. To a 1-gram sample of cement shall be added 10 cubic 
centimeters of water and 5 cubic centimeters of concentrated 
hydrochloric acid; the liquid shall be warmed until effervescence 
eeases. The solution shall be diluted to 50 cubic centimeters and 
digested on a steam bath or hot plate until it is evident that de- 
composition of the cement is complete. The residue shall be fil- 
tered, washed with cold water, and the filter paper and contents 
digested in about 30 cubic centimeters of a 5 per cent solution of 
sodium carbonate, the liquid being held at a temperature just 
short of boiling for 15 minutes. The remaining residue shall 
be filtered, washed with cold water, then with a few drops of 
hot hydrochloric acid, 1:9, and finally with hot water, and then 
ignited at a red heat and weighed as the insoluble residue. 

23. A permissible variation of 0.15 will be allowed, and all re- 
sults in excess of the specified limit but within this permissible 
variation shall be reported as 0.85 per cent. 

SulLPpHuric ANHYDRIDE. 

24. One gram of the cement shall be dissolved in 5 cubie centi- 
meters of concentrated hydrochloric acid diluted with 5 cubic 
centimeters of water, with gentle warming; when solution is 
complete, 40 cubic centimeters of water shall be added, the solu- 
tion filtered, and the residue washed thoroughly with water. 
The solution shall be diluted to 250 cubie centimeters, heated to 
boiling, and 10 cubic centimeters of a hot 10 per cent solution 
of barium chloride shall be added slowly, drop by drop, from a 
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Magnesia. 

pipette and the boiling continued until the precipitate is well 
formed. The solution shall be digested on the steam bath until 
the precipitate has settled. The precipitate shall be filtered, 
washed, and the paper and contents placed in a weighed platinum 
crucible and the paper slowly charred and consumed without 
flaming. The barium sulphate shall then be ignited and weighed. 
The weight obtained multiplied by 34.3 gives the percent-— 
age of sulphuric anhydride. The acid filtrate obtained in the 
determination of the insoluble residue may be used for the esti- — 
mation of sulphuric anhydride instead of using a _ separate 
sample. 

25. A permissible variation of 0.10 will be allowed, and all re- 
sults in excess of the specified limit but within this permissible 
variation shall be reported as 2.00 per cent. 

MAGNESIA. 

26. To 0.5 gram of the cement in an evaporating dish shall 
be added 10 cubie centimeters of water to prevent lumping and 
then 10 cubic centimeters of concentrated hydrochloric acid. The 
liquid shall be gently heated and agitated until attack is com- 
plete. The solution shall then be evaporated to complete dryness 
on a steam or water bath. To hasten dehydration the residue 
‘may be heated to 150° or even 200° C. for one-half to one hour. — 
The residue shall be treated with 10 cubic centimeters of con- © 
centrated hydrochloric acid diluted with an equal amount of 
water. The dish shall be covered and the solution digested for ten — 
minutes on a steam bath or water bath. The diluted solution — 
shall be filtered and the separated silica washed thoroughly with — 
water. 

Five cubic centimeters of concentrated hydrochloric acid and 
sufficient bromine water to precipitate any manganese which may 
be present shall be added to the filtrate (about 250 cubic centi- 
meters). This shall be made alkaline with ammonium hydroxide, 
boiled until there is but a faint odor of ammonia, and the pre- 
cipitated iron and aluminum hydroxides, after settling, shall be 
washed with hot water, once by decantation and slightly on the 
filter. Setting aside the filtrate, the precipitate shall be trans- 
ferred by a jet of hot water to the precipitating vessel and dis- 
solved in 10 cubic centimeters of hot hydrochloric acid. The 
paper shall be extracted with acid, the solution and washings 
being added to the main solution. The aluminum and iron shall 
then be reprecipitated at boiling heat by ammonium hydroxide 
and bromine water in a volume of about 100 cubic centimeters, 
and the second precipitate shall be collected and washed on the 
filter used in the first instance if this is still intact. To the 
combined filtrates from the hydroxides of iron and aluminum, 
reduced in volume if need be, 1 cubie centimeter of ammonium 
hydroxide shall be added, the solution brought to boiling, 25 
cubie centimeters of a saturated solution of boiling ammonium 
oxalate added and the boiling continued until the precipitated 
calcium oxalate has assumed a well-defined granular form. The 
precipitate after one hour shall be filtered and washed, then 
with the filter shall be placed wet in a platinum crucible, and 
the paper burned off over a small flame of a Bunsen burner; 
after ignition it shall be redissolved in hydrochloric acid and 
the solution diluted to 100 cubic centimeters. Ammonia shall be 
added in slight excess, and the liquid boiled. The lime shall 
then be reprecipitated by ammonium oxalate, allowed to stand 
until settled, filtered and washed. The combined filtrates from 
the calcium precipitates shall be acidified with hydrochloric acid, 
concentrated on the steam bath to about 150 cubic centimeters. 
and made slightly alkaline with ammonium hydroxide, boiled 

® Since this procedure does not involve the determination of silica, a 
second evaporation is unnecessary. 

a ee |), a ee 
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and filtered (to remove a little aluminum and iron and perhaps 
calcium). When cool, 10 cubic centimeters of a saturated solu- 
tion of sodium-ammonium-hydrogen phosphate shall be added 
with constant stirring. When the crystalline ammonium-mag- 
nesium orthophosphate has formed, ammonia shall be added in 
moderate excess. The solution shall be set aside for several 
hours in a cool place, filtered and washed with water containing 
2.5 per cent of NH:. The precipitate shall be dissolved in a 
small quantity of hydrochloric acid, the solution diluted to about 
100 cubic centimeters, 1 cubic centimeter of a saturated solution 
of sodium-ammonium-hydrogen phosphate added, and ammonia 
drop by drop, with constant stirring, until the precipitate is again 
formed as described and the ammonia is in moderate excess. 
The precipitate shall then be alloweaG to stand about two hours, | 
filtered and washed as before. The paper and contents shall be 
placed in a weighed platinum crucible, the paper slowly charred, f 
and the resulting carbon carefully burned off. The precipitate i 
shall then be ignited to constant weight over a Meker burner, : 

or a blast not strong enough to soften or melt the pyrophosphate. 
The weight of magnesium pyrophosphate obtained multiplied by 
72.5 gives the percentage of magnesia. The precipitate so ob- | 
tained always contains some calcium and usually small quanti- | 

ties of iron, aluminum, and manganese as phosphates. ; 
27. A permissible variation of 0.4 will be allowed. and all re- ; 

sults in excess of the specified limit but within this permissible 
variation shall be reported as 5.00 per cent. 

Vill. DETERMINATION OF SPECIFIC GRAVITY. 

28. The determination of specific gravity shall be made with Specific : 
a Standardized Le Chatelier apparatus. This apparatus is stand- gravity. I 
ardized by the United States Bureau of Standards. Kerosene | 
free from water, or benzene not lighter than 62° Baumé, shall | 
be used in making this determination. 

29. The flask shall be filled with either of these liquids to a i 
point on the stem between zero and 1 cubic centimeter, and 64 | 
grams of cement, of the same temperature as the liquid, shall be 
slowly introduced, taking care that the cement does not adhere 
to the inside of the flask above the liquid and to free the cement i] 
from air by rolling the flask in an inclined position. After 
all the cement is introduced, the level of the liquid will rise to 
some division of the graduated neck; the difference between read- 
ings is the volume displaced by 64 grams of the cement. The 
specific gravity shall then be obtained from the formula 

Specific gravity= 

: 

Weight of cement (grams) 

Displaced volume (cubic centimeters) 

30. The flask, during the operation, shall be kept immersed in 
water, in order to avoid variations in the temperature of the ; 
liquid in the flask, and any variation that occurs shall not exceed 
0.5° C. The results of repeated tests should agree within 0.01. 

31. The determination of specific gravity shall be made on the 
cement as received; if it falls below 3.10, a second determination 
shall be made after igniting the sample as described in section 20. 

1X. DETERMINATION OF FINENESS. 

2 Ot eaataetataom ~ wen * « 

32. Wire cloth for standard sieves for cement shall be woven Fineness. 
(not twilled) from brass, bronze, or other suitable wire, and 
mounted without distortion on frames not less than 14 inches 
below the top of the frame. The sieve frames shall be cir- 
cular, approximately 8 inches in diameter, and may be provided 
with a pan and cover. 

33. A standard No. 200 sieve is one having nominally a 0.0029- 
inch opening and 200 wires per inch, standardized by the United 
States Bureau of Standards, and conforming to the following re- 
quirements: 

a 

| 
) 
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The No. 200 sieve should have 200 wires per inch, and the num- 
ber of wires in any whole inch shall not be outside the limits of 
192 to 208. No opening between adjacent parallel wires shall 
be more than 0.0050 inch in width. The diameter of the wire 
should be 0.0021 inch and the average diameter shall not be out- 
side the limits 0.0019 to 0.0023 inch. The value of the sieve as 
determined by sieving tests made in conformity with the stand- 
ard specification for these tests on a standardized cement which 
gives a residue of 25 to 20 per cent on the No. 200 sieve, or on 
other similarly graded material, shall not show a variation of 
more than 1.5 per cent above or below the standards maintained 
at the Bureau of Standards. 

34. The test shall be made with 50 grams of cement. The 
Sieve shall be thoroughly clean and dry. The cement shall be 
placed on the No. 200 sieve, with pan and cover attached, if de- 
sired, and shall be held in one hand in a slightly inclined posi- 
tion so that the sample will be well distributed over the sieve, 
at the same time gently striking the side about 150 times per 
minute against the palm of the other hand on the upstroke. The 
Sieve shall be turned every 25 strokes about one-sixth of a revolu- 
tion in the same direction. The operation shall continue until 
not more than 0.05 gram passes through in one minute of continu- 
ous sieving. The fineness shall be determined from the weight 
of the residue on the sieve expressed as a percentage of the 
weight of the original sample. 

35. Mechanical sieving devices may be used, but the cement 
shall not be rejected if it meets the fineness requirement when 
tested by the hand method described in section 34. 

X. MIXING CEMENT PASTES AND MORTARS. 

36. The quantity of dry material to be mixed at one time shall 
not exceed 1,000 grams nor be less than 500 grams. The propor- 
tions of cement or cement and sand shall be stated by weight 
in grams of the dry materials; the quantity of water shall be 
expressed in cubic centimeters (1 cubic centimeter of water=1 
gram). The dry materials shall be weighed, placed upon a non- 

absorbent surface, thoroughly mixed dry if sand is used, and a 
crater formed in the center, into which the proper percentage of 
clean water shall be poured; the material on the outer edge shall 
be turned into the crater by the aid of a trowel. After an inter- 
val of one-half minute for the absorption of water the operation 
shall be completed by continuous, vigorous mixing, squeezing 
and kneading with the hands for at least one minute.”® During 
the operation of mixing, the hands should be protected by rubber 
gloves. 

37. The temperature of the room and the mixing water shall be 
maintained as nearly as practicable at 21° C. (70° F.). 

Xi. NORMAL CONSISTENCY. 

38. The Vicat apparatus consists of a frame bearing a movable 
rod, weighing 300 grams, one end being 1 centimeter in diameter 
for a distance of 6 centimeters, the other having a removable 
needle 1 millimeter in diameter, 6 centimeters long. The rod is 
reversible, and can be held in any desired position by a screw, and 
has midway between the ends a mark which moves under a scale 
(graduated to millimeters) attached to the frame. The paste is 

- 

held in a conical, hard-rubber ring 7 centimeters in diameter at 

10In order to secure uniformity in the results of tests for the time 
of setting and tensile strength the manner of mixing above described 
should be carefully followed. At least one minute is necessary to ob- 
tain the desired plasticity which is not arpreciably affected by continu- 
ing the mixing for several minutes. The exact time necessary is de- 
pendent upon the personal equation of the operator. The error in 
mixing should be on the side of overmixing. 
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the base, 4 centimeters high, resting on a glass plate about 10 
centimeters square. 

39. In making the determination, 500 grams of cement, with a 
measured quantity of water, shall be kneaded into the paste, az 
deseribed in section 36, and quickly formed into a ball with the 
hands, completing the operation by tossing it six times from one 
hand to the other, maintained about 6 inches apart; the ball rest- 
ing in the palm of one hand shall be pressed into the larger end 
of the rubber ring held in the other hand, completely filling the 
ring with paste; the excess at the larger end shall then be 
removed by a single movement of the palm of the hand; the ring 
shall then be placed on its larger end on a glass plate and the 
excess paste at the smaller end sliced off at the top of the ring by 

a single oblique stroke of a trowel held at a slight angle with the 
top of the ring. During these operations care shall be taken not 
to compress the paste. The paste confined in the ring, resting on 
the plate, shall be placed under the rod, the larger end of which 
shall be brought in contact with the surface of the paste; the 
seale shall then be read, and the rod quickly released. The paste 
shall be of normal consistency when the rod settles to a point 
10 millimeters below the original surface in one-half minute after 
being released. The apparatus shall be free from all vibrations 
during the test. Trial pastes shall be made with varying percen- 
tages of water until the normal consistency is obtained. The 
amount of water required shall be expressed in percentage by 
weight of the dry cement. 

40. The consistency of standard mortar shall depend on the 
amount of water required to produce a paste of normal consistency 
from the same sample of cement. Having determined the normal 
consistency of the sample, the consistency of standard mortar 
made from the sample shall be as indicated in Table 2, the values 
being in percentage of the combined dry weights of the cement and 
standard sand. 

TABLE 2.—Percentage of water for standard mortars. 

For neat For one | For neat For one 
cement paste | cement, three | cement paste | cement, three 

of normal standard of normal standard 
consistency. | Ottawa sand. || consistency. | Ottawa sand. 

15 9.0 : 23 10.3 
16 9.2 24 10.5 
17 9.3 25 10.7 
18 9.5 26 10.8 
19 Oe. 27 11.0 
20 9.8 28 11.2 
21 10.0 29 11.3 
22 10. 2 30 11.5 

XI. DETERMINATION OF SOUNDNESS.” 

41. A steam appartus which can be maintained at a tempera- 
ture between 98° and 100° C. is recommended. The capacity of 
this appartus may be increased by using a rack for holding the 
pats in a vertical or inclined position. 

42. A pat from cement paste of normal consistency about 3 
inches in diameter, one-half inch thick at the center, and tapering 
to a thin edge, shall be made on clean glass plates about 4 inches 
square, and stored in moist air for 24 hours. In molding the pat, 

11 Unsoundness is usually manifested by change in volume which causes 
distortion, cracking, checking or disintegration. Pats improperly made 
or exposed to drying may develop what are known as shrinkage cracks 
within the first 24 hours; these are not an indication of unsoundness. 
These conditions are illustrated in Plate I. The failure of the pats to 
remain on the glass or the cracking of the glass to which the pats are 
attached does not necessarily indicate unsoundness. 

67096°—24——3 

Soundness. 

- 

ree ey 8a a atemibens”’ dada ted Gee. tee ne eee 

Tied tte, Cetin Sede: & nde ee ee 



34 BULLETIN 1216, U. S. ‘DEPARTMENT OF iguigerens 

Time of 
setting. 

Tension tests. 

~ ee 
oe ve ae ere 

the cement paste shall first be flattened on the glass and the pat 
then formed by drawing the trowel from the outer edge toward © 
the center. 

43. The pat shall then be placed in an atmosphere of steam at 
a temperature between 98° and 100° C. upon a suitable support 
1 inch above boiling water for 5 hours. 

44. Should the pat leave the plate, distortion may be de- 
tected best with a straight edge applied to the surface which 
was in contact with the plate. (See Plate I.) 

XIII. DETERMINATION OF TIME OF SETTING. 

45. The following are alternate methods, either of which may 
be used as ordered: 

46. The time of setting shall be determined with the Vicat 
apparatus described in section 38. 

47. A paste of normal consistency shall be molded in the hard- 
rubber ring as described in section 39, and placed under the rod, 
the smaller end of which shall then be carefully brought in con- 
tact with the surface of the paste, and the rod quickly released. 
The initial set shall be said to have occurred when the needle 
ceases to pass a point 5 millimeters above the glass in one- 
half minute after being released; and the final set. when the 
needle does not sink visibly into the paste. The test pieces shall 
be kept in moist air during the test. This may be accomplished 
by placing them on a rack over water contained in a pan and coy- 
ered by a damp cloth, kept from contact with them by means of 
a wire screen; or they may be stored in a moist closet. Care 
shall be taken.to keep the needle clean, as the collection of cement 
on the sides of the needle retards the penetration, while cement 
on the point may increase the penetration. The time of setting 

is affected not only by the percentage and temperature of the 
water used and the amount of kneading the paste receives but 
by the temperature and humidity of the air, and its determina- 
tion is therefore only approximate. 

48. The time of setting shall be determined by the Gillmore 
needles. 

49. The time of setting shall be determined as follows: A pat 
of neat cement paste about 3 inches in diameter and one-half ineh 
in thickness with a flat top, mixed to a normal consistency, shall 
be kept in moist air at a temperature maintained as nearly as 
practicable at 21° C. (70° F.). The cement shall be considered 

to have acquired its initial set when the pat will bear, without 
appreciable indentation, the Gillmore needle one-twelfth inch in 
diameter, loaded to weigh one-quarter pound. The final set has 
been acquired when the pat will bear without appreciable inden- 
tation, the Gillmore needle one twenty-fourth inch in diameter, 
loaded to weigh 1 pound. In making the test the needles shall be 
held in a vertical position and applied lightly to the surface of 
the pat. 

XIV. TENSION TESTS. 

50. The standard form of test piece shall be used. The molds 
shall be made of noncorroding metal and have sufficient material 
in the sides to prevent spreading during molding. Gang molds 
may be used. Molds shall be wiped with an oily cloth before 
using. 

51. The sand to be used shall be natural sand from Ottawa, TL, 
screened to pass a No. 20 sieve and retained on a No. 30 sieve. 
This sand may be obtained from the Ottawa Silica Co., at a cost 
of 8 cents per pound, f. 0. b. cars, Ottawa, IIL 

52. This sand, having passed the No. 20 sieve, shall be consid- 
ered standard when not more than 5 grams pass the No. 30 sieve 
after one minute continuous sieving of a 500-gram sample. 

D3. The sieve shall conform to the following specifications: 
The No. 20 sieve shall have between 19.5 and 20.5 wires per 

whole inch of the warp wires and between 19 and 21 wires per 
‘ 
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_whole inch of the shoot wires. The dtameter of the wire should 
_be 0.0165 inch and the average diameter shall not be outside the 
limits of 0.0160 and 0.0170 inch. 

The No. 30 sieve shall have between 29.5 and 30.5 wires per 
' whole inch of the warp wires and between 28.5 and 31.5 wires per 
_ whole inch of the shoot wires. The diameter of the wire should 
be 0.0110 inch and the average diameter shall rot be outside 
the limits 0.0105 to 0.0115 inch. 

54. Immediately after mixing, the standard mortar shall be 
placed in the molds, pressed in firmly with the thumbs, and 
smoothed off with a trowel without ramming. Additional mortar 
shall be heaped above the mold and smoothed off with a trowel; 
the trowel shall be drawn over the mold in such a manner as to 
exert a moderate pressure on the material. The mold shall then 
be turned over and the operation of heaping, thumbing, and 
smoothing off repeated. 

dd. Tests shall be made with any standard machine. The bri- 
quets shall be tested as soon as they are removed from the water. 
The bearing surfaces of the clips and briquets shall be free from 
grains of sand or dirt. The briquets shall be carefully centered 
and the load applied continuously at the rate of 600 pounds per 
minute. 

56. Testing machines should be frequently calibrated in order 
to determine their accuracy. 

57. Briquets that are manifestly faulty, or which give strengths 
differing more than 15 per cent from the average value of all 
test pieces made from the same sample and broken at the same 
period, shall not be considered in determining the tensile strength. 

XV. STORAGE OF TEST PIECES. 

58. The moist closet may consist of a soapstone, slate, or con- 

is used, the interior should be covered with felt or broad wicking 
kept wet. The bottom of the moist closet should be covered with 
water. The interior of the closet should be provided with non- 
absorbent shelves on which to place the test pieces, the shelves 
being so arranged that they may be withdrawn readily. 

59. Unless otherwise specified all test pieces, immediately after 
molding, shall be placed in the moist closet for from 20 to 24 
hours. 

60. The briquets shal! be kept in molds on glass plates in the 
moist closet for at least 20 hours. After 24 hours in moist air 
the briquets shal! be immersed in clean water in storage tanks 
of noncorroding material. 

61. The air and water shall be maintained as nearly as practica- 
ble at a temperature of 21° C. (70° F.). 

RATTLER TEST FOR PAVING BRICK. 

(A. §S. T. M. standard method, serial designation, C 7-15, slightly 
modified.) 

THE CONSTRUCTION OF THE RATTLER. 

1. General design.—The machine shall be of good mechanical 
construction, self-contained, and shall conform to the following 

details of material and dimensions, and shall consist of barrel, 
_ frame, and driving mechanism as herein described. 

2. The barrel.—The barrel of the machine shall be made up of 
the heads, head liners, staves, and stave liners. 

The heads may be cast in one piece with the trunnions, which 
shall be 23 inches in diameter, and shall have a bearing 6 inches 

in length, or they may be cast with heavy hubs, which shall be 
bored out for 2;5-inch shafts, and shall be keyseated for two 
keys, each one-half by three-eighths inch and spaced 90° apart. 
The shaft shall be a snug fit and when keyed shall be entirely 

crete box, or a wooden box lined with metal. If a wooden box ° 
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free from lost motion. The distance from the end of the shaft 
or trunnion to the inside face of the head shall be 15% inches in 
the head for the driving end of the rattler, and 11% inches for the 
other head, and the distance from the face of the hubs to the in- 
side face of the heads shall be 54 inches. 

The heads shall be not less than three-fourths inch thick, nor 
more than seven-eighths inch thick. In outline, each head shall 
be a regular 14-sided polygon inscribed in a circle 28% inches in 
diameter. Each head shall be provided with flanges not less 

three-fourths inch thick and extending outward 24 inches from 
the inside face of the head to afford a means of fastening the 
staves. The surface of the flanges of the head shall be smooth 
and give a true and uniform bearing for the staves. To secure 
the desired true and uniform bearing, the surfaces of the flanges 
of the head shall be either ground or machined. The flanges 

shall be slotted on the outer edge, so as to provide for two three- 
fourth-inch bolts at each end of each stave, the slots to be thirteen- 
sixteenths inch wide and 2% inches center to center. Each slot 
shall be provided with a recess for the bolthead, which shall act 
to prevent the turning of the same. Between each two slots 
there shall be a brace three-eighths inch thick, extending down 

the outward side of the head not less than 2 inches. 
There shall be for each head a cast-iron head liner 1 inch 

in thickness and conforming to the outline of the head, but in- 
scribed in a circle 28% inches in diameter. This head liner shall 
be fastened to the head by seven five-eighths-inch cap screws, 
through the head from the outside. Whenever these head liners 
become worn down one-half inch below their initial surface level 
at any point of their surface they shall be replaced with new 
ones. The metal of these head liners shall be hard machinery 
iron and should contain not less than 1 per*cent of combined 
carbon. d 

* The staves shall be made of 6-inch medium-steel structural 
channels, 274 inches long and weighing*15.5 pounds per lineal 
foot. The staves shall have two holes thirteen-sixteenths inch 
in diameter, drilled in each end, the center line of the holes 
being 1 inch from the end and 1% inches each way from the 
longitudinal center line. The spaces between the staves shall 
be as uniform as practicable, but shall not exceed five-sixteenths 
inch. 

The interior or flat side of each stave shall be protected by 
a liner three-eighths inch thick by 54 inches wide and 19? inches 
long. The liner shall consist of medium-steel plate, and shall 
be riveted to the channel by three one-half-inch rivets, one 
of which shall be on the center line both ways and the other 
two on the longitudinal center line and spaced 7 inches from 
the center each way. The rivet holes shall be countersunk on 
the face of the liner and the rivets shall be driven hot and 
chipped off flush with the surface of the liners. These liners 
shall be inspected from time to time, and if found loose shall be 
at once reriveted. 

Any test at the expiration of which a stave liner is found 
detached from the stave or seriously out of position shall be 
rejected. When a new rattler, in which a complete set of new 
staves is furnished, is first put into operation, it shall be charged 
with 400 pounds of shot of the same sizes, and in the same pro- 
portions as provided in section 4, and shall then be run for 18,000 
revolutions at the usual prescribed rate of speed. The shot 
shall then be removed and a standard shot charge inserted, after 
which the rattler may be charged with brick for a test. 

No stave shall be used for more than 70 consecutive tests with- 
out renewing its lining. Two of the 14 staves shall be removed 
and relined at a time in such a way that of each pair, one falls 
upon one side of the barrel and the other upon the opposite side, 
and also so that the staves changed shall be consecutive but not 
contiguous; for example, 1 and 8, 3 and 10, 5 and 12, 7 and 14, 



2and 9, 4 and 11, 6 and 13, etc., to the end that the interior of 
the barrel at all times shall present the same relative condition 
of repair. The changes in the staves should be made at the time 
when the shot charges are being corrected, and the record must 

' show the number of charges run since the last pair of new lined 
staves was placed in position. 
_ The staves when bolted to the heads shall form a barrel 20 
inches long, inside measurement, between head liners. The liners 

of the staves shall be so placed as to drop between the head 
|} diners. The staves shall be bolted tightly to the heads by four 

| three-quarter-inch bolts, and each bolt shall be provided with a 
lock nut, and shall be inspected at not less frequent intervals 
than every fifth test and all nuts kept tight. A record shall be 

made after each inspection showing in what condition the bolts 
_ were found. 

f 3. The frame and driving mechanism.—The barrel shall be 
mounted on a cast-iron frame of sufficient strength and rigidity 
to support it without undue vibration. It shall rest on a rigid 
foundation with or without the interposition of wooden plates, 
and shall be fastened thereto by bolts at not less than four points, 

It shall be driven by gearing whose ratio of driver to driven 
is not less than 1 to 4. The countershaft upon which the driving 
pinion is mounted shall be not less than 14% inches in diameter, 
with bearing not less than 6 inches in length. If a belt is used, 
the pulley shall not be less than 18 inches in diameter and 63 
inches in face. A belt at least 6 inches in width, properly ad- 
justed to avoid unnecessary slipping, should be used. 

4. The abrasive charge—tThe abrasive charge shall consist of 
east-iron spheres of two sizes. When new, the larger spheres 
shall be 3.75 inches in diameter and shall weigh approximately 
7.5 pounds (3.40 kilograms) each. Ten spheres of this size shall 
be used. 

These shall be weighed separately after each 10 tests, and if 
the weight of any large sphere falls to 7 pounds (3.175 kilo- 
grams) it shall be discarded and a new one substituted; pro- 
vided, however, that all of the large spheres shall not be dis- 
carded and new ones substituted at any single time, and that so 
far as possible the large spheres shall compose a graduated series 
in various stages of wear. 
When new, the smaller spheres shall be 1.875 inches in diameter 

and.shall weigh approximately 0.95 pounds (0.43 kilogram) each. 
In general, the number of small spheres in a charge shall not fall 
below 245 nor exceed 260. The collective weight of the large and 
small spheres shall be as near 300 pounds as possible. No small 
sphere shall be retained in use after it has been worn down so that 
it will pass a circular hole 1.75 inches in diameter, drilled in an 
iron plate one-quarter inch in thickness, or weigh less than 0.75 
pound (0.34 kilogram). Further, the small spheres shall be tested 
by passing them over the above plate or by weighing, after every 
10 tests, and any which pass through or fall below the specified 
weight, shall be replaced by new spheres; provided, further, that 
all of the small spheres shall not be rejected and replaced by new 
ones at any one time, and that so far as possible the small spheres 
shail compose a graduated series in various stages of wear. At 
any time that any sphere is found to be broken or defective it shall 
at once be replaced. 

The iron composing these spheres shall have a chemical compo- 
sition within the following limits: 

Per cent. 
SompmMeuncatpon ~~ =o se LU Not under 2. 50 
Grapiirie @arbonviicins Sits sata alee! oe Not over 0. 25 
SS rUb Oe ee A Se eer ere: See ee eee ee Not over 1.00 
LLL oie ioe ieee __ Not over 0.50 
eHON TSIEN een, ee A ee re Not over 25 0. 
CSTE ETI ot Spe = Aerege oactopirnetae pr mer peal enti gerps eee Not over 0.08 
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Brick charge. 

Speed and 
duration of 
revolution. 

Record form. 

For each new batch of spheres used the chemical analysis shall 
be furnished by the maker or shall be obtained by the user before 
introducing into the charge, and unless the analysis méets the 
above specifications the batch of spheres shall be rejected. 

THE OPERATION OF THE TEST. 

5. The brick charge-——The number of brick per test shall be 10 
for all brick of so-called ‘“‘block size,” whose dimensions fall be- 
tween 8 and 9 inches in length, 3 and 3} inches in breadth, and 
33 and 4} inches in thickness.” No brick should be selected as 
part of a regular test that would be rejected by any other require- 
ments of the specifications under which the purchase is made. 

6. Speed and duration of revolution.—The rattler shall be ro- 
tated at a uniform rate of not less than 29.5 nor more than 30.5 
revolutions per minute, and 1,800 revolutions shall constitute the 
test. A counting machine shall be attached to the rattler for 
counting the revolutions. A margin not to exceed 10 revolutions 
will be allowed for stopping. Only one start and stop per test is 
generally acceptable. If, from accidental causes, the rattler is 
stopped and started more than once during a test, and the loss 
exceeds the maximum permissible under the specifications, the 
test shall be disqualified and another made. 

7. The scales.—The scales must have a capacity of not less than 
300 pounds, and must be sensitive to 0.5 ounce, and must be 
tested by a standard test weight at intervals of not less than every 
10 tests. 

8. The results.—The loss shall be caleulated in percentage of 
the initial weight of the brick composing the charge. In weigh- 
ing the rattled brick, any piece weighing less than 1 pound shall 
be rejected. 

9. The records.—A complete and continuous record shall be kept 
of the operation of all rattlers working under these specifications. 
This record shall contain the following data concerning each test 
made: 

(1) The name of the person, firm, or corporation furnishing 
each sample tested. 

(2) The name of the maker of the brick represented in each 
sample tested. 

(3) The name of the street, or contract, which the sample rep- 
resented. 

(4) The brands or marks upon the brick by which they were 

identified. 
(5) The number of brick furnished. 
(6) The date on which they were received for test. 
(7) The date on which they were tested. 
(8) The drying treatment given before testing, if any. 
(9) The length, breadth, and thickness of the brick. 
(10) The collective weight of the ten large spherical shot used 

in making the test at the time of their last standardization. 
(11) The number and collective weight of the small spherical 

shot used in making the test, at the time of their last standardiza- 
tion. 

(12) The total weight of the shot charge, after its last stand- 

ardization. 
(13) Certificate of the operator that he examined the condi- 

tion of the machine as to staves, liners, and any other parts affect- 
ing the barrel, and found them right at the beginning of the test. 

(14) Certificate of the operator of the number of charges 
tested since fhe last standardization of shot charge and last re- 

newals of stave liners. 
(15) The time of the beginning and ending of each test, and the 

number of revolutions made by the barrel during the test, as 

shown by the indicator, 
ne a te Se ee 

122 Where brick of larger or smaller sizes than the dimensions given 
above for block are to be tested, the same number of brick per charge 
should be used, but allowance for the difference in size should be made 
in setting the limits for average and maximum rattler loss. 
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(16) Certificate of the operator as to number of stops and 
starts made in each test. 

(17) The initial collective weight of the 10 brick composing the 
charge and their collective weight after rattling. 

(18) The loss calculated in percentage of the initial weight, 
and the calculation itself. 

(19) The number of broken brick and remarks upon the por- 
tions which were included in the final weighing. 

(20) General remarks upon the test and any irregularities 
occurring in its execution. 

(21) The location and name of the owner of the rattler with 
which the test was made. 

(22) The certificate of the operator that the test was made 
under the specifications of the American Society for Testing Ma- 
terials and that the record is a true record. 

(23) The signature of the operator or person responsible for 
the test. 

(24) The serial number of the test. 
In the event of more than one copy of the record of any test 

being required, they may be furnished on separate sheets, and 
marked duplicates, but the original record ,shall always be pre- 
served intact and complete. 

SerivhyNo. = 

REPORT OF STANDARD RATTLER TEST FOR PAVING BRICKS. 
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METHOD OF SAMPLING AND TESTING BUILDING BRICKS - 
FOR MASONRY CONSTRUCTION. 

I. SAMPLING. 

1. For the purpose of testing, bricks shall be selected by an 
experienced person so as to represent the commercial product. 
All bricks shall be carefully examined and their condition noted 
before being subjected to any kind of test. For the purpose of 
the testing, 10 bricks will be required; they shall be thoroughly 
dried to constant weight in a suitable oven at a temperature of 
from. 225°. F {100 ©.) 40 250° .W.. FI2te ey, 

II]. PHYSICAL TESTS. 

2. (a) At least five dry bricks shall be weighed and completely 
submerged in water at a temperature between 60° and 80° F. 
(15° and 27° C.). The water shall be heated to boiling within 
one hour, boiled continuously for five hours and then allowed to 
cool to a temperature between 60° and 80° F. (15° and 27° G.). 
The bricks shall then be removed, the surface water wiped off 
with a damp cloth, and the bricks quickly weighed. 

(6) The percentage of absorption shall be computed on the 
dry weight, according to the relation: 

100 (B—A 
Percentage of absorption=—4—4) 

where A=weight of dry bricks and B=weight of saturated bricks. 
3. (a) Compression tests shall be made on at least five half 

bricks, previously dried, each taken from a different brick. The 
half bricks shall be prepared either by sawing or cutting upon a 
yielding bed with a sharp mason’s chisel, which shall be the 
full width of the brick. The specimens shall be tested on edge. 
To secure a uniform bearing in the testing machine, the edge 
surfaces shall be bedded in a thin coat of calcined gypsum 
(plaster of Paris) spread upon plate glass previously coated 

with a film of oil. Before applying the calcined gypsum (plaster 
of Paris), the bearing surface of the bricks shall receive a coating 
of shellac. The bricks shall be pressed firmly upon the surface, 
making the layer as thin as possible, and shall be permitted to 
remain undisturbed until set. The depression of recessed or 
paneled bricks shall be filled with neat Portland cement mortar, 

which shall stand at least 24 hours before testing. 
(b) The machine used for the compression tests shall be 

equipped with a spherical bearing block kept thoroughly lubri- 

cated to insure accurate adjustment, which should be made by 
hand under a small initial load. During the test the beam of 
the testing machine shall be kept constantly in a floating position. 

(c) The breaking load shall be divided by the area in com- 
pression and the results reported in pounds per square inch. 

4. (a) At least five brick, previously dried, shall be tested, 
laid flatwise, with a span of 7 inches, and with the load applied 
at mid span. 

(b) The modulus of rupture shall be computed in pounds per 
square inch by the following formula: 

_3WI 
P se bd? 

in which J=the distance between supports in inches, b=the 
breadth and d=depth of the brick in inches, and W=the load 
in pounds at which the brick failed. 

5. In recording the results of the tests the type of brick shall 
be defined, whether stiff-mud, soft-mud, dry-pressed, repressed, 
sand-lime or other types. It is recommended that the data ob- 
tained be recorded as indicated on the accompanying ‘ Labora- 
tory record,” 
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LABORATORY RECORD. 
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COMPRESSION TESTS. 
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TRANSVERSE TEST. 
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SUMMARY. 

- Average compressive : 4 Average absorption, Average modulus of per cent. strength, Lerasg per square Sitar = : 
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METHOD OF SAMPLING AND TESTS OF WOOD BLOCK. | 

1. Sampling.—Ten blocks shall be taken as a sample. 
2. Measurement and weight.—Kach block is measured for 

length, breadth, and thickness, and the total volume in cubic 

inches of the 10 blocks is computed. The whole number of blocks 
are weighed to the nearest gram or one-eighth ounce and the 

weight in pounds per cubic foot of the block is calculated. 

4'x4"« 8" BLOCK 
Fic. 1.—Method of boring wood blocks for sample. Borings made in 

end grain with 4-inck bit or drill. Three borings on center line made 
half way through block; other borings through block. 

ANALYSES. 

3. The sample for analyses shall be obtained by boring into 
the end grain of all the blocks, according to Figure 1. 

Moisture. 4. Moisture.—Take 25 grams of borings and place in a 250 cubie 
. centimeter Erlenmeyer flask and pour on about 75 to 100 cubic 

centimeters of water-saturated xylol. Connect the flask to a 
condenser with a short tube and distill off the xylol rapidly, 
continuing the distillation to near dryness, collecting the distillate 
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in a cylinder graduated to tenths of a cubic centimeter. The dis- 
tillate will consist of xylol and water. The water will separate 
and collect in the bottom of the cylinder where the amount may 
be read off and calculated in percentage. 

5. Oil—Take a C. 8. & S. capsule or a folded hard paper (C. S. 
& S. No. 575) which has been previously extracted with benzol 
and dried. Weigh into this about 5 to 10 grams of borings, 
making the weighing in a weighing bottle. The capsule and bor- 
ings are then extracted in some suitable extraction apparatus 
using benzol as the solvent until the washings run through prac- 
tically colorless. Chloroform is then substituted for benzol as the 
solvent until the washings again run through practically colorless. 
The extraction removes from the borings water, rosin, and oil. 

6. Rosin.—The benzol and chloroform washings are united and 
shaken out in a separatory funnel with a 8 per cent solution of 
sodium carbonate or preferably sodium hydrate, using about three 
100 cubic centimeter portions. The aikali washings are drawn off 
and united, acidulated with sulphuric acid, and then shaken out 
with petroleum ether. The ether washings are united and filtered 
into a tared flask, evaporated on a hot plate, and the residue dried 
in the oven. This residue represents mainly rosin, although there 
is a possibility that it may contain some tar acids from the oil. 
The amount of oil with which the block is impregnated is obtained 
by taking the percentage of extract as determined under “ Oil” 
and subtracting from it the percentage of water plus rosin. 

7. All these results shall be expressed in percentage of the origi- 
nal weight of the block, and also in pounds per cubic foot. 

METHODS OF SAMPLING AND TESTING BITUMINOUS 
MATERIALS. 

(A. S. T. M. tentative method, serial designation, D 140-22 T, slightly 
modified.) 

1. Samples may be taken for either of two purposes: 
(a) To represent as nearly as possible an average of the bulk of 

the material sampled. 
(6) To ascertain the maximum variation in characteristics 

which the material may possess. In either case they shall be 
obtained by methods hereinafter described. 

2. (a) Care shall be taken that the samples are not contami- 
nated with dirt or any other extraneous matter and that the 
sample containers are perfectly clean and dry before filling. 

(6) Immediately after filling, the sample containers shall be 
tightly closed and properly marked for identification on the 
container itself or on a linen tag attached to the container. 

3. (a) Whenever practicable, bituminous material shall be 
sampled at the point of manufacture, and at such time as to allow 
the tests controlling acceptance or rejection to be made in ad- 
vance of shipment. 

(6) When impracticable to take samples at the point of manu- 
facture, they should be taken from the shipment immediately upon 
delivery. 

4. For routine laboratory examination to determine the accepta- 
bility of a given lot, not less than 1 quart of material should be 
submitted which should be representative of the average sample 
collected as hereinafter described. 

5. Containers for liquid bituminous materials shall be small- 
mouth cans with cork-lined screw caps. Containers for semisolid 

and solid materials shall be friction top cans. 

I. SAMPLING AT PLACE OF MANUFACTURE. 

6. The inlet and outlet to the storage tank shall be sealed and 
a 1-gallon sample drawn from the top, middle, and bottom con- 
tents. The sample may be taken from drain cocks on the side of 
the tank, if such are available. Enough material should be dis- 
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carded to insure a representative sample. Otherwise, samples may 
be taken by lowering weighted bottles or cans into the material. 
The bottle or can should be fitted with a stopper which can be re- 
moved by a string or wire attached to it after it has been lowered 
to the proper depth. The three samples from bulk storage shall 
be tested separately for consistency in order to detect stratification. 
They may then be combined and thoroughly mixed for other tests 
that may be required. 

7. Where tank cars, distributors, or barrels are being filled, 
samples may conveniently be taken from the pipe line through 
which the material is flowing, as hereinafter described. 

(A) WHEN MATERIAL IS PUMPED UNDER PRESSURE. 

8. The sampling pipe shall be inserted into a rising section of 
the pipe line on the discharge side of the pump. The sampling 
pipe shall be not more than one-eighth the diameter of the line 
pipe, and its inner open end shall be turned at an angle of 90° 
facing the flow of the liquid. This pipe shall be provided with a 
plug cock and shall discharge into a receiving drum of 50 gallons 
capacity. The plug cock shall be so adjusted that there is a 
steady continuous flow of bituminous material through it and 
shall be so regulated that the receiver will fill! in the same time 
that is required to make the entire pumping. In the case of semi- 
solid materials, the receiver shall be provided with a steam coil 
which shall keep the contents at a temperature just above the 
liquefying point. At completion of the pumping, the receiver 
shall be thoroughly agitated, and a 1-quart sample taken there- 
from. The sampling shall be so regulated that for each 1,000 
gallons of material pumped at least 1 gallon of sample is taken, 
but 40 gallons shall be the limit required for any one cargo. 

Care should be taken that the drip cock, after once having 

been set, allows a constant flow during the pumping. 
This method is also applicable to gravity flows where the pipe 

line is completely filled by the outflowing liquid and has a rising 
section. 

(B) WHEN MATERIAL FLows BY GRAV?TY. 

9. Material flowing by gravity through pipes which are not 
completely filled may be sampled by taking dipperfuls at the out- 
let at frequent and regular intervals. These samples shall be 
combined and the total sample shall be not less than 0.1 per cent 
of the whole material. The samples shall be collected in a re- 
ceiver and resampled as described in section 8. 

II. SAMPLING AT POINT OF DELIVERY. 

10. Samples may be taken by means of a weighted bottle or can, 
as described in section 6, or from the unloading pipe line as de- 
scribed in section 7. 

Liquid bituminous materials shall be sampled before heating. 
Semisolid or solid bituminous materials shall be rendered fluid 
by heating. Sampling should be so conducted as to eliminate 
the possibility of adventitious water resulting from leaky steam 
heating coils, rain, or snow. 

11. Samples may be taken from distributors by means of a 
weighted bottle or can, as described in section 6. One sample 

shall be sufficient. 
12. (a) Samples of liquid bituminous materials from barrels or 

drums may be secured by taking 1 quart of material from 1 out 
of every 10 packages, combining and thoroughly mixing these 
samples, and then removing an average sample from the com- 
bined material. 

(b) Sampling of solid or semisolid materials from barrels is 
more difficult to accomplish properly. It is recommended that 
samples be taken from each car lot, but if this sample fails to meet 

\ 
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the specification requirements, then a sample shall be taken from 
each batch represented or from 1 out of each 20 barrels, samples 
to be taken from at least 3 inches below the surface and at least 
3 inches from the side of the barrel. A clean hatchet may be used 
if the material is hard enough to shatter and a broad, stiff putty 

knife if the material is soft. The samples so taken shall be 
melted and thoroughly mixed and an average sample taken from 

the combined material for examination. 

METHODS OF SAMPLING BITUMINOUS MIXTURES. 

A daily sample shall be taken by any of the following methods: 
(a) Samples shall be cut from the finished pavement about 6 

to 8 inches square and extending full depth of pavement before 
application of any sealing coat which may be used. 

(6) Samples shall be taken during preparation of the paving 

mixture from trucks or wagons at the asphalt plant and combined 
into composite samples of not less than 1 pound each. 

(c) Samples shall be taken either at the road or asphalt plant 

of any bituminous mixture which appears defective. 

METHOD OF SAMPLING MINERAL FILLER. 

Mineral filler shall be sampled according to the method for 
sampling Portland cement received in carload lots. 

METHOD OF SAMPLING PREMOLDED JOINT FILLERS. 

One section at least 1 foot long and the full width of the joint 
shall be submitted from each consignment. 

DETERMINATION OF SPECIFIC GRAVITY OF BITUMINOUS 
MATERIALS. 

1. The specific gravity of bituminous materials shall be ex- 
pressed as the ratio of the weight of a given volume of the mate- 
rial at 25° C. (77° F.) to that of an equal volume of water at 
the same temperature. and shail be expressed thus: 

Specific gravity 25°/25° C. (77°/77° F.). 

A. HYDROMETER METHOD (USED ror THIN FLUID BITUMENS). 

2. The specific gravity of thin fivid bituminous road materials 
may be determined with the above-mentioned apparatus by first 
pouring a sufficient quantity of the material into a tin cup which 
is then placed in a Jarge dish containing cold or warm water, as 
occasion may require. The material in the cup should be stirred 
with the thermometer until it is brought to a temperature of 25° 
C., after which it should be immediately poured into the hydro- 
meter jar and its gravity determined by means of the proper 
hydrometer. In case the hydrometer sinks siowly, owing to the 
viscosity of the material, it should be given sufficient time to come 
to a definite resting point, and this point should be checked by 
raising the hydrometer and allowing it to sink a second time. 
The hydrometer should never be pushed below the point at which 
it naturally comes to rest until the last reading has been made. 
It may then be pushed below the reading for a distance of three 
or four of the small divisions on the scale, whereupon it should 
immediately begin to rise. If it fails to do so, the material is 
too viscous for the hydrometer method, and the pycnometer 
method should be employed. 

3. The direct specific gravity reading obtained by the foregoing 
method is based upon water at 15.5°°C. taken as unity. For all 
practical purposes this reading may be corrected to water at 25° 
C.. considered as unity, by multiplying it by 1.002. Thus: Specific 
gravity 25° C./25° C.=specific gravity 25°/15.5° C.X1.002. 

Hydrometer 
method. 
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Pycnometer 
method. 

B. PycNoMETER. METHOD (USED FoR Viscous FLUID AND SEMI- 
SOLID BITUMENS AND EMULSIONS). 

4. The determination of specific gravity shall be made with a 
Hubbard-Carmick pyecnometer or weighing bottle, which shall 
consist of a conical or Erlenmeyer-shaped flask approximately 45 
millimeters high, 40 millimeters in diameter at the bottom, and 25 
millimeters in diameter at the mouth, carefully ground to receive 
an accurately fitting solid glass stopper with a hole of about 1 
millimeter bore in place of the usual capillary opening. The 
lower surface of the stopper is made concave in order to allow 
all air bubbles to escape through the bore. The depth of the cup- 
shaped depression shall be about 4.8 millimeters at the center. 
The stoppered flask has a capacity of about 25 cubic centimeters 
and when empty weighs about 25 grams. 

5. Before making a determination, the pycnometer with stopper 
shall first be calibrated by weighing it clean and dry upon an an- 
alytical balance. This weight is called a. It shall then be filled with 
freshly boiled distilled water at a temperature of 25° C. (77° F.), 
the stopper firmly inserted, all surplus moisture wiped from the 
surface with a clean, dry cloth, and again weighed. This weight 
is called b. 

6. When determining the specific gravity of road oils or road 
tars which flow readily, the material shall be brought to a tem- 
perature of 25° C. (77° F.) and poured into the pycnometer until 
it is full, with care to prevent the inclusion of air bubbles. The 
stopper is then firmly inserted and all excess of material forced 
through the opening is carefully removed with a clean dry cloth. 
The pycnometer and contents are then weighed and this weight 
is called c. The specific gravity of the material shall be calculated 
from the formula: 

‘ ~_ , c—a 
Specific gravity= id 

(aad 

7. When determining the specific gravity of tar and asphalt 
products which are too viscous for the method described in sec- 
tion 4, a small amount of the material shall be brought to a fluid 
condition by the gentle application of heat, care being exercised 
to prevent loss by evaporation. When sufficiently fluid, enough is 
poured into the clean, dry pycnometer to about half fill it. Pre- 
cautions shall be taken to keep the material from touching the 
sides of the tube above the final level and to prevent the inclusion 
of air bubbles. The tube should be slightly warmed before filling. 
The pycnometer and contents are then cooled to room temperature 
and weighed with the stopper. This weight is called ec. The 
pycnometer is next removed from the balance, filled with freshly 
boiled distilled water, and the stopper firmly inserted. It is then 
completely immersed for not less than 30 minutes in a beaker of 
distilled water maintained at 25° C. (77° F.), after which it is 
removed, and all surplus water is wiped off with a clean eloth. 
It is immediately weighed. This weight is called d. The specific 
gravity of the material shall be calculated from the formula: 

. 
4 

ee Specific gravity= (54) — (de) 
8. When making the specific gravity determination it is impor- 

tant that: 
(a) Only freshly boiled distilled water shall be used. 
(b) When weighing the pycnometer completely filled, the tem- 

perature of its contents shall be within 1° C. (1.8° F.) of 25° C. 
Chdacidl i) 

(c) Precautions shall be taken to prevent expansion and over- 
flow of the contents from the heat of the hand when wiping the 
surface of the pycnometer. 

(d) The presence of all air bubbles shall be eliminated in filling 
the pycnometer and inserting the stopper. 
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(e) Weighings shall be made quickly after filling the pyenometer 
and shall be accurate to 1 milligram. A number of trial fillings 
and catchweights may be necessary to obtain the desired degree 
of accuracy. 

(f) To prevent breakage of the pycnometer when cleaning it out 
after a determination has been made upon a very viscous or semi- 
solid material, it will be found advisable to warm it in an oven 

at not over 100° ©. until most of the material may be poured out 
and then to swab it with a piece of soft cloth or cotton waste. 
When cool, it may be finally rinsed with carbon disulphide, benzol, 
or other solvent and wiped clean. 

9. The limit of accuracy of the test is +0.005 specific gravity. 

C. DISPLACEMENT MrEtHop (USED ror HARD, Soutip BiITuMENS). 

10. For materials which are hard enough to be broken and _ Displacement 
handled in fragments at room temperature the following method wmethed for 
will prove convenient: A small fragment of the bitumen (about  sglids. 
1 cubic centimeter) is suspended by means of a silk thread from 
the hook on one of the pan supports, about 14 inches above the 
pan, and weighed. This weight is called a. It is then weighed 
immersed in water at 25° C., and this weight is called b. The 
specifie gravity may then be calculated by means of the following 
formula: 

Pr : a 
Specific gravity= —_; 

a—b 

D. DISPLACEMENT MetrHop (USED FoR SEMISOLIDS). 

11. The specific gravity of semisolid bituminous materials may Displacement 
be determined by the displacement method. Weigh a silica cru-. method for 
cible suspended from the beam of the balance in air and call the  semisolids. 
weight a, and in water and call the weight b. Fill the crucible 
approximately two-thirds full with the material under examina- 
tion. Free from bubbles by heating on a hot plate, cool and 
weigh, calling this weight ec. Immerse the filled crucible in water 
at 25° C. for one-half hour, then suspend by a wire from the beam 
of the balance and weigh it immersed in water at 25° C.; call 
this weight d. The specific gravity is then calculated by means of 
the following formula: 

ae ; cC—a 
Specific gravity = as; 

DETERMINATION OF BITUMEN SOLUBLE IN CARBON 
DISULPHIDE. 

i. This test consists in dissolving the bitumen in carbon disul- 
phide and recovering any insoluble matter by filtering the solution 
through an asbestos felt. The form of Gooch crucible best 
adapted for the determination is 4.4 centimeters wide at the top, 
tapering to 3.6 centimeters at the bottom, and is 2.5 centimeters 
deep. 

2. For preparing the felt, the asbestos is cut with scissors into Method of test. 
pieces not exceeding 1 centimeter in length, after which it is 
shaken up with just sufficient water to pour easily. The Gooch 
crucible is filled with the suspended asbestos, which is allowed to 
settle for a few moments. A light suction is then applied to draw 
off all the water and leave a firm mat of asbestos in the crucible. 
More of the suspended material is added, and the operation is 
repeated until the felt is so dense that it searcely transmits 
light when held so that the bottom of the crucible is between the 
eye and the source of light. The felt should then be washed 
several times with water and drawn firmly against the bottom 
of the crucible by an increased suction. The crucible is removed 
to a drying oven for a few minutes, after which it is ignited at 
red heat over a Bunsen burner, cooled in a desiccator, and 
weighed, 
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3. From 1 to 2 grams of bitumen or about 10 grams of an 
asphalt topping or rock asphalt are now placed in the Erlenmeyer 
flask, which has been previously weighed, and the accurate weight 
of the sample is obtained. One hundred cubic centimeters of 
chemically pure carbon disulphide are poured into the flask in 
small portions, with continual agitation, until all lumps dis- 
appear and nothing adheres to the bottom. The flask is then 
corked and set aside for 15 minutes. 

4, After being weighed, the Gooch crucible containing the felt 
is set up over the dry-suction flask, and the solution of bitumen in 
carbon disulphide is decanted through the felt with light suction 
or without suction by gradually tilting the flask, with care not to 
stir up any precipitate that may have settled out. At the first 
sign of any sediment coming out, the decantation is stopped and 
the filter allowed to drain. A small amount of carbon disulphide 
is then washed down the sides of the flask, after which the 
precipitate is brought upon the felt and the flask scrubbed, if 
necessary, with a feather or “ policeman” to remove all adhering 
material. The contents of the crucible are washed with carbon 
disulphide, until the washings run colorless. Suction is then 
applied until there is practically no odor of carbon disulphide in 
the crucible, after which the outside of the crucible is cleaned 
with a cloth moistened with a small amount of solvent. The 
crucible and contents are dried in the hot-air oven at 100° C. for 
about 20 minutes, cooled in a desiccator, and weighed. If any 
appreciable amount of insoluble matter adheres to the flask, it 
should also be dried and weighed, and any increase over the 
original weight of the flask should be added to the weight of 
insoluble matter in the crucible. The total weight of insoluble 
material may include both organie and mineral matter. The for- 
mer, if present, is burned off by ignition at a red heat until no 
incandescent particles remain, thus leaving the mineral matter 
or ash, which can be weighed on cooling. The difference between 
the total weight of material insoluble in carbon disulphide and 
the weight of substance taken equals the total bitumen, and the 
percentage weights are calculated and reported as total bitumen, 
and organic and inorganic matter insoluble, on the basis of the 
weight of material taken for analysis. ; 

5. This method is quite satisfactory for straight oil and tar 
products, but where certain natural asphalts are present it will 
be found practically impossible to retain all of the finely divided 
mineral matter on an asbestos felt. It is therefore generally more 
accurate to obtain the results for total mineral matter by direct 
ignition of a 1-gram sample in a platinum crucible. The total 
bitumen is then determined by deducting from 100 per cent the 
sum of the percentage of total mineral matter and organic matter 
insoluble. If the presence of a carbonate mineral is suspected, the 
percentage of mineral matter may be most accurately obtained 
by treating the ash with a few drops of ammonium carbonate 
solution, drying at 100° C., then heating for a few minutes ata 
dull red heat, cooling, and weighing again. 

6. When difficulty in filtering is experienced—for instance, 
when Trinidad asphalt is present in any amount—a period of 
longer Subsidence than 15 minutes is necessary, and the follow- 
ing method proposed by the committee on standard tests for road 
materials of the American Society for Testing Materials is 
recommended : 

7. From 2 to 15 grams (depending on the richness in bitumen 
of the substance) are weighed into a 150 cubic centimeter Erlen- 
meyer flask, the tare of which has been previously ascertained, 
and treated with 100 cubie centimeters of carbon disulphide. The 
flask is then loosely corked and shaken from time to time until 
practically all large particles of the material have been broken 
up, when it is set aside and not disturbed for 48 hours. The 
solution is then decanted off into a similar flask that has been 
previously weighed, as much of the solvent being poured off as 
possible without disturbing the residue. The first flask is again 
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treated with fresh carbon disulphide and shaken as before, when 
it is put away with the second flask and not disturbed for 48 
hours. 

8. At the end of this time the contents of the two flasks are 
carefully decanted off upon a weighed Gooch crucible fitted with 
an asbestos filter, the contents of the second flask be:ng passed 
through the filter first. The asbestos filter shall be made of 
ignited long-fiber amphibole, packed in the bottom of a Gooch 
crucible to the depth of not over one-eighth of an inch. After 
passing the contents of both flasks through the filter, the two 
residues are shaken with more fresh carbon disulphide and set 
aside for 24 hours without disturbing, or until it is seen that a 
good subsidation has taken place, when the solvent is again de- 
eanted off upon the filter. This washing is continued until the 
filtrates or washings are practically colorless. 

9. The crucible and both fiasks are then dried at 125° C. and 
weighed. The filtrate containing the bitumen is evaporated, the 
bituminous residue burned; and the weight of the ash thus ob- 
tained added to that of the residue in the two flasks and the 
crucible. The sum of these weights deducted from the weight 
of substance taken gives the weight of bitumen extracted. 

NotTre.—This method for recovery of mineral material should also 
be used in case of asphalt topping and rock asphalt if analyzed as 
previously described. 

DETERMINATION OF BITUMEN INSOLUBLE IN CARBON 
TETRACHLORIDE. 

1. This determination is conducted in exactly the same manner 
as described under ‘“‘ Determination of bitumen soluble in carbon 
disulphide,” using 100 cubic centimeters of chemically pure carbon 
tetrachloride as a solvent in place of carbon disulphide. 

2. The percentage of bitumen insoluble is reported upon the 
basis of total bitumen taken as 100, as described under “ De- 
termination of bitumen insoluble in paraffin naphtha.” 

DETERMINATION OF BITUMEN INSOLUBLE IN PARAFFIN: 
NAPHTHA. 

1. This determination is made in the same general manner as 
the total bitumen determination, except that 100 cubic centimeters 
of 86° to 88° Baumé paraffin naphtha, at least 85 per cent dis- 
tilling between 35° and 65° C., is employed as a solvent instead 
of carbon disulphide. Considerable difficulty is sometimes ex- 
perienced in breaking up some of the heavy semisolid bitumens; 
the surface of the material is attacked, but it is necessary to re- 
move some of the insoluble matter in order to expose fresh ma- 
terial to the action of the solvent. It is, therefore, advisable to 
heat the sample after it is weighed, allowing it to cool in a thin 
layer around the lower part of the flask. If difficulty is still 
experienced in dissolving the material, a rounded glass rod will be 
found convenient for breaking up the undissolved particles. Not 
more than one-half of the total amount of naphtha required 
should be used until the sample is entirely broken up. The bal- 
ance of the 100 cubic centimeters is then added, and the flask 

. is twirled a moment in order to mix the eontents thoroughly, 
after which it is corked and set aside for 30 minutes. 

2. In making the filtration the utmost care should be exercised 
to avoid stirring up any of the precipitate, in order that the filter 
may not be clogged and that the first decantation may be as com- 
plete as possible. The sides of the flask should then be quickly 
washed down with naphtha and, when the crucible has drained, 
the bulk of insoluble matter is brought upon the felt. Suction 
may be applied when the filtration by gravity almost ceases, but 
should be used sparingly, as it tends to clog the filter by packing 
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Oven. 

Thermometer. 

=~ 

the precipitate too tightly. The material on the felt should never 
be allowed to run entirely dry until the washing is completed, as 
shown by the colorless filtrate. When considerable insoluble 
matter adheres to the flask no attempt should be made to remove 
it completely. In such cases the adhering material is merely 
washed until free from soluble matter and the flask is dried with 
the erucible at 100° C. for about one hour, after which it is 
cooled and weighed. The percentage of bitumen insoluble is 
reported upon the basis of total bitumen taken as 100. 

3. The difference between. the material insoluble in carbon 
disulphide and in the naphtha is the bitumen insoluble in the 
latter. Thus, if in a certain instance it is found that the ma- 
terial insoluble in carbon disulphide amounts to 1 per cent and 
that 10.9 per cent is insoluble in naphtha, the percentage of 
bitumen insoluble would be calculated as follows: 

Bitumen insoluble in naphtha 10.9—1 9.9 
aa =; =>, = 10 per cent. 

Total bitumen 7 li. 

TEST FOR LOSS ON HEATING OF OIL AND ASPHALTIC 
COMPOUNDS. 

(A. S. T. M. standard method, = designation D 6—20, slightly modi- 
ed. ) 

1. This test is used to determine the loss in weight (exclusive 
of water) of oil and asphaltic compounds when heated as here- 
inafter prescribed. The material under examination must there- 
fore first be tested for water, and if water is found to be present 
it must be removed by suitable methods of dehydration before the 
material is subjected to the loss-on-heating test, or another sam- 
ple obtained which is free from water. 

I. APPARATUS. 

2. The oven may be either circular or rectangular in form and 
may be heated by either gas or electricity. Its interior dimen- 
sions Shall be approximately as follows: Height, not less than 
40.64 centimeters (16 inches) ; width and depth or diameter, at 
least 5.08 centimeters (2 inches) greater than the diameter of 
the revolving shelf. 

It shall be well ventilated and shall be fitted with a window in 
the upper half of the door, so placed and of sufficient size to per- 
mit the accurate reading of the thermometer without opening the 
door. It shall also be provided with a perforated circular shelf, 
preferably of approximately 24.8 centimeters (9.75 inches) in 
diameter. This shelf shall be placed in the center of the oven and 
shall be suspended by a vertical shaft and provided with me- 
chanical means for rotating it at the rate of five or six revolu- 
tions per minute. It shall be provided with recesses equidistant 
from the central shaft in which the tins containing the samples 
are to be placed. 

3. The thermometer shall be between 12.7 centimetres (5 
inches) and 15.24 centimeters (6 inches) in length, and the mer- 
cury bulb shall be from 10 to 15 millimeters (0.39 to 0.59 inch) 
in length. The scale shall be engraved on the stem, shall be clear 
cut and distinct, and shall run from 150° to 175° C. (302° to 
347° F.) in 1° C. divisions and shall commence substantially 3.81 
centimeters (14 inches) above the top of the bulb. Every fifth 
graduation shall be larger than the intermediate ones and shall be 
numbered. The degrees shall be substantially 3.17 millimeters 
(one-eighth inch) apart. The thermometer shall be furnished 
with an expansion chamber at the top and have a ring for at- 
taching tags. It shall be made of a suitable quality of glass and 
shall be so annealed as not to change its readings under condi- 
tions of use. It shall be correct to 0.25° C. (0.45° F., as deter- 
mined by comparison at full immersion with a similar thermom- 

a 
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eter calibrated at full immersion by the United States Bureau of 
Standards. 

4, The container in which the sample is to be tested shall be of Container. 
tin, cylindrical in shape, and shall have a flat bottom. Its inside 
dimensions shall be substantially as follows: Diameter, 55 milli- 
meters (2.17 inches) ; depth, 35 millimeters (1.38 inches). (A 
3-ounce gill style ointment box, deep pattern, fulfills these require- 
ments.) For cold-application road oils the container shall be a 
2-ounce can approximately 60 millimeters in diameter and 20 

millimeters deep. 

II. PREPARATION OF SAMPLE. 

5. The sample as received shall be thoroughly stirred and agi- 
tated, warming, if necessary, to insure a complete mixture before 
the portion for analysis is removed. 

III. PROCEDURE. 

6. Weigh 50 grams of the water-free material to be tested into Method of test. 
a tared container conforming to the requirements of section 4. 
For cold-application road oils use 20 grams of material. Bring 
the oven to a temperature of 163° C. (325° F.) and place the tin 
box containing the sample in one of the recesses of the revolving 
shelf. The thermometer shall be immersed for the depth of its 
bulb in a separate 50-gram sample of the material under test, 
placed in a similar container, and shall be conveniently suspended 
from the vertical shaft. This sample shall rest in one of the 
recesses upon the same shelf and revolve with the sample or 
samples under test. Then close the oven and rotate the shelf 
five to six revolutions per minute during the entire test. Main- 
tain the temperature at 163° C. (325° F.) for five hours, then 
remove the sample from the oven, cool, and weigh, and calculate 
the loss due to volatilization. 

7. During the five-hour period the temperature shall not vary 
more than 1° ©. All tests showing a greater variation in tem- 
perature shall be rejected. 

8. Under ordinary circumstances a number of samples having 
about the same degree of volatility may be tested at the same 
time. Samples varying greatly in volatility should be tested 
separately. Where extreme accuracy is required, not more than 
one material should be tested at one time, and duplicate samples 
of it should be placed simultaneously in the oven. Such dupli- 
cates shall check within the limits of accuracy given below. 
Results obtained on samples showing evidence of foaming during 
the test shall be rejected. 

IV. ACCURACY. 

9. Up to 5 per cent loss in weight, the results obtained may be 
considered as correct within 0.5. Above 5 per cent loss in weight. 
the numerical limit of error increases 0.01 for every 0.5 per cent 
increase in loss by volatilization, as follows: 

ee ee ee 

Volatiliza- | Numerical} True volatili- 
| tion loss. decagesy zation loss. 

f 

Per cent. | Per cent. 
3 5.0 +0. 50 4.50 to 5.50 
F 5.5 + .51 4.91 to 6.01 

6.0 + 252 5.48 to 6.52 
) 0:05") “+ .60 9. 40 to 10. 60 
’ 15. 0 + .70 14. 30 to 15. 70 
7 25.0 + .90 24. 10 to 25. 90 

40.0 +1.20 38. 80 to 41. 20 

a 

: Notr.—If additional periods of heating are desired, it is recom- 
- mended that they be made in successive increments of five hours 
7 each. When other tests of the sample after heating are required, 
- melt the residue in the container at the lowest possible temperature 

and thoroughly mix by stirring, taking care to avoid incorporating 
air bubbles in the mass. 
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TEST FOR FLASH AND FIRE POINTS BY MEANS OF 
OPEN CUP. 

(A. S. T. M. tentative ee aa Tne D 92-21 T, slightly 

Flash cup. 

Thermometer. 

1. (a) The open-cup flash shall be determined in the Cleve- 
land open cup, or by method 2 (b). 

(6) The method used shall be stated in the report of the test. 

APPARATUS. 

2. (a) The flash cup proper shall be made of brass and shall 
have the following dimensions: 

Dimensions. | Tolerances. | Dimensions. } Tolerances. 

Inches. Inches. Centimeters, | Centimeters. 
Inside diameter........... 21% +34 6. 350 +0. 079 
Outside diameter.......-- 2h ty 6. 826 + .079 
Inside height. .........-.. 1,5, tay 3. 334 + .079 
Thickness of bottom...... % tay -318 + .040 
Depth of filling mark be- 
low top of cup.......... % +; - 953 + .040 

The cup shall be heated by contact with a metal plate one- 
quarter inch (0.635 centimeter) thick and 6 inches (15.24 centi- 
meter) wide. (The plate may be of any suitable metal and may 
be either circular or square.) In the center of the plate there 
shall be a plane depression one-thirty-second inch (0.079 centi- 
meter) deep and of diameter just sufficient to fit the cup. The 
plate shall be covered with a sheet of hard asbestos board one- 
quarter inch (0.635 centimeter) thick and of the same shape as 
the metal plate. There shall be cut in the center of the asbestos 
board a circular hole just fitting the cup. The metal plate may 
be heated in any convenient manner. The use of a gas burner, 
electric heater, or alcohol lamp is permitted. If a flame heater 
is used, it may be protected from drafts or excessive radiation 
by any suitable type of shield that does not project above the level 
of the upper surface of the asbestos board. 

(b) The cup proper shall be a 3-ounce gill type can 55 milli- 
meters in diameter and 35 millimeters in depth. The can shall 
be heated in a sand bath of a diameter approximately twice that 
of the can. The sand shall be about one-quarter inch deep beneath 
the can and an additional amount of sand shall be spread around 
the can, so as to surround it to a depth of one-half inch. 

3. The thermometer shall conform to the following specifica- 
tions: . 

Type: Etched-stem glass. 
Total length: 805 millimeters. 
Stem: Plain front, enamel back, suitable thermometer tubing. 

Diameter, 6 to 7 millimeters. 
Bulb: Corning Normal, Jena 16 III, or equally suitable thermo- 

metric glass. Length, 13 millimeters maximum. Diameter, not 
greater than stem. 

Actuating liquid: Mercury. 
Range: 20° to 760° F. 
Immersion: 1 inch. The words “1 in. immersion” shall be 

etched on the stem and also a line around the stem to indicate 
the depth of immersion. 

Distance to 20° line from bottom of bulb: 40 to 50 millimeters. 
Distance to 760° line from top of stem: 30 to 45 millimeters. 
Filled: Nitrogen gas. 
Top finish: Red glass ring. 
Graduation: All lines, figures, and letters clear-cut and dis- 

tinct. Scale graduated in 5° divisions. Scale numbered every 20°, 
the first and each succeeding 10° F. line to be longer than the 
others, 
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Special marking: “A. S. T. M. open flash,” serial number, and 
manufacturers name or trade-mark etched on stem. 

Accuracy: Error at any point on scale shall not exceed one-half 
of the smallest scale division up to 700° F. 

Test for permanency of range: After being subjected to a tem- 
perature of 700° F. for 24 hours the accuracy shall be within the 
limit specified. 

Points to be tested for certification : 32°, 212°, 400°, 700° F. 

PROCEDURE. 

4. (a) The thermometer shall be suspended or held in a ver- Method of test. 
tical position by any suitable device. The bottom of the bulb 
shall be one-quarter inch (0.635 centimeter)” from the bottom 
of the cup and above a point halfway between the center and back 
of the cup. 

(6) The cup shall be filled with the oil to be tested in such a 
manner .that the top of the meniscus is exactly at the filling line 
at room temperature. The surface of the oil shall be free from 
bubbles. There shall be no oil above the filling line or on the 
outside of the apparatus. 

(c) The test flame shall be approximately five thirty-seconds 
inch (0.397 centimeter) in diameter. 

NotTe.—For purposes of comparison it is reeommended that a bead 
of suitable light-colored material be mounted in a convenient position 
so that the size of the test flame can be determined. The device for 
applying the flame may be of any suitable type, but it is suggested 
that the tip be approximately one-sixteenth inch (0.159 centimeter) 
in diameter at the end and that the orifice be one thirty-second inch 
(0.079 centimeter) in diameter. If the device for operating the test 
flame be mounted in such a manner as to permit automatic duplica- 
tion of the sweep of the test flame, the radius of swing shall be not 
less than 6 inches. 

(d) The test flame shall be applied as the temperature read on 
the thermometer reaches each successive 5° F. mark. The flame 
shall pass in a straight line (or on the circumference of a circle 
having a radius of at least 6 inches) across the center of the cup 
and at right angles to the diameter passing through the ther- 
mometer. The test flame shall, while passing across the surface 
of the oil, be in the plane of the upper edge of the cup. The time 
for the passage of the test flame across the cup shall be approxi- 
mately 1 second. 

(e) The rate of heating of the oil shall be such that the tem- 
perature read on the thermometer increases not less than 9° nor 
more than 11° F. per minute. 

5. The flash point shall be taken as the temperature read on 
the thermometer when a flash appears at any point on the surface 
of the oil. The true flash must not be confused with a bluish 
halo that sometimes surrounds the test flame. 

6. After determining the flash point the heating shall be con- 
tinued at the specified rate, and application of the test flame shall 
be made at the specified intervals until the oil ignites and con- 
tinues to burn for a period of at least 5 seconds. The tempera- 
ture read when this occurs shall be taken as the fire point. 

7. The flash-point and fire-point tests shall be made in a room 
or compartment free from air drafts. The operator shall avoid 
breathing over the surface of the oil. It is desirable that the 
room or compartment be darkened sufficiently so that the flash 
may be readily discernible. 

TEST FOR PENETRATION OF BITUMINOUS MATERIALS. 
(A. 8. T. M. standard method, moot, Saas D 5-21, slightly modi- 

1 

I. DEFINITION. 

1. Penetration is defined as the consistency of a bituminous ma- 
terial, expressed as the distance that a standard needle vertically 

78The immersion line engraved on the thermometer stem will be one- 
sixteenth inch (0.159 centimeter) below the level of the rim of the cup. 

_—eeer 
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Container. 

Needle. 

Water bath. 

Penetration 
machine. 

Transfer 
dish. 

Preparation 
of sample. 

Method of test. 

penetrates a sample of the material under known conditions of | 
loading, time, and temperature. Where the conditions of test are 
not specifically mentioned, the load, time, and temperature are 
understood to be 100 grams, 5 seconds, 20° C. (77° F.), respee- 
tively, and the units of penetration to indicate hundredths of a 
centimeter. 

I]. APPARATUS. 

2. The container for holding the material to be tested shall be 
a flat-bottom, cylindrical dish, 55 millimeters (27. inches) in 
diameter and 35 millimeters (12 inches) deep.* 

3. The needle for this test shall be a cylindrical steel rod 50.8 
millimeters (2 inches) long, having a diameter of 1.01 to 1.02 mil- 
limeters and having a taper of 6.34 to 6.36 millimeters measured 
on the axis. After tapering, the point shall be ‘“ blunted” by 
grinding off to a truncated cone, the smaller base of which shall 
be from 0.14 to 0.16 millimeters in diameter. A Roberts No. 2 
parabola needle checked against the standard needle may be used. 

4. The water bath shall be maintained at a temperature not 
varying more than 0.1° C. from 25° C. (77° F.). The volume of 
v ater shall be not less than 10 liters and the sample shall be 
immersed to a depth of not less than 10 centimeters (4 inches) 
and shall be supported on a perforated shelf not less than 5 centi- 
meters (2 inches) from the bottom of the bath. 

5. Any apparatus which will allow the needle to penetrate with- 
out appreciable friction, and which is accurately calibrated to 
yield results in accordance with the definition of penetration, will 
be acceptable. 

6. The transfer dish for the container shall be a small dish or 
tray of such capacity as will insure complete immersion of the 
container during the test. It shall be provided with some means 
which will insure a firm bearing and prevent rocking of the con- 
tainer. 

Ill. PREPARATION OF SAMPLE. 

7. The sample shall be completely melted at the lowest possi- 
ble temperature and stirred thoroughly until it is homogenous 
and free from air bubbles. It shall then be poured into the sam- 
ple container to a depth of less than 15 millimeters (five-eighths 
inches). The sample shall be protected from dust and allowed to 
cool in an atmosphere not lower than 18° C. (65° F.) for one 
hour. It shall then be placed in the water bath along with the 
transfer dish and allowed to remain one hour. 

IV. PROCEDURE. 

8. (a) In making the test the sample shall be placed in the 
transfer dish filled with water from the water bath of sufficient 
depth completely to cover the container. The transfer dish 
containing the sample shall be placed upon the stand of the pene- 
tration machine. The needle loaded with specified weight, shall 
be adjusted to make contact with the surface of the sample. This 
may be accomplished by making contact of the actual needle point 
with its image reflected by the surface of the sample from a 
properly placed source of light. Either the reading of the dial 
shall then be noted or the needle brought to zero. The needle 
is then released for the specified period of time, after which the 
penetration machine is adjusted to measure the distance pene- 
trated. 

At least three tests shall be made at points on the surface of 
the sample not less than 1 centimeter (three-eighths inch) from 
the side of the container and not less than 1 centimeter (three- 

144This requirement is fulfilled by the American Can Co.’s gill style 
ointment box, deep pattern, 3-ounce capacity. 
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eighths inch) apart. After each test the sample and transfer 
dish shall be returned to the water bath and the needle shall be 
carefully wiped toward its point with a clean, dry cloth to re- 
move all adhering bitumen. The reported penetration shall be 
the average of at least three tests whose values shall not differ 
more than four points between maximum and minimum. 

(b) When desirable to vary the temperature, time, and weight, 
and, in order to provide for a uniform method of reporting re- 
sults when variations are made, the samples shall be melted and 
cooled in air as above directed. They shall then be immersed in 
water or brine, as the case may require, for one hour at the tem- 
perature desired. The following combinations are suggested: 

At 0° C. (32° F.) 200 grams weight, 60 seconds. 
At 46.1° C. (115° F.) 50 grams weight, 5 seconds. 

FLOAT TEST FOR BITUMINOUS ROAD MATERIALS. 

(A. 8. T. M. eeuttiye method, serial designation, D 139-22 T, slightly 
modified. ) 

I. APPARATUS. 

1. The float shall be made of aluminum alloy and shall be in Float 
accordance with the following requirements: : 

Minimum.| Normal. | Maximum. 

VCE TO OL ee ae grams. . 37. 80 37.95 38.10 
Total height of float............-. millimeters. - 34.0 30: 0.5 | 36.0 
Height of rim above lower side of shoulder 

» ELS oa Ue ee See millimeters. - 26.5 27.0 2h 5 
Thickness of shoulder..............----- Q....| 1.2 1.4 1.6 
Diameter of opening --...........----.--- do. 10.7 11.1 1155 
Height of rim above water with load of. 
5 COTS Sea er millimeters. - 7.0 8.5 10.0 

| | 

2. The collar shall be made of brass and shall be in accordance Colla 
with the following requirements: a 

Minimum. Normal. | Maximum. 

IE a ne grams... 9.9 9.95 10.0 
Over-all height of collar-.......-- millimeters. . 22.3 22.5 2264 
Inside diameter at bottom.............- dos 12.78 12. 80 12. 82 
Inside diameter at top.-...............-- do.... 9. 66 9. 68 9.70 

3. The thermometer shali conform to the following specifica- 
tions: 

Total length: 370 to 400 millimeters (14.57 to 15.75 inches). 
Diameter: 6.5 to 7.5 millimeters (0.256 to 0.295 inch). 
Bulb length: Not over 14 millimeters (not over 0.55 inch). 
Bulb diameter: 4.5 to 5.5 millimeters (0.177 to 0.217 inch). 

The scale shall be engraved upon the stem of the thermometer, 
shall be clear-cut and distinct, and shall run from 0° to 80° CG 
(32° to 176° F.) in 0.2° C. divisions. It shall commence not less 
than 75 millimeters (2.95 inches) above the bottom of the bulb. 
The thermometer shall be furnished with an expansion chamber 
at the top and have a ring for attaching tags. It shall be made 
of a Suitable quality of glass and shall be so annealed as not to 
change its readings under conditions of use. It shall be correct 
to 0.25° C. (0.45° F.) as determined by comparison at full im- 
mersion with a similar thermometer calibrated at full immersion 
by the United States Bureau of Standards. 

4. The minimum diameter of the bath shall be twice the diam- 
eter of the float; the minimum depth of water shall be equal to 
the diameter of the bath. 

Thermometer. 

7 
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Preparation 
of sample. 

Method of test. 

Il. PREPARATION OF SAMPLE. 

5. The sample shall be completely melted at the lowest possible 
temperature, heating only sufficiently to bring the product into a 
fluid condition, but not above 850° F., and stirred thoroughly 
until it is homogeneous and free from air bubbles. 

The brass collar shall be placed with the smaller end on a 
brass plate which has been previously amalgamated with mer- 
cury by first rubbing it with a dilute solution of mereuric chlo- 
ride or nitrate and then with mercury. The sample shall be 

| 
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Fie. 2.—Aluminum float for float test. 

poured into the collar in any convenient way until slightly more 
than level with the top. It shall be cooled to room temperature, 
placed in water maintained at 5° ©. for 5 minutes, after which the 
surplus material shall be removed by means of a spatula, or steel 
knife, which has been slightly heated. The collar and plate shall 
then be placed in a tin cup containing ice water maintained at 
5° ©, 1° C., and left in this bath for at least 15 minutes. 

Ill. PROCEDURE. 

6. (a) The bath shall be filled with water and the water heated 
to the temperature at which the test is to be made. This tem- 
perature shall be accurately maintained and shall at no time 
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throughout the test be allowed to vary more than 0.5° C. from the 
temperature specified. 

(6) After the material to be tested has been kept in the ice 
water for not less than 15 minutes nor more than 20 minutes, the 
collar with its contents shall be removed from the plate and 
screwed into the aluminum float and immersed in water at 5° C. 
for 1 minute. Any water shall then be removed from the inside 
of the float and the latter immediately floated in the warm bath. 
As the plug of material becomes warm and fluid, it is forced up- 
ward and out of the collar until the water gains entrance into the 
saucer and causes it to sink. 

(c) The time in seconds between the placing of the apparatus 
on the water and the instant when the water breaks through the 
material shall be determined by means of a stop watch, and shall 
be taken as a measure of the consistency of the material under 
examination. 

Nots.—Special precaution should be taken to insure the collar fit- 
ting tightly into the float and to see that there is no seepage of 
water between the collar and float during the test. 

TEST FOR SOFTENING POINT OF BITUMINOUS MATE- 
RIALS (RING-AND-BALL METHOD). 

(A. 8. T. M. standard method, serial designation D 36-21, slightly 
modified.) 

1. The softening of bituminous materials generally takes place 
at no definite moment or temperature. As the temperature rises, 
they gradually and imperceptibly change from a brittle or ex- 
ceedingly thick and slow-flowing material to a softer and less 
viscous liquid. For this reason the determination of the soften- 
ing point must be made by a fixed, arbitrary, and closely de- 
fined method if the results obtained are to be comparable. 

I. APPARATUS. 

2. The apparatus shall consist of the following: 
(a) A brass ring 15.875 millimeters (five-eight inch) in inside 

diameter and 6.385 millimeters (one-quarter inch) deep; thick- 
ness of wall, 2.38 millimeters (three thirty-second inch); per- 
missible variation of inside diameter and thickness of ring, 0.25 
millimeters (0.01 inch). This ring shall be attached in a con- 
venient manner to a No. 13 B. & S. gauge brass wire (diameter 
1.88 millimeters=6.0720 inch). (See fig. 3.) 

(b) A steel ball 9.53 millimeters (three-eighth inch) in diam- 
eter weighing between 3.45 and 3.55 grams. 

(c) A glass vessel, capable of being heated, not less than 
8.5 centimeters (3.34 inches) in diameter and measuring 10.5 
centimeters (4.13 inches) in depth from the bottom of the flare. 
(A 600 cubic centimeter beaker, low form, meets this require- 
ment. ) 

(d) A thermometer which shall conform to the following 
specifications: 

Total length: 370 to 400 milimeters (14.57 to 15.75 inches). 
Diameter: 6.5 to 7.5 millimeters (0.0256 to 0.295 inch). 
Bulb length: Not over 14 millimeters (not over 0.55 inch). 
Bulb diameter: 4.5 to 5.5 millimeters (0.177 to 0.217 inch). 

The scale shall be engraved upon the stem of the thermometer, 
shall be clear-cut and distinct, and shall run from 0° to 80° C. 
(32° to 176° F.) in 0.2° C. divisions. It shall commence not less 
than 7.5 centimeters (2.95 inches) above the bottom of the bulb. 
The thermometer shall be furnished with an expansion chamber 
at the top and have a ring for attaching tags. It shall be made 
of a suitable quality of glass and shall be so annealed as not 
to change its readings under conditions of use. It shall be 
correct to 0.25° C. (0.45° F.) as determined by comparison at 
full immersion with a similar thermometer calibrated at full 
immersion by the United States Bureau of Standards. 

57 
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Preparation 
of sample. 

Method of 
test— 

materials of 
low softening 
points. 

Il. PREPARATION OF SAMPLE. 

3. The sample shall be melted and stirred thoroughly, avoid- 
ing incorporating air bubbles in the mass, and then poured into 
the ring so as to leave an excess on cooling. The ring, while 
being filled, should rest on a brass plate which has been amal- 

gamated to prevent the bituminous material from adhering to it. 
After cooling, the excess material shall be cut off cleanly with 
a slightly heated knife. 

No. /5 B&5S Gage 

Brass Wire--... 

Proper Position 

of Ball. 
Assembly 

of Apparatus. 

Fic. 3.—Apparatus for ring-and-ball method. 

II]. PROCEDURE. 

(A) Brruminous Marertan Havine Sorrentna Points 80° C. 
(176° F.) or BELow. 

4. Assemble the apparatus as shown in Figure 3. Fill the 
glass vessel to a depth of substantially 8.25 centimeters (3.25 
inches) with freshly boiled, distilled water 5° C. (41° F.). 
Place the ball in the center of the upper surface of the bitumen 
in the ring and suspend it in the water so that the lower sur- 
face of the filled ring is exactly 2.54 centimeters (1 inch) above 
the bottom of the glass vessel and its upper surface is 5,08 cen- 
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timeters (2 inches) below the surface of the water. Allow 
it to remain in the water for 15 minutes before applying heat 
Suspend the thermometer so that the bottom of the bulb is 
level with the bottom of the ring and within 0.635 centimeters 
(one-quarter inch) but not touching the ring. 

Nore.—More than one ring may be used at one time. 

5. Apply the heat in such a manner that the temperature of 
the water is raised 5° C. (9° F.) each minute. 

6. The temperature recorded by the thermometer at the in- 
stant the bituminous material touches the bottom of the glass 
vessel shall be reported as the softening point. 
~ 7. The rate ef rise of temperature shall be uniform and shall 
not be averaged over the period of the test. The maximum per- 
missible variaton of any minute period after the first three 
shall be +0.5° C. (0.9° F.). All tests in which the rate of rise 
in temperature exceeds these limits shall be rejected. 

(A) Brruminous MATERIALS HAVING SOFTENING POINTS ABOVE 

SAl-C!. (476" ; Fy: 

8. To use the same method as given under (A), except that 
glycerin shall be used instead of water, and that the thermome- 
ter shall conform to the following specifications: 

Total length: 370 to 400 millimeters (14.57 to 15.75 inches). 
Diameter: 6.5 to 7.5 millimeters (0.256 to 0.295 inch). 
Bulb length: Not over 14 millimeters (not over 0.55 inch). 
Bulb diameter: 4.5 to 5.5 millimeters (0.177 to 0.217 inch). 

The graduations shall be from 30° to 160° C. in 0.5°C. and 
shall be clear-cut and distinct. The 30° mark shall be at least 
75 millimeters above the bottom of the bulb. The length be- 
tween the 30° mark and the 160° mark shall be between 230 
and 275 millimeters. 

The thermometer shall be furnished with an expansion cham- 
ber at the top and have a ring for attaching tags. It shall be 
made of a suitable quality of glass and shall be so annealed as 
not to change its readings under conditions of use. It shall 

be correct to 0.25° C. (0.45° F.) as determined by comparison 
at full immerson with a similar thermometer calibrated at full 
immersion by the United States Bureau of Standards. 

IV. PRECAUTIONS. 

9. The use of freshly boiled distilled water is essential, as 
otherwise air bubbles may form on the specimen and affect the 
accuracy of the results. Rigid adherence to the prescribed rate 
of heating is absolutely essential in order to secure accuracy 
of results. 

A sheet of paper placed on the bottom of the glass vessel 
and conveniently weighted will prevent the bituminous ma- 
terial from sticking to the glass vessel, thereby saving consid- 
erable time and trouble in cleaning. 

V. ACCURACY. 

10. The limit of accuracy of the test is + 0.5° C. (0.9° F.). 

METHOD FOR DETERMINATION OF SPECIFIC VISCOSITY. 

The viscosity of fluid bituminous road materials may be de- 
termined at any suitable temperature by means of the Engler 
viscosimeter. This apparatus is shown in Figure 4, and may be 
described as follows: a is a brass vessel for holding the material 
to be tested, and may be closed by the cover b. To the conical 
bottom of a is fitted a conical outflow tube, c, exactly 20 milli- 
meters long, with a diameter at the top of 2.9 millimeters and at 
the bottom of 2.8 millimeters. This tube can be closed and opened 
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Method of test. 

by the pointed hardwood stopper d. Pointed metal projections 
are placed on the inside of a at equal distances from the bottom 
and serve for measuring the charge of material, which is 240 — 
cubic centimeters. The thermometer e is used to ascertain the © 
temperature of the material to be tested. The vessel a is sur- 
rounded by a brass jacket, f, which holds the material used as a 
heating bath, either water or cottonseed oil, according to the 
temperature at which the test is to be made. A tripod, g, serves 
as a support for the apparatus and also carries a ring burner, h, 
by means of which the bath is directly heated. The measuring 
cylinder of 50 cubic centimeter capacity, which is sufficiently 
accurate for work with road materials, is placed directly under 
the outflow tube. 

As all viscosity determinations should be compared with that 
of water at 25° C., the apparatus should be previously calibrated 

as follows: The cup and outlet tube should first be scrupulously 

cleaned. <A piece of soft tissue paper is convenient for cleaning 

the latter. The stopper is then inserted in the tube and the cup 

filled with water at 25° C. to the top of the projections. The 

measuring cylinder should be placed directly under the outflow 

tube so that the material, upon flowing out, will not touch the 

sides, and the stopper may then be removed. The time required 
for 50 cubic centimeters to run out should be ascertained by 
means of a stop watch, and the results so obtained should be 
checked a number of times. The time required for 50 cubic centi- 
meters of water should be about 11 seconds. 

Bituminous road materials are tested in the same manner as 
water, and the temperature at which the test is made is con- 
trolled by the bath. The material should be brought to the 
desired temperature and maintained there for at least three 
minutes before making the test. The results are expressed as 
specific viscosity compared with water at 25° C., as follows: 

Specifie viscosity at A° C. = 
seconds for passage of 50 cubic centimeters at A’ C 

seconds for passage of 50 cubic centimeters of water at 25° C. 
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TEST FOR DUCTILITY OF BITUMINOUS MATERIALS. 

(A. S. T. M. tentative method, serial designation D 113-21 T., slightly 
modified. ) 

1. The ductility of an asphalt cement or semisolid bitumen is 
the distance to which it will elongate before breaking when two 
ends of a briquet of the material are pulled apart at a specified 
speed and at a specified temperature. When the conditions of 
the test are not specifically mentioned, the rate and the tempera- 
ture are understood to be 5 centimeters per minute at 25° C. 
i dite SEE 

APPARATUS. 

2. The mold shall be as shown in Figure 5. It shall be made Mold. 
of brass, the ends, B and B’, being known as clips, and the parts 
A and A’, as sides of the mold. The dimensions of the mold shall 
be as follows: 

Total length (internal) : 7.45 to 7.55 centimeters. 
Distance between clips: 2.97 to 3.06 centimeters. 
Width of clips at mouth: 1.98 to 2.02 centimeters. 
Width of briquet at minimum cross section (halfway be- 

tween clips) : 0.99 to 1.01 centimeters. 
Thickness of briquet throughout: 0.99 to 1.01 centimeters. 

Up, omy, JY 

Fic. 5.—Ductility mold. 

53. The water bath shall be maintained at a temperature not Water bath. 
varying more than 0.1° C. from 25° C. (77° F.). The volume of 
water shall be not less than 10 liters and the sample shall be im- 
mersed to a depth of not less than 10 centimeters and shall be 
supported on a perforated shelf not less than 5 centimeters from 

the bottom of the bath. 
4. Any apparatus may be used for pulling the briquet of bitu- Dnuctility 

men apart that is so constructed that the briquet will be con- apparatus. 
tinuously immersed in water and the two clips pulled apart at 
a uniform speed of 5 centimeters per minute. 

PROCEDURE. 

5. The asphalt cement or bituminous material to be tested shall Method of test. 
be completely melted at such a temperature that it will be 
thoroughly fluid—with ordinary paving asphalt cement this is 
about 160° C. (320° F.). It shall then be strained through a 50- 
mesh sieve and, after a thorough stirring, poured into the mold. 
The mold shall be assembled on a brass plate and, so as to pre- 
vent the material under test from sticking, the surface of the 

plate and the interior surfaces of the side pieces A A’ of the mold 
shall be thoroughly amalgamated. In filling the mold, care shall 

be taken not to disarrange the parts and thus distort the briquet. 
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Flask. 

Thermometer. 

In filling, the material shall be poured in a thin stream back and 
forth from end to end of the mold until it is more than level full. 
It shall then be left to cool in the air at a temperature not lower 
than 15.5° C. (60° F.), for 30 minutes, after which the excess of 
bitumen shall be cut off by means of a hot putty knife or spatula 
so that the mold shall be just level full. 

6. The brass plate and mold, with briquet, shall then be placed 
in the water bath and kept at a temperature of 25° C. (77° F.) 
for at least 14 hours, when the briquet shall be removed from the 
plate and the side pieces detached. 

7. The rings on the clips shall then be attached to the pins or 
hooks in the ductility machine and the two clips pulled apart at a 
uniform speed of 5 centimeters per minute (+5 per cent). While 
the test is being made the water in the tank of the ductility 
machine shall cover the sample by at least 25 centimeters and 
shall be kept continuously at a temperature within 0.5° C. of 
25° C. (77° F.). When the specimen of bituminous material 
breaks, the distance from the original position of the clip before 
pulling to its present position shall be measured, and shall be 
known as the ductility. The average of three tests shall be taken, 
excepting that any abnormal result shall be rejected. 

TEST FOR DISTILLATION OF BITUMINOUS MATERIALS 
SUITABLE FOR ROAD TREATMENT. 

(A. S. T. M. standard method, serial designation D 20-18, slightly 
modified. ) 

1. The sample as received shall be thoroughly stirred and agi- 
tated, warming, if necessary, to insure a complete mixture before 
the portion for analysis is removed. 

2. The distillation test shall be made on the sample as received, 
unless the sample shows in the distillation test water in excess of 
3 per cent. In that case the sample shall be previously dehy- 
drated in accordance with the following method: About 500 cubie 
centimeters of the material are placed in an 800 cubic centimeter 
copper still provided with a distilling head connected with a 
water-cooled condenser. <A ring burner is used, starting with a 

small flame at the top of the still and gradually lowering it, if 
necessary, until all the water has been driven off. The distillate 
is collected in a 200 cubie centimeter separatory funnel, with the 
tube cut off close to the stopcock. When all the water has been 
driven over and the distillate has settled out, the water is drawn 
off and the oils returned to the residue in the still. The contents 
of the still shall have cooled to below 100° ©. before the oils are 
returned, and they shall be well stirred and mixed with the 

residue. 
3. The apparatus shall consist of the following standard parts: 
(a) Flask.—The distillation flask shall be a 250 cubic centi- 

meter Engler distilling flask, having the following dimensions: 

Diameter of bulb: 8 centimeters. 

Length of neck: 15 centimeters. 
Diameter of neck: 1.7 centimeters. 
Surface of material to lower side of tubulature: 11 centi- 

meters. 
Length of tubulature: 15 centimeters. 
Diameter of tubulature: 0.9 centimeter. 
Angle of tubulature: 75°. 

A variation of 3 per cent from the above measurements will be 

allowed. 
(b) Thermometer—The thermometer shall conform to the fol- 

lowing requirements: 
It shall be made of thermometric glass of a quality equivalent 

to suitable grades of Jena or Corning make. It shall be thor- 
oughly annealed. It shall be filled above the mercury with inert 
gas which will not act chemically on or contaminate the mercury. 
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The pressure of the gas shall be sufficient to prevent separation 
of the mercury column at all temperatures of the scale. There 
shall be a reservoir above the final graduation large enough so 
that the pressure will not become excessive at the highest tem- 
perature. The thermometer shall be finished at the top with a 
small glass ring or button suitable for attaching a tag. Each 
thermometer shall have for identification the maker’s name, a 
serial number, and the letters “A. S. T. M. Distillation.” 

The thermometer shall be graduated from 0° to 400° GC. at in- 
tervals of 1° C. Every fifth graduation shall be longer than the 
intermediate ones, and every tenth graduation beginning at zero 
shall be numbered. The graduation marks and numbers shall be 
clear-cut and distinct. 

The thermometer shall conform to the following dimensions: 

Total length, maximum: 385 millimeters. 
Diameter of stem: 7 millimeters; permissible variation, 

0.5 millimeters. 
Diameter of bulb, minimum, 5 millimeters, and shall not 

exceed diameter of stem. 
Length of bulb: 12.5 millimeters; permissible variation. 

2.5 millimeters. 
Distance from 0° to bottom of bulb: 30 millimeters; per- 

missible variation, 5.0 millimeters. 
Distance from 0° to 400°: 295 millimeters: permissible 

variation, 10.0 millimeters. 

The accuracy of the thermometer when delivered to the pur- 
chaser shall be such that when tested at full immersion the 
maximum error shall not exceed the following: 

From 0° to 200° C: 0.5° C. 
From 200° to 300° C.: 1.0° C. 
From 300° to 375° C.: 15° C. 

The sensitiveness of the thermometer shall be such that when 
cooled to a temperature of 74° C. below the boiling point of water 
at the barometric pressure, at the time of test, and plunged into 
free flow of stream, the meniscus shall pass the point 10° C. be- 
ow the boiling point of water in not more than six seconds. 
The thermometer shall be set up as for the distillation test. 

using water, naphthalene, and benzophenone as distilling liquids. 
The correctness of the thermometer shall be checked at 6° and 
100° C. after each third distillation until seasoned. 

(c) Condenser.—The condenser tube shall have the following 
dimensions: 

Adapter: 70 millimeters. 
Length of straight tube: 185 millimeters. 
Width of tube: 12 to 15 millimeters. 
Width of adapter end of tube: 20 to 25 millimeters. 

(d) Stand—One iron stand with a universal clamp for hold- 
ing the condenser, and a light grip arm with a cork-lined clamp 
for holding the flask, shall be provided. 

(e) Burner and shield.—A Bunsen burner shall be provided, 
with a tin shield 20 centimeters long by 9 centimeters in diameter. 
The shield shall have a small hole for observing the flame. 

(f) Cylinders—The cylinders used in collecting the distillate 
shall have a capacity of 25 cubic centimeters and shall be gradu- 
ated in 0.1 centimeter. 

4. The apparatus shali be set up as shown in Figure 6, the ther- 
mometer being placed so that the top of the bulb is opposite the 
middle of the tubulature. All connections should be tight. 

5. One hundred cubic centimeters of the dehydrated material to 
be tested shall be placed in a tared flask and weighed. After 
adjusting the thermometer, shield, condenser, ete., the distilla- 
tion is commenced, the rate being so regular that 1 cubic centi- 
meter passes Over every minute. The receiver is changed as the 
mercury column just passes the fractionating point. 

Condenser. 

Barner. 

Cylinders. 
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To determine the amount of residue, the flask is weighed again 
when distillation is complete. During the distillation the con- 
denser tube shall be warmed when necessary to prevent the depo- 
sition of any sublimate. The percentages of fractions shall be 
reported by weight. 

Fic. 6.—Distillation apparatus, 

DETERMINATION OF PERCENTAGE OF RESIDUE OF 
DESIRED PENETRATION. 

Fifty grams of the oil are placed in a 3-ounce deep, seamless 
tin box; the box is placed in a sand bath and heated over a 
Bunsen burner. A thermometer is suspended in the oil, the bulb 
not touching the bottom of the box. The temperature of the oil 
is kept at from 249° to 260° C. (480° to 500° F.) and the oil is 
stirred from time to time with the thermometer to prevent over- 
heating in any part. Depending upon the nature of the oil, as 
usually indicated by its flash, consistency at 25° C. (77° F.), and 
specific gravity, the operator can with experience tell about what 

percentage it will be necessary to evaporate before cooling and 
taking a penetration of the residue. It is sometimes necessary to 
make several trials before the desired result is obtained. When 
the required penetration is reached, the residue left from evapora- 
tion is weighed and its per cent of the original sample taken is 
computed, 

a ee 

ee ee 
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METHOD FOR EXAMINATION OF BITUMINOUS MIXTURES. 
f 

A. CENTRIFUGAL METHOD. 

The aggregate is prepared for analysis by heating it in an 
enamel-ware pan on the hot plate until it is sufficiently soft to 
be thoroughly disintegrated by means of a large spoon. Care 
must be taken, however, that the individual particles are not 
crushed. If a section of pavement is under examination, a piece 
weighing somewhat over 1 kilogram may be cut off with hammer 
and chisel. The disintegrated aggregate is then allowed to cool. 
Not less than 500 grams of aggregate containing particles larger 
than three-quarters inch in diameter or 200 grams of aggregate 
with all particles smaller than three-quarters inch are placed 
in the bowl of the centrifuge extractor, and a ring three-quarters 
of an inch wide, cut from felt paper, is fitted on the rim, after 
which the cover plate is placed in position and drawn down 
tightly by means of the milled nut. If the bitumen is to be 
recovered and examined, the felt ring should be treated pre- 
viously in the empty extractor with a couple of charges of 
carbon disulphide in order to remove any small amount of 
grease or resin that may be present, although a proper grade of 
felt should be practically free from such products. The bowl 
is then placed on the motor shaft of the extractor and the slot 
and pin are carefully locked. An empty bottle is placed under 
the spout and 150 cubic centimeters of carbon disulphide (carbon 
tetrachloride, benzoi, or chloroform may also be used as solvents) 
is poured into the bowl through the small holes. After allow- 
ing the material to digest for a few minutes, the motor is 
started, slowly at first in order to permit the aggregate to dis- 
tribute uniformly. The speéd should then be increased sufficiently 
by means of the regulator to cause the dissolved bitumen to flow 
from the spout in a thin stream. When the first charge has 
drained, the motor is stopped and a fresh portion of disulphide 
is added. This operation is repeated from four to six times 
with 150 cubic centimeters of disulphide. With a little expe- 
rience the operator can soon gauge exactly what treatment is 
necessary for any given material. When the last addition of 
Solvent has drained off, the bowl is removed and placed with 
the cover plate uppermost on a sheet of manila paper. The 
cover plate and felt ring are carefully laid aside on the paper 
and, when the aggregate is thoroughly dry, it can be brushed 
on a pan of the rough balance and weighed. The difference 
between this weight and the original weight taken shows the 
amount of bitumen extracted. The aggregate may then be 
tested as occasion requires. 
When it is desired to examine the bitumen, or recover the 

solvent, a suitable distillation apparatus may be used, taking 
necessary precautions when handling inflammable solvents. 

The solution of bitumen should be allowed to stand overnight 
in order to permit the settling of any fine mineral matter that 
is sometimes carried through the felt ring in the extractor. The 
solution is then decanted into the flask, and the solvent is driven 
off by means of heat from an incandescent lamp until the residue 
is of a thick sirupy consistency. Meanwhile the solvent is con- 
densed and recovered in the flask. The residue is poured into 
an-11-centimeter porcelain evaporating dish and evaporated on 
a steam bath. The most scrupulous care must be taken at all 
times that no flames are in its immediate vicinity. Evaporation 
is carried on at a gentle heat, with continual stirring, until 
foaming practically ceases. It is advisable to have a large watch 
glass at hand to smother the flames quickly should the material 
ignite. As the foaming subsides, the heat of the steam bath 
may be gradually raised, and evaporation continued until the 
bubbles beaten or stirred to the surface of the bitumen fail to 
give a blue flame or odor of sulphur dioxide when ignited by 

67096°—24——_5 

Centrifagal 
method. 
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Hot extraction 
method. 

a Small gas jet. The dish of bitumen should then be set in a 
hot-air oven maintained at 105° C. for about an hour, after 
which it should be allowed to cool. Its general character 
is noted and any tests for bitumens that are necessary are then 
made upon it. 
The difference between the final aggregate and the orignal 

amount taken gives the amount of bitumen extracted, which 
is subject to correction, dependent on the amount of ash deter- 
mined from the washings. 

Ash correction shall be made in the following manner: The 
total solution of bitumen, well stirred, is rapidly measured and 
an aliquot portion taken, usually 100 cubie centimeters, and 
poured into a previously weighed suitable flat-bottom dish, pref- 
erably quartz. The solvent is evaporated over a very low flame 
and the residual coke is then ignited with a burner capable of 
furnishing high temperature, such as a Meker. (Caution: When 
an inflammable solvent is used evaporation should be conducted 
on a steam bath and care should be taken that no flames are in 
the immediate vicinity.) The dish and contents are then cooled 
in a desiccator and the percentage of ash calculated. 

B. Hor Extraction METHOD. 

The New York Testing Laboratory extractor consists of a large 
brass cylinder, through the bottom of which projects a 16-can- 
dlepower incandescent carbon-filament bulb to supply heat to 
the extraction apparatus proper, which is held in the upper por- 
tion of the cylinder. This apparatus is composed of a cylindrical 
brass vessel for holding the solvent, a cylindrical wire basket 
made of 80-mesh wire cloth, suspended in the cylinder, and an 
inverted conical condenser which serves as a top. 
The aggregate is prepared for analysis by heating it in a tin 

dish on the hot plate until it is sufficiently soft to be disintegrated 
by means of a large spoon. The disintegrated aggregate is then 
allowed to cool. Not less than 500 grams of aggregates contain- 
ing particles larger than three-quarters inch in diameter or 200 
grams of aggregates with all particles smaller than three-quarters 
inch are then closely packed in the wire basket or suitably sized 
extraction thimbles and covered with a disk or wad of absorbent 
cotton or felt. From 175 to 200 cubic centimeters of carbon di- 
sulphide (carbon tetrachloride, benzol, or chloroform may be 
used) are next placed in the inside vessel, in which the wire 
basket should be suspended. The top is then placed in position 
and cooling water circulated through it. Heat is applied by 
means of the electric-light bulb. The solvent is boiled in the 
lower part of the extractor and condenses on the undersurface of 
the top, from which it drips upon the wad of absorbent cotton and 
then percolates through the sample. A complete extraction may 
be made in three hours. At the end of this time the apparatus is 
allowed to cool and the basket containing the extracted aggregate 
carefully removed, After thoroughly drying, the aggregate is 
placed upon a pan of the rough balance and weighed. The differ- 
ence between this weight and the original weight taken shows the 
amount of bitumen extracted, which is calculated upon a per- 
centage basis of the original. This figure should be corrected for 
fine mineral matter which passes through the meshes of the wire 
basket, as follows: The solution of extracted bitumen is thor- 
oughly agitated and measured in a glass graduate. Five or ten 
cubic centimeters are then poured into a weighed platinum cruci- 
ble or dish, burned, and ignited to ash. The amount of mineral 
matter in the entire solution may then be calculated from the 
amount of ash produced from that portion ignited. The total 
percentage of such ash is then deducted from the percentage of 
bitumen already calculated in order to obtain the true percentage 
of bitumen. The amount of this correction will ordinarily vary 
from 0.1 per cent in uniformly coarse aggregates to 1 or 2 per cent 
in the analysis of aggregates containing a considerable amount of 
very fine mineral matter. 
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SUGGESTED METHOD FOR EXAMINATION OF BITUMINOUS MORTARS. 

Bituminous mortars may be extracted by the use of bronze Bitamimonus 
tubes which are capable of being whirled in the type of centrifuge mortars. 
similar to the Babcock milk tests. This method is based on de- 
cantation of the supernatant solvent. The difference between the 
zummount of final aggregate and the original amount taken gives the 
amount of bitumen extracted, which is subject to correction by 
deducting the amount of ash determined from the washings. The 

ash correction to be made as given under A. 

MECHANICAL ANALYSIS OF EXTRACTED AGGREGATES. 

(A. S. T. M. standard method, serial designation D 19-16, slightly 

modified.) 

The mineral aggregate left after extraction of the bituminous 
material shall be dried at not over 110° C. (230° F.) to a constant 
weight. It shall be separated by the use of a screen having open- 
ings one-quarter inch in diameter. The portion retained on the 

screen shall be examined in accordance with the method for me- 
chanical analysis of broken stone, etc. The portion passing this 
screen shall be examined in accordance with the method for the 
mechanical analysis of sand or other fine aggregate, except that 
the percentage of 200-mesh material shall be determined as fol- 
lows: A 10-mesh sieve shall be superimposed on a 200-mesh sieve 
and the aggregate placed on the 10-mesh sieve. The material is 
then immersed and gently oscillated in a bath of gasoline until all 
fine materiat has been washed off. The washed material is then 
dried and weighed. The weight of material passing the 200-mesh 
Sieve may be obtained as follows: 
Weight of total mineral aggregate (including weight of mineral 

material recovered from extract) minus weight of material re- 
tained on sieve gives weight of mineral matter passing 200-mesh 
sieve. 

The mechanical analysis shall be recorded in the following - 

manner: 
| Per cent. 

Peso 200-miesh Sieve = 23 a 
| Passing 80-mesh sieve and retained on a 
| We aL ES pees 6 oe il 2 tb ak an 2 ee ae eresrt sas 
| Passing 40-mesh sieve and retained on a 
| LES DT SOS Sic 0 a 2 ao a 
| Passing 10-mesh sieve and retained on a 

enRIIE aE Su = RS ee ee ki eee 

. 

Passing one-quarter-inch sereen and re- 
Peneewurn, WO-miest Sieve. 

Passing one-half-inch screen and retained 
Ge Swone-Guarier-inch screens? SL 

Passing three-quarter-inch screen and re- 
baiped. on a_.one-half-inech screen_...—  — ~~. 

100. 00 

In the sieve analysis of the sand fraction, the following sizes 
of sieves shall be used: 10-mesh, 40-mesh, SO0-mesh, and 200-mesh. 

MECHANICAL ANALYSIS OF BROKEN STONE OR BROKEN 
aaa s EXCEPT AGGREGATES USED IN CEMENT CON- 

(A. S. T. M. standard method, serial designation D 18-16, slightly 
modified. ) 

The method shall consist of (1) drying at not over 110° C. 
(230° F.) to constant weight a sample weighing in pounds six 
times the diameter in inches of the largest holes required; (2) 
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passing the sample through such of the following sizes of screens 
having circular openings as are required or called for by the speci- 
fications, screens to be used in order named: 34 inch (8.89 centi- 
meters), 3 inch (7.62 centimeters), 24 inch (6.85 centimeters), 
2 inch (5.08 centimenters), 14 inch (3.81 centimeters), 1} inch 
(3.18 centimeters), 1 ineh (2.54 centimeters), three-quarter 
inch (1.09 centimeters), one-half inch (1.27 centimeters), one- 
quarter inch (0.64 centimeters) ; (3) determining the percentage 
by weight retained on each screen; and (4) recording the me- 
chanical anaylsis in the following manner: 

Per cent. 

Passing one-quarter-inch screen_____-___ 
Passing one-half-inch screen and retained 

on a one-quarter-inch screen_—___-____ 
Passing three-quarter-inch screen and re- 

tained on a one-half-inch screen ___—____ 
Passing 1-inch screen and retained on a 

three-quarter-inch screen_-.—_-_~.____- 
Passing 14-inch screen and retained on a 

1-inch screen 

MECHANICAL ANALYSIS GF SAND OR OTHER FINE HIGH- 
WAY MATERIAL, EXCEPT FINE AGGREGATES USED IN 
CEMENT CONCRETE. 

=_— 

(A. S. T. M. standard method, serial designation D 7-18, slightly 
modified. ) 

The method shall consist of (1) drying at not over 110° C. 
(230 F.) to constant weight a sample weighing 50 grams; (2) 
passing the sample through each of the mesh sieves (American 
Society for Testing Materials standard sieves) specified in 
Table 3; “(3) determining the percentage by weight retained 
on each sieve, the sifting being continued on each sieve until 
less than 1 per cent of the weight retained on each sieve shall 
pass through the sieve during the last minute of sifting; and 
(4) recording the mechanical analysis in the following man- 
mer: 

Per cent, 

Passing 200-mesh sieve (22° 9 es A ee 
Passing S80-mesh sieve and retained on 
POO-MeSs “sieve. = ts ee es ies ee ee aes 

-assing 40-mesh sieve and ‘retained on 80- 

Mesh: sieve 2.9 LE Sie Ae Nee A eee eee are 
Passing 10-mesh sieve and retained on 40- 

Mesh sleeves ak 2 eS ee cong ty 0 AS See 

100. 00 

sai! 8 order in whtel the sieves are to be used in the process of sifting 
is immaterial and shall be left optional; but in reporting results the order 
in which the sieves have been used shall be stated. 
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Taste 3.—A. S. JT. M. standard sieves. 

} 
Permissible varia- | 

=. : tions. 
Mesh desig- | [pit of Actual | Opening | ,. Vite | o | 

nation. nivofmeasure. (mesh. | OPPMN8-| diameter. |——— ee 
| | Mesh. |Diameter.| 

4 | 
| | 

| Centimeter... ...-| 3.9 | 0.200 | 0.056 40.04 | +0.005 
Saag [i ue naa 9.9 | .079 1022 | £01 | +.002 | 
20 fCentimeter. . .... .=- 8 SO! << ie OU) le p02 +.0015 

Sue ee Le ee eee 20.3 | 0885 | 0157 | £0.5 | +.0006 
0 sCentimeter.......- Pe etes .050 °°} * 033° f° *+0.4° F £.0012 
“cosas Ete eae | 30.5 | .0197 | 0130 | +1.0 | £.0005 
40 Centimeter... ....-- 16 | -036 |  .026 +0.6 | +.0010 
= ae 40.6 ; .0142 | .0102 ; +1.5 | 4.0004 

50 Centimeter........ ie Ao Mea 021 +0.8 | +.0010 
bpH- eat Inch -......-......| 50.8 { 0114 . 0083 + +. 0004 

Centimeter.......- 31 017 O15 +1 +.0008 | 
ves taey [ eigataee 78.7 | .0067 | .0059 | +3 | +.0003 | 

Centimeter.......- ag corehagia* (ote 1- * £1 +. 0008 
= Geen sd, 2h 99.1 | 10055 | 0046 | 43 | +.0008 | 
200 Centimeter... ...--- 79 is a? 0053 +3 +.0005 | 

Beane ee esha eS | 200.7 | 0029 0021 +8 +. 0002 

~ Note—It is recommended that the 10, 40, 80, and 200 mesh sieve be used. 

METHOD FOR DETERMINATION OF FINENESS OF 
MINERAL FILLER. 

1. The fineness test of mineral filler shall be made on a 200- 
mesh sieve which meets the requirements of the 200-mesh sieve 
specified for Portland centent. 

2. The test shall be made with 50 grams of filler. The sieve 
shall be thoroughly clean and dry. The filler shall be placed on 
the No. 200 sieve, with a pan and cover attached, if desired, and 
shall be held in one hand in a Slightly inclined position so that 
the sample will be well distributed over the sieve, at the same 
time gently striking the side about 150 times per minute against 
the palm of the other hand on the upstroke. The sieve shall be 
turned every 25 strokes about one-sixth of a revolution in the 
same direction. The operation shall continue until not more than 
0.05 gram passes through in one minute of continuous sieving. 
The fineness shall be determined from the weight of the residue 
on the sieve expressed as a percentage of the weight of the 
original sample. 

3. Mechanical sieving devices may be used, but the filler shall 
not be rejected if it meets the fineness requirement when tested 
by the hand method described in section 2. 

TEST FOR WATER IN EMULSIONS. 

The percentage of water may be obtained by the method for de- 
termination of water in bituminous material, without the addition 

of naphtha or benzol, or by the calcium chloride method. 

CALCIUM CHLORIDE METHOD FOR DETERMINATION OF PER 

CENT WATER IN BITUMINOUS EMULSIONS. . 

Approximately 10 grams of the emulsion is accurately weighed 
in an Erlenmeyer flask and exactly 25 cubic centimeters of a 10 
per cent solution of calcum chloride added and thoroughly agi- 
tated by shaking. The liquid content of the flask is then poured 
into a graduated cylinder. Carbon disulphide is ‘hen added to 
the Erlenmeyer fiask and the separated asphalt dissolved and 
washed with carbon disulphide into the graduated cylinder above 
referred to containing the decanted liquid. The total contents of 
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the cylinder are then thoroughly shaken and after standing the 
quantity of separated supernatant water read. 

A—B 
Calculations: Per cent water= ~- q@ X 200 

A=+volume of supernatant water. \ 

&B=volume of 10 per cent calcium chloride solution originally 
used. 

C = weight of emulsion taken for water determination. 

TEST FOR WATER IN BITUMINOUS MATERIAL. 

(A. 8. T. M. tentative method, serial designation D 114—21 T.) 

1. The apparatus shall consist of a copper still, 6 inches by 34 
inches inside diameter, with an adjustable ring burner to fit the 
still. The still shall be provided with a connecting tube, a con- 
denser trough, a condenser tube, and a separatory funnel. A 

thermometer, 0° to 250° C., shall be provided. The apparatus 
shall be set up as shown in Figure 7. 

Thermometer 

gt fi i, Connecting 53 
ia Tube re: 

Condenser 

Separator j | 
furnne I ae 

CCEEGEDCGEITy | 

Fig. 7.—Apparatus for dehydration test. 

2. Fifty cubie centimeters of coal-tar naphtha or light oil shall 
be measured into a 250 cubic centimeter graduated cylinder, and 
200 cubic centimeters of the material to be tested shall be added. 
In the case of petroleum products, petroleum naphtha may be 
substituted for the coal-tar naphtha. The contents shall be 
transferred to the copper still and the cylinder shall be washed 
with 100 to 150 cubic centimeters more of naphtha, and the wash- 
ings added to the contents of the still. The lid and clamp shall 
be attached, using a paper gasket. The condenser trough shall 
be filed with water. Heat shall be applied by means of the ring 
burner, and the distillation continued until the vapor temperature 
has reached 205° C. (401° F.). The distillate shall be collected 
in the separatory funnel, in which 15 to 20 cubic centimeters of 
benzol or naphtha have been previously placed in order to effect 
a clean separation of the water and oil, The reading shall be 
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made after twirling the funnel and allowing the contents to settle 
for a few minutes. The percentage shall be computed by volume, 
The naphtha or light oil used shall be tested to determine free- 

dom from water. 
8. The accuracy obtainable by this method is within 0.1 per 

cent. 
4. Every precaution must be taken to insure a representative 

sample. Bituminous materials containing separated water are 
especially difficult to sample. 

METHODS OF SAMPLING AND ANALYZING CREOSOTE OIL. 

(A. S. T. M. standard methods, serial designation D 38-18 slightly 
modified. ) 

SAMPLING. 

1. Wherever the oil is being loaded or discharged by means of Sampling. 
a pump the following method shall be used: 

A one-half inch sampling pipe shall be inserted in the line 

through which the oil is being pumped, on the discharge side of 

9.§EM. 

Fic. 8.—Copper still. 

the pump, preferably in a rising section of the pipe line. This 
sampling pipe shall extend one-half way to the center of the main 
pipe and with the inner open end of the sampling pipe turned at 
an angle of 90° and facing the flow of the liquid. This pipe shall 
be provided with a plug cock and shall discharge into a receiver of 
50 to 100 gallons capacity. The plug cock shall be so adjusted 
that, with a steady continuous fiow of the oil. the receiver shall 
be filled in the time required to pump the entire shipment. The 
receiver shall be provided with a steam coil sufficient to keep the 
contents at a temperature not exceeding 120° F. Immediately 
upon completion of the pumping, the contents of the receiver shall 
be very thoroughly agitated and a duplicate 1-quart sample taken 
immediately for the test. The amount of the drip sample col- 
lected shall be not less than 1 gallon for each 1,000 gallons of oil 
handled, except in the case of large boat shipments, where a 
Maximum of 100 gallons is sufficient. 
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ANALYSIS. 

Water TEST. 

2. (a) Still—A vertical, cylindrical copper still, with removy- 
able flanged top and yoke, of the form and approximate dimensions 
shown in Figure 8 shall be used. 

(b) Thermometer.—The standard distillation thermometer, as 
specified under “ Distillation,” section 9 (e), shall be used. 

(c) Condenser.—A copper trough condenser shall be used, with 
straight-walled glass tube, having approximately the form and 
dimensions shown in Figure 9. 

(d) Separatory funnel—A separatory funnel of the form shown 
in Figure 9 shall be used, having a total capacity of 120 cubic 
centimeters, and the outlet graduated in fifths of a cubic centi- 
meter. 

3. The apparatus shall be set up as shown in Figure 9. 
4. When any measurable amount. of water is present in the dis- 

tillate below 210° C. on testing in accordance with part D on 

.-- Thermometer 

Se eet 
I, Connecting | l 
KA Tube | 

ae Oe 
Tr} Condenser : 

ie te % Separatory i 
A a Funnel, 3 

Ss ( Capacity eS) 
tg feave) 9 n ns 
a : r 

ae Graduated Copper raduate ; 
A Shi i ; 

1 ‘ 

| | | | le. 

Fic. 9.—Assembled apparatus for water test. 

“ Distillation,” the oil and water in this fraction shall be sep- 
arated, if possible, and measured separately. If more than 2 per 
cent of water is present, or if the water is apparently present to 
an extent in excess of 2 per cent, but,an accurate separation is 
impossible, the percentage of water present shall be determined 
by the following method, and the water-free oil so obtained shall 

be used in the distillation test: 
Measure 200 cubic centimeters of oil in a graduated cylinder 

and pour into copper still, allowing the cylinder to drain into the 
still for several minutes. Attach lid and clamp, using a paper 
gasket slightly wet with oil around the flange of the still. Apply 
heat by means of the ring burner, which shall be placed just above 



SAMPLING AND TESTING HIGHWAY MATERIALS. 

the level of the oil in the still at the beginning of the test and 
gradually lowered when most of the water has distilled over. 
Continue the distillation until the vapor temperature, indicated 
by the thermometer with the bulb opposite the offtake of the con- 
necting tube, reaches 205° C. Collect distillate in separatory 
funnel. When the distillation is completed and a clear separation 
of water and oil in the funnel has taken place, read the water by 
volume and draw off; and return any light oil distilled over with 
the water to the oil in the still. The dehydrated oil from the 
still shall be used for the distillation test. 

MATTER INSOLUBLE IN BENZOL. 

5. (a) Eatractor—The extractor may be of any form in which 
the oil is subjected to direct washing by the boiling vapors of the 
solvent. 

(ob) Filtering medium.—tThe filtering medium may be either two 
thicknesses of S. & S. No. 575 hardened filter paper, 15 centimeters 
in diameter, arranged in cup shape by folding symmetrically, or 
alundum thimbles, flat bottom, 30X80 RA 98. _ If filter papers are 
used, prior to using they shall be soaked in benzol to remove any 
grease, dried in a steam oven and kept in a desiccator until ready 
to be used. The filter-paper cup may be suspended in the ex- 
tractor flask by a wire basket hung from two small hooks on the 
undersurface of the metal cover of the flask. If the alundum 
thimble is used, it may be supported by making two perforations 
in the top of the thimble and suspending from the cover by 
German silver or platinum wires. 

6. Weigh 10 grams of dry oil in a 100 cubic centimeter beaker. 
Add about 50 cubic centimeters of pure benzol and transfer at 
once to the filter cup. The filter cup or thimble is previously 
weighed, and the paper cup shall always be kept in a weighing 
bottle until ready for use. Wash out the beaker with benzol, 
passing all washings through the filter cup, and place latter at 
once in the extraction apparatus. Extractor shall contain a suit- 
able quantity of pure benzol. Sufficient heat to boil the solvent 
shall be provided by means of an electric heater or a steam bath. 
Continue the extraction until the descendng solvent is practically 
colorless, and remove the filter cup and dry in steam oven until 
all solvent is driven off; cool in desiccator and weigh. ‘The 
balance used for this purpose should be accurate to 0.5 milligram. 

SPECIFIC GRAVITY. 

7. (a) Hydrometer—The hydrometer shall have the follow- 
ing dimensions: 

Length of stem: 125 millimeters; permissible variation, 
12.5 millimeters. 

Length of bulb: 105 millimeters; permissible variation, 
10.5 millimeters. 

Length of scale: 80 millimeters; permissible variation, 8.0 
millimeters. 

Diameter of stem: 6 millimeters; permissible variation, 0.5 
millimeters. 

Diameter of bulb: 22 millimeters: permissible variation, 
2.0 millimeters. 

A set of two hydrometers with ranges 1.00 to 1.08 and 1.07 to 
1.15 will suffice. 

(b) Cylinder—The cylinder shall have the following dimen- 
sions: 

Length: 300 millimeters; permissible variation, 30 milli- 
meters. 

Diameter: 32 millimeters; permissible variation, 8 milli- 
meters. ; 

8. The oil shall be brought to a temperature of 38° C. (100° 
F.), and the determination shall be made at that temperature 
unless the oil is not entirely liquid at 38° C. In case the oil 
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Distillation 
retort. 

requires to be brought to a higher temperature than 38° C. in — 
order to render it completely fiuid, it shall be tested at the 
lowest temperature at which it is completely fiuid and a cor- 
rection made by adding 0.0008 to the observed specific gravity 
for each degree centigrade above 38° ©. at which the test is 
made. This correction factor does not apply with equal acecu- 
racy to all oils, but serious error due to its use will be avoided 
if the foregoing precaution is observed with respect to avoiding 
unnecessarily high temperature. Before taking the _ specific 
gravity the oil in the cylinder should be stirred thoroughly with 
a glass rod, and this rod when withdrawn from the liquid should 
show no solid particles at the instant of withdrawal. Care 
should be taken that the hydrometer does not touch the sides 
or bottom of the cylinder when the reading is taken and that 
the oil surface is free from froth and bubbles. 

DISTILLATION. 

9. (a) Retort.—This shall be a tubulated glass retort of the 
form and approximate dimensions shown in Figure 10 with a 
capacity of 250 to 290 cubic centimeters. The capacity shall be 
measured by placing the retort with the bottom of the bulb 
and the end of the offtake in the same horizontal plane, and 
pouring water into the bulb through the tubulature until it 
overflows the offtake. The amount remaining in the bulb shall 

be considered its capacity. 

Approx. lem. 
K+ ” 

Capacity of Bulb: Dea Fe 

weet Approx. 2.85 cm. 

250 fo 290 ce. ee / 

Condenser 
tube. 

‘Shield. 

Recewwers. 

Thermometer. 

Fic. 10.—Retort for distillation test. 

(b) Condenser tube—The condenser tube shall be a suitable 

form of tapered glass tubing of the following dimensions: 
Diameter of small end: 12.5 millimeters; permissible vari- 

ation, 1.5 millimeters. 
Diameter of large end: 28.5 millimeters; permissible vari- 

ation 3.0 millimeters. 
Length: 360.0 millimeters; permissible variation, 4.0 milli- 

meters. 
(c) Shield.—An asbestos shield of the form and approximate 

dimensions shown in Figure 11 shall be used to protect the re- 
tort from air currents and to prevent radiation. This may be 
covered with galvanized iron, as such an arrangement is more 

convenient and more durable. 
(d) Receivers.—Erlenmeyer flasks of 50 to 100 cubic centi- 

meter capacity are the most convenient form. 
(e) Thermometer-—The thermometer shall conform to the fol- 

lowing requirements : 
The thermometer shall be made of thermometric glass of a 

quality equivalent to suitable grades of Jena or Corning make. 
It shall be thoroughly annealed. It shall be filled above the 
mercury with inert gas which will not act chemically on or 
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contaminate the mercury. The pressure of the gas shall be suf- 
ficient to prevent separation of the mercury column at all tem- 
peratures of the scale. There shall be a reservoir above the 
final graduation large enough so that the pressure will not be- 
come excessive at the highest temperature. The thermometer 
shall be finished at the top with a small glass ring or button 
suitable for attaching a tag. Each thermometer shall have for 
identification the maker’s name, a serial number, and the letters 
“A. S. T. M. Distillation.” 

The thermometer shall be graduated from 0° to 400° C. at 
intervals of 1° C. Every fifth graduation shall be longer than 

the intermediate ones. and every tenth graduation beginning at 

ad 2 

eS | | pig sock 

¥ 

nes 

\S 

| 
| 
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Fic. 11.—Asbestos shield. 

zero shall be numbered. The graduation marks and rumbers 
shall be clear-cut and distinct. 

The thermometer shall conform to the following dimensions: 
Total length, maximum: 385 millimeters. 
Diameter of stem: 7 millimeters; permissible variation, 

0.5 millimeter. 
Diameter of bulb, minimum: 5 millimeters; and shall not 

exceed diameter of stem. 
Length of bulb: 12.5 millimeters; permissible variation 

2.5 millimeters. 
Distance, 0° to bottom of bulb: 30 millimeters; permissible 

variation, 5 millimeters. 
Distance, 0° to 400° : 295 millimeters; permissible variation, 

10 millimeters. 

3 
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Method of test. 

The accuracy of the thermometer when delivered to the pur- 
chaser shall be such that when tested at full immersion the 
maximum error shall not exceed the following: 

From: 0°xt0°200°4C: 10:5° -C: 
Wrom: 200% to! 800°.) |1:0°. 6: 
300°:to STS %@21152'e 

The sensitiveness of the thermometer shall be such that when 
cooled to a temperature of 74° C. below the boiling point of water 
at the barometric pressure at the time of test and plunged inte 
free flow of steam the meniscus shall pass the point 10° C. below 
the boiling point of water in not more than six seconds. 

10. The retort shall be supported on a tripod or rings over two 
sheets of 20-mesh gauze, 6 inches square, as shown in Figure 12. 
It shall be connected to the condenser tube by a tight cork joint. 
The thermometer shall be inserted through a cork in the tubula- 
ture with the bottom of the bulb one-half inch from the surface 
of the oil in the retort. The exact location of the thermometer 
bulb shall be determined by placing a vertical rule graduated in 
divisions not exceeding one-sixteenth inch back of the retort when 
the latter is in position for the test, and sighting the level of the 
liquid and the point for the bottom of the thermometer bulb. The 
distance from the bulb of the thermometer to the outlet end of 
the condenser tube shall be not more than 24 nor less than 20 
inches. The burner should be protected from drafts by a suitable 
shield or chimney (see fig. 12). 

11. Exactly 100 grams of oil shall be weighed into the retort, the 
apparatus assembled, and heat applied. The distillation shall be 
conducted at the rate of at least 1 drop and not more than 2 
drops per second, and the distillation collected in .weighed re- 
ceivers. The condenser tube shall be warmed whenever necessary 
to prevent accumulation of solid distillates. Fractions shall be col- 
lected at the following points: 210°, 235°, 270°, 315°, and 355° C. 
The receivers shall be changed as the mercury passes the dividing 
temperature for each fraction. When the temperature reaches 
355°, the flame shall be removed from the retort, and any oil which 
has condensed in the offtake shall be drained in the 355° fraction. 

The residue shall remain ‘n the retort with the cork and the 
thermometer in position until no vapors are visible; it shall then 
be weighed. If the residue is to be further tested, it shall then 
be poured directly into the brass collar used in the float test * 
or into a tin box and covered and allowed to cool to air tempera- 
ture. If the residue becomes so cool that it can not be poured 
readily from the retort, it shall be reheated by holding the bulb 
of the retort in hot water or steam, and not by the application 
of flame. 

For weighing the receivers and fractions, a balance accurate to 
at least 0.05 gram shall be used. 

During the progress of the distillation the thermometer shall 
remain in its original position. No correction shall be made for 
the emergent stem of the thermometer. 
When any measurable amount of water is present in the dis- 

tillate it shall be separated as nearly as possible and reported 
separately, all results being calculated on a basis of dry oil. 
When more than 2 per cent of water is present, water-free oil 
shall be obtained by separately distilling a larger quantity of oil, 
returning to the oil any oil carried over with the water, and using 
dried oil for the final distillation. (See ‘“ Water test.’’) 

SPECIFIC GRAVITY OF FRACTIONS. 

12. As specific gravity is an absolute physical determination, 
any recognized method which can be applied to the quantity and 
quality of material at hand to be tested must be considered satis- 
factory. The following methods are convenient and accurate 
means for the relatively small amounts of oil available in deter- 
mining specific gravity of fractions to be tested. 

16 See “ Float test of residue,” p. 78. 
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(A) LIQUID FRACTIONS. 

13. The Westphal balance may be used. 
14. If the fraction to be tested is liquid at a temperature not Specific 

exceeding 60° C., the Westphal balance can be used with con- gravity liquid 
venience and rapidity. A special type of Westphal balance is fractions. 
obtainable, designed for testing very small quantities. However, 
the ordinary type of Westphal balance can be adapted to testing 
small fractions by the use of a special plummet. When using the 
erdinary balance with the special plummet, extra care is needed 
that the adjustment of the balance be accurately made. The 
plummet can readily be made in the laboratory from a piece of 
ordinary glass tubing 7 millimeters outside diameter, sealed at 
the end, and melting into the glass where sealed a short platinum 
wire. After cooling, place 9 to 10 grams of mercury in the tube, 
making a column 35 to 40 millimeters high. Seal off the tube 
within 20 millimeters of the top of the mercury column with a 
blowpipe flame. The plummet shall have a length of about 55 to 
60 millimeters over all, and shall weigh between 10 and 12 grams. 

Therrnomefer 

Cork Stopper 
silo 

Wire Gauze, 
20 Mesh. 

V4: LM1 11 U7, U1 11. Y YZ 

Fic. 12.—Assembled apparatus for distillation test. 

(B) SOLID AND SEMISOLID FRACTIONS. 

15. A pan having the following approximate dimensions may Specific 

be used. | gravity solid 
Diameter of base: 20 millimeters. and semisolid 
Diameter of top: 25 millimeters. fractions. 
Depth: 12 millimeters. 
Diameter of wire: 1 millimeter. 
Total weight: 7 grams. 

The pan and wires are made of platinum or nickel. 
16. Solid or semisolid fractions of oil which can not be readily 

liquefied can be rapidly and accurately tested in this apparatus 

by the usual method of weighing in air and in water. The usual 
precautions of igniting the pan before use, and avoiding the in- 
closure of air or water in the sample, should be observed. : 

NoTe.—The method for liquid fractions is usually applicable to 
the fractions 235° to 315° C., and the method for solid and semi- 
solid fractions to the fraction 315° to 355° C. 
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Crashing test. 

FLOAT TEST OF RESIDUE. 

17. The float test of the residue shall be made in aceordance 

with the “Float test for bituminous road materials.” 

METHODS OF SAMPLING AND TESTING DRAIN TILE 
AND CULVERT PIPE. 

METHODS FOR TEST OF DRAIN TILE, CLAY CULVERT 
PIPE, AND CEMENT-CONCRETE CULVERT PIPE, PLAIN 
OR REINFORCED. 

(Methods from A. S. T. M. standard specifications, serial designations C 
14-20 and C 4-21, slightly modified.) 

1. The physical tests of tile and pipes shall include: Crushing 
test, absorption test, and freezing and thawing tests, at option 
of the purchaser. 

2. The specimens to be tested shall be selected by the pur- 
chaser or his representative at the point or points designated by 
him when placing the order. The manufacturer or seller shall 
furnish specimens for testing, without separate charge. 

5. Failure of the specimens to meet the requirements of any 
of the tests imposed shall result in rejection of all the pipe in 
the shipment or delivery corresponding to the sizes thus fail- 
ing to comply, except that in the event the specimens in any size 

fail to meet the requirements the manufacturer or seller may, 
with the consent of the consumer or purchaser, furnish for test- 
ing additional specimens from the same shipment without 
charge. 

4. The specimens of pipes shall be sound, full-sized pipe. They 
shall first be freed from all visible moisture. When dry each 
specimen shall be weighed, measured, and inspected. The results 
of these observations shall be recorded and preserved. 

5. Specimens which, when placed in a vertical position, do not 
give a metallic ring when struck with a hammer, or are observed 
to have cracks or other defects in form or dimensions in excess of 
the limits permitted in the specifications, shall be discarded and 
replaced with additional specimens from the shipment. 

(A) CRUSHING TEST. 

6. (a). Any prime mover or hand power which will apply the 
load at a uniform rate of about 2,000 pounds per minute, or 
in increments of not more than 100 pounds at the same rate, may 
be used in making the test. 

(bd) The pipe shall not be allowed to stand under load longer 
than is required to apply the load and to observe and record it. 

(c) The testing machine shall be substantial and rigid through- 
out, so that the distribution of the load will not be affected ap- 
preciably by the deformation or yielding of any part. 

(d) The bearings and the specimen shall be accurately cen- 
tered so as to secure a symmetrical distribution of the loading 
on each side of the center of the pipe in every direction. 

(e) The load shall be applied until the pipe yields by cracks 
passing through the shell. 

7. Except as otherwise hereinafter specified, the pipe to be 
tested shall be supported by a metallic knife bearing 1 inch wide 
and extending from a point just back of the socket to the spigot 
end of the pipe. Before the pipe is placed, a fillet of plaster of 
Paris and sand 1 inch wide, and thick enough to compensate 
for all the inequalities of the pipe barrel, shall be cast on the sur- 
face of the knifé bearing. The pipe shall be placed upon the 
fillet while the plaster of Paris is still somewhat plastic. The 
load shall be applied through an upper knife bearing of the 
Same size and length as the lower bearing. A plaster of Paris 
fillet 1 inch wide shall be cast along the length of the crown of 
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the pipe to equalize the lower bearing before the upper one is 
brought into contact. 

Both of the bearings shall be sufficiently rigid to transmit and 
receive uniform loads throughout their lengths without deflec- 
tion, and shall be so attached to the machine as to transmit and 
receive the maximum stresses produced by the tests without lost 

motion, vibration or sudden shock. 
At the option of the consumer or purchaser the crushing test 

may be applied with sand bearings or with two or three edge 

bearings. 
The crushing strength shall be calculated by dividing the total 

load required to break each pipe by the net inside length of the 
barrel of the pipe, measuring from the bottom of the socket to the 
end of the spigot, and by then multiplying the quotient by the fol- 
lowing factors: 

For knife or two-edge bearings________________ tf 

Forithree-edge bearings. 20 Je 10 

meee Rote PUCALIGR 5,58 22 ee ee 1. 00 

8. When three-edge bearings are used, the ends of each speci- 
men of pipe shall be accurately marked in halves of the circum- 

ference prior to the test. 
The two lower bearings shall consist of two wooden strips with 

vertical sides, each strip having its interior top corner rounded to 
a radius of approximately one-half inch. They shall be straight 
and shall be securely fastened to a rigid block with their in- 
terior vertical sides 1 inch apart. 

The upper bearing shall be a wooden block, straight and true 
from end to end. 

The test load shall be applied through the upper bearing block 
in such a way as to leave the bearing free to move in a vertical 
plane passing midway between the lower bearings. 

In testing a pipe which is “out of sight,” the lines of the 
bearings chosen shall be from those which appear to give most 
favorable conditions for fair bearings. 

9. When sand bearings are used, the ends of each specimen of 
pipe shall be accurately marked prior to the test in quarters of 
the circumference. Specimens shall be carefully bedded, above 
and below, in sand, for one-fourth the circumference of the pipe 
measured on the middle line of the barrel. The depth of bedding 
above and below the pipe at the thinnest points shall be one-half 
the radius of the middle line of the barrel. 

The sand used shall be clean, and shall be such as will pass a 

No. 4 sereen. 
The top bearing frame shall not be allowed to come into con- 

tact with the pipe or with the top bearing plate. The upper sur- 
face of the sand in the top bearing shall be struck level with a 
straightedge, and shall be covered with a rigid top bearing plate. 
with lower surface a true plane, made of heavy timbers or other 
rigid material. capable of distributing the test load uniformly 
without appreciable bending. The test load shall be applied at 
the exact center of this top bearing plate in such a manner as to 
permit free motion of the plate in all directions. For this pur- 
pose a spherical bearing is preferred, but two rollers at right 
angles may be used. The test may be made without the use of a 
testing machine, by piling weights directly on a platform resting 
on the top bearing plate, provided, however, that the weights 
shall be piled symmetrically about a vertical line through the 
center of the pipe and that the platform shall not be allowed to 
touch the top bearing frame. 

The frames of the top and bottom bearings shall be made of 
timbers so heavy as to avoid appreciable bending by the side 
pressure of sand. The interior surfaces of the frames shall be 
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dressed. No frame shall come in contact with the pipe during 
the test. A strip of cloth may, if desired, be attached to the 
inside of the upper frame on each side, along the lower edge, to 
prevent the escape of sand between the frame and the pipe. 

10. Pieces of the crushed pipe may be used as specimens in 
making the absorption test and freezing and thawing test. 

© 

(B) ABSorRPTION TEST. 

11. The specimens shall be sound pieces with all edges broken, 
and may be from pipes broken in the crushing or other tests. 
They shall be from 12 to 20 square inches in area and shall be as 
nearly Square as they can be readily prepared. They shall be 
free from observable cracks, fissures, laminations, or shattered 
edges. 

12. Preparatory to the absorption test the specimen shall first 
be weighed and then dried in a drier or oven at a temperature of 
not less than 110° C. (230° F.) for not less than three hours. 
After removal from the drier the specimen shall be allowed to 
cool in dry air to a temperature of 20° to 25° C. ( 68° to 77° F.) 
and then reweighed. 

If the specimen is comparatively dry when taken and the sec- 
ond weight closely agrees with the first, it shall be considered 
dry. If the specimen is wet when taken, it shall be placed in the 
drier for a drying treatment of two hours and reweighed. If the 
first weight checks the second, the specimen shall be considered 
dry. In case of doubt the specimen shall be redried for two-hour 
periods until check weights are obtained. 

13. The balance used shall be sensitive to 0.5 gram when loaded 
with 1 kilogram, and weighings shall be read to the nearest 
gram. When other than metric weights are used, the same degree 
of accuracy shall be obtained. 

14. The specimen after final drying, cooling, and weighing shail 
be placed with other similar specimens in a suitable wire recep- 
tacle, packed tightly enough to prevent jostling, covered with dis- 
tilled water or rain water, raised to the boiling point and boiled 
for five hours, and then cooled in water to a final temperature of 
10° to's Ce! (50: t0:59° Ex 

15. The specimen shall be allowed to drain for one minute and, 
the superficial moisture having been removed by towel or blotting 
paper, placed upon the balance. 

16. The test result shall be calculated as percentage of the 
initial dry weight. 

17. Three specimens shall be tested of each pipe broken in the 
erushing test. 

18. The results shall be reported separately for each individual 
specimen, together with the mean for all the specimens from the 
same shipment of pipe. 

19. Each specimen shall be marked so that it may be identified 
with the pipe used in the crushing test from which the specimen 
was taken. The marking shall be applied so that the pigment 
used shall not cover more than 1 per cent of the total superficial 
area of the specimen. 

(C) FREEZING AND THAWING TESTS. 

20. The test specimens employed in making the freezing and 
thawing test shall be another set of three selected as specified 
in section 11. 

21. The specimens shall be dried as specified in section 12. 
22. The same scales and weights as are specified in section 

138 for the absorption test or others of equivalent sensitiveness 
and accuracy shall be employed for the weighings required in 
the freezing and thawing test. The same procedure in weigh- 
ing and reweighing as specified in section 13 shall be used. 
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23. The specimens shall be immersed for 72 hours in water 
having a temperature of 18° to 24° C. (65° to 75° F.) and then 
weighed as specified in section 12. 

24. When the specimens (either from the absorption test or 
from a specially prepared series) have been weighed after satu- 
ration with water, they shall be returned to the water and kept 
immersed till the freezing is begun. For freezing they shall be 
placed with their concave faces upward in water-tight metal 
trays, suitably mounted in a rigid metal crate, and immersed 
in ice water until the specimens have attained substantially the 
temperature of the water, after which the water shall be drawn 
down to a depth of one-half inch in each tray. The crate shall 
then be lifted as a whole, without disturbing the specimens, and 
placed in the freezing apparatus. 

Freezing shall be performed in a quiet atmosphere, free from 
perceptible natural or artificial currents. If artificial freezing 
apparatus is employed, the apparatus shall have sufficient heat- 
absorbent capacity to enable the temperature of the freezing 
chamber to be brought to —10° C. (+14° F.) or below within 
30 minutes after the introduction of the specimens. The tem- 
perature in the freezing apparatus shall not fall lower than 
—20° CG, (—4° F.). The freezing shall be continued until the 
water in the trays is frozen solid. Exposure to freezing condi- 
tions in excess of this requirement shall be considered as with- 
out significance. 

At the conclusion of freezing under the specified conditions, 
the crate of specimens shall be withdrawn and at once immersed 
in water at temperature of 18° to 24° C. (65° to 75° F.) ina 
special receptacle of proper size. Heating shall be continued so 
that the water will regain the required temperature as soon 
as practicable after the specimens are immersed. <A _ tempera- 
ture of 18° to 24° C. (65° to 75° F.) shall then be maintained 
for not less than two hours. At the conclusion of the thawing 
treatment, the crate of specimens shall be inspected and the 
condition of each sample after each thawing shall be noted in the 
records. - 

25. Failure under the freezing and thawing treatment shall be 
considered to be reached when: 

(a) The specimens show superficial disintegration or spalling 
with loss of weight of more than 5 per cent of the initial dry 
weight ; or 

(6) The specimens are badly cracked in other than lamination 
planes; or 

(c) The specimens show evident serious loss of structural 
strength. 

NoTEe.—Routine tests for control of quality and for basis of ac- 
ceptance of pipe shall preferably be made at the manufacturer’s plant. 
In addition to these tests the plants should be inspected at fre- 
quent intervals by a competent engineer who should note all the de- 
tails aU and take samples for test of all materials be- 
ing used. 

TEST FOR THE AMOUNT OF SPELTER COATING ON 
CULVERT METAL. 

1. The amount of spelter coating shall be determined by one 
of the following methods: 

2. (a) Antimony hydrochloric acid method.—Use three 2} by 
24-inch pieces, weighed together to three decimal places. They 
are then immersed separately for one-half minute in hydrochloric 
acid of specific gravity 1.20 to which has been added 5 cubie centi- 
meters of antimony chloride solution prepared by dissolving 20 
grams of antimony trioxide in 1,000 cubic centimeters of hydro- 
chlorie acid of specific gravity 1.20. The pieces are scrubbed with 
a brush under running water, dried, and again weighed. About 
100 cubic centimeters of the hydrochloric acid will usually be suffi- 

67096°—24——6 
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Cushman’s 
method. 

cient for immersing the test pieces if a 200 cubic centimeter beaker — 
is used. ‘The same portion of hydrochloric acid may be used for at © 
least five test pieces. Five cubic centimeters of the antimony 
chloride solution, however, should be added for each sample on — 
account of the antimony being removed from the solution by the 
iron. The difference in weight in grams, divided by 3 (number 
of pieces taken) is equal to the coating in ounces per square foot. 

5. (b) Cushman’s method.—The determination of the weight of 
spelter coating by this method is based upon the action of hydro- 
chlorie acid upon the galvanized coating, collecting and measuring 
the hydrogen gas evolved.” The weight of coating may be de- 
termined upon flat sheets, corrugated sheets, and formed culverts, 
by the use of differently shaped rings provided with the apparatus. 
The coating upon wire can be determined by placing a definite 
length of wire under the flat ring on a glass plate. 

4. The metallic rings are made of nickel, tinned iron, or other 
acid-resisting metal, and are fitted with No. 12, three-hole rubber 
stoppers. Through one hole passes the filling tube provided with 
glass stopcock. Through the other holes pass the exit tubes, the 
short tube to a position even with the bottom of the stopper, the 
long tube extending to a position even with the bottom of the ring. 
A measuring burette and leveling bottle are provided for collect- 
ing and measuring the hydrogen evolved. 

5. The measuring burette is first filled with water, allowing a 
small amount of water in the leveling bottle. The proper ring is 
selected for the culvert to be tested, and is placed upon the culvert 
and sealed with “ Plasteline,” or other acid-resisting wax. The 
stopcock on the acid tube is turned so as to communicate with the 
short tube and is then connected with the measuring burette by 
means of a rubber tube. Water is now placed in the filling tube, 
the stopcock opened, and the ring and connecting tubes com- 
pletely filled with water by lowering the leveling bottle and 
allowing the air to flow into the burette. By means of the three- 
way stopcock on the measuring burette, it is again filled with 
water without disturbing the water in the ring. 

6. The stopcocks in the measuring burette are opened and the 
stopcock on the exit tube turned to connect the long tube with 
the burette. If there are any leaks-in the apparatus, the water 
in the measuring burette will fall. With everything prepared and 
ready, about 30 cubic centimeters of concentrated hydrochloric 
acid are placed in the filling tube and about 5 cubic centimeters 
admitted to the ring. The hydrogen generated from the zine wil! 
force out the water in the ring. As soon as gas appears in the 
long exit tube, the stopcock is quickly reversed to the short exit 

tube, 3 cubie centimeters of antimony chloride solution™ are 
added to the acid in the filling tube, and the acid allowed to run 
into the ring. 

7. When the generation of gas has ceased, the ring and con- 
necting tube are completely filled with water through the filling 
tube by lowering the leveling bottle, and as soon as the liquid 
reaches the burette the stopcock is turned off, the water in the 

leveling bottle and burette brought to the same level, and the 

volume of hydrogen recorded. 
8. The burette stopcock is now turned to communicate with the 

waste beaker and enough water passed through the ring by means — 
of the filing tube to remove all acid. By turning the stopcock 
to the long exit tube the ring can be completely drained. In case 
the ring is lower than the burette stopcock, it is necessary to 
blow out the water with a rubber tube and stopper inserted in the 
filling tube. The ring can then be removed and the spot on the 
culvert cleaned with gasoline. The spot may then be coated with 
a paste of zinc powder and zine chloride (50 per cent solution) 

17The apparatus for making this test can be obtained from the Kauff- 
man-Lattimer Co., Columbus, Ohio. 

18 Five grams of antimony chloride dissolved in 100 cubic centimeters of 
concentrated hydrochloric acid, specific gravity 1.20 
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and heated with a blowtorch until fused, or it may be coated with 
a zine powder paint or aluminum paint. 

9. The number of cubic centimeters of hydrogen measured at 
20° C. (68° F.) multiplied by the factor provided with each ring 
will give the ounces of spelter coating per square foot of actual 
surface on one side of the culvert. By doubling this figure the 
coating in ounces per square foot of sheet surface can be ob- 
tained. The factors for each ring are given in a table accompany- 
ing the apparatus. 

TEST AND INSPECTION OF CORRUGATED METAL 
CULVERT. 

1. Corrugated metal culvert shall be subject to inspection at 
the factory, trench, or other point of delivery by the engineer 
or his authorized representative. 

Pattern 
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Fic. 18.—Mold for arbitration test bar. 

2. The inspector shall determine the gauge of the metal, in- 
side diameter, depth and spacing of the corrugations, width 
of lap, rivet spacing, and weight per linear foot of the finished 
pipe. He shall also take a sample of the pipe material ap- 
proximately 6 inches wide and the full diameter of the pipe for 
measurement, chemical analysis, and determination of the 
amount of galvanizing or spelter coating. 

53. Chemical analysis will be made of all metal culvert pipe to 
determine whether the requirements of the specifications as to 
quality of the material are met. 

SH Ne/0"Pipe 
Bored with 
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Test 
specimens. 

4. The amount of galvanizing or spelter coating wll be deter- 
mined in accordance with the methods for testing the amount 
of spelter coating on culvert metal, page 81. 

TEST AND INSPECTION OF CAST-IRON CULVERT PIPE. 

1. All cast-iron culvert pipe shall be made of cast iron of the 
quality specified and of such character as shall make the metal 
of the castings strong, tough, and of even grain. The size and 
weight of the pipe shall be as specified. 

PHYSICAL PROPERTIES AND TESTS. 

2. The transverse test specimens (arbitration test bars) speci- 
fied in section 4 shall be placed horizontally upon supports 12 
inches apart and tested under a centrally applied load. The 
average load and deflection shall not be less than that specified. 

3. The form and dimensions of the mold for the arbitration 
test bar shall be in accordance with Figure 138. The bottom of 
the bar shall be one-sixteenth inch smaller in diameter than the 
top to allow for draft and for the strain of pouring. The pat- 
tern shali not be rapped before withdrawing. The flash shall 
be rammed up with green molding sand, a little damper than 
usual, well mixed, and put through a No. 8 sieve, with a mix- 
ture of 1 to 12 bituminous facing. The mold shall be rammed 
evenly and fairly hard, thoroughly dried, and not cast until it is 
cold. The test bar shall not be removed from the mold until cold 
enough to be handled. It shall not be rumbled or otherwise 
treated, being simply brushed off before testing. 

4. From each melt of metal not less than three test specimens 
(arbitration test bars) shall be poured, the first of which shall 
be poured within five minutes after the first ladle is tapped and 
the remainder at intervals not exceeding one hour throughout 
the melt. 

5. The manufacturer shall afford the inspector representing 
the purchaser, free of cost, all reasonable facilities to satisfy 
him that the castings are being furnished in accordance with 
the specifications. All tests and inspections shall be so ¢con- 
ducted as not to interfere unnecessarily with the operation 
of the work, and shall be made prior to shipment uniess other- 
wise specified. 

METHODS OF SAMPLING AND TESTING METALLIC 
MATERIALS. 

(A. S. T. M. standard method, serial designation E 1-18.) 

I. METHODS FOR TENSION TESTS OF METALS. 

DEFINITION OF TERMS. 

1. Llastic limit is the greatest load per unit of original cross 
section which does not produce a permanent set. 

Notrg.—This determination is rarely made in the commercial test- 
ing of materials. 

Proportional limit is the load per unit of original cross section 
at which the deformations cease to be directly proportional to the 
loads. 

Note.—This determination is rarely made in the commercial test- 
ing of materials. 

Yield point is the load per unit of original cross section at 
which a marked inerease in the deformation of the specimen oc- 
curs without increase of load. It is usually determined by the 
drop of the beam of the testing machine or by the use of dividers. 
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2. Information obtained from the various laboratories in which 
tension tests are made shows that in many cases the forms and 
dimensions of specimens as recommended by the American Society 
for Testing Materials are in use and that in other cases these 
forms and dimensions most neariy reconcile the differences that 
exist between the various forms employed. 

3. It is therefore recommended that the selection of specimens 
and their forms and dimensions shall conform to the specifications 
for each material as are now adopted by the American Society 
for Testing Materials. 

In the case of flats one-quarter inch or less in thickness, the 
dimensions shall be as follows: Width equal to five times the 
thickness of the specimen, except that in no case shall the width 
be less than three-quarters inch; gauge length equal to twenty- 
four times the thickness of the specimen, except that in no case 
shall the gauge length be less than 2 inches. 

4. It is believed that the distance between the end of the gauge 
length and the beginning of the shoulders as prescribed in the 
standard specifications of the American Society for Testing Mate- 
rials is ample to avoid interference with proper elongation, and 
no grounds are found for recommending any change. 

5. The pulling speed has a marked influence on the tensile 
properties shown by materials tested, an increase in speed in- 
creasing the values found for yield point and tensile strength. 
In testing steel and wrought iron in gauge lengths of 2 and 8 
‘nches in accordance with the specifications of the American So- 
ciety for Testing Materials the speed of the machine, by which is 
meant the speed of the crosshead when the machine is running 
idle, shall conform to the following requirements: 

The crosshead speed of the testing machine shall be such that 
the beam of the machine can be kept balanced, but in no case 
shall be values given in the following table be exceeded : 

Sap aed eerie | 
ot a AL ed es speed in de eit 

strength of material lonetis | : : 
| (pounds per square inch.) Seca | - Benet 

point. ier eae strength. 
| 

| | | 

| | Inches | Inches 
| Inches. |per eneite: per minute. 

80,000 or under. ........... { : e mi = 9 | 

Over 80,000...............- { : = 1 0 

6. In determining the elastic limit (so called) by the method 
prescribed in the American Society for Testing Materials specifica- 
tions for forgings and cold-rolled axles (serial designation A 18, 
A 19, A 63, and A 22) the crosshead speed for the 2-inch gauge 
length shall not exceed 0.125 inch per minute. 

7. In determining the proportional limit, the crosshead speed 
shall not exceed 0.025 inch per inch of gauge length per minute. 

8. In determining the modulus of elasticity, the elastic limit, 
and the proportional limit, the extensometer should be attached 
to at least two sides of the specimen, to compensate for unequal 
elongation, for impreper holding, or any slight bending that may 
exist in the specimen. 

9. All authorities seem to regard it as desirable to measure 
the elongation on two or more sides of the test specimen, and 
most extensometers provide for so doing. 

10. The greatest accuracy is required in determining the 
modulus of elasticity, since small errors in measuring elonga- 
tion are of considerable consequence in the result. 

11. Since the modulus is determined for points well within 
the elastic limit, the total elongation to be measured is much 
smaller than at the elastic limit. 

Crosshead 
speed. 
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12. The elastic limit should be determined with great care, 
but any inaccuracy will cause less proportionate error than in 
the case of the modulus. The yield point, being less well de- 
fined, can not be so closely determined, and it is believed that 
in most cases the use of dividers instead of an extensometer 
will give sufficiently accurate results. 

18. It is considered undesirable in accurate determinations of 
the modulus of elasticity to use a shorter gauge length than 8 
inches. It is evident that the greater the total elongation 
measured the less will be the error due to inaceuracy of the 
reading, and the accuracy thus appears to increase directly as 
the gauge length. 

14. That the difference between short and long gauge lengths 
has a greater influence in affecting results than other factors 
(personal error, inaccuracy of the testing machine, ete.) is 
shown by the closely agreeing readings obtained with the greater 
lengths. 

15. The effect of improper methods of holding specimens can 
not be established from the results of actual tests. The result. 
of improper methods of gripping materials of low elongation, 

such as cast iron, is well known, and it is probable that in 
material of a more ductile nature the effect is largely local and 
does not extend to the portion of the specimen within the gauge 
marks. 

CONDITIONS TO INSURE CoRRECT TESTING MACHINES. 

16. It is recommended that in machines on which specimen 
tests are made, whether the power be applied hydraulically or 
by means of screws and gears, the load be measured by a sep- 
arate system of levers and knife-edges, or by a method similar 
to that employed in the Emery testing machines. 

17. All knife-edges shall be kept sharp, and free from oil and 
dirt, and the machine shall be sensitive to a variation in load 
of one two-hundred-and-fiftieth of the load carried. Design and 
workmanship on testing machines shall be good, and they shall 
be calibrated at least once every six months by the following 
method. 

CALIBRATION OF TESTING MACHINES. 

i8. Test for accuracy by loading the weighing table with 
standard weights and compare the actual weight at each addi- 
tion with the reading of the beam. If the table is uniformly 
loaded in this manner with the full amount of weights that it 
will accommodate, the proportionality of the levers and the 
weighing beam can be successfully established. This relation, 
in a properly designed machine, will remain constant for all 
loads, but as a further test for sensitiveness under greater loads 
than ean be accommodated in this manner, the following pro- 
cedure is recommended: 

19. Place in the machine a tension bar of such cross section 
that the maximum capacity will not stress it to the elastic limit. 
Stress this bar to various extents through the full range of the 
machine and at each load balance the beam and place upon the 
weighing table standard weights of 100 pounds. A weight one 
two-hundred-and-fiftieth of the total load on the machine should 
produce a readable movement of the beam. 

20. Where evidence of the accuracy of the machine over its 
whole range is desired, a known load may be applied by means 
of an extensometer and calibrated bar whose modulus of elas- 
ticity has been determined with exactness. 

21. It is recommended that a device be adopted conforming 
to the following reqiurements, in which the extensometer and 
bar are permanently attached to each other: 

(a) The bar should be of high-elastic-limit material, and of 
such cross section that this limit will be well above the total 
capacity of the machine on which it is to be used. 
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(b) This bar shall be annealed or otherwise treated so as 
to eliminate internal or unequal stress in the material, and to 
insure its elastic modulus being uniform for successive tests. 

(c) The extensometer shall be permanently attached to the bar 

and shall measure the elongation on two opposite sides. 
(d) The extensometer shall be preferably of the indicating or 

direct-reading type and shall indicate to ten-thousandths of an 

inch or less. 
(e) The method of securing the bar in the drawheads of the 

machine shall be positive and without slip, and shall insure its 

axial location. 
(f) The length of the bar measured by the extensometer shall 

be sufficient so that the smallest extensometer division—that 
is, 0.0001 inch—shall correspond to a difference in loading of 
0.2 per cent of the capacity of the machine or less. 

(g) The extensometer shall be protected from injury by a 
permanently attached case with cover removable for reading 

the scale. 
(h) The apparatus shall itself be calibrated either by the 

United States Bureau of Standards or in a manner that will 
insure equally trustworthy results. 

(4) The apparatus shall be plainly marked with the maximum 
load that can be applied safely without injury. 

METHODS OF GRIPPING TEST SPECIMENS. 

22. It is recommended that for specimens of rolled material, 
serrated grips, flat and V-shaped, be adopted, the former for 
rectangular and the latter for round specimens. Serrated grips 
with curved faces appear to have no advantage, and to cause 
crushing of the material. 

23. Wedges with ball and socket do not seem to be necessary, 
and for commercial! testing their use has been generally discon- 
tinued. 

24. Specimens of turned form, with threaded ends, should be 
secured in such a manner that side bending stresses are avoided. 

25. It is considered important for correct results that. the 
specimen be located in the exact center of the heads, and to better 
secure this condition the openings in the heads should be lined 
up with each other by means of a plumb bob and should be 
tested for parellelism with a spirit level. Each pair of pack- 
ing pieces and wedges that are to be used together in the 
same head should correspond exactly in thickness and other 
dimensions, and the wedges should be inserted the same distance 
when the specimen is in place. 

SELECTION AND PREPARATION OF SPECIMEN. 

26. Specimens representative of steel castings may be cut from 
the bottom of a sink head or riser, or from a coupon attached to 
the casting. In either case the part from which the specimen is 
taken should be relatively large in proportion to the size of the 
easting and should be annealed with it. 

27. Workmanship on specimens shall be of the most careful 
nature, and surfaces should be free from nicks and tool marks. 
All wire edges should be removed and corners generously rounded. 

28. If specimens of rolled material are sheared in the rough 
from sections, at least one-eighth inch of the material should be 
removed from the sheared edges in machining. 

GENERAL REQUIREMENTS FOR THE MEASURING OF ELONGATION. 

29. In determining the modulus of elasticity and the elastie 
limit, it is recommended that when practicable the elongation 
be measured in a length not less than 8 inches, and that the Adle 
lowing requirements be provided for: 

(a) The specimen shall be round in section, finished as Sfacths 

as possible, and shall be provided with threaded ends for attach- 

ment to the drawheads of the machine. 
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(6) The specimen shall be placed in the exact center of the © 
heads and be secured in some positive manner so that slip and 
side bending stresses do not occur. 

(c) The extensometer should be of a type to measure the 
elongation on two or more sides of the specimen. 

(d) It should read to 0.0001 inch or less. 
(e) It should be of such a design that no change of zero will 

occur upon release of the load in determining the real elastic 
limit. 

(f) The load shall be applied so slowly that simultaneous 
readings of elongation and load can be obtained with certainty. 

(g) The testing machine shall have previously been calibrated 
for accuracy and sensitiveness, and heads lined up and made 
parallel. 

Il. METHODS FOR COMPRESSION TESTS OF METALS. 

DEFINITION OF TERMS. 

1. Elastic limit is the greatest load per unit of original cross 
section which does not produce a permanent set. 

Norte :—This determination is rarely made in the commercial test- 
ing of materials. 

Proportional limit is the load per unit of original cross section 
at which the deformations cease to be directly proportional to the 
loads. . 

NoTEe :—This determination is rarely made in the commercial test- 
ing of materials. 

Yield point is the load per unit of original cross section at 
which a marked increase in the deformation of the specimen oc- 
curs without increase of load. It is usually determined by the 
drop of the beam of the testing machine, or by the use of dividers. 

2. The test specimen shall be a cylinder having plane ends 

truly normal to its axis. 

Note—Only two replies from testing laboratories mention. cubes. 
A cylindrical specimen will usually be cheaper to prepare than a 
cube. ‘The stresses are probably less uniformly distributed over a 
square than over a circular section, owing to the influence of the 
eorners, this being especially the case with the internal shearing 
stresses which accompany the compression. 

3. The diameter of the specimen shall be not less than 1 inch 
nor greater than 1.13 inches. A specimen 1 inch in diameter is 
to be preferred. 

Norre—The range of diameter mentioned in the replies from test- 
ing laboratories is from 1 inch to 1.129 inches. A diameter of 
1.1284 inches gives a sectional area of 1 square inch. 

4. The length of the specimen should be between 2.5 and 4 
diameters. 

NotEe.—Two testing laboratories use a length of 1 diameter, one a 
length of from 1.5 to 2 diameters, one a length of 2.6 diameters, 
and one a length of 10.5 diameters. It is believed that a length 
less than 2.5 diameters is not sufficient for the internal shear to be 
properly developed, and that such short lengths give a fictitious 
strength owing to the friction of the bearing plates of the machine, 
which causes the specimen to assume a barrel-like form. 

5. No bedding should be used for the ends of the specimen. 

Notp.—Only one reply favors bedding. It is known by general 
experience that bedding modifies the breaking load and that dif- 
ferent kinds of bedding have different influences. 

6. The bearing blocks which transmit the pressure from the 
testing machine should be truly normal to the plane ends of the 
specimen. To secure this, one of the blocks should be provided 
with a hemispherical bearing which can turn freely. 

Notre.—These requirements seem essential in order that the load 
may not be eccentrically applied to the specimen, and are generally 
recommended in the replies from testing laboratories. 
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7. The speed of compression should be slow, not exceeding 0.1 Speed of 

89 

inch per minute. Near the elastic limit and yield point the load compression. 
should be increased very slowly. 

Note.—A lower speed than that stated might be advisable if per- 
mitted by the testing machine. Evidently a higher speed may be 
allowed with a long specimen than with a short one. 

8. For determining modulus of elasticity, the linear compres- 
sion of the specimen should be observed by a precise compress- 
ometer which is attached to the specimen anad does not touch the 
bearing blocks of the machine. Readings of the compressometer 
should be taken for three loads, the first at about one-fourth, the 
second at about one-half, and the third at about three-fourths of 
the elastic limit. 

Norn.—It is believed that these measurements are sufficient for 
most commercial work. Nothing is said about the release of the 
specimen from load, since opinions differ as to its advisability. 

9. To determine the elastic and also the proportional limit, sev- 
eral readings of the compressometer should be taken as that limit 
is approached for load increments of 1,000 pounds per square 
inch. 

Notp.—This requirement seems sufficient to determine the pro- 
portional limit. for materials in which such a limit exists. It does 
not seem wise to require the first permanent set to be observed for 
ordinary commercial work. 

10. The yield point is to be noted as corresponding to that load 
for which the compressometer shows a linear compression with- 
out an increase in load. In the absence of a compressometer this 
point may be noted, for ductile materials, by the drop of the 

seale beam. 

Notr.—This requirement corresponds to the usual practice of - 
testing laboratories. It is regarded as important that the term 
“ elastic limit” should not be used to designate the yield point. 

11. Measurements for the modulus of elasticity, elastic limit, 
proportional limit, and yield point may be made, if desired, on a 
specimen ranging in length from 10 to 15 diameters. 

Norp.—This clause is inserted because it may often be difficult to 
apply a compressometer in a length shorter than 4 inches. 

12. The record of the test should mention any phenomena ob- 
served near the elastic limit, proportional limit, and yield point. 
The manner of final failure should also be noted when the test 
is carried to this limit. 

Note.—This requirement furnishes data for comparing the be 
havior of brittle and ductile metals near critical points of molecular 
change. 

{II. METHOD FOR TRANSVERSE TESTS OF METALS 

1. In the case of cast metals, when transverse tests are to 
be used to aid in determining the quality of the material, 
the specimen used shall be cast vertical, shall be 17 inches in 
diameter, and long enough to use a span of at least 15 times the 
diameter. 

Notn.—It is important that a definite and uniform standard be 
adopted so that the results may be comparable with each other ; 
hence the diameter specified above (sectional area corresponding 
to practically 1 square inch). The determination of span is at 
present the subject of international tests to decide upon a definite 
distance to replace the present standard of 12 inches. It will 
probably be from 16 to 18 inches, The circular section will best 
secure a uniform thickness of skin, and thus avoid this irregularity 
when other sections are employed. 

In the case of ductile materials (except in impact tests) trans- 
verse tests shall never be used to determine the quality of the 

material, tension tests being those suitable for the purpose. 

Notr.—In smail round or square bars of ductile material both the 
modulus of rupture and the transverse elastic limit vary considerably 
with the span. 

In the case of tests made for determining constants to be used 
for designing, the specimen shall conform as nearly as possible 



90 BULLETIN 1216, U. S. DEPARTMENT OF AGRICULTURE. 

with the form and size of the piece tobe used. Thus, if I or T sec- 
tions are to be used, the specimens shall be of I or T section. 
In the case of flat springs or plate glass, they shall be flat; in 
the case of timber, rectangular; ete. 

Notr.—It is well known that the modulus of rupture varies with 
the shape of the section, being very much greater in the case of round 
than in I sections. Hence the modulus of rupture suitable for use 
for one would be entirely unsuitable for the other. In rolled sec- 
tions, the smaller ones are subjected to a more thorough working in 
the process of rolling than the larger. 

2. In the case of the “arbitration bar” adopted for cast iron, 
the span has been fixed at 12 inches, but may be extended as above 
stated. The bar will serve for cast and brittle materials. 

In the case of ductile materials, when the modulus of rupture 
is desired, the span shall generally be less than 12 or 15 times 
the depth. Exceptions, however, occur, as in flat springs and in 
some cases in full-sized pieces, when the spans and methods of 
Supporting the ends, ete., shall conform to the conditions of 
service. 

3. In the case of cast and brittle metals, the speed of testing 
shall not exceed 0.2 inch per minute. For other specimens the 
speed shall be correspondingly low. 

Preparation 4. The preparation of the specimen shall be such that it truly 
of specimens. Yepresents the material itself. The introduction of extraneous 

influences should be avoided as far as the knowledge of the ma- 
terial will permit. Thus, in cast metals no coupons shall be used; 
cast materials for tests shall go into dry molds standing vertical. 

No specimen shall be machined before testing, except wher 
information is specifically desired regarding the strength of such 
machined specimens. 

5. The transverse yield point for ductile materials shall be 
noted approximately by the drop of the scalebeam. 

6. If the transverse elastic limit is to be determined for com- 
parison with that obtained in the tensile test, the successive in- 
crements of load in the neighborhood of the transverse elastic 
limit shall be comparatively small, and after each load has been 
applied and the corresponding deflection measured by means of 

the deflectometer, the load shall be removed and the deflection 
measured again. to determine the permanent set. 

In those cases where the arbitration bar is used for such cast 
materials as have an elastic limit, the increment of load used near 
the transverse elastic limit shall be 250 pounds. 

Notr.—It is well known that when the transverse elastic limit is 
determined of course by means of a transverse test, the extreme fiber | 
stress at this transverse elastic limit is not the same as that at the | 
tensile elastic limit of the material; and, moreover, that it varies 
with both the section and the span; hence the desirability of compar- 
ing the transverse elastic limit with the tensile elastic limit. 

7. In the case of ductile materials the arrangement of the sup- 
ports shall be such that longitudinal tension in the specimen due 
to the rigidity of the supports is avoided. ‘ 

8. In the case of ductile materials special care shall be used 
when determining the ultimate load. For this purpose it will be 
necessary when approaching the ultimate (that is, the maximum) 
load to make the speed of testing slow enough to enable the 
observer to note the maximum load. 

In many cases, as in | and T beams, the maximum load can be 
easily ascertained, while in others, such as round or flat sections 
with short spans, it may not be possible to determine it exactly, 
but it will almost always be possible to determine it with sufficient 
accuracy for all practical purposes. 

IV. METHODS FOR BRINELL HARDNESS TESTS OF METALS. 

CHEMICAL COMPOSITION AND HEAT TREATMENT OF BALLS. 

1. The chemical composition, as far as carbon and chromium 
are concerned, should be from 1 to 1.2 per cent of carbon and 
from 1 to 1.5 per cent of chromium. 



2. The heat treatment should be such as will result in making 
the balls as hard as possible consistent with the ability to resist 
the pressure without cracking or crushing. 

Notrr.—While a long series of careful experiments would be needed 
to justify the specification of more exact conditions in these regards, 
and while some users of these tests think that the chemical composi- 
tion (within limits) plays a very small part, if any, in the problem, 
it is believed that the above requirements will be found satisfactory 
for commercial work until such time as suitable experiments shall] 
have furnished the data necessary for making the conditions more 
precise. 

DIAMETER AND ForRM OF BALLS. 

3. The standard diameter of balis should be 10 millimeters, with 
a permissible variation of 0.0025 millimeter (0.0001 inch), plus or 
minus; no ball, either new or old, showing a greater variation is 
to be employed. The standard diameter should always be em- 
ployed except in very rare cases when some other is absolutely 
necessary. If at any time in testing a hardness of No. 600 be 

exceeded, the balls should be remicrometered. 

Note.—Thus far there is not sufficient evidence to show that the 
hardness numbers will be the same when different diameters of balls 
are used, and some of the evidence indicates that the reverse is the 
ease; hence the importance of adhering to one size of ball. 

PRESSURE. 

4. The standard pressures used should be 38,000 kilograms for 
steel and 500 kilograms for softer metals. Departure from these 
pressures should never be tolerated except in rare cases where 
it is unavoidable. The time of pressure should be at least 30 
seconds. 

Norre.—The fact that, with our present light on the subject, 
we can only regard the results as comparative renders it important 
to employ as few different pressures as possible. 

MEASUREMENT OF DIAMETER OR DEPTH OF INDENTATION. 

5. Whether the diameter or the depth of the indentation is 
measured, apparatus should be used that will give results as 

accurately as a microscope mounted on, and moved by, a micro- 
meter screw. 

Notr.—As to the choice between the two, there exists a very 
decided difference of opinion, some thinking one and some the 
other more conducive to accuracy. The source of error in either 
case (assuming the measuring apparatus to be accurate) is the de- 
pression or the elevation of the metal immediately surrounding 
the indentation. 

TESTS OF WIRE ROPE (GUARDRAIL). 

1. The report of the physical test of wire rope shall include the 
following information: Diameter of the rope; diameter of the 
wire; number of strands and wires; length of lay of strands and 
wires; cross-sectional area in square inches, breaking load in 
pounds, and a note as to whether the failure was in -the body of 
the rope or at the socket. 

DEFINITIONS. 

2. (a) The “lay of the rope” is the length expressed in inches 
for each complete turn of a strand around the axis of the rope 
measured along the axis. 

(b) The “lay of the strand” is the length expressed in inches 
for each complete turn of a wire around the axis of the strand 
measured along the axis. 

(c) The diameter of a wire rope is the diameter of a circle 
inclosing it. 

3. The cross-sectional area of the rope shall be determined as 
follows: Measure the diameter of the component wires of a 
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Preparation 
of specimens. 

Coating. 

Cleaning. 

Solution. 

strand and obtain the mean diameter. The area calculated from — 
the mean diameter of the wire multiplied by the number of wires 
in each strand and by the number of strands gives the aggregate 
area of the wires in the rope. 

4. The test specimen for the tension test shall be free from 
bends and not less than 4 feet in length. Before cutting the test 
pieces from the coil of rope the ends must be “ served” or wound 
about with wire for a length of about 1 inch to prevent the 
strands from unlaying. 

PREPARATION OF SPECIMEN FOR TEST. 

5. A socket shall be attached to each end of the rope for the 
tension test. In preparing the rope for socketing, the ends 
are first served or wound around with fine soft wire for a 
length of about one-half inch at the ends and also at a distance 
from the ends equal to the lengths of the basket of the socket. 
The ends of the rope are then slipped through the socket and 
the serving wire removed from the end only. Unlay the strands, 
separate the individual wires, and straighten them. Cut out the 
hemp center, if any. Cleanse the wire thoroughly with kerosene 
or gasoline and wipe dry. ‘Tin the wires by dipping first in a 
mild zine chloride solution and then in molten zine. When re- 
moved from the latter, they should be knocked with a stick 
or hammer to remove the excess zine. Repeat the tinning until 
all the wires are thoroughly coated. Pull the frayed ends back 
into the basket of the socket and spread the wires evenly in the 
socket and even with the top of the basket. Put fire clay or 
asbestos fiber around the rope at the bottom of the socket, heat 
the socket for a short time with a blowtorch, and pour in molten 
pure zine (not babbitt or lead). 

6. Put the sockets through the heads of the testing machine 
and place pins through the eyes of the sockets, using steel blocks 
on each side of the socket, if necessary, to secure a firm bearing 
(pins should be as large as possible). Apply the load slowly 
to give the strands and wires opportunity to properly bed upon 
one another during the application of the load. Continue loading 
until fracture of one or more strands of the rope occurs. 

7. The uniformity of the galvanizing or spelter coating, if any, 
shall be determined in accordance with the method for uniformity 
of spelter coating. 

TEST FOR UNIFORMITY OF GALVANIZING OR SPELTER 
COATING ON WIRE. 

1. This method gives in detail the test to be applied to gal- 
vanized wire. 

2. (a) Coating..—The galvanizing shall consist of a continuous 
coating of pure zine of uniform thickness, and so applied that it 
adheres firmly to the surface of the iron or steel. The finished 
product shall be smooth. 

3. (b) Cleaning—The sample shall be cleaned before testing, 
first with Carbona, benzine, or turpentine, and cotton waste (not 
with a brush), and then thoroughly rinsed in clean water and 
wiped dry with clean cotton waste. 

4. The samples shall be clean and dry before each immersion 

in the solution. 
5. (c) Solution—The standard solution of copper sulphate 

shall consist of commercial copper sulphate crystals dissolved in 
cold water, about in the proportion of 36 parts, by weight, of 
crystals in 100 parts, by weight, of water. The solution shall be 
neutralized by the addition of an excess of chemically pure 
cupric oxide (CuO). The presence of an excess of cupric oxide 
will be shown by the sediment of this reagent at the bottom 

of the containing vessel. 
6. The neutralized solution shall be filtered before using by 

passing through filter paper, ‘The filtered solution shall have a 
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specific gravity of 1.186 at 65° F. (reading the scale at the 
level of the solution) at the beginning of each test. In case 

_ the filtered solution is high in specific gravity, clean water shall 
be added to reduce the specific gravity to 1.186 at 65° F. In 
ease the filtered solution is low in specific gravity, filtered solu- 
tion of a higher specific gravity shall be added to make the 
specific gravity 1.186 at 65° F. 

7. As soon as the stronger solution is taken from the vessel 
containing the unfiltered neutralized stock solution, additional 
erystals and water must be added to the stock solution. An 
excess of cupric oxide shall always be kept in the unfiltered 
stock solution. 

8. (d) Quantity of solution—Wire samples shall be tested 
in a glass jar of at least 2 inches inside diameter. The jar 
without the wire samples shall be filled with standard solution 
to a depth of at least 4 inches. 

9. Solution shall not be used for more than one series of four 
immersions. 

10. (e€) Samples.—Not more than seven wires shall be simul- 
taneously immersed in the specified quantity of solution. 

11. The samples shall not be grouped or twisted together, but 
shall be well separated so as to permit the action of the solu- 
tion to be uniform upon all immersed portions of the samples. 

12. (f) Test—Clean and dry samples shall be immersed in 
the required quantity of standard solution in accordance with 
the cycle of immersions called for in the specifications. 

13. The temperature of the solution shall be maintained be- 
tween 62° and 68° F. at all times during the test. 

14. After each immersion the samples shall be immediately 
washed in clean water having a temperature between 62° and 
68° F. and wiped dry with cotton waste. 

15. (g) Rejection.—If after the test described in section (f) 
there shouid be a bright metallic copper deposit upon the sam- 
ples, the lot represented by the samples shall be rejected. 

16. Copper deposits on zinc or within 1 inch of the cut end 
shall not be considered causes for rejection. 

17. In case of a failure of only one wire in a group of seven 
Wires immersed together. or if there is a reasonable doubt as 
to the copper deposit. two check tests shall be made on these 
Seven wires and the lot reported in accordance with the majority 
of the sets of tests. 

Noty.—The equipment necessary for the test herein outlined is 
as follows: 

Commercial copper sulphate | Tray for holding jars of stock 
crystals. solution. 

Chemically pure cupric oxide Jars, bottles, and porcelain 
(CuO). basket for stock solution. 

Running water. Cotton waste. 
Warm water or ice as per | Hydrometer cylinder 3 inches 

needs. in diameter by 15 inches 
ver Saag benzine, or turpen- | high. 

Thermometer with large Fah- 
Glass. “jars at least 2 inches renheit scale correct at 62° 

inside diameter by at least and 68°. 
44 inches high. Hydrometer correct at 1.186 

Glass or earthenware jars for at 66° F. 
hardware samples. | Filter paper. 

Vessel for washing samples. 
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