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° Issued May, 1924 
Washingion, D.C. Vv Revised September, 1928 

TENTATIVE STANDARD METHODS OF SAMPLING AND TESTING 
HIGHWAY MATERIALS 

Adopted by the American Association of State Highway Officials and approved by the Secretary of Agriculture for 
use in connection with Federal-aid road construction including all revisions adopted prior to August 1, 1928 

INTRODUCTION 

Since the publication of United States Department of Agriculture 
Bulletin No. 1216 in May, 1924, a number of revisions in the official 
methods of testing of the American Association of State Highway 
Officials have been adopted by the association upon recommendation 
of the subcommittee on tests and investigations (now the committee 
on materials.) All of these revisions have been incorporated in 
the methods of tests as herein given. 

In the preparation of its standard methods of testing, the asso- 
ciation, whenever possible, has adopted without change existing 
American Society for Testing Materials standard or tentative stand- 
ard methods. Whenever this has been done the fact has been so 
indicated in the present bulletin by placing the reference to the 
American Society for Testing Materials method immediately fol- 
lowing the title. Where the official method of the association is 

1The personne] of the committee on materials is as follows: H. S. Mattimore, State 
Highway Department, Pennsylvania, Chairman; F. H. Jackson, U. S. Bureau of Public 
Roads, Washington, D. C.. Secretary; J. H. Bateman, State Highway Commission, Louisi- 
ana; W. L. Blaum, Department of Public Works, New York; A. V. Bratt, Department of 
Public Works, Massachusetts: Shreve Clark, State Highway Commission, Virginia; R. W. 
Crum, State Highway Commission, Iowa; R. B. Dayton, State Road Commission, West 
Virginia; W. J. Emmons, Department of Highways, Michigan: N. M. Finkbiner, State 
Highway Commission, Oregon; F. G. Flood, State Highway Commission. Connecticut ; 
R. B. Gage, State Highway Commission, New Jersey; V. L. Glover, Department of Public 
Works, Illinois; Harvey A. Hall, State Road Department, Florida; Raymond Harsch, De- 
partment of Public Works, Idaho; C. A. Hogentogler, U. S. Bureau of Public Roads, 
Washington, D. C.;: John V. Keily, State Board of Public Roads, Rhode Island: E. D. 
Kivett, State Highway Commission, North Carolina; F. C, Lang, Department of Highways, 
Minnesota; E. T. Maddock, State Highway Commission, California; D. D. McGuire, De- 
partment of Highways and Public Works, Tennessee; C. L. McKesson, State Highway 
Commission, California; H. M. Milburn, U. S. Bureau of Public Roads, Washington, D. C.; 
Levi Muir, jr., State Road Commission, Utah; J. E. Myers, Department of Public Works, 
New York: W. A. Norris, State Highway Department, Wyoming; W. F. Purrington, State 
Highway Department, New Hampshire; A. S. Rea, Department of Highways and Public 
Works, Ohio; F. V. Reagel, State Highway Commission, Missouri; C. H. Scholer, State 
Highway Commission, Kansas; M. H. Ulman, State Highway Department, Pennsylvania. 

104022°—28——1 1 
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the same as the American Society for Testing Materials method 
with the exception of slight changes in wording, such. changes are 
shown in the text by bracketing those portions of the American 
Society for Testing Materials text which have been omitted by the 
association and italicizing additions made by the association to the 
American Society for Testing Materials method.* In a few instances 
the association method, although based on the American Society for 
Testing Materials method, differ sufficiently from it as to phraseology 
as to make it impossible to follow the procedure above indicated. In 
such cases, reference to the fact that the method is based on an 
American Society for Testing Materials method is indicated imme- 
diately following the title. 

«This does not apply to table heads, all of which are italicized as a matter of style, 



1. METHODS OF SAMPLING AND TESTING PORTLAND 
CEMENT 

(A. S. T. M. standard method (4)? serial designation C9—26, sections 16—57, inclusive) 

SAMPLING 

16. Tests may be made on individual or composite samples as may be ordered. 
Each test sample should weigh at least 4 pounds. 

17. (a) Individual sample.—If sampled in cars, one test sample shall be taken 
from each 50 barrels or fraction thereof. If sampled in bins one sample shall 
represent each 200 barrels unless otherwise specified by the purchaser. 

(6) 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 unless otherwise specified by the purchaser. 

18. Cement may be sampled at the mill by any of the following methods 
that may be practicable, as specified: 

(a) From the conveyor delivering to the bin—At least 4 pounds of cement 
shall be taken from approximately each 100 barrels passing over the conveyor. 
This may be secured by taking the entire test sample at a single operation, 
known as the grab method, or by combining several portions taken at regular 
intervals, known as the composite method. 

(0) From filled bins by means of proper sampling tubes.—Tubes inserted verti- 

cally may be used for sampling cement to a maximum depth of 10 feet. Tubes 
inserted horizontally may be used where the construction of the bin permits. 
Sample shall be taken from points well distributed over the face of the bin. 

(c) From filled bins at points of discharge.—Suflicient cement 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 open- 
ings of indicators placed on the surface of the cement directly above these 
openings before drawing of the cement is started. 

19. The sampling shall be done by or under the direction of a responsible 
representative of the purchaser. 

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

CHEMICAL ANALYSIS 

LOSS ON IGNITION 

21. One gram of cement shall be heated in a weighed covered platinum cruci- 
ble, of 20 to 25 cubic centimeter capacity, as follows, using either method (a) or 
(0) as specified: 
Method (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 five 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 placing this disk over a somewhat larger hole in an 
asbestos board. 

Method (6): The crucible shall be placed in a muffle at any temperature be- 
tween 900° and 1,000° C. for 15 minutes and the loss in weight shall be checked 
by a second heating for 5 minutes, 

2 Italic figures in parentheses refer to literature cited, p. 129. 
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22. A permissible variation of 0.25 will be allowed, and all results in excess 
of the specified limit but within this permissible variation shall be reported as 
4 per cent. 

INSOLUBLE RESIDUE 

23. To a 1-gram sample of cement shail be «added 25 cubic centimeters of 
water and 5 cubic centimeters of concentrated hydrochloric acid (speific gravity 
1.19). Material shall be ground with the flattened end of a glass rod until it is 
evident that the decomposition of the cement is complete. The solution shall 
then be diluted to 50 cubic centimeters and digested on a steam bath for 15 
minutes. The residue shall be filtered, washed with cold water, and the filter 
paper and contents digested in about 30 cubic centimeters of a 5 per cent solu- 
tion 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 
kot water, then with a few drops of hot hydrochloric acid (1:9), and finally 
with hot water, then ignited at a red heat and weighed as the insoluble residue. 

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

SULPHURIC ANHYDRIDE 

25. To a 1-gram sample of cement shall be added 25 cubic centimeters of 
water and 5 cubic centimeters of concentrated hydrochloric acid (specific gravity, 
1.19). Material shall be ground with the flattened end of glass rod until it is 
evident that decomposition of the cement is complete. The solution shail be 
diluted to 50 eubie centimeters and digested on a steam bath for 15 minutes, 
filtered, and the residue washed thoroughly with hot water. The solution shall 
be diluted to 250 cubic 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 pipette and the boiling continued until the precipitate is well 
formed. The solution shall then be digested on the steam bath at least three 
hours, preferably overnight. 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 per- 
centage of sulphuric anhydride. The acid filtrate obtained in the determination 
of the insoluble residue may be used for the estimation of sulphuric anhydride 
instead of using a separate sample. 

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

MAGNESIA 

27. To 0.5 gram of the cement in an evaporating dish shall be added 10 cubic 
centimeter of water to prevent lumping and then 10 cubic centimeter of concen- 
trated hydrochloric acid (specific gravity, 1.19). The material shall be ground 
with the flattened end of a glass rod until attack is complete. 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° C. or even 200° C. for one-half to 
one hour. The residue shall be treated with 10 cubie centimeters of hydrochloric 
acid diluted with an equal amount of water. The dish shall be covered, and 
the solution digested for 10 minutes on a steam bath or water bath. The solu- 
tion shall be diluted to 75 cubic centimeters, filtered into a beaker, and the 
separated silica washed thoroughly with hot water.’ Five cubic centimeters of 
concentrated hydrochloric acid and two drops of methyl red indicator (0.2 per 

cent alcoholic solution) shall be added to the filtrate* (about 250 cubic 
centimeters). 

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

4 Manganese, if present, is distributed between the precipitates of iron and alumina, 
ealcium, and magnesium. Jn the amounts usually present in Portland cement it may be 
neglected. If it is desired to determine the small amount of manganese that may be 
present in the magnesium pyrophosphate, this may be done colorimeterically as described 
in the U. S. Geological Survey Bulletin No. 700 (9, p. 153). If present in larger amounts, 
manganese should be precipitated with the iron and alumina, preferably by the persulphate 
method (U. S. Geological Survey Bulletin No. 700 (9, p. 112)). If this method is used 
more aluminum passes into solution than in the method above described. 
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Dilute ammonium hydroxide shall be added dropwise until the color of the 
solution changes to a distinct yellow. The solution shall be boiled for one or 
two minutes and filtered at once. The beaker and precipitate shall be washed 
slightly with a hot 2 per cent solution of ammonium chloride (or ammonium 
nitrate). Setting aside the filtrate, the precipitate shall be transferred by a jet 
of hot water to the precipitating vessel and dissolved in 10 cubic centimeters of 
hot hydrochloric acid. The paper shall then be extracted with acid, the solution 
and washings being added to the solution of the precipitate. The aluminum 
and iron shall then be reprecipitated at boiling heat by ammonium hydroxide as 
before in a volume of about 100 cubic centimeters and the second precipitate 
shall be collected and washed with a hot 2 per cent solution of ammonium 
chloride (or ammonium nitrate) 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 cubic 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, 
and the filtrate set aside. The filter shall be placed wet in a platinum crucible, 
and the paper burned off over a small fiame of a Bunsen burner: after ignition 
it shall be cautiously moistened with water, redissolved in hydrochloric acid, 
and the solution diluted to 100 cubie centimeters; ammonia shall be added in 
slight excess, the liquid boiled, and filtered if a precipitate appears. The lime 
shall then be reprecipitated by ammonium oxalate, allowed to stand till 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 and filtered (to remove a little iron and aluminum, and perhaps calcium). 
When cool, the solution shall be acidified with hydrochloric acid, 10 cubic 
centimeters of saturated solution of sodium-ammonium-hydrogen phosphate 
added, and ammonia drop by drop, with constant stirring. When the crystallin 
ammonium-magnesium orthophosphate has formed, 5 cubic centimeters excess 
ammonia shall be added. The solution shall be set aside for not less than four 
hours, preferably overnight, in a cool place, filtered and washed with water 
containing 2.5 per cent NH:. The precipitate shall be dissolved in a small 
quantity of hot 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 allowed 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, and the resulting 
carbon carefully burned off. The precipitate 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 obtained aiways 
contains some calcium and usually small quantities of iron. aluminum, and 
manganese as phosphates. 

28. A permissible variation of 0.4 will be allowed, and all results in excess of 
the specified limit but within this permissible variation shall be reported as 
5.00 per cent. 

DETERMINATION OF FINENESS 

29. Wire cloth for standard sieves for cement shall he woven (not twilled) 
from brass, bronze, or other suitable wire and mounted without distortion on 
frames about 2 inches below the top of the frame. The joint between the cloth 
and frame shall be smoothly filled with solder to prevent lodging of the cement. 
The sieve frames shall be circular, approximately 8 inches in diameter, and 
may be provided with a pan and cover. 

30. A standard No. 200 sieve is one having nominally a 0.0029-inch opening, 
certified by the United States Bureau of Standards, and conforming to the 
specifications for this sieve in the Standard Specifications for Sieves for 
Testing Purposes (serial designation: EH 11) of the American Society for Testing 
Materials (3). The correction to the sieving value of the sieve shall be 
determined by sieving tests made in conformity with the standard specifications 
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for these tests on a standardized cement which gives a residue of about 20 per 
cent on the No. 200 sieve. 

31. 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 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 ba 
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, applying the sieve correction. 

Notes.—The essential points in the sieving operation may be summarized as follows: 
(1) Rotation of the sieve throughout the process. (2) Guarding against loss of material. 
Sieve over white paper and always tap the sieve gently. (3) Use of a balance which 
will give results correct within 5 milligrams and sufficiently sensitive so that the rest point 
will be deflected at least two divisions of the scale for an added load of 5 milligrams. 
(4) Washers, shot, and slugs should never be used on the sieve. (5) Excessive humidity 
interferes with good sieving. It tends to decrease the percentage of cement passing the 
sieve, and in general to produce irregular results. 

A plus (+) sieve correction indicates the amount to be added to and a minus (—) 
sieve correction the amount to be subtracted from the percentage passing the sieve to 
obtain the true fineness. The percentage passing is the amount obtained by subtracting 
the per cent residue from 100. The corrections are used in the reverse order when applied 
to the residues direct. 

32. 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 
deseribed in section 31. 

MIXING CEMENT PASTES AND MORTARS 

33. The quantities of dry materials to be mixed at one time shall be 500 
grams for neat cement mixtures and 1,000 grams for mortar mixtures. The 
proportions 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 centi- 
meters (1 cubic centimeter of water=1 gram). The dry materials shall be 
weighed, placed upon a nonabsorbent 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 interval of one-half minute 
for the absorption of the 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 shall be protected by rubber 
gloves. 

NotTs.—In order to secure uniformity in the results of tests for the time of setting 
and tensile strength the manner of mixing above described shall be carefully followed. 
At least one minute is necessary to obtain the desired plasticity which is not appre- 
ciably affected by continuing the mixing for several minutes. The exact time necessary 
is dependent upon the personal equation of the operator. The error in mixing shall be 
on the side of overmixing. 

34. The temperature of the room, the materials, the mixing water, the moist 

closet, and storage-tank water shall be maintained as nearly as practicable at 
21° C. (70° F.) and the mixing water, moist closet, and the water in the 
storage tank shall not vary from this temperature more than 3° C. (5° F.). 

NORMAL CONSISTENCY 

35. The Vicat apparatus consists of a frame A (fig. 1) bearing a movable 
rod B, weighing 300 grams, one end C being 1 centimeter in diameter for a dis- 
tance of 6 centimeters, the other having a removable needle D, 1 millimeter in 
diameter, 6 centimeters long. The rod is reversible, and can be held in any 
desired position by a screw HE, and has midway between the ends a mark F 
which moves under a scale (graduated to millimeters) attached to the frame A. 
The paste is held in a rigid conical ring, resting on a glass plate about 10 centi- 
meters square. The ring shall be made of a noncorroding, nonabsorbent mate- 
rial, and shall have an inside diameter of 7 centimeters at the base, 6 centi- 

meters at the top, and a height of 4 centimeters. 
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36. In making the determination, 500 grams of cement, with a measured quan- 

titv of water. shall be kneaded into a paste, as described in section 33, 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 resting in the palm of one hand shall be pressed into the larger end of the 

conical 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. and the top smoothed, if necessary, with a few light touches of the pointed 
end of the trowel. 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 sur- 

wy 
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Fic. 1.—Vicat apparatus 

face of the paste; the scale 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 percentages of water until the normal consistency 
is obtained. Each trial shall be made with fresh cement. The amount of water 
required shall be expressed in percentage by weight of the dry cement. 

37. 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 consist- 
ency of standard mortar made from the same sample shall be as indicated in 
Table 1, the values being in percentage of the combined dry weights of the 
cement and standard sand. 
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TABLE 1.—Percentage of water for standcrd mortars 

Percentage Percentage Percentage Percentage 
of water for of water for || of water for | of water for 
neat cement lecement, || neat cement 1 cement, 

paste of | 3 standard paste of 3 standard 
normal con- Ottawa || normal con- Ottawa 

sistency | sand | | sistency | 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 Ori, PA 11.0 
20 9.8 28 11.2 
21 10.0 29 } 13 
22 10. 2 30 11.5 

DETERMINATION OF SOUNDNESS®* 

38. A steam apparatus, which can be maintained at a temperature between 
98° and 100° C., or one similar to that shown in Figure 2, is recommended. 
The eapacity of this apparatus may be increased by using a rack for holding 
the pats in a vertical or inclined position. 

39. A pat from cement paste of normal consistency about 3 inches in diam- 
eter, one-half inch thick at the center, and tapering to a thin edge, shall be 
made on flat clean glass plates about 4 inches square and stored in moist air 
for 24 hours. In molding the pat, 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, then flattening the top. The pats used for the time of 
setting tests by the Gillmore method may be used for soundness tests 

40. 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 five hours. 

Norp.—It is important that the specimens be 24 hours old when placed in steam, 
since variations in their age will produce differences in the results of the steam tests. 
Particularly noticeable are the effects of steaming pats too soon, for many specimens 
steamed when only 10 or 12 hours old give apparently satisfactory results, while 
failure would be observed if they were not placed in steam until 24 hours old. 

41. Should the pat leave the plate, distortion may be detected best with a 
straightedge applied to the surface which was in contact with the plate. 

DETERMINATION OF TIME OF SETTING 

42. The following are alternate methods, either of which may be used as 
specified : 

43. The time of setting shall be determined with the Vicat apparatus de- 
seribed in section 35. (See fig. 1.) 

44. A paste of normal consistency shall be molded in the ring G as described 
in section 36 and placed under the rod B, the smaller end of which shall ther 
be carefully brought in contact 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 plate 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 covered by a damp cloth, kept from contact with them by means of a wire 
sereen; or they may be stored in a moist closet. Care should 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 

> Ungoundness 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 and are not an 
indication of unsoundness. These conditions are illustrated in Plate 1. 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. 
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water used and the amount of kneading the paste received, but by the tempera- 
ture and humidity of the air, and its determination is therefore only ap- 
proximate. 

45. The time of setting shall be determined by the Gillmore needles. The 
Gillmore needles should preferably be mounted as shown in Figure 3 B, and the 
needle ends shall be maintained in a clean condition and shall be plane and at 
right angles to the axis of the rod. 

46. The time of setting shall be determined as follows: A pat of neat cement 
paste about 3 inches in diameter and one-half inch in thickness, with a flat top 
(fig. 3A), mixed to a normal consistency, shall be kept in moist air at a tem- 

—_ 
A 

YZ Y 77 

B 

Fic. 3.—Pat and instruments for determining time of set; (A) Pat with top surface flat- 
tened for determining time of setting by Gillmore method; (B) Gillmore needles 

perature 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 diam- 
eter, loaded to weigh one-fourth pound. The final set has been acquired when 
the pat will bear, without appreciable indentation, 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. 

TENSION TESTS 

47. The form of test piece shown in Figure 4 shall be used. The molds shall 
be made of nonecorroding metal and have sufficient material in the sides to 

prevent spreading during molding. Gang molds when used shall be of the 

type shown in Figure 5. Molds shail be oiled with a mineral oil. 

48. The sand to be used shall be natural sand from Ottawa, ll., screened 

to pass a No. 20 sieve and retained on a No. 30 sieve. This sand may be 

obtained from the Ottawa Silica Co., Ottawa, II. 
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49. This sand shall be considered standard when not more than 5 grams 
are retained on the No. 20 sieve, and not more than 5 grams pass the No. 30 

sieve, after one minute continuous sieving of a 100-gram sample, in the manner 

specified for sieving cement on the No. 200 sieve. (See section 31.) 
50. The Nos. 20 and 30 sieves shall conform to the requirements for these 

sieves as given in the standard specifications for sieves for testing purposes 
(serial designation E 11) of the American Society for Testing Materials (3). 

51. Immediately after mixing the standard mortar in accordance with the 
methods for mixing cement pastes and mortars the molds shall be filled heaping 
full without compacting. Then the mortar shall be pressed in firmly with the 
thumbs, applying pressure 12 times to each briquet, at points to include the 
entire surface. The pressure shall be such that the simultaneous application 

2 will 
u 

at Nia ae ge 

[ene nmnrenone eae ee 

Fic. 5.—Gang mold 

of both thumbs will register a pressure of between 15 and 20 pounds. Bach 

application of the thumbs shall be maintained not longer than sufficient to 
attain the specified pressure. Then the 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 pressure of not more than 4 pounds. The mold 
shall then be turned over upon a plane plate oiled with mineral oil, and the 
operation of heaping, thumbing, and smoothing off repeated. No ramming or 
tamping shali be used, nor any troweling in excess of that required to smooth off 
the specimen. 

52. The briquets shall be tested as soon as they are removed from the water. 
Tests may be made with any machine meeting the following requirements: 
The machine shall be capable of weighing the applied load within 0.5 per cent 
of the nominal value. The sensibility reciprocal (the weight required to be 
added to the load to move the beam from a horizontal position of equilibrium 



DEPARTMENT BULLETIN 1216, U. S. DEPT: OF AGRICULTURE 12 

ium at the top of the trig loop) shall not exceed 1 to a position of equilibr 
| y of the machine or at any lesser load. at the full capacit € 

c pound The clips 
e 6. igur st specimens shall be in accordance with F for holding the tension te 
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The briquets shall be carefully centered in the clips and 
applied continuously at the rate of 600 pounds per minute. 

bearings shall be weil oiled and maintained so as to insure 

3. Testing machines shall be frequently calibrated in order to determine their 
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54. Briquets that are manifestly faulty or which give strengths differing more 
than 15 per cent from the average value of all test specimens made from the 
same sample and tested at the same period, shall not be considered in determin- 
ing the tensile strength. 

STORAGE OF TEST SPECIMENS 

55. The moist closet may consist of a soapstone, slate. or concrete box, or a 
wooden box lined with metal. The interior wall surfaces of ail closets shall be 
covered with felt or broad wicking kept wet. The bottom of the moist closet 
shall be covered with water to a depth of at least 2 inches. 

56. All test specimens, immediately after molding. shall be kept in the molds on 
plane plates in the moist closet for from 20 to 24 hours in such manner that the 
upper surfaces shall be exposed to the moist air. 

57. The briquets shall then be removed from the molds and immersed in clean 
water in storage tanks constructed of noncorroding material. 

2. METHODS OF SAMPLING STONE, SLAG, GRAVEL, SAND, 
AND STONE BLOCK FOR USE AS HIGHWAY MATE- 
RIALS, INCLUDING SOME MATERIAL-SURVEY 
METHODS 

(A. S. T. M. standard method (4) serial designation D 75—22, except as indicated. See p.1) 

1. Samples of all materials for test upon which is to be based the acceptance 
or rejection of the supply shail be taken by the engineer or his authorized 
representative. Samples for inspection or preliminary test may be submitted by 

a producer or owner of the supply. 

SAMPLING OF STONE 

A. SAMPLING OF STONE FROM LEDGES OR QUARRIES FOR QUALITY 

2. The ledge or quarry face shall be inspected closely to determine any varia- 
tion in different layers. Any difference in color or structure shall be observed, 
and if necessary to secure unweathered specimens, pieces broken from different 
layers. 

3. (@) For standard stone test, separate samples shall be taken of at least 30 
pounds each oi fresh unweathered specimens from ail 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 of a 
minimum size of 4 by 5 by 3 inches, on which the bedding plane is marked, and 
which shall be free from seams or fractures to be used in the toughness or 
compression test. 

(6) The sample for concrete test will depend on the kind of tests to be made 
and the number of specimens necessary. 

4. In addition to the general information acccompanying all samples. samples 
from local ledges not commercial sources shall contain the following: Name of 
owner, approximate quantity available (if quantity is very large this can be 
recorded as practically unlimited). amount and character of overburden or strip- 
ping. haui 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 extent and 
location of the material represented by each sample. For this purpose a sketch, 
plan, and elevation showing the thickness and location of the different layers 
is recommended. 

B. SAMPLING OF STONE FROM COMMERCIAL QUARRIES 

5. Where practical. 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. 

G6. At the plant, the following factors affect the size of broken stone: Size and 
shape of screen openings. length of screen sections, the angle of screen with 
horizontal, the speed of screen rotation, and the rate at which the screen is 
fed. A general inspection and record of these conditions shall be made. The 
Sample shall be taken preferably from cars or boats while loading from stock 

~ ee 
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piles or bins. It is recommended, in order that the sample may be representa- 
tive, that separate samples be taken at different times while the material is 
being loaded. If the sample has to 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 shall be well mixed in a 
composite sample and the sample for test obtained by the quartering method. 

7. (a) Where it is not practical to visit the plant, samples for both quality ~ 
and size shall be taken from different parts of the 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 samples shall be well mixed in a com- 
posite sample and the sample for test obtained by the quartering method. The 
results of tests on crushed stone for quality are not considered comparable with 
results from samples specially broken for test in the laboratory, but the general 
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. 

(b) Where test is to be made for size only, it is reeommended that a small 
set of screens and a pair of scales or some unit measure receptacle for measuring 
volume be used for field testing in order not to delay decision on the use of the 
material. Occasional check tests can be obtained from the laboratory to assure 
a fair degree of accuracy in 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. 

(b) The sample for concrete test will depend on 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, over the 
area where the supply is to be obtained, shall be made. The different kinds of 
stone and its state of preservation in the various deposits shall be recorded. 

10. Separate samples shall be taken of all stone of different classes that a 
visual inspection indicates; from state of preservation and degrees of lamina- 
tion, would be considered for use in construction. 

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

(a) Location of supply. 
The plotting of the field, stone, and bowlder area on a United States topographic 

or a similar map is recommended for this purpose. 
(b) Approximate quantity available, : 
A fairly accurate estimate of amount of stone in fences can be made by 

measuring a cross section and pacing the length. It is more difficult to esti- 
mate the amount of stone scattered on the ground and ordinarily such deposits 
do not pay to work unless quite congested. 

(c) Information regarding the percentage of different classes of stone which 
were sampled and the percentages of material which can be rejected by visual 
examination and may have to be handled and spoiled. 

This information regarding the percentages of different kinds of material 
can only be estimated and the degree of accuracy attained will depend almost 
entirely upon the experience and skill of the individual. 

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. 

SAMPLING OF SAND AND GRAVEL 

A. 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. 

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 ma- 
terial in the deposit similar to the sample shall be ascertained as nearly as 
possible. 
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(b) Where 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 material 
that visual inspection indicates could be used. Care shall be taken to eliminate 
any overburden or stripping at the top or any that has fallen along the face 
from the top. It is necessary, especially in smal! deposits, to excavate test 
pits some distance back of and parallel to the face to determine the extent of 
the supply. The number and depth of these pits depend on the quantity of 
material that is to be taken from the deposit. Separate samples shall be taken 
from the face of the bank and from test pits. These shali be well mixed in a 
composite sample and the sample for test obtained by the quartering method. 

(@) Deposits that have no open face shall be sampled by means of test pits. 
The number and depth of these will depend on 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 no radical difference in 
size of grain, color, etc., these shall be well mixed in a composite sample and 
the sample for test obtained by the quartering method. Where visual inspec- 
tion indicates a distinct difference in material from different pits, separate 
samples shall be taken for test. 

(e) It is suggested that the colorimetric test be used for determining the 
percentage of organic material.° 

15. In addition to the general information accompanying all samples from 
sand and gravel deposits not commercial sources, the same detailed informa- 
tion shall be supplied as with samples of stone taken from local lodges. 

B. COMMERCIAL SAND AND GRAVEL 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 ma- 
terial is being loaded from these supplies, or in some other satisfactory manner. 
The sand and gravel shall be sampled as separate units and shipped 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 recom- 
mended: Separate Samples shall be taken from different parts of the stock pile, 
eare 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 cubic yard of material shall be run off and repre- 
sentative Samples taken from it. These separate samples shall be well mixed 
in a composite sample and the sample for test 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 practical to visit the plant, samples for both quality and 
size shall be taken from different parts of the 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 samples shall be well mixed in a com- 
posite sample and the sample for test obtained by the quartering method. 

C. QUANTITY OF SAND AND GRAVEL SAMPLES 

19. Samples of run of bank (where the sand and gravel are combined) shall 
consist of at least 100 pounds of material where the gravel content is 50 per 
cent or more of the whole. If the gravel is less in percentage, the sample shill 
be increased in proportion. For example, where the gravel percentage is 25 per 
eent of the whole the sample should contain 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 material. 
22. The sample for concrete test will depend on the kind of tests to be made 

and the number of specimens necessary. 

®For a description of this test see page 28. 
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SAMPLING OF MISCELLANEOUS MATERIALS 

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

SAMPLING OF STONE BLOCK 

24. Samples shall be taken either at the quarry or from cars or boats as di- 
rected by the engineer. They shall be representative of the block which it is 
proposed to use and no sample shall include blocks that would be rejected by 
visual inspection. 

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

GENERAL DIRECTIONS FOR SHIPPING AND MARKING SAMPLES 

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

27. Samples of stone block shall be securely crated. 
28. 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. 

29. 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; 
souree of supply; proposed use for the material; and in case of commercial 
supplies, daily- production; geographic location, shipping facilities (name of 
railroad, canal or river, or other common carrier) ; and price of the material. 

3. METHOD OF TEST FOR ABRASION OF BROKEN STONE 
AND BROKEN SLAG 

(Based on A. S. T. M. standard method (4), serial designation D 2—26) 

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 ecylin- 
ders to be 20 centimeters in diameter and 34 centimeters in depth inside. These 
cylinders shall 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 in the laboratory from pieces at 
least 34% inches in size 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 included, The total 
weight of rock in a test shall be within 10 grams of 5 kilograms. All test pieces 
shail be washed and: thoroughly dried before weighing. Ten thousand revolu- 
tions, at a rate of between 30 and 33 per minute, shall constitute a test. Only 
the percentage of material worn off which will pass through an American 
Society for Testing Materials standard No. 12 sieve shall. be considered in 
determining the amount of wear. This shall be expressed as a percentage 
of the 5 kilograms used in the test. 

Notr.—In the case of broken stone, samples should, wherever possible, be selected 
from the quarry face. 

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 percentage of wear. 
5. The operator is cautioned that drying some varieties of stone at high tem- 

peratures has a deleterious effect upon the abrasion loss, and therefore care 
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should be taken that the temperature be low enough to prevent injury to the 

stone through heat. 

4. METHOD OF TEST FOR ABRASION OF GRAVEL 

A. TEST FOR GRAVEL CONTAINING NO CRUSHED PIECES 

1. The sample shall consist entirely of uncrushed fragments of gravel, and 

the test shall be made using one of the four gradings (A, B, C, or D) given in 

paragraph 3. The grading most nearly representing that of the material fur- 

nished for the work shall be selected for the test. 

2. The aggregate shall first be screened into the different sizes required for 

the test, and the material of these sizes shall be washed and dried. 

3. The sample shall consist of 5,000 grams of the dry gravel, with the dif- 

ferent sizes combined to conform to one of the following four gradings: 

TABLE 2.—Gradings of gravel 

| | 
Size of screens (cir- | 
cular openings) | 

F . Percent Grading aco 

. | Retained) 
Passing | an 

Inch | Inch | 
34| Y) 25 
bY 34 25 

ies ris tats 114) 1 25 
26) 14 25 

34| eo) 25 
ee. SP 5-2-2 s+ 5-22 --4-=--+----------~2----- Lee 34 25 

1% 1 50 
| 

Cee +--+ -+-------------------------------- == 4 ------=+------2---- { 34| 7 "| 33 oe 

D | 14! YG 50 
MERC M MCCS Gy 34 % 50 

| 

4. The sample for the test shall be placed in the cast-iron cylinder of the 
Deval abrasion-testing machine as specified for the standard abrasion test for 
stone. . Six cast-iron spheres 1.875 inches in diameter and weighing approxi- 
mately 0.95 pound (0.45 kilogram) each shall be placed in the cylinder as an 
abrasive charge.‘ 

5. 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 No. 12 sieve, conforming to the require- 
ments of the standard specifications for sieves for testing purposes of the 
American Society for Testing Materials (serial designation E 11-26 (3)). The 
material retained upon the sieve shall be washed, dried, and weighed. The 
difference between this weight and the weight of the original sample, expressed 
as a percentage of the original weight, shall be considered as the loss by 
abrasion. 

6. When the gravel has a specific gravity below 2.20, a sample of 4,000 grams, 
instead of 5,000 grams, shall be used for the test. The testing procedure shall 

be the same in all other respects. 
7. When the gravel, as used in the work, contains as much as 25 per cent of 

material finer than one-half inch, but is of such size that either grading 
A, B, or C would be used for the abrasion test, a second abrasion test shall be 
made, using grading D, if, in the opinion of the engineer, the particles finer 
-than one-half inch are not at least equal in hardness to those coarser than 
one-half inch. 

7 These spheres are the same as those used in the standard rattler test for paving brick. 

104022°—28 2 
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B. TEST FOR GRAVEL CONTAINING CRUSHED PIECES * 

8. Gravel containing more than about 10 per cent of crushed pieces shall, for 
the purpose of this test, be considered as crushed gravel. In such cases the 
abrasion test shall be made on a representative sample of the whole, including 
the crushed pieces, following the procedure described in paragraphs 1 to 7. 
The percentage, by weight, of crushed pieces shall be determined and the 
permissible percentage of wear which shall govern for any given sample shall 
be calculated from the following formula: 

AL-+ (100—A)L’ 
Loe 100 

in which 

A=percentage of uncrushed pieces, 
100—A =—percentage of crushed pieces, 

L=maximum percentage of wear permitted by the specifications for 
gravel containing no crushed pieces, 

L’=maximum percentage of wear permitted by the specifications for 
gravel consisting entirely of crushed pieces, 

W=permissible percentage of wear. 

5. METHOD OF TEST FOR TOUGHNESS OF ROCK 

(A. S. T. M. standard method (4), serial designation D 3-18) 

1. Toughness, as applied to rock, is the resistance offered to fracture under 
impact, expresed as the final height of blow required of a standard hammer 
to cause fracture of a cylindrical test specimen of given dimensions. 

2. Any form of impact machine which will comply with the following essen- 
tials may be used in making the test: 

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

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

(c) A plunger made of hardened steel and weighing 1 kilogram, 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 centimeters, and.meats 
for determining the height of fall to approximately 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, throughout the test, be tangent to the spherical 

end of the plunger at its lowest point. 
3. Quarry samples of rock from which test specimens are to be prepared 

shall measure at least six 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 should be taken from, freshly quarried mate- 
rial, and only from pieces which show no evidences of incipient fracture due to 
blasting or other causes. The samples should 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. 

4. Specimens for test shall be cylinders prepared as described in section 5, 
25 millimeters in height and from 24 to 25 millimeters in diameter. Three test 
specimens shall constitute a test set. The ends of the specimens shall be 
plane surfaces at right angles to the axis of the cylinder. 

5. One set of specimens shall be drilled perpendicular and another 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 

8 For the purpose of this test, a crushed gravel fragment may be considered as 2 
fragment of gravel having at least one fractured face. 
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subject the material to.undue stresses and which will insure the specified 
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. 

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

7. The height of the blow in centimeters at failure shall be the toughness 
of the test specimen. The individual and the average toughness of three test 
specimens shall be reported when no plane of structural weakness is apparent. 
In cases where a plane of structural weakness is apparent, the individual 
and average toughness of the three specimens in each set shall be reported and 
identified. 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. 

6. METHOD OF TEST FOR TOUGHNESS OF GRAVEL 

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 hammer, 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 Pub:ic Roads (11). 

Sm is suggested that the height of fall shall be that indicated in the following 
table: 

| 
Height of fall 

Diameter : 
of aQnas | Igneous 

particle | ee | or meta- 
oe fe morphic 

8 origin 
| — 

| Inches Inches Inches 
' 34 2 3 

1 3 4 
1% 4 } 5 

| 1% 5 6 | 

Failure in this test shall be construed aS the actual crushing or splitting of a 
fragment under a single blow of the hammer. ; 

7. METHOD OF DETERMINING QUALITY OF GLACIAL 
GRAVELS BY LITHOLOGICAL COUNT OF PARTICLES 

From 100 to 200 pieces of gravel stones, selected at random, ranging in size 
from one-half inch to two inches, shall be separated into the various rock types 
and the percentage composition noted. 

Note.—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 quality of the 
material as this when the adjacent bedrock and direction of the glaciation are known. 

9 The form of diamond drill described in Department Bulletin No. 347, U. S. Department 
of Agriculture (10, p. 6-7), is recommended, and should prove satisfactory if the instruc- 
tions are strictly followed. 
70 A satisfactory form of diamond saw is described in Department Bulletin No. 347, 

U. S. Department of Agriculture (10, p. 7-9). 
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& METHOD OF TEST FOR QUANTITY OF SOFT PEBBLES 
IN GRAVEL" 

1. The method consists in determining the resistance of the pebbles to uniform 
static pressure. 

2. A sample of at least 1,000 grams shall be separated into three sizes and 
subjected to uniform pressure without impact, as follows: 

Pounds 

0.185: inch: to 0:30: Th ret ee a ee 35 
0:375 inch ‘to. 0.700 anchs ee ee ee 60 
0:750 inch -to. MaximunipsSi7es ee oe ee ee eee eee eee 75 

3. Pebbles crushing under these loads shall be classed as soft pebbles, and 
shall be reported as a percentage of the original sample by weight. 

4.-Disintegrated rocks or other rocks which will obviously break up into fine 
material during the screening or mixing operation, shall not be considered in 
this test. 

9. METHOD OF TEST FOR SOUNDNESS OF COARSE 
AGGREGATE 

(Sodium-sulphate soundness test) 

1. Immerse 10 small pieces (total weight about 1,000 grams) of the rock in 
a saturated solution at 70° F. of sodium sulphate (Na,SQ.) for 20 hours, after 
which place them for 4 hours in a drying oven maintained at 100° C. Repeat 
the treatment — times. The operation of immersing, heating, reimmersing, etc., 
shall be continuous. Note the condition of the rock as to soundness at the 
end of the test. - 

2. Samples which exhibit marked disintegration shall be considered to have 
failed in this test.” 

10. METHOD OF TEST FOR PERCENTAGE OF SHALE 
IN AGGREGATE 

It is suggested that for the separation of shale and other pieces having low 
specific gravity from concrete aggregate, a solution of zinc 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 
ever 110° ©., then placed in a container partially filled with the solution. Agi- 
tate 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 retained material, and compute the percentage of volume of shale or other 
soft material. 

Notr.—Attention is called to the fact that this method of test is not-applicable when 
the specific gravity of the shale exceeds the specific gravity of the solution. In cases 
where a solution of very high density is required, a mixture of bromoform and benzol may 
be employed. 

uA, satisfactory instrument for classifying soft stone by this method was devised by 
the Jate W. H. Douglass of the Iowa Highway Commission. A description of this 
apparatus follows: 

The Douglass stone meter consists of a jack acting through the specimen to compress 
a calibrated spring. The jack, which is of the rack and pinion type, is located in the 
base of the machine and is actuated by means of a hand lever attached to the shaft of 
the pinion. To the base are attached two vertical standards which are attached to each 
other by two cross members, one at the top and one near the center. The coil compres- 
sion spring is located between these two cross members. The top of the spring bears 
against the top cross bar and the bottom against a collar on the movable plunger which 
passes through both cross members and the spring. To the lower end of the plunger 
1s screwed a mechanic’s jack which allows adjustment for the various sizes of stones 
and also carries a ball and socket head. The top end of the plunger is graduated to read 
the desired pressures as it passes through the top cross member. 

2A correct interpretation of the results of the sodium-sulphate soundness test will be 
greatly assisted by a visual examination of the ledge from which the sample was obtained. 
Failure in the test, when accompanied by evidence of weathering of the exposed surface, 
may be considered sufficient ground for rejection. 
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11. METHOD OF TEST FOR QUANTITY OF CLAY AND SILT 
IN GRAVEL [FOR HIGHWAY CONSTRUCTION] 

(A. S. T. M. standard method (4), serial destination D 72-21, except as indicated. 
ee p. 

1. This test covers 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° C. (212° and 

230° F. 
3. ee 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, care being taken not to pour off any gravel. This is repeated 
until the wash water is clear. The washed material 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 gravel determined. 

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

Percentage of clay and silt —Orginal weight—weight after washing «100 

Original weight 

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

: Weight of residue 
2 ‘j S ] a Percentage of ciay and silt Se ke x 100 

12. METHOD OF DECANTATION TEST FOR SAND AND 
OTHER FINE AGGREGATES 

(A. S. T. M. tentative standard method (5), serial designation D 136—22 T) 

1. This method of test covers the determination of the total quantity of silt, 
loam, clay, etc., in sand and other fine aggregates.” 

2. The pan or vessel to be used in the determination shall be approximately 
§ inches (236 millimeters) in diameter and not less than 4 inches (102 milli- 
meters) in depth. 

3. The sample must contain sufficient moisture to prevent segregation and 
shall be thoroughly mixed. A representative portion of the sample sufficient to 
yield approximately 500 grams of dried material shall then be dried to a con- 
stant weight at a temperature not exceeding 110° C. (230° F.). 

4, The dried materia! shall be placed in the pan and sufficient water added to 
cover the sample (about 225 cubic centimeters). The contents of the pan shall 
be agitated vigorously for 15 seconds, and then be allowed to settle for 15 sec- 
onds, after which the water shall be poured off, care being taken not to pour off 
any sand. This operation shall be repeated until the wash water is clear. As 
a precaution, the wash water shall be poured through a No. 200 sieve and any 
material retained thereon returned to the washed sample. The washed sand 
shall be dried to a constant weight at a temperature not exceeding 110° C. 
(230° F.) and weighed. 

5. The results shall be calculated from the formula: _ 

Percentage of silt, clay, loam, etc.= ee eee Weentatior washing. Xx 100 
Original dry weight 

22This determination of the percentage of silt, clay, loam, etc., will include all water- 
soluble material present, the percentage of which may be determined separately if desired. 
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6. When check determinations are desired, the wash water Shall be evapo- 
rated to dryness, the residue weighed, and the percentage calculated from the 

formula : 

Percentage of silt, loam, clay, etc.= 
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13. METHOD OF TEST 
FOR APPARENT SPE- 
CIFIC GRAVITY OF 
SAND, STONE, AND 
SLAG SCREENINGS, 
AND OTHER FINE 
NON BITUMINOUS 
HIGHWAY MATE- 
RIALS 

(A. S. T. M. standard method (4), 
Serial designation D_ 55-25, ex- 
cept as indicated. (See p. 1) 

LE CHATELIER TEST 

1. The determination of spe- 
cific gravity shall be made 
with a standardized Le Chate- 
lier apparatus which conforms 
to the requirements illustrated 
in Figure 7. This apparatus 
is standardized by the United 
States Bureau of Standards. 
Kerosene or water may be used 
in making this determination. 

2. (a) The flask shall be’ 
filled with either of these 
liquids to a point on the stem 
between zero and 1 = eubie 
centimeter and a_ reading 
taken. From 50 to 64 grams 
(depending upon its approxi- 
mate specific gravity and to 
bring the reading on _ the 
Scale) of sand or other fine 
nonbituminous highway mate- 
rial 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 ma- 
terial from air by rolling the 
flask in an inclined position. 
After all material is intro- 
duced the level of the liquid in 
the graduated stem shall be 
read, and the difference be- 
tween readings is the volume 
displaced by the known weight 
of the material. 

(6) The specific gravity shall then be calculated from the formula: 

Specifie gravity= 
Weight of material (grams) 

Displaced volume (cubic centimeters ) 

(c) 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, which 
shall not exceed 0.5° C. The results of repeated tests should agree within 0.01. 

Notr.—This method is not accurate when sand containing a relatively large proportion 
of absorptive grains is tested. 
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14. METHOD OF TEST FOR APPARENT SPECIFIC GRAVITY 
AND ABSORPTION OF STONE AND OTHER COARSE 
MATERIALS 

1. The apparent specific gravity shall be obtained by weighing the water dis- 
placed by a sample of the material weighing approximately 1,000 grams, broken 
into pieces about 114 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 is 2% 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 the 
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 cylinder, 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. 

15. METHOD OF TEST FOR APPARENT SPECIFIC GRAVITY 
AND ABSORPTION OR FREE MOISTURE CONTENT OF 
SAND, GRAVEL, STONE, OR OTHER NONBITUMINOUS 
HIGHWAY MATERIALS 

PYCNOMETER METHOD 

1. This method is designed primarily for the purpose of determining the 
apparent specific gravity of saturated surface-dry materials and the absorption 
or the free moisture content of materials as used in the field. While this 
method has been adapted for field use, it is suggested as @ convenient method 
for making these determinations in the laboratory. 

2. The special apparatus used consists of a pycnometer which shall conform +o 
the following conditions. 

(a) The opening at the top shall be approximately three-eighths inch in 
diameter. 

(b) The shape of the apparatus shall be such as will facilitate the escape 
of air bubbles. , 

(c) It shall have an opening for the introduction of samples which will 
admit particles as large as 2 inches. 

(d) It shall be capable of being cleaned quickly and easily. 

APPARENT SPECIFIC GRAVITY 

3. (a) Coarse material.—The apparent specific gravity of coarse material shall 
be determined tpon material that has been immersed in water at 70° F. for 24 
hours. The pieces shall be individually surface dried with a towel. Two thou- 
sand grams of this surface-dried material shall be weighed out to the nearest 
0.5 gram. This sample shall be placed in the pycnometer and the pyenometer 
partly filled with water at 70° F. The pycnometer shall be gently shaken and 
roiled to remove entrained air. The pycnometer shall then be exactly filled 
with waier and its outside surface dried. The pycnometer and its contents 
Shall then be weighed to the nearest 0.5 gram. The apparent specific gravity 
shall be computed from the formula 

Specific gravity—p>s 

where 

S=the weight of the sample in grams. 
P=the weight in grams of the pycnometer full of water, 
W=the weight in grams of the pycnometer plus the sample plus sufficient 

water to fill the pycnometer. 
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(b) Fine material—The apparent specific gravity of fine material shall be 
determined in the same way as for coarse material except that the sample 
shall eonsist of air-dried material and shall consist of 1,000 grams. 

ABSORPTION OR FREE WATER CONTENT 

4. The absorption or the free water content of material shall be determined 
upon a sample consisting of material in the condition in which it is to be used. 

5. Two thousand grams of the sample shall be weighed out to the nearest 
0.5 gram, This sample shall be placed in the pyenometer and the pycnometer 
partly filled with water at 70° F. The pycnometer shall be gently shaken and 
rolled to remove entrained air. The pycnometer shall then be exactly filled 
with water and its outside surface dried. The pycnometer and its contents 
shall then we weighed to the nearest 0.5 gram. 

6. The absorption or the free moisture content of the sample shall be com- 
puted from the following formula: — 

Percentage of moisture or absorption 14 100 (py _ W1) G 
S G.— 1 

Where S=the weight of the sample in grams, 

4 rane: 
W=P+S—-—— + ee 

P=the weight in grams of the pycnometer filled with water, 
¥V:=the weight of the pycnometer containing the sample and sufficient 

water to fill the remaining space, 
G.=the specific gravity of the saturated surface dry material. 

7. A pycnometer that has been used successfully by the Iowa Highway Com- 
mission consists of an ordinary glass Mason fruit jar with a special cap. This 
cap is the frustrum of a cone Superimposed upon a ring which will screw upon 
the top of the jar. This cap may be made from the screw ring from a Kerr 
fruit-jar cap to which is soldered a tin cone with a slope of 60° and a three- 

eighths-inech hole at the top. A more satisfactory cap could be cast from brass 
or some other metal that does not corrode. In using a pyecnometer of this 
kind the cap and the jar should be marked so that the cap will be screwed on 
to the same position each time so that the volume of the apparatus will not 
be varied. 

16. METHOD OF TEST FOR FIELD DETERMINATION OF AP- 
PROXIMATE APPARENT SPECIFIC GRAVITY OF FINE 
AGGREGATE 

(A. S. T. M. tentative standard method,-(5) serial designation C 68-27 T) 

1. This method of test is intended for use in the field for making: approxi- 
mate determinations of the apparent specific gravity of fine aggregate. 

2. The apparatus shall consist of the following: 
(a@) Balance.—A balance, preferably of the torsion type, having a capacity of 

2 kilograms or more and sensitive to 0.5 gram or less. 
(b) Flask—A special graduated flask of the type, and conforming to the 

dimensions, shown in Figure 8. 
3. A 1-kilogram sample shall be selected which shall be as truly representa- 

tive of the fine aggregate as possible. It shall be spread out on a flat surface 
and air dried until the surface moisture has evaporated and the sample is free 
flowing. The sample shall then be thoroughly mixed and 500 grams accurately 

weighed out. 
4, The graduated flask shall be filled to the 200-cubic centimeter mark on the 

lower neck with water at room temperature. The 500-gram sample of fine 
aggregate shall then be slowly poured into the flask, and the flask and con- 

tents agitated while introducing the aggregate to free any entrained air bubbles. 
The combined volume in cubic centimeters of the water and fine aggregate 
shall be read on the scale on the upper neck of the flask. 

“47f the algebraic sign of the result is positive, the material contains free water. If 
the sign is negative, the material absorbs water. 
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5. The approximate apparent specific gravity of the fine aggregate may be 
calculated from the formula: 

Approximate apparent specifiy gravity where V=the combined volume 

in cubic centimeters of the water and fine aggregate in the flask. 

6. Duplicate determinations should check to within 0.05. Variations in the 
amount of water evaporated from the moist sample as described in section 3 
beyond the point at which the surface moisture has disappeared and the sample 
is free flowing and apparently dry will cause variations in results of from 0.5 
to 1 per cent depending upon the absorption of the aggregate. 

i7. METHOD OF TEST FOR FIELD DETERMINATION OF 
APPROXIMATE PERCENTAGE OF VOIDS IN FINE 
AGGREGATE 

(A. S. T. M. tentative standard method (5), serial designation C 69-27 T) 

1. This method of test is intended for use in the field for making approximate 
determinations of the percentage of voids 
in fine aggregate when inundated with 
water. 

2. The apparatus shall consist of the 
following: 

(a) Balance.—A balance, preferably of 
the torsion type, having a capacity of 2 
kilograms or more and sensitive to 0.5 
gram or less. 

()) Flask—A special graduated flask of 
Volume of lowercham- 
ber to mark on lower 

the type and conforming to the dimensions neck = 200 ce. 

shown in Figure 8. Combined volume of low- 
3. A sample weighing about 2 kilograms er and upper chambers 

shall be selected which shall be as truly to lower end of gradv- 
representative of the fine aggregate as a tod kahit 

possible. It shall be well mixed and 
spread out on a flat surface and air dried 
until the surface moisture has evaporated 
and the sample is free fiowing. 

4. About 100 cubic centimeters of water 
shall be placed in the flask. Aggregate 
from the room-dry sample shall then be 
introduced wly into the flask until the 
flask is filled to the 400-cubic centimeter 
mark on the upper neck. Water shail be 
added as required to keep the aggregate 
inundated as the filling proceeds. When 
the flask is filled to the 400-cubic centimeter 
mark, both water and aggregate shall be 
at the same level. The aggregate in the 
flask shall not be agitated during or after 
the filling operation. The flask and con- 
tents shall be weighed to the nearest 

Scale gradvatedin lec. 
divisions trom 375. 
to 450 ce. 

Diameter of opening.in 
lower neck, approximate. 
/ LW, “ 

Diameter of bore of gradu: 
ated upper neck, approtr 
mately 2". 

Range of use: Fromdry 
sand of 28sp.grtosand 
of 2.2 sp.gt, having /0 
per cent moisture. 

sram, and the weight of the flask shall i ae 
be deducted, unless its weight has been ak 
counterbalanced on the scale at the time ss 
oi weighing. = 

5. (@) This method requires that the te 
apparent specific gravity be known of the Pe 
fine aggregate in a room-dry, free-flowing 
condition, but with the voids within the fig. 8—Graduated flask for field test- 
particles of the aggregate containing mois- ing of fine aggregate 
ture. Ii the apparent specific gravity of 
the aggregate in this condition is not known, it shall be determined in accord- 
ance with the tentative method of test for field determination of approximate 
apparent specific gravity of fine aggregate (serial designation C 68-27 T) of the 
American Society for Testing Materials (5). 
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(b) The approximate percentage of voids in the inundated fine aggregate 
may be calculated from the formula: 

400 X specific gravity—W 
ae Se 
, 400 (specific gravity—1) 

where 
V=the approximate percentage of voids, 

Specific gravity=apparent specific gravity of the fine aggregate, 
W+combined weight in grams of 400 cubic centimeters of 

water and fine aggregate in the flask. 

6. Duplicate determinations should check to within 1 per cent. Variations iy 
the composition of the rock grains of the fine aggregate which result in varia- 
tions of 0.05 in the approximate apparent specific gravity of the aggregate will 
cause an inaccuracy in results equal to from 2 to 3 per cent of voids. 

18. METHOD OF TEST FOR FIELD DETERMINATION OF 
SURFACE MOISTURE IN FINE AGGREGATE 

(A. T. M. tentative standard method (5), serial designation C 70—27 T) 

1. This method of test is intended for use in the field for making approximate 
determinations of the percentage of surface moisture in fine aggregate for use 
in computing the allowance to be made for water in the fine aggregate when 
proportioning conerete by the maximum water content method. 

This method determines only surface moisture; that is, moisture on the 
outside of the particles. The moisture absorbed within the particles dces not 
add to the volume of the particles and, therefore, does not make itself evident 
in this test. 

2. The apparatus shall consist of the following: 
(a) Balance.—A balance, preferably of the torsion type, having a capacity of 

2 kilograms or more and sensitive to 0.5 gram or less. 
(0) Flask.—A Special graduated flask of the type, and conforming to the 

dimensions, shown in Figure 8. 
3. A sample weighing about 1 kilogram shall be selected which shall be as 

truly representative of the fine aggregate as possible. It shall be well mixed 
and spread out on a flat nonabsorbent surface. Five hundred grams shall be 
immediately weighed out, permitting moisture to evaporate as little as possible 
from the sample. 

4. The graduated flask shall be filled to the 200-cubiec centimeter mark on 
the lower neck with water at room temperature. The 500-gram sample of damp 
aggregate shall then be slowly poured into the flask, and the contents of the 
flask agitated or stirred to free any entrained air bubbles. Tie combined 
volume, in cubic centimeters, of the water and fine aggregate shall be read on 
the scale on the upper neck of the flask. 

5. (a) This method requires that the apparent specific gravity be known of 
the fine aggregate in a room-dry, free-fiowing condition, but with the voids 

within the particles of the aggregate containing moisture. If the apparent 
specific gravity of the aggregate in this condition is not known it shall be 
determined in accordance with the tentative method of test for field determina- 
tion of approximate apparent specific gravity of fine aggregate (serial designa- 
tion C 68-27 T) of the American Society for Testing Materials (5). 

(b) The percentage of surface moisture in the fine aggregate (air-dry basis) 
may be calculated from the formula: 

500 
~ specific AST age 2 

P f ) is = = ercentage of surface moisture 200 +500_V x 100 

where 
V=the combined volume in cubic centimeters of the water and fine aggre- 

gate in the flask, 
Specific gravity—approximate apparent specific gravity of the fine aggregate. 

6. Duplicate determinations should check to within 0.5 per cent. Variations 
in the composition of the rock grains of the fine aggregate which result in 
variations of 0.05 in the approximate apparent specific gravity of the aggregate 
will cause inaccuracy in results equal to from 1 to 1.5 per cent of moisture. 
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19. METHOD OF TEST FOR UNIT WEIGHT OF AGGREGATE 
FOR CONCRETE 

(A. S. T. M. method (4), serial designation C 29—27) 

1. This method is intended to cover the determination of unit weight of fine, 
coarse, or mixed aggregate for concrete. 

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. 

(b) Measures.—The measure shall be of metal, preferably machined to accu- 
rate 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 of 0.1, 0.5, or 1 cubic foot capacity, depending on the 
maximum diameter of the coarsest particles in the aggregate, and shall be of 
the following dimensions: 

Minimum | Diameter 
A : Inside Inside thickness | of largest 

Capacity (cubic foot) diameter height of metal, | particles of 
U.S. gauge | aggregate 

Inches Inches No. Inches 
Jolt saa ee a a ee ee 6. 00 6. 10 11 | Under 4. 
338 el oc. 5 Oe ee ee 10. 00 | 11. 00 8 | Under 1%. 
vepesteseiese soe ee eee ee eee 14. 00 | Ae. 23 5 | Over 1%. 

<4 

(G) Tamping rod.—The tamping rod shall be a straight metal rod % inch 
in diameter and 24 inches in length, 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° ©. (62° F.) (62.355 
pounds per cubic foot) by the weight of water at 16.7° C. (62° EF.) required 
to fill the measure. 

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 puddled with the tamping rod with 25 strokes, 
evenly distributed over the surface. The measure shall be filled two-thirds full 
and again puddled with 25 strokes as before. The measure shall then be filled 
to overflowing, puddled 25 times, and the surplus aggregate struck off, using 
the tamping rod as a straightedge. 

In puddling the first layer the rod should not be permitted to forcibly strike 
the bottom of the measure. In puddling 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. ‘ 

(6) The net weight of the aggregate in the measure shall be determined. 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. 

20. METHOD OF TEST FOR DETERMINATION OF VOIDS IN 
FINE AGGREGATE FOR CONCRETE 

(A. 8S. T. M. standard method (4), serial designation C 30—22) 

1. The voids in fine aggregate for cement concrete shall be determined by the 
formula: 

(Sp. gr. X 62.355 ) —wt. 

Sp. gr. X 62.355 caaed 

2. The symbol “sp. gr.” represents the apparent specific gravity of the fine 
aggregate as determined by the standard method of test for apparent, specific 
gravity of sand, stone, and slag screenings, and other fine nonbituminous high- 

Pereentage of voids= 
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way materials (serial designation D 55) of the American Society for Testing 
Materials (see p. 22) (4). 

38. The quantity 62.355 is the Wee in pounds of 1 cubic foot of water at 
the standard temperature of 16.7° C. (62° F.). 

4. The symbol “ wt.” represents the weight in pounds per cubie foot of the i 

fine aggregate as determined by the standard method of test for unit weight 
of aggregate for concrete (serial designation C 29, see p. 27) of the American 
Society for Testing Materials (+). i 

21. METHOD OF TEST FOR ORGANIC IMPURITIES IN 
SANDS FOR CONCRETE 

(A. S. T. M. standard method (4), sevial designation C 40-27, except as indicated. 
See p. 

1. This method of test is an approximate method of determining the presence 
of injurious organic compounds in natural sands which are to be used in 
cement mortar or conerete. The principal value of the test is to furnish a 
warning that further tests of the sands are necessary before they are approved 
for use. 

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

(a) A 12-ounce graduated clear glass bottle shall be filled to the 414-ounce 
ian with the sand to be tested. 

(b) A 3 per cent solution of sodium hydroxide in water ‘shall be added until 
the volume of the sand and iiguid indicated after shaking is 7 liquid ounces. 

(c) The bottle shall be stoppered, shaken vigorously, and then allowed to 
stand for 24° hours. 

4. A standard color solution shall be prepared by adding 2.5 cubic centimeters 
of a 2 per cent solution of tannic acid in 10 per cent alcohol to 97.5 cubic centi- 
meters of a 3 per cent sodium hydroxide solution. This shall be placed in a 
12-ounce bottle, stoppered, shaken vigorously, and allowed to stand for 24 
hours. 

5. (a) After standing 24 hours, the color of the clear liquid above the sand 
shall be compared with the color of the standard color solution prepared at the 
same time and in accordance with the method described in section 4, or with 
a glass of color similar to the color of the standard solution. 

(6) Solutions darker in color than the standard coler have a “color value” 
higher than 250 parts per million in terms of tannic acid. 

6. In eu of the method given in paragraph 5 (a) above, the color of the clear 
liquid above the sand may be compared with the colors given in Plate 2. 

Note.—Where chemically pure sodium hydroxide is not available, ordinarily available 
commercial soda lye may be used. 

22. METHODS OF MAKING COMPRESSION TESTS OF 
CONCRETE 

(A. S. T. M. standard methods (4), serial designation C 39-27) 

1. These methods are intended to cover compression tests of concrete made 
in a laboratory where accurate control of quantities of materials and test con- 

ditions is possible. They are designed to apply primarily to hand-mixed concrete 
compression specimens, but may be used with slight modification in making 
tests of concrete for wearing resistance, bond between concrete and steel, im- 
permeability, etc. The investigation of machine-mixed concrete will require 
certain obvious changes in the methods. For methods of conducting compres- 
sion tests of concrete specimens made during the progress of construction work, 
see the standard method of making and storing specimens of conerete in the 
field (serial designation C 31, see p. 31) of the American Society for Testing 
Materiais (4). 

2. Materials shall be brought to room. temperature (18° to 24° C., 65° to 
75° F.) before beginning the 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 
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shall be sieved through a No. 16 (1,190-micron) sieve and all lumps rejected. 
Aggregates shall be in a room-dry condition when used in concrete tests. In 
general, aggregates should be separated on the No. 4 (4,760-micron), *%<-inch 
and 114-inch sieves and recombined to the average original sieve analysis for 
each batch. Fine aggregate shouid be separated into different sizes also in 
eases where unusual gradings are being studied. 

3. Representative samples of all concrete materials shall be secured for pre- 
liminary tests prior to the proportioning and mixing of the concrete. Cement 
test samples may be made up of a smali 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 tested in accordance with the methods described in the 

standard specifications and tests for Portland cement (serial designation C 9, 
see p. 3) of the American Society for Testing Materials (4). 

5. Fine aggregates (passing through a No. 4 (4,760-micron) sieve) shall be 
subjected, when required, to the following tests of the American Society for 
Testing Materials: 

(a) Sieve-analysis test made in accordance with the standard method of test 
for sieve analysis of aggregates for concrete (serial designation C 41, see p. 36 

(4)). 
(60) Test for organic impurities made in accordance with the standard method 

of test for organic impurities in sands for concrete (serial designation 

C 40, see p. 28 (4)). 
(c) Test for quantity of silt, clay, and dust made in accordance with the 

tentative method of decantation test for sand and other fine aggregates (serial 
designation D 136-22 T, see p. 21 (4)). 

(d@) Test for unit weight made in accordance with the standard method of 
test for unit weight of aggregate for concrete (serial designation C 29, see p. 27 

(4)). 
(e) Strength test of 1:3 mortar by weight at 7 and 28 days in comparison 

with standard sand mortar in accordance with standard specifications and tests 
for Portland cement (serial designation C 9, see p. 3 (4)). 

6. Coarse aggregates (retained on a No. 4 (4,760-micron) sieve) shall be 
subjected when required to the following tests: 

{a@) Sieve analysis test as specified in section 5 (a). 
(6) Test for quantity of silt, clay, and dust made in accordance with standard 

method of test for quantity of clay and silt in gravel for highway construction 
(serial designation D 72, see p. 21) of the American Society for Testing Mate- 
rials (4). 

(c) Test for unit weight as specified in 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 sec- 
tion 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 determined 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 (b) 1 volume of cement, volumes of fine aggregate, and 

volumes of coarse aggregate, or (c) 1 part by weight of cement, 
parts by weight of fine aggregate, and parts by weight of coarse 
aggregate.” 

9. Compression tests of conerete shall be made on cylinders of diameter 
equal to one-half the length. The standard shail be 6 by 12 inch cylinders 
where the coarse aggregate does not exceed 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 shall be mixed by hand in batches of such size as to leave 
a Small quantity of concrete after molding a single test specimen. The batch 

6 It is impracticable to give a general method for proportioning concrete for experi- 
mental purposes; the details will necessarily vary widely with the purpose for which 
the tests are made. The following procedure is suggested for specific cases; (a) 
Vary the cement content by 10 per cent intervals above and below assumed quan- 
tity. (6) Vary the proportions of fine to coarse aggregate, measured separately, at 
eee of 10 per cent. (c) Vary the quantity of mixing water by intervals of 10 

nt. 
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shall preferably be mixed in a shallow metal pan with a 10-inch bricklayer’s 
trowel which has been blunted by cutting off about 21% inches of the point, 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; 
(@) Sufficient water shall be added to produce concrete of the required 

workability. 

NotTe.—Concrete tests should be made on plastic mixtures. It is of the utmost impor- 
tance that a uniform degree of workability be secured in tests involving comparisons of 
different materials and methods. 

(e) The mass shall be mixed thoroughly until the resulting concrete is homo- 
geneous 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 tentative method of test for 
consistency of Portland cement concrete (serial designation D 138-26 T) of 
the American Society for Testing Materials (5). 

(bo) Flow test made by placing a metal mold in the shape of a frustrum of 
a cone 6% inches in top diameter, 10 inches in bottom diameter, 5 inches in 
depth, on the table of the flow apparatus.” The fresh concrete shall be placed 
in the mold in two layers. Each layer shall be puddied as deseribed in section 
13. Immediately after molding the surplus concrete shall be struck off with a 
trowel and the mold shall be removed by a steady upward pull; the table 
raised one-half inch and dropped 15 times in about 10 seconds by means of a 
suitable cam and crank. The spread of the fresh concrete due to this treat- 
ment expressed as a percentage of the original bottom diameter of the cone 
is the “ flow.” 

12. The molds shall preferably be of metal. Each mold 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 molds so that the 
mixing water will not escape during molding.” 

13. Concrete test specimens shall be molded by placing the fresh concrete in 
the mold in layers 3 to 4 inches in thickness. Each layer shall be puddled with 
25 strokes with a %-inch rod 24 inches in length, bullet-pointed at the lower 
end. After the top layer has been puddled the surplus concrete shall be struck 
off with a trowel and the mold covered with a piece of plate glass at least 
one-fourth inch in thickness or a machined metal plate, which will be used later 
in capping the test specimen. 

14. 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 shall be formed by means of a piece of 
plate glass one-fourth inch in thickness or a machined metal plate one-half inch 
in thickness and of a diameter 2 or 3 inches larger than that of the mold. The 
plate shall be worked on the fresh cement paste until it rests on top of the mold. 
The cement for capping should be mixed to a stiff paste two to four hours before 
it is to be used in order to avoid the tendency of the cap to shrink. Adhesion 
of the concrete to the top and bottom plates may be avoided by oiling the plates 
or by inserting a sheet of paraffined paper. 

15. Concrete test specimens shall be removed from the molds 20 to 48 hours 
after molding, marked, weighed, and stored in damp sand, 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 18° to 24° C. (65° to 75° FB.). 

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 specimens should be made on different days in investi- 
gations in which accurate comparisons are desired. 

18. Compression tests shall be made immediately upon removal of the con- 
crete test specimens from the curing room; that is, the test specimens shall be 
loaded in a damp condition. The length and average diameter of the test 

16 For a description and illustration of one design for a flow table, see: (17; 18, p. 242). 
7 'The best type of mold consists of lengths of cold-drawn steel tubing, split along one 

element and closed by means of a circumferential band and bolt. Satisfactory molds can 
be made from 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. 
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specimen shall be measured in inches and hundredths; two diameters shall be 
measured at right angles near the midlength. The test specimen shall be 
weighed immediately before testing. 

19. In general, only the ultimate compressive strength of the cylinders need 
be observed. The metal bearing plates of the testing machine shall be placed 
in contact with the ends of the test specimen; cushioning materials shall not 
be used. An adjustable bearing block shall be used to transmit the load to the 
test specimen. The bearing block shall be used on top’ of the specimen in 
vertical testing machines. The diameter of the bearing block shall be the same 
or slightly larger than that of the test specimen. The upper or lower 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 specimen. 

20. The load shall be applied uniformly and without shock. The moving 
head of the testing machine should travel at the rate of about 0.05 inch per 
minute when the machine is running idle. 

21. The totai load indicated by the testing machine at failure of the test 
specimen shall be recorded and the unit compressive strength calculated in 
pounds per square inch, the area computed from the average diameter of the 
eylinder being used. The type of failure and appearance of the concrete shall 
be noted. 

22. The weight of the concrete in pounds per cubie foot shall be determined 
from the weight of the specimens and their dimensions. 

23. Density and yield of concrete when required shall be calculated from the 
unit volumes of the constituent materials and the volume of the fresh or set 
conerete as desired. Density is here understood to be the ratio of solids in the 
conerete to the total volume of the mass. Yield is the volume of concrete 
resulting from the volume of aggregate mixed as used. 

24. The report 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 concrete, where 

methods deviate from the proposed standards. 
(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 specimens. 
(4) The date of molding and testing each cylinder. 
(j) The compressive strength in pounds per square inch of each test speci- 

men and the average of tests in a set. 
(k) A deseription of failure and appearance of concrete on each test specimen. 

{l) The unit weight, density, and yield of the concrete. 

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

(A. S. T. M. standard method (4), serial designation C 31—27, except as indicated. See 

pt) 

1. This method is intended to apply to the molding and storing of test speci- 
mens of concrete sampled from concrete being used in construction. 

2. The test specimens shall be cylindrical in form with the length twice the 
diameter. The standard shall be 6 by 12 inch cylinders where the coarse aggre- 
gate does not exceed 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. 

3. (a) The molds shall be cylindrical in form, made of nonabsorbent 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.” 

18 See footnote 17. 
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(b) 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 diam- 
eter to properly support the mold without leakage. Plate glass or planed metal 
are satisfactory for this purpose. A similar plate should be provided for cover- 
ing the top surface of the test specimen when molded. 

(c) Suggestions for suitable molds are shown in Figures 9, 10, and 11. 
4. (a) Concrete for the test specimens shall be taken immediately after it 

has been placed in the work. All the concrete 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. 

(vb) 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 
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transporting to the place of molding. Care shall be taken to see that each test 
specimen represents the total mixture of the concrete from a given place. Dif- 

ferent samples shall not be mixed together but each sample shall make one 
specimen. 

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 occurring during transportation, each 
sample shall be dumped into a nonabsorbent water-tight receptacle and, after 
slight mixing, immediately placed in the mold. 

(b) The test specimens shail be molded by placing the concrete in the mold 
in layers 3 to 4 inches in thickness. Each layer shall be puddled with 25 strokes 
with a %-inch rod 24 inches in length bullet-pointed at the lower end. After 
puddling the top layer, the surface concrete shall be struck off with a trowel 

and covered with the top cover plate which may later be used in capping the 
test specimen. 
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6. (a) 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 shall be formed by means of a 
piece of plate glass one-fourth inch in thickness or a machined metal plate 
one-half inch in thickness and of a diameter 2 or 3 inches larger than that of 
the mold. The plate shall be worked on the fresh cement paste until it rests 
on top of the mold. The cement for capping should be mixed to a stiff paste 
two to four hours before it is to be used in order to avoid the tendency of the 
cap to shrink. Adhesion of the concrete to the top and bottom plates may be 
avoided by oiling the plates or by inserting a sheet of paraffined paper. 

(b) When directed, specimens may be capped after having been received in 
the laboratory. 

7. (a) At the end of 48 hours the test specimens shall be removed from the 
molds and buried in damp sand except in case the molds shown in Figure 11 
are used, when they may be buried in damp sand without removal of the mold, 
thus permitting shipping in the molds. 

(b) When directed, specimens may be cured in a manner similar to the 
structure. 

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. 

(b) Should a seven-day test be required, the test specimens shall remain at 
the work as long as possible to harden and then shall be shipped so as to arrive 
at the laboratory in time for test on the required date. 

(c) Test specimens shall be protected from drying after removal from damp 
storage and before testing. 

24. METHODS OF SECURING SPECIMENS OF HARDENED 
CONCRETE FROM THE STRUCTURE 

(A. S. T. M. standard method (4), serial designation C 42—27) 

1. These methods and precautions are intended to apply to securing 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 between the mortar and the coarse aggregate 
of the specimen. 

3. The specimen from the structure can best be secured by use of a core 
drill. For specimens taken perpendicular to a horizontal 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. 

(b) In securing a specimen perpendicular to a horizontal surface 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 place 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 or 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 symetrical 
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 per- 
pendicular to its axis, and, if the specimen has ends with uneven surfaces, these 
ends shall be made to parallel plane surfaces by capping with a thin layer of 
mortar richer than the mortar of the specimen or with a mixture of cement 
and calcined gypsum (plaster of Paris). 

7. In case the dimensions of a svecimen are necessarily appreciably different 
from the recommended shape which requires a height twice the diameter, 
allowance for the ratio of height to diameter must be made in determining the 

oe 
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strength. When the height is more than twice the diameter; that is, when the 
ratio is greater than two, no correction need be made. For other ratios cor- 
rections shall be made as indicated in the following tabie. Values not given in 
the table shall be determined by interpolation: 

Ratio of height of cylinder to diameter (4) 

ee LA Preeti SEFC LI, TY =o 0. 98 
ie Mniiply ermine Hirenetn. by 9 So ee . 95 
eee ING yeEHNl Streneth (by Ses ss ee ee, . 94 
eee isitaqsl ya ernnnIne CRirenein (by = = ee . 90 
erammtietie rennin Nirenrsn Wy 2 . 85 
a meiriaiworrintine stronet py... - eee . 70 
eis ernniine Nirenth by. .50 

8. The direction of the application of the load in the compression test shall be 
stated with reference to the direction of the compaction of the mass Of con- 
crete in the structure, and where it is practicable the compression load Shall be 
applied in the same direction. In order that the tests be made under uniform 
conditions as to moisture content, the test specimens Shall be completely sub- 
merged in water for 48 hours and the compression test shall be made immedi- 
ately thereafter. 

25. METHOD OF TEST FOR ABSORPTION 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 shali first be weighed and 
then dried in a drier or oven at a temperature of not less than 110° C. 
(236° 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 reweighed. 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 two-hour periods until 
checks weights are obtained. 

3. The balance used shall be sensitive to 0.05 gram when ioaded with 1 kilo- 
gram 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 receptacle, 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° C. 
(50° to 59° F.). . 

5. The test results shall be calculated as percentages of the initial dry weight 
carried to the nearest first decimal place. The results shall be reported sepa- 
rately for each individual specimen, together with the mean of the specimens 
comprising the sample. 

26. METHOD OF TEST FOR QUALITY OF WATER TO BE 
USED IN CONCRETE 

1. Acidity and alkalinity—The acidity or alkalinity shall be determined 
with standard solutions of one-tenth normal alkali or acid, respectively, using 
not less than 200 cubic centimeters of the water under examination. Phenol- 
phthalein 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 cubie centimeters of 
the water shall be evaporated to dryness in a weighed dish. For this purpose 
a platinum dish of 100 to 200 cubic centimeters capacity is found most con- 
venient. 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 cubic centimeters have been used. The contents of the dish shall be 
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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. 

2. The total solids obtained as described may consist of organic matter, of 
inorganic matter, or of combinations of organic and inorganic 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 matter. The percentage 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 decompose 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 centimeters or more of the water and is not gen- 
erally 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 distilled water can be obtained by 
making standard soundness, 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 tests 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.) 

27. METHOD OF TEST FOR SIEVE ANALYSIS Of 
AGGREGATES FOR CONCRETE * 

(A. S. T. M. standard method (4), serial See Say C 41-24, except as indicated. See 
p. 

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

(a) Fine aggregate [500 grams]. From 100 to 500 gram samples, depending 
upon the coarseness of the sand. 

NotE.—When samples contain more than 2 per cent silt, it is recommended that an 
elutriation test be made prier to and on the same sample as the sieve analysis. 

(b) Coarse aggregate or a mixture of fine and coarse aggregates, weight in 
grams, 3,000 times the size of the largest sieve required, measured in inches. 

TABLE 3.—Requirements for sieve openings and wire diameters with permissible 
variations * 

Sieve opening | Wire diameter | Tolerance (per cent) 

Sieve number or size in | | “Wire dinnenee 

BEES Milli- | Milli | Average Mae 
meters | Mches | meters | Iches | opening | ment 

Under | -Over | °Pemes 

| ae 
No. 100 (149 microns) - __---! 0.149 | 0.0059 0. 102 0. 0040 +6 15 | 35 40 
No. 50 (297 microns) __ __---_| . 297 | . 0117 188 . 0074 +6 | 1544 35 40 
No. 30 (590 microns) --__--__-! .59 | . 0232 33 . 0130 +5 | 15 | 30 25. 
No. 16 (1,190 microns) ___-_- 1319" | . 0469 . 54 . 0213 +3 | 15 30 10 
No. 8 (2,380 microns) __-_-_- 2.38 | . 0937 . 84 . 0331 +3 15 30 10 
No. 4 (4,760 microns)______- 4.76 187 1.27 050 3 | a5 30 | 10 
25581 C0 ee a, eg eg | 9.5 . 375 Dose . 092 +3 | 10 10 iG 
Yemdhine fat a, PIII 19.0 75 3. 42 135 +3] 10 10 | 10 
Ine a: as eee Se See 25. 4 1. 00 4,12 . 162 +3 | 10 10 10 
(ELAS tite (eee ae ae eg ee PEEL | 38.0 1. 50 4. 50 177 +3 | 10 10 10 
2-1n Chis) Foes eR eee site 50. 8 2. 00 4. 88 A = +3 10 10 | 10 
BANG & - 8 tee eh. nae 76.0 3. 00 6.3 Mime ee +3 | 10 10 ! 10 

1 The dimensions and tolerances for these sieves conform to the requirements of the standard specifi- 
eations for sieves for testing purposes (serial designation E 11) of the American Society for Testing Ma- 
terials (3, p. 789). 

2 This method is intended primarily for use in connection with the sieve analysis of 
either coarse aggregates or mixtures of fine and coarse aggregates for various types of 
road construction, including concrete, when the sizes larger than No. } are specified on 
the basis of sieves with square openings. 
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2. The sample shall be dried to constant weight at a temperature not exceed- 

ing 110° C. (230° F.). 
3 (a) The sieves shall be of square-mesh wire cloth and shall be mounted on 

substantial frames constructed in a manner that will prevent loss of material 
during sieving. 

(b) The size of wire and sieve openings shall conform to the requirements 
given in Table 3. 

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

(b) Each size shall be weighed on a balance or scale which is sensitive to 

6.001 of the weight of the test sample. 
(ce) The percentage by weight of the total sample which is finer than each 

of the sieves shall be computed. 
5. (a) The percentages in sieve analysis shall be reported to the nearest 

whole number. 
(6b) If more than 15 per cent of a fine aggregate is coarser than the No. 4 

(4,760 microns) sieve, or more than 15 per cent of a coarse aggregate is finer 
than the No. 4 (4,760 microns) sieve, the sieve analysis of the portions finer and 
eoarser than this sieve shall be reported separately. 

28. METHOD OF MECHANICAL ANALYSIS OF SAND OR 
OTHER FINE HIGHWAY MATERIAL 

(A. S. T. M. standard method (4), serial a eae fae D 7-27, except as indicated. See 
p. 1) 

1. A representative test sample of the aggregate weighing [50 grams] vot less 

than 100 grams shall be taken. 

Norn. When samples contain more than 2 per cent silt it is recommended that an 
elutriation test be made prior to and on the same sample as the sieve analysis. 

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

3. (@) The sample shall be passed through each of the standard sieves speci- 
fied in Table 4. 

Tapre 4— Requirements for sieve openings and wire diameters with permissible 
variations * 

[ 

| Sieve opening 

Mesh designation, United 

{ [ 

States standard sieve series He eee 

Tolerance on | Wire diameter | oler- | Wire diameter | Toler- 
an ce in 

e | average eee 
No.? Milli | Milli openi | | Inu Milii- I = r jopening} ,- : 

ee Inches neers Inches Under | Over opening 

a | 
|Per cent| Per cent) Per cent| Per cent 

a eee Eee 2. 00 0. 0787 0.76 | 0.0299 | +3 15 30 10 
eer ae MA SO a 84 . 0331 . 42 . 0165 | 5 15 30 | 25 
SLL. ee ree 59 . 0232 | 33 . 0130 | +5 15 30 | 25 
tues. ee 42 - 0165 . 25 . 0098 | +5 15 30 25 
Sit.) See 297 ~ OLL7 . 188 . 0074 | +6 5 35 | 40 
“See 177 . 0070 .119 .0047 | +46 15 35 | 40 
Lee hE a . 149 . 0059 . 102 . 0040 | +6 | 15 35 | 40 
2 sl 2S. So ee . 074 . 0029 - 053 | . 0021 | +8 | 15 | 35 | 60 

| } I | 

1 The dimensions and tolerances for these sieves conform to the requirements of the standard specifica- 
tions for sieves for testing purposes (serial designation E 11) of the American Society for Testing Materials 
(3, p. 789). 

2 The order in which the sieves are to be used in the process of sieving is immaterial and shall be left 
optional, but in reporting results the order in which the sieves have been used shall be stated. 

(ob) The percentage by weight retained on each sieve shall be determined 
and the sieving on each sieve shall be continued until less than 1 per cent of the 
weight retained on each Sieve shall pass through the sieve during the last 
minute of sieving. 
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4. The percentages in mechanical analysis shall be reported in the following 

manner : 

Per cent 
Passing the No. 200 sieve= ===> 4 See e= 2s Se ee eee eee 
Passing the No. 100 sieve and retained on the No. 200 sieve______  _______ 
Passing the No. 80 sieve and retained on the No. 100 sieve___-__ _ _______ 
Passing the No. 50 sieve and retained on the No. 80 sieve____--_  —______ 

100. 00 

29. METHOD OF MECHANICAL ANALYSIS OF COARSE 
AGGREGATES ”° 

(A. S. T. M. standard method (4), serial ee D 18-16 except as indicated. See 
p. 

The method shall consist of (1) drying at not over 110° C. (230° F.) toa 
constant weight a sample weighing in pounds six times the diameter in inches 
of the largest holes required: (2) passing the sample through such of the follow- 
ing size screens having circular openings as are required or called for by the 
specifications, screens to be used in the order named: 8.89 centimeters (3% 
inches), 7.62 centimeters (8 inches), 6.35 centimeters, (2% inches), 5.08 
centimeters (2 inches), 3.81 centimeters (114 inches), 3.18 centimeters (144 
inches), 2.54 centimeters (1 inch), 1.90 centimeters (°%4 inch), 1.27 centimeter 
(%4 inch), and 0.64 centimeter (144 inch); (8) determining the percentage by 
weight retained on each screen; and (4) recording the mechanical analysis in 
the following manner.” 

Per cent 
Passing ‘0;64-centimeter- (44-inch) screen@== == ae ee ee eee 
Passing 1.27-centimeter (44-inch) screen and retained on a 0.64- 

centimeter = .(44-inch)) ;Screen 2232 2 eee eee 
Passing 1.90-centimeter (%4-inch) screen and retained on a 1.27- 

eentimeter. (44-inch) “sereen 22082) oe Sas eee ee ee ee eee 
Passing 2.54-centimeter (1-inch) screen and retained on a 1.90- 

centimeter? (54-i0ich)) seréen 234 ee eee eee 

100. 00 

30. METHOD OF MECHANICAL ANALYSIS OF EXTRACTED 
AGGREGATES 

1. 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 openings one-quarter inch in diameter. 
The portion retained on the screen shall be examined in accordance with the 
method for mechanical 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 follows: A 10-mesh sieve shall be superim- 
posed 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 material 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 retained on sieve gives 

weight of mineral matter passing 200-mesh sieve. 

» This ‘method is intended primarily for use in connection with the mechanical ont 
of coarse aggregates for various types of road construction, including concrete, when “the 
sizes are specified on the basis of round hole screens. 

21 Attention is called to the fact that the 1-inch screen is not necessarily the largest 
screen which may be used. 
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2. The mechanical analysis shall be recorded in the following manner : 

Per cent 
PEDO S EINE BUY STS SG) ae Sets EE ee 2 le 
Passing 80-mesh sieve and retained on 200-mesh sieve____-___-_--__ __----- 
Passing 40-mesh sieve and retained on 80-mesh sieve______-----_  ------ 
Passing 10-mesh sieve and retained on*40-mesh sieve_______-----~ _~_----~ 
Passing Y%-inch screen and retained on 10-mesh sieve_____----_._  --_--- 
Passing 14-inch sereen and retained on 44-inch screen_—_-___-_-_. . ~---—= 
Passing 34-inch screen and retained on 14-inch screen___-____--__ ~~-_--~~ 

8. In the sieve analysis of the sand fraction, the following sizes of sieves shail 
be used: 10-mesh, 40-mesh, 80-mesh, and 200-mesh. 

31. METHOD OF SAMPLING PAVING BRICK 

1. Place of sampling.—Where a standard rattler has been installed 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. 

2. 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. 

3. (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 should be Selected, as in the case of samples 
taken from kilns, each sample to represent about 10,000 brick. When the sur- 
face appearance of the brick does not furnish any indication of their uniformity, 
samples are to be taken at random, representing approximately 10,000 brick. 

(c) Samples from cars—When a sample is taken from a earload it shall be 

selected in the same manner as previously described to represent three approxi- 
mate degrees of burning. 

4. 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. 

5. Stcrage 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° F. before testing. 

32. METHODS OF TESTING BRICK 

(A. S. T. M. tentative standard method (5), serial designation © 67-27 T, except as 
indicated. See p. 1) 

1. These methods cover the following tests for brick: 
The compresion test; 
The flexure or cross-bending test; 
The rattler test. 
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COMPRESSION TEST 

APPARATUS 

2. Any form of standard testing machine may be used for the compression 
test, together with a spherical bearing block large enough entirely to cover the 
specimen. 

TEST SPECIMEN 

3. The test specimen shall consist of a half brick.” Any method which will 
produce a specimen with approximately plane and parallel ends, without shat- 
tering the specimen, may be used. 

4. A half brick to be used for the compression test shall be prepared as 
follows: The two surfaces intended to receive the load from the testing ma- 
chine shall receive a, thin coating of shellac and be allowed to dry thoroughly. 
One of the shellacked bearing surfaces shall then receive a thin coat of a neat 
mortar of calcined gypsum (plaster of Paris). This mortared face of the 

i] 

Cross — jHead of 

Testing +‘ Machine 

YW 
i rene ST 
Center of ERT an ark, Gl ater Bedding. Material 
Spherical Surface --- Vee se One-half Brick 

: a (ORES oes ey Bedding Material 
S WN 

| N 
Weighing | Table of 

Testing eee 

Fig; 12.—Special bearing block for use in testing brick 

specimen shall then be pressed on plate glass or a machined metal plate, pre- 
viously ciled or covered with waxed paper, and the bedding material allowed 

to harden. This procedure shall be repeated with the other shellacked surface. 
Care shall be taken that the opposite faces so coated with bedding material 
shail be parallel. Depressions or recessed or paneled bricks shall be filled with 
neat Portland-cement mortar, which shall stand at least 24 hours before testing. 

5. Compression tests shall be made on at least five half-brick test specimens 
from different bricks. 

PROCEDURE 

6. (a) The half-brick test specimen shall be tested, placed flat. 
(b) The bearing block shall be used on top of the test specimen in vertical 

testing machines. The center of the sphere of the bearing block shall be used 
in contact with the top bearing surface of the specimen, and in the vertical 
axis of the specimen. (Fig. 12.) The spherical bearing block shall be kept 
thoroughly lubricated to insure accurate adjustment, which should be made 
by hand under a small initial load. 

22 This permits the use of a suitable half brick from the flexure test. 
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(c) The speed of the moving head of the testing machine, during the appli- 
eation of the load, shall not be more than (0.05 inch per minute. 

(d@) During the test the beam of the testing machine shall be kept constantly 
in a floating position. 

7. The compressive strength in pounds per square inch shall be reported as 
the total maximum load, W, in pounds, indicated by the testing machine, 
divided by the area, A, in square inches, of the minimum section of the speci- 
men perpendicular to the line of application of the load. 

The compressive strength in pounds per square inch shall be calculated from 

the formula: 

Compressive strength =4 

FLEXURE TEST 

APPARATUS 

8. (a) Any form of standard testing machine with knife edges as described 
in paragraph (0) may be used for the flexure test.” 

(b) Knife edges shall be straight and have full contact with the specimen 
or bearing plate, and they shall have a length at least equal to the width of 
the brick to be tested. Their bases shall be so curved or rounded as to permit 

Ne 
Sagi So E | : 

Side Elevation. End View. 

Trig. 13.—Knife edges use in testing brick 

free movement of the working edges, both longitudinally and transversely. 

The use of knife edges of the type shown in Figure 13 is recommended, although 
other types may be used which will provide free movement and at the same 
time insure full and even bearing at all times during the test. 

TEST SPECIMEN 

9. The test specimen shall be a whole brick. 
10. Flexure tests shall be made on at least five whole bricks. 

PROCEDURE 

11. (a) A test specimen brick shall be placed flatwise on the knife edges 
with a span of 7 inches and the load applied at midspan. 

* Portable apparatus properly calibrated may be used. 
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(b) A steel bearing piece one-half inch square and of a length equal to the 
full width of the specimen shall be placed between the upper knife edge and the 
specimen. 

(c) The speed of travel of the head of the testing machine, during the 
application of the load, shall not be more than 0.05 inch per minute. 

12. The modulus of rupture, R, in pounds per square inch shall be reported 
as calculated from the following formula: 

_ 3Wi 
2b0 

where 
W-=the total load in pounds at which the brick failed, 
I=the distance between the supports in inches, 
b=the width of the brick in inches, and 
d=the depth of the brick in inches. 

RATTLER TEST 

APPARATUS 

13. The machine used in the rattler test shall be of good mechanical con- 
struction, self-contained, and shall conform to the following details of material 
and dimensions, and shall consist of barrel, frame, and driving mechanism 
as described in sections 14 to 18. In Figure 14 is illustrated a rattler which 
will meet the requirements specified, and to which reference should be made. 

14. The barrel of the machine shall consist of the heads, headliners, staves, 
and stave liners conforming to the following requirements: 

(a) Heads.—The heads may be cast in one piece with the trunnions which 
shall be 27% 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 27-inch 
shafts and shall be key seated 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 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 inside face of the heads shall be 
514 inches. 

The heads shall not be less than three-fourths nor more than seven-eighths 
inch in thickness. In outline, each head shall be a regular 14-sided polygon in- 
scribed in a circle 28° inches in diameter. Each head shall be provided with 
flanges not less than three-fourths inch in thickness and extending outward 21% 
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 ma- 

chined. The flanges shall be slotted on the outer edge, so as to provide for two 
three-fourths-inch boits at each end of each stave, the slots to be thirteen-six- 
teenths inch in width and 234 inches center to center. Hach slot shall be pro- 
vided with a recess for the bolt head, which shall act to prevent the turning of 
the same. Between each two slots there shall be a brace three-eighths inch in 
thickness extending down the outward side of the head not less than 2 inches. 

(6) Headliners.——There shall be for each head a cast-iron headliner, 1 inch in 
thickness and conforming to the outline of the head, but inscribed in a circle 
2846 inches in diameter. This headliner shall be fastened to the head by seven 
five-eighths-inch cap screws, through the head from the outside. Whenever 

those headliners 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 headliners shall be hard machinery iron and should contain 
not less than 1 per cent of combined carbon. 

(c) Staves.—The staves shall be made of 6-inch medium-carbon steel structural 
channels 2714 inches in length 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 either 
way from the longitudinal center line. The spaces between the staves shall be 
as uniform as practicable, but shall not exceed five-sixteenths inch. 

(d) Staveliners.—The interior or flat side of each stave shall be protected by 
a liner three-eighths inch thick by 514 inches wide by 19% inches long. The 
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liner shall consist of medium-carbon steel plate, and shall be riveted to the chan-~ 
nel 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 lines shall be inspected from time to time, and if 
found loose shall be at once reriveted. 

15. When a new rattler, in which a compiete 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 proportion as provided in section 19, and shail 
then be run for 18,000 revolutions at the rate of speed specified in section 22 (a). 
The shot shall then be removed and a standard shot charge inserted, after which 
the rattler may be charged with brick for a test. 

16. No stave shall be used for more than 70 consecutive tests without 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 aiso 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, 2 and 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 conditions of repair. The changes in the staves 
should be made at the tithe 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 in length, 
inside measurement, between headliners. The liners of the staves shall be so 
placed as to drop between the headliners. The staves shall be bolted tightly 
to the heads by four %4-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. 

17. 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 founda- 
tion with or without the interposition of wooden plates, and shall be fastened 
thereto by bots at not less than four points. 

18. The barrel shall be driven by gearing whose ratio of driver to driven is 
not less than one to four. The countershaft upon which the driving pinion is 
mounted shall not be less than 17% inches in diameter, with bearing not less than 
6 inches in length. If a belt drive is used, the pulley shall be not less than 18 
inches in diameter and 6% inches in face. A belt at least 6 inches in width, 
properly adjusted to avoid unnecessary slipping, should be used. 

19. The abrasive charge shall consist of cast-iron spheres of two sizes. 
(a) Large spheres—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 ; provided, however. that 
all of the large spheres shall not be discarded and substituted by new ones at 
any single time, and that in so far as possible the large spheres shall compose a 
graduated series in various stage of wear. 

(6) Small spheres—When new, the smaller spheres shall be 1.875 inches in 
diameter and shall weigh approximately 0.95 pound (0.48 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 nearly 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 diam- 
eter, drilled in an iron plate one-fourth 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 plate 
mentioned 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, fur- 
ther, 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 shall com- 
pose 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. 

20. The cast-iron abrasive spheres shall conform to the following require- 
ments as to chemical composition: 
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Per cent 
Combined ‘carbon, ‘not ‘ander’ oi. S02 es Se ee ee 2. 50 
Graphitic carbon; aot ‘over: 222 2. Sa he Pe ere ee Saree, 0. 25 
milicon, not OVveTW 2-2 oo ee ee ae ee ee 1. 00 
Manganese, nog. 0Ver_=— ee ae eee 0. 50 
Phosphorus, net: over. =~ = 25 Bee ee ee a ee eee 0. 25 
Sulphur, not» over-+-—* =. See 4 eee Set ee ~ 0. 08 

For each new batch of spheres used the chemical analysis shall be furnished 
by the maker or be obtained by the user before introducing the spheres into the 
charge, and uniess the analysis conforms to the requirements specified the batch 
of spheres shall be rejected. 

21. The scales used shall be placed on a solid level foundation and shall be 
sufficiently sensitive to determine the initial weight of 10 bricks to the nearest 
0.1 pound. The scale shall be tested by a standard-test weight at intervals of not 
more than every 10 tests. 

TEST SPECIMEN 

22. The number of brick per test shall be 10 whole bricks for all weights of 
brick, and the brick shall be weighed to the nearest 0.1 pound. 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. 

PROCEDURE 

23. (a) The sample, together with the abrasive charge, shall be placed in the 
rattler and the rattler closed. The rattler shall be rotated at a uniform rate 
of not less than 28.5 nor more than 30.5 revolutions per minute, and 1,800 revo- 
lutions 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 starting and stopping. Only one start and stop per test is in 
general acceptable. If, from accidental causes, the rattler is stopped and 
started more than once during a test, and the percentage loss exceeds the 
maximum permissible under the specifications, the test shall be disqualified 
and another made. 

(b) Any test, at the expiration of which a stave liner is found detached from 
the stave or seriously out of position, shall be rejected. 

24. The loss shall be calculated as a percentage of the initial weight of the 
brick composing the charge, by weighing the brick remaining in the rattler at 
the end of the test, deducting this weight from the initial weight of the brick, 
dividing this difference by the original weight of the brick and multiplying by 
100.” 

Original weight— weight after testing 
Percentage of loss= Grialeaets x 100 

In weighing the rattled brick, any piece weighing less than 1 pound shall be 
rejected. 

25. The percentages of loss, as calculated in accordance with section 24, shall 
be corrected by subtracting from it the differential obtained from the following 
tabulation, which corresponds to the initial weight of the 10 bricks composing 
the test charge.” The corrected result shall be reported as the corrected per- 

centage of loss. 

Weight of 10 brick Correction differential, 
before test, pounds per cent 

OT OVena = 3 tse eis cen rs ae ee ee i ae ee eee 0 
SO: 0:94. CLUS Co eh el Se ee eee ee 1.0 
$5.10 -89,; inclnsnye 5a) 5 Se 2 ee ee ee ee ee 2 aS 
80 "EG ‘S84. "inchuisivie es Fn re Oe 7 ee A ee ee eee ee 2 
T5z to. TS: Anchishves= <2 Se Fe ee ee Se ea s lsc ee eee 3.0 4 
10 to “T4;*THelUpiVe2> . Se ee nt = ee ee ee eee 3.5 
65: .t0..69, inclisive._ = ee ee eee 4.0 
60 to- 64, Inclusive 220 ee ee ee eee ee eee 5. 0 
BOT Or TN 6F + hes 2 en 3 ee ere eee eee 6.0 

In all cases where the initial weight of 10 brick in pounds and tenths of a 
pound lies between the upper limit of one grade and the lower limit of the 

“The percentage of loss to be taken as the standard remains within the province of 
the contracting parties. For their information, the average percentage of loss after cor- 
rection as provided in section 25 should not exceed 22 per cent for heavy traffic and 24 
per cent for light traffic. I 

* At the option of the purchaser, the results of the rattler test may be reported direct 
without correction for size of brick. 
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next heavier grade, the brick shall be classified in the heavier grade when the 
fractional part of the weight is 0.5 pound or more. 

RECORD 

26. A complete and continuous record shall be kept of the operation of all 
rattlers working under these tentative methods of testing. 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. 
The name of the street or contract, which the sample represented. 

. The brands or marks upon the bricks by which they were identified. 
The number of bricks furnished. 
The date on which they were received for test. 
The date on which they were tested. 
The drying treatment given before testing, if any. 

. The length, width, and thickness of the bricks. 
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 standardization. 
12. The total weight of the shot charge, after its last standardization. 
13. Certificate of the operator that he examined the condition of the machine 

as to staves, liners, and any other parts affecting the barrel, and found them to 
conform to the requirements at the beginning of the test. 

14. Certificate of the operator of the number of charges tested since the last 
standardization of shot charge and last renewals 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 counting 
machine. 

16. Certificate of the operator as to number of stops and starts made in 
each tesi. 

17. The initial collective weight of the 10 bricks composing the charge and 
their collective weight after rattling. 

18. The loss calculated as a percentage of the initial weight and the calcula- 
-tion itself, the correction factor, and the corrected percentage of loss. 

19. The number of broken bricks and remarks upon the portions which were 
included in the final weighing. 

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

21. The certificate of the operator that the test was made in accordance with 
the requirements of the American Society ror Testing Materials and that the 
record is a true record. 

22. The signature of the operator or person responsible for the test. 
23. The location of the laboratory where the test was made and name of 

the owner. 
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 duplicate, but the original 
record shall always be preserved intact and complete.” 

(0010 ID OU OD! 

REPORT OF STANDARD RATTLER TEST OF PAVING BRICK 

IDENTIFICATION DATA 

2 TES Ly STEPPER REY Q Se Tay Oe a aa A Oe 8 Ae a Oe a 
ele geees mete ees 0807 29E- TAT TENCuENT 1892 SAdIN Ee) Et es eee ee ee ee 
putes Een SIN iel td SAAT ASIC PONTCSONGS 2. 5 = ite St ee Sh ee ee tse eget ss 
ES EL Ee Yc am a ee ee 
Pereatearetyisied ye. ee me ek SOR yiiae On mHOTInee = <b eee) aoe Oe 
LOL GSE CS. ee Se a ee ieee eee AACUDUES (PEST oT |. aed Se ee ee eee el eee SL ee 
DoE E a ee Se Se ee eee ECGS ee s8 2 Ae er thickness) 2. ee Se. 

* For the convenience of those making use of the test, the accompanying blank form, 
which provides space for the necessary data, is furnished and its use is recommended. 



46 DEPARTMENT BULLETIN 1216, U. S. DEPT. OF AGRICULTURE 

STANDARDIZATION DATA 

Repairs (note 

; metiom | Condition | conaition of | MUMBO 884 any repair 
Weight of charge (after standardization) of locknuts : Seales jeer sive affecting the 

on staves Rees condition of 
the barrel) 

1Oillargesphereso = 2 322225226 3. 5 Se Ee ee a ee ee 2 ee 
Smallispheresy is: Su se Se ee ee ere ee eee | eee See ee ee ee eee 

— _—————— a 

MOAR f= s82 0 oth Se 2 es BED Dee eae Pe | Oe ae ed | ee ee ee ee 

Number of charges tested since last inspection 

RUNNING DATA 

Time readings , ‘ 
Revolution] Running 

a counter notes, 

| Hours | Minutes} Seconds | Te@dings | stops, ete. 

Beginning Of TeSts 3.2 520s. 2 ee ee ' ie ag SU aa ee ee eee eee | foo eee 
Final reading 

initial weight of 10 brick 
Final weight of 10 briek 
Mossi ween 220 Pe eS ee ee eee ee ae ee Se ee | ee 
Percentage Loss sts. Sess’ 2 a ee as le ett age PE | ee See ee ls oh | ee ae eee 
comecuen. © differential ee ee ee Up EE Mes elt OED Rie ee OE aes os 2 esl: ae ee 

1 The caleulation must appear. 

Number of broken brick and remarks on same 

I certify that the foregoing test was made in accordance with the methods of testing of the American 
Society for Testing Materials and is a true record. 

ID Ey oe SER RC, Location of laboratory 

33. METHOD OF TESTING CAST IRON, CONCRETE, AND 
VITRIFIED CLAY CULVERT PIPE 

STRENGTH TESTS” 

1. In making strength tests either the three-edge bearing method or the sand- 
bearing method may be used. 

2. When tested by the three-edge bearing method (figs. 15 and 16), a ma- 
chine shall be used which gives a uniform deflection throughout the full length 
of the pipe. The lower bearing for the pipe shall consist of two wooden strips 
with vertical sides having their interior top corners rounded to a radius of 
approximately one-haif inch. The strips shall be straight and shall be securely 
fastened to a rigid block with the interior vertical sides spaced a distance apart 
not less than one-half inch nor more than 1 inch for each foot of diameter of 
pipe. The upper bearing shall be a rigid wooden block, straight and true 
from end to end. The upper and lower bearings shall extend the full length of 
pipe exclusive of bell. The pipe shall be placed symmetrically between the two 

bearings as illustrated in Figures 15 and 16. 

7 Methods recommended by the joint concrete culvert pipe committee in its report of 
February, 1926 (12). 
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3. When sand bearings are used (figs. 17 and 18), the ends of each specimen 
of pipe shall be accurately marked prior to the test in quarters of the circum- 
ference. Specimens shall be carefully bedded, above and below, in sand, for 

Garre/of pipe 
<BZD 

Lower Bearing 

Side View : 

Fic. 15.—Arrangement for three- Fic. 16.—Arrangement for three- 
edge bearing test of pipe, with- edge test of bell-and-spigot pipe 
out bell and spigot 

cne-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. 
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4. The sand used shall be clean and dry and shall be such as will pass a No. 4 
screen. 

5. The top bearing frame shall not be allowed to conie in contact with the pipe 
nor with the top bearing plate. The upper surface of the sand in the top 
bearing shall be struck level with a straight edge, 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, or in such manner as to produce uniform deflection through- 
out the full length of the pipe. For this purpose, a spherical bearing is pre- 
ferred, but two rollers at right angles may be used. The test may be made 
without the ues of a testing machine, by piling weights directly on a platform 
resting on the top bearing plate, provided, however, that the weights shall be 

Bedding of Barre! 

Fo----- —mccec aoe td 

wana ree www eee! 

Side View Upper Bearing Frame : 

Side View 

Fig. 17.—Arrangement for sand-bearing test of bell-and- FIG. 18.—Arrangement for 
spigot pipe sand-bearing test of pipe 

without bell and spigot. 

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. 
6. 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 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. 

7. 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. The testing machine 
shall be substantial and rigid throughout, so that the distribution of the load 
will not be affected appreciably by the deformation or yielding of any part. The 
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load shall be applied continuously until the ultimate strength of the pipe is 

reached. The load at ultimate strength and also when the first crack appears 

shall be observed and recorded. 
S. In testing pipe which is “ out of line the lines of the bearings chosen shall 

be from those which appear to give the most favorable conditions for fair test. 

ABSORPTION TESTS* (CONCRETE AND VITRIFIED CLAY PIPE) 

9. Not less than three separate test specimens from each of five separate 
pipe shall be taken as a “standard sample” for the absorption test. Of the 
three specimens from each pipe. one shall be taken from one end, another from 
the opposite end, and the third shall be taken from the middle portion of the 
pipe. Each specimen shall be of from 12 to 20 square inches in area, measured 
upon the exterior or convex side, and shall be as nearly square as the nature 
of the material will readily permit. The specimens shall be obtained by break- 
ing the pipe, and shall be apparently sound. solid pieces of the wall of the pipe. 
and shall not show cracks or fissures or shattered edges due to the shock of 
breaking or cutting. The specimens may be obtained from the broken. pieces 
of the pipe used in the strength test, if the restrictions as to the size and loca- 
tion of the specimens can be duly observed. The specimens shall be so marked 
as to permit the identity of each one to be ascertained at any stage of the test. 

10. Preparatory to the absorption test, all specimens shall 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° €. (68° to 77° F.) and 
reweighed. 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 shali 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 two-hour periéds until check weights are . 
obtained. 

11. The balance used shall be sensitive to 0.5 grams when loaded with 1 kilo- 
gram. and weighings shall be read at least to the nearest gram. Where other 
than metric weights are used the same order of accuracy must. be obtained. 

12. In reweighing after immersion, the specimens shall be removed from the 
water. not allowed to drain for more than one minute, the superficial water 
removed by towel or blotting paper. and the specimens at once put upon the 
balance. . 

13. Specimens after weighing shall be placed in a suitable woven-wire recep- 
tacle, packed tightly enough to prevent jostling, covered with distilled water or 
rain water, raised to the boiling point and boiled for five heurs, and then cooled 
in water to a final temperature of 10° to 15° C. (50° to 59° F.). 

i4. The test results shall be calculated as percentages of the initial dry 
weight. carried to the nearest first decimal place. The results shall be reported 
separately for each individual specimen, together with the mean of the 15 or 
more specimens comprising the standard sample, the maximum and the minimum 
single observations entering into the mean. and the variation between the maxi- 
mum and the minimum of the three specimens of each pipe represented in the 
standard sample. 

FREEZING AND THAWING TESTS* (CONCRETE AND VITRIFIED 
CLAY PIPE) 

15. The test specimens employed in making the freezing and thawing test 
shall be another set selected as specified in section 9. 

16. The specimens shall be dried as specified in section 10. 
17. The same scales and weights as are specified in section 11 for the absorp- 

tien test er others of equivalent sensitiveness and accuracy shall be employed 
for the weighings required in the freezing and thawing test. The same pro- 
cedure in weighing and reweighing as specified in section 11 shall be used. 
18. The specimens shall be immersed for 72 hours in water having a tem- 

perature of 18° to 24° C. (65° to 75° F.) and then weighed as specified in 
section 11. 

>From A. S. T. M. standard specification, serial designation C 4—24 (4). 
# From A. 8. T. M. specifications, serial designation C 4-24 (4). 

104022 °—2S—__4 
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19. When the specimens (either from the absorption test or from a specially 
prepared series) have been weighed after saturation with water they shall be 
returned to the water and kept immersed till the freezing test 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 the artificial freezing apparatus is employed * 
the apparatus shall have sufficient heat-absorbent capacity to enable the tem- 
perature of the freezing chamber to be brought to —10° C. (+14° F.) or 
below within 30 minutes after the introduction of the specimens. The tempera- 
ture in the freezing apparatus shall not fall lower than — 20° C. (—4° FE). 
The freezing shall be continued until the water in the trays is frozen solid. 
Exposure to freezing conditions in excess of this requirement shall be consid- 
ered as without significance. 

At the conclusion of freezing under the specified conditions the crate of speci- 
mens shall be withdrawn and at once immersed in water at a temperature of 
18° to 24° C. (65° to 75° F.) in a 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 temperature 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. 

34, METHOD OF SAMPLING AND TESTING DRAIN TILE 

(A. S. T. M. standard method (4), serial designation C 4-24, sections 8 to 30, inclusive, 
except as indicated. See p. 1) 

8. The specimens of tile shall all be selected at the factory or at the shipping 
destination, or at the trench, at the option of the purchaser. The selection 
shall be made by a competent inspector employed by the purchaser. The in- 
spector shall divide the tile into subclasses if lack of uniformity in any import- 
ant particular warrants such division, and shall select enough representative 
specimens of tile from each subclass for a complete set of standard physical 
tests. 

9. A standard physical test shall comprise tests of five individual tiles. 
Specimens of tile may be selected by the inspector in such number as he judges. 
necessary to determine fairly the quality of all the tile. The manufacturer or 
other selier shall furnish specimens of tile without separate charge up to 0.5 
per cent of the whole number of tile, and the purchaser shall pay for all in 
excess of that percentage at the same rate as for other tile. 

(A) STRENGTH TESTS OF DRAIN TILE 

10. The specimens of tile shall be unbroken, full-size tile. 
11. The walls of the tile shall, at the time of testing, be as thoroughly wet 

as will result from completely covering with hay, cloth, or similar absorbent 
material, and keeping the covering wet for not less than 12 hours.” 

12. No specimen of tile shall be exposed to water or air temperatures lower 

than 40° F. from the beginning of wetting until tested. Frozen title shall be 
completely thawed before the wetting begins. 

13. Each specimen of tile shall be weighed on reliable scales just prior to 
testing, and the weights shall be reported. 

30 A satisfactory type of freezing apparatus is illustrated in connection with A. S. T. M. 
method, serial designation C 4-24 (4). (See figs. 22 and 23.) 

31 Artificial freezing will generally be necessary. It may be conducted in a commercial 
refrigerating room at 0° EF. temperature or in an artificial freezing box similar to the 
one shown in Figure 23, in which 0° F. temperatures can readily be produced by the use 
of salt and ice. ; 
Gee case of routine testing, the preliminary wetting of the walls of the tile may be 

omitted. 
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14. Any machine or hand method which will apply the load continuously, 
or in increments not exceeding 5 per cent of the estimated total breaking load, 
may be used in making the test. The tile shall not be allowed to stand under 
load longer than is required for observing and recording the loads. All solid 
parts of the bearing frames and bearing blocks shall be so rigid that the dis- 
tribution of the load will not be affected appreciably by the deformation of 
any part. All bearings and the specimens of tile shall be so accurately centered 
as to secure a symmetrical distribution of the loading on each side of the center 
of the tile in every direction. 

15. The purchaser shall choose (1) sand bearings, (2) two-edge bearings, 
‘or (3) three edge bearings for use in making strength tests of draintile. (See 

sections 18, 19, and 20.) 
16. The tests results shall be calculated and reported, in pounds per linear 

foot of tile, in terms of the “ ordinary supporting strength.” ” 
The ordinary supporting strength shall be calculated by multiplying the test 

breaking loads by the following: factors: For sand bearings, 1.00; for two-edge 
bearings, 1.50; for three-edge bearings, 1.50. 

The results of the strength tests shall be reported separately for each of the 
five individual specimens of tile constituting a standard test, together with the 
average. 

17. The modulus of rupture may or may not be calculated and reported, at 
the option of the purchaser. When reported it shall be calculated by the 
equations: * 

where M=maximum bending moment in wall in pound-inches per inch of 
length, r=radius of middle line of tile wall in inches, W=ordinary supporting 
strength, calculated as prescribed in section 16, in pounds per linear foot of 
tile, f=modulus of rupture in pounds per square inch, and t=—thickness of tile 
wall in inches. 

Five-eighths of the weight of the tile per linear foot for sand bearings, or 
three-fourths for two-edge or three-edge bearings, shall be added to W in com- 
puting the maximum bending moment M, when such addition exceeds 5 per 

cent of W. The value of ¢ used shall be the average thickness of the wall at 
the top of the tile or that at the bottom, selecting the lesser of the two. 

18. When sand bearings (fig. 19) are used, the ends of each specimen of tile 
shall be accurately marked in quarters of the circumference prior to the test. 
Specimens shall be carefully bedded, above and below, in sand, for one-fourth 
the circumference of the tile measured on the middle line of the wall. The 
depth of bedding above and below the tile at the thinnest points shall be one- 
half the radius of the middle line of the wall. 

The sand used shall be clean, and shall be such as will pass a No. 4 sieve. 
The top bearing frame shail not be allowed to come in contact with the tile 

nor with the top bearing plate. The upper surface 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 appre- 
ciable 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 purpose 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 weight shall be piled symmetrically 
about a vertical line through the center of the tile, 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 the sand. The interior 
surfaces of the frames shall be dressed. No frame shall come in contact with 

_ The “ordinary supporting strength,” when calculated as specified in section 16, is 

approximately equal to the actual supporting strength of a tile when laid in a ditch by 
“the. oF are’ | ” method. 

le coefficient of 0.20 in equation (1) approximates the value found by theoretical 
analysis and also that determined by extended tests. : 
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the tile 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 tile. 
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Tie. 20.—Two-edge bearings 

Fic. 19.—Sand - bearings 

19. When two-edge bearings (fig. 20) are used, the ends of each specimen 
of tile shall be accurately marked in halves of the circumference prior to the 
test. 

The tile to be tested shall be supported by a metallic knife bearing 1 ineh 
wide and extending the length of the tile. Before the tile is placed, a fillet of 
plaster of Paris and sand 1 inch wide, and thick enough to compensate for all 
the inequalities of the tile barrel, shall be cast on the surface of the knife-edge 
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bearing. The tile shall be placed upon the fillet while the plaster of Paris is 
still somewhat plastic. The load shall be applied through an upper knife bear- 
ing of the same size and length as the lower bearing. A plaster-of-Paris fillet 
1 inch wide shail be cast along the length of the crown of the tile 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 uni- 

form loads throughout their lengths without deflection, and shall be so attached 
to the machine as to transmit and receive the maximum stresses produced by 
the test without lost motion, vibration, or sudden shock. 

20. When three-edge bearings (fig. 21) are used, the ends of each specimen of 
tile shall be accurately marked in halves of the circumference prior to the test. 

The 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 interior 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 tile which is “out of straight,” the lines of the bearings chosen 
shall be from those which appear to give most favorable conditions for fair 

bearings. 

(B) ABSORPTION TESTS OF DRAIN TILE 

21. Not less than three separate test specimens from each of five separate 
tiles shalt be taken as a “standard sample” for the absorption test. Of the 
three specimens from each tile, one shall be taken from one end, another from 
the opposite end, and the third shall be taken from the middle portion of the 
tile. Each specimen shall be of from 12 to 20 square inches in area, measured 
upon the exterior or convex side, and shall be as nearly square as the nature of 
the material will readily permit. The specimens shall be obtained by breaking 
the tile, and shall be apparently sound, solid pieces of the wall of the tile, and 
shall not show cracks or fissures or shattered edges due to the shock of breaking 
or cutting. The specimens may be obtained from the broken pieces of the tiles 
used in the strength test, if the restrictions as to the size and location of the 
specimens can be duly observed. The specimens shall be so marked as to 
permit the identity of each one to be ascertained at any stage of the test. 

22. Preparatory to the absorption test, all specimens shall be first 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 
i7° F.) and reweighed. If the specimens were apparently dry when taken, and 
the second weight closely checks the first, the specimens shal! be considered dry. 
If the specimens were known to be wet when taken, they shali 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 ease of 
any doubt, the specimens must be redried for two-hour periods a eheck 
weights are obtained. 

23. The balance used shall be sensitive to 0.5 gram when loaded eae 1 kilo- 
gram, and weighings shall be read at least to the nearest gram. Where 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 for more than one minute, the superficial water 
removed by towel or blotting paper, and the specimens at once put upon the 
balance. 

24. Specimens after weighing shall be placed in a suitable woven-wire recep- 
tacle, packed tightly enough to prevent jostling, covered with distilled water or 
rainwater, raised to the boiling point and boiled for five hours, and then cooled 
in water to a final temperature of 10° to 15° C. (50° to 59° F.). 

25. The test results shall be calculated as percentages of the initial dry 
- weight, carried to the nearest first decimal place. The results shall be reported 
separately for each individual specimen, together with the mean of the 15 or 
more specimens comprising the standard sample, the maximum and the mini- 
mum single observations entering into the mean, and the variation between the 
maximum and the minimum of the three specimens of each tile represented in 

the standard sample. 
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(C) FREEZING AND THAWING TESTS OF DRAIN TILE 

26. The test specimens employed in making the freezing and thawing test 
shall be another set selected as specified in section 21. 
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27. The specimens shall be dried as specified in section 22. 
28. The same scales and weights as are specified in section 23 for the absorp- 

tion test or others of equivalent sensitiveness and accuracy shall be employed 
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for the weighings required in the freezing and thawing test. The same pro- 
cedure in weighings and reweighing as specified in section 23 shall be used. 

29. The specimens shall be immersed for 72 hours in water having a tempera- 
ture of 18° to 24° C. (65° to 75° F.) and then weighed as specified in sec- 
tion 23. ; 

30. When the specimens (either from the absorption test or from a specially 
prepared series) have been weighed after saturation with water, they shall 
be returned to the water and kept immersed till the freezing test 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 shali have sufficient heat-absorbent capacity to enable the tempera- 
ture of the freezing chamber to be brought to —10° C. (+14° F.) or below 
within 30 minutes after the introduction of the specimens. The temperature in 
the freezing apparatus shall not fall lower than —20° C. (—4° F.). The freez- 
ing shall be continued until the water in the trays is frozen solid. Exposure 
to freezing conditions in excess of this requirement shall be considered as 
without significance. 

At the conclusion of freezing under the specified conditions the crate of 
specimens shall be withdrawn and at once immersed in water at a temperature 
of 18° to 24° C. (65° to 75° F.) in a 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 temperature 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. 

35. METHODS OF MAKING COMPRESSION AND TENSION 
TESTS OF FINE AGGREGATE FOR CONCRETE 

1. Fine aggregate shall be tested for strength either by tension or compres- 
sion in a mortar proportioned either by volume or by weight, using a 1:3 mix. 

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. 

(A) TENSION TEST 

3. The briquets for the tension test shall be molded in the standard mold as 
used for testing Portland cement. Single or 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 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. 

5. Tests shall be made with any standard machine. The briquets 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. 

__% Figure 22 shows a crate and trays suitable for use in the box for artificial freezing 
illustrated in Figure 23. 

, Artificial freezing will generally be necessary. It may be conducted in a commercial 
0° F. refrigerating room or in an artificial freezing box similar to the one shown in 
Figure 23, in which 0° F. temperature can readily be produced by the use of salt and ice. 
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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. shal] not be considered in determining the 
tensile strength. 

(B) COMPRESSION TEST 

8. A cylindrical test piece 2 inches in diameter and 4 inches in length shall 
be used in making the compression test. The molds (single or 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 shali rest on a clean, plane surface (preferably a piece of plate glass 
which is allowed to remain in place until the mold is removed.) 

8. 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 shali have a totai length of about 61% inches. It 
shall be 1 inch in diameter for 14% inches with the handle 54% 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 mixing water shall be forced 
out of the mortar. In finishing the test piece, mortar shail 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 shall be brought to a firm bearing on the fresh mortar. The cover 
glasses shall remain in place until the molds are removed. 

106. Tests of mortar cylinders shall be made in any testing machine 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 surfaces. The metal bearing plates of the testing machine 

shall be placed in direct contact with the ends of the test piece. During 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 
shall be loaded continuously to failure. The moving head of the testing ma- 
chine 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 deter- 
mining the compressive strength. 

(C) STORAGE OF TEST PIECES 

13. The moist closet may consist of a Soapstone, Slate, or concrete 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 nonabsorbent 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 after 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 cylin- 
ders shall: be immersed in clean water in storage tanks of noncorroding material. 

16. The air and water shal! be maintained as nearly as practicable at a tem- 
perature of 21° C. (70° F.). 

Notn.—It is recommended that the laboratory method of proportioning fine aggre- 
gate, 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 quantity of fine 
ageregate and cement shall be determined from the unit weight of the material. 
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Example: 
Weight of sand, 100 pounds per cubic foot. 
Weight of cement, 94 pounds per cubic foot. 
Required, 75 cubic ee of mortar. 

Quantity of sand, —j X100X453.6=1,969 grams. 
T738 

Quantity of cement, ae 3 X94 453.6617 grams. 

36. METHOD OF SAMPLING MINERAL FILLER 

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

37. 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 cement. 

2. The test shall be made with 50 grams of filler. The sieve shall be thor- 
oughly 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 
eontinuous 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. 

8. 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. 

38. METHOD OF PROPORTIONING NATURAL SAND AND 
GRAVEL FOR CONCRETE CONSTRUCTION 

| For determining the amount of cement to make concrete equivalent to any 
base mixture, when the percentage of sand in the total aggregate varies from 
the base mixture. 

Ruip.—Decrease Or increase the ratio by weight of total aggregate to. cement 
by 0.05 times the increase, or decregse in the percentage of sand in the total 
aggregates by weight. This involves 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 volume of the various materials be known 
or assumed. 

2. Determine the percentage of fine aggregate in the total aggregate 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 sub- 
tract the result from the sum of the parts of fine and coarse aggregates in 
the weight proportion for the base mixture 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 
4 determined above into fine and coarse aggregate according to the percentage of 

fine aggregate in the new mixture. 
do. Transfer the resulting weight proportion into a statement of relation by 

loose volumes. 
Example: 
Assume—Base mix, 1:2:314 by volume. 
Unit weights— 

Fine aggregate, 95 pounds per cubic foot, 
a Coarse aggregate, 110 pounds per cubic foot, 

Cement, 94 pounds per cubic foot. 
Percentage of fine aggregate in new mixture=60. 



58 DEPARTMENT BULLETIN 1216, U. S. DEPT, OF AGRICULTURE 

(1) 1: 2:314=94: 2 times 95:31 times 110. 
=94: 190: 385 proportion by weight. 
=1: 2.02: 4.10=1: 6.12. 

1 
(2) Percentage of sand in base mixture aggregate= = 

190+385 
Percentage of sand in new mixture=60 

X100=33 

(3) 60—33=27. 
27 times 0.05=1.35. 
6.12—1.35=4.77, therefore the new proportion by weight is 1: 4.77. 

(4) Since 60 per cent of the total aggregate is to be fine aggregate, 
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. 

a : - : ee 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 

94 = 115 

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% 

Recommended practice in the use of unscreened gravel: 
1. The fine aggregate portion must pass the user’s specification for fine 

aggregate. 
2. The coarse aggregate portion must pass the user’s specification for coarse 

aggregate. 
8. 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 10 
per Cent. 
‘ 4. Unsereened gravel should only be used from stock piles containing the 
largest practicable amount of material.* 

39. METHODS OF TESTS FOR WIRE ROPE (GUARDRAIL) 

=1 eubic foot: 3.90 cubic feet. 

1. The report of the physical test of wire rope shall include the following in- 
formation: 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 com- 
plete 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 com- 
plete 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: Meas- 

ure the diameter of the component wires of a 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. 

31The 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 
vyolume and making the adjustment upon that basis. 

33 For a theoretical discussion of the method of proportioning see Bulletin No. 60, 
Engineering Experiment Station, Iowa State College (6) and also a paper by R. W. 
Crum, Proceedings American Society for Testing Materials, 1922 (7). 
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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 zinc. When removed 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 blow- 
torch, 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 deter- 
mined in accordance with the method for uniformity of spelter coating. 

40. METHODS OF SAMPLING BITUMINOUS MATERIALS 

(A. S. T. M. standard method (4), serial designation D 140-25) 

1. Samples may be taken for either of two purposes: 
_ (@) 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 mate- 
rial may possess. In either case they shall be obtained by methods hereinafter 
described. 

2. (a) Care shall be taken that the samples are not contaminated 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. (@) Whenever practical, bituminous materials shall be sampled at the 
point of manufacture, and at such time as to allow the tests, controlling accept- 
ance or rejection, to be made in advance of shipment. 

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

4, For routine laboratory examination of acceptability 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 sma!l-mouth cans with 
cork-lined screw caps. Containers for semisolid and solid materials shall be 
friction-top cans. 

SAMPLING AT PLACE OF MANUFACTURE 

6. The inlet and outiet to the storage tank shall be sealed and a 1i-gallon 
sample drawn from the top, middle. and bottom contents. The sample may be 
taken from drain cocks on the side of the tank, if such are available. Enough 
material should be discarded 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 removed 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. 
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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 opening should 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-gallon 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 semisolid 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 therefrom. 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 MATERIALS FLOW BY GRAVITY 

9. Materials flowing by gravity through pipes which are not completely filled 
may be sampled by taking dipperfuls at the outlet at frequent and regular inter- 
vals. 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 
receiver and resampled as described in section 8. 

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 described 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 show. 

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. (@) Semisolid or solid materials—Where the lot of material to be sampled 
is obviously from a single run or batch of the producer, one package or cake 
shall be selected at random and sampled as described in the following para- 
graph. Where the lot of material to be sampled is not obviously from a single 
run or batch of the producer, or where the single sample selected as described 
above fails on test to conform to the requirements of the specifications, a num- 
ber of packages or cakes shall be selected at random equivalent to the cube root 
of the total number of packages or cakes in the lot. For convenience, Table 6 
is given. 

TABLe 6.—Number of samples of bituminous material to be selected for shipments 
of various sizes 

| Packages || Packages 
Packages or cakes in shipment or cakes Packages or cakes in shipment or cakes 

selected || selected 
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Samples shall be taken from at least 3 inches below the surface and at least 
8 inches from the side of the container or cake or from the center of a cake. 
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. An auger, or brace and 
34-inch bit, or other suitable means may also be used. When more than 
one package or cake in a lot is sampled, each individual sample shall be not less 
than one-fourth pound in weight. When the lot of material is obviously from 
a Single run or batch of the producer all samples from the lot shall be melted 
and thorcughly mixed, and an average sample taken from the combined ma- 
terial for examination. In case more than a single run or batch of the 
producer is present and the batches can be clearly differentiated, a composite 
sample shall be prepared for examination from each batch. Where it is not 
possible to differentiate between the various batches each sample shall be 
examined Separately. 

(b) Liquid materials.—Samples of liquid bituminous materials from barrels or 
drums shall be secured by taking 1 quart of material from packages selected at 
randem according to the cube root method described in paragraph (a). When 
the lot of material is obviously from a single run or batch of the producer the 
samples shall be combined and thoroughly mixed and an average sample taken 
from the combined material. In case more than one run or batch is present 
and can be clearly differentiated, a composite sample shall be prepared from 
each batch. Where it is impossible to differentiate between the various 
batches Or runs, each sample shall be examined separately. 

13. Solid bituminous materials in crushed fragments or powder, such as 
gilsonite, grahamite. etc., shall be sampled in accordance with the standard 
method of sampling coal (serial designation D 21) of the American Society 
for Testing Materials (+). 

41. 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. 

(Db) Samples of sheet asphalt mixtures 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 in the following manner: 
These composite samples shall be taken by collecting small quantities at differ- 
ent times from not less than ten and preferably more separate batches, molding 
the portions into the container provided for the purpose. 

In the sampling of bituminous concrete either of the two methods given 
below shall be used in order to obtain a composite sample of not less than 
5 pounds, the amount being dependent on the maximum size of the coarse 
aggregate. Small portions from a number of batches are taken and stored on 
a metal plate until near the end of the day, when the entire mass is reheated, 
care being exercised not to apply too great heat, mixed thoroughly and the 
days sample selected in small portions from this mass. In case of dense 
bituminous-concrete mixtures the samples may be taken by collecting portions 
from one or more batches on a large shovel, thoroughly mixing while still 
warm and taking a smali scoopful which is placed directly in the carton. This 
operation is to be repeated as often as possible, thus representing a maximum 
number of batches. In either of these methods care must be taken to avoid 
segregation of either stone or bituminous mortar. In selecting the portions 
of the sample, care should be taken to scrape away the top material in the 
load, so as to avoid dust or any segregated unrepresentative mixture. 

(c) Samples shall be taken either at the road or asphalt plant of any 
bituminous mixture which appears defective. 

42. METHODS OF SAMPLING AND TESTING PREMOLDED 
JOINT FILLERS 

One section at least 1 foot long and the full width of the joint shall be 
submitted from each consignment and shall be tested in accordance with the 
following method: 

(a) Absorption—A sample 2 by 6 inches is cut from the joint material in such 
a manner that all edges are freshly cut and weighed. The specimen is then 
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immersed in water for 24 hours, removed, and the surface water wiped off 4 
with a slightly dampened cloth. The specimen is then quickly weighed and 
the percentage of absorption computed. 

(b) Brittleness——A sample 2 by 6 inches is cut from the joint material parallel 
to the lay of the fiber and maintained at a temperature of from 4° to 6° C. in 
water for at least two hours prior to testing. It is then clamped between 
two boards so that expansion joint cantilevers 3144 inches and is held in any 
suitable support. A cast-iron ball, weighing 0.95’ pound and having a diameter 
of 1.875 inches, is suspended by a cord which is tied to an eyelet soldered to 
the ball. For samples having a thickness of nine-sixteenths inch or less, the 
ball is suspended 1 foot above the center of the projected portion of the speci- 
men. For samples over nine-sixteenths inch in thickness the ball is suspended 
2 feet above the specimen. The ball is relased by burning the string above 
the eyelet. 

(c) Distortion—A sample 2 by 6 inches, absolutely flat and straight, which 
has been cut parallel to the lay of the fiber, is clamped between two blocks so 
that the expansion joint cantilevers 344 inches. The clamp with the expansion 
joint is then placed in an oven maintained at 125° F. for two hours. The 
deflection from the horizontal is then measured. 

43. METHODS OF TEST FOR SPECIFIC GRAVITY OF 
BITUMINOUS MATERIALS 

1. The specific gravity of bituminous materials shall be expressed preferably 
as the ratio of the weight of a given volume of the material at 25° C. (77° EF.) 
to that of an equal volume of water at the same temperature, and shall be 
expressed thus: 

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

HYDROMETER METHOD 

(Used for thin fluid bitumens) 

2. The specific gravity of thin fluid bituminous road materials may be deter- 
mined with the above-mentioned apparatus by first pouring a sufficient quantity 
of the material into a tin cup which is then placed in a large 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 OL Zot 
after which it should be immediately poured into the hydrometer jar and its 
gravity determined by means of the proper hydrometer. In case the hydrometer 
sinks slowly, 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°/25° C.=specific gravity 25°/15.5° C.X1.002 

PYCNOMETER METHOD 

(Used for viscous fluid and semisolid bitumens and emulsions) 

4. The determination of specific gravity shall be made with a pycnometer 
(Hubbard-Carmick type recommended) 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 
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mouth, rarely ground to receive an accurately fitting solid-glass stopper sell 
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 analytical balance. This 
weight is called ae. It shall then be filled with freshly boiled distilled water at 
a temperature of 25° C. (77° F.), the stopper firmly inserted, all surplus mois- 
ture wiped from the surface with a clean, dry cloth, and again weighed. This 
weight is called BD. 

6. When determining the specific gravity of road oils or road tars which flow 
readily, the material shall be brought to a temperature 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: 

Cre 

b—a 

7. When determining the specific gravity of tar and asphalt products which 
are too viscous for the method described in section 4, a small amount of the 
material shall be brought to a fiuid 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. Precau- 
tions 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 c. 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 cloth. It is immediately weighed. This weight is called d. The 
Specific gravity of the material shall be calculated from the formula: 

C—O. 

(b—a)—(d—e) 
8. When making the specific-gravity determination it is important that: 
(a) Only freshly boiled distilled water shall be used. 
(6) When weighing the pycnometer completely filled the temperature of its 

contents shall be within 1° C. (1.8° F.) of 25° C. (77° F.). 
(c) Precautions shall be taken to prevent expansion and overflow 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 pyc- 

nometer and inserting the stopper. 
(e) Weighings shall be made quickly after filling the pycnometer and shali 

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 de- 
termination has been made upon a very viscous or semisolid material, it will be 
found advisable to warm it in an oven at not over 100° C. 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. 

Specific gravity = 

Specific gravity = 

DISPLACEMENT METHOD 

(Used for hard, solid bitumens) 

10. For materials which are hard enough to be broken and handled in frag- 
ments at room temperature the following method will prove conv enient: A small 
fragment of the bitumen (about 1 cubie centimeter) is suspended by means of 
a silk thread from the hook on one of the pan supports, about 114 inches above 
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the pan and weighed. This weight is called a. It is then weighed immersed 

in water at 25° C. and this weight is called 6. The Sta gravity may then ‘be 
calculated by means of the following formula: 

: . : a 
Specific gravity =; 

5 a= 

DISPLACEMENT METHOD 

(Used for semisolids ) 

11. The specific gravity of semisolid bituminous materials may be determined 
by the displacement method. Weigh a silica crucible suspended from the beam 
of the balance in air and call the 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 c. 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: 

=a 
S == Specific gravity = = h 

44. METHOD OF TEST FOR PERCENTAGE OF BITUMEN 
(SOLUBLE IN CARBON DISULPHIDE) 

1. This test consists in dissolving the bitumen in carbon disulphide and recoy- 
ering 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 cones ; 
deep. 

2. For preparing the felt, the asbestos is cut with scissors into pieces not ex- 
ceeding 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 scarcely 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. 

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 fiask, 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 fiask in 
small portions, with continual agitation, until all lumps disappear 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 de- 
eanted through the felt with light suction or without suction by gradually tilt- 
ing 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 out- 
side of the crucible is cleaned with a cloth moistened with a small amount of 
solvent. The crucible and contents are allowed to dry over the top of the oven 
until no odor of carbon disulphide is detected and then dried in the hot-air oven 
at 100° C, for about 20 minutes, cooled in a desiccator, and. weighed. If any 

- 
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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 organic and mineral matter. 

The former, if present, is burned off by ignition at a red heat until no in- 

candescent 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 impos- 

sible 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 car- 
bonate solution, drying at 100° C. then heating for a few minutes at a 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 following 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 sub- 
stance) are weighed into a 150 cubic centimeter Erlenmeyer flask, the tare of 
which has been previously ascertained, and treated with 100 cubic 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 de- 
eanted 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 
fiask is again 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 being 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 
decanted off upon the filter. This washing is continued until the filtrates or 
washings are practically colorless. 

9. The crucible and both flasks 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 obtained 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.” 

45. METHOD OF TEST FOR PERCENTAGE OF BITUMEN 
INSOLUBLE IN CARBON TETRACHLORIDE 

1. This determination is conducted in exactly the same manner as described 
under “ Method of test for percentage of bitumen” (see p. 64), 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 “ Method of test for percentage 
of bitumen insoluble in paraffin naphtha.” (See p. 66.) 

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

104022 °—28 5 
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46. METHOD OF TEST FOR PERCENTAGE 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 distilling between 35° and 65° C. is em- 
ployed as a solvent instead of carbon disulphide. Considerable difficulty is 
sometimes experienced in breaking up some of the heavy semisolid bitumens; 
the surface of the material is attacked, but it is necessary to remove some of 
the insoluble matter in order to expose fresh material 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 unti) the 
sample is entirely broken up. The balance of the 100 cubic centimeters is then 
added, and the flask is twirled a moment in order to mix the contents thor- 
oughly, 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 complete 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 the precipitate too tightly. 
The material on the felt should never be allowed to run entirely dry until the 
washing 1s 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 crucible 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 che material 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 

Total bitumen ~ 100—1 99 
=10 per cent 

47. METHOD OF TEST FOR LOSS ON HEATING OF OIL AND 
ASPHALTIC COMPOUNDS 

(A. S. T. M. standard method (4), serial designation D 6—27, except as indicated. 
See p. 1) 

1. This test covers the determination of the loss in weight (exclusive of 
water) of oil and asphaltic compounds when heated as hereinafter prescribed. 
The material under examination shall therefore first be tested for water, and 
if water is found to be present it shall be removed by suitable methods of 
dehydration before the material is subjected to the loss on heating test, or 
another sample shall be obtained which is free from water. 

APPARATUS 

2. The oven may be either circular or rectangular in form and may be 
heated by either gas or electricity. Its interior dimensions shali be as follows: 
Height, not less than 40.64 centimeters (16 inches) ; width and depth or diam- 
eter 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 permit the accurate reading 
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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 shali be suspended by a vertical shaft and provided with mechanical means 
for rotating it at the rate of five to six revolutions per minute. It shal! be 
provided with recesses equidistant from the central shaft in which the tins 
containing the samples are to be placed. (A recommended form of aluminum 
shelf is shown in fig. 24.) 

3. The thermometer shall conform to the following requirements. These 
specifications cover a special thermometer graduated in centigrade degrees, the 
range being 155 to 170° C. 

Type: Etched stem, glass. 
Liquid : -Mercury. 
Range and subdivision: 155 to 170° C. in 0.5° C. 
Total length: 150 to 154 millimeters (5.90 to 6.06 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 

6 to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal or equally suitable thermometrie glass. Length, 10 to 

15 millimeters (0.39 to 0.59 inch). Diameter, 5 to 6 millimeters (0.196 to 0.236 
inch). : 

Distance to 0° C. line from bottom of bulb: 33 to 38 millimeters (1.30 to 1.49 
inches), 

Position 
of Boxes .. ‘ 

‘ 

+ Rad v 
~ a ‘ a ats | 

= : i 
a+ eee 4 — 
oa $Me Mesos 7 YA af ; 
= Mdina HH, ra BI 

if 

eles] 1 | lash ee 

fe Ce ws 
eM ERED o> Nut, Ste B 
6’ 21, 28 .te- asia &t Thds. 

Section A-B. 

9 Holes and Fibs - 
Spaced Equally 

Top View 

Fic. 24.—Aluminum shelf 

Distance to 155° C. line from bottom of bulb: 70 to 80 millimeters (2.75 toe 3.15 
inches). 

Distance to 170° C. line from top of thermometer: 20 to 30 millimeters (0.79 
to 1.18 inches). 

Contraction chamber: To be long, narrow type. top to be not more than 65 
millimeters (2.56 inches) above bottom of the bulb. 

Expansion chamber: To permit heating the thermometer at least 25° C. above 
the highest temperature on the seale. 

Filling above mercury: Nitrogen gas. 
Top finish: Glass ring. 

Graduation: Ali lines and figures clear cut and distinct. Each whole degree 
centrigrade line to be longer than the remaining lines. Graduations are to be 
numbered at 0°, 155°, 163°, and 170° C. 

Immersion: Total. 

. 

rhe 
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Special marking: “A. S. T. M. loss on heat,” a serial number and the manu- 
facturer’s name or trade-mark shall be etched on the stem. 1 

Seale error: The error at any point of the scale, when the thermometer is 
standardized as provided below, shall not exceed 0.5° C. 

Standardization: The thermometer shall be standardized at three points, | 
including 163° C., for total immersion. i. 

Case: The thermometer shall be supplied in a suitable case, on which shall — 
appear the marking: “A. S. T. M. loss on heat, 155° to 170° C.” 

Nore.—lIor the purpose of interpreting these specifications the following definitions 
apply: 
24 “The total length is the over-all length of the finished instrument. 

The diameter is that measured with a ring gauge. 
The length of the bulb is the distance from the bottom of the bulb to the beginning 

of the enamel backing. 
The top of the thermometer is the top of the finished instrument. 

4. The container in which the sample is to be tested shall be of tin, cylindri- 
cal in shape, and shall have a flat bottom. Its inside dimensions shall be 
substantially as follows; Diameter, 55 millimeters (2.17 inches); depth, 35 
millimeters (1.88 inches). (A 3-ounce Gill-style ointment box, deep pattern, 
fulfills these requirements.) For road oils the container may be a 2-ounce Gill- 
style flat-bottomed can approximately 60 millimeters in diameter and 20 miili- 
meters deep. 

PREPARATION OF SAMPLE 

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

PROCEDURE 

6. Fifty grams of the water-free material to be tested shall be weighed into 
a tared container conforming to the requirements of section 4. For road oils 
20 grams of material may be used. The oven shall be brought to a temperature 
of 163° C. (325° F.), and the tin box containing the sample placed 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. The oven shall then 
be closed and the shelf rotated five to six revolutions per minute during the. 
entire test. The temperature shall be maintained at 168° C. (325° F.) for five 
hours, then the sample shall be removed from the oven, cooled and weighed, and 
the loss due to volatilization calculated. 

7. For a determination of the loss on heating at 100° C. (212° F.) use pro- 
cedure outlined in paragraph 6, except that the oven is to be maintained at a 
temperature of 100° C. (212° F.). 

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

9. 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, hot more than one material should be tested at one time, and duplicate 
samples of it should be placed simultaneously in the oven. Such duplicates 
shall check within the limits of accuracy given in section 10. Results obtained 
on samples showing evidences of foaming during the test shall be rejected. 

ACCURACY 

10. 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 
shown in Table 7. 
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TABLE 7.—Volatilization loss on heating of oil and asphaltic compounds 

Volatiliza- | Numerical | True relate 
| 

Se So loss | correction | tion loss 

aoe | 
Per cent Per cent 

5 +0. 50 4.50 to 5.50 
5.5 +0. 51 4.91 to 6.01 
6.0 +0. 52 5.48 to 6.52 
10.0 +0. 60 9. 40 to 10. 60 

he a5. guage? 30:70 14. 30 to 15. 70 
25.0 | +0. 90 24.10 to 25. 90 

40.0 eat 38. 80 to 41. 20 
u 

Notr.—If additional periods of heating are desired, it is recommended that they be 
made in successive increments of five hours each. 

Filling eae 
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Fic. 25.—Cleveland open cup 

When the penetration of the sample after heating is required, melt the resi- 
due in the container at the lowest possible temperature and thoroughly mix by 
Stilring, taking care to avoid incorporating air bubbles in the mass. Then 
bring it to the standard temperature and test as prescribed under the directions 
for the standard method of test for penetration of bituminous materials (serial 
Le ema D 5) of the American Society for Testing Materials (4). (See 
p. 72. 

When other tests of the sample after heating are required, melt the revidue 
in the container at the lowest possible temperature and thoroughly miz by 
sturing, taking care to avoid incorporating air bubbles in the mass. 
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48. METHOD OF TEST FOR FLASH AND FIRE POINTS BY 
MEANS OF OPEN CUP 

(A. S. T. M. standard method (4), ge lea a D 92-24, except as indicated. 
ee p. 

1. The open cup flash and fire test on all products except fuel oils and those 
having an open cup flash below [175° F.] 158° F. shall be determined in the 
Cleveland open cup, or by method 2 (b). 

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

APPARATUS 

2. The cup shall be supported by a metal plate one-fourth inch (0.635 centi- 
meter) in thickness and 6 inches (15.24 centimeters) in width. The plate shall 

ae Plate.” : 
ig. 26.—Heating plate 

be of brass, cast iron, wrought iron, or steel. In the center of the plate there 
shall be a plane depression one-thirty-second inch (0.079 centimeter) in depth, 
and of just sufficient diameter to fit the cup. There shall be a circular opening 27% 
inches (5.50 centimeters) in diameter, cut through the plate, centering with the 
center of the above-mentioned depression. The plate shall be covered with a 
Sheet of hard asbestos board one-fourth inch in thickness, 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. Heat may be supplied from any convenient 
source. The use of a gas burner, electric heater, or alcohol lamp is permitted 
but under no circumstances are products of combustion or free flame allowed to 
come up around the cup. The source of heat shall be centered under the open- 
ing in the plate and shall be of a type that will not produce local superheating. 
If a flame heater is used, it may be proteeted 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. 
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(b) The cup proper shall be a 3-ounce Gill style can 55 millimeters in diameter 
and 35 millimeters in depth. The can shall be heated in a sand bath of @ 
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 requirements. These 
specifications cover a special thermometer graduated in either centigrade or 
Fahrenheit degrees as specified, the ranges being —6 to +400° C., or +20 to 

+760° F., respectively. 
Type: Etched stem, glass. 
Liquid: Mercury. 

| Range and subdivision: —6 to +400° C. in 2° C. or +20 to +760° F. in 5° F. 
Total length: 303 to 307 millimeters (11.92 to 12.08 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 

6 to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal or equally suitable thermometric glass. Length, not 

over 13 millimeters (0.51 inch). Diameter, not greater than stem. 
Distance to —6° C. or 20° F. line from bottom of bulb, 40 to 50 millimeters 

(1.57 to 1.97 inches). 
Distance to 400° C. or 760° F. line from top of thermometer: 30 to 45 milli- 

meters (1.18 to 1.77 inches). 
Filling above mercury: Nitrogen gas. 
Top finish: Red glass ring. 
Graduation: All lines, figures, and letters clear cut and distinct. The first 

and each succeeding 10° F. line to be longer than the intermediate lines. Grad- 
uations to be numbered at each multiple of 20°. 

Immersion: 25 millimeters or 1 inch. The words “1-inch immersion” on 
Fahrenheit thermometers or “25 millimeters immersion on centigrade ther- 
mometers and a line around the stem 25.4 millimeters or 1.00 inch above the bot- 
tom of the bulb shall be etched on the thermometer. 

Special marking: “A. S. T. M. open flash,” a serial number and the manu- 
facturer’s name or trade mark shall be etched on the stem. 

Seale error: The error at any point of the scale when the thermometer is 
standardized as provided below shall not exceed 1° C. up to 872° C. or 2%° F. 
up to 700° F. 

Standardization: The thermometer shall be standardized at the ice point and 
at intervals of approximately 100° F. for 25 millimeters or 1-inch immersion 
and for the following temperatures of the emergent mercury column: 

Average temperature of 
Thermometer reading: emergent Mercury column 

cee Se Ze Se a ae ie ee Cees * igeeee Ss be ee 44° (OFA Om Rs 
i Bere el fe Se eee ee eee Bars AZ OS an 
Lt Db BD (See eee ee ee eee G42) Cy, 1502: 
Pe tee omelets SS oe Le ee a a Mire Sa ie Be 
So LET Ee ae ee ee © Ee re ee TSC 205 ee: 
LE ee ee ee ee, ee ee ee eee 1082-6. 240° E. 

Test for permanency of range: After being subjected to a temperature be- 
tween 360° to 370° C. or 680° to 700° F. for 24 hours, the accuracy shall be 
within the limit specified. 

Case: The thermometer shall be supplied in a suitable case on which shall 
appear the marking: “A. S. T. M. open flash, —6 to +400° C.” or “A. S. T. M. 
open fiash, +20 to +760° F.,” according to the type of thermometer. 

Notre.—For the purpose of interpreting these specifications the following definitions 
apply: The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gauge. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 

PROCEDURE 

4. (a) The thermometer shall be suspended or held in a vertical position by 
any suitable device. The bottom of the bulb shall be one-fourth inch (0.635 
centimeter “ from the bottom of the cup, and above a point halfway between the 
center and back of the cup. 

(6b) 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 

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

Peers 

as 
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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. 

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

Norr.—For purposes of comparison it is recommended that a bead of suitable light 
eolored 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 (0.79 centimeter) in 
diameter. If the device for operating the test flame be mounted in such a manner as to 
permit automatic duplication of the sweep of the test flame the radius of swing shall be 
not less than 6 inches. 

(ad) The test flame shall be applied as the temperature read on the thermome- 
ter 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 
thermometer. 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 approximately one second. 

(e) The oil shall be heated at a rate not exceeding 30° F. per minute tem- 
perature rise, till a point is reached approximately 100° F. below the probable 
flash point of the oil. Thereafter the rate of heating shall be decreased and 
for at least the last 50° F. before the flash point is reached, the rate shall be 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 continued at the 

specified rate of 9° to 11° F. per minute, and application of the test fiame shall 
be made at the specified intervals until the oil ignites and continues to burn for 
a period of at least five seconds. The method of application of the flame shall 
be the same as for flash point. The temperature read at the time of the flame 
application which causes burning for a period of five seconds or more shall be 
recorded as the fire point. 

7. The flash point and fire point tests shall be made in a room or compart- 
ment 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. 

49. METHOD OF TEST FOR PENETRATION OF BITU- 
MINOUS MATERIALS 

(A. S. T. M. standard method (4), serial designation D 5—25, except as indicated. See 
Dae) 

1. Penetration is defined as the consistency of a bituminous material, ex- 
pressed as the distance that a standard needle vertically 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, 25° C. (77° F.). respec- 
tively, and the units of penertation to indicate hundredths of a centimeter. 

APPARATUS 

2. The container for hoiding the material to be tested shall be a flat-bottom, 
cylindrical dish, 55 millimeters (2; inches) in diameter and 35 millimeters 
(136 inches) deep.” 

3. The needle (fig. 27) for this test shall be made from a cylindrical 
steel rod approximately 50.8 millimeters (2 inches) long, and having a 
diameter of 1 to 1.02 millimeters. This shall be symmetrically tapered at one 
end to a cone approximately 6.35 millimeters (one-fourth inch) in height and 
whose angle shall be within the range of 8° 40’ and 9° 40’. After tapering, the 
point shall be “ blunted” by grinding off to a truncated cone, the smaller base 

“ This requirement is fulfilled by the American Can Co.’s Gill-syle ointment box, deep 
pattern, 3-ounce capacity. 

sc Sie ic Alt amas is 
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of which shall be from 0.14 to 0.16 millimeters in diameter. The finished 

needle shall be hardened and highly polished. 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 water shall be not less than 

10 liters and the sample shall be immersed to a depth of not less than 10 centi- 

meters (4 inches) and shail be supported on a perforated shelf not less than 5 

centimeters (2 inches) from the bottom of the bath. 

5. Any apparatus which will allow the needle to penetrate without 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 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 container. 

PREPARATION OF SAMPLE 

7. The sample shall be completely melted at the lowest possible temperature 
and stirred thoroughly until it is homogeneous and free from air bubbles. It 
shall then be poured into the sample container to a depth of not less than 15 
millimeters (five-eighths inch). The sample shall be protected from dust and 
allowed to cool in an atmosphere not lower than 18° C. (65° F.) for one hour. 

71.00 to 1.02 mm. 840'to 940'__ 0.14 to 0.16 rains 
te , PSS nee 

Reiner fe 
* | . ) | 

approx. 

| approximately Hen Simm 
es ae 50.8 mi. (Bie === 2 2 nee ny 

Fic. 27.—Needle for penetration test 

It shall then be placed in the water bath along with the transfer dish and 
allowed to remain one hour. 

PROCEDURE 

8. (@) In making the test the sampie shall be placed in the transfer dish filled 
with water from the water bath of sufficient depth to completely cover the 
container. The transfer dish containing the sample shall then be placed upon 
the stand of the penetration 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 re- 
flected 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 penetrated. 

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-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 remove 
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. 

(0) When desirable to vary the temperature, time and weight, and, in order 
to provide for a uniform method of reporting results 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 temperature desired. The following combinations are suggested: 

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

“The U. S. Bureau of Standards will measure and certify the accuracy of penetration 
needles in accordance with the tolerances given. 
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50. METHOD OF FLOAT TEST FOR BITUMINOUS 
MATERIALS 

(A. S. T. M. standard method (4), serial Designation D 139-27) 

APPARATUS 
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Assembly. 
Vic. 28.—Float-test apparatus 

1. The float (fig. 28) shall be made of aluminum or aluminum alloy and shall 

be in accordance with the following requirements : 

| Minimum | Normal Maximum 

SOS EE a 2a Re ee ee ee Sia 37.9 38. 1 
Potal height of float;-mullimeters.- 3. 525" eyes ee ee ee 34. 0 35. 0 36. 0 
Height of rim above lower side of shoulder, millimeters____________- 26. 5 27.0 DALES 
Mnekness, of shoulder, millimeterss 2 ee ee ee ee ies) 1.4 15 
Didameterof opening, millimeters! 2-2: 95282. ee ee ees ae 11.0 11.1 11.2 
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- 9 The collar (fig. 28) shall be made of brass and shall be in accordance with 
the following requirements: 

Minimum Normal | Maximum 

9.80 | 10.00 
" Over-all height of collar, millimeters _-----__------------------------ 22.3 22.5 22.7 

_ Inside diameter at bottom, millimeters_______---------------------- 12.72 | 12. 82 12. 92 

Inside diameter at top, millimeters -- ------------------------------- 9. 65 9.70 9.75 

The top of the collar shall screw up tightly against the lower side of the 

shoulder. 
3. The assembled fioat and collar, with the collar filled flush with the bottom 

and weighted to a total weight of 53.2 grams, shall float upon water with the 
rim 8.51.5 millimeters above the surface of the water. Dimensions of the 

apparatus additional to those required above are given in Figure 28. 
4. The thermometer shall conform to the following requirements. These 

specifications cover a special thermometer graduated in either centigrade or 
_ Fahrenheit degrees as specified, the ranges being —2° to +80° C. or +30° to 
+180° F., respectively. 

Type: Etched stem, glass. 
Liquid: Mercury. ; 
Range and subdivision: —2° to +80° C. in 0.2° C. or +30° to +180° F. in 

O5° ¥. 
Total length: 378 to 384 millimeters (14.88 to 15.12 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 

to 7 millimeters (0.24 to 0.28 inches). 
Bulb: Corning normal or equally suitable thermometric glass. Length, 9 to 

14 millimeters (0.35 to 0.55 inch). Diameter, 4.5 to 5.5 millimeters (0.18 to 
0.22 inch). 

Distance to 0° C. or 32° F. line from bottom of bulb: 75 to 90 millimeters 
(2.95 to 3.54 inches). 
Distance to 80° C. or 176° F, line from top of thermometer: 30 to 45 milli- 

meters (1.18 to 1.77 inches). 
Expansion chamber: To permit heating the thermometer at least 50° C. 

(90° F.) above highest temperature on scale. 
Filling above mercury: Nitrogen gas. 
Top finish: Glass ring. 
Graduation: All lines, figures, and letters clear cut and distinct. Each whole 

degree centigrade or Fahrenheit line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 2° C. or 5° F. 

Immersion: Total. 
Special marking: “A. S. T. M. low S. P.,” a serial number and the manu- 

facturer’s name or trade-mark shall be etched on the thermometer. 
Scale error: The error at any point of the scale when the thermometer is 

standardized as provided below shall not exceed 0.2° or 0.4° F. 
Standardization: The thermometer shall be standardized immersed in the 

testing bath to the top of the mercury column, at the ice point and at tempera- 
ture intervals of approximately 20° C. or 40° F. 

Case: The thermometer shall be supplied in a suitable case on which shall 
appear the marking: “A. S. T. M. low S. P., —2 to +80° C.” or “A. S. T. M. low 
S. P., +30 to +180° F.” according to the type of thermometer. 
NoTe.—For the purpose of interpreting these specifications the following definitions 

apply: The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gauge. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 

5. The diameter of the bath and the depth of water shall be at least 185 
millimeters. 

PREPARATION OF SAMPLE 

6. The brass collar shall be placed with the smaller end on a brass plate 
which has been previously amalgamated with mercury by first rubbing it with a 
dilute solution of mercuric chloride or nitrate, and then with mercury. 
The Sample shall be completely melted at the lowest possible temperature that 

will bring it to a sufficiently fluid condition for pouring, excepting creosote-oil 
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residues, which shall be mixed and poured at a temperature of 100° to 125° GC. 

It shall be stirred thoroughly until it is homogeneous and free from air bubbles. : 
The sample shall then be poured into the collar in any convenient manner until — 
slightly more than level with the top. 

Asphalt and asphalt products. —Asphalt and asphalt products shall be cooled — 
to room temperature, placed in water maintained at 5° C. for five 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° C., + 1° C., and 
left in this bath for at least 15 minutes. 

Tar products—Tar products shall be immediatey immersed in ice water 
maintained at 5° C. for five 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° C., 1° C., and left in this bath for at least 15 minutes. 

PROCEDURE 

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

(vb) After the material to be tested has been kept in the ice water for not 
less than 15 minutes nor more than 30 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 one 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 upward 
and out of the collar until the water gains entrance into the saucer and causes 
it to sink. 

(c) The time in seconds between placing the apparatus on the water and 
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. 

Notw.—Special precaution should be taken to insure the collar fitting tightly into the 
noe ae to see that there is no seepage of water between the collar and float during 
the tes 

51. METHOD OF TEST FOR DUCTILITY OF BITUMINOUS 
MATERIALS 

(A. S. T. M. tentative standard method (5), serial designation D 113-26 T) 

1. The ductility of an asphalt cement or semisolid bitumen is measured by 
the distance to which it will elongate before breaking when two ends of a 
briquet of the material are pulled apart at a specified rate of speed and at a 
specified temperature, which for a normal test shall be 5 centimeters per minute 
2G 25 ee CTE EY) 

APPARATUS 

2. The mold shall be as shown in Figure 29. It shall be made of brass, 
the ends, 6 and 0b’, being known as clips, and the parts, @ and a’, as sides of 
the mold. The dimensions of the mold shall be as follows: 

Centimeters 

Total leneth «Cimternall)) es oe et as, eee 7.45 to 7.55 
Distance, between clips. 2:2 2) =: See ee ee Be ee Oconee OG 
Width of ‘clips ‘at mouth. -s<) = 42S eae ee 1.98 to 2. 02 
Width of briquet at minimum cross section (halfway between 

Glips) 2-8 | oie 2 SS Ee SE es ea oe 0.99 to 1.01 
Thickness of briquet throughout___-__-___-_______________ 0. 99_to 2. 62 

3. The water bath shall be maintained at a temperature not 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 immersed to a depth of not less than 10 centi- 
meters 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 bitumen apart that 

is so constructed that the briquet will be continuously immersed in water and 
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the two clips pulled apart at a uniform rate of speed of 5 centimeters per 
minute. 

* PROCEDURE 

5. The asphalt cement or bituminous material to be tested shall 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 prevent the material 
under test from sticking, the surface of the plate and the interior surfaces 
of the side pieces aa’ 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. 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 be left 
to cool to room temperature and then placed in water maintained at 25° C. 
(77° 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 one and one-half 
hours, when the briquet shall be removed from the plate and the side pieces 
detached. 

2 HS 

Fic. 29.—Ductility mold 

7. The rings at each end of the clip shall then be attached to the pins or 
hooks in the ductility machine and the two clips pulled apart at a uniform rate 
of 5 centimeters per minute (+5 per cent) until the briquet ruptures. The 
distance through which the clips have been pulled to produce rupture shall 
then be measured in centimeters. While the test is being made, the water in 
the tank of the ductility machine shall cover the sample by at least 2.5 centi- 
meters and shall be kept continuously at a temperature within 0.5° C. of 25° C. 
i Siete oy 
A normal test is one in which the material between the two clips pulls out 

to a point or thread until rupture occurs at the point where the thread has 
practically no cross-sectional area. The average of three normal tests shall be 
taken and reported as the ductility of the sample. 

If a normal test is not obtainable on three successive tests, the ductility 
should be reported as being unobtainable under the conditions of the test. 

02. METHOD OF TEST FOR DISTILLATION OF TARS AND 
TAR PRODUCTS 

GAR IS>: TM. tentatitve standard method (5), serial designation D 20-27 T) 

APPARATUS 

1. The apparatus consists of a flask, condenser tube, shield, receivers, and 
thermometers, as specified in sections 2 to 6. 
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2, Flask.—The distillation flask, Figure 30. shall be a side-neck distilling flask, 
having the following dimensions: 

Millimeters 

Diameter‘of bulb; outsides2= —— ese ee eee 86+1. 5 
Diameter -of néck, inside 2225-32. 526ete 2 Se ee eee 27, 1-0 
Diameter jof,tubulature;. (insidess=) 9 4223) = Ss 2S eee 10-0. 5 
Length -of ‘neck. 222 We eee ee eee 43+1.0 
Distance; top of; neck ‘to tubulatnres=2= == eee 25+1.0 
Length ‘of tubulature_ =) =*_ eee eS SS eee 2203-5: 0 
Anelecof tubulatures-.- Ute = Se eee ee ee degrees__ 73+1.0 

3. Condenser tube.—The condenser tube shall be a suitable form of tapered 
glass tubing of the following dimensions: 

Outside diameter of small end__---__ ___-- 12.5 millimeters ; permissible variation+1. 5 
Outside diameter of large end__--_---_---~-- 28. 5 millimeters ; permissible variation +3. 0 
MROT GD ot ee re ee (Sena Vee eee eee 360. 0 millimeters ; permissible variation +4. 0 
Length of’ tapered part. ae 100. O millimeters ; permissible variation+5. 0 

4. Shield —A galvanized-iron shield, lined wtih 14-inch asbestos, of the form 
and dimensions showns in Figure 31, shall be used to protect the flask from air 
currents and to prevent radiation. The cover (top) may be of transit board, 
galvanized iron lined with 4%-inch asbestos, or of other suitable insulating 
material. 

Inside 
| Diam. | 
(<22mm>| 

=~ == $ 

HS | | S LS > § 
S IES S NG 
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Fic. 30.—Distillation flask 

5. Receiver.—The distillates will be collected in tared Erlenmeyer flasks hay- 
ing a capacity of 50 to 100 milliliters. 

6. Thermometer.—The thermometer shall conform to the following require- 
ments. These specifications cover a total-immersion thermometer graduated 
in either centigrade or Fahrenheit degrees as specified, the range being from 
0° to 400° C. or 30° to 760° F., respectively. 

Type: Etched stem, glass. 
Liquid: Mercury. 
Range and subdivision: 0° to 400° C. in 1° C. or 30° to 760° F. in 2° F. 
Total length: 378 to 384 millimeters (14.88 to 15.12 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 

to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal or equally suitable thermometric glass. Length, 10 to 

15 millimeters (0.39 to 0.59 inch). Diameter, 5 to 6 millimeters (0.20 to 0.24 
inch). 

Distance to 0° C. or 32° F. line from bottom of bulb: 25 to 35 millimeters 
(0.98 to 1.88 inches). 
Distance to 400° C. or 752° F. line from top of thermometer: 30 to 45 milli- 

meters (1.18 to 1.77 inches). 
Filling above mercury; Nitrogen gas. 
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Top finish: Glass ring. 
Graduation: All lines, figures, and letters clear cut and distinct. The first 

and each succeeding 5° C. or 10° F. line to be longer than the remaining lines. 

Graduations to be numbered at each multiple of 10° C. or 20° F. 

Immersion: Total. : 

Special marking: “A. S. T. M. high distillation,” a serial number, and the 

manufacturer’s name or trade-mark shall be etched on the stem. 

Seale error: The error at any point of the scale up to 370° C. or 700° F. 

when the thermometer is standardized as provided below shall not exceed 1° 

orn ¥. 
Standardization: The thermometer shall be standardized immersed in the 

testing bath to the top of the mercury column, at the ice point, and at temper- 

ature intervals of approximately 50° C. or 100° F. up to 370° C. or 700° F. 

: | 
| iS | 
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Shield. 

Flanged Open-End Cylinder 
Made of 22 gage Galvanized 
Iron with g-in. Asbestos Lining 
Riveted to Metal. 

FIG. 31.— Shield 

Test for permanency of range: After being subjected to a temperature be- 
tween 360° and 370° C. or 680° and 700° F. for 24 hours, the accuracy shall be 
within the limit specified. 

Case: The thermometer shall be supplied in a suitable case, on which shall 
appear the marking: “A. S. T. M. high distillation, 0° to 400° C.” or “A. 8S. T. M. 
high distillation, 30° to 760° F.,” according to the type of thermometer. 

NoTEe.—For the purpose of interpreting these specifications, the following definitions 
apply: The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gage. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 
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PREPARATION OF SAMPLE 

7. The sample, as received, shali be thoroughly stirred and agitated, warming, 
if necessary, tO insure a complete mixture before the portion for analysis is 
removed. 

8. The material may be tested for distillation without dehydration, if water is 
present not to exceed 2 per cent. If water is present in excess of 2 per cent, 
the bituminous material shall be dehydrated before distillation in accordance 
with the method for dehydration as given in sections 2 to 4 of the standard 
methods of sampling and analysis of creosote oil (serial designation D 38-27) 
of the American Society for Testing Materials (see p. 93). 

PROCEDURE 

9. (a) The flask shall be supported on a tripod or rings over two sheets of 
20-mesh gauze, 150 millimeters square, as shown in Figure 32. It shall be 
connected to the condenser tube by a tight cork joint. The thermometer shall 
be inserted through a cork in the neck with the top of the bulb level with the 
lowest point of juncture of the tubulature and neck of the flask. 

(6) The axis of the flask through the neck shall be vertical. 

‘Thermometer 

cy - Cork Stopper 

Shield--1-- 

Retort-- 

Wire Gauze, 
20 Mesh 

«- Chimney 

¢-- Bunsen Burner 

9 2S ee 
7 Y 

Fig. 32.—Distillation apparatus assembly 

(c) The distance from the bulb of the thermometer to the outlet end of the 
condenser tube shall be not more than 600 nor less than 500 millimeters. The 
burner should be protected from draughts by a suitable shield or chimney. 
(Fig. 32.) 

10. (a) One hundred grams (100 grams+0.1 gram) of the sample shall be 
weighed into the flask, the apparatus assembled and heat applied so that the 
first drop comes over in from 5 to 15 minutes. The distillation shall be con- 
ducted at the rate of between 50 and 70 drops per minute and the distillate 
collected in weighed receivers. The condenser tube shall be warmed whenever 
necessary to prevent accumulation of solid distillates. The fraction shall be 
collected at the points designated by the specifications. The receivers shall 
be changed when the thermometer indicates the maximum temperature for 
each fraction. When the maximum specified temperature of the test is indi- 
cated by the thermometer, the flame shall be removed and any oil which has 
condensed in the condenser tube shall be drained into the last fraction. 

(6) The residue shall remain in the flask with the cork and thermometer in 
position until no vapors are visible and it shall then be weighed. If tests of the 
residue are required, the flask shall then be inclined so that the residue wiil 
flow around the sides, thus collecting any condensed vapors that may be on the 
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sides of the flask, after which the residue shall be poured into a suitable recep- 
tacle and covered. If the residue becomes so cool that it can not be poured 
readily from the flask, it shall be reheated to a temperature not exceeding 125° 
Cc. by holding the bulb of the flask in a suitable bath and not by the applica- 
tion of flame. 

For weighing the receivers and fractions, a balance accurate to at least 0.05 
gram shall be used. 

(c) 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. 

(d@) The results of the distillation test shall be reported in percentages by 
weight of water-free material. The following fractions are usually reported: 

Up to 170° C. 
170° to 235° C. 
235° to 270° C. 
270° to 300° C 

Residue 

53. METHOD OF TEST FOR SOFTENING POINT OF BITU- 
MINOUS MATERIALS (RING-AND-BALL METHOD) 

(A. S&S. T. M. standard method (4), serial designation D 36—26, except as indicated. See 
p: 1) 

1. The softening of bituminous materials generally takes place at no definite 
moment or temperature. As the temperature rises, they gradually and imper- 
ceptibly change from a brittle or exceedingly thick and slow-flowing material 
to a softer and less viscous liguid. For this reason the determination of the 
soltening point must be made by a fixed, arbitrary, and closely defined method 
if the results obtained are to be comparable. 

APPARATUS 

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

6.35 millimeters (one-fourth inch) deep; thickness of wall, 2.38 millimeters 
(three thirty-seconds inch) ; permissible variation on inside diameter and thick- 
ness of ring 0.25 millimeter (0.01 inch). This ring shail be attached in a con- 
yenient manner to a No. 13 B. & S. gauge brass wire (diameter 1.83 milli- 
meters=—0.072 inch). (Fig. 33.) 

(6) A steel ball 9.53 millimeters (three-eighths inch) in diameter 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 (4.18 inches) in depth from 
the bottom of the flare. (A 600 cubic centimeter beaker, low form, meets this 
requirement. ) 

(d@) A thermometer which shail conform to the following requirements. 
These specifications cover a special thermometer graduated in either centigrade 
or Fahrenheit degrees as specified, the ranges being —2 to +80° C. or +30 
te +180 F., respectively. 

Type: Etched stem, giass. 
Liquid: Mercury. : 
Range and subdivision: —2° to +80° C. in 0.2° C. or +380° to +180° F. 

in 0.5° F. 
Total length: 378 to 384 millimeters (14.88 to 15.12 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 

to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal oer equally suitable thermometric glass. Length, 9 to 

14 oo (0.35 to 0.55 inch). Diameter, 4.5 to 5.5 millimeters (0.18 to 0.22 
inch). 

Distance to 9° C. or 32° F. line from bottom of bulb: 75 to 90 millimeters 
(2.95 to 3.54 inches). 
Distance to 80° C. or 176° F. line from top of thermometer: 30 to 45 milli- 

meters (1.18 to 1.77 inches). 

104022°—28——_& 

— ies 
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Expansion chamber: To permit heating the thermometer at least 50° G. 
(90° F.) above highest temperature on scale. 

Filling above mercury: Nitrogen gas. 
Top finish: Glass ring. 
Graduation: All lines, figures, and letters clear cut and distinct. Each whole 

degree centigrade or Fahrenheit line to be longer than the remainireg lines. 
Graduations to be numbered at each multiple of 2° C. or 5° F. 

Immersion: Total. 
Special marking: “A. S. T. M. low S. P.,” a serial number and the manufac- 

turer’s name or trade-mark shall be etched on the thermometer. 
Scale error: The error at any point of the scale when the thermometer is 

Standardized as provided below shall not exceed 0.2° C. or 0.4° F. 

No. 13° B&5 Gage 

Brass Wire --. 
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Proper Position 

of Ball. 
Assembly 

of Apparatus. 

Fie. 33.—Apparatus for ring-and-ball method 

Standardization: The thermometer shall be standardized immersed in the 
testing bath to the top of the mercury column, at the ice point and at tempera- 
ture intervals of approximately 20° C. or 40° F. 

Case: The thermometer shall be supplied in a suitable case on which shall 
appear the marking: “A. S. T. M. low S, P., — 2° to +80° C.,” or “A. S. T. M. 
low S. P., +30° to +180° F.,” according to the type of thermometer. 

Noty.—For the purpose of interpreting these specifications the following definitions 
apply: The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gauge. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 
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PREPARATION OF SAMPLE 

3. The sample shall be melted and stirred thoroughly, avoiding 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, shouid rest on a brass plate which has 

been amalgamated to prevent the bituminous material from adhering to it. 

After cooling, the excess material shall be cut off cleanly with a slightly heated 
knife. : 

PROCEDURE 

(A) BITUMINOUS MATERIALS HAVING SOFTENING POINTS 80° C. (176° F.) OR BELOW 

4. Fill the glass vessel to a depth of substantially 8.25 centimeters (3.25 
inches) with freshly boiled, distilled water at 5° C. (41° F.). Suspend the 
ring containing the sample in the water so that the lower surface 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 centimeters (2 inches) below the surface of the 
water. Place the ball in the water but not on the specimen. Suspend the 
thermometer so that the bottom of the bulb is level with the bottom of the ring 
and within 0.635 centimeter (one-fourth inch) but not touching the ring. Main- 
tain the temperature of the water at 5° C. (41° F.) for 15 minutes. With 
suitable forceps place the ball in the center of the upper surface of the bitumen 
in the ring, thus completing the assembly as in Figure 33. 

Note.—The illustration shows only one ring, but more than one 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 instant the bituminous 
material touches the bottom of the glass vessel shall be reported as the softening 
point. No correction shall be made for emergent stem. 

7. The rate of rise of temperature shall be uniform and shall not be averaged 
over the period of the test. The maximum permissible variation for 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. 

(B) BITUMINOUS MATERIALS HAVING SOFTENING POINTS ABOVE 80° C. (176° F.) 

8. The same method as given under (A) shail be employed except that U.S. P. 
glycerin shall be used instead of water, and the starting point of the glycerin 
bath shall be 32° C. (89.6° F.). The bath shall be brought to this temperature 
and thoroughly agitated, then the apparatus and specimens shall be placed in 
the bath, which shall be maintained under agitation at the starting temperature 
for 15 minutes, after which the assembly shall be completed by placing the ball 
on the center of the specimen and the test carried on as in (A). In applying 
the heat, the ring apparatus shall be placed off the center of the container and 
the burner placed midway between the center and edge of the beaker away 
from the specimen. 
The thermometer shall conform to the following requirements. These specifi- 

cations cover a special thermometer graduated in either centigrade or Fahren- 
heit degrees as specified, the ranges being 30° to 160° C. or 85° to 320° F., 
respectively. 
Type: Etched stem, glass. 
Liquid: Mercury. 
Range and subdivision: 30° to 160° C. in 0.5° C. or 85° to 320° F. in 1° F. 
Total length: 378 to 384 millimeters (14.88 to 15.12 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 

6 to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal or equally suitable thermometric glass. Length, 9 to 

14 millimeters (0.35 to 0.55 inch). Diameter, 4.5 to 5.5 millimeters (0.18 
to 0.22 inch). 

Distance to 30° C. or 86° F. line from bottom of bulb: 75 to 90 millimeters 
(2.95 to 3.54 inches). 
Distance to 160° C. or 320° F. line from top of thermometer: 30 to 45 

millimeters (1.18 to 1.77 inches). 
Expansion chamber: To permit heating the thermometer at least 50° C. 

(90° F.) above the highest temperature on the seale. 
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Filling above mercury: Nitrogen gas. 
Top finish: Glass ring. 

Graduation: All lines, figures, and letters clear cut and distinct. Each 
whole degree centigrade line or the first and each succeeding 5° F. line to be 
longer than the remaining lines. Graduations to be numbered at each multiple 
or 8 sC. or 10° FF. 

Immersion: Total. 

Special marking: “A. S. T. M. high S. P.,” a serial number and the manu- 
facturer’s name or trade-mark shall be etched on the thermometer. 

Scale error: The error at any point of the scale when the thermometer is 
standardized as provided below shall not exceed 0.3° C. or 0.5° F. 

Standardization: The thermometer shall be standardized, immersed in the 
testing bath to the top of the mercury column, at intervals of approximately 
40°C or. 10— &. 

Fic. 34.—Engler viscosimeter 

Case: The thermometer shall be supplied in a suitable Gase on which shall 
appear the marking: “A. S. T. M. high S. P., 30 to 160° C.,” or “A. S. T. M. 
high S. P., 85 to 320° F.,” according to the type of thermometer, 

Note.—For the purpose of interpreting these specifications the following definitions 
apply : The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gauge. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 

‘PRECAUTIONS 

9. The use of freshly boiled distilled water is essential, as otherwise air 
bubbles may form on the specimen and effect 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 material from sticking to the glass vessel, 
thereby saving considerable time and trouble in cleaning. 

ACCURACY 

10. The limit of accuracy of the test is +0.5° C. (0.9° FB.). 
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54. METHOD OF TEST FOR. SPECIFIC VISCOSITY 

1. The viscosity of finid bituminous road materials may be determined at 
any suitable temperature by means of the Engler viscosimeter. This appa- 
ratus is shown in Figure 34, and may be described as follows: @ is a brass 
yessel for holding the material to be tested, and may be closed by the cover b. 
To the conical bottom of @ is fitted a conical outflow tube, c, exactly 20 millime- 
ters long. with a diameter at the top of 2.9 millimeters and at the bottom of 
28 millimeters. This tube can be closed and opened by the pointed hard- 
wood 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 @ 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 
earries a ring burner, A, 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. 

2. 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 centimeters of 
water should be about 11 seconds. 

3. Bituminous road materials are tested in the Same manner as water, and the 
temperature at which the test is made is controlied 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: 

Seconds for passage of 50 c¢. c. at A° C. 

Seconds for passage of 50 ¢. c of water at 25° C. 

55. METHOD OF TEST FOR WATER IN PETROLEUM 
PRODUCTS AND OTHER BITUMINOUS MATERIALS 

(A. S. T. M. standard method (4), serial designation D 95—27) 

Specific viscosity at A° C.= 

1. This method of test determines water existing in a sample of bituminous 
material by distilling the sample with a volatile solvent. This method is 
suitable for a variety of materials but is especially applicable to petroleum, 
fuel oil, road oil. coal tar, water-gas tar, coke-oven tar, and other petroleum 
products or bituminous materials. 

APPARATUS 

2. The apparatus shali consist of a metal still or giass fiask, heated by suit- 
able means and provided with a reflux condenser discharging into a trap con- 
nected to the still or flask. The trap serves to collect and measure the condensed 
water and to return the solvent to the still. 

The type of distilling apparatus used is not an essential feature of this 
method, but glass has been generally used for petroleum products and the metal 
still for road materials and tars. 

3. (a) The metal still (fig. 35, a) shall be a vertical cylindrical vessel, pref- 
erably of copper, having a faced flange at the top to which the head is tightly 
attached by means of a clamp. The head shall be of metal, preferably of brass 
or copper, and be provided with a tubulation 1 inch in inside diameter. 

(6) The glass flask (fig. 35, b) shall be of the short-neck, round-bottom type, 
made of well-annealed glass, having an approximate capacity of 500 cubic 
centimeters. 
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4. The burner used with the metal still shall be a ring gas burner, 4 inches 
(100 millimeters) in inside diameter. With the glass flask, an ordinary gas 
burner or electric heater may be used as the source of heat. 

5. The condenser shall be of the water-cooled, reflux, glass-tube type, having 
a condenser jucket not less than 400 millimeters (15%4 inches) in length with 
an inner tube 12 to 16 millimeters (one-half to five-eighths inch) in diameter. 
The end of the condenser to be inserted in the trap shall be ground off at an 
angle of 60°. 

6. The trap shall be made of well-annealed glass constructed in accordance 
with Figure 38 c, and shail be graduated as shown from 0 to 10 cubic centi- 
meters in 0.1 cubic centimeter divisions. The error of any indicated capacity 
shall not be greater than 0,05 cubic centimeter. 

LH ol 

: Ke I 

nti 
bts H 

eS 
is foie 

D | 
irs eo : Leapjenth 

F 

# * = 5 eae bs oi a a | 

EE E Oil 

neds —~+—-K Vt =" Aj, 

se kc>| 
SES, Seer 

3.74024 
(940mm.2 5.1mm) 

yee eee sy 8 45 to 55mm. =1Z"to 23° 
B-(/nside Diameter) 14 » l6mm. = ‘2° » = 
C- (inside Diameter) 12 » 16mm. = “L" » gn 
Dw 222+ --- 2-2 ===> 150 »/7Omm= 6" 9 62 

Ew onnsen ee ee ee ence ees 25 » 38mm=s | £ ” ie? 

Fm ceevesereene see ences 100 » 108mm, = 4" » 44 
H-= (Inside Diameter) 18 » I9mms i" » 3" 

(a) (b) (c) 
Fic. 35.—Apparatus for use in tests for water in petroleum products and other 

bituminous materials 

The outside diameters should be preferably 2.5 to 3.5 millimeters (three thirty- 
seconds to one-eighth inch) greater than the inside diameters specified. 

7. (a) The solvent used when testing petroleum products or bituminous ma- 
terials derived from petroleum shall be gasoline free from water and shall 
conform to the following distillation requirements, determined in accordance 
with the standard method of test for distillation of gasoline, naphtha, kerosene, 
and similar petroleum products (serial designation D 86) of the American 
Society for Testing Materials (4): 

Five per cent shall distill at a temperature not below 194° F. (90° C.) nor 
above 212° F. (100° C.). 

Ninety per cent shall distill below 410° F. (210° C.). 



METHODS OF SAMPLING AND TESTING HIGHWAY MATERIALS 87 

(0) The solvent used when testing bituminous materials derived from coal 
tar, water-gas tar, etc.. shall be a coal-tar naphtha or a light oil and shall con- 
form to the following distillation requirements, determined in accordance with 
the standard method of test for distillation of gasoline, naphtha, kerosene, and 
similar petroleum products (serial designation D 86) of the American Society 
for Testing Materials (4): 

Ninety-eight per cent shall distill between 248° F, (120° C.) and 482° F. 
(250° C.). 

SAMPLE 

_ §. The sample shall be thoroughly representative of the materiai to be tested 
| and the portion of the sample used for the test shall be thoroughly representa- 

tive of the sample itself. Deviation from this requirement shall not be 
permitted. 

Notp.—tThe difficulties in obtaining proper representative samples for this determina- 
tion are unusually great, so that the importance of sampling can not be too strongly 
emphasized. 

PROCEDURE 

. 

9. When the sample to be tested contains less than 10 per cent of water, 
exactly 100 cubic centimeters of the material to be tested shall be placed into 
the still or flask and thoroughly mixed with an equal volume of solvent by 
Swirling, proper care being taken to avoid any loss of material. If the material 
is measured by volume. an accurate 100-cubic centimeter graduated cylinder 
shall be used and the contents transferred to the still by rinsing with one 
50-cubic centimeter portion of solvent followed by two successive 25-cubie centi- 
meter portions of solvent, the cylinder being allowed to drain each time. When 
the sample to be tested contains more than 10 per cent of water, the volume of 
material used shall be decreased to that which will yield somewhat less than 
10 cubic centimeters of water. 

NoTr.—In special cases where the water content exceeds 10 per cent and it is not de- 
sirable to reduce the size of the sample to that which will yield somewhat less than 10 
eubic centimeters of water, a distilling-tube receiver graduated from 0 to 25 cubic centi- 
meters may be used. This tube shall be graduated from 0 to 2 cubic centimeters in 0.1 
eubic centimeter, from 2 to 5 cubic centimeters in 0.2 cubic centimeter, and from 5 to 25 
cubic centimeters in 0.5 cubic centimeter. 

The connections between the still or flask, trap, and condenser shall be made 
by means of tight-fitting corks as shown in Figure 35. When the metal still is 
used, a heavy paper gasket moistened with the solvent shall be inserted between 
the lid and flange before attaching the clamp. A loose cotton plug shall be 
inserted in the top of the condenser tube to prevent condensation of atmospheric 

- moisture in the condenser tube. 
Heat shall then be applied and so regulated that the condensed distillate falis 

from the end of the condenser at the rate of from 2 to 5 drops per second. The 

ring burner used with the metal still should be placed about 3 inches above the 
bottom of the still at the beginning of the distillation and gradually lowered as 
the distillation proceeds. 

The distillation shall be continued at the specfied rate until no water is 
visible on any part of the apparatus except at the bottom of the tray. This 
operation usually requires less than an hour. A persistent ring of condensed 
water in the condenser tube shall be removed by increasing the rate of distilla- 
tion for a few minutes. 

10. The volume of condensed water measured in the trap at room temperature 
multiplied by 100 and divided by the velume of the sample used shall be the 
percentage of water and shall be reported as “ per cent water by volume, 
A. 8. T. M. method.” 

ACCURACY 

11. The accuracy to be expected with this method is that duplicate determina- 
tions of water should not differ from each other by more than one division on 
the trap. 

56. METHOD OF TEST FOR PERCENTAGE OF RESIDUE OF 
DESIRED PENETRATION 

1. 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 

— 
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is suspended in the oil, the bulb not touching the bottom of the box. The tem- — 
perature 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 overheating 
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 neces- 
sary to make several trials before the desired result is obtained. When the re- 
quired penetration is reached, the residue left from evaporation is weighed and 
its per cent of the original sample taken is computed. 

2 Ordinarily a residue shall be considered as satisfactorily obtained on the 
basis of 100 penetration being specified when its penetration is within 25 points 
of that desired. When it is necessary to determine more precisely the per cent of 

reesidue for a specified penetration, such percentage shall be computed by 
interpolation between percentages of two residues, one having a penetration 
greater, and one having a penetration lower than that specified. 

57. CALCIUM-CHLORIDE METHOD FOR DETERMINATION 
OF PERCENTAGE OF WATER IN BITUMINOUS EMUL- 
SIONS 

(Not applicable to clay emulsions) 

Approximately 10 grams of the emulsion is accurately weighed in an Erlen- 
meyer flask and exactly 25 cubic centimeters of a 10 per cent solution of cal- 
cium chloride added and thoroughly agitated by shaking. The liquid content 
of the flask is then poured into a graduated cylinder. Carbon disulphide is 
then 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 the cylinder are then 
thoroughly shaken and after standing the quantity of separated supernatant 
water read. 

Caleulations: Per cent water="—* x 100 

A=volume of supernatant water, 
B=volume of 10 per cent calcium chloride, solution originally used, 
C=weight of emulsion taken for water determination. 

58. METHOD FOR EXAMINATION OF BITUMINOUS 
MIXTURES 

CENTRIFUGAL METHOD 

1. 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-quarter inch in 
diameter or 200 grams of aggregate with all particles smaller than three-quarter 
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 extracted, the felt ring 
should be treated previousiy in the empty extractor with a couple of charges 
of carbon disuiphide 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 tetra- 
chloride, benzol, or chloroform may also be used as solvents) is poured into 
the bowl through the small holes. After allowing the material to digest for a 
few minutes, the motor is started, slowly at first, in order to permit the aggre- 
gate to distribute uniformly. The speed should then be increased sufficiently 
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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 
experience 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 
manilla 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 aggre- 

gate may then be tested as occasion requires. 
2. When it is desired to examine the bitumen, or recover the solvent, a suit- 

able distillation apparatus may be used, taking necessary precautions when 
handling inflammable solvents. 

3. 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 condensed 
and recovered in the flask. The residue is poured into an 11-centimeter porce- 
lain 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 foam- 
ing 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 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 bitumen that are necessary are then made upon it. 

4. The difference between the final aggregate and the original amount taken 
gives the amount of bitumen extracted, which is subject to correction, dependent 
on the amount of ash determined from the washings. 

5. 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 cubic centimeters, and poured into a previously weighed suitable 
flat-bottom dish, preferably quartz. The solvent is evaporated over a very low 
fiame and the residual coke is then ignited with a burner capable of furnishing 
high temperature, such as a Meker. (CAuvuTION: When an inflammable solvent 
is used evaporation should be conducted on a steam bath and care should be 
taken that no fiames are in the immediate vicinity.) The dish and contents are 
then cooled in a desiccator and the percentage of ash calculated. 

HOT EXTRACTION METHOD 

6. The New York testing laboratory extractor consists of a large brass cylin- 
der, through the bottom of which projects a 16-candlepower incandescent carbon- 
filament bulb to supply heat to the extraction apparatus proper, which is held 
in the upper portion of the cylinder. This apparatus is composed of a eylin- 
drical 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. 

7. 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 containing 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 disulphide (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 
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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 bal- 
ance and weighed. The difference 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 thoroughly agitated and measured in a glass 
graduate. Five or ten cubic centimeters are then poured into a weighed plati- 
num crucible 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. 

SUGGESTED METHOD SO naire et | OF BITUMINOUS 

8. Bituminous mortars may be extracted by the use of bronze tubes which 
are capable of being whirled in the type of centrifuge similar to the Babeock 
milk tester. This method is based on decantation of the supernatant solvent. 
(The sample shall consist of not less than 25 grams.) The difference between 
the amount 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 shall be made as 
given under the centrifugal method. 

9. Mechanical analysis of the extracted aggregate shall be conducted in 
accordance with method No. 30. 

59. METHODS OF TESTING BITUMINOUS EMULSIONS 

(A. S. T. M. tentative standard method (5), serial eg ar tk D 244-26 T, except as 
indicated. See p. 1) 

1. For testing purposes emulsions shall be classified as follows: 
I. Emulsified light oils or liquid petroleum products intended for dust- 

laying purposes. 
Il. Emulsified asphaltic materials the asphalt content of which is of a 

consistency suitable for construction or repair. 
(a) Containing little or no mineral matter. 
(ob) Containing appreciable quantities of mineral matter. 

METHOD FOR DETERMINING MISCIBILITY OF BITUMINOUS 
EMULSIONS WITH WATER 

(Applicable to both Classes I and IT) 

2. To about 50 cubic centimeters of the emulsion shall be gradually added 
about 150 cubic centimeters of distilled water, stirring the mixture while adding 
the water. The temperature is not important, but should be between 21 and 25° 
C. (70 and 79° F.). The mixture shall be allowed to stand for two hours and 
then examined for any appreciable separation. 

STONE COATING TEST 

(Applicable only to emulsions of Class II (@)) 

3. Four hundred and sixty-five grams of clean stone (one-fourth to three- 
fourths inch in size, not more than 5 per cent passing a one-fourth-inch screen 
and 100 per cent passing a three-fourth inch screen), see tentative specifica- 
tions for commercial sizes of broken stone and broken slag for highway con- 



METHODS OF SAMPLING AND TESTING HIGHWAY MATERIALS 9] 

struction (serial designation D 63-23 T) of the American Society for Testing 
Materials (5), of either trap or hard limestone shall be placed in a No. 10 sieve, 
drenched and washed with distilled water, allowed to drain for three minutes, 
and transferred to a suitable pan in which the mixture is to be made. (A 6-inch 
hemispherical iron dish has been found suitable and satisfactory for this 
purpose.) Thirty-five grams of the emulsion shall then be added to and mixed 
vigorously with the stone for three minutes. (A steel spatula is satisfactory 
for mixing.) There shall be no signs of appreciable separation of the asphalt 
contained in the emulsion during the three-minute mixing period. 

| 

| 

| 

METHOD FOR DETERMINATION OF WATER, OIL DISTILLED WITH 
WATER, AND PREPARATION OF ASPHALTIC BASE FOR FURTHER 
TESTS 

(A) METHOD APPLICABLE TO EMULSIONS OF CLASS II (2) ONLY * 

4. The apparatus shall consist of a copper still 6 inches by 3% inches in 
inside diameter with an air-adjustable ring burner to fit the still. The still 
shall be provided with a connecting tube of approximately 12-millimeter 
diameter glass tubing. a tin shield, a condenser trough, a condenser tube, and a 
suitable graduated cylinder. A thermometer 0° to 400° C. shall be provided 
conforming to the requirements for the thermometer specified in section 6 of 
the tentative method of test for distillation of creosote oil (serial designation 
D 246-27 T) of the American Society for Testing Materials (5). The appa- 
ratus shali be set up as shown in Figure 36. The still shall be charged with 
200 grams of the well-mixed sample. An oiled-paper gasket shall be applied 
to the flange at the top of the still and the cover clamped on securely. The 
thermometer shall be placed in position so that the tip of the buib is one-half 
inch from the inside bottom of the still. A gentle heat shall be applied to the 
top of the still by the ring burner. Just sufficient heat shail be applied to the 
connecting tube to prevent condensation of water therein. 

The heat shall be applied to the extreme upper part of the still until 
practically all of the water has distilled over, or until a temperature of 121° C. 
(250° F.) has been reached. The ring burner shall then be lowered very 
gradually to a position midway between the top and bottom of the still and 
held there until the temperature is about 176° C. (349° F.). The ring burner 
shall then be lowered more rapidly to within one-fourth inch of the bottom of 
the still and the temperature then raised to 260° C. (500° F.) and maintained 
for 15 minutes. This period of heating is important to insure a smooth 
homogeneous residue in the still. 

The cover shall then be removed from the still and the hot residue poured 
into a ductility moid and into a standard 3-cunce tin box for the penetration 
test, the receptacles being left uncovered. While cooling any excess shall be 
poured into suitable containers for any additional tests desired. 

Any water or oil remaining in the condenser tube shall be forced out care- 
fuliy into the graduated cylinder by means of a rubber stopper fixed on the 
end of a long rod. 

The distillation should be completed in not less than one hour and in not 
more than one and one-fourth hours. 

If the residue is not homogeneous and appears granular, it shall be rejected 
and the distillation repeated upon a fresh sample, maintaining the temperature 
at 260° C. (500° F.) fer slightly more than 15 minutes. 

The number of cubie centimeters of water divided by 2 is the percentage of 
weight of water. 

The weight of residue remaining in the still divided by 2 is the percentage 
of nonvolatile matter under the conditions of this test. 

The sum of the percentage of water and nonvolatile matter deducted from 
100 represents distilled oils. 

@) METHOD APPLICABLE TO EMULSIONS OF CLASS II (0) 

Water.—The waiter shall be determined by the distillation method above 
described. 

aa Method No. 57 (page 88) may be used as an alternate for the method of determining 
water herein specified. 

—" 
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Oils.—Two 50-gram samples of well-mixed emulsion shall be placed in a stand- 
ard 3-ounce tin box, in an oven at 163° C, (325° F.) for five hours, and the loss 
determined. If the loss is greater than the percentage of water (see preceding 
paragraph) it would indicate the presence of volatile oils and the difference in 
the two determinations would closely approximate the percentage o* volatile 
oil. 
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The residue of the 50-gram sample shall be dissolved in benzol, filtered, and 
the filtrate evaporated on a water bath until practically all the benzol is 
evaporated, then placed in an oven at 105° ©. (221° F.) for 30 minutes and 
finally heated on a hot plate to 121° C. (250° F.) with constant stirring. The 
consistency, ductility, or other tests desired are made upon this residue. 

Mineral matter.—The mineral matter on the filter paper from the extraction 
shall be dried and weighed or a separate determination on a smaller Sample of 
the original emulsion may be made. 
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60. METHODS OF SAMPLING AND ANALYSIS OF 
CREOSOTE OIL 

(A. S. T. M. standard method (4), serial designation D38—27) 

SAMPLING 

1. Wherever the oil is being loaded or discharged by means of a pump the 
following method shall be used: 
A one-half-inch sampling pipe shal] be inserted in the line through which the 

Oil is being pumped, on the discharge side of 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 pro- 
vided 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 
flow 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 ex- 
ceeding 120° F. Immediately upon comple- 

tion of the pumping. the contents of the 
receiver shall be very thoroughly agitated 
and a duplicate i-quart sample taken imme- 
diately for the test. The amount of the drip 
sample collected shall be not less than 1 gal- 
lon for each 1,000 gallons of oil handied, ex- 
cept in the case of large boat shipments, an 
where a maximum of 100 gallons is sufficient. i? 

4 

ANALYSIS if 
lo 

WATER Sr 

H 
2. (a) Still.—A vertical, cylindrical copper Se 

still, with removable flanged top and yoke, abe 
of the form and approximate dimensions i= 
shown in Figure 37 shall be used. : 

(b) Thermometer—The thermometer shall 
conform to the following requirements. : 
These specifications cover a total immersion _——_— ~ 
thermometer graduated in either centigrade = 
or Fahrenheit degrees as specified, the ranges ! = eg 7 
being 0° to 400° C. or 30° to 760° F., respec- ake an £02 -=-->} 
tively. (944.0mm.t Simm) 

Type: Etched stem, glass. Fic. 37.—Copper still 
Liquid: Mercury. 
Range and subdivision: 0° to 400° C. in 1° C. or 30° to 760° F. in 2° F. 
Total length: 378 to 384 millimeters (14.88 to 15.12 inches). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 

to 7 millimeters (0.24 to 0.28 inch). 
Bulb: Corning normal or equally suitable thermometric glass. Length, 10 to 

15 millimeters (0.39 to 0.59 inch). Diameter, 5 to 6 millimeters (0.20 to 0.24 
inch). 

Distance to 0° C. or 32° F. line from bottom of bulb: 25 to 35 millimeters 
(0.98 to 1.38 inches). 
Distance to 400° C. or 752° F. line from top of thermometer: 30 to 45 milli- 

meters (1.18 to 1.77 inches). 
Filling above mercury: Nitrogen gas. 
Top finish: Glass ring. 
Graduation: All lines, figures, and letters clear cut and distinct. The first 

and each succeeding 5° C. or 10° F. line to be longer than the remaining lines. 
Graduations to be numbered at each multiple of 10° C. or 20° F. 

Immersion: Total. 
Special marking: “A. S. T. M. High Distillation,” a serial number, and the 

manufacturer’s name or trade-mark shall be etched on the stem. 
Seale error: The error at any point of the scale up to 370° C. or 700° F., 
a ma >Re is standardized as provided below, shall not exceed 
eer 2°). 
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Standardization: The thermometer shall be standardized immersed in the 
testing bath to the top of the mercury column at the ice point and at tempera- 
ture intervals of approximately 50° C. or 100° F. up to 370° C. or 700° F. 

Test for permanency of range: After being subjected to a temperature 
between 360° and 370° C. or 680° and 700° F. for 24 hours, the accuracy shall 
be within the limit specified. 

Case: The thermometer shall be supplied in a suitable case on which shall 

appear the marking: “A. S. T. M. high distillation, 0° to 400° C.” or “A. S. T. M. 
high distillation, 30° to 760° F.,” according to the type of thermometer. 

Notpn.—For the purpose of interpreting these specifications the following definitions 
apply: The total length is the over-all length of the finished instrument. The diameter 
is that measured with a ring gauge. The length of the bulb is the distance from the 
bottom of the bulb to the beginning of the enamel backing. The top of the thermometer 
is the top of the finished instrument. 
Norr.—Inasmuch as those dimensions given above which differ from the corresponding 

dimensions that appeared in methods D 38 until their revision in 1924 are of such a 
nature as to affect the facility of making but not the accuracy of the thermometer, any 
thermometer now in use complying with the former requirements of D 38 shall be 
accepted as satisfactory by producers and users of creosote oil; provided that all 
thermometers hereafter purchased shall be in accordance with the new requirements. 

--- Thermometer 

maseensenna= 38.75 cm------>| 
Connecting | l 

Separatory 
Funnel, ------ 

( Capacit; 
: /20¢c.) 

~ 

ue 0] Tube | t 

’ , a i : 

[= 

it Graduated 

rtteevecccewcewwrsrevenses OF F C/T], ereewcecers eves 

Fic. 38.—Assembled apparatus for water test 

(c) Condenser.—A copper trough condenser shall be used, with straight-walled 
glass tube, having approximately the form and dimensions shown in Figure 38. 

(d@) Separatory funnel.—A separatory funnel of the form shown in Figure 38 
shall be used, having a total capacity of 120 cubic centimeters and the outlet 
graduated in fifths of a cubic centimeter. 

3. The apparatus shall be set up as shown in Figure 38. 
4. When any measurable amount of water is present in the distillate below 

210° C. as determined in accordance with the tentative method of test for dis- 
tillation of creosote oil (serial designation D 246-27 T) of the American Society 
for Testing Materials (5) (see page 98) the oil and water in this fraction 
shall be separated, 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 
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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 centimeter of oil in graduated cylinder, and pour into 

eopper 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 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 off-take of the connecting 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. 

5. The amount ef water may be determined in accordance with the standard 
method of test for water in petroleum products and other bituminous materials 
(serial designation D 95) of the American Society for Testing Materials (4). 
(See p. 85.)* 

MATTER INSOLUBLE IN BENZOL 

6. (a) Extractor.—The extractor may be of the form shown in Figure 39 or 
any similar form in which the oil is subjected to direct washing by the 
boiling vapors of the solvent. 

(b) Filtering medium. — The 
filtering medium may be either 
two thicknesses of S. & S. No. 
575 hardened filter paper. 15 
centimeters in diameter, ar- 
ranged in cup shape by folding =~ --- 
symmetrically: or alundum 
thimbles, flat bottom, 30 by 80 hie 
R. A. 98. If filter papers are : i} 

| 

Water In/er----> | é------ Water Outlet 

...Hook to Support Wire 

4----Condenser 

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 sus- 
pended in the extractor flask 
by a wire basket hung from 
two small hooks on the undér 
surface of the metal cover of 
the fiask. If the alundum thim- 
ble is used, it may be supported ‘ 
by making two perforations in : 
the top of the thimble and sus- : 
pending from the cover by Ger- 
man silver or platinum wires. 

7. 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 aiways 
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 suitable 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 descend- 
ing solvent is practically colorless, and remove the filter cup and dry in steam 
oven until ali solvent is driven off: cool in desiccator and weigh. The balance 
used fer this purpose should be accurate to 0.5 milligram. 

Cap of Filter Paper or 
i Alundum Ware 

aait-----Fi/ter Cup 
euve «ee 

4---- Wire Support for 
di Filter Cup 

- 24 cm. 

Fic. 39.—Extraction flask 

“This method is of partiular service where the determination of water only is in- 
yolved and the dehydrated material is not to be used subsequently for analysis. 
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SPECIFIC GRAVITY 

8. (a) Hydrometer.—The hydrometer shall be of the form shown in Figure 40. 
It shall have the following dimensions: 

engin or stem?! "2 eee 125 millimeters ; permissible variation, 12.5 millimeters. 
encin hot aulbs—- ais See 105 millimeters ; permissible variation, 10.5 millimeters. 
Beneth.) 0f+,scale.. 2222.22 see 80 millimeters ; permissible variation, 8.0 millimeters. 
Diameter Jot. stem __ —. .-- 6 millimeters ; permissible variation, 0.5 millimeters, 
Drameter of bulbs — 23 eee 22 millimeters ; permissible variation, 2.0 millimeters. 

A set of two hydrometers with ranges 1 to 1.08 and 1.07 to 1.15 will suffice. 
(b) Cylinder.—The cylinder shall be of the form shown in Figure 41. It 

shall have the following dimensions: 

en gth) 220 AW Ses 300 millimeters; permissible variation, 30 millimeters. 
Diameter, 4 =e. 3) 32 millimeters; permissible variation, 3 millimeters. 

9. The oil shall be brought to a temperature of 38° 
ist C. (100° F.), and the determination shall be made at 

i A that temperature unless the oil is not entirely liquid at 
38° C. In case the oil requires to be brought to a 

« E S higher temperature than 38° C. in order to render it 
g 103 = completely fluid, it shall be tested at the lowest tempera- 
to 108 ; ture at which it is completely fluid, and a correction 
~ ios 44 3 made by adding 0.0008 to the observed specific gravity 

for each degree centigrade above 38° C. at which the test 
‘ eS = ee, ee is made. This correction factor does not apply with 

equal accuracy to all oils, but serious error due to its 
use will be avoided if the foregoing precaution is ob- 
served, with respect to avoiding unnecessarily high tem- 
perature. 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 
Le e-cctl. 105 rmin.--4:- 
Fig. 40.—Hydrometer 10. The distillation of creosote oil 

shall be determined in accordance 

with the tentative method of test for distillation of creosote 
oil (serial designation D 246-27 T) of the American Society 
for Testing Materials (5). (See p. 98.) 

SPECIFIC GRAVITY OF FRACTIONS 

11. As specific gravity is an absolute physical determina- 
tion, any recognized method which can be applied to the 
quantity and quality of material at hand to be tested must 
be considered satisfactory. The following methods are 
convenient and accurate means for the relatively small 
amounts of oil available in determining specific gravity of 
fractions to be tested. 

SE OO owt mess 

2 aR ee 

(a) LIQUID FRACTIONS 

- eee eee 

12. The Westphal balance may be used. 
13. If the fraction to be tested is liquid at a tempera- 

ture not exceeding 60° C., the Westphal balance can be used 
with convenience and rapidity. A special type of Westphal yg, 41.—Cylinder 
balance is obtainable, designed for testing very small quan- 
tities. However, the ordinary type of Westphai balance can be adapted to test- 
ing small fractions by thé use of a special plummet. When using the ordinary 
balance with the special plummet, extra care is needed that the adjustment of 
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the balance be accurately made. The plummet can readily be made in the 
laboratory from a piece of ordinary glass tubing 
_ diameter, sealed at the end, and melting into the glass where sealed a short 
2 platinum wire. After cooling, place 9 to 10 grams of mercury in the tube, mak- 

-_ 

¢ millimeters in outside 

ing a column 35 to 40 millimeters high. Seal off the tube within 20 millimeters 
of the top of the mercury column with blowpipe flame. The plummet shall 
have a length of about 55 to 60 millimeters over all and shall weigh between 

10 and 12 grams. 
3 (6) SOLID AND SEMISOLID FRACTIONS 

14. A pan of the form shown in Figure 42, having the following approximate 
dimensions, may be used: 

Millimeters 

© DS DDL PEE TES Page ee Bee ree ge a ee ee eee 20 
SLE Ue CSE Er) ee ee eee 6 eee Se ne I 2 
Depth ___--__ 25: Dee OR Se eS SE ee ae ey ee ee eee SY 
Mer Oar Ware! 9S a tS ele eee be 1 
Total weight _____ oS* 2 Wee ee See os es Fete A gee eee grams_ 7 

The pan and wires are made of platinum or nickel. 
15. 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 weigh- 
ing in air and in water. The usual precautions of igniting 
the pan before use, and avoiding the inclosure of air or 
water in the sample, should be observed. 

Nore.—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 fractions 315° to 355° C., 

FLOAT TEST OF RESIDUE 

16. The residue remaining in the retort after the distilla- 
tion test shall remain until it reaches a temperature be- 

/ 

tween 100° and 125° ©. The consistency of the residue 
shall. then be determined m accordance with the standard 
method of float test for bituminous materials (serial desig- 
nation D—-139) of the American Society for Testing Mate- 
rials (4). (See p. 74.) 

Norre.—Care must be taken at the end of the distillation test to He 2em.> | 
see that the vapor temperature as indicated on the thermometer K-2.5¢m. > 
does not rise above 355° C.:; an excess temperature of only 1° or 
2° C. at this point makes the float test invalid. 

: COKE RESIDUE 

17. The coke residue of creosote oil shall be determined in 

accordance with the standard method of test for coke residue 
of creosote oil (serial designation D 168) of the American fF '6. 42.—Platinum 
Society for Testing Materials (4). (See below.) eo eke ea 

61. METHOD OF TEST FOR seaae RESIDUE OF CREOSOTE 
IL 

(A. S. T. M. standard method (4), serial designation D 168—27) 

if Dem 
Eis) gs sse 

1. Crucible-——The crucible shall be of platinum and shall have a capacity of 
20 to 30 cubic centimeters. The cover of the crucible shall be of the inverted 
type, having a depth of about 1 centimeter, the wall tightly fitting the erucible 
except for a slight crease. 

2. The residue resulting from the distillation test, carried out in accordance 
with the tentative method of test for distillation of creosote oil (serial designa- 
tion D 246-27 T) of the American Society for Testing Materials (5) (see 
p. 98}, shall be poured directly into the tared crucible or into a tin box wherein 
it may be heated on a water or steam bath, but not over a flame. About 1 gram 
of the residue shall be weighed into the covered crucible and then placed, on a 
platinum, nichrome, or fire-clay triangle over a Bunsen burner, with the bottom 
of the crucible 6 to 8 centimeters from the top of the burner. The burner flame 
shall be regulated to a height of 20 centimeters while burning free and the 
crucible shall be exposed to the full flame for seven minutes. A Meker burner 
may be used, or the crucible may be heated for several minutes in an electric 

104022°—28——_7 
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furnace. Whatever the method of heating employed, the temperature during 
the entire seven-minute period shall be not less than 950° C. and should be as 
near that temperature as possible. At the end of this period the flame shall 
be removed, the crucible transferred to a desiccator and permitted to cool, after 
which, it shall be weighed. The residue in the crucible after ignition shall be — 
reported as “fixed carbon ” (that is, coke). 

3. The test shall be conducted in a part of the laboratory free from drafts. 
4. The percentage of coke obtained in accordance with section 2 shall be 

calculated on the basis of the original sample of oil. 
EXxAMPLE.—With a retort distillation of 29 per cent of residue at 355° C., the 

residue containing 28 per cent of fixed carbon: 

29X28 | 
100 -= 8.1 per cent. Coke in oil= 

62. METHOD OF TEST FOR DISTILLATION OF CREOSOTE 
OIL 

(A. S. T. M. standard method (4), serial designation D~246—-27 T) 

This is the same method as given under method No. 52 (see p. 77), method 
of test for distillation of tars and tar products. 

63. METHOD OF SAMPLING AND TESTING WOOD BLOCK 

1. Sampling.—Ten blocks shall be taken as a sample. 
2. Measurement and weight.—Each 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. 

ANALYSES 

8. The sample for analysis shall be obtained by boring into the end grain of 
all the blocks, according to Figure 48. 

4, Moisture. "Take 25 grams of borings and place in a 250-cubic-centimeter 
Erlenmeyer flask and pour on about 75 to 100 cubie 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 in a cylinder graduated to tenths of a cubic centimeter. The distillate 
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. S. & 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 borings are then extracted in some suitable extraction appa- 
ratus, using benzol as the solvent until the washings run through practically 
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 3 per cent solution of sodium carbonate, or pref- 
erabiy sodium hydrate, using about three 100-cubic-centimeter portions. The 
alkali 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, 

o 
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7. All these results shall be expressed in percentage of the original weight 
the block and also in pounds per cubic foot. 

: 
64. METHOD OF 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 rep- 

resentative. 
2. The inspector shall determine the gauge of the metal, inside diameter, 

depth and spacing of the corrugations, width of lap, rivet spacing, weight per 

4'x4"x 8" BLOCK 
Fic. 43.—Method of boring wood blocks for sample. Borings made in end grain 

with 44-inch bit or drill. Three borings on center line made halfway through 
block; other borings through block 

linear foot of the finished pipe, condition of spelter coating and other require- 
ments as called for under the specifications. He shall also take a sample of the 
pipe material approximately 6 inches wide, and the full diameter of the pipe 
for measurement, chemical analysis, and determination of the amount of 
galvanizing or spelter coating. 

3. Chemical analysis will be made of all metal culvert pipe, including rivets 
to determine whether the requirements of the specifications as to quality of the 
material are met. 
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4. The amount of galvanizing or spelter coating will be determined in accord- 
ance with the methods for testing the amount of spelter coating on. culve 
metal. 

5. Chemical analysis to be conducted in accordance with the standard method 
of chemical analysis of plain carbon steel, A. S. T. M. A 33-24 (3). ; 

65. METHODS FOR DETERMINING WEIGHT OF COATING 
ON ZINC-COATED ARTICLES : 

1 
4 
5) ne 

(A. S. T. M. standard method (3), serial designation A 90—24, except as indicated. 
See p. 1) 

SHOP WEIGHING TESTS 

Select a pickled and washed sheet. Stand the sheet on edge and allow to 
drain for two minutes. The water remaining on the sheet will then amount to 
approximately 0.01 pound per square foot. 

Weigh this sheet with an accuracy of 0.05 pound, and subtract the weight 
of the water to obtain the real weight of the uncoated sheet. After galvanizing, 
reweigh the sheet. The increase in weight represents the coating. 

Where greater accuracy is desired, wash, dry, and weigh 10 sheets: then cote 
and reweigh. 

To determine the weight of coating in ounces per square foot, divide the — 
weight of coating in ounces by the area in square feet in the sheet or sheets. | 

SAMPLING 

(a) Sheets——The laboratory samples for determining the average weight of | 
coating upon a galvanized sheet shall be taken as follows: 

A 214-ineh strip shall be cut transversely or diagonally across the middle of © 
the sheet with its ends approximately 1 inch from each edge. Three samples, 
214, by 21% inches, or of equivalent area, shall be accurately cut from the 

middle and the two ends of this strip. These samples shall be cleaned with 
gasoline or benzol, then with alcohol: and dried thoroughly before proc eding 
with the test. 

The weight of coating in grams on a 244 by 2% inch piece (5.08 square inches) 
is numerically equal to the coating in ounces per square foot. 

exactly 1 foot of wire or a definite length of wire as 
given in Table 8, depending upon the diameter of the wire after stripping. 
Clean the wire with gasoline or benzol, then with alcohol, and dry thoroughly. 
When using exactly 12 inches of wire for the test and obtaining the loss of | 

weight (weight of coating) in grams, the formula is as follows: 

Loss of weight in grams __ Ounces per square foot of actual 

7.422 X diameter in inches of stripped wire surface. 

It is sometimes more convenient to use a length of wire, as given in Table 8, 
such that the loss in weight (weight of coating) in grams will numerically equal 
the ounces per square foot of actual surface. 

TABLE 8.— Lengths of wire to give grams of coating which are numerically 
equal to ounces per square foot of actual surface 

] 
| 

Size of wire B.W. a Diameter Length for test | Size of wire B.W. G. |Diameter Length for test 

| 

| Centi- "lee Centi- 

ie 
Inches Inches meters Inches Inches meters 

pera a ak 0 340 : 19.71 fl Hy aahe 9 x ee ies ie 0. 134 123; 30.6 
gh Be peas & eS Ee . 300 53% 13...75| Wh Ss ee as . 120 134% 34.2 
/ ae ae eee . 284 534 14.5 ES see. eat ae Be Pe . 109 1433 Stk 
3 fact ee creeps PC: Fras . 259 614 1529" || gece Sarre eee . 095 aly, 43.2 
Ate. PELE Se te . 238 632 gas Ud | Wind: Seve Boe Be 5S SEs . 083 191% 49.5 
el, SATS eee eet . 220 73% 18.7. if 15h. eee . 072 22, 57.0 
a2 ae . 203 71s M2 4) dG iets ees . 065 241% 63. 2 
RE Be ape ta . 180 9 7 | ak da ee . 058 ge amelie (8) 

3 on ie eM Soak Bes Sel . 165 gi3 DAG AV AG She eee ere oe } . 049 33 83.8 
15 Tt. 7 5 

© ' ' ' ' ' 1 1 ' 1 ! 1 ' ' ' ' ' ' ' _— ~ @ ns : oO to 
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By multiplying by 2, the figures for coating in ounces per square foot of 

actual surface may be compared with the figures for coating in ounces per 

square foot on zinc-coated sheets. 

HYDROCHLORIC ACID-ANTIMONY CHLORIDE METHOD (STANDARD 
METHOD) 

SOLUTIONS REQUIRED 

Antimony chloride solution—Dissolve 20 grams of antimony trioxide or 382 

grams of SbCl in 1,000 cubic centimeters of HCl (specific gravity approni- 

mately 1.19). 
Hydrochloric acid.— Concentrated HCl (specific gravity approximately 1.19). 

mately 1.19). 

METHOD 

(a) Sheets—Cut three 2144 by 24 inches (or equivalent area), laboratory sam- 
ples, as described under “* Sampling,” and weigh together * after cleaning and 
drying. They should be immersed singly in 100 cubic centimeters of hydro- 
chloric acid (specific gravity approximately 1.19). to which has been added 5 
cubic centimeters of antimony chloride solution, and allowed to remain therein 
until the evolution of hydrogen has ceased or until only a few bubbles are 
being evolved. This requires only about 15 to 30 seconds, except in the case of 
sherardized coatings, which require a somewhat longer time. The same 100 
cubic centimeters of hydrochloric acid can be used for at least five samples, 
but 5 cubic centimeters of the antimony chloride solution should be added before 
the immersion of each sample. After stripping the samples should be washed 
and scrubbed under running water, dried with a towel, and laid in a warm 
place for a short time. The samples should again be weighed together” and 
the number of grams: lost divided by the number of samples taken. Each gram 
then corresponds numerically to 1 ounce of coating per square foot. 

(0) Wire—A small section of the zinc-coated wire should be stripped in 
hydrochloric acid containing antimony chloride and the diameter of the stripped 
wire determined. 

To determine the weight of coating the sample is carefully weighed to 0.01 
gram. The wire is then placed in a tall cylinder containing hydrochloric acid 
(specific gravity approximately 1.19) to which has been added 2 to 3 cubic 
centimeters of antimony chloride solution of the same strength as is used in the 
testing of sheets. After stripping the wire is washed under running water, 
dried, and laid in a warm place for a short time. The loss in weight repre- 
sents the zine coating, and if the length of wire designated in Table 8 is used 
the coating in grams will be numerically. equal to the coating in ounces per 
square foot of actual surface. In order to compare this figure with that given 
for sheets it must be multiplied by 2. 

BASIC LEAD ACETATE METHOD (ALTERNATE METHOD) 

SOLUTIONS REQUIRED 

Lead acetate solution.—Dissolve 400 grams of crystallized lead acetate in 1 
liter of water. When dissolved add 4 grams of finely powdered litharge, and 
after thorough agitation allow the solution to settle and decant the clear 
portion for use. 

METHOD 

Cut three 24% by 2% inch (or of equivalent area) laboratory samples, clean 
and weigh as described in the hydrochloric acid-antimony chloride method.” 
The samples should then be submerged separately in a tumbler containing 
sufficient lead acetate solution to cover the samples. The samples should be 

45 If it is of interest to know the individual weight of coating on each piece, each must 
be analyzed individually instead of collectively, as described. 

46 See footnote 45. 
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maintained in an upright position in order to enable the lead acetate to attack 
all portions. 

After being immersed about three minutes the sample should be taken out 
and the adherent lead carefully removed under running water in order that no 
burnishing action will cause the lead to plate onto the sample. Four immer- 
sions of three minutes each are uSualy sufficient to remove all zinc from the 
sample, when the bright surface of the iron will be exposed. The test pieces 
should then be washed in water, dried carefully, and weighed. The loss in — 
grams divided by the number of samples represents the weight of coating in 
grams, which is numerically equal to the weight of coating in ounces per 
square foot. 

SULPHURIC ACID PERMANGANATE METHOD (ALTERNATE 
METHOD) 

SOLUTIONS REQUIRED 

Distilled water should be used in all cases where water is mentioned as a 
reagent. 

Standard potassium permanganate, one-tenth normal.—Dissolve pure, crystal- 
lized potassium permanganate in water in the proportion of 3.2 grams per liter. 
Allow to stand at least two weeks and filter through asbestos. Standardize the 
solution in the following manner: 
Weigh accurately 0.45 to 0.5 grams of United States Bureau of Standards’ 

sodium oxalate. Place in a 400-cubic centimeter beaker and dissolve in 250 
cubie centimeters of water at 80° to 90° C. Add 10 cubic centimeters of sul- 
phuric acid composed of 5 cubic centimeters of water and 5 cubic centimeters 
of chemically pure H2SO. (specific gravity 1.84) and titrate the solution at once 
with the potassium permanganate solution, stirring the liquid vigorously and 
continuously. The permanganate must not be added more rapidly than 10 to 15 
cubic centimeters per minute, and the last 0.5 to 1 cubic centimeter must be 
added dropwise, with particular care to allow each drop to be completely decol- 
orized before the next is introduced. The solution should not be below 60° C. 
by the time the end point is reached. More rapid cooling may be prevented by 
allowing the beaker to stand on a small asbestos-covered electric hot plate 
during the titration. The use of a small thermometer as a stirring rod is most 
convenient. Calculate the iron equivalent of the permanganate solution, using 
the iron value furnished by the Bureau of Standards for the sodium oxalate 
used. 

Sulphuric acid.—Mix 100 cubic centimeters chemically pure H2SO; (specific 
gravity 1.84) with 900 cubic centimeters of water. 

METHOD 

Carefully weigh the 2144 by 2144 inches (or equivalent area) piece, containing 
exactly 5.08 square inches. 

After determining the weight of the plate, place the piece in a 250-cubie 
centimeter breaker (Griffin form). Allow the piece to rest on or come 
in contact with a small piece of platinum foil. Add 125 cubic centimeters or a 
sufficient amount of the sulphuric-acid solution to cover the inclined piece. 
Cover the beaker with a watch glass and allow the zine coating to dissolve. 
In from 10 to 20 minutes the zine will be dissolved, as will be indicated by 
the cessation of the rapid evolution of gas, disregarding the small amount 
of gas coming mainly from the edges of the plate, due to the action ef the 
acid on the base plate. Wash the plate with a jet of water from a wash 
bottle, allowing the washings to run into the beaker. Wipe the plate dry, and 
immediately titrate the solution in the beaker with the standard potassium 
permanganate solution and calculate the weight of iron dissolved with the 
zinc coating. Weigh the plate and subtract this weight from the weight of 
the plate before removal of the coating. From the difference deduct the 
weight of iron found to have been dissolved with the coating, which will give 
the weight in grams of zinc coating on 5.08 square inches of the sample. The 
weight of the zine coating in grams on the 214 by 2%4 inch (or equivalent area) 
piece will be numerically equal to the weight of zinc coating in ounces per 
square foot. 
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APPENDIX 

FIELD TESTS FOR DETERMINATION OF ZINC-COATED ARTICLES 

PREECE OR COPPER-SUPHATE DIP TEST 

The samples for the Preece test may be of any size, but should be free from 
as much cut surface as possible and should be carefully cleaned before starting 
the test. The samples are then dipped into not less than 100 cubie centimeters 
of copper-sulphate solution maintained at a temperature of 18° C. The samples 
are allowed to remain exactly one minute in the solution. They are then 
washed in running water and the copper deposit lightly rubbed off. Successive 
immersions of one minute each are continued, with the washing and cleaning 
of the sample between each one until the appearance of bright adherent copper 
indicates that the iron beneath the coating has been exposed. Should a small 
amount of copper be coated adherently to the zine coating it must not be mis- 
taken for the end point in which the copper plates out onto the iron. Theap- 
pearance of copper within 1 inch of a cut surface is likewise not considered to be 
the end point of the test. 

The copper-sulphate solution is prepared by dissolving 36 parts of commercial 
copper sulphate crystals in 100 parts of water, then adding enough cupric oxide 
to neutralize any free acid. The solution is filtered or allowed to settle and 
decanted, then diluted with water until its specific gravity is 1.186 at 18° C. 
It should always be used at this temperature. 
When material is tested by the Preece or copper-sulphate method the number 

of one-minute immersions which the sample shall withstand is specified. 
The amount of coating removed by a one-minute immersion in the copper- 

sulphate solution is, roughly, between 0.20 and 0.25 ounce per square foot of 
actual surface, or double this per square foot of sheets. 

This test is not as accurate in determining the average weight of coating upon 
a sample as is the hydrochloric acid-antimony chloride method, but is useful, 
however, in determining which are the thinnest portions of the coating. 

THERMAL METHOD * 

This method makes possible the determination of the zine coating on iron 
and steel sheets and other articles without necessitating the use of an analytical 
balance. An accurately measured galvanized sample is immersed in a meas- 
ured amount of acid, the maximum temperature rise being recorded. Hach 
0.1° rise in temperature is equivalent to a definite weight of zinc. 

The apparatus necessary for conducting this test is as follows: 
1. Testing jar, about 2% inches in inside diameter, with a capacity of about 

400 cubic centimeters flaring at the top if possible. 
2. Thermometer graduated in 0.1° C., with a range of about 50° C. 
3. Three hundred cubic centimeter graduated cylinder. 
4. Glass-stoppered bottle containing concentrated hydrochloric acid (specific 

gravity approximately 1.19). 
5. Rule for measuring: The sample is cleaned with gasoline, dried, and accu- 

rately measured. For testing zinc-coated sheet the usual 24% by 214 inch (or 
of equivalent area) specimen may be used, and for wire suitable lengths may 
be used as given in Table 8. 

A measured amount of hydrochloric acid (usually 200 cubic centimeters) is 
poured into the testing jar. The temperature of the acid is recorded after 
stirring and the sample is immersed in the acid, care being taken that the acid 
does not overflow the jar. During this time, and until the coating has been 
stripped from the piece, the temperature is watched until the highest point is 
reached and the temperature starts to decline. The rise in temperature is then 
recorded, and from a table of factors prepared for various quantities of acid 
the amount of zinc may be calculated. From the number of grams of zine 
and the area of the piece in square inches the weight of coating may be cal- 
culated, as follows: 

Coating, ounces per square foot, Weight of zinc 5.08 square inches. 
actual surface ~ in grams Area, square inches. 

47 Described in paper by D. M. SrricKLAND (15). 
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In this formula the total area—that is, both sides of the sheet—is measured. 
To place this on the ordinary sheet basis, as expressed on zinc-coated sheet, 
the above figure should be doubled. For very light coatings (about 1 ounce per 
square foot) 100 cubic centimeters of acid are sufficient. With coatings of 2% 
ounces per square foot or heavier 300 cubic centimeters of acid should be used. 
To standardize the equipment five or Six zinc-coated specimens of any con- 
venient gauge or size are weighed, the rise in temperature determined for the 
apparatus, thermometer, and volume of acid. The samples are washed, dried. 
and reweighed and the difference in weight noted. The weight loss in grams 
is divided by the corresponding rise in temperature in degrees. When eare- 
fully determined the average of the above five or six determinations will give 
a conversion factor which is reliable for the equipment used and for the volume 
of acid employed. Factors may be determined for any volume of acid in like 
manner. 

EVOLUTION OF HYDROGEN METHOD 

This method consists in measuring the hydrogen evolved from the action of 
hydrochloric acid containing antimony chloride upon a definite area of gal- 

vanized surface. By this method it is not required to cut any portion of the 
article to be tested, as with the Cushman coating tester, a 2%4-inch ring is 
sealed to a portion of the surface. Acid is then added, which attacks the 
coating within the area of the ring, and the evolved hydrogen is measured by 
a suitable gas burette. After removal of the spent acid the stripped spot is 
washed, dried, and may either be painted or coated with a suitable metallic 
coating, The article is, therefore, not mutilated. A full description of the test 
is found in the 1920 Proceedings of the American Society for Testing 
Materials (8). 

The results obtained by this method check very closely with those obtained 
by the regular hydrochloric acid—antimony chloride method. The main objec- 
tion to this method is the fact that the coating upon only one side of a sheet 
is obtained, and as the coating upon galvanized sheets is not always exactly 

the same on each side doubling the figures obtained on one side of the sheet 
will not always give the real amount of coating on both sides of the sheet. 

This tester finds use, however, when it is necessary to test sheets or culverts 
already installed and where it is desired that the articles shall not be mutilated, 
as would be necessary in taking a regular sample. 

66. METHOD OF TEST FOR UNIFORMITY OF GALVANIZING 
OR SPELTER COATING ON WIRE 

1. This method gives in detail the test to be applied to galvanized wire. 
2. 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. Cleaning.—The sample shall be cleaned before testing, first with carbon 
tetrachloride, 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. Solution—The standard solution of copper sulphate shall consist of com- 

mercial 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 solu- 
tion 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 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. Im ease the filtered 
solution is low in specific gravity, filtered solution 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 crystals and water must be. 
added to the stock solution. An excess of cupric oxide shall always be kept 
in the unfiltered stock solution. 



f 

METHODS OF SAMPLING AND TESTING HIGHWAY MATERIALS 105 

8. 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 seri2s of four immersions. 

10. Samples——Not more than seven wires shall be simultaneously 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 solution to be uniform upon all 

immersed portions of the sampies. 
12. 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 between 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. Rejection.—If after the test described in paragraphs 12. 13. and 14 there 

should be a bright metallic copper deposit upon the samples, the lot represented 
by the samples shall be rejected. 

16. Copper deposits on zine 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. 

NoTE.—The equipment necessary for the test herein outlined 

Commercial copper-sulphate crystals. 
Chemically pure cupric oxide (CuO). 
Running water. 
Warm water or ice, as per needs. 

is as follows: 

Tray for holding 
Jars, bottles, and 

solution. 
Cotton waste. a 

jars of stock solution. 
porcelain basket for stock 

Carbona, benzine, or turpentine 
Glass jars at least 2 inches inside diameter 

by at least 414 inches high. 
Glass or earthenware jars for hardware 

samples. 
Vessel for washing samples. 

Hydrometer cylinder 5 
by 15 inches high. 

Thermometer with large Fahrenheit scale 
correct at 62° and 68°. 

Hydrometer correct at 1.186 at 65° F. 
Filter paper. 

inches in diameter 

67. STANDARD METHODS OF VERIFICATION OF TESTING 
MACHINES 

(A. S. T. M. standard method (3), serial designation E 4~27) 

DEFINITIONS 

1. (a) Testing machine-—A mechanical device for applying a load (foree) to 
a specimen.* 

(6b) Error.—In the ease of a testing machine, the value obtained by subtract- 
ing the correct value of the quantity measured (usually load) from the indi- 
cated value as given by the testing machine.® 

(ce) Percentage of error.—In the case of a testing machine, the ratio. expressed 
in per cent, of the error to the correct value of the quantity measured. 

(d) Correction—In the case of a testing machine, the value obtained by 
subtracting the indicated value from the correct value of the quantity measured. 

_ Note.—The correction has the same magnitude as the error but the opposite sign. It 
is recommended that, except for special cases, no corrections be used on machines tested 
and found to have errors within the tolerances given in these methods. 

(e€) Tolerance.—In the case of a testing machine, the maximum allowable 
error in the value of the quantity indicated. 

Note.—It is convenient to express tolerance in terms of percentage of error. The 
ee value of the tolerance for a testing machine is so stated hereafter in these 
methods. 

# Usually the magnitude of the load can be changed at the will of the operator. 
Many testing machines are arranged to measure the load, but this is not always the 
case, especially with impact machines and machines for testing ductility. 

The error may be positive or negative. 
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The word “accurate” applied to a testing machine shall be used without 
numerical values. The word “error” shall be used with numerical values. 
For example: “An accurate testing machine was used for the investigation ” ; 
but “ The error of the testing machine at a load of 30,000 pounds was 15 pounds.” 
A testing machine is said to be accurate if the indicated load is within the 
specified tolerance of the actual load. 

Norp.—The accuracy of a testing machine should not be confused with sensitiveness. 
For example, a testing machine might be very sensitive—that is, it might indicate 
quickly and definitely small changes in the load—but, nevertheless, be very inaccurate. 
On the other hand, the accuracy of the results is, in general, limited by the sensibility. 

(f) Loading range.—In the case of a testing machine, the range of indicated 
loads for which the testing machine gives results within the specified tolerances. 
The loading range shall not include loads either greater than the largest 
load or less than the smallest load applied in verifying the testing machine. 

METHODS FOR VERIFYING mote MACHINES THAT MEASURE 

2. Wherever practicable, testing machines shall be verified by applying 
standard weights directly to the weighing mechanism of the testing machine, 
or by the use of standardized proving levers in connection with standard 
weights. The test loads selected shall be applied in both ascending and descend- 
ing order, and the indications for both the ascending series and the descending 
series of loads shall be considered in the application of tolerances. 

Nore.—For machines in which the load-indicating device is actuated by a Bourdon 
pressure tube, a hydraulic (or steam-engine) indicator spring, or other device depending 
on the elastic properties of a material, the tolerances for the descending load shall be 
applied to differences in the indication for the corresponding ascending and descending 
readings. In such testing machines the test for ascending load shall be applied as 
rapidly as practicable after the testing machine has remained unloaded for at least six 
hours, and the time of applying the ascending series of loads shall not exceed 30 
minutes. The descending load test shall be made after the maximum test load has 
remained on the machine for one hour, and the readings for descending loads shall be 
taken as rapidly as possible, and in any event the descending load test shall be completed 
within a period of 20 minutes. 

3. For any loading range, the testing machine shall be verified by at least 
four test loads. It is recommended that the test loads used be 10, 20, 50, and 
100 per cent of the maximum capacity at which the testing machine is to be 
used. : 

NoTre.—Where a large amount of testing of small specimens is to be done on a large 
capacity machine, it is recommended that the verification outlined above be supplemented 
by a series of smaller test loads selected in reference to the light work to be done on the 
testing machine. 

(a) METHOD OF VERIFICATION BY STANDARD WEIGHTS 

4. Standard metal weights of suitable design, finish, and adjustment shall be 
placed on the weighing platform of the testing machine or upon trays or other 
supports suspended from the load-measuring mechanism in place of the speci- 
men. The weights shall be applied in increments and removed in the reverse 
order. They shall be arranged symmetrically with respect to the weighing plat- 
form, so that the center of gravity of the load lies in the vertical line through 
the center of the platform. The applied load and the indicated load shall be 
recorded for each test load applied, and the error computed from these data. 

Notge.—The method of verification by standard weights can be used only on vertical 
testing machines. The total load is limited by the size of the platform and the number 
of weights available. Often 20 weights of 50 pounds each are used, a total of 1,000 
pounds. This method of verification is seldom used for any but small testing machines, 
as the loading range does no include the loads for which large machines are used. 

(b) METHOD OF VERIFICATION BY STANDARDIZED PROVING LEVERS 

5. The arrangement of proving levers for verifying testing machines is shown 
in Figure 44. The two levers rest on supports on the weighing platform of the 
testing machine. These supports shall move easily in a horizontal direction, 
which insures that the forces at each of the knife-edges shall be very nearly 
vertical. The inner knife-edges in each lever bear against a suitable block in 
the movable head of the testing machine. Weight trays or hangers are sus-_ 
pended from each of the outer knife-edges, and these trays or hangers are loaded — 
with standard weights. The increment of load put on the testing machine by 
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the standard weights is the amount of standard weights multiplied by the lever 

ratio m/n, Figure 44. 
6. The knife-edges, as well as their supports, shall be of hardened tool steel. 

The knife-edges shall be ground sharp with an angle of 90°. The load on any 

knife-edge shall not exceed 7,000 pounds per linear inch. The three knife- 

edges in each lever shall be parallel, and their edges shall lie in a plane. Each 

- lever shall have machined surfaces in this or in some parallel plane, upon 

which a spirit level can be placed. 

7. The lever ratio of a proving lever shall be determined by the use of at 

least three test loads; the amount of weights used shall not be less than the 

maximum load applied upon one of the arms of a lever in using the levers to 

verify testing machines. The proving lever shall be balanced over its center 

knife-edge with suitable weight trays suspended from the end knife-edges. 

Standard weights shall then be applied to the trays in three steps, correspond- 

ing approximately to 50, 75, and 100 per cent of the weights available, and the 
proving lever shall then be brought to a balance by the use of small weights and 
by observations of the freely swinging proving lever. From the weights in the 
two weight trays the lever ratio shall be computed. 

8. The proving levers shall be placed symmetrically in the testing machine 
to be verified and both levers brought as near to a horizontal position as is 

Cross-head of Testing Machine 

LL 
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Weighing Table of Testing Machine 
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Fic. 44.—Proving levers 

feasible, after applying each increment of load, by means of the movable head 
of the testing machine.” The testing machine shall be balanced with the levers 
in place and the weight trays empty. Standard weights shall be applied in 
increments, half an increment in each tray, and they shall be removed in the 
reverse order. The weights shall be placed symmetrically on the weight trays, 
with the center of gravity of the weights over the center of the tray. The 
applied load and the indicated load shall be recorded for each test load applied 
and the error computed from these data. 

(c) METHOD OF VERIFICATION BY MEANS OF AN ELASTIC CALIBRATION DEVICE * 

9. In this method the testing machine to be verified is tested by comparing 
: its load indications with the amount of elastic deformation of a calibration 

device (2, 5), the deformation being measured with a delicate strainometer, 
10. The calibration device may be a bar tested in tension or in compression 

or an elastic loop or other shape whose elastic deformation can be measured, 
and if a tension or compression bar is used it shall be fitted with spherical- 

__” The method of verification by standardized proving levers is used at the present 
time only on vertical testing machines. It is often used up to loads of 10,000 pounds. 

* The term “calibration device’ shall be interpreted to include solid bars, hollow bars, 
elastic loops, and other members whose elastic deformation can be measured. 

tt 

pe 
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seated shackles or with a spherical-seated bearing block to insure as nearly 
axial loading as is possible. The arrangement shown in Figure 45 is suggested 
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Fig. 45.—Testing arrangements for tension bars 

for tension bars, and the arrangement shown in Figure 46 is suggested for 

compression bars. 
11. (a) The calibration device shall be of such size that under the greatest 
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Fic. 46.—Testing arrangement for compression 
bars 

load for which the device is to 
be used (called its full load) the 
stress on any cross-section will 
not be more than 80 per cent of 
the elastic limit of the material, 
as determined in accordance 
with Method II for the deter- 
mination of elastic limit as de- 
scribed under the definition of 
the term “elastic limit” of the 
tentative definitions of terms re- 
lating to methods of testing (se- 
rial designation E6—-25T) of the 
American Society for Testing 
Materials (2) on a test specimen 
cut from the bar, forging or cast- 
ing for the device after its final 
heat treatment. 

(b) Before the calibration de 
vice is used for verification pur- 
poses, it shall be loaded to its 
full load at least six times, and 
between successive loadings it 

shall be heated to a temperature of 100° C. (212° F.) for a period of 30 min- 
utes or shall be allowed to rest for a period of 24 hours. The object of this 
treatment is to adjust the device to its bearings and to relieve internal strain. 
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12. The loading range of a calibration device is the range of indicated loads 
for which the device gives results within specified tolerances. Obviously, the 
loading range may not include loads either greater than the largest load or less 
than the smallest load applied in verifying the calibration device. 

13. (a@) The leading range of a calibration device shall be determined by 
verifying its indications by the use of standard weights or by standard weights 
and proving levers. In verifying the indications of the device, an initial load 
of 1 per cent of its full load shall first be applied. All changes of strainometer 
reading and of applied load shall be reckoned from the readings at this initial 
lead. Successive loads shall be applied, a recommended series of loads being 
10, 20, 50, and 100 per cent of the full load of the device. Such a series shall 
be applied to the bar at least five times to determine the relation of applied load 
to strainometer reading, the shackles or bearing blocks being readjusted before 
each application of the series. 

(0) The average of the five (or more) strainometer readings obtained in this 
way shall be taken for each load applied. The average of the differences 
(taken without regard to algebraic sign) between the individual strainometer 
readings for any load and the mean reading for that load constitutes the aver- 
age deviation for that load. The lowest value of load for which the average 
deviation is not greater than 0.5 per cent of the strain for that load is the 
lower limit of the loading range of the calibration device. 

Notrre.—If in taking five or more strainometer readings for any load the deviation of 
any one reading is more than 1 per cent from the mean reading, then this series of five 
or more readings shall be repeated. 

14. The strainometer for elastic calibration devices which employ elastic bars 
in axial tension or axial compression shall be so designed as to indicate the 
average elongation or compression of the bar. It shall be sufficiently sensitive 
to indicate a change of 0.25 per cent of the minimum load in the loading range 
of the device. If the strainometer is not permanently attached to the ecalibra- 
tion device, the strainometer shall be removed and replaced for each successive 
reading taken during the ealibration of the device itself. This, of course, does 
not mean that the strainometer must be removed for each reading in the regular 
use of the instrument. 

15. In using the calibration device it is important that just previous to taking 
any reading, including the initial reading of the series, there shall be no reversal 
in the direction of motion of the indicating mechanism of the strainometer, 
because such reversal may introduce error due to backlash in the instrument. 
That is, when taking readings for a series of increasing loads the load should be 
brought up to each predetermined test load, and when taking readings for a 
series of decreasing loads the load should be brought down to each predeter- 
mined test load. 

16. In using a calibration device made of steel, correction for variation in 
mean temperature during any Calibrations made on different occasions should 
be made by allowing a diminution of 0.015 per cent (;+és of 1 per cent) in 
the modulus of elasticity of steel for each 1° F. increase in temperature. Dur- 
ing any calibration with an elastic calibration device, temperature conditions 
should be kept as uniform as is possible. 

(d) VERIFICATION BY COMPARISON METHOD 

17. When the direct method of verification of a testing machine can not be 
carried out (as is the case at present with horizontal testing machines, for 
example), or when an elastic calibration device is not available, a comparison 
method of verification may be used. In this method the machine to be verified 
is tested by comparing its indications with the corresponding readings obtained 
under the same conditions by the use of another testing machine, especially 
tested and verified, as specified in section 18. The method of verification by 
comparison shall be carried out by the use of a series of companion specimens, 
half of which are to be tested in tension in the machine to be verified and half 
of which are to be tested in tension in the especially verified testing machine 
which serves as a standard machine. The general provisions respecting the 
application of the test loads and the loading range which are outlined in the 
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direct method of verifying testing machines shall apply to the verification of 
testing machines by the comparison method so far as is practicable. 

NotTn.—The method of verification of a testing machine by standard weights (section 4) 
and the method of verification by standardized Meg lag levers (sections 5 to 8) are both 
regarded as superior to the method of verification by the use of companion specimens. If 
the results of a verification test of a testing machine by the comparison method fail to 
agree with the results of a verification by either the standard-weight method or the 
prove eee method, the results of the verification by the comparison method shall be 
discarde 

18. (a) A testing machine which is to be used as the standard for verifying 
other testing machines shall itself be verified by a special test, in which the veri- 
fication is carried out twice. The loading range shall be determined by the 
tolerance for new testing machines, namely, +1 per cent (section 22). For the 
loading range established, the differences in indications found in the two tests 
of the standard machine shall not exceed 0.25 per cent. 

(6) In verifying testing machines by the comparison method, corrections shall 
be applied to the indications of the standard machine and these corrections shall 
be based on the average correction obtained in the two tests used in its veri- 
fication. 

19. (a) For each test load, eight or more tension test specimens shall be cut 
from soft rolled or drawn steel and numbered consecutively, as in Figure 
47, (a). 
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Fig. 47.—Comparison specimen: (a) Method of numbering specimens; (b) form 
of test specimens 

(b) The tensile strength of the steel shall be determined by a preliminary 
test and the sets of specimens for the comparison test shall have such nominal 
cross-sectional areas as will give, approximately, the loads required. The form 
of the specimen shall be as shown in Figure 47, (b). The ends may be threaded, 
or otherwise machined, to fit holders, but it is recommended that those speci- 
mens shipped to another laboratory be left with cylindrical ends. The actual 
value of “d” (fig. 47) for each specimen shall be determined by means of a 
micrometer. 

NoTre.—It should be noted that the standard tension test specimen, 0.5 inch in diameter 
and having a 2-inch gauge length, satisfies the requirements for a specimen for the veri- 
fication of a testing machine by the comparison method. See 1924 Book of A.S.T.M. 
Standards (1, p. 42, fig. 1). 

20. (a) The specimens haying odd numbers shall be tested in the machine to 
be verified and those having even numbers in the standard testing machine. 
The tensile strength only shall be determined. 

(b) The speed of the testing machine, by which is meant the speed of the 
pulling head when the machine is running idle with no specimen in the machine, 
when testing verification specimens shall be approximately the same for both 
the standard testing machine and the machine being verified. The speed shall 
be the slowest speed that can be obtained on both machines; in any case the 
speed shall not exceed 1 inch per minute per inch of diameter of comparison 
specimen. 

(cy When testing verification specimens, especial care shall be taken to main- 
tain the weighing beam of the testing machine in equilibrium as the tensile — 

: pene 
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strength of the specimen is approached. It is recommended that a mark be 
placed at the middle of the trig loop and that a pointer be placed on the beam 
for verification tests, and that the pointer be kept as nearly on the mark as 

ssible. 
Eo. (a) The average tensile strength (in pounds per square inch) of the odd- 
numbered specimens, multiplied by the nominal area of cross section, shall be 
considered a measure of the indicated load, and the average tensile strength 
of the even-numbered specimens, multiplied by the nominal area of cross section, 

shall be considered a measure of the applied load. The error shall be computed 
from these data. 

(b) If the tensile strength (in pounds per square inch) af any verification 
specimen varies more than 1 per cent from the mean of the group with which 
it is tested, its tensile strength shall not be used in computing the error of the 
testing machine. If more than one specimen in the odd-numbered group or one 
in the even-numbered group exceeds the allowable variation in tensile strength, 
all the specimens shall be discarded and another set prepared. 

TOLERANCES FOR TESTING MACHINES THAT MEASURE LOAD 

22. All testing machines that measure load shall conform to the following 
tolerances: ” 

(a) New machines.—The error for loads in the loading range shall not exceed 
+1.0 per cent for new machines or for those which have had any of the knife 
edges in the weighing mechanism repaired or renewed. 

(6) Used machines.—The error for loads in the loading range shall not exceed 
1.5 per cent. 

23. The indicated load of a testing machine shall not be corrected either by 
computation or by the use of a calibration diagram to obtain values within the 
required tolerance. 

TIME INTERVAL BETWEEN VERIFICATIONS 

24. It is recommended that testing machines, when in constant use, be verified. 
at intervals of six months and, when used intermittently, at intervals of two 
or three years. Testing machines shall, however, be verified immediately after 
making repairs or adjustments of the weighing mechanism, and whenever there 
is reason to doubt the accuracy of the results, without regard to the time interval 
since the last verification. 

REPORTS AND CERTIFICATES 

25. A clear and complete report shall be prepared of each verification of a 
testing machine. This report shall contain all data necessary to verify the 
accuracy of the report, and shall be filed for future reference. This report shall 
state clearly the method of verification used. 

26. A certificate giving the maker’s serial number and a brief description of 
the testing machine, the maker’s name, the date of verification, and the loading 
range shall be signed by the person responsible for the maintenance of the test- 
ing machine, and this certificate shall be posted in plain view of a person operat- 
ing the testing machine. 

68. TENTATIVE METHODS OF TENSION TESTING OF 
METALLIC MATERIALS * 

(A. S. T. M. tentative standard method. (5) Serial designation E 8-27 T) 

These methods deal with the form and dimensions, the machining, and the 
testing of tension test specimens of metallic materials. Such matters as methods 

52 Tt is believed that the tolerances given in this section may be made much smaller when 
more perfect methods of verification become generally available; and that the tolerances 
might well be materially reduced if there is available equipment for verifying testing 
machines by the use of standard weights (sec. 4) or by the use of standardized proving 
levers (secs. 5 to 8). 

*3 Criticisms of these tentative methods are solicited and should be directed to H. F. 
Moore, chairman of subcommittee of committee E—1 on mechanical testing, University of 
Illinois, Urbana, Ill. These tentative methods are in effect a revision of the methods for 
tension tests of the standard methods of mechanical testing of metallic materials. The 
standard methods, which were last published under the serial designation E 1-18, have 
accordingly been withdrawn. 
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of taking samples from which to prepare test specimens are treated in the indi- 
vidual specifications for ferrous metals and for nonferrous metals. 

TEST SPECIMENS 

1. In recommending the following specimens for use in tension tests it is not 
intended to exclude entirely the use of other test specimens for special materials 
or for special forms of material; for example, in tests of tubing and pipe the 
form of specimen recommended for plate, shape, and flat material (fig. 48) is 
not generally suitable for use and a special form of specimen is specified. It is, 
however, recommended that wherever it is feasible the specimens here recom- 
mended be used. 

fee---n-a-0-- 8"Gage Length --------->| ee 11 
for Measuring Elongation’ NJ atts 

atter Fracture = & 

t« Thickness of Plate 

Fic. 48.—Tension test specimen for plate material 

2. Tension test specimens of wire are of the full-size diameter as drawn, and 
tension test specimens of rods of ductile metal are often of the full-size diameter 
as rolled. Tension test specimens of pipe and of tubing are frequently of full 
size as manufactured, in which case the ends should be plugged with metal 
plugs which do not extend within the gauge marks. 

3. The tension test specimen shown in Figure 48 is recommended for plate, 
shape, and flat material having a thickness of one-fourth inch or over.* The 
thickness of the specimen is that of the material tested. 

(a) Ends not symmetrical with reduced (b) Two sides of reduced section not 
section symmetrical 

(c) Ends not parallel to reduced (d@) Narrow width due to “ hogging in ”’ 
section of cutter 

Fic. 49.—Common errors in preparation of plate or sheet-metal test specimens 

Norr.—When it is desired to use a specimen with a gauge length of less than 8 inches, 
the general proportions of Figure 48 should be followed. Specimens with a gauge length 
of 2 inches are occasionally used. When it is not convenient to machine specimens to the 
standard shape shown in Figure 48, specimens may be used with edges machined parallel 
for the entire length of the specimen. If such specimens are machined with a tool cutting 
across the edges of the specimen, it is important that the transverse tool marks be 
removed before the specimen is tested. For thick plate material it is usually preferable 
to use a machine specimen rather than to use a specimen the full thickness of the plate. 

4. For tension tests of wrought ferrous and nonferrous metal in the form 
of plate, sheet, flat wire,” strip,” band,” and hoop™ without respect ‘to 
width,” length, grade, or method of manufacture, and having a thickness from 
0.01 to 0.250 inch, the test specimen described in sections 5 and 6 is recom- 

mended.” 

6% Attention is called to the fact that two types of specimen are applicable for material 
one-fourth inch in thickness, the plate specimen shown in Figure 48, and the thin sheet 
specimen shown in Figure 50. : j 

* It is to be noted that the recommended specimen can not be used for flat wire, aor 
band, or hoop material whose width is less than the end width of the specimen itself. 

& This specimen may also be used in tests of material cut from tubing. 
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__ §. The specimen blank shall be cut from the material to be tested, having its 
_ length in such direction relative to the material as may be specified. The speci- 
men blank shall conform to the dimensions shown in Table 9. Blanks cut with 

a torch shall not be used unless all metal affected by such cutting is removed 
by machining. 

| TABLE 9.—Dimensions for specimen blanks 

: Minimum 
Method of cutting long edges of blank Nominal thickness of material width of 

blank 

Inches Inches 
LTP iy J) we a eee ae tesa NelHSIye 2 A eo ee 34 
ST Scrip See eee ene Over 5560.54, INCHIStVes-see =e gees Se Te 1 
S105) ka ee 3 ee ian, WAChISI VECee. = seen tS ee ee 34 

1 Or otherwise machined without severely straining the metal. 

i hi ’ . . ap hd ’ ° i as . . . | 

\<- 2= Min.inGrps ---><------- 34 Min. between Grips -------><- 25 Min. in Grips ~-- 
' Gagelength |; 

| | K----2"40.095""">| | | 
eX 
“Is a. sg . Fis 
sti ne ee =—- 
=| ota poe te = 3 

a Fk) a ae ee U4 7 T 

| w+0003"to 00052”; w=0500"20010" | Ay “fp 0005"  bhle- 3 Lars {es wW+0003" to 0.00 mt rs 
| (See Note ) es 23 Min. roar att J Np, di O5"t Ly | hy - 

Reduced Section “pig A “# 

[een ece nee eeettececccneeeenee ee ee >| 
't =Thickness of Material 

Note : Gradual Taper from Ends of Reduced Section to Middle. 
All Machining Dimensions are Shown below and Testing Dimensions above Specimen. 

Fic 50.—Standard tension test specimen for thin sheet metals 

6. Figure 50 shows the form of the finished specimen recommended for thin 
sheet metals. The reduced section of the specimen shall be machined in such 
a manner as to avoid leaving severe machining strains in the material. It is 

Radius notless — \eec---0------ 24 ee 
thang-.| Parallel Section 7 Note :- The Gage length, 

Paralle/ Section, and 
Fillets shall be as 
Shown, but the Ends 
may be of any Shape 

: fo fit the Holders of 
fee 2 See the lesting Machine 

Gage Length in such aWay that the 
for Elongation doad shall be axial. 
atrer Fracture 

Fig. 51.—Standard 2-inch tension, test specimen 

essential that the reduced section and the-ends of the specimen be symmetrical 
with respect to the longitudinal axis of the specimen.” 

In Figure 50 the 2-inch gauge length should be laid off with a tolerance in 
length of £0.005 inch. 
a a 
__. For all specimens for flat metallic materials, both for thin sheet and for thick plate, it is important to so machine the specimen as to avoid the conditions shown in Figure 49. 

104022°—28-—_-8 
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7. The tension test specimen shown in Figure 51 is recommended for general 
use in testing metals. The gauge length for measuring elongation after 
fracture is 2 inches. 

Radi $ SS QQius S a 

not less ee: & = 

yi : Parallel Section -------->|\ fF | 

x (_E ps FE 2" E 3" 

8 4 

<n : -- ai 
» | K---Gagelength2- Gage Length 2"-->! A sp ey 

|. 2 Se. 2 ->:----- Parallel Section | Thread 
[eerseceencenene cone eneen 42 over all - 5 “over all -------+------>| 

(a) (0) 
Fic. 52.—(a) Specimen with shouldered ends; (b) specimen with threaded ends 

<-----To Fit Gripping 
Device on Testing 

--Drivé 
Tool Fit 
Steel } 5 
Plug ----- N ie tee/ Balt 

N i Hardened 
NY! Steel Plug Ni \F 
N 
N *--Machined at 
SS the Same 
“ Setting 
N 

ewe SPECITTIEII -- += +0200 ven mm 

Fic. 53.—The gripping device is shown as used with threaded end specimens. A 
similar device fitted with split sockets would be used with shouldered specimens 

8. When it is necessary to cut specimens from material (other than plate, 
Shape, and flat material) which is of such size that the specimen shown in 
Figure 51 can not be used, it is recommended that a specimen with dimensions 

SAttention is called to section 10. 
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roportional to those shown in Figure 51 be used and that the specimen be 
made as large as feasible. In any such small-size Specimen it is especially 
important that the gauge length for measuring elongation be four times the 
diameter of the specimen. ; 

9. In all tension tests of metals the actual dimensions of cross section of the 
test specimens shall be measured with a micrometer reading to one-two hun- 
dredths of the dimension measured, and the stresses shall be computed on the 
basis of the measured cross section: it Should never be assumed that the dimen- 
sions of the measured cross section are identical with the nominal dimensions. 

_ Notse.—It will be noted that the tolerance for diameter of specimens shown in 
_ Pigure 51 permits the use of specimens 0.505 inches in diameter. 
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3 Fic. 54.—Self-adjusting grips for use with sheet metal 

10. The shape of the ends of the specimen shown in Figure 51 are not speci- 
fied above. For specimens of brittle metal it is desirable that the diameter of 
the specimen be changed gradually along its length from the minimum section 
at the gauge length to the diameter at the ends. Figure 52 shows two forms 

of end of specimen which have given satisfactory results in tests of brittle 
metals. 

11. Speciimens shall be finished so that the surfaces are smooth and free from 
nicks and tool marks. All ragged edges shall be smoothed. 
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GRIPPING DEVICES FOR TENSION-TEST SPECIMENS 

12. For long bars of ductile metal and for the flat-plate test specimen sho 
in Figure 48, wedge grips, bearing directly on the end of the test specimen, 
generally furnish a satisfactory means of gripping the specimens. 

13. For short specimens and for specimens of brittle material, wedge grips are 
not a satisfactory means of holding test specimens ; it is necessary to use 
machined specimens and to use special means for insuring that the specimen, 
when under load, shall be as nearly as possible in pure axial tension. Figure § 

45 shows a device for gripping tension specimens with threaded ends and\§ 
a device for gripping specimens with shouldered ends. Both these gripping 
devices are attached to the heads of the testing machin through spherical- 
seated bearings. The distance between spherical bearings should be as great 
as is feasible. For brittle materials, even the spherical-seated bearings shown 
in Figure 45 are not always effective in avoiding bending stress on the speci- 
men. The gripping device shown in Figure 53 has proved satisfactory for 

testing such specimens, and is an excel- 
lent gripping device for any machined 
tension test specimen. 

14. For specimens cut from thin plate 
<- To Fit : ; material and from sheet material, ordi-_ 

Gripping Devic€ nary wedge grips are liable to cut the 
on Testing specimens near the edges, giving a tear- 

Machine ing stress rather than an axial tension. 
The self-adjusting grips shown in Figure 
54 have proved satisfactory for tests of 
thin sheet copper and aluminum. a 

15. For tests of specimens of wire, 
ordinary wedge grips are liable to cut— 
the wire at the edges of the grips. This 
cutting has been found to be largely 
eliminated by the use of grips of the 
form shown in Figure 55. 

16. In making tension tests, care shall - 
i aCe be taken to see that the axis of the 

' test specimen is located in the center 
ame line of the heads of the testing machine ~ 
of a and that the liners used behind wedge ]} 
5a } grips are of proper thickness. From 

toe$ time to time the openings in the heads } 
Sebrajou é ee of the testing machine shall be lined up) 
coe Grin? -Rounde and the heads tested for parallelism. 4 

; Corner Deviations from correct alignment and — 
¢-- Specimen from parallelism should not exceed 0.01 | 

inch for any position of the movable } 
RIG, 55.—Grip for use with wire head within the range of movement — 

during test. The heads of the machine | 

should be free from sidewise motion that is visible to the unaided eye as the © 
machine is run at its fastest speed. E 

SPEED OF OPERATION OF TESTING MACHINE a Bien ts 

17. The pulling speed has a marked influence on the tensile properties shown 
by materials tested, an increase in speed increasing the values found for yield 
point and tensile strength. In testing specimens of metallic materials in gauge 
lengths of 2 and 8 inches, 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 speed of head of the testing machine shall be such that the load can be 
accurately weighed, but in no case shall the speed be greater than the values 
given in Table 10, which values represent the extreme of good laboratory 
practice for steel.” 

te sees ek 

5° The speeds given here are probably too high for satisfactory use in testing ferrous — 
metals. 
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TABLE 10.—Limit of speed of testing head 

| 

| Maximum  cross- 
head speed, 
inches per min- 

; ; | Guage | ute 
Specified minimum tensile strength of material, pounds per square inch pees 

| inches | 

| | Yiela | Tensile 
| point | strength 
| | 

2} 0. 50 | 2.0 
0 ee ee ee { 8 | 2.00 6.0 

2 . 25 | 1.0 
Over 80,000____.-.-------------------------------------------------------- { 8 “50 | 2.0 

| 
| 

18. In determining the elastic limit in accordance with method 1, section 20, 
the crosshead speed for the 2-inch gauge length shall not exceed 0.125 inch per 

minute. 
19. In determining the elastic limit by method 2, section 20, the crosshead 

speed shall not exceed 0.025 inch per inch of gauge length per minute. 

pes THON OF ELASTIC LIMIT, YIELD POINT, AND TENSILE 
STRENGTH 

20. The term “elastic limit” is defined as follows: 
Elastic limit—-The greatest Stress which a material is capable of developing 

without a permanent deformation remaining upon complete release of the stress. 
The determination of the elastic limit as thus defined would logically involve 

the application and release of a succession of increasing loads on a test speci- 
men until there was observed deformation after release of a load. This pro- 
cedure is very slow, and since for many 
materials experience does not indicate any 

appreciable difference between the elastic 
limit and the limit of proportionality of 
stress to strain (sometimes called the pro- 
portional limit), the determination of the 
Stress at the limit of proportionality of stress 
to strain is regarded as an accurate determi- 
nation of the elastic limit. 

It is obvious that the values obtained in 
tests for determining the elastic limit will 
depend on the delicacy of methods and in- 
struments used. It becomes necessary, there- 
fore, that in any test the method used in 
obtaining the elastic limit be clearly stated. 
The following methods are in common use 
for determining a value designated as the 

elastic limit: Fic. 56.—Illustrating method 2 for 
Method i, proposed by committee A-1 determining elastic limit 

on steel, and embodied in a number of 
specifications for steel. (For tension tests only.) The elastic limit shall be 
determined by an extensometer reading to 0.0002 inch. The extensometer Shall 
be attached to the specimen at the gauge marks and not to the shoulders of the 
specimen nor to any part of the testing machine. When the specimen is in 
place and the extensometer attached. the testing machine shall be operated so 
as to increase the load on the specimen at a uniform rate. The observer shall 
watch the elongation of the specimen as shown by the extensometer and shall 
note, for this determination. the load at which the rate of elongation shows a 
sudden increase. The extensometer may then be removed from the specimen 
and the test continued to determine the tensile strength. 
Method 2 (proposed by the late J. B. Johnson) is a somewhat more delicate 

method for locating the elastic limit than is method 1. In method 2 the elastic 
limit shall be taken as that stress at which the rate of deformation is 50 per 
cent greater than the initial rate of deformation. A stress-strain diagram is 
necessary for determining the elastic limit by this method. It is illustrated in 

! 

1 
| 

Stress or Load 

Strain or Strainometer Reading 
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Figure 56. The initial rate of deformation is given by the ratio mn: Om. 
nqg—0.5mn, mq=1.5mn, and the slope of Oqg represents a rate of deformation 
50 per cent greater than the initial rate. O’q’ is drawn parallel to Oq and 
tangent to the stress-strain diagram. The point of tangency J locates the elastic 
limit. In using method 2 the same precautions should be observed in attaching 
the strainometer as for the determination of the elastic limit by method 1. 
Method 2, in tension tests of metals, gives lower values for the elastic limit 
than does method 1. It is recommended that in using method 2 for tension 
tests the strainometer be of such sensitiveness that it will indicate a change 
of strain of 0.0001 inch per inch of gauge length (09.0001 millimeter per milli- 
meter of gauge length). 

Methods of high precision——When it is desired to determine the elastic limit 
with a high degree of precision it is suggested that the experimenter devise his 
own procedure, and in reporting his results describe the procedure in detail, 
including a statement of the limits of sensitiveness of the apparatus used and 
of the procedure used in plotting the stress-strain diagram from which the 
determination of elastic limit is made. It is to be remembered that the acecu- 
rate determination of the elastic limit requires the use of accurate and sensitive 
instruments and the use of accurate methods of plotting test data. 

21. The term “yield point” is defined as follows: 
Yield point.—The stress in a material at which there occurs a marked increase 

in strain without an increase in stress. 
Two methods are in use for determining the yield point: (1) The “drop of 

the beam” method, and (2) the method by use of dividers: 
Method i.—In method 1, load is applied to the specimen at a steady rate of 

increase and the operator keeps the beam in balance by running out the poise 
at a steady rate. At the yield point the increase of load stops (and for some 
metals there is an actual falling off of load), but the operator, running out the 
poise at a steady rate, runs it a trifle beyond the balance position, and the beam 
of the machine drops for a brief but appreciable interval of time. In a ma- 
chine fitted with a self-indicating load-measuring device there is a sudden halt 
of the load-indicating pointer, corresponding to the drop of the beam. The load 
at the “halt” or the “drop” is recorded, and the corresponding stress is taken 
as the yield point. This method of determining the yield point requires only 
one man to conduct the test. 

Method 2.—In method 2 an observer with a pair of dividers watches for 
visible elongation between two section marks on the specimens. When visible 
stretch is observed, the load at that instant is noted, and the stress correspond- 
ing to the load is taken as the yield point. When a strainometer®™ is used in 
place of dividers a deformation of 0.01 inch over a gauge length of 2 inches 
shall be regarded as indicating the yield point. 

Some metals do not have a well-defined yield point. 
22. The term “tensile strength ” is defined as follows: 
Tensile strength. The maximum tensile stress which a material is capable of 

developing. 

Nots.—In practice, it is considered to be the maximum stress developed by a specimen 
. representing the material in a tension test carried to rupture, under definite prescribed 
conditions. Tensile strength is computed from the maximum load carried during a ten- 
sion test and the original cross-sectional area of the specimen. 

The conditions that must be prescribed in a tension test of metallic materials 
are the form of specimen, the method of gripping the specimen, and the rate of 
application of load. These are covered in foregoing sections. No further de- 
tailed discussion of methods of determining tensile strength is necessary, aS 
there is involved merely the observing and the recording of the maximum load 
carried by the specimen during the test. 

THE MEASUREMENT, AFTER FRACTURE, OF THE ELONGATION 
Se ee OF CROSS SECTION OF TENSION-TEST 

23. The measurement of the elongation after fracture of tension-test speci- 
mens can be made with sufficient accuracy by means of a pair of dividers and 

6 The determination of yield point with a strainometer is sometimes made in tests on 
nonferrous metals. 
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a scale. The elongation should not be reported for any tension-test specimen 
which breaks outside the middle third of the gauge length. 

NotTe.—If only a few specimens are furnished for testing it is recommended that in 
marking the gauge length for measuring elongation after fracture it be divided into eight 
parts, and that if a specimen breaks inside the gauge length but outside the middle third 
of the gauge length the requirement in the foregoing paragraph be waived, and the 
elongation be measured and reported as follows: 

(1) If the specimen breaks in the middle half of the gauge length (between © and G), 
Figures 57 (a) and (b) the elongation is measured directly over the stretched gauge 
lengths (fig. 59 (b)). 

2) If the specimen breaks between A and C (or between G and J) but nearer B than 
A Ee nearer H than J), as shown in Figure 59 (c) the elongation from A to 0 (or from 
G to J) is measured, and to this is added twice the measured elongation from C to FP 
(or from D to : aes 

(3) If the specimen breaks within one-half a division of an end gauge mark (see 
fig. 59 (d)) the elongation from A to # (or from # to J) is measured and multiplied 

2 
The above method can be applied to specimens with any gauge length, and to turned 

specimens as well as flat specimens. : 
This method is not applicable to brass specimens. 

(a) 

K< ~--+--2-- Stretched Gauge Length ----- Sees 

(b) 

(c) 

(d) 
Fic. 57.—Method of placing gauge markings where only a few specimens are furnished for 

testing 

24. The measurement of reduction of the dimensions of the cross section 
of a tension-test specimen may be made by the direct measurement with a 
micrometer of the smallest section of the fractured specimen. For round speci- 
mens this measurement can usually best be made by holding the broken pieces 

together in a vise or between centers and then measuring the average diameter 
of the smallest cross section by means of a micrometer fitted with points so 
shaped that they will come in contact with the specimen at its smallest 
diameter. 

PLOTTING STRESS-STRAIN DIAGRAMS 

25. A stress-strain diagram” is a diagram plotted with values of stress as 
ordinates and values of strain as abscissas, 
Oe a ae RD a SS SS 
|The use of the term ‘stress-strain diagram” is’ frequently extended to eover 

diagrams plotted with values of applied load, or applied moment, as ordinates and with 
values of stretch, compression, deflection, or twist as abscissas. 



ee 

120 DEPARTMENT BULLETIN 1216, U. S. DEPT. OF AGRICULTURE 

Stress-strain diagrams are in some cases drawn directly by an autographic 
attachment to the testing machine. A more usual method of procedure consists 
in taking a series of load readings (from the balanced scale beam of the testing 
machine) with corresponding readings of the strain-indicating apparatus. The 
term “strainometer reading” will be used to denote the reading of the strain- 
measuring instrument. From these readings, or from values computed from 
them, there is plotted a diagram with stress-indicating values (load or stress) 
as ordinates, and strain-indicating values (elongation or strain) as abscissas. 
In planning such a test it is necessary to decide on the increment of load or the 
increment of reading of strainometer to be used between successive readings. 

In Figure 58 are shown three typical stress-strain diagrams. The material 
for all three tests is the same, and the test specimens are all of the Same 
size, so that the diagrams should be the same. The diagram shown in 
Figure 58 (a) is plotted from points determined by taking increments of 
load (S). In this diagram it is seen that, owing to the shape of the curve, 
data for locating points between M and WN are lacking. That particular portion 
of the curve (the “knee” of the curve) is the part for which it is especially 
desirable to locate several points on the diagram. 

In Figure 58 (0) is shown a diagram plotted from points determined by 
taking increments of strainometer reading (e). It will be noted that for this 

Load Load Load 

we SOS Se teem on ee CW) |------------> Strainometer rainometer Strainometer 

Reading Reading Reading, 

(a) (b) (c) 

Fig. 58.—Illustrating three methods of plotting load-deformation curves. 
(a) With equal increments of stress; (6) with equal increments of strain ; 
(¢) with two values of increments of stress 

diagram there are located several points near the knee of the curve, and the 
shape of the diagram in this important region is much more definitely deter- 
mined than for the curve shown in Figure 58 (a). 

The custom of choosing increments of load rather than increments of strain- 
ometer reading is quite common in tests of materials and is followed because, 
in general, it is easier to compute increments of load than it is to compute 
increments of strainometer reading. An estimate of the load necessary to 
stress the specimen up to the knee of the curve is made, and some fraction 
(frequently one-tenth) of this value is taken as an increment. The computa- 
tion of the corresponding increment of strainometer reading is more complicated. 

Sometimes the practice is followed of applying a few increments of load 
as determined above, and then applying load in much smaller increments (S’) 
until the knee of the curve is passed. Figure 58 (c) shows a diagram obtained 
in this manner. This method involves a marked increase in the number of 
readings necessary for a test, and with unknown material there is always some 
danger that the knee of the curve will be reached before the use of small incre 

ments of load is begun. 
The following method of choosing increments for a test is suggested: Estimate 

the load corresponding to the knee of the stress-strain diagram and choose a 
value for increment of load about one-tenth of this value. Apply this incre 
ment of load (S) once and note the corresponding change of reading for 
the strainometer (e). Then for the remainder of the test use for the increment 
of strainometer reading a value which corresponds to some convenient interval 
on the scale of the strainometer and which is approximately equal to (e). 
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69. TENTATIVE METHODS OF COMPRESSION TESTING OF 
METALLIC MATERIALS ” 

(A. S. T. M. tentative standard method (5), serial designation E 9-27 T) 

These methods deal with the form and dimensions, the machining, and the 
testing of compression test specimens of metallic materials. Such matters as 
methods of taking samples from which to prepare test specimens are treated in 
the individual specifications for ferrous metals and for nonferrous metals. 

TEST SPECIMENS 

1. In recommending the following specimens for use in compression tests it 
is not intended to exclude entirely the use of other test specimens for special 

er a 

e h=lod 

Is | 
k- d= ; 

x ; 

h=3d ; 

i v_ Witla 

Medium-Length 
opecimen. Long Specimen. 

Fic. 59.—Proportions of three classes of compression specimens 

materials or for special forms of material. It is, however, recommended that 
wherever it is feasible the specimens here recommended be used. 

2. It is recommended that standard compression specimens be in the form of 
circular cylinders. The ends of a specimen should be plane, as nearly as can 
be determined by the use of a straightedge and the unaided eye. In most cases 
this requirement necessitates the turning or the grinding of the ends of the 
specimen. 

3. There are recognized three classes of compression specimens for metallic 
materials, designated as short specimens, medium-length specimens, and long 

specimens, respectively. Short specimens are used for compression tests of 
such metals as bearing metals, which in service are used in the form of a thin 
plate or shell te carry load perpendicular to the surface. Medium-length 
specimens are used for determining the general compressive strength properties 
of metallic materials. Long specimens are best adapted for determining the 
modulus of elasticity in compression of metallic materials. In reporting the 
results of a compression test it is important that the dimensions of the test 
specimen be given. 

®2 Criticisms of these tentative methods are solicited and should be directed to H. F. 
Moore, chairman of subcommittee of committee E-1 on mechanical testing, University of 
Illinois, Urbana, Ill. These methods are in effect a revision of the methods for com- 
pression tests of the standard methods of mechanical testing of metallic materials. The 
standard methods, which were last published under the serial designation E 1-18, have 
accordingly been withdrawn. 
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4. Figure 59 shows the proportions of the three classes of compression speci- 
mens. Suggested dimensions for compression specimens for general use are: 

Short specimens: d=1'% inches+0.01 inch (area of cross section is approxi- 
mately 1 square inch), h=1 inch; 

Medium-length specimens: @=0.798 inch+0.01 inch, h=2% inches, or 
d=1 inch=0.01 inch, h=8 inches, or 
ad=11% inches+0.01 inch, h=3% inches. 

Long specimens: @=144 inches+0.01 inch, h=12% inches. 
5. In all compression tests of metallic materials, the actual dimensions of 

cross section of the test specimens shall be measured with a micrometer reading 
to one-two hundredth of the dimension measured, and stresses shall be com- 
puted on the basis of the measured cross section. It should never be assumed 
that the dimensions of the cross section of the specimen are identical with the 
nominal dimensions. 

6. Specimens shall be finished so that the surfaces are smooth and free from 
nicks and tools marks. All ragged edges shall be smoothed.. 

BEARING BLOCKS FOR COMPRESSION-TEST SPECIMENS 

7. Both ends of a compression-test specimen shall bear on a carefully 
machined plane surface. The bearing blocks shall either be made of hardened 
steel or shall be faced with hardened steel. 

8. One end of a compression 
test specimen shall bear on a 

Cross-Head of 
Testing , Machine 

Spherical Seat------ KS SQ 

spherical-seated compression 
block.” Figure 60 shows a sat- 
isfactory arrangement of com- 
pression specimen and bearing 
blocks. It is desirable that 
the spherical-seated bearing 
block be at the upper end of 
the test specimen (for speci- 
mens tested with the axis ver- 
tical). It is important that the 
center of the spherical surface 
of the spherical-seated bearing 
block should be in the flat face 
which bears on the specimen; 
otherwise lack of parallelism 
between faces of the specimen 
sets up a bending moment in the 
specimen (14). 

9. It should be borne in mind 
that the object of a spherical- 
seated bearing block is to give 
the specimen as even a distribu- 

tion of initial load as is possible. Owing to friction, the spherical-seated bearing 
can not be relied on to adjust itself to bending action which may occur during 
the test. 

10. In making compression tests, care should be taken to preserve the align- 
ment of the heads of the testing machine, and to center the specimen in the 
testing machine. From time to time the heads of the testing machine shall be 
tested for parallelism. Deviations from parallelism should not exceed 0.01 inch. 
The movable head of the machine should be free from sidewise motion that is 
visible to the unaided eye as the machine is run at its fastest speed. 

SPEED OF OPERATION OF TESTING MACHINE 

11. In making compression tests of specimens of metallic materials the speed 
of the machine, by which is meant the speed of the cross head when the machine 
is running idle, shall be such that the load ean be accurately weighed, but in no 
case shali the speed be greater than the values given in Table 11. 

--Center of 
Spherical Surface 

4 -= 

Specimen ---> 

_-~ Bearing Block 

Weighing Table of 
Testing Machine.! 

Fig. 60. A satisfactory arrangement of compres- 
sion specimen. and bearing block 

6 The device shown in Figure 61 has been successfully used in compression tests of 
metallic specimens whose ends were machined with extreme care. It will be noted that 
this device does not involve a spherical-seated compression block bearing directly on the 
test specimen. This device or one similar has been successfully used in the British 
National Physical Laboratory and in the laboratories of the United States Air Service at 
McCook Field, Dayton, Ohio. 

ee 

eee ea 
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TABLE 11.—Speed of operation of testing machine 

| 
Maximum | 
cross-head | Length of specimen 

speed | 

| Inches per | 
Inches minute | 

| int es at eee [O05 a 

12. In making tests to determine the elastic limit in compression of metallic 
materials, the crosshead speed of the testing machine shall in no case exceed the 
allowable speed of head for the corresponding tension test of the material, as 
given in sections 18 and 19 of the tentative methods of tension testing of 
metallic materials (Serial designation E 8-27 T) of the American Society for 
Testing Materials (15). (See p. 111.) 

Balls with 
Retainer4 
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Fic. 61.—Compression tool 

THE DETERMINATION OF ELASTIC LIMIT, YIELD POINT, AND 
COMPRESSIVE STRENGTH . 

13. (a) The term “elastic limit’? in compression is defined the same as in 
tension, as follows: 

Elastic limit.—The greatest stress which a material is capable of developing 
without a permanent deformation remaining upon complete release of the 
stress. 

(b) The same general methods for determining elastic limit, as given in 
section 20 of the tentative methods of tension testing of metallic materials 
(serial designation, E 8-27 T, see p. 111) of the American Society for Testing 
Materials (5) shall be used. For compression tests, method 2, or a still more 
precise method, seems generally suitable. 
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14. (a) The term “yield point’ in compression is defined the same as in 
tension, as follows: 

Yield point.—The stress in a material at which there occurs a marked increase 
in strain without an increase in stress. 

(b) The same methods for determining yield point as given in section 21 of 
the tentative methods of tension testing of metallic materials (serial designation, 
E 8-27 T, see p. 111) shall be used. The method by the use of dividers or by 
the use of a strainometer seems generally suitable for compression testing. 

15. The term “ compressive strength” is defined as follows: 
Compressive strength—The maximum compressive stress which a material is 

capable of developing. 

Notr.—In the case of a mraterial which fails in compression by a shattering fracture 
the compressive strength has a very definite value. In the case of materials which do 
not fail in compression by a _ shattering fracture the value obtained for compressive 
strength is an arbitrary value, depending upon the degree of distortion which is regarded 
as indicating complete failure of the metal. 

PLOTTING STRESS-STRAIN DIAGRAMS 

16. The discussion and directions given in section 25 of the tentative methods 
of tension testing of metallic materials (serial designation, E 8—27 T, see p. 
111 (5) apply to plotting stress-strain diagrams for compression tests. 

70. STANDARD METHODS OF BRINELL HARDNESS 
TESTING OF METALLIC MATERIALS * 

(A. S. T. M. standard method (3) serial designation E 10-27) 

The Brinell test for determining the hardness of metallic materials consists 
in applying a known load to the surface of the material to be tested through a 
hardened steel ball of known diameter. The diameter (or depth) of the result- 
ing permanent impression in the metal is measured. The Brinell hardness 
number is taken as the quotient of the applied load divided by the area of the 
surface of the impression, which is assumed to be spherical. If P is the applied 
load (measured in kilograms), D is the diameter of the steel ball (measured in 
millimeters) and d is the diameter of the impression (measured in millimeters), 
then: 

Sot Wage! seh: Scare 
a /D?—d? 
2 Vv ) 

in which B.H.N. is the Brinell hardness number in kilograms per square 
millimeter. 

If the steel ball were not deformed under the applied load and if the impres- 
sion were truly spherical, then the above formula would be a general one, 

and any combination of applied load and size of ball could be used. As the 
impression is not quite a spherical surface (since there must always be some 
deformation of the steel ball and some recovery of form of the metal in the 
impression), for a standard Brinell test the size and characteristics of the ball 
and the magnhitude of the applied load must be standardized. (A standard ball 
10 millimeters in diameter and a load of 3,000 kilograms for hard metals and 
500 kilograms for soft metals is standard practice. See sections 3 and 6.) 

In Table 12 is given the Brinell hardness number corresponding to various 
diameters of impression for both 500 and 3,000-kilogram load, making it unneces- 
sary to compute for each test the value of the Brinell hardness number by the 
above formula. 

B.H.N= 

64 Under the standardization porcedure of the society, these methods are under the 
jurisdiction of the A. S. T. M. committee E—1 on methods of testing. These methods are 
in effect a revision of the methods for Brinell hardness tests of the standard methods of 
mechanical testing of metallic materials. The standard methods, which were last pub- 
lished under the serial designation E 1-18, have accordingly been withdrawn. 
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The values given in this table for hardness numbers are 
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TABLE 12.—Brinell hardness numbers 

tests are feasible on materials of a hardness indicated by the highest values in the table] 
merely solutions of the equation given in the introductory paragraphs. 

[Steel ball, 10 millimeters in diameter, pressures of 500 and 3,000 kilograms. 
mechanics section, Bureau of Standards. 
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TABLE 12.—Brinell hardness numbers—Continued 

Brinell Brinell Brinell Brinell Brinell 
Di- | hardness || pj- hardness Di- hardness Di- hardness Eis hardness 
am- No. am- 0. am- No. am- No. am- No. 

eter of | eter of eter of eter of eter of 
inden- inden- | inden-| ~ inden- inden- 
tation} 500- 3,000-|| tation | 500- | 3,000- || tation | 500- | 3,000-|| tation | 500- | 3,000~ || tation | 500— | 3,000- 

| load + load | load | load | load | load |! load | load load | load 

__— | aa, | ———. 

Mm.| Kg. fg. || Mm. | Kg. | Ko. Mm. | Kg. | Kg. || Mm. | Kg. | Kg. Mm. | Kg. | Kg. 
5.50 | 19.3 116 |} 5.80 | 17.2 103 6.1 15.3 | 92.0 6.40 | 13.7 82.5 6.70 | 12.4 74.1 
5.51 19. 2 115 |} ror8E aye 103 CTs. 3 1 G1. 6.41 | 13.7 82. 2 6.571 112s 73.9 
5. oe) 1952 115 aN Peja ed FAC 102 G02 1522) S163 6.42 | 13.6 81.9 Wt PJ es PS) to.6 
5-63 |" 19:1 114 5.83 | 17.0 102 6.137] 1S. 241/910 6. 43 | 13.6 81. 6 6 fae) 122 73.4 
5. 54 | 19.0 114 |} 5.84 16.9 101 6.14 | 15.1 | 90.6 6.44 | 13.5 81.3 6.74 | 12.2 73.1 
5. 55° | 18.9 114 |} 5.85 | 16.8 101 6.15 | 15.1 | 90.3 624541 13.5 81.0 ae Aa ir bee 72.8 
5.56 | 18.9 | 113'|| 5.86 | 16.8 101 || 6.16 | 15.0 ( 90.0 |} 6.46 | 13.4 80. 7 6.76 | 12.1 72.6 
5. 57 | 18.8 113 || 5.87 | 16.7 | 100 6.17 | 14.9 | 89.6 || 6.47 | 13.4 80. 4 OSciaels 72.3 
5558 |- 18-7 %| 112 || 5.88 | 1627) -9959 6.18 | 14.9 | 89.3 || 6.48 | 13.4 80. 1 6. 78 | 12.0 ype t 
5:09.18. 6°) 2124] .6/892|-1656) 99: 5 6.19 | 14.8 | 89.0 || 6.49 | 13.3 79. 8 6.79 | 12.0 71.8 
5.60 | 18.6 111 || 5.90 | 16.5 99. 2 6.20) ||) 14.85) S827 |] =6:-50' 323 79. 6 6. 80 | 11.9 71.6 
HO |S. 5 111 5.91 | 16.5 | 98.8 6226 | 14, TA B8r35) “651 e1ss2 79. 3 6.81 | 11.9 vA! 
5.62 | 18.4 110 5.92 | 16.4 | 98.4 6222 | 145788. 0 6° D2 lee 79. 0 6.82 | 11.8 1 et & 
5.63/ 18.3] 110!) 5.93] 16.3] 98.0 63235) 1406 8727 1). 16) 532) ddato| eed GIS35 Tie Bc eZ08 
5.641 18.3| 110 || 5941163] 97.7 6.24 | 14.6 | 87.4 6.54 | 13.1] 78.4 6.84 | 11.8] 70.6 
5. 65 18. 2 109 D957 aGae 97.3 || 6.25 | 14.5 | 87.1 67552] 1300 78. 2 B85r a 7 70. 4 
5. 66 | 18.1 109 5.96 | 16.2} 96.9 || 6.26 | 14.5 | 86.7 6. 56 | 13.0 77.9 6.86 | 11.7 70.1 
5.67 | 18.1 108 59% 1 1651 96. 6 6.27 | 14.4 | 86.4 6. 57 | 12.9 77. 6 6.87 | 11.6 69.9 
5.68 | 18.0 108 5.98 | 16.0! 96.2 6.28 | 14.4 | 86.1 6. 58 | 12.9 tic 6.88 | 11.6 69. 6 
5.69 | 17.9 | 107 |} 5.99 | 16.0 95.9 6.29 | 14.3 | 85.8 6.59 | 12.8 aio 6.89 | 11.6 69. 4 
5.70 | 17.8 | 107 6.00 | 15.9 95. 5 6230) | 1402 S555 6.60 | 12.8 76. 8 6.90 | 11.5 69. 2 
5.71 17.3.5 LO7A4). 6501 | 1559 9551-1) Gadl-| 14. 2 18522 6.61 | 12.8 fiege, 6. 9Y =) oh 68.9 
LF (7s ae I (Ser 106 | .6.02 | 15.8 94.8 6.32 | 14.1 | 84.9 6262.) 127 76. 2 6.92 | 11.4 68. 7 
ie. (dss 6 106 |} 6.03 | 15.7 94.4 6. 33 14.1 | 84.6 6563) ) 4127 76. 0 6.93 | 11.4 68. 4 
5.74 | 17.6 | 105 | 6.04 | 15.7 | 94.1 6.34 | 14.0 | 84.3 6. 64 | 12.6 i. t 6.94 | 11.4 68. 2 
5.75 | 17. 5-|- 105 | 6.05 | 15.6 | 93.7 6.35 | 14.0 | 84.0 Gl6ae A264 cab: 4 6.95 | 11.3 | 68.0 
Bao | L7e4 105 6.06 | 15.6 93. 4 6. 36 | 13.9 | 83:7 6. 66 | 12.5 bee, 6.96 | 11.3 67.7 
5.70) 17. 4 104 | 62074)-1555 93. 0 6. 37 | 13.9 | 83.4 6267) |-i 205 74.9 6973) Ties Gis 
HIS TESs 2104 6.08 | 15.4 92.7 6. 38 | 13.8 3.1 6.68 | 12.4 74. 7 6.98 | 11.2 GIGS 
5. 79 | 17.2 | 103 6. 09 | 15. 4 92.3 6. 39 | 13.8 | 82.8 6.69 | 12.4 74.4 6.99 | 11.2 67.0 

i l J 

APPARATUS 

1. The divisions on the micrometer scale of the microscope or other measur- 
ing device used for the measurement of the diameter of impression shall be 
such as to permit the direct measuring of the diameter to 0.1 millimeter and 
the estimation of the diameter to 0.01 millimeter. 

2. (a) The balls used in Brinell hardness testing shall be of hardened 
steel or other equally hard material. 

(6) A ball to be suitable for use shall not show a permanent change in 
diameter greater than 0.0025 millimeter (0.0001 inch) when pressed with a 
force of 3,000 kilograms against a piece of steel having a Brinell hardness 
number of 500 or greater.” 

(c) If a ball is used in a test of a specimen which shows a Brinell hardness 
number greater than 500, the ball shall be remeasured after the test. Should 
the ball show a permanent change in diameter greater than that permitted in 
paragraph ()), the ball shall be unsuitable for further use in a standard test.” 

3. The standard ball for Brinell hardness testing shall be 10 millimeters 
(0.3937 inch) in diameter with a deviation from this value of not more than 
0.01 millimeter (0.0004 inch) in any diameter, but the diameter of any ball 
measured at:various points shall be constant within a tolerance of 0.0025 
millimeter (0.0001 inch). 

For testing very small specimens or very thin specimens it is sometimes 
necessary to make Brinell hardness tests with a ball less than 10 millimeters in 
diameter, For such tests (which are not to be regarded as standard Brinell 

8 In testing softer metals, it is not, of course, necessary to have balls of this extreme 
hardness. However, a ball to be suitable for use should withstand pressure against the 
hardest material to be tested without showing a permanent change in diameter greater 
than 0.0025 millimeters. 

8 See footnote 64. 
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tests) the relation between applied load, P, measured in kilograms, and 

diameter of ball, D, measured in millimeters, should be 

2 

P=3,000 7, =30 D° for iron and. steel 

2 

and P= 500 a = 5 D°’ for brass, bronze, and soft metals in general. 

For extremely soft metals the relation P=D* may be used. 

Balls differing in size from the standard 10-millimeter ball shall conform to 
the requirements for the material and the tolerance in size of diameter as 
specified for the standard ball. 

> 

TEST SPECIMENS 

Specimens used in Brinell hardness testing vary greatly in form since it is 
frequently desirable to make the impression upon a part to be used in the 
finished product rather than upon a sample test specimen. 

4. The thickness of the piece tested shall be such that no bulge or other 
marking showing the effect of the load appears on the side of the piece 
opposite the impression. In any event, the thickness of the specimen shall be at 

least ten times the depth of impression. 
5. The surface on which the impression is to be made shall be filed, ground, 

nfachined, or polished with emery paper so that the edge of the impression 
shall be clearly enough defined to permit of the measurement of the diameter 
within 0.01 millimeter (0.0004 inches). 

APPLICATION AND MAGNITUDE OF LOAD 

6. The load in the standard Brinell test shall be 3,000 kilograms for iron 
and steel and 500 kilograms for brass, bronze, and soft metals generally. 

Notr.—For extremely soft metals a load of 100 kilograms is sometimes used. If for 
aly reason it is necessary to use loads differing from those specified above, the load used 
should re specifically stated in the test report, conveniently as a subscript of the hardness 
numeral, 

7. (a) The load shall be applied steadily to the specimen without jerk. 
(b) The load shal! be applied for at least 10 seconds in the case of iron 

and steel and for at least 30 seconds in the case of other metals.®? 
(c) The center line of the applied load shall be far enough from any edge 

of the specimen so that when a straightedge is applied to the edge after the 
load has been applied, the eye can detect no bulge in the edge due to the load 
and the resulting impression. 

MEASUREMENT OF IMPRESSION 

8. In the standard Brinell hardness test the diameter of the impression shall 
be measured. 

9. When a micrometer microscope is used to measure the diameter of the 
impression the sharpness of definition of the edge of the impression can be in- 
creased by the use of a movable lamp for illuminating the specimen, placing 
the lamp so that the contrast of light and shade will bring first one edge of 
the impression, then the other into sharp definition. In testing very hard ma- 
terial, the sharpness of definition of the impression can be somewhat increased 
by the use of a ball lightly etched with nitric acid, or by the use of some pig- 
ment, such as Prussian blue, on the ball. In testing material in which there 
is considerable recovery of shape, the material may first be coated with a 
dull black pigment, such as drawing ink or a mixture of graphite and alcohol. 
The edge of the impression is rendered clear on a surface so coated. 

BRINELL HARDNESS TESTS IN WHICH DEPTH OF IMPRESSION IS 
MEASURED IN PLACE OF DIAMETER 

: When it is necessary to make Brinell hardness tests very rapidly, as is some- 
times the case when the Brinell test is used as a control test for the output 

eat was suggested in discussion that for magnesium and magnesium alloys the 
Minimum time of application be two minutes. It was also suggested that for any given 
soft metal a definite time for holding the load be specified rather than a minimum time. 
See discussion of the report of committee E-1. (16, p. 729-730). 
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of a heat-treating furnace, the depth of impression under load, or after the 
release of load, can be measured more expeditiously than the diameter of im- 
pression. The depth of impression is usually determined from the relative 
motion of the plunger carrying the ball and the specimen. This method of 
Getermining Brinell hardness is not to be regarded as a standard method, and 
when requirements of speed necessitate its use, the Brinell hardness number 
should not be determined from the geometrical relation of depth of impression 
to diameter, based on the assumption that the impression has a_ spherical 
surface. In such tests the relation between the Brinell hardness number and 
depth of impression may be determined with a fair degree of accuracy from 

tests on specimens of material of different degrees of hardness, several impres- 
sions being made on each specimen, and the depth under load, or the depth on 
realeased of load, and the diameter of impression after release of load be ng 
measured for each impression. By the use of a diagram or by interpolation, 
a table giving the Brinell hardness number for a given depth of impression can 
be prepared. 

CALIBRATION OF BRINELL HARDNESS TESTING APPARATUS 

10. A load-measuring device which is in common use for Brinell hardness- 
testing machines involves the measurement of fluid pressure on a piston of 
known diameter, working in a cylinder with so perfect a fit that packing is not 
necessary. To this piston is attached the ball. Other load-measuring devices 
use combinations of weights and levers. The use of dead weights acting on a 
small piston is to be preferred to the ordinary Bourdon gauge for measuring 
the intensity of fluid pressure. 

11. The load-measuring device of a Brinell hardness-testing machine may be 
calibrated by the use of dead weights, or by the use of dead weights and 
proving levers or by an elastic calibration device or spring, in the manner de- 
scribed in the standard methods of verification of testing machines (serial 
designation (3, 13) E 4, see p. 105) of the American Society for Testing Materials. 

12. The load-measuring device of a Brinell hardness-testing machine may be 
calibrated by making a series of impressions on specimens of different degrees 
of hardness, measuring the diameters of the impressions, making a second 
series of impressions by the use of any standardized testing machine and 
standard steel ball, and, using the same measuring device as for the first series 
of impressions, measuring the diameters of this second series of impressions. 
The error of the machine under calibration can be determined by the relative 
average values of the hardness numbers determined by its use and by the use of 
the standardized testing machine. 

13. When the above companion-impression method of calibrating a Brinell 
hardness-testing machine is used it is recommended that the specimens used 
be approximately 1 by 1 by 12 inches in size, and that specimens with as wide 

a range of hardness as is feasible be used. It is recommended that impres- 
sions made by the machine under calibration be spaced about 2.5 inches apart 
along the specimen, and that the impressions made by the standardized testing 
machine be spaced alternately along the length of the specimen with the 
impressions made by the machine under calibration. 

14. If any determination of hardness, either for the machine under calibra- 
tion or for the standard machine differs by more than 2 per cent from the 
mean of the four determinations made with that machine it is recommended 
that such determination be discarded. If two determinations differ more than 
2 per cent from the mean, the whole series should be discarded. 

15. A Brinell hardness-testing machine is acceptable for use over a loading 
range within which its load-measuring device is correct within 3 per cent. 

16. The micrometer microscope or other device for measuring diameter of 
impression may be calibrated by using it to measure lengths on a standard 
steel or glass scale. The eyepiece of a micrometer microscope should be ad- 

justed so that throughout the range covered the error of reading does not 

exceed 0.01 millimeters. 
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