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PREFACE

This manual has been prepared for the use of

students taking the course in cement laboratory

practice in the University of Illinois, and for the

use of others who may have occasion to use such

a laboratory manual. Instructions for the prob-

lems originally used in the course mentioned were

devised by Ira O. Baker, Professor of Civil Engi-

neering, University of IlHnois, under whose direction

the author had charge of the cement laboratory at

that institution for three years. This manual
has been prepared by revising and extending the

instructions already in use. The problems which
are given herein are suitable to class use and are not

intended to serve as instructions for the testing

of cements for commercial purposes. However,
the problems have been designed to include all of

the tests which are ordinarily made, so that a

student who shall have completed these problems
should be able to do testing for commercial pur-

poses, although the experience which is required

for the production of uniformly satisfactory results

in the latter class of work can be obtained only by
a considerable amount of practice, and

.
cannot be

obtained to any considerable extent by a laboratory
iii
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iv PREFACE

course which is intended chiefly to teach methods
of testing.

The writer is very much indebted to Professor

Ira O. Baker for suggestions and assistance in the

preparation of this manual.

L. A. W.
July, 1908,
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CEMENT LABORATORY
MANUAL

CHAPTER I.

GENERAL INSTRUCTIONS.

ART. I. LABORATORY WORK.

I. Methods. There is probably no similar class

of work in which there is greater necessity for

carefulness than in the testing of cement. The
results obtained by two observers who follow the

same instructions may vary considerably, and the

results which may be obtained by different methods
of manipulation are Hkely to differ by more than
IOC per cent. Therefore, to obtain results which
correctly indicate the character of the cements which
are tested, it is essential that there shall be uni-

formity, not only in the general methods used, but
also in the details of the tests. The specifications

which have been recommended by various organi-

zations, such as the United States Army Engineers,

the Institution of Civil Engineers, the Canadian
Society of Civil Engineers, and others, have pre-

scribed methods which should be used in making
some of the necessary tests. However, none of these

specifications include a complete set of directions
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2 CEMENT LABORATORY MANUAL

for making all of the required tests. The rules of

the American Society of Civil Engineers proposed

in 1885 were also deficient. In order to obtain a

mor|! complete and better set of rules the American

Society of Civil Engineers in 1897 appointed a

committee on Uniform Tests of Cement. The
methods recommended by the committee were

embodied in a progress report which was presented

at the annual meeting of the Society, January 21,

1903, and which was amended at the annual meet-

ing, January 20, 1904, and at the annual meeting

January 15, 1908. The methods which were

recommended are given in Appendix I of this

manual. The methods prescribed in the problems

herein contained include these standard methods,

although some other methods are also described,

both for the purpose of comparison and also for

the purpose of familiarizing the student with

methods which are in use or which have been in

use by various authorities.

2. Since the student will not be able to devote

a great amount of time to each test, it is necessary

that he should note carefully the prescribed methods.

He should observe whether the methods are in use

in this country or elsewhere, and by whom they are

recommended. He should observe the differences

in methods of operation, and should try to deter-

mine the effect of such differences upon the results.

The student should also notice the various kinds

of apparatus in use, and should try to determine
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GENERAL INSTRUCTIONS 3

which produce the most reHable residts and which

are the most economical in time required for

operation.

3. Care of Apparatus. In using the apparatus

considerable care is required to avoid breaking

the glassware. Flasks and beakers are usually-

made of very thin glass, and are very likely to

be broken upon the mixing tables. In order to

reduce the number of breakages, return the glass-

ware to the lockers as soon as possible, and do

not allow it to remain upon the table when not

in use.

4. The student should also keep his desk and

apparatus clean. At best a cement laboratory is a

difficult place to keep clean on account of the

cement dust, but a httle care on the part of all

of the students will greatly reduce the annoyance

from this source. To remove cement which has

set from glassware, vinegar or muriatic acid can be

used. However, if glassware is thoroughly cleaned

with water before the cement hardens, there will be

no necessity for the use of acid.

5. Assignment of Equipment. Each student

will be assigned a towel, a pan, a beaker, and a

graduated cyhnder. He will also be assigned a

locker in which to keep his own equipment. The
number of the locker will be the same as the

reference number of the student, by which assign-

ments will be made. Other equipment which will

be required will be kept in lockers provided for
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4 CEMENT LABORATORY MANUAL

that purpose. Each of these lockers will contain

the equipment other than that with which each

student is provided, which is required for one

problem. The keys for these lockers will be kept

in the key case, and can be obtained at the beginning

of each laboratory period. Whenever a key is

taken from its hook in the key case a receipt card

must be filled out and placed upon the hook. Upon
the card should be placed the date, the number of

the key or locker, and the name of the person

taking the key. This card is not to be removed

when the key is returned, but is to be allowed to

remain as a record. After returning the equipment

to the locker, the key is to be dropped through

the slot in the key case provided for that purpose.

In case any of the equipment is damaged, a red

tag must be filled out and dropped into the key

case with the key. Upon such red tags record the

date, the article damaged, the locker in which the

apparatus belongs, and the name of the person

responsible for the damage. If apparatus is

found to be damaged when the locker is assigned,

report the facts at once to the instructor in charge,

in order that the responsibiHty for the injury may
be determined.

6. Molds for making briquettes, set of dies for

marking test specimens, rammers, oil cans, waste,

and other equipment and suppHes of this character,

will be kept in suitable places provided for them.

Whenever such equipment is used, it should be
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GENERAL INSTRUCTIONS 5

returned to its proper place as soon as possible, in

order that the work of others may not be unneces-

sarily delayed.

7. Assignment of Materials. Each student will

be assigned the cements which are to be used at

each laboratory period. These assignments will be

made from two particular brands, one of which

will be a portland cement, and the other either a

natural or a pozzulona cement. For convenience

each brand of cement will be given a number by

which it will be designated upon the assignment

sheet, but in reporting the results of problems the

name as well as the number of the cement should be

reported in every case. The assignment sheet will

indicate whether one or both of the cements are to

be used at one laboratory period. If desirable the

same problem may be assigned for two different

laboratory periods, only one cement being used at

each period. Different kinds of sand will also

be designated by number. Numbers from i to

49 inclusive will be reserved for portland cements,

numbers from 50 to 79 inclusive for natural cements,

numbers from 80 to 89 inclusive for pozzulona

cements, and numbers from 90 to 99 inclusive for

different kinds of sand.

8. Waste Materials. After using cement do

not attempt to return it to the original bins or cans,

even though it has not been mixed, but place it in

the waste can provided for that purpose. If the

cement is allowed to be returned to the original
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6 CEMENT LABORATORY MANUAL

supply, mistakes are likely to occur, and the various
brands will soon become mixed. Do not place any
unused mortar or other waste materials in the cans
provided for unused cement. Waste boxes will be
provided in which unused mortar, broken briquettes,

and other wastes which are not liquid, can be de-
posited. Very wet or liquid wastes are to be placed
in the waste jar provided for them, and under no
conditions are wastes or luater containing cement to

he placed in the sink.

9. Assignment of Problems. In order that

an excessive amount of equipment may not be
required, the problems will be assigned in such a
manner that only a few students will be working on
each problem at any one laboratory period. When
more than one problem is to be executed at one
laboratory period, the problems will be given on the
assignment sheet in the order in which they are
to be executed. It is important that the student
shall observe the order in which the problems are to

be done, particularly for assignments including the

determination of the time of set, in which case the

specimens should be prepared as quickly as

possible at the beginning of the period, and while
waiting for the setting to occur another problem
can be executed. The letter m is used upon the

assignment sheet to indicate the laboratory periods
at which specimens are to be made, and the letter

/ to indicate the periods at which specimens are

to be tested.
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GENERAL INSTRUCTIONS 7

10. Marking Test Specimens. In some of the

problems instructions are given for marking

specimens which are to be tested at some future

laboratory period. The student should be careful

to follow these instructions, since it is desirable

to have all the members of the class use a uniform

method in order that the attendant who cares for

the specimens may know where they belong.

ART. 2. PREPARATION OF REPORTS.

11. A report is to be made out for each problem

and is to be handed in within three days after the

completion of the problem in the laboratory. Each

problem is to be reported upon a separate sheet,

even though the laboratory work for several

problems may be executed at one laboratory period.

It is also desirable to have the report for each

problem occupy but one page. In order that

reports may be uniform, it is essential that each

student shall use only the kind of paper designated

for such reports, and the use of other kinds of paper

will be sufficient cause for the rejection of reports.

12. In addition to the reports to be submitted for

each problem, the student will be required to

submit a final report upon each of the two cements

used. Each of these final reports shall contain a

summary of the results of the tests which have been

made upon the brand of cement under considera-

tion, and in conclusion a statement shall be made

concerning the character of the cement as indicated
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8 CEMENT LABORATORY MANUAL

by the results of the various tests. In this state-

ment name the kinds of work for which the cemenit

would be satisfactory and the kinds of work foir

which it might prove unsatisfactory. Also com-
pare the results with the specifications recom-
mended by the American Society for Testing

Materials, which are given in Appendix II.

13. It is essential that both the reports of thee

problems and the final reports shall be carefulljy

prepared. Forms for these reports are not giveni,

for the reason that it is desired that students shalll

take the initiative and that they shall learn to devisee

reports. For much of the school work, forms ohi

notes are furnished which show the exact way irn

which to record the various data and result^s

obtained. Cement laboratory work may be dif f-

ferent from the other work which the student haas

done, and many of the engineering problems foor

which he will have occasion to devise reportjts

will undoubtedly be different from any of hids

previous work; but, if he will study the methodds
used in the arrangement of a few kinds of work, h(ie

should be able to apply those methods to othe;er

kinds of work. For this reason the student i;is

asked to study carefully the arrangement of hi;iis

reports. In devising forms for reports the followw-

ing things should be remembered : A report shoukld

be terse, precise, complete, and neat. In order thaiat

it may be neat, it must be not only well arranged^,

but also legibly written or lettered. In order that a a
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GENERAL INSTRUCTIONS 9

report may be complete and at the same time terse,

all of the necessary facts should be stated, but
each fact should be stated as briefly as may be
without detracting from the precision of the state-

ment. It is well to tabulate all data and all results

which can be expressed in such form. Similar
kinds of facts should be collected and arranged
under suitable headings, as "Object of Experi-
ment," "Apparatus," "Method of Determination,"
"Data and Results," "Conclusions," etc. Such
headings should be given sufficient prominence to

enable anyone to see at once where the facts for

which he is looking may be found. It is not
advisable to use symbols in headings for tabulated

data, as % for per cent. Also avoid the use of

abbreviations in the title and other headings of the

report.
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CHAPTER II.

DESCRIPTION OF APPARATUS.

14. In order that the student may better under-

stand the problems in the following chapter, some

of the apparatus commonly found in cement-

testing laboratories will be briefly described.

15. Cement Sampler. The device shown in

Fig. I is used for obtaining samples for inspection

from cement packed in barrels.

Fig. I.— Cement Sampler Fig. 3. — Nest of Sieves with
Cover and Pan

16. Sieves. Coarse sieves are used for screening

cement to remove lumps, and fine sieves are used

10
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DESCRIPTION OF APPARATUS I I

for determining the fineness of cement. Both
classes of sieves are designated by number, the

number of meshes per hneal inch being the same
as the number of the sieve. The styles of sieves

ordinarily used in cement laboratories are shown
in Fig. 2 and Fig. 3. Fig. 2 illustrates a single

sieve, and Fig. 3 a nest of sieves arranged to fit

together, v^^ith a cover on the top sieve and a pan
attached to the lower sieve.

17. Apparatus for Determining Weight of

Cement. For the purpose of determining the weight

T r

:9?

Fig. 4. — Apparatus for determining Weight of Cement

of cement per cubic foot or per bushel, the measur-
ing box used must be so arranged that the amount
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12 CEMENT LABORATORY MANUAL

of compacting which the cement receives in entering

the box shall be the same for the different samples

tested, since the weight varies considerably with

the degree of compactness. The device shown in

Fig. 4 produces a uniform compactness by allowing

the cement to fall from a coarse sieve a, suspended

on hangers h to permit shaking,

and fixed at a distance of three

feet above the top of the measur-

ing box c.

18. Sand-Glass. For the purpose

of indicating the time of mixing to

be used for making cement paste,

a sand-glass, Fig. 5, is employed.

Such glasses can be purchased, hav-

ing a duration of flow of about two

minutes.

19. Trowels. For use in cement

laboratories pointing trowels, or masons' trowels,

Fig. 6, are most useful. The most convenient

sizes are 5-inch, 6-inch, and lo-inch trowels.

Fig. 5.— Sand-Glass

Fig. 6.— Mason's Trowel

20. Balances and Scales. For most of the

weighing to be done in a cement laboratory the
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DESCRIPTION OF APPARATUS 13

Harvard Trip Balance, Fig. 7, or a scale with a

scoop, Fig. 8, will be found satisfactory. The

Fie. 7- — Harvard Trip Balance

Fig. 8. — Scale for Cement and Sand

latter balance is probably a little better, since no

time is required to balance the pan.

21. For use in making specific gravity deter-

minations a balance of better quality should be

used, but it is not necessary to use a fine balance

of high grade.

22. For determining the fineness of cement

a special scale, Fig. 9, is much used. This scale

has a set of weights which have a unit such that

1000 units of cement will be a convenient quantity
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14 CEMENT LABORATORY MANUAL

for one determination, and thus each unit is

equivalent to one-tenth of one per cent of the total.

Fig. 9. — Scale for determining Fineness of Cement

23. Displacement Flasks. For the purpose of

determining the specific gravity of cement, a flask

Fig. 10. — Displacement Flasks

is used which is graduated to indicate the volume

displaced by the introduction of a small quantity
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Fig. 10. — Displacement Flasks. — Continued
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i6 CEMENT LABORATORY MANUAL

Fig. IX.— Gradu-
ated Cylinder

of cement into the liquid within the flask. Various

types of flasks can be obtained from the makers,

some of which are shown in Fig. lo. The apparatus

recommended by the American Society of Civil

Engineers is the Le Chatelier's flask, which when
in use is to be immersed in a jar of water

to reduce the amount of the variation

in the temperature of the liquid within

the flask. The Le Chatelier's apparatus

is illustrated and described in Appendix I,

page 95.

24. Measuring Glasses. For the pur-

pose of measuring the quantity of water

to be used in making cement paste or

mortar, a graduated cylin-

der. Fig. II, will be found

useful. The sizes which

will usually be of the most

service are those having

capacities of 100 c.c, 250

c.c, and 500 c.c. It is de-

sirable to have both a small-

sized and a large-sized cylin-

der at hand.

25. If water is piped to

the mixing table a burette,

Fig. 12, may be fastened

beneath the tap and water measured in the burette.

26. Vicat Apparatus.* The Vicat apparatus,

* For a further description of the Vicat Apparatus, see

Appendix I, page 98.

Fig. 12. -
Burette
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7

Fig. 13, is a device for measuring the distance which

a weighted needle or weighted plunger will penetrate

a ring filled with cement paste. There are two
caps for each machine. The lighter cap is to be

Fig. 13. — Vicat Apparatus

used only when the plunger is attached to the lower

end of the piston, and the heavy cap is to be used

only when the needle is in use. Care must be

exercised to see that the proper cap is being used.

27. The Vicat apparatus is used for determining

the proper percentage of water to be used in gaug-

ing the cement, and also for determining the rate
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1 8 CEMENT LABORATORY MANUAL

of setting. The plunger is employed for first

purpose and the needle for the latter.

28. Gillmore's Needles. Another instrument for

determining the time of setting of a sample of

cement paste is Gillmore's needle, which consists of

weighted wire or needle which is held in the hand

and is brought to rest upon the surface of the paste.

Two needles, Fig. 14, are required, one having a

Fig. 14. — Gillmore's Needles

weight of one-fourth pound and a bearing area of

one-twelfth inch, and one having a weight of one

pound and a bearing area of one-twenty-fourth inch.

The initial set is said to have taken place when a

pat of cement will just support the light wire,

and the final set when it will support the heavy

wire.

29. Molds. The molds ordinarily employed in

making specimens for determining the tensile
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DESCRIPTION OF APPARATUS 19

strength of cement mortar are of two kinds,

individual molds and gang molds, both of which

are illustrated in Fig. 15. The form of briquette

Fig. 15. — Briquette Molds

which is recommended by the American Society

of Civil Engineers is shown in Fig. 25, page 104.

30. For the purpose of making specimens for

compression tests of cement mortar, one-inch and
two-inch cube molds, similar to

the one shown in Fig. 16, are

ordinarily used.

31. Molding Machines. The
most common method of molding

briquettes is by hand, although

machines for this purpose can be obtained from

the manufacturer. Two machines of this kind are

Fig- 16. — Cube Mold
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20 CEMENT LABORATORY MANUAL

the Olsen press, Fig. 17, and the Bohme hammer,

Fig. 18. With the Olsen press the briquette is

molded by rotating the hand wheel which presses

the mortar into a mold held in a clamp at the top

of the machine. The amount of the pressure is

recorded by the dial attached to the machine. With

the Bohme hammer the briquette is molded by

compacting the mortar with a fixed number of

blows of a hammer, the machine being arranged

to stop automatically when the proper number of

blows have been given.

32. The greatest value of briquette molding

machines in a laboratory is to illustrate the effect

of different methods of working cement mortar.

The two machines illustrated in Figs. 17 and 18 are

examples of the two classes into which all molding

machines might be divided; viz., i. Machines

in which a steady pressure is employed, and

2. Machines in which the mortar is compacted by a

blow. A comparison of the results obtained from

two such machines is of value to a student to indi-

cate the probable effect of different methods of

manipulating cement in practical work.

33. Boiler for Accelerated Tests. For use in

making boiling and steam tests a closed vessel is

employed, having one or more racks upon which

the specimens are placed. If the vessel is used

for both boihng and steam tests, it is necessary

to have two racks, one of which shall remain above

the water level, and one below. The boiler recom-
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22 CEMENT LABORATORY MANUAL

mended by the Committee on Uniform Tests of

Cement of the American Society of Civil Engineers

is shown in Fig. 28, page 109. This boiler is in-

tended for steaming tests only, and therefore is

provided with but one rack. This apparatus is

arranged to maintain the level of the water three

inches above the top of the boiler.

34. Moist Closet.* A moist closet is a box or

chamber arranged so that the air within may be

kept moist. It is used for the storage of test speci-

mens from the time of making until they are

immersed in water, usually twenty-four hours.

35. In some laboratories the test specimens are

placed under a wet cloth instead of being placed

in a moist chamber. The principal objection to

this is that the cloth is hkely to dry out, and is

then of no service. To maintain the cloth in a

moist condition the ends may be immersed in

water, or a large pan may be turned upside down

over the specimens and cloth. Of these two

^methods the writer prefers the latter, because he

believes that it will produce a more nearly uniform

condition for all of the specimens than will the first

method. If a pan is used it should entirely cover

all of the objects beneath, so that the entire rim

of the pan may rest upon the table, thus preventing

air currents from carrying away the moisture. If

these precautions are observed, there will be no

* See paragraph 63, page 106.

www.libtool.com.cn



DESCRIPTION OF APPARATUS 23

difficulty in maintaining a moist condition of the

cloth and air for twenty-four hours.

36. Storage Tank. Test specimens are usually

stored in water from the time they are removed

from the moist chamber until they are tested.

For this purpose a storage tank is required which

shall have a sufficient capacity to accommodate all

of the specimens which are likely to be in storage

at one time. For convenience in using such a tank

should have a waste pipe, an overflow pipe leading

to the waste pipe, and a supply pipe. If the tank

is in a place which is open to the public, it is well to

have the valves controlling the supply and waste

pipes either locked or in a position such that they

are not likely to be disturbed. It is also advisable

to have a cover upon the tank which can be locked,

so that specimens which are kept in storage for

long-time tests may not be disturbed.

37. Testing Machines. For the purpose of de-

termining the tensile or the compressive strength

of test specimens a testing machine is used. A
great variety of machines are upon the market of

which three styles of machines for determining the

tensile strength of cement are shown in Figs. 19,

20 and 21, and one type of machine for determining

the compressive strength of small specimens is

shown in Fig. 22. Some machines are arranged

so that they may be used for both tensile and com-

pressive tests. However, since very few compres-

sive tests of cement are made, most of the testing
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24 CEMENT LABORATORY MANUAL

machines employed are for tensile tests. For testing

concrete, compressive tests are often made, but for

this purpose large testing machines are employed.

Fig. 19. — Automatic Testing Machine

38. The most common types of cement-testing

machines produce a stress upon the briquette by

means of a stream of shot which runs from a

chamber of the machine into a pail or vessel.
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DESCRIPTION OF APPARATUS 25

When the briquette breaks, the stream of shot is

automatically stopped, and the amount of the stress

is determined by weighing or noting the weight of

the shot in the vessel. The scale employed in the

Fig. 20. — Automatic Testing Machine

weighing is so graduated that it indicates directly

the stress upon the briquette, instead of the actual

weight of the shot. The more improved forms

of machines are arranged so that the beam of the

machine can be kept horizontal while the stress is
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being applied. If this cannot be done, it is usually

necessary to estimate the amount of tension which

must be apphed to the briquette in placing it in

the machine, in order that the beam may be nearly

Fig. 21. — Beam Testing Machine

horizontal when the specimen breaks. The result

is that weak specimens are often broken while

being placed in the machine, and very strong speci-

mens have to be reset in the machine, during which

process they are likely to be broken.

39. The capacities which are usually employed

for tensile-testing machines are 1000 and 2000
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pounds. For ordinary laboratory work the lower

capacity is probably the better, since very few

briquettes will exceed looo pounds in strength,

and since the hghter machine will act a little more
quickly in shutting off the supply of shot. The
hydrauHc compression machine shown in Fig. 22

has a capacity of 40,000 pounds.
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CHAPTER III.

LABORATORY PROBLEMS.

PROBLEM 1.

Determination of Fineness.

40. Apparatus Required. One set of sieves with

cover and pan, scale for testing fineness, or a fine

balance, with set of weights, apparatus for drying

cement, and one No. 20 sieve.

41. Materials Required. 50 or 100 grams of

each assigned cement.

42. Method of Operation. Thoroughly dry the

cement, and then screen a small quantity through

the No. 20 sieve, to remove the coarse lumps. Of

the cement which passes through the sieve weigh

out 1000 units if Richie's scale for fineness is used,

or 50 grams if a fine balance is used. Place the

quantity thus weighed upon the No. 200 sieve,

having the pan attached at the time. Place the

cover upon the sieve and shake, holding the sieve

in a slightly inclined position, and strike it gently

with the palm of the hand at the rate of about 200

strokes per minute. Continue this operation until

not more than one-tenth of one per cent passes

through during one minute of continuous sieving.

30
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Then weigh the residue retained upon the sieve

and also the material in the pan. Next attach the

No. loo sieve to the pan, and place upon the sieve

the residue caught upon the No. 200 sieve. The
sieving is then continued in the same manner as

with the No. 200 sieve. After completing the

operation with this sieve the residue is placed upon
the next coarser sieve, and so on until all of the

sieves in the set have been used.

43. After completing the determination for one

of the assigned cements determine the fineness of

the other brand in the same manner.

44. Report. In the report state the quantities

retained and the quantities passing each sieve.

Also report the per cent of the total which is re-

tained upon each sieve and the per cent which

passes, stating the results to the nearest tenth of

one per cent. Compare the results with the speci-

fication in Appendix II. Also note the errors of

the experiment.
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PROBLEM 2.

. Weight of Cement.

45. Apparatus Required. Standard sifting box.*

46. Materials Required. About one-half peck

of each assigned cement.

47. Method of Operation. Place a small quantity

of cement upon the sieve of the standard sifting

box, and shake the sieve. Continue to add small

quantities of cement and to shake the sieve until

the box at the bottom is filled. When the measuring

box is full remove it carefully, and strike the top of

the cement level with the sides of the box by

means of a straight edge. Then weigh the box

together with the cement contained. Also weigh

the box empty, and measure its inside dimensions.

48. Repeat the entire operation with the other

assigned cement.

49. After using the cement for this experiment

do not return it to the cans or bins from which it

was taken, unless special instructions to that effect

have been given, but place it in the waste-cement

can.

50. Report. Compute and tabulate the weight

in pounds per bushel and in pounds per cubic foot.

Also state the capacity of the box.

* See Fig. 4, page 11.

www.libtool.com.cn



www.libtool.com.cn



36 CEMENT LABORATORY MANUAL

PROBLEM 3.

Specific Gravity.^

51. Apparatus Required. LeChatelier flask with

jar and small funnel,! glass rod, pipette, ther-

mometer, small scoop, balance and set of weights,

ring stand or other similar support, and apparatus

for drying cement.

52. Materials Required. 200 grams of each

assigned cement, and about one quart of benzine.

53. Method of Operation. Place a small quantity

of each assigned cement (75 grams) on an iron

plate and dry thoroughly. While these samples are

drying determine the specific gravity of each cement

in its undried condition.

54. Place enough water in the jar of the

LeChatelier apparatus to half fill it. Insert enough

benzine :|: into the flask to bring the surface just a

little above the mark below the small bulb. Place

the flask in the jar of water and allow the benzine

and water to attain the same temperature. Ar-

range the ring stand so that the flask will be held

vertically in the jar of water and so that the small

funnel will extend about an inch into the top of the

* For a discussion of the usefulness of the specific gravity

test, see The Specific Gravity of Portland Cement, by Richard K.

Meade and Lester C. Hawk, Proc. Am. Soc. for Testing Mate-

rials, vol. VII, p. 363.

t See Fig. 23, page 95.

% See paragraph 11, page 96.
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flask. By means of the pipette withdraw enough

benzine to bring the surface exactly to the mark
below the small bulb. Weigh out 65 grams of

cement, and insert it into the flask through the

funnel, a little at a time, first noting the tempera-

ture of the water. A little of the cement can be

taken in the scoop and can be passed through the

funnel by using the glass rod. It is necessary to

introduce only a small quantity of cement at a

time to prevent clogging the stem of the flask near

the surface of the benzine, and also to prevent air

bubbles from being carried into the liquid with the

cement. When all of the cement has been inserted

in the flask read the position of the surface of the

benzine and note the temperature of the water.

55. The volume between the mark below the

small bulb and the zero of the graduation above the

bulb is 20 c.c. The units of the graduation are

cubic centimeters and the smallest divisions are

tenths of centimeters. The specific gravity of the

cement will be 65 divided by the volume dis-

placed. If the temperature of the benzine has

changed during the determination, a correction

to the apparent displaced volume can be obtained by

multiplying the total volume of benzine used, by the

number of degrees change in temperature, by the

coefficient of expansion of benzine. (Benzine is not

a very definite compound, but for the purpose of

making this correction it will be sufficiently exact

to use 0.0014 the coefficient of expansion per
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degree centigrade.) The correction will be sub-

tracted from the observed value of the displaced

volume for an increase in temperature, and will be

added for a decrease in temperature.

56. Next determine the specific gravity of each

dried cement, following the instructions given in

paragraph 54, and being careful to cool the cement

to the temperature of the liquid before inserting

it into the flask.

57. To prepare the LeChatelier flask for the

second determination, pour into the bottle marked

"Used Benzine" enough of the hquid to lower the

surface to a Httle above the mark below the small

bulb, and then bring the surface exactly to the

mark by means of the pipette. After completing

the second determination, carefully pour into the

bottle marked "Used Benzine" as much of the

liquid as possible until the cement begins to pass

out. Then shake the flask over the waste jar to

remove the remainder of the cement and benzine.

Complete the cleaning by placing a httle water in

the flask and shaking it into the waste jar. Rinse

two or three times to remove every particle of

cement.

58. Be careful not to break the flask, as it is

expensive. If the flask should be broken, do not

throw away the pieces until you find whether it

can be repaired, since in the latter case the charge

for the breakage wiU probably be much less than

the cost of a new flask.
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59. Instead of determining the volume of a

known weight of cement by inserting all of the 65

grams, the method of finding the weight of a given

volume could have been used by inserting just

enough cement to displace some given volume,

say 20 c.c, and by reweighing the remainder of the

cement. In this case the specific gravity would

have been computed by dividing the weight of the

cement introduced by 20.

60. Report. In the report for this problem

state the apparatus by which each result was

obtained. State the difficulties encountered and

the precautions which should be taken. State

whether the specific gravity of the liquid used

affects the results, and state whether water, alcohol,

kerosene, gasoline or turpentine could be used

instead of benzine. Report your results to the

nearest hundredth and compare your results with

the specification in Appendix II.
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PROBLEM 4.

Plasticity—Boulogne Method.

61. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, and coarse balance with set of

weights.

62. Materials Required. 1000 to 1500 grams of

each assigned cement, and water for mixing.

63. Method of Operation. Weigh out 500 grams

of cement, place it upon the mixing table, form a

crater at the center of the pile, pour into the crater

a known quantity of water (say 21 per cent of the

weight for portland cements, and 30 per cent for

natural cements), turn the cement into the crater

from the edges of the pile, and work the paste vig-

orously with a trowel for about five minutes. To
determine whether the paste is of the proper con-

sistency, apply the following tests: i. The consis-

tency of the paste should not change if gauged for

an additional period of three minutes after the

initial five minutes. 2. A small quantity of paste

dropped from the trowel upon the mixing table

from a height of 0.50 meter (20 inches) should

leave the trowel clean, and should retain its form

approximately without cracking. 3. A small

quantity of paste worked gently in the hands should

be easily molded into a ball, on the surface of which

water should appear. When this ball is dropped

from a height of 0.50 meter (20 inches), it should
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retain a rounded form without cracking. 4. If a

slightly smaller quantity of water be used the paste

should be crumbly and should crack when dropped

upon the table. On the other hand, the addition

of a greater quantity of water — one or two per cent

— should soften the paste, rendering it more sticky,

and preventing it from retaining its form when

dropped upon the table.

64. If the paste is too dry to fulfill the require-

ments of the tests described, add a little more water,

carefully noting the amount, and repeat the tests.

When the correct consistency is obtained, try a

fresh sample to check the result, since some error

may arise from adding water to paste which has

been mixed for several minutes.

65. Report. In reporting this problem tabulate

the results for each trial, stating the character of

the paste obtained with each percentage of water.

Also record the trials made with each mixture,

showing the number of mixtures for each brand

of cement. State the estimated error in the results

as indicated by the quantity of water required to

produce a noticeable change in the consistency of

the paste.
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PROBLEM 6.

Plasticity ~ with Vicat Apparatus.

66. Apparatus Required. Vicat machine fitted

with plunger and with cap marked "Piston"; i

vulcanite ring; i plate of glass about 4 inches by 4
inches; sand-glass, and the apparatus required for

Problem 4. -

67. Materials Required. 2000 to 2500 grams of

each assigned cement, and water for mixing.

68. Method of Operation. Determine the per
cent of water required to make a plastic paste for
each assigned cement by the Tetmajer method and
by the method recommended by the American
Society of Civil Engineers.

69. Tetmajer Method. Mix 500 grams of cement
into a paste, following the method described in

Problem 4, noting the per cent of water used.
Place the ring of the Vicat apparatus (large end up)
on a piece of plate glass, fill with the paste, and
carefully smooth off the top. See that the piston
of the Vicat apparatus works smoothly. Then note
the reading on the scale when the plunger rests

upon the surface of the glass, outside of the ring.

Next bring the plunger to rest upon the surface of
the paste, then suddenly release it and allow the
piston to descend of its own weight. When it

finally comes to rest, note the reading on the scale.

The paste is of the proper consistency if the plunger
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comes to rest six millimeters above the glass. If

the paste is too dry add a small quantity of water,

and repeat the determinations until the proper con-

sistency is obtained. Then check the result with

a fresh mixture.

70. American Society of Civil Engineers' Method.

Weigh out 500 grams of cement, place it upon the

mixing table, form a crater at the center of the pile,

pour into the crater a known quantity of water,

turn the dry material from the edge of the pile into

the crater with a trowel, and allow the material to

stand until the water has been absorbed. Complete

the mixing by vigorously kneading the paste with

the hands for one and one-half minutes, the process

being similar to that used in kneading dough.

(The sand-glass is used to indicate the time of

kneading.) Form the paste quickly into a ball

with the hands, completing the operation by tossing

it six times from one hand to the other, with the

hands about six inches apart. Then press the ball

into the ring through the larger opening. Place

the ring upon the glass with the small end up, and

smooth the surface of the paste to a level with the

top of the ring. Bring the plunger of the Vicat

machine to the surface of the paste, noting the read-

ing on the scale, and release the plunger quickly.

When the plunger finally comes to rest, note the

reading on the scale. The paste is of the proper

consistency if the piston comes to rest 10 milli-

meters below the top of the ring. Repeat the trials
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in a similar manner, using a fresh mixture each

time, until a paste is obtained which has the proper

consistency.

71. Report. In reporting this problem follow

the instructions for Problem 4, and in addition to

the results for Problem 5 state the final results for

Problem 4, for comparison. Also plot the results

for Problem 5 upon coordinate paper, using per-

centage of water as abscissas and depth of pene-

'^rr.tion as ordinates. Draw a curve for the plotted

valr.es for each brr.nd of cement.
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PROBLEM 6.

Soundness— Cold-Pat Test

72. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, sand-glass, coarse balance with

set of weights, and 8 pieces of glass each about 3

inches by 3 inches.

73. Materials Required. 500 grams of each

assigned cement, and water for mixing. •

74. Method of Operation. Mix 500 grams of

one of the assigned cements into a plastic paste,

using the per cent of water obtained in Problem 5

by the method recommended by the American

Society of Civil Engineers. Make four circular

pats, each having a diameter of about 3 inches and

a thickness at the center of about one-half inch.

The edges of the pat should be made as thin as

possible. Stamp each pat with the number of the

cement and with the number of your locker.

Place the pats in the moist chamber, from which

they will be removed at the end of twenty-four

hours, and will be placed in pans having the same

number as the locker. Fill one of these pans with

water so that when removed from the moist

chamber two of the four pats will be placed in air

and two in water.

75. Make four similar pats, using the other

assigned brand of cement, and place them in the

moist chamber beside the first four.
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76. Examine the pats each week for four suc-

cessive weeks, at the end of which time the problem

is to be reported.

77. Report. In the report of this problem state

the condition in which each pat was found at each

examination. State whether the pats loosened

from the glass, whether the pats in water appeared

green, whether the pats in air developed brown
spots, whether the glass was cracked by the pats

in water, whether radial cracks developed near the

edges of the pats, and whether the cement disin-

tegrated. Also note any other pecuHar conditions.

Consult your text-books to find the causes which are

likely to produce the results mentioned, and state

your opinion of the soundness of the cements

tested.
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PROBLEM 7.

Soundness — Accelerated Test.

78. Apparatus Required. Closed vessel ar-

ranged to boil water, provided with one rack sup-

ported in the water upon which to place specimens

for the boihng test, and one rack above the water

level on which to place specimens to be subjected

to steam bath; also the apparatus required for

Problem 6.

79. Materials Required. 500 grams of each

assigned cement, and water for mixing.

80. Method of Operation. Make and mark
four pats of each assigned cement, following the

instructions for Problem 6. Place all of the

pats in the moist chamber, and allow them to

remain there until the boiling and steam tests are

made, which should be at the end of twenty-four

hours, but which may have to be deferred until

the next laboratory period. (The time at which the

problem is to be completed is indicated upon the

assignment sheet.) To complete the test, place

enough water in the boiler to bring the surface

midway between the two racks. Place two pats

of each cement in the water, and two pats of each

cement on the rack above the water. Place the

cover upon the boiler, and apply heat so as to raise

the temperature of the water to the boiling-point in

about thirty minutes. Continue the boiling until
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the end of the laboratory period, provided the

period of boiling does not exceed three hours. Do
not remove the specimens from the boiler within

an hour after the apphcation of heat is discontinued.

When the pats are removed, examine them care-

fully for indications of unsoundness.

8i. Report. In reporting this problem follow

the instructions given for Problem 6; and if Prob-

lem 6 has been completed, compare the results of

the two problems.
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PROBLEM a '

Time of Setting.

82. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, Vicat apparatus with needle,

two vulcanite rings, set of Gillmore wires, ther-

mometer, sand-glass, 6 plates of glass about 3 inches

by 3 inches, moist chamber, and pan of water.

83. Materials Required. 600 grams of each

assigned cement, and water for mixing.

84. Method of Operation. Weigh out 600 grams
of cement, and mix into a plastic paste, using the

per cent of water obtained in Problem 5 by the

method recommended by the American Society of

Civil Engineers. Use water having a temperature

about that of the air, and record its temperature.

Fill one of the rings in the same manner as in

determining the per cent of water. Form the

remainder of the paste into three pats. Place one
of the pats in the moist chamber, one in water, and
allow one to harden in air. Note the temperature

of the air.

85. In the same manner as above described,

make a plasdc paste of the other assigned cement,

fill the second vulcanite ring, and make three

pats. Allow these specimens to harden under the

same conditions as the first set.

86. Examine each specimen at intervals of, say,

ten minutes to see when setting begins and when it is
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completed. Mix the cement promptly at the begin-
ning of the laboratory period to allow as much time
as possible for setting during the period.

87. The Gillmore wires are used with the pats.

When the light wire is just supported upon the
surface the initial set is said to have occurred, and
when the heavy wire is supported the final set is

said to have occurred. Note the mark made by
the thumb nail at the time of the initial set and of
the final set.

88. The Vicat apparatus is used with the rings.

To test one of the specimens, bring the needle to

the surface of the paste and release it suddenly.
The initial set is said to have occurred when the
needle ceases to pass a point five millimeters above
the bottom of the ring. The final set is said to

have occurred when the needle ceases to penetrate
the surface. (Note that the Vicat apparatus is

used only with the rings, and that the Gillmore
wires are used only with the pats. The two methods
of determining the points at which the initial and
final sets occur are arbitrary, and hence the results

of the two methods need not agree.) In using the
Vicat apparatus keep the needle clean and see that
the slide works freely.

89. Report. In reporting this problem compare
the results by the two methods, state conditions
affecting the rate of setting in each case, and state

what errors are likely to occur.
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PROBLEM 9.

Tensile Strength of Neat Cement— Variation with

Age.

90. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, No. 20 sieve, sand-glass,

thermometer, individual or gang molds for twenty

briquettes, and coarse balance with set of weights.

91. Materials Required. 1500 grams of each

assigned cement, and water for mixing.

92. Method of Operation. If the molds are not

already cleaned and oiled, clean them by scraping

off as much mortar as possible with a trowel and
by removing the remainder with a wire brush.

Then oil the molds with an oily rag, and also oil

the top of the mixing table where the molds are to

be placed. Be careful to oil the entire surface of

the molds, particularly where they come in contact

with the briquettes, but be careful not to use an

excess of oil, since it may be injurious to the

strength of the cement.

93. Screen the cement to remove the lumps, and
then weigh out 1500 grams. Mix the cement into a

paste, using the per cent of water which was deter-

mined in Problem 5 to produce the consistency

recommended by the American Society of Civil

Engineers. Record the per cent of water, the tem-

perature of the water, and the temperature of the air.

(The temperature of the water and of the air should
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be about 70° F. or 21° C.) Mold ten briquettes of

the paste, using the method recommended by the

American Society of Civil Engineers, which is given

in Appendix I, Note the interval elapsing from the

time of adding water until the last briquette is

molded. In hke manner mix the other cement and
mold ten more briquettes. Mark each briquette

with the number of the cement and with your own
number. Do not stamp the briquette near the

breaking section.

94. Cover all of the briquettes with a damp
cloth, and then turn a large pan upside down over

them to keep them from drying out. (If a moist

chamber is provided for the purpose, place the

molds in the moist chamber instead of covering

as directed above.) At the end of twenty-four

hours the briquettes will be removed from the

molds and placed in water in the storage tanks.

95. By means of a testing machine determine

the tensile strength of five briquettes of each cement

at the age of seven days, and of the remaining

briquettes at twenty-eight days. If a shot machine

is used, time the rate of flow for half a minute. If

necessary adjust the rate of flow so that the force

will be apphed at the rate of 600 pounds per minute.

Be careful to center each briquette properly in the

grips, and see that the bearing surfaces of the grips

are free from dirt and sand.

96. Report. In the report for this problem

tabulate the results, giving the per cent of water for
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each mixture, the time required for molding each
set, the temperature of the water and the air, the
brand of cement used, the age of each briquette

when broken, the rate of appKcation of the break-
ing load, the tensile strength of each briquette,

the mean for each age, and the probable error for

each mean as determined by the formula Em =

0-6745 V

—

7 T ' which Em is the probable
^ n {n — 1)

^

error, d is the difference between any result and
the mean for the set to which it belongs, and n is

the number of briquettes whose results are used
in computing the mean. (Note that Em is in the
same units as the results, and is not per cent of

error.

)

97- Plot the results of the mean for each age
upon coordinate paper, and connect the points by a
broken line. Use the ages at which the briquettes

were broken as abscissas, and the breaking
strengths as ordinates. Also compare the results

with the specifications in Appendix II.
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PROBLEM 10.

Tensile Strength 0/1:3 Mortar — Variation

with Age.

98. Apparatus Required. All of the apparatus

required for Problem 9.

99. Materials Required. 400 grams of each

assigned cement, 2400 grams of sand, and water for

mixing,

100. Method of Operation. Prepare the molds

as directed in Problem 9. Screen the cement

through the No. 20 sieve, and weigh out 400 grams.

Also weigh out 1200 grams of sand. Mix the

cement and sand together dry, form a crater at

the center of the pile, and pour into the crater

the amount of water indicated by the table in

Appendix I. Then mix into a mortar in the

manner directed in Appendix I. From this mortar

make and mark ten briquettes, following the direc-

tions for Problem 9. In hke manner make and

mark ten briquettes, using the other assigned

cement. Store and test the specimens as directed

in Problem 9.

1 01. Report. In the report for this problem

follow the instructions given in Problem 9.
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PROBLEM 11.

Variation in Tensile Strength of Neat Cement with

Amount of Water.

102. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, individual or gang molds for

sixteen briquettes, No. 20 sieve, sand-glass, ther-

mometer, and coarse balance with set of weights.

103. Materials Required. 2400 grams of the

assigned cement, and water for mixing.

104. Method of Operation. Prepare all of the

molds as directed in Problem 9. Screen all of

the cement through the No. 20 sieve and weigh out

600 grams. Mix the cement into a plastic paste,

using the per cent of water which was determined

in Problem 5 to be required for the consistency

recommended by the American Society of Civil

Engineers. Record the per cent of water, and the

temperature of the water and of the air. (The
temperature should be about 70° F. or 21° C.)

Mold four briquettes of the paste, using the method
given in Appendix I. Record the interval elapsing

from the time of adding water until the last briquette

is molded. Mark each briquette with your own
number, and with the letter P to indicate that they

were made with plastic paste,

105. Next weigh out 600 grams of the screened

cement and mix it with water, using three per cent

less water than was required for the plastic paste.
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Mold four briquettes from this paste, using the

same method as was used for the first set. Mark
the briquettes with your number, and with the

letter D to indicate that they were made with a

dry paste.

106. In Hke manner make four briquettes, using

six per cent less water than was used for the plastic

paste. Mark these briquettes with your number,

and with the letters VD to indicate that they were

made with very dry paste.

107. In like manner make four briquettes, using

three per cent more water than was used for the

plastic paste. Mark these briquettes with your

number, and with the letter W to indicate that they

were made with a wet paste.

108. Store the briquettes as described in para-

graph 94, page 68.

109. When the briquettes are seven days old, or

at the next laboratory period, remove them from

the storage tank, and determine the tensile strength

of each briquette by means of a testing machine.

Observe the precautions given in paragraph 95,

page 68.

110. Report. In the report for this problem

tabulate the results, giving the per cent of water for

each mixture, the time required for molding each

set of briquettes, the temperature of the water and

of the air, the brand of cement, the age at which

the briquettes were broken, the rate of appHcation

of the breaking load, the tensile strength of each
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briquette, the mean tensile strength for each set of

briquettes, and the probable error* of the mean
of each set.

111. Plot the results of the mean for each set of

observations upon coordinate paper, and connect

the points by a series of broken lines. Use per-

centages of water for abscissas, and breaking

strengths for ordinates.

112. In conclusion state what is shown by your

results concerning the effect of the amount of water

upon the tensile strength.

* For formula for probable error, see paragraph 96, p. 70.
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PROBLEM 12.

Tensile Strength 0/1:3 Mortar— Effect of Different
Methods of Molding.

113. Apparatus Required. Trowel, pan, beaker,
graduated cylinder, individual molds for twelve
briquettes. No. 20 sieve, sand-glass, thermometer,
coarse balance with set of weights, Olsen briquette
molding machine, and Bohme hammer.

114. Materials Required. 500 grams of the
assigned cement, 1500 grams of sand (be careful
to use the sand which is assigned), and water for
mixing.

115. Method of Operation. If the molds are
not ready for use, clean and oil them as described in
Problem 9. Also oil the table under the molds.
Screen the cement through the No. 20 sieve to
remove the lumps. Weigh out 500 grams of cement
and 1500 grams of sand, and mix them together dry.
Form a crater at the center of the pile, into which
pour the amount of water required for the proper
percentage as shown in the table on page 100.
Complete the mixing by the method of the Ameri-
can Society of Civil Engineers as explained in
Problem 5. Mold four briquettes by hand, four
with the Olsen press, and four with the B6hm6
hammer. For each machine-made briquette
weigh out 175 grams of mortar. Mold the bri-

quette promptly after mixing, and keep the mortar
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covered with a damp cloth while molding the

briquettes.

1 1 6. Record the per cent of water used, the

temperature of the water and of the air, and the

interval from the time of adding the water until

beginning to mold the first briquette, and until the

completion of molding the last briquette.

117. Mark the briquettes, using your own num-
ber and the letters H, O, and B for hand-made
briquettes, Olsen-press briquettes, and Bohme-ham-
mer briquettes, respectively. Store the briquettes

as directed in Problem 9, and break them at the

age of seven days or at the next laboratory period.

118. Report. In the report for this problem
tabulate the results, giving all of the observed data

and results. State the tensile strength of each

briquette, the mean for each set and the probable

error* for each mean. Compare the strength of

these briquettes with the strength of the neat

cement briquettes made from the same brand of

cement in Problem 9. Also compare the results

of this problem with the specifications given in

Appendix II.

* For formula for probable error, see paragraph 96, p. 70.
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PROBLEM 13.

Comparison of Different Methods of Hand
Molding.

119. Apparatus Required. Trowel, pan, beaker,

graduated cylinder, individual or gang molds for

sixteen briquettes, No. 20 sieve, sand-glass, ther-

mometer, and coarse balance with set of weights.

120. Materials Required. 3000 grams of the

assigned cement, and water for mixing.

121. Method of Operation. If the molds are

not ready for use, clean and oil them as directed

in Problem 9. Weigh out 1500 grams of screened

cement and mix into a paste, using three per cent

less water than was required for the plastic paste

in Problem 5 by the method of the American Society

of Civil Engineers. Make five briquettes in each

of the following ways: i. by entirely filling the

molds, pressing the mortar into place with the

thumbs, and troweling the surface; 2. by partially

filling the mold and pressing the paste into place

after the addition of each increment; 3. by partially

filling the mold and ramming each increment with

an oak rammer having a cross-section of about

three-fourths inch by three-fourths inch, and having

a length of twelve inches; 4. by using a half-inch

round iron or brass rammer, about twelve inches

long. (In using a rammer, the compression should

be produced by the blow of rod, and not by pushing
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the rammer into the paste.) Be careful to avoid

injuring the edges of the molds.

122. Mark each briquette with your number,

and in addition mark the first five with i, the second

five with 2, etc. Store the briquettes as directed in

Problem g, and break at the age of seven days or

at the next laboratory period.

123. Record the per cent of water used, the

temperature of the water and of the air, the time

from adding the water until beginning to mold

the first briquette, and until the completion of

molding the last briquette for each mixture.

124. Report. In the report for this problem

tabulate the results, giving all of the observed

data. State the tensile strength of each briquette,

the mean for each set, and the probable error * for

each mean.

* For formula for probable error, see paragraph 96, p. 70.
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PROBLEM 14.

Compressive Strength of Cement and Cement

Mortar.

125. Apparatus Required. Trowel, pan, beaker,

graduated cylinder. No. 20 sieve, sand-glass, ther-

mometer, six molds for one-inch cubes, six molds
for two-inch cubes, and coarse balance with set of

weights.

126. Materials Required. 1000 grams of the

assigned cement, 1200 grams of sand, and water for

mixing.

127. Method of Operation. If the molds arc

not ready for use, clean and oil them as directed in

Problem 9. Weigh out 600 grams of cement and
mix into a paste, using the per cent of water

determined in Problem 5 by the method of the

American Society of Civil Engineers. Fill the

one-inch molds with the paste.

128. Weigh out 400 grams of cement and
1200 grams of sand, and mix into a mortar as

directed in Appendix I. Fill the two-inch molds,

pressing the mortar into the molds with the

thumbs.

129. Mark all of the specimens with your

number, and store them as directed in Problem 9.

Break three of the small cubes and three of the large

cubes at the end of one week, and the others at

the end of four weeks.
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130. Report. In the report of this problem tab-

ulate the data and the results, giving the strength

of each specimen, the mean of each set for each age,

and the probable error * of each mean. Compare
the compressive strength with the tensile strength

obtained in previous problems,

* For formula for probable error, see paragraph 96, p. 70.
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APPENDIX I.

PROGRESS REPORT OF COMMITTEE ON UNIFORM
TESTS OF CEMENT OF THE AMERICAN SOCIETY

OF CIVIL ENGINEERS *

PRESENTED AT THE ANNUAL MEETING,
JANUARY 21, 1903, AMENDED AT THE
ANNUAL MEETING, JANUARY 20, 1904, AND
AT THE ANNUAL MEETING, JANUARY
15, 1908.

Sampling.

1. Selection of Sample. The selection of the sample

for testing is a detail that must be left to the discretion of

the engineer; the number and the quantity to be taken from

each package will depend largely on the importance of the

work, the number of tests to be made, and the facilities for

making them.

2. The sample shall be a fair average of the contents of

the package; it is recommended that, where conditions per-

mit, one barrel in every ten be sampled.

3. Samples should be passed through a sieve having

twenty meshes per linear inch, in order to break up lumps

and remove foreign material; this is also a very effective

method for mixing them together in order to obtain an

average. For determining the characteristics of a shipment

of cement, the individual samples may be mixed and the

average tested; where time will permit, however, it is recom-

mended that they be tested separately.

* Authorized Reprint of the copyrighted proceedings of the

American Society of Civil Engineers.

93
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4. Method or Sampling. Cement in barrels should

be sampled through a hole made in the center of one of the

staves, midway between the heads, or in the head, by means
of an auger or a sampling iron similar to that used by sugar

inspectors. If in bags, it should be taken from surface to

center.

Chemical Analysis.

5. Significance. Chemical analysis may render valuable

service in the detection of adulteration of cement with consider-

able amounts of inert material, such as slag or ground lime-

stone. It is of use, also, in determining whether certain

constituents, believed to be hamful when in excess of a cer-

tain percentage, as magnesia and sulphuric anhydride, are

present in inadmissible proportions.

6. The determination of the principal constituents of

cement — silica, alumina, iron oxide, and lime — is not

conclusive as an indication of quality. Faulty character of

cement results more frequently from imperfect preparation

of the raw material or defective burning than from incorrect

proportions of the constituents. Cement made from very

finely ground material, and thoroughly burned, may contain

much more lime than the amount usually present and still

be perfectly sound. On the other hand, cements low in lime

may, on account of careless preparation of the raw material,

be of dangerous character. Further, the ash of the fuel

used in burning may so greatly modify the composition of

the product as largely to destroy the significance of the results

of analysis.

7. Method. As a method to be followed for the analysis

of cement, that proposed by the Committee on Uniformity in

the Analysis of Materials for the Portland Cement Industry,

of the New York Section of the Society for Chemical Industry,

and published in Engineering News, Vol. 50, page 60,

1903, and the Engineering Record, Vol. 48, page 49, 1903,

is recommended.
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Specific Gravity.

8. Significance. The specific gravity of cement is

lowered by underburning, adulteration, and hydration, but

the adulteration must be in considerable quantity to affect

the results appreciably.

9. Inasmuch as the differences in specific gravity are

usually very small, great care must be exercised in making

the determination.

10. Apparatus and Method. The determination of

specific gravity is most conveniently made with LeChatelier's

B

Fig. 23. — LeChatelier's Specific Gravity Apparatus

apparatus. This consists of a flask (D), Fig. 23, of 120 cu.cm.

(7.32 cu. ins.) capacity, the neck of which is about 20 cm.

(7.87 ins.) long; in the middle of this neck is a bulb (C),
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above and below which are two marks (F) and (£); the

volume between these marks is 20 cu. cm. (1.22 cu. ins.).

The neck has a diameter of about 9 mm. (0.35 in.), and
is graduated into tenths of cubic centimeters above the
mark (F).

11. Benzine (62 degrees Biiume naphtha), or kerosene
free from water, should be used in making the determination.

12. The specific gravity can be determined in two ways:
(i) The flask is filled with either of these liquids to the

lower mark (£), and 64 gr. (2.25 oz.) of powder, cooled to the
temperature of the liquid, is gradually introduced through
the funnel (B) [the stem of which extends into the flask to

the top of the bulb (C)], until the upper mark (F) is reached.
The difference in weight between the cement remaining and
the original quantity (64 gr.) is the weight which has displaced
20 cu. cm.

13. (2) The whole quantity of the powder is introduced,
and the level of the liquid rises to some division of the
graduated neck. This reading plus 20 cu. cm. is the volume
displaced by 64 gr. of the powder.

14. The specific gravity is then obtained from the formula:

Specific Gravity = - Weight of Cement, in grams

Displaced Volume, in cubic centimeters

15. The flask, during the operation, is kept immersed in

water in a jar (A), in order to avoid variations in the tem-
perature of the liquid. The results should agree within o.oi.

The determination of specific gravity should be made on the
cement as received; and should it fall below 3.10, a second
determination should be made on the sample ignited at a
low red heat.

16. A convenient method for cleaning the apparatus is as
follows: The flask is inverted over a large vessel, preferably
a glass jar, and shaken vertically until the liquid starts to

flow freely; it is then held still in a vertical position until
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empty; the remaining traces of cement can be removed in a

similar manner by pouring into the flask a small quantity

of clean liquid and repeating the operation.

17. More accurate determinations may be made with

the picnometer.

Fineness.

18. Significance. It is generally accepted that the

coarser particles in cement are practically inert, and it is

only the extremely fine powder that possesses adhesive or

cementing qualities. The more finely cement is pulverized,

all other conditions being the same, the more sand it will

carry and produce a mortar of a given strength.

19. The degree of final pulverization which the cement

receives at the place of manufacture is ascertained by measur-

ing the residue retained on certain sieves. Those known as

the No. 100 and No. 200 sieves are recommended for this

purpose.

20. Apparatus. The sieves should be circular, about

20 cm. (7.87 ins.) in diameter, 6 cm. (2.36 ins.) high, and

provided with a pan 5 cm. (1.97 ins.) deep, and a cover.

21. The wire cloth should be of brass wire having the

following diameters:

No. 100, 0.0045 > 200, 0.0024 in.

22. This cloth should be mounted on the frames without

distortion; the mesh should be regular in spacing and be

within the following limits:

No. 100, 96 to 100 meshes to the linear inch.

No. 200, 188 to 200 meshes to the linear inch.

23. Fifty grams (1.76 oz.) or 100 gr. (3.52 oz.) should be

used for the test, and dried at a temperature of 100° Cent.

(212° Fahr.) prior to sieving.

24. Method. The Committee, after careful investiga-

tion, has reached the conclusion that mechanical sieving is
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not as practicable or efficient as handwork, and, therefore,

recommends the following method:

25. The thoroughly dried and coarsely screened sample

is weighed and placed on the No. 200 sieve, which, with

pan and cover attached, is held in one hand in a slightly

inclined position, and moved forward and backward, at the

same time striking the side gently with the palm of the other

hand, at the rate of about 200 strokes per minute. The

operation is continued until not more than one-tenth of i per

cent passes through after one minute of continuous sieving.

The residue is weighed, then placed on the No. 100 sieve

and the operation repeated. The work may be expedited

by placing in the sieve a small quantity of large steel shot.

The results should be reported to the nearest tenth of i per

cent.

Normal Consistency.

26. Significance. The use of a proper percentage of

water in making the pastes * from which pats, tests of setting

and briquettes are made, is exceedingly important, and

affects vitally the results obtained.

27. The determination consists in measuring the amount

of water required to reduce the cement to a given state

of plasticity, or to what is usually designated the normal

consistency.

28. Various methods have been proposed for making

this determination, none of which has been found entirely

satisfactory. The Committee recommends the following:

29. Method. Vicat Needle Apparatus. This con-

sists of a frame (K), Fig. 24, bearing a movable rod (L),

with the cap (A) at one end, and at the other the cylinder

(B), I cm. (0.39 in.) in diameter, the cap, rod, and cylinder

weighing 300 gr. (10.58 oz.). The rod, which can be held

* The term " paste " is used in this report to designate a mix-

ture of cement and water, and the word "mortar" a mixture of

cement, sand and water.
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in any desired position by a screw (F), carries an indicator,

which moves over a scale (graduated to centimeters) attached

to the frame (K). The paste is held by a conical, hard-

Fig. 24. — Vicat Needle

rubber ring (/), 7 cm. (2.76 ins.) in diameter at the base,

4 cm. (1.57 ins.) high, resting on a glass plate (/), about

ID cm. (3.94 ins.) square.

30. In making the determination, the same quantity

of cement as will be subsequently used for each batch in

making the briquettes (but not less than 500 grams) is

kneaded into a paste, as described in paragraph 59, and

quickly formed into a ball with the hands, completing the

operation by tossing it six times from one hand to the other,

maintained 6 ins. apart; the ball is then pressed into the

rubber ring, through the larger opening, smoothed off,

and placed (on its large end) on a glass plate and the smaller
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end smoothed off with a trowel; the paste, confined in the

ring, resting on the plate, is placed under the rod bearing

the cylinder, which is brought in contact with the surface and

quickly released.

31. The paste is of normal consistency when the cylinder

penetrates to a point in the mass 10 mm. (0.39 in.) below the

top of the ring. Great care must be taken to fill the ring

exactly to the top.

32. The trial pastes are made with varying percentages

of water until the correct consistency is obtajned.

Note. The Committee on Standard Specifications for Cement

inserts the following table for temporary use to be replaced by

one to be devised by the Committee of the American Society of

Civil Engineers.

PERCENTAGE OF WATER FOR STANDARD SAND
MORTARS.

Neat.

One Cement
Three Stand-

ard Ottawa
Sand.

Neat.

One Cement
Three Stand-

ard Ottawa
Sand.

Neat.

One Cement
Three Stand-

ard Ottawa
Sand.

8.0 23 9 -3 31 ID .7

16 8.2 24 9-5 32 10 .8

17 8.3 25 9-7 33 II .0

18 8.5 26 9.8 34 II .2

19 8.7 27 ID .0 35 II -5

20 8.8 28 10 .2 36 II -5

21 9.0 29 10 .3 37 II .7

22 9.2 30 10 -5 38 II .8

I to I I to 2 I to 3 I to 4 I to s

Cement . . . 500 333 250 200 167

500 666 750 800 833

www.libtool.com.cn



APPENDIX I lOI

33. The Committee has recommended, as normal, a

paste, the consistency of which is rather wet, because it believes

that variations in the amount of compression to which the

briquette is subjected in molding are likely to be less with

such a paste.

34. Having determined in this manner the proper percen-

tage of water raquiredVo produce a paste of normal consistency,

the proper percentage required for the mortars is obtained

from an empirical formula.

35. The Committee hopes to devise such a formula.

The subject proves to be a very difficult one, and, although

the Committee has given it much study, it is not yet prepared

to make a definite recommendation.

Time of Setting.

36. Significance. The object of this test is to deter-

mine the time which elapsed from the moment water is added

until the paste ceases to be fluid and plastic (called the " initial

set "), and also the time required for it to acquire a certain

degree of hardness (called the " final " or " hard set ")• The

former of these is the more important, since, with the commence-

ment of setting, the process of crystallization or hardening

is said to begin. As a disturbance of this process may pro-

duce a loss of strength, it is desirable to complete the operation

of mixing and molding or incorporating the mortar into the

work before the cement begins to set.

37. It is usual to measure arbitrarily the beginning and

end of the setting by the penetration of weighted wires of

given diameters.

38. Method. For this purpose the Vicat Needle,

which has already been described in paragraph 29, should be

used.

39. In making the test, a paste of normal consistency is

molded and placed under the rod (L), Fig. 24, as described

in paragraph 30; this rod, bearing the cap (D) at one end
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and the needle {H), i mm. (0.039 in.) in diameter, at the

other, weighing 300 gr. (10.58 oz.). The needle is then

carefully brought in contact with the surface of the paste and

quickly released.

40. The setting is said to have commenced when the

needle ceases to pass a point 5 mm. (0.20 in.) above the upper

surface of the glass plate, and is said to have termihated the

moment the needle does not sink visibly into the mass.

41. The test pieces should be stored in moist air during

the test; this is accompHshed by placing them on a rack over

water contained in a pan and covered with a damp cloth,

the cloth to be kept away from them by means of a wire

screen; or they may be stored in a moist box or closet.

42. 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 reduces the area and

tends to increase the penetration.

43. The determination of the time of setting is only

approximate, being materially affected by the temperature

of the mixing water, the temperature and humidity of the air

during the test, the percentage of water used, and the amount

of molding the paste receives.

Standard Sand.

44. The Committee recognizes the grave objections to

the standard quartz now generally used, especially on account

of its high percentage of voids, the difficulty of compacting in

the molds, and its lack of uniformity; it has spent much time

in investigating the various natural sands which appeared

to be available and suitable for use.

45. For the present, the Committee recommends the

natural sand from Ottawa, 111., screened to pass a sieve

having 20 meshes per linear inch and retained on a sieve

having 30 meshes per linear inch ; the wires to have diameters

of 0.0165 and 0.0112 in., respectively, i.e., half the width of
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the opening in each case. Sand having passed the No. 20

sieve shall be considered standard when not more than one

per cent passes a No. 30 sieve after one minute continuous

sifting of a 500-gram sample.*

Form or Briquette.

46. While the form of the briquette recommended by a

former Committee of the Society is not wholly satisfactory,

this Committee is not prepared to suggest any change, other

than rounding off the corners by curves of J-in. radius, Fig. 25.

Molds.

47. The molds should be made of brass, bronze, or some

equally non-corrodible material, having sufficient metal in the

sides to prevent spreading during molding.

48. Gang molds, which permit molding a number of

briquettes at one time, are preferred by many to single

molds, since the greater quantity of mortar that can be

mixed tends to produce greater uniformity in the results.

The type shown in Fig. 26 is recommended.

49. The molds should be wiped with an oily cloth

before using.

Mixing.

50. All proportions should be stated by weight; the

quantity of water to be used should be stated as a per-

centage of the dry material.

51. The metric system is recommended because of the

convenient relation of the gram and the cubic centimeter.

52. The temperature of the room and the mixing water

should be as near 21 degrees Cent. (70 degrees Fahr.) as it

is practicable to maintain it.

* The Sandusky Portland Cement Company, of Sandusky,

Ohio, has agreed to undertake the preparation of this sand, and

to furnish it at a price only sufficient to cover the actual cost of

preparation.
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Fig. 25. — Details for Briquette

Fig. 26. — Details for Gang Mold
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53. The sand and cement should be thoroughly mixed

dry. The mixing should be done on some non-absorbing

surface, preferably plate glass. If the mixing must be done

on an absorbing surface, it should be thoroughly dampened

prior to use.

54. The quantity of material to be mixed at one time

depends on the number of test pieces to be made; about

1000 gr. (35.28 oz.) makes a convenient quantity to mix,

especially by hand methods.

55. The Committee, after investigation of the various

mechanical mixing machines, has decided not to recommend

any machine that has thus far been devised, for the following

reasons:

(i) The tendency of most cement is to " ball up " in the

machine, thereby preventing the working of it into a homo-

geneous paste; (2) there are no means of ascertaining when

the mixing is complete without stopping the machine; and

(3) the difficulty of keeping the machine clean.

56. Method. The material is weighed and placed on

the mixing table, and a crater formed in the center, into

which the proper percentage of clean water is poured; the

material on the outer edge is turned into the crater by the

aid of a trowel. As soon as the water has been absorbed,

which should not require more than one minute, the opera-

tion is completed by vigorously kneading with the hands for

an additional minutes, the process being similar to that

used in kneading dough. A sand-glass affords a convenient

guide for the time of kneading. During the operation of

mixing, the hands should be protected by gloves, preferably of

rubber.

Molding.

57. Having worked the paste or mortar to the proper

consistency, it is at once placed in the molds by hand.

58. The Committee has been unable to secure satisfactory

results with the present molding machines; the operation of
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machine molding is very slow, and the present types permit
of molding but one briquette at a time, and are not practicable

with the pastes or mortars herein recommended.

59. Method. The molds should be filled immediately
after the mixing is completed, the material pressed in firmly

with the fingers and smoothed off with a trowel without
mechanical ramming. The mold should be turned over
and the operation repeated.

60. A check upon the uniformity of the mixing and
molding is afforded by weighing the briquettes just prior

to immersion, or upon removal from the moist closet.

Briquettes which vary in weight more than 3 per cent from
the average should not be tested.

Storage of the Test Pieces.

61. During the first 24 hours after molding, the test pieces

should be kept in moist air to prevent them from drying out.

62. A moist closet or chamber is so easily devised
that the use of the damp cloth should be abandoned if

possible. Covering the test pieces with a damp cloth is

objectionable, as commonly used, because the cloth may
dry out unequally, and, in consequence, the test pieces are

not all maintained under the same condition. Where a
moist closet is not available, a cloth may be used and kept
uniformly wet by immersing the ends in water. It should
be kept from direct contact with the test pieces by means of

a wire screen or some similar arrangement.

63. A moist closet consists of a soapstone or slate box,

or a metal-fined wooden box— the metal lining being

covered with felt and this felt kept wet. The bottom of the

box is so constructed as to hold water, and the sides are

provided with cleats for holding glass shelves on which to

place the briquettes. Care should be taken to keep the

air in the closet uniformly moist.

64. After 24 hours in moist air the test pieces for longer
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periods of time should be immersed in water maintained as

near 21° Cent. (70° Fahr.) as practicable; they may be

stored in tanks or pans, which should be of non-corrodible

material.

Fig. 27. — Form of Clip

Tensile Strength.

65 The tests may be made on any standard machine.

A solid metal clip, as shown in Fig. 27, is recommended.
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This clip is to be used without cushioning at the points of
contact with the test specimen. The bearing at each point
of contact should be i in. wide, and the distance between
the center of contact on the same clip should be ins.

66. Test pieces should be broken as soon as they are
removed from the water. Care should be observed in cen-
tering the briquettes in the testing machine, as cross -strains,

produced by improper centering, tend to lower the breaking
strength. The load should not be applied too suddenly, as
it may produce vibration, the shock from which often breaks
the briquette before the ultimate strength is reached. Care
must be taken that the dips and the sides of the briquette

be clean and free from grains of sand or dirt, which would
prevent a good bearing. The load should be applied at the
rate of 600 lbs. per minute. The average of the briquettes

of each sample tested should be taken as the test, excluding
any results which are manifestly faulty.

Constancy of Volume.

67. Significance. The object is to develop those qual-
ities which tend to destroy the strength and durability of a
cement. As it is highly essential to determine such qualities

at once, tests of this character are for the most part made in

a very short time, and are known, therefore, as accelerated

tests. Failure is revealed by cracking, checking, swelling, or
disintegration, or all of these phenomena. A cement which
remains perfectly sound is said to be of constant volume.

68. Methods. Tests for constancy of volume are divided
into two classes: (i) normal tests, or those made in either

air or water maintained at about 21° Cent. (70° Fahr.), and
(2) accelerated tests, or those made in air, steam, or water
at a temperature of 45° Cent. (115° Fahr.) and upward.
The test pieces should be allowed to remain 24 hours in

moist air before immersion in water or steam, or preserva-

tion in air.
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69. For these tests, pats, about yi cm. (2.95 ins.) in

diameter, cm. (0.49 in.) thick at the center, and tapering

to a thin edge, should be made, upon a clean glass plate [about

10 cm. (3.94 ins.) square], from cement paste of normal
consistency.

70. Normal Test. A pat is immersed in water main-
tained as near 21° Cent. (70° Fahr.) as possible for 28 days,

and observed at intervals. A similar pat, after 24 hours in

moist air, is maintained in air at ordinary temperature and
observed at intervals.

71. Accelerated Test. A pat is exposed in any con-
venient way in an atmosphere of steam, above boiling water,

in a loosely closed vessel, for 5 hours. The apparatus
recommended for making these determinations is shown in

Fig. 28.

72. To pass these tests satisfactorily, the pats should

remain firm and hard, and show no signs of cracking, distor-

tion, or disintegration.

73. Should the pat leave the plate, distortion may be
detected best with a straight-edge applied to the surface which
was in contact with the plate.

74. In the present state of our knowledge it cannot be
said that cement should necessarily be condemned simply

for failure to pass the accelerated tests; nor can a cement be
considered entirely satisfactory, simply because it has passed

these tests.
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REPORT OF COMMITTEE ON STANDARD SPECI-

FICATIONS FOR CEMENT OF THE AMERICAN

SOCIETY FOR TESTING MATERIALS. ADOPTED

BY THE SOCIETY, NOVEMBER 14, 1904.*

GENERAL OBSERVATIONS.

1. These remarks have been prepared with a view of

pointing out the pertinent features of the various require-

ments and the precautions to be observed in the interpretation

of the results of the tests.

2. The Committee would suggest that the acceptance or

rejection under these specifications be based on tests made

by an experienced person having the proper means for making

the tests.

Specific Gravity.

3. Specific gravity is useful in detecting adulteration or

under-burning. The results of tests of specific gravity are

not necessarily conclusive as an indication of the quality of

a cement, but when in combination with the results of other

tests may afford valuable indications.

Fineness.

4. The sieves should be kept thoroughly dry.

Time of Setting.

5. Great care should be exercised to maintain the test

pieces under as uniform conditions as possible. A sudden

* Authorized reprint from the copyrighted Proceedings of the

American Society for Testing Materials, Volume IV, 1904.
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change or wide range of temperature in the room in which
the tests are made, a very dry or humid atmosphere, and
other irregularities, vitally affect the rate of setting.

Tensile Strength.

6. Each consumer must fix the minimum requirements
for tensile strength to suit his own conditions. They shall,

however, be within the limits stated.

Constancy of Volume.

7. The tests for constancy of volume are divided into two
classes, the first normal, the second accelerated. The latter

should be regarded as a precautionary test only, and not
infallible. So many conditions enter into the making and
interpreting of it that it should be used with extreme care.

8. In making the pats the greatest care should be exercised
to avoid initial strains due to molding or to too rapid drying-
out during the first twenty-four hours. The pats should be
preserved under the most uniform conditions possible, and
rapid changes of temperature should be avoided.

9. The failure to meet the requirements of the accelerated
tests need not be sufficient cause for rejection. The cement
may, however, be held for twenty-eight days, and a retest

made at the end of that period. Failure to meet the require-
ments at this time should be considered sufiicient cause for
rejection, although in the present state of our knowledge
it cannot be said that such failure necessarily indicates
unsoundness, nor can the cement be considered entirely
satisfactory simply because it passes the tests.

GENERAL CONDITIONS.

10. All cement shall be inspected.

11. Cement may be inspected either at the place of manu
facture or on the work.

12. In order to allow ample time for inspecting and
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testing, the cement should be stored in a suitable weather-

tight building having the floor properly blocked or raised

from the ground.

13 The cement shall be stored in such a manner as to

permit easy access for proper inspection and identification

of each shipment.

14 Every facility shall be provided by the contractor, and

a period of at least twelve days allowed for the inspection and

necessary tests.

15 Cement shall be delivered in suitable packages with

the brand and name of manufacturer plainly marked thereon.

16 A bag of cement shall contain 94 pounds of cement

net Each barrel of Portland cement shall contain 4 bags,

and each barrel of natural cement shall contain 3 bags of

the above net weight.

17 Cement failing to meet the seven-day requirements

may be held awaiting the results of the twenty-eight-day

tests before reiection.

18 All tests shall be made in accordance with the methods

proposed by the Committee on Uniform Tests of Cement of

the American Society of Civil Engineers, presented to the

Society January 21, 1903, and amended January 20, 1904,

with all subsequent amendments thereto.

19. The acceptance or rejection shall be based on the

following requirements:

NATURAL CEMENT.

20 Definition. This term shall be applied to the finely

pulverized product resulting from the calcination of an

argillaceous limestone at a temperature only sufficient to

drive off the carbonic acid gas.

Specific Gravity.

21. The specific gravity of the cement thoroughly dried

at 100° C. shall be not less than 2.8.
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Fineness.

22. It shall leave by weight a residue of not more than lo
per cent on the No. loo, and 30 per cent on the No. 200 sieve.

Time of Setting.

23. It shall develop initial set in not less than ten minutes,
and hard set in not less than thirty minutes, nor more than
three hours.

Tensile Strength.

24. The minimum requirements for tensile strength for
briquettes one inch square in cross-section shall be within the
following limits, and shall show no retrogression in strength
within the periods specified: *

Age. Neat Cement. Strength.

24 hours in moist air ^q-ioo lbs.

7 days (i day in moist air, 6 days in water). 100-200 "

28 days (i day in moist air, 27 days in water). 200-300 "

One Part Cement, Three Parts Standard Sand.

7 days (i day in moist air, 6 days in water). 25-75 "

28 days (i day in moist air, 27 days in water). 75-150 "

Constancy of Volume.

25. Pats of neat cement about three inches in diameter,
one-half inch thick at center, tapering to a thin edge, shall be
kept in moist air for a period of twenty-four hours.

(a) A pat is then kept in air at normal temperature.
{b) Another is kept in water maintained as near 70° F. as

practicable.

26. These pats are observed at intervals for at least 28
days, and, to satisfactorily pass the tests, should remain
firm and hard and show no signs of distortion, checking,
cracking, or disintegrating.

* For example, the minimum requirement for the twenty-four-
hour neat cement test should be some specified value within the
limits of 50 and 100 pounds, and so on for each period stated.
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PORTLAND CEMENT.

27. Definition. This term is applied to the finely pulver-

ized product resulting from the calcination to incipient fusion

of an intimate mixture of properly proportioned argillaceous

and calcareous materials, and to which no addition greater

than 3 per cent has been made subsequent to calcination.

Specific Gravity.

28. The specific gravity of the cement, thoroughly dried at

100° C, shall be not less than 3.10.

Fineness.

29. It shall leave by weight a residue of not more than 8

per cent on the No. 100, and not more than 25 per cent

on the No. 200 sieve.

Time of Setting.

30. It shall develop initial set in not less than thirty min-

utes, but must develop hard set in not less than one hour, nor

more than ten hours.

Tensile Strength.

31. The minimum requirements for tensile strength for

briquettes one inch square in section shall be within the

following limits, and shall show no retrogression in strength

within the periods specified: *

Age. Neat Cement. Strength.

24 hours in moist air . ... I 150-200 lbs.

7 days (i day in moist air, 6 days in water). 450-550 "

28 days (i day in moist air, 27 days in water) . 550-650 "

One Part Cement, Three Parts Sand.

7 days (iday in moist air, 6 days in water) . 150-200 "

28 days (i day in moist air, 27 days in water). 200-300 "

* For example, the minimum requirement for the twenty-four-

hour neat cement test should be some specified value within the

limits of 150 and 200 pounds, and so on for each period stated.
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Constancy of Volume.

32. Pats of neat cement about three inches in diameter,

one-half inch thick at the center, and tapering to a thin edge,

shall be kept in moist air for a period of twenty-four hours.

(a) A pat is then kept in air at normal temperature and

observed at intervals for at least 28 days.

(b) Another pat is kept in water maintained as near 70°

F. as practicable, and observed at intervals for at least 28 days.

(c) A third pat is exposed in any convenient way in an

atmosphere of steam, above boiling water, in a loosely closed

vessel for five hours.

33. These pats, to satisfactorily pass the requirements,

shall remain firm and hard and show no signs of distortion,

checking, cracking, or disintegrating.

Sulphuric Acid and Magnesia.

34. The cement shall not contain more than 1.75 per cent

of anhydrous sulphuric acid (SO3), nor more than 4 per cent

of magnesia (MgO).
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METHOD SUGGESTED FOR THE ANALYSIS OF LIME-
STONES, RAW MIXTURES, AND PORTLAND
CEMENTS BY THE COMMITTEE ON UNIFORMITY
IN TECHNICAL ANALYSIS OF THE NEW YORK
SECTION OF THE SOCIETY FOR CHEMICAL
INDUSTRY*

SOLUTION.

One-half gram of the finely powdered substance is to be

weighed out and, if a limestone or unburned mixture,

strongly ignited in a covered platinum crucible over a strong

blast for 15 minutes, or longer if the blast is not powerful

enough to effect complete conversion to a cement in this

time. It is then transferred to an evaporating dish, prefer-

ably of platinum for the sake of celerity in evaporation,

moistened with enough water to prevent lumping, and 5 to

10 c.c. of strong HQ added and digested with the aid of

gentle heat and agitation until solution is complete. Solution

may be aided by light pressure with the flattened end of a

glass rod. I The solution is then evaporated to dryness, as

far as this may be possible on the bath.

* Reprinted from Standard Methods of Testing and Specifica-

tions for Cement, edited by the Secretary, under the direction of

Committee C on Standard Specifications of Cement of the

American Society for Testing Materials.

t If anything remains undecomposed it should be separated,

fused with a little NajCOg, dissolved and added to the original

solution. Of course a small amount of separated non-gelatinous

silica is not to be mistaken for undecomposed matter.

117
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SILICA (SiO,).

The residue without further heating is treated at first with

5 to lo c.c. of strong HCl, which is then diluted to half

strength or less, or upon the residue may be poured at once a

larger volume of acid of half strength. The dish is then

covered and digestion allowed to go on for lo minutes on the

bath, after which the solution is filtered and the separated

silica washed thoroughly with water. The filtrate is again

evaporated to dryness, the residue without further heating

taken up with acid and water, and the small amount of silica

it contains separated on another filter paper. The papers

containing the residue are transferred wet to a weighed

platinum crucible, dried, ignited, first over a Bunsen burner

until the carbon of the filter is completely consumed, and

finally over the blast for 15 minutes and checked by a further

blasting for 10 minutes or to constant weight. The silica, if

great accuracy is desired, is treated in the crucible with

about 10 c.c. of HFl and four drops of H^SO^ and evaporated

over a low flame to complete dryness. The small residue is

finally blasted, for a minute or two, cooled and weighed.

The difference between this weight and the weight previously

obtained gives the amount of silica.*

ALUMINA AND IRON (A\p^ AND Fefi^).

The filtrate, about 250 c.c, from the second evaporation

for SiOj, is made alkahne with NH^OH after adding HCl, if

need be, to insure a total of 10 to 15 c.c. strong acid, and

boiled to expel excess of NH^, or until there is but a faint

odor of it, and the precipitate iron and aluminum hydrates,

after settling, are washed once by decantation and slightly on

the filter. Setting aside the filtrate, the precipitate is dis-

solved in hot dilute HCl, the solution passing into the beaker

in which the precipitation was made. The aluminum and

* For ordinary control in the plant laboratory this correction

may, perhaps, be neglected; the double evaporation never.
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iron are then reprecipitated by NHpH, boiled, and the

second precipitate collected and washed on the same filter

used in the first instance. The filter paper, with the pre-

cipitate, is then placed in a weighed platinum crucible, the

paper burned off and the precipitate ignited and finally

Wasted 5 minutes, with care to prevent reduction, cooled and

weighed as Alfi^ + Fcp.^*

IRON (FePa)-

The combined iron and aluminum oxides are fused in a

platinum crucible at a very low temperature with about 3 to

4 grams of KHSO,, or, better, NaHSO,, the melt taken up

with so much dilute H^SO^ that there shall be no less than

5 grams absolute acid and enough water to effect solution on

heating. The solution is then evaporated and eventually

heated till acid fumes come off copiously. After cooling and

redissolving in water the small amount of silica is filtered out,

weighed and corrected by HFl and H^SO^.f The filtrate is

reduced by zinc, or preferably by hydrogen sulphide, boiling

out the excess of the latter afterwards while passing CO,

through the flask, and titrated with permanganate.^ The

strength of the permanganate solution should not be greater

than .0040 gr. FePg per c.c.

LIME (CaO).

To the combined filtrate from the AI2O3+ Fe^g precipi-

tate a few drops of NHpH are added, and the solution

brought to boiling. To the boiling solution 20 c.c. of a satu-

* This precipitate contains TiO^, P2O5, MngO^.

t This correction of AljOg FejOg for silica should not be made

when the HFl correction of the main silica has been omitted,

unless that silica was obtained by only one evaporation and

filtration. After two evaporations and filtrations i to 2 mg. of

SiO are still to be found with the Alfi^ FcjOg.

I In this way only is the influence of titanium to be avoided

and a correct result obtained for iron.
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rated solution of ammonium oxalate are added, and the
boiling continued until the precipitated CaC^O, assumes a
well-defined granular form. It is then allowed to stand for
20 minutes, or until the precipitate has settled, and then
filtered and washed. The precipitate and filter are placed
wet in a platinum crucible, and the paper burned off over a
small flame of a Bunsen burner. It is then ignited, redis-
solved in HCl, and the solution made up to 100 c.c. with
water. Ammonia is added in slight excess, and the liquid is

boiled. If a small amount of A\p^ separates, this is filtered

out, weighed, and the amount added to that found in the
first determination, when greater accuracy is desired. The
lime is then reprecipitated by ammonium oxalate, allowed to

stand until settled, filtered, and washed,* weighed as oxide
by ignition and blasting in a covered crucible to constant
weight, or determined with dilute standard permanganate.!

MAGNESIA (MgO).

The combined filtrates from the calcium precipitates are
acidified with HCl and concentrated on the, steam bath to

about 150 c.c, 10 c.c. of saturated solution of Na(NH^)HPO
are added, and the solution boiled for several minutes. It

is then removed from the flame and cooled by placing the
beaker in ice water. After cooling, NH^OH is added drop
by drop with constant stirring until the crystalline ammonium-
magnesium ortho-phosphate begins to form, and then in

moderate excess, the stirring being continued for several

minutes. It is then set aside for several hours in a cool

atmosphere and filtered. The precipitate is redissolved in

hot dilute HCl, the solution made up to about 100 c.c, i c.c.

of a saturated solution of Na(NH^)HPO^ added, and ammonia

* The volume of wash-water should not be too large; vide
Hildebrand.

t The accuracy of this method admits of criticism, but its

convenience and rapidity demand its iasertion.
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drop by drop, with constant stirring until the precipitate is

again formed as described and the ammonia is in moderate

excess. It is then allowed to stand for about 2 hours, when

it is filtered on a paper or a Gooch crucible, ignited, cooled,

and weighed as MgjPp,-

ALKALIES (K^O AND Na^O).

For the determination of the alkalies, the well-known

method of Prof. J.
Lawrence Smith is to be followed, either

with or without the addition of CaCOg with NH^Cl.

ANHYDROUS SULPHURIC ACID (SO3).

One gram of the substance is dissolved in 15 c.c. of HCl,

filtered, and residue washed thoroughly.*

The solution is made up to 250 c.c. in a beaker and boiled.

To the boiling solution 10 c.c. of a saturated solution of

BaCl^ is added slowly drop by drop from a pipette and the

boiling continued until the precipitate is well formed, or

digestion on the steam bath may be substituted for the boil-

ing. It is then set aside over night, or for a few hours,

filtered, ignited, and weighed as BaSO^.

TOTAL SULPHUR.

One gram of the material is weighed out in a large plati-

num crucible and fused with Na^CO^ and a Httle KNO3,

being careful to avoid contamination from sulphur in the

gases from source of heat. This may be done by fitting the

crucible in a hole in an asbestos board. The melt is treated

in the crucible with boiling water, and the liquid poured into

a tall narrow beaker and more hot water added until the

mass is disintegrated. The solution is then filtered. The

* Evaporation to dryness is unnecessary, unless gelatinous

silica should have separated and should never be performed on a

bath heated by gas; vide Hildebrand.
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filtrate contained in a No. 4 beaker is to be acidulated with
HCl and made up to 250 c.c. with distilled water, boiled, the
sulphur precipitated as BaSO^ and allowed to stand over
night or for a few hours.

LOSS ON IGNITION.

Half a gram of cement is to be weighed out in a platinum
crucible, placed in a hole in an asbestos board so that

about f of the crucible projects below, and blasted 15 min-
utes, preferably with an inclined flame. The loss by weight,
which is checked by a second blasting of 5 minutes, is the

loss on ignition.

May, 1903: Recent investigations have shown that large

errors in results are often due to the use of impure distilled

water and reagents. The analyst should, therefore, test his

distilled water by evaporation and his reagents by appropriate
tests before proceeding with his work.
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SHORT-TITLE CATALOGUE
OF THE

PUBLICATIONS
OF

JOHN WILEY & SONS,
New York.

Lobtdon: chapman & HALL, Limited.

AEEANGED UNDER SUBJECTS.

Descriptive circulars sent on application. Books marked with an asterisk (*) are sold

It net prices only. All books are bound in cloth unless otherwise stated.

AGRICULTURE.

Lrmsby's Manual of Cattle-feeding i2mo, $i 75

Principles of Animal Nutrition 8vo, 4 00

Judd and Hansen's American Horticultural Manual:

Parti. Propagation, Culture, and Improvement i2mo, i 50

Part II. Systematic Pomology i2mo, i 50

Elliott's Engineering for Land Drainage i2mo, i 50

Practical Farm Drainage i2mo, i 00

Graves's Forest Mensuration 8vo, 4 00

Green's Principles of American Forestry i2mo, i 50

Grotenfelt's Principles of Modern Dairy Practice. (WoU.) i2mo, 2 00

Hanausek's Microscopy of Technical Products. (Winton.) 8vo, s 00

Herrick's Denatured or Industrial Alcohol 8vo, 4 00

Maynard's Landscape Gardening as Applied to Home Decoration i2mo, i 50

* McKay and Larsen's Principles and Practice of Butter-making Svo, i 50

Sanderson's Insects Injurious to Staple Crops i2mo, i 50

* Schwarz's Longleaf Pine in Virgin Forest i2nio, i 25

Stockbridge's Rocks and Soils 8vo, 2 50

Winton's Microscopy of Vegetable Foods 8vo, 7 50

Woll's Handbook for Farmers and Dairymen i6mo, i 50

f
ARCHITECTURE.

Baldwin's Steam Heating for Buildings

Bashore's Sanitation of a Country House

Berg's Buildi ngs and Structures of American Railroads. . . .

Birkmire's Planning and Construction of American Theatres

Architectural Iron and Steel

Compound Rivete?". Girders as Applied in Buildings

Planning and Construction of High Office Buildings. . . ,

Skeieton Construction in Buildings.

Brigg's Modern American School Buildings

arpenter's Heating and Ventilating of Buildings

i2mo, 2 50
i2mo, I 00

4to, 5 00

Svo, 3 00

Svo, 3 50

Svo, 2 00

Svo, 3 50
Svo, 3 00

Svo, 4 00

Svo, 4 00
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Freitag's Architectural Engineering 8vo. 3 50
Fireproofing of Steel Buildings 8vo, 2 50

French and Ives's Stereotomy 8vo, 2 50
Gerhard's Guide to Sanitary House-inspection i6mo, i 00

Sanitation of Public Buildings i2nio. i 50
Theatre Fires and Panics i2mo, i 50

Greene's Structural Mechanics 8vo, 2 50
Holly's Carpenters' and Joiners' Handbook i8mo, 75
Johnson's Statics by Algebraic and Graphic Methods 8vo, 2 00
Kellaway's How to Lay Out Suburban Home Grounds svo, 2 00
Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. i6mo,mor.,5 co
Merrill's Stones for Building and Decoration 8vo, 5 00

Non-metallic Minerals : Their Occurrence and Uses 8vo, 4 00
Monckton's Stair-building 4to, 4 00
Patton's Practical Treatise on Foundations 8vo, 5 00
Peabody's Naval Architecture 8vo, 7 50
Rice's Concrete-block Manufacture Svo, 2 00
Richey's Handbook for Superintendents of Construction i6mo,mor., 4 00

* Building Mechanics' Ready Reference Book :

* Carpenters' and Woodworkers' Edition i6mo, morocco, i 50
* Cementworkers and Plasterer's Edition. (In Piess.)

* Stone- and Brick-mason's Edition i2mo, mor., j qo
Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00
Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, i 50
Snow's Principal Species of Wood 8vo, 3 50
Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches.

Svo, 2 00
Towne's Locks and Builders' Hardware iSmo, morocco, 3 00
Turneaure and Maurer's Principles of Reinforced Concrete Construc-

tion Svo, 3 00
Wait's Engineering and Architectural Jurisprudence Svo, 6 00

Sheep, 6 50
Law of Operations Preliminary to Construction in Engineering and Archi-

tecture 8vo, 5 00

Sheep, 5 50
Law of Contracts .Svo, 3 00

Wilson's Air Conditioning, tin Press.)

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .Svo, 4 00
Worcester and Atkinson's Small Hospitals, Establishment and Maintenance,

Suggestions for Hospital Architecture, with Plans for a Small Hospital.

i2mo, I 25
The World's Columbian Exposition of 1S93 Large 4to, 1 00

ARMY AND NAVY.

Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00
Cloke's Gunner's Examiner 8vo, i 50
Craig's Azimuth

; ^j^^ ^
Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00
* Davis's Elements of Law 8vo, 2 50
* Treatise on the MiUtary Law of United States 8vo, 7 00

Sheep, 7 50
De Brack's Cavalry Outposts Duties. (Carr.) 24mo, morocco, 200
Dietz's Soldier's First Aid Handbook i6mo, morocco, 1 25
* Dudley's Military Law and the Procedure of Courts-martial. . Large lamo, 2 50
Durand's Resistance and Propulsion of Ships Svo, 5 00

3
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* Dyer's Handbook of Light Artillery i2««>' 3 oo

Eissler's Modern High Explosives • • "

'f^"'
^ °°

* Fiebeger's Text-book on Field Fortification Small 8vo, 2 00

Hamilton's The Gunner's Catechism i8mo, i 00

* Hoff's Elementary Naval Tactics ^ 5o

Ingalls's Handbook of Problems in Direct Fire • 8vo, 4 00

* Lissak 's Ordnance and Gunnery '

' r " 'J tt "o" "^"^u iZ^
* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H.

.
8vo, each. 6 00

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 5o

Manual for Courts-martial i6mo, morocco, i 50

* Mercur's Attack of Fortified Places i^jno, 2 00

* Elements of the Art of War 4 00

Metcalf's Cost of Manufactures-And the Administration of Workshops. .8vo, 5 00

* Ordnance and Gunnery. 2 vols 12mo, 500

Murray's Infantry Drill Regulations 18™°' P^P^^'

Nixon's Adjutants' Manual ^^mo, i 00

Peabody's Naval Architecture

* Phelps's Practical Marine Surveying 8vo, 2 50

Powell's Army Officer's Examiner i^mo, 4 00

Sharpe's Art of Subsisting Armies in War i8mo, morocco, i 50

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing.

24mo, leather, 50

Weaver's Military Explosives
8vo, 3 00

Wheeler's Siege Operations and Military Mining 8vo, 2 00

Winthrop's Abridgment of Military Law 2 50

Woodhull's Notes on Military Hygiene lomo, i 50

Young's Simple Elements of Navigation i6mo, morocco, 2 00

ASSAYING.

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe.

i2mo, morocco, i

Furman's Manual of Practical Assaying 8vo, 3

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments
.

. . .
Svo, 3

Low's Technical Methods of Ore Analysis 8vo, 3

Miller's Manual of Assaying i2mo, i

Cyanide Process "°^°' ^

Minet's Production of Aluminum and its Industrial Use. (Waldo.) i2mo, 2

O'Driscoli's Notes on the Treatment of Gold Ores 8vo, 2

Ricketts and Miller's Notes on Assaying 3

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4

Ulke's Modern Electrolytic Copper Refining 8vo, 3

Wilson's Cyanide Processes.

Chlorination Process. . .

. i2mo, 1 so

. i2mo, I 50

ASTRONOMY,

Comstock's Field Astronomy for Engineers 8vo, 2 50

Craig's Azimuth 4to, 3 5©

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00

Doolittle's Treatise on Practical Astronomy. .
8vo, 4 00

Gore's Elements of Geodesy 8vo, 2

Hayford's Text-book of Geodetic Astronomy 8vo, 3

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2

* Michie and Harlow's Practical Astronomy 8vo, 3

* White's Elements of Theoretical and Descriptive Astronomy i2mo, 2

3
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BOTANY.

Davenport's Statistical Methods, with Special Reference to Biological Variation.

i6mo, morocco, i 25
Thomd and Bennett's Structural and Physiological Botany i6mo, 2 25
Westermaier's Compendium of General Botany. (Schneider.) 8vo, 200

CHEMISTRY.

* Abegg's Theory of Electrolytic Dissociation. (Von Ende.) i2mo, 1 25
Adriance's Laboratory Calculations and Specific Gravity Tables i2mo, i 25
Alexeyeff's General Principles of Organic Synthesis. (Matthews.) 8vo, 3 00
Allen's Tables for Iron Analysis gvo, 3 00
Arnold's Compendium of Chemistry. (Mandel.) Small 8vo, 350
Austen's Notes for Chemical Students i2mo, i 50
Beard's Mine Gases and Explosions. (In Press.)

Bernadou's Smokeless Powder.—Nitro-cellulose, and Theory of the Cellulose
Molecule i2mo, 2 50

Bolduan's Immune Sera 12mo j 50
* Browning's Introduction to the Rarer Elements 8vo, 1 50
Brush and Penfield's Manual of Determinative Mineralogy 8vo, 4 00
* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) .8vo, 300
Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo, 3 00
Cohn's Indicators and Test-papers i2mo 2 00

Tests and Reagents 8vo, 3 00
Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . .i2mo, i 50
* Danneel's Electrochemistry. (Merriam.) i2mo, 1 25
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von

Ende.) i2mo, 2 50
Drechsel's Chemical Reactions. (Merrill.) i2mo, 1 25
Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 400
Eissler's Modern High Explosives 8vo, 4 00
Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 00
Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, i 25
* Fischer's Physiology of Alimentation Large l2mo., 2 00
Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe.

i2mo, morocco, 1 50
Fowler's Sewage Works Analyses i2mo, 2 00
Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) .-...Svo, 5 00

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) Svo, 3 00
Quantitative Chemical Analysis. (Cohn.) 2 vols 8vo, 12 50

Fuertes's Water and Public Health i2mo, 1 50
Furman's Manual of Practical Assaying Svo, 3 00
* Getman's Exercises in Physical Chemistry i2mo, 2 00
Gill's Gas and Fuel Analysis for Engineers i2mo, i 25
* Gooch and Browning's Outlines of Qualitative Chemical Analysis. Small Svo, 1 25
Grotenfelt's Principles of Modern Dairy Practice. (WoU.) i2mo, 200
Groth's Introduction to Chemical Crystallography (Marshall) i2mo, i 25
Hammarsten's Text-book of Physiological Chemistry. (Mandel.) Svo, 4 00
Hanausek's Microscopy of Technical Products. (Winton.) svo, 5 00
* Haskin's and MacLeod's Organic Chemistry 12mo, 2 00
Helm's Principles of Mathematical Chemistry. (Morgan.) i2mo, i 50
Hering's Ready Reference Tables (Conversion Factors). i6mo, morocco, 2 50
Herrick's Denatured or Industrial Alcohol Svo, 4 00

Hind's Inorganic Chemistry 8vo, 3 00
* Laboratory Manual for Students i2mo, 1 00
HoUeman's Text-book of Inorganic Chemistry. (Cooper.) Svo, 2 50

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50
* Laboratory Manual of Organic Chemistry. (Walker.) i2mo, i 00

4
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miey and Ladd's Analysis of Mixed Paints, Color Pigments ,
and Varnishes.

(In Press)

Hopkins's Oil-chemists' Handbook 8vo,

Iddings's Rock Minerals ^^°»

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo,

Johannsen's Key for the Determination of Rock-forming Minerals in Thin Sec-

tions. (In Press)

Keep's Cast Iron

Ladd's Manual of Quantitative Chemical Analysis i2mo,

Landauer's Spectrum Analysis. (Tingle.) 8vo,

*Langworthy and Austen. The Occurrence of Aluminium in Vegetable

Products, Animal Products, and Natural Waters .
.8vo,

Lassar-Cohn's Application of Some General Reactions to Investigations in

Organic Chemistry. (Tingle.) ^^mo,

Leach's The Inspection and Analysis of Food with Special Reference to State

Control 8vo,

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo,

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments 8vo,

Low's Technical Method of Ore Analysis 8vo,

Lunge's Techno-chemical Analysis. (Cohn.) izmo

* McKay and Larsen's Principles and Practice of Butter-making 8vo,

Maire's Modem Pigments and their vehicles. (In Press.)

Mandel's Handbook for Bio-chemical Laboratory lamo,

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. .
i2mo.

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.)

3d Edition, Rewritten

Examination of Water. (Chemical and BacteriologicaL) i2mo,

Matthew's The Textile Fibres. 2d Edition, Rewritten 8vo,

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .
i2mo.

Miller's Manual of Assaying i2mo.

Cyanide Process
i2mo,

Minet's Production of Aluminum and its Industrial Use. (Waldo.) i2mo,

Mixter's Elementary Text-book of Chemistry i2mo,

Morgan's An Outline of the Theory of Solutions and its Results i2mo,

Elements of Physical Chemistry i2mo,

* Physical Chemistry for Electrical Engineers i2mo,

Morse's Calculations used in Cane-sugar Factories i6mo, morocco,

* Mu r's History of Chemical Theories and Laws 8vo,

Mulliken's General Method for the Identification of Pure Organic Compounds.

Vol. I
Large 8vo,

O'DriscoU's Notes on the Treatment of Gold Ores ^vo,

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) i2mo,

" " " Part Two. (Turnbull.) i2mo,

* Palmer's Practical Test Book of Chemistry 12mo,

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) i2mo,

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests.

8vo, paper,

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo,

Pinner's Introduction to Organic Chemistry. (Austen.) i2mo,

Poole's Calorific Power of Fuels

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis i2mo,

* Reisig's Guide to Piece-dyeing 8^°'

Richards and Woodman's Air. Water, and Food from a Sanitary Standpomt..8vo

,

Ricketts and Miller's Notes on Assaying 8v-o,

Rideal's Sewage and the Bacterial Purification of Sewage 8vo,

Disinfection and the Preservation of Food 8vo,

Riggs's Elementary Manual for the Chemical Laboratory 8vo,

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo,

5

3 00

5 00

I 25

2 50
1 00

3 00

2 00

X 00

7 SO

3 00

3 00

3 00

I 00
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4 00
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I 00
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Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00
* Whys in Pharmacy i2mo, i 00
Sabin's Industrial and Artistic Technology of Paints and Varnish . .8vo, 3 00
Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 50
Schimpf's Text-book of Volumetric Analysis i2mo, 2 50

Essentials of Volumetric Analysis. .. i2mo, i 25
* Qualitative Chemical Analysis 8vo, i 25
Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50
Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco 3 00

Handbook for Cane Sugar Manufacturers i6mo, morocco, 3 00
Stockbridge's Rocks and Soils 8vo, 2 50
* Tillman's Elementary Lessons in Heat 8vo, i 50
* Descriptive General Chemistry 8voi 3 00
Treadwell's Qualitative Analysis. (Hall.) • 8vOr^ 3 00

Quantitative Analysis. (Hall.) 8vo, 4 00
Turneaure and Russell's PubUc Water-supplies 8vo, 5 00
Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, 1 50
* Walke's Lectures on Explosives 8vo, 4 00
Ware's Beet-sugar Manufacture and Refining. Vol.1 Small 8vo, 400

Vol.11 SmallSvo, 5 co

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00
Weaver's Military Explosives. 8vo, 3 00
Wehrenfennig's Analysis and Softening of Boiler Feed-Water 8vo, 4 00
Wells's Laboratory Guide in'Qualitative Chemical Analysis 8vo, i 50

Short Course in Inorganic Qualitative Chemical Analysis for Engineering

Students i2mo, i 50
Text-book of Chemical Arithmetic i2mo, i 25

Whipple's Microscopy of Drinking-water 8vo, 3 50
Wilson's Cyanide Processes i2mo, i 50

Chlorination Process i2mo, i 5c
Winton's Microscopy of Vegetable Foods 8vo, 7 50
Wulling's Elementary Course in Inor^aiiic, Pharmaceutical, and Medical

Chemistry i2mo, 2 00

CIVIL ENGINEERING.

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING
RAILWAY ENGINEERING.

Baker's Engineers' Surveying Instruments i2mo, 3 00
Bixby's Graphical Computing Table Paper i9iX24i inches. 25
Breed and Hosmer's Principles and Practice of Surveying 8vo, 3 00
* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 5a
Comstock's Field Astronomy for Engineers 8vo, 2 50
* Corthell's Allov7able Pressures on Deep Foundations i2mo, i 25
Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00
Davis's Elevation and Stadia Tables 8vo, i 00
Elliott's Engineering for Land Drainage i2mo, 1 50

Practical Farm Drainage i2mo, i 00
*Fiebeger's Treatise on Civil Engineering 8vo, 5 00
Flemer's Phototopographic Methods and Instruments 8vo, 5 00

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 3 50
French and Ives's Stereotomy 8vo, 2 50

Goodhue's Municipal Improvements i2mo, i 50

Gore's Elements of Geodesy 8vo, 2 50
* Hauch and Rice's Tables of Quantities for Preliminary Estimates i2mo, i 25

Hayford's Text-book of Geodetic Astronomy 8vo, 3 oa
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Bering's Ready Reference Tables (Conversion Factors") i6mo, morocco. 2 50

Howe's Retaining Walls for Earth i2mo. ^ 25

Hoyt and Grover's River Bischarge Svo, 2 00

* Ives's Adjustments of the Engineer's Transit and Level i6mo, Bds. 25

Ives and Hilts's Problems in Surveying i6mo, morocco, i 50

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00

Laplace's Philosophical Essay on ProbabiUties. (Truscott and Emory. )
.
i2mo, 2 00

Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 500

Descriptive Geometry. 8vo, I 50

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50

Merriman and Brooks's Handbook for Surveyors i6mo. morocco, 2 00

Nugent's Plane Surveying.

Ogden's Sewer Design

.8vo, 3 50

. i2mo, 2 00

00
Parsons's Disposal of Municipal Refuse 8vo,

Patton's Treatise on Civil Engineering Svo half leather, 7 50

Reed's Topographical Drawing and Sketching 4to, 5 00

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 4 00

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.) . . 8vo, 3 00

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, i 50

Smith's Manual of Topographical Drawing. (McMillan.) Svo, 250

Sondericker's Graphic Statics, with AppUcations to Trusses, Beams, and Arches.

8vo, 2 00

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced Svo, 5 00

Tracy's Plane Surveying l^mo, morocco. 3 00

* Trautwine's Civil Engineer's Pocket-book i6mo, morocco, 5 00

Venable's Garbage Crematories in America Svo, 2 00

Wait's Engineering and Architectural Jurisprudence Svo. 6 00

Sheep, 6 50

Law of Operations Preliminary to Construction in Engineering and Archi-

. . Svo, 5 00
tecture '

^

Sheep, 5 50

Law of Contracts ^^°' ^ °°

Warren's Stereotomy—Problems in Stone-cutting Svo, 2 50

Webb's Problems in the Use and Adjustment of Engineering^nstmments.
^

Wilson's Topographic Surveying 3 50

BRIDGES AND ROOFS.

Boiler's Practical Treatise on the Construction of Iron Highway Bridges
.

.
Svo, 2 00

Burr and Falk's Influence Lines for Bridge and Roof Computations Svo, 3 00

Design and Construction of Metallic Bridges Svo, 5 00

Du Bois's Mechanics of Engineering. VoL II Small 4to, 10 00

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00

Fowler's Ordinary Foundations 3 50

Greene's Roof Trusses ^

Bridge Trusses
Svo, 2 50

Arches in Wood, Iron, and Stone 8vo, 2 50

Grimm ' s Secondary Stresses in Bridge Trusses . (In Press
.

)

Howe's Treatise on Arches ^^o, 4 00

Design of Simple Roof-trusses in Wood and SteeL Svo, 2 00

Symmetrical Masonry Arches 8'^°' ^ SO

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of

Modern Framed Structures Small 4to, 10 00

Merriman and Jacoby's Text-book on Roofs and Bridges:

PartL Stresses in Simple Trusses 8vo, 250
Svo, 2 50

Part II. Graphic Statics

Partm. Bridge Design 8vo, 2 50

Part IV. Higher Structures 8^°' ^ 50
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Morison's Memphis Bridge. 4to, n oo
Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . i6mo, morocco, 2 00
* Specifications for Steel Bridges i2mo, 50
Wright's Designing of Draw-spans. Two parts in one volume 8vo, 3 50

HYDRAULICS.

Barnes's Ice Formation 8vo, 3 00

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from
an Orifice. (Trautwine.). 8vo, 2 00

Bovey's Treatise on Hydraulics 8vo, 5 00

Church's Mechanics of Engineering 8vo, 6 00

Diagrams of Mean Velocity of Water in Open Channels paper, i 50

Hydraulic Motors 8vo, 2 00

CoflSn's Graphical Solution of Hydraulic Problems i6mo, morocco, 2 50
Flather's Dynamometers, and the Measurement of Power lamo, 3 00

Folwell's Water-supply Engineering 8vo, 4 00

Frizell's Water-power 8vo, 5 00

Fuertes's Water and Public Health 12mo, i 50

Water-filtration Works i2mo, 2 50
Ganguillet and Kutter's General Formula for the Uniform Flow of Water in

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00

Hazen's Clean Water and How to Get It Large i2mo, 1 5o

Filtration of Public Water-supply 8vo, 3 00

Hazlehurst's Towers and Tanks for Water-works. 8vo, 2 50
Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal

Conduits 8vo, 2 00

* Hubbard and Kiersted's Water-works Management and Maintenance.. .8vo, 4 vo

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.)

8vo, 4 00

Merriman's Treatise on Hydraulics 8vo, 5 00
* Michie's Elements of Analytical Mechanics 8vo, 4 00

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water-

supply Large 8vo, 5 00
* Thomas and Watt's Improvement of Rivers 4to, 6 00

Turneaure and Russell's Public Water-supplies 8vo, 5 00

Wegmann's Design and Construction of Dams. 5th Edition, enlarged. . .4to, 6' 00

Water-supply of the City of New York from 1658 to 1895 4to, 10 00

Whipple's Value of Pure Water Large i2mo, 1 00

Williams and Hazen's Hydraulic Tables 8vo, i 50

Wilson's Irrigation Engineering Small 8vo, 4 00

Wolff's Windmill as a Prime Mover 8vo, 3 00

Wood's Turbines 8vo, 2 50

Elements of Analytical Mechanics 8vo, 3 00

MATERIALS OF ENGINEERING.

Baker's Treatise on Masonry Construction 8vo. 5 00

Roads and Pavements 8vo, 5 00

Black's United States Public Works Oblong 4to, 5 00

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50

Byrne's Highway Construction 8vo, 5 00

Inspection of the Materials and Workmanship Employed in Construction.

i6mo, 3 00

Church's Mechanics of Engineering 8vo, 6 00

Du Bois's Mechanics of Engineering. Vol. I Small 410 7 50

*Eckers Cements, Limes, and Plasters 8vo, 6 00
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Johnson's Materials of Construction. Large 8vo, 6 oo

Fowler's Ordinary Foundations 8vo, 3 So

Graves's Forest Mensuration 8vo, 4 00

* Greene's Structural Mechanics 8vo, 2 50

Keep's Cast Iron 8vo, 250
Lanza's Applied Mechanics 8vo, 7 SO

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 7 50

Maurer's Technical Mechanics 8vo, 4 00

Merrill's Stones for Building and Decoration 8vo, 5 00

Merriman's Mechanics of Materials 8vo, 5 00

* Strength of Materials i2mo, 100

Metcalf's Steel. A Manual for Steel-users i2mo, 200

Patton's Practical Treatise on Foundations 8vo, 5 00

Richardson's Modern Asphalt Pavements 8vo, 3 00

Richey's Handbook for Superintendents of Construction i6mo, mor.
, 4 00

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo. 5 00

Rockwell's Roads and Pavements in France i2mo, i 25

Sabin's Industrial and Artistic Technology of Paints ad Varnish 8vo, 3 00

Schwarz's Longleaf Pine in Virgin Forest i2mo, i 25

Smith's Materials of Machines i2mo, i 00

Snow's Principal Species of Wood 8vo, 3 50

Spalding's Hydraulic Cement "^mo, 2 00

Text-book on Roads and Pavements i2mo, 2 00

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00

Thurston's Materials of Engineering. 3 Parts 8vo, 800

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 2 00

Part II. Iron and Steel 8^°' 3 50

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents ^^o- ^ 50

Tillson's Street Pavements and Paving Materials 8vo, 4 00

Tumeaure and Maurer's Principles of Reinforced Concrete Construction. . 8vo, 3 00

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.). .
i6mo. mor., 2 00

* Specifications for Steel Bridges i2mo, 50

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on

the Preservation of Timber 8vo, 200

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00

Wood's (M P ) Rustless Coatings; Corrosion and Electrolysis of Iron and

Steel • 4 00

RAILWAY ENGINEERING.

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, i 25

Berg's Buildings and Structures of American Raihoads 4to, 5 00

Brook's Handbook of Street Railroad Location i6mo. morocco, i 50

Butt's Civil Engineer's Field-book i6mo. morocco. 2 50

Crandall's Transition Curve i6mo, naorocco. i 50

Railway and Other Earthwork Tables 8vo, i 50

Crookett's Methods for Earthwork Computations. (In Press)

Dawson's "Engineering" and Electric Traction Pocket-book . i6mo, morocco 5 00

Dredge's History of the Pennsylvania Raihoad: (1879) Paper, 500

Fisher's Table of Cubic Yards Cardboard, 25

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . .
i6mo, mor., 2 50

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em-... 8vo, I 00
bankments

MoUtor and Beard's Manual for Resident Engineers lomo, i 00

Nagle's Field Manual for Raihoad Engineers i6mo. morocco, 3 00

Philbrick's Field Manual for Engineers i6mo, morocco. 3 00

Raymond's Elements of Railroad Engineering. (In Press.)
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Searles's Field Engineering. i6mo, morocco, 3 00
Railroad Spiral i6mo, morocco, 1 50

Taylor's Prismoidal Formulae and Earthwork 8vo, 1 50
* Trautwine's Method of Calculating the Cube Contents of Excavations and

Embankments by the Aid of Diagrams 8vo, 2 00

The Field Practice of Laying Out Circular Curves for Railroads.

i2mo, morocco, 2 50
Cross-section Sheet Paper, 25

Webb's Raihoad Construction i6mo, morocco, 5 00

Economics of Railroad Construction Large 12mo, 2 50

Wellington's Economic Theory of the Location of Railways SmaU 8vo., 5 00

DRAWING.

Barr's Kinematics of Machinery 8vo, 2 50
* Bartlett's Mechanical Drawing 8vo, 3 00
* " " " Abridged Ed 8vo, i 50

Coolidge's Manual of Drawing 8vo, paper, i 00

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi-

neers Oblong 4tO) 2 50

Durley's Kinematics of Machines 8vo, 4 00

Emch's Introduction to Projective Geometry and its Applications 8vo, 2 50

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00

Jamison's Elements of Mechanical Drawing 8vo, 2 50

Advanced Mechanical Drawing 8vo, 2 00

Jones's Machine Design

:

Part L Kinematics of Machinery. 8vo, i 50

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00

MacCord's Elements of Descriptive Geometry 8vo, 3 00

Kinematics; or. Practical Mechanism 8vo, 5 00

Mechanical Drawing 4to, 4 00

Velocity Diagrams 8vo, i 50

MacLeod's Descriptive Geometry Small Svo, 1 50
* Mahan's Descriptive Geometry and Stone-cutting Svo, 1 50

Industrial Drawing. (Thompson.) Svo, 3 50

Moyer's Descriptive Geometry Svo, 2 00

Reed's Topographical Drawing and Sketching 4to, 5 00

Reid's Course in Mechanical Drawing Svo, 2 00

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 3 00

Robinson's Principles of Mechanism Svo, 3 00

Schwamb and Merrill's Elements of Mechanism Svo, 3 00

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo, 2 50

Smith (A. W.) and Marx's Machine Design Svo, 3 00
* Titsworth's Elements of Mechanical Drawing Oblong Svo, i 23

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo, 1 00

Drafting Instruments and Operations i2mo, i 25

Manual of Elementary Projection Drawing i2mo, i 50

Manual of Elementary Problems in the Linear Perspective of Form and

Shadow i2mo, i 00

Plane Problems in Elementary Geometry i2mo, i 25
Elements of Descriptive Geometry, Shadows, and Perspective Svo, 3 50

General Problems of Shades and Shadows 8vo, 3 00

Elements of Machine Construction and Drawing Svo, 7 50

Problems, Theorems, and Examples in Descriptive Geometry Svo, 2 50

Weisbach's Kinematics and Power of Transmission. (Hermann and

Klein.) Svo, 5 Oq

Whelpley's Practical Instruction in the Art of Letter Engraving i2mo, 2 oo

Wilson's (H. M.) Topographic Surveying Svo, 3 50
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Wilson's (V. T.) Free-hand Perspective 8vo, 2 50

Wilson's (V. T.) Free-hand Lettering 8vo, 1 00

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00

ELECTRICITY AND PHYSICS.

* Abegg's Theory of Electrolytic Dissociation. (Von Ende.) i2mo, i 25

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo. 3 00

Anthony's Lecture-notes on the Theory of Electrical Measurements i2mo, i 00

Benjamin's History of Electricity 8vo, 3 00

Voltaic Cell 8vo. 3 00

Betts's Lead Refining and Electrolysis. (In Press.)

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00

* ColUns's Manual of Wireless Telegraphy i2mo, i 50

Morocco, 2 00

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00

* Danneel's Electrochemistry. (Merriam.) i2mo, i 25

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 5 00

Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von Ende.)

i2mo, 2 50

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 400

Flather's Dynamometers, and the Measurement of Power i2mo, 3 co

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50

Hanchett's Alternating Currents Explained i2mo, i 00

Bering's Ready Reference Tables (Conversion Factors) lomo, morocco, 2 50

Hobart and Ellis's High-speed Dynamo Electric Machinery. (In Press.)

Holman's Precision of Measurements 8vo, 2 00

Telescopic Mirror-scale Method, Adjustments, and Tests. . .
.Large 8vo, 75

Karapetoff's Experimental Electrical Engineering. (In Press.)

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00

Landauer's Spectrum Analysis. (Tingle.) 8vo, 300

Le ChateUer s High-temperature Measurements. (Boudouard—Burgess.) i2mo, 3 00

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 300
* Lyons'3 Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each, 6 00

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) lamo, 2 50

Norris's Introduction to the Study of Electrical Engineering. (In Press.)

* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 50

Reagan's Locomotives: Simple, Compound, and Electric. New Edition.

Large 12mo, 3 50

* Rosenberg's Electrical Engineering. (Haldane Gee—Kinzbrunner.). . .8vo, 2 00

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo, 2 50

Thurston's Stationary Steam-engines 8vo, 2 50

* Tillman's Elementary Lessons in Heat 8vo, i 50

Tory and Pitcher's Manual of Laboratory Physics Small 8vo, 2 00

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00

LAW.
* Davis's Elements of Law 8vo, 2 50

* Treatise on the Military Law of United States 8vo, 7 00

* Sheep, 7 50

* Dudley's Military Law and the Procedure of Courts-martial . . Large i2mo, 2 50

Manual for Courts-martial i6mo, morocco, i 50

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00

Sheep, 6 50

Law of Operations Preliminary to Construction in Engineering and Archi-

tecture S 00

Sheep, 5 SO

Law of Contracts 8vo. 300

Winthrop's Abridgment of Military Law i2mo, 2 So
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MANUFACTURES.

Bemadou's Smokeless Powder—Nitro-cellulose and Theory of the Celluloa
Molecule i2m«, 2

BoUaad's Iron Founder 1 2mo 2
The Iron Founder," Supplement i amc 2

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the

Practice of Moulding i2mc, 3
* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3
* Eckel's Cements, Limes, and Plasters gvc 6
Eissler's Modern High Explosives gvo, ^
Effront's Enzymes and their Applications. (Prescott.) gyc, 3
Fitzgerald's Boston Machinist i2mc 1

Ford's Boiler Making for Boiler Makers i8mo. 1

Herrick's Denatured or Industrial Alcohol ,8v), 4
Honey and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes

(In Presd.)

Hopkins's Oil-chemists' Handbook gvo, 3
Keep's Cast Iron gy^ 2
Leach's The Inspection and Analysis of Food with Special Reference to Stats

Control Large 8vo, 7
* McKay and Larsen's Principles and Practice of Butter-making gvo, i

Malta's Modem Pigments and their Vehicles. (In Press.)

Matthews's The Textile Fibres. 2d Edition, Rewritten gvo, 4
Metcalf's Steel. A Maunal for Steel-users i2mo 2
Metcalfe's Cost of Manufactures—And the Administration of Workshops . 8vo,
Meyer's Modern Locomotive Construction 4to
Morse's Calculations used in Cane-sugar Factories i6mo, morocco,
* Reisig's Guide to Piece-dyeing gvo
Rice's Concrete-block Manufacture gvo 2
Sabin's Industrial and Artistic Technology of Paints and Varnish gvo, 3
Smith's Press-working of Metals gvo, 3
Spalding's HydrauUc Cement i2mo 2
Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3

Handbook for Cane Sugar Manufacturers i6mo, morocco, 3
Taylor and Thompson's Treatise on Concrete, Plain and Reinforced gvo, 5
Thurston's Manual of Steam-boilers, their Designs, Construction and Opera-

^'0° 8vo, 5
Ware's Beet-sugar Manufacture and Refining. Vol. I Small 8vo, 4

" *' " Vol. II gvo, s
Weaver's Military Explosives g^o, 3
West's American Foundry Practice i2mo 2

Moulder's Text-book i2mo 2
Wolff's Windmill as a Prime Mover gvo 3
Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel . . Svo, 4

MATHEMATICS.
Baker's EHiptic Functions gyo
Briggs's Elements of Plane Analytic Geometry 1 2mo
Buchanan's Plane and Spherical Trigonometry. (In Press.)

Compton's Manual of Logarithmic Computations i2mo
Davis's Introduction to the Logic of Algebra gvo
* Dickson's College Algebra

. Large i2moi
* Introduction to the Theory of Algebraic Equations Large i2mo,
Emch's Introduction to Projective Geometry and its Applications 8vo,
Halsted's Elements of Geometry gvo

Elementary Synthetic Geometry gvo
* Rational Geometry i2mo
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* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 15

100 copies for 5 00

Mounted on heavy cardboard, 8X10 inches, 25

10 copies for 2 00

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Small 8vo, 3 00

Elementary Treatise on the Integral Calculus Small 8vo, i 50

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates i2mo, 1 00

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations.

Small 8vo, 3 5o

Johnson's Treatise on the Integral CalcxUus Small 8vo. 3 00

Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, i 50

* Johnson's (W. W.) Theoretical Mechanics i2mo, 3 00

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.).i2mo, 2 00

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other

Tables . .: 8^0- 3 00

Trigonometry and Tables published separately Each, 2 00

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00

Manning's IrrationalNumbers and their Representation bySequences and Series

i2mo, I 25

Mathematical Monographs. Edited by Mansfield Merriman and Robert

S.Woodward Octavo, each 100

No. I. History of Modern Mathematics, by David Eugene Smith.

No. 2. Synthetic Projective Geometry, by George Bruce Halsted.

Ko. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper-

bolic Functions, by James McMahon. No. S. Harmonic Func-

tions, by William E. Byerly. No. 6. Grassmann's Space Analysis,

by Edward W. Hyde. No. 7. Probability and Theory of Errors,

by Robert S. Woodward. No. 8. Vector Analysis and Quaternions,

by Alexander Macfarlane. No. 9- Differential Equations, by

William Woolsey Johnson. No. 10. The Solution of Equations,

by Mansfield Merriman. No. 1 1. Functions of a Complex Variable,

by Thomas S. Fiskc.

f M.aurer's Technical Mechanics 8vo, 4 00

Merrlman's Method of Least Squares 8vo, 2 00

Rice and Johnson's Elementary Treatise on the Differential Calculus.
.
Sm. 8vo, 3 00

Differential and Integral Calculus. 2 vols, in one Small Svo, r>. 50

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One

. Variable Svo, 2 00

Wood's Elements of Co-ordinate Geometry 8vo, 2 00

Trigonometry: Analytical, Plane, and Spherical i2mo, i 00

MECHANICAL ENGINEERING.

MATERIALS OF ENGINEERING; STEAM-ENGINES AND BOILERS.

Bacon's Forge Practice ^^mo, 150

Baldwin's Steam Heating for Buildings i2mo, 2 50

Barr's Kinematics of Machinery 8vo, 2 50

* Bartlett's Mechanical Drawing 8vo, 3 00

* " " " Abridged Ed 8vo, 1 50

Benjamin's Wrinkles and Recipes i2mo, 2 00

Carpenter's Experimental Engineering 8vo, 6 00

Heating and Ventilating Buildings 8vo, 4 00

Clerk's Gas and Oil Engine Small Svo, 4 00

Coolidge's Manual of Drawing 8vo, paper, i 00

Coolidge and Freeman's Elements of General Drafting for Mechanical En-

gineers
Oblong 4to, 2 50

Cromwell's Treatise on Toothed Gearing i2mo, i 50

Treatise on Belts and Pulleys ^^^°< ^ 50
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Durley's Kinematics of Machines 8vo, 4 00
Flather's Dynamometers and tlie Measurement of Power. i2mo, 3 00

Rope Driving i2mo, 200
Gill's Gas and Fuel Analysis for Engineers i2mo, i 25
Hall's Car Lubrication i2mo, i 00
Bering's Ready keference Tables (Conversion Factors) i6mo, morocco, 2 50
Button's The Gas Engine 8vo, 5 00
Jamison's Mechanical Drawing 8vo, 2 50
Jones's Machine Design:

Parti. Kinematics of Machinery 8vo, i 50
Part II. Form, Strength, and Proportions of Parts 8vo, 300

Kent's Mechanical Engineers' Pocket-book i6mo, morocco, 5 00
Kerr's Power and Power Transmission 8vo, 2 00
Leonard's Machine Shop, Tools, and Methods 8vo, 4 00
* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 4 00
MacCord's Kinematics ; or. Practical Mechanism 8vo, 5 00

Mechanical Drawing 4to, 4 00
Velocity Diagrams 8vo, i 50

MacFarland's Standard Reduction Factors for Gases 8vo, i 50
Mahan's Industrial Drawing. (Thompson.) 8vo, 3 50
Poole's Calorific Power of Fuels 8vo, 3 00
Reid's Course in Mechanical Drawing 8vo, 2 00

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00
Richard's Compressed Air i2mo, 1 50
Robinson's Principles of Mechanism 8vo, 3 00

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00
Smith's (O.) Press-working of Metals 8vo, 3 00
Smith (A. W.) and Marx's Machine Design Bvo, 3 00
Thurston's Treatise on Friction and Lost Work in Machinery and Mill

Work 8vo, 3 00
Animal as a Machine and Prime Motor, and the Laws of Energetics . i2mo, i 00

Tillson's Complete Automobile Instructor i6mo, i 50

Morocco, 2 00
Warren's Elements of Machine Construction and Drawing 8vo, 7 50
Weisbach's Kinematics and the Power of Transmission. (Herrmann

—

Klein.) 8vo, 5 00

Machinery of Transmission and Governors. (Herrmann—Klein.). .8vo, 5 00

Wolff's Windmill as a Prime Mover 8vo, 3 00
Wood's Turbines Bvo, '2 50

MATERIALS OF ENGINEERING.
* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50
Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition.

Reset 8vo, 7 50
Church's Mechanics of Engineering 8vo, 6 00
* Greene's Structural Mechanics 8vo, 2 50
Johnson's Materials of Construction 8vo, 6 00

Keep's Cast Iron 8vo, 2 50
Lanza's Applied Mechanics 8vo, 7 50
Martens's Handbook on Testing Materials. (Henning.) 8vo, 7 50
Maurer's Technical Mechanics 8vo, 4 00

Merriman's Mechanics of Materials 8vo, 5 00
* Strength of Materials i2mo, 1 00

Metcalf's Steel. A Manual for Steel-users i2mo, 2 00

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo
, 3 00

Smith's Materials of Machines i2mo, i 00

Thurston's Materials of Engineering 3 vols., Bvo, 8 00

Part II. Iron and Steel Bvo , 3 50

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents Bvo, 2 50
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Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on

the Preservation of Timber 8vo, 200
Elements of Analytical Mechanics 8vo. 3 00

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and

Steel. .
.' ;

8^"' 4 00

STEAM-ENGINES AND BOILERS.

Berry's Temperature-entropy Diagram i2mo, i 25

Carnot's Reflections on the Motive Power of Heat. (Thurston.) i2mo, 150

Creighton's Steam-engine and olher Heat-motors 8vo, 5 00

Dawson's "Engineering" and Electric Traction Pocket-book i6mo, rnor., 5 00

Ford's Boiler Making for Boiler Makers i8mo, i 00

Goss's Locomotive Sparks 8vo, 2 00

Locomotive Performance 8vo, 5 00

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 00

Button's Mechanical Engineering of Power Plants 8vo, 5 00

Heat and Heat-engines 8vo, 5 00

Kent's Steam boiler Economy 8vo, 4 00

Kneass's Practice and Theory of the Injector 8vo, i 50

MacCord's Slide-valves 8vo, 2 00

Meyer's Modern Locomotive Construction 4to, 10 00

Peabody's Manual of the Steam-engine Indicator i2mo. i 50

Tables of the Properties of Saturated Steam and Other Vapors 8vo, i 00

Thermodynamics of the Sttam-engine and Other Heat-engines 8vo, 5 00

Valve-gears for Steam-engines 8vo, 2 50

Peabody and MiUer's Steam-boilers 8vo, 4 00

Pray's Twenty Years with the Indicator Large 8vo, 2 50

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors.

(Osterberg.) i2mo, i 25

Reagan's Locomotives: Simple, Compound, and Electric. New Edition.

Large 12mo, 3 50

Sinclair's Locomotive Engine Running and Management i2mo, 2 00

Smart's Handbook of Engineering Laboratory Practice i2mo, 2 50

Snow's Steam-boiler Practice 8vo, 3 00

Spangler's Valve-gears 8vo, 2 50

Notes on Thermodynamics i2mo, 100

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00

Thomas's Steam-turbines 8vo, 3 5°

Thurston's Handy Tables 8vo, i So

Manual of the Steam-engine 2 vols., Bvo, 10 00

PartL History. Structure, and TheoiT. 8vo, 600

Part II. Design, Construction, and Operation 8vo, 600

Handbook of Engine and Boiler Trials, and the Use of the Indicator and

the Prony Brake ^vo, 500

Stationary Steam-engines 2 50

Steam-boiler Explosions in Theory and in Practice i2mo, i 50

Manual of Steam-boilers, their Designs, Construction, and Operation
.

8vo, 5 00

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo
, 4 00

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 500

Whitham's Steam-engine Design 8vo, 5 00

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines.
.
.8vo, 4 00

MECHANICS AND MACHINERY.

Barr's Kinematics of Machinery 8»ro, 2 50

* Bovey^s Strength of Materials and Theory of Structures 8vo, 7 50

Chase's The Art of Pattern-making i2mo, 2 50
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Church's Mechanics of Engineering 8vo, 6 oo
Notes and Examples in Mechanics 8vo, 2 00

Compton's First Lessons in Metal-working lamo, i 50
Compton and De Groodt's The Speed Lathe i2mo, i 50
Cromwell's Treatise on Toothed Gearing ^. . . i2mo, i 50

Treatise on Belts and Pulleys i2mo, i 50
Dana's Text-book of Elementary Mechanics for Colleges and Schools. . i2mo, 1 50
Dingey's Machinery Pattern Making i2mo, 2 00
Dredge's Record of the Transportation Exhibits Building of the World's

Columbian Exposition of 1893 4to half morocco, 5 00
Du Bois's Elementary Principles of Mechanics

:

Vol. I. Kinematics 8vo, 3 50
Vol. II. Statics 8vo, 4 00
Mechanics of Engineering. Vol. I Small 4to, 7 50

Vol. II Small 4to, 10 00
Durley's Kinematics of Machines 8vo, 4 00
Fitzgerald's Boston Machinist i6mo, i 00
Flather's Dynamometers, and the Measurement of Power i2mo, 3 00

Rope Driving i2mo, 2 00
Goss's Locomotive Sparks 8vo, 2 00

Locomotive Performance 8vo, 5 00
* Greene's Structural Mechanics 8vo, 2 50
Hall's Car Lubrication i2mo, i 00
Hobart and Elhs's High-speed Dynamo Electric Machinery. (In Press.)

HoUy's Art of Saw Filing i8mo, 75
James's Kinematics of a Point and the Rational Mechanics of a Particle.

Small 8vo, 2 00
* Johnson's (W. W.) Theoretical Mechanics i2Eao, 3 00
Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 2 00

Jones's Machine Design:

Part I. Kinematics of Machinery 8vo, i 50
Part II. Form, Strength, and Proportions of Parts 8vo, 3 00

Kerr's Power and Power Transmission 8vo, 2 00
Lanza's Applied Mechanics 8vo, 7 50
Leonard's Machine Shop, Tools, and Methods 8vo, 4 00
* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) .8vo, 4 00
MacCord's Kinematics ; or, Practical Mechanism 8vo, 5 00

Velocity Diagrams 8vo, i 50
* Martin's Text Book on Mechanics, Vol. I, Statics i2mo, i 25
* Vol. 2, Kinematics and Kinetics . .l2mo, 1 50
Maurer's Technical Mechanics 8vo, 4 00
Merriman's Mechanics of Materials 8vo, 5 00
* Elements of Mechanics i2mo, i 00
* Michie's Elements of Analytical Mechanics 8vo, 4 00
* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 50
Reagan's Locomotives: Simple, Compound, and Electric. New Edition.

Large i2mo, 3 5o

Reid's Course in Mechanical Drawing 8vo, 2 00
Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00

Richards's Compressed Air i2mo, 1 50
Robinson's Principles of Mechanism 8vo, 3 00
Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50
Sanborn's Mechanics: Problems Large i2mo, i 50
Schwamb and Merrill's Elements of Mechanism 8vo , 3 00
Sinclair's Locomotive-engine Running and Management i2mo, 2 00

Smith's (O.) Press-working of Metals 8vo, 3 00
Smith's (A. W.) Materials of Machines i2mo, i 00
Smith (A. W.) and Marx's Machine Design 8vo, 3 00

Sorel's Carbureting and Combustion of Alcohol Engines. (Woodward and

Preston.) Large 8vo, 3 oa
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Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00

Thurston's Treatise on Friction and Lost Work in Machinery and Mill

Work 8vo, 3 00
Animal as a Machine and Prime Motor, and the Laws of Energetics. i2mo, i 00

Tillson's Complete Automobile Instructor i6mo, 1 50

Morocco. 2 00

Warren's Elements of Machine Construction and Drawing 8vo, 7 50
Weisbach's Kinematics and Power ol Transmission. (Herrmann—Klein. ).8vo. 5 oo>

Machinery of Transmission and Governors. (Herrmann—Klein. ).8vo. 5 00

Wood's Elements of Analytical Mechanics 8vo, 3 00
Principles of Elementary Mechanics i2mo, i 25
Turbines 8vo, 2 50

The World's Columbian Exposition of 1893 4to, i 00

MEDICAL.
* Bolduan's Immune Sera .12mo, l 50
De Fursac's Manual of Psychiatry. (Rosanoff and Collins. ). ... Large i2mo, 2 50
Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00
* Fischer's Physiology of Alimentation Large i2mo, cloth, 2 00

Hammarsten's Text-book on Physiological Chemistry. (Mandel.) 8vo, 4 00
Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) x2mo, x 00
* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) .... i2mo, i 25
* Pozzi-Escot's The Toxins and Venoms and their Antibodies. (Cohn.). i2mo, i 00

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, i 00
SaUcowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 50
* Satterlee's Outlines of Human Embryology i2mo, i 25

Steel's Treatise on the Diseases of the Dog 8vo, 3 50
Von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, i 00
Woodhull's Notes on Military Hygiene i6mo, 1 50

* Personal Hygiene i2mo, i 00
WuUing's An Elementary Course in Inorganic Pharmaceutical and Medical

I

Chemistry 12mo, 2 00

METALLURGY.

Betts's Lead Refining by Electrolysis. (In Press.)

Egleston's Metallurgy of Silver, Gold, and Mercury;
Vol. I. Silver 8vo, 7 50
Vol. II. Gold and Mercury 8vo. 7 50

Goesel's Minerals and Metals: A Reference Book , . . . . i6mo, mor. 3 00
* Iles's Lead-smelting. .

, i2mo, 2 50
Keep's Cast Iron 8vo, 2 50
Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50
Le Chatelier's High-temperature Measurements. (Boudouard—Burgess. )i2mo, 3 00
Metcalf's Steel. A Manual for Steel-users i2mo, 2 00
Miller's Cyanide Process r2mo, x 00
Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . i2mo, 2 50
Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00
Smith's Materials of Machines i2mo, i 00
Thurston's Materials ol Engineering. In Three Parts 8vo, 8 00

Part II. Iron and Steel '

"gyo| 3
Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents Svo, 2 50
Ulke's Modern Electrolytic Copper Refining .Svo] 3 00

MINERALOGY.
Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 go
Boyd's Resources of Southwest Virginia 8vo' 3 00
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2 oo
Browning's Introduction to the Rarer Elements. 8vo, I

Brush's Manual of Determinative Mineralogy. (Penfield.). . 8vo, 4 oo
Chester's Catalogue of Minerals 1 oo

Cloth, I 25
Dictionary of the Names of Minerals 3 so

so
First Appendix to Dana's New " System of Mineralogy." . . . .Large 8vo, I oo

4 oo
Minerals and How to Study Them I 5°

Catalogue of American Localities of Minerals I oo

2 oo

I 00

Eakle's Mineral Tables . . 8vo, I 25

Egleston's Catalogue of Minerals and Synonyms . Svo, 2 50
Goesel's Minerals and Metals : A Reference Book ibmo.mor. 3 00

Groth's Introduction to Chemical Crystallography (Marshall)

.

i2mo, I 25

Iddings's Rock Minerals Svo, 5 00

Johannsen's Key for the Determination of Rock-forming Minerals in Thin

Sections. (In Press.)

Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. l2mo, 60

Merrill's Non-metallic Minerals. Their Occurrence and Uses Svo, 4 00

Stones for Building: and Decoration ... . .. Svo, 5 00

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests.

Svo, paper, 50

1 00
* Richards's Synopsis ot Mineral Characters.. i2mo. morocco. I 25

Svo, 5 00

Rosenbusch's Microscopical Physiography of the Rock-making Minerals.

Svo, 5 00
* TiUman's Text-book of Important Minerals and Rocks Svo, 2 00

MINING.

Beard's Mine Gases and Explosions. (In Press.)

3 00

2 00

I 00
8-0. 4 00

Goesel's Minerals and Metals ; A Reference Book i6mo, mor. 3 00

Goodyear's Coal-mines of the Western Coa it of the United States. 2 50

Svo, 5 00

2 50

1 50
I 00

Svo, 2 00

Svo, 4 00

3 00

I SO
I 50

Hydraulic and Placer Mining. 2d edition, rewritten 2 50

Treatise oji Practical and Theoretical Mine Ventilation I 25

SANITARY SCIENCE.

1 00

I 25

Folwell's Sewerage. (Designing, Construction, and Maintenance.). . 3 00

Water-supply Engineering. Svo, 4 00
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Fowler's Sewage Works Analyses i2mo, 2 00
Fuertes's Water and Public Health 1 2mo, t 50

Water-filtration Works i2mo, 2 50
Gerhard's Guide to Sanitary House-inspection i6mo. i 00

Sanitation of Public Buildings 12mo, 1 50
Hazen's Filtration of Public Water-supplies 8vo, 3 00
Leach's The Inspection and Analysis of Food with Special Reference to State

Control 8vo, 7 50
Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8vo, 4 00

Examination of Water. (Chemical and Bacteriological.) i2mo, i 25
* Merriman's Elements of Sanitary Engineering 8vo^ 2 00
Ogden's Sewer Design i2mo, 2 00
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis i2mo, i 25
* Price's Handbook on Sanitation i2mo, 1 50
Richards's Cost of Food. A Study in Dietaries i2mo, i 00

Cost of Living as Modified by Sanitary Science i2mo, i 00
Cost of Shelter 12mo, i 00

Richards and Woodman's Air. Water, and Food from a Sanita-y Stand-
point 8vo, 2 00

* Richards and Williams's The Dietary Computer 8vo, i 50
Rideal's S:wage and Bacterial Purification of Sewage 8vo, 4 00

Disinfection and the Preservation of Food 8vo, 4 00

Turneaure and Russell's Public Water-supplies 8vo, 5 00
Von Behring's Suppression of Tuberculosis. (Bolduan.) . . , i2mo, 1 00
Whipple's Microscopy of Drinking-water 8vo, 3 50
Wilson's Air Conditioning. (In Press.)

Winton's Microscopy of Vegetable Foods 8vo, 7 50
WoodhuU's Notes on Military Hygiene iCmo, i 50
* Personal Hygiene i2mo, i 00

MISCELLANEOUS.

Association of State and National Food and Dairy Departments (Interstate

Pure Food Commission)

;

Tenth Annual Convention Held at Hartford, July 17-20, 1906- .. .8vo, 3 00

Eleventh Annual Convention, Held at Jamestown Tri-Centennial

Exposition, July 16-19, 1907. (In Press.)

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the
International Congress of Geologists Large £vo, i 50

Ferrel's Popular Treatise on the Winds 8vo, 4 00
Gannett's Statistical Abstract of the World 24mo, 75
Gerhard's The Modem Bath and Bath-hou§es. (In Press.)

Haines's American Railway Management r2mo, 2 50
Ricketts's History of Rensselaer Polytechnic Institute, 1824-1894. .Small 8vo, 3 ou
Rotherham's Emphasized New Testament Large 8vo, 2 Oo
Standage's Decorative Treatment of Wood, Glass, Metal, etc. (In Press.)

The World's Columbian Exposition of 1893 ' 4to, i 00
Winslow's Elements of Applied Microscopy l2mo, i 50

HEBREW i^D: •iHirL£^]E\TEXT;B.O^ •.:
',
'

Green's Elementary Hebrew Grammar i2mo, i 25
Hebrew Chrestomathy . . . . . . . . . ,?vci, ,2, on

Gesenius's Hebrew and Chaldee Lexiconj 46 jtJje jQld X^!itaJne'Ji{,Sc}-iptJijBS,.t I
.**.

(Tregelles.) 4 III-', ,Sitl^/t*Q.*hSUf,a3cr5cccI, 1^ eo'
'

Letteris's Hebrew Bible 8vo, 2 25
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