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PREFACE.

In the nineteenth (1909) edition, 100th thousand, of our Civil
Engineer’s Pocket-Book, the most notable of the new features is the
series of articles on Concrete (plain and reinforced), including
Cement, Sand and Mortar. Practically all of this matter (occupy-
ing about 200 pages), altho by no means original, is entirely new,
so far as our publications are concerned. In compiling it, our
object has been to present, in convenient and condensed form, the
essentials of existing knowledge and opinion in regard to these
subjects.

Special attention has therefore been given to the rules and results
of modern practice in eoncrete construction; a feature which is
reflected thruout the text and especially in the ‘‘Selected Results
of Experiment and Practice,”’ pp 1135, ete., and in the ‘“ Digest of
Specifications,”” pp 1184, ete. These contain, we believe, a more
complete and more conveniently classified presentation of modern
practice in concrete than is to be found elsewhere in equal space.
To attain this, great care has been taken so to arrange the material
as to give maximum density in the resulting text, and maximum
convenience for reference.

In the selection of ‘‘results of experiment and practice,”’ we have
had in mind not only the weight and standing of the authorities
quoted, but also the importance of covering, as nearly as possible,
the entire field of practice, with its very numerous and diversified
problems.

For reasons explained on p 1140, it was found impracticable to
arrange these results in satisfactory logical order, and they are
therefore furnished with a special and very complete table of
contents, or ‘‘Directory,’”” pp 1135-1139, arranged in practically
the same order as are the articles on cement, ete., pp 930, ete., and
on concrete, ete., pp 1084-1134. It is believed that, in connection
with this ‘‘Directory,”” the ‘‘selected results’’ will be found a
very useful feature.

Similarly, the concrete specifications have been selected from
different lines of work, including not only U. S. Government
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iv PREFACE,

operations and the building codes of the larger cities, but the care-
fully prepared rules of consulting engineers and experts in concrete.
As in the case of our digests of specifications for trusses and build-
ings, ete., prepared for our 18th Edition (1902), these digests are
‘‘by no means mere quotations from the originals; but, as their
name implies, the resultof careful digesting of the contents of the
specifications selected for the purpose; their several provisions
being carefully studied, in nearly all cases re-worded or reduced to
figures, and tabulated in form convenient for reference, the whole
being arranged in such logical order as to facilitate reference.’”’

The specifications include those for concrete blocks and for
concrete sidewalks, adopted by the National Association of Cement
Users at Philadelphia, January, 1908.

With these exceptions, and those of beams and columns, we
refrain from extended discussion of special works (such as arches,
dams, etc.) in concrete ; confining ourselves, for the present, to the
material itself and its constituent parts.

Under Cement, the Committee Report of the American Society
of Civil Engineers, submitted in 1885, has been replaced by that of
the later Committee, submitted in 1903 and amended in 1904 and
in 1908. The recommendations of the Board of U. S. Engineer
Officers, 1901, are retained ; and those of the American Society for
Testing Materials (1904, amended 1908) and of the Engineering
Standards Committee of Great Britain (1904) are added.

Owing to the nature of the materials involved, the theory of
concrete design and construction is less firmly established and less
capable of satisfactory demonstration than that of other branches
of engineering. 'We have therefore avoided useless refinement and
expenditure of space upon this branch of the subject, devoting
ourselves chiefly to its practical side; but we have nevertheless
endeavored to state, clearly, suceinetly, and in form convenient for
reference and use, the commonly accepted theories, as they affect
the principal features of practice.

In the article on Cost of Concrete, pp 1207-1210, we have aimed
to give merely the rangesof cost to be expected in different features
of concrete work, keeping in mind those differences of condition
which so largely affect the several items of cost.

‘We have of course drawn freely upon the existing literature of
concrete. In giving credit for material so used, we have aimed to
err upon the side of liberality, not only as a matter of justice
to the authorities quoted, but also for the convenience of those of
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our readers who may wish to study the sources of our information
in further detail. With the same object in view, we give these
references with full detail as to volume, page, date, etc.; and it is
therefore hoped that these articles, together with the references
under ‘‘Bibliography,’’ may serve, to some extent, as an ‘‘Index
to Current Literature’’ on the subject of concrete.

For convenience of reference we reprint here also, from The Civil
Engineer’s Pocket-Book, pp 454 to 461, remarks on the general
principles of the strength of materials, and, pp 494 a to 494 k, on
diagonal stresses in beams.

For economy of space we not only (as heretofore) use such obvious
abbreviations as cen, diag, hor, vert, cem, agg, conc, etc., but we
frequently drop certain letters which (like ‘‘ugh’’ in *though’’)
are as useless as the ‘‘k’’ which our forefathers considered essential
in “musick,’” or the ‘‘u’’ which our English cousins still like to
use in *‘ honour,”’

The same consideration of space has led also to the liberal
use of symbols, such as (] for ‘‘square,” [J” for ‘‘square inch,”’
/ for ‘“‘per,’” > < * and « for ‘‘more than,” ‘‘less than,” ‘‘not
more than’ (equal to, or less than), ‘‘not less than’’ (equal to,
or more than), respectively.

In connection with the theory of reinforced concrete we have
been forced to the extensive use of letters with subscripts, as fs, E,,
ete., ete. 'We have made special arrangements to secure the great-
est possible legibility for these characters, as well as in connection
with the symbols, mentioned above.

In this reprint, the paging is that of the Pocket-Book ; and the
matter is here accompanied by the appropriate portions of the
Table of Contents, Price List, Business Directory, Bibliography
and Index of that work.

Our acknowledgments are made to many who have assisted us
in our labors, notably to Professors A. W. French and L. J. Johnson,
and to Messrs. J. Y. Wheatley and Wm. H. Balch.

JouN C. TRAUTWINE, JR.,
JouN C. TRAUTWINE, 3D.

PHILADELPHIA, September, 1909.
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454 STRENGTH OF MATERIALS.

STRENGTH OF MATERIALS,

GENERAL PRINCIPLES.
Stress.

1. Stress occurs when forces act upon a body in such a way that its
particles tend to move simultaneously with different velocities or in differ-
ent directions; to do which, the particles must chanFe their relative posi-
tions. This occurs, for instance, when a body is so placed as to oppose the
relative motion of two other bodies; as when a block is placed between a
weight and a‘'hor table. Here the two bodies (the wt and the table) tend to
come closer together; but they cannot do so without distortion of the in-
tervening block; and such distortion is resisted by internal foreces, act-
ing betw the particles of the block and tending to keep those particles in
tltxeir originul relative positions. The action of these internal forces is called
stress.

2. Similarly, if a body be suspended by a long chord, and if we push or
pull the body to one side, the particles, on the side acted upon, will first
tend to move, and the transmission of this tendency to the remaining par-
ticles causes stress within the body.

3. For internal equilibrium, the internal stresses must balance
the external forees. Hence, it is not unusual to apply the term,
“stress,” indifferently to either.

4. Let the two forces, a and b, Figs A, B, acting upon the body, o, meet
at an angle, @ 0 b. Then the two equal and opposite components, a” o
and b” o, cause compressive or tensile stress in the body, o, asin § 1; while
the other two components, a’ 0 and b’ o, unite to form the resultant, c o,
which, unless balanced by other forces, moves the body, o, in its own direc-
tion, causing, as in § 2, another comp stress, Fig A, or tensile stress, Fig B.

b e g )

[ [
Fig. A. Fig. B.

5. Upon any plane within a body, a force may act (1) normally,
(2) tangentially, or (3) obliquely. If it act obliquely, it may be
resolved into two components (see Statics, § 65, p 372), one acting normally
and the other tangentially, upon the plane.

6. Congider the two portions into which the body is divided by such a
plane, Then (1) forces, acting normally upon the plane, produce ten-
sion (or compression) in the plane, tending to separate the two por-
tions (or to push them closer together); and (22) forces, acting tangentially
upon the plane, produce shear (or torsiomn) in the plane, tending to
slide the two portions one past the otherin a straight line (or with a twisting
motion). Torsion oeccurs in planes betw and parallel to two com-
trary couples, as in cross sections of a hand-brake axle when the brake
is applied. 3

7. Thus, if an iron bar be pulled (or pushed) lengthwise, its cross sections
sustain normal tension (or compression?. Ifit be sheared across (or'twisted),
the cross sections, between and parallel to the two shearing (or twisting)
forces, sustain shearing (or torsional) stress.

8. At any point, in the circular path of a torsional stress, we may consider
the tangents to the path as representing shearing forces. Teorsion is

* In every-day language, and often in the writings of engineers, this action
of the internal forces, or the external force causing it, is called ‘‘strain’’;
but scientists apply the word ¢ strain*’ to the deformation occurring under
stress. See ‘“streteh,’ 911 ete.
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therefore merely a shearing stress in which the direction changes at each
point.

9. Transverse stress, In Fig 124, p 438, the two equal and parallel
forces, W and R, in opposite directions, cause a tangential or shearing stress,
=W = R, in the vertical planes lying between their lines of action; but
W and R, as a couple, have a momeni, which, for equilibrium, must be re-
sisted by the equal and opposite moment of another couple, as C and T}
and the opposition of these two couples causes normal (comp and tensile)
stresses in the same vert planes parallel to and betw W and K.

10. The ultimate tendency of any opposing external forces is to fracture
the body by increasing the distances between its particles. Even under
compresgsive stress, rupture can oceur only by separation of particles.

Streteh.

11. When the internal stresses and the external forces are in equilibrium,
no distortion takes place; but, at the instant when opposing external
forces are first applied to a body, the internal stresses are not yet ﬁeveloped,
and distortion begins, under the unopposed action of the external forces.
See 7935 etec. But the stresses are brought into action by the distortion,
and they increase with it; and, if the external force is not increased beyond
the elastic limit (9 26) the stresses finally equal the external forces, and
prevent further distortion.

Stretch, 1000 e=1000 l/L

T 50 100 150 200 250
o Tltimate strength
. telt C
s strl
= o] Rupture D
o5 £ 5
¢
i 50 o,,‘;?
35 "V
Eﬁ 40 T,
%~ 4 B' __|Elastic Limit a4 B PF
.
-~ 30
< W“
3,
~ ()
o so@w /
10 0""‘ /
ﬂse\, /
(_DEI}}/lllll‘llllllllllllll
. 1o 0.5 10 15 2.0 25 X
—L— Stretch. 1000 ¢=1000 1/L

Fig. C.
Behavior under Normal Stresses.

12, Fig C represents the behavior of a typieal material (mild
steel) under temsion. From 0 to 4, i.e., under stresses up to the elas-
tie limit (Y 26), say 34,000 lbs per sq inch, the stretch progresses propor-
tionally with the stress, as indicated by the straight line, 0 A. (The earlier
portions of the process are represented, in the lower diagram, to a scale of
stretch 100 times as great as that of the upper diagram.) After passing
the point A, the stretch increases faster than the stress; and, betw B and B’,
the stretch (in iron and steel) increases with little or no increase of stress, or
even under a slightly diminishing stress.* B is called the yield point.
See 9 31. The scale of the lower diagram does not extend to B’. eyond
B’ (upper diagram), the stretch increases much less rapidly than betw B

*See 99 16, 17

30



456 STRENGTH OF MATERIALS.

and B’, and remains, for a time, nearly proportional to the stress* (though
much igreat,er, relatively to stretch, than in 0 4); but the stretch now pro-
ceeds faster and faster, and in increasing ratio with the stress, until the
stress reaches its maximum or ultimate value (say 70,000 lbs per sq inch)
at C. At C, the stretch is increasing without increase of stress (diagram
horizontal); and, beyond C, the stretch continues increasing altho the stress
is diminishing, until, finally, at D, rupture occurs.

13._If, after passing the elastic limit, the bar is relieved from stress, as
at I, Fig C, lower diagram, its recovery is incomplete, the length remaining
somewhat greater than in its original unstressed condition. The permanent
increase, 0 F”, is called the permanent set, or simply the set. - The
line ¥ F" is, in general, approx parallel to the line, 0 A, of elastic stretch.
When the same stress is again applied, the stretch is greater than before, by
a small amount represented by ¥ F”,

14. When the stress is within the elastic limit (] 26), the
recovery, upon release from stress, is so nearly complete that the per-
manent set cannot be indicated in our Figs. (9 28.)

15. Under tension, the see area is diminished, and, under compression
increased. In ductile materials, under tension, the reduction of sec area is
very marked, especially along a relatively short portion of the length, usually
near the middle of said length; and fracture occurs normally at the point
of maximum reduction.

16. In Fig C, both diagrams, and, in Fig D, the solid curves, represent
the nominal unit stresses, or those usually stated. These are found
by 1(Iiilvsiding the total stresses, respectively, by the original section area, as
in

17. The dotted curves, Fig D, represent the actual unit stresses,
found by dividing the total stresses, respectively, by the actual section area,
as diminished or increased by stress. Under tension, the actual unit stresses
are of course greater, and, under comp, less than the corresponding nominal
unit stresses,

4 ’
»
]
£ /
& 1
L "/
2 Real stress -~
S = Rmanal StTess
P
Negative stretch Stretch
Off o
®
®
88_-~ &
Real SUTEE220G |82
= 54
Fom 3
Fig. D.

Elastic Modulus. Fig. C. %o

18. Let P = the load (one of the two equal and opposite external forces)
acting at one end of a bar and in line with the axis of the bar; and let ¢ =
the original* cross-section area, or seetion area, of the bar, normal to
its axis. Then, s, = P / a, is the normal stress per unit of area, or stress
intensity, or normal unit_stress, in the bar. We assume that, so long as
the external force acts axially, P is uniformly distributed over a, altho this
is seldom strictly the case in practice.

*See 19 16, 17
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19. Let L = the original length of the bar, or of some designated portion
of that length, and ! = the stretch * which takes place, in the length, L,
under the action of a given-unit stress, s. Then, ¢, = I / L, is the stretch
per unit of length, or nnit stretch,* corresponding to the unit stress, s,

20. In many materials, the unit stress, s, and the unit stretch, e, at first
increase proporiionally, the ratio, 8/e, or unit stress = unit stretch, remain-
ing practically constant. This ratio is called the clastie modulus,
and 1s designated by E; or

Elastic modulus = F = g/e = unit stress <+ unit stretch.

20 a. The elastic modulus is thus proportional to the tangent
of the angle, X 0 A, Fig C, the proportion depending upon the scales adopted.

20 b. The elastic modulus, E, increases with the unit stress reqd to pro-
duce a given unit stretch, Hence E is a measure of the stifiness of a body,
i.e., of its ability to resist change of shape. ¢ Stifimess modulus®
would have been a better name.

20 ¢. If equal additions of stress eould indefinitely continue producing
equal additional stretches in a bar, beyond as well as within the elastic
Limit (9 26), then a stress, equal to the elastic modulus, would double the
length of a bar when applied to it in tension, or would shorten it to zero in
compression.

20d. For example, within the elastic limit, a one-inch square bar of
rolled steel will stretch or shorten, on an average, about _~—— of its length
under each additional load of 1000 lbs. If it could stretch or shorten in-
definitely at the rate of of its original length for each 1000 Ibs. of
added load, then 30,000 times 1000 Ibs., or 30,000,000 lbs., (which is about
the average modulus of elasticity for such bars) could either stretch.the bar
to double 1ts length or reduce it tp zero.

20 e. If equal infinitesimal stresses, applied to a bar, could indefinitely
Erodpcg stretches, each bearing a constant ratio to the increased length of the

ar, if in tension; or to the diminished length, if in compression; then the

same load which would double the original length of the bar, if applied in
tension, would reduce it to kalf its original length, if applied in compression.

* We regard shortening, under compression, as negative stretch.
}
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458 " STRENGTH OF MATERIALS.

21. In a prismatic bar, under longitudinal tension or
compression, let

W = the total load ;
a = the cross section area ;

%’- = the unit stress = the stress per unit of area;

& -
L = the original length ;
! = the stretch *;
e = l/L = the unit stretch * = the stretch * per unit of original length ;
E = the elastic modulus of the material ;
r = E a = a measure of the resistance of the bar.
Then -
Elastic modulus = F = g S WL B ) (1)
Total load =W=Ea.—ll:==re 2)
w
Unit stress AR Ee (3)
W L
- - (
Total stretch* l <& 4)
= 8 . -% ............. B P b AT DO (5)
z w 8
Unitstreteh* = e =7 = — = prnn . s ¥ ((23)

22, In a beam, supported at both ends and loaded at the center, lot
L = length of clear span of beam ;
T = weight “owww
A = deflection * % % &«

= breadth of cross section of beam

dépth “ “ .“ . (HRI

H
moment of inertia ‘¢ ** e e

(W + 5/8 w) L3
48 AT
d bds3
If the beam is rectangular, I = STy (p 469), and «
_ 12 (W + 5/8w) Lt _ (W + 5/8w)Ls
48 A bd? = 4Abd8 T
For beams, see also pp 480-481.

23. Reciprocal of elastic modulus. Thelelastic modulus, =
unit stress

unit stretch’
Its reciprocal, =

=
]

E = s sasssssscscnsssnsaases(7)

E .(8)

indicates the stress required to produce a certain distortion.

%, shows to what extent a bar ete of a

iven material must be distorted in order to produce a given stress. This may

e of great importance, especially in the design of structures of timber, the
elastic modulus of which is low, relatively to that of steel; and in which,
therefore, a relatively great distortion must take place before a given fiber
stress (such as the maximum safe fiber stress) can be brought into action.
Thus, in the case of a wharf, supported by long timber piles, the piles may
submit to so great a lateral deflection as to give the load, resting upon them,
a dangerously great horizontal leverage, and thus a dangerous overturning
moment.

* Compression is regarded as negative stretch.
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24. Variable elastic modulus, Fig 11, Concrete experiments
8la p_ 1172, shows an example (in both temsion and compression) of a
material in which the elastic modulus, E, is constantly changing; the
stretches, from the first, increasing faster than the stresses.

23. Even in the case of ductile materials, the stretches, produced by
stresses within the elastic limit (9 26), are so small and so irregular that a
satisfactory average value of the elastic modulus can be arrived at only by
comparing the results of many experiments. In the case of brittle materials,
where scarcely any perceptible stretch takes place before rupture, the deter-
mination of ti’le elastic modulus is very uncertain.

Elastic Limit.

26. The stress, 0 A, Fig C, beyond which the stretches in any body
increase perceptibly faster than the stresses, is called its elastic limit,
or limit of elasticity. Owing to the irregularity in the behavior of different
specimens of the same material, and to the extreme smallness of the distor-
tions caused in most materials by moderate loads, and because we often
cannot decide just when the stretch begins to increase faster than the load,
the elastic limit is seldom, if ever, determinable with exactness and certainty.*
But by means of a large number of experiments upon a given material we
may ogtain useful average or minimum values for it, and should in all cases
of practice keep the stresses well within such values; since, if the elastic
limit be exceeded (through miscalculation, or through subsequent increase
in the stress or decrease in the strength of the material) the structure
rapidly fails, The table, p 460, Fives approximate average elastic limits
for a few materials. The elastic imit, as here defined, is sometimes called
the ** true ** elastie limit. Compare  31.

27. Brittle materials, such as stones, cements, bricks, etc., can scarcely
be said to have an elastic limit; or, if they have, it is almost impossible to
determine it; since rupture, in such bodies, takes place before any stretch
can be satisfactorily measured.

28. A small permanent “set*’ (stretch) probably takes place in all
cases of stress even under very moderate loads; but ordinarily it first be-
comes noticeable at about the time when the elastic limit is exceeded.
The elastie limit is sometimes detined as that stress at which
the first marked permanent set appears.
elastic limit

29. The elastice ratio of a material is the quotient, TS stapngth

It is usually expressed as a decimal fraction.

The permissible working load of a material should be determined by its
elastic limit rather than by its ultimate strength. Hence, other things
being equal, a hxs elastic ratio ig in general a desirable qualification; but,
on the other hand, it is possible, by modifying the process of manufacture,
to obtain material of high elastic ratio, but deficient in ‘‘body”’ or in resil-
lence—, e., in capacity to resist the effect of blows or shocks, or of sudden
application or fluctuation of stress. See ¥ 34: also Y935 ete.

In the manufacture of steel, the elastic ratio is increased by increasing the
reduction of area in hammering or rolling, and the rate of increase of elastic
ratio with reduction of area increases rapidly as the reduction becomes very
great. Kirkaldy foundft

for steel plates 1 inch thick, mean elastic ratio = 0.53

“« “ w“ % “ “ “ “ ¢ = 053
i piy (Ll 0T, “ “ “ “ - 0.54
RO Wy e o . “ “ = 061

*The U. S. Board appointed to test Iron, Steel, &c., found a variation of
nearly 4000 lbs. per square inch in the elastic limit of bars of one make of
rolled iron, prepared with great care and having very uniform tensile strength;
and, in another very carefully made iron, a difference of over 30 per cent.
between two bars of the same size. Report, 1881, Vol. 1, p. 31.

Annual Report of the Secretary of the Navy, Washington, 1885, Vol. I,
p. 499; and Merchant Shipping Experiments on Steel, Parliamentary Paper,
C. 2897, London, 1881,

c2
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30. Elastic Moduli and Elastic Limits. Approximate averages.}
E — elastie modulus, in millions of pounds per square inch ;
| = streteh or compression, in ins, in a length of 10 feet, under
a load of 1000 pounds per square inch,
= (10 X 12 X 1,000) + (1,000,000 E) ;
8, = stress at elastie limit, in thousands of pounds per square inch,

p 1 8

Metals.
10t0 30 | 0.012 to 0.004 4to 8

L N | 12t015 | 0.010 to 0.008 6to 7
“  wrought*...... -l 271081 0.004 20 to 40
Steel, structural*... “to ¢ £ 34 to 38
Brass, cast 81010 | 0.015 to 0.012 5t0 7

$65°7 wire...
Copper, cast.
£ wire....

12t0 16 | 0.010 to 0.007 14 to 18
10 to 14 | 0.012 to 0.009 6to 7
10to 14 | 0.012 to 0.009 8t012

Lead .| 0.8 to 1.0| 0.150 to 0.120 1to 1.2

Tin, cast. 6to 7 | 0.020 to 0.017 1.4to 1.6

Bronzes 18 to 15 | 0.009 to 0.008 14to 15
Stones, ete. T .| 4to 8 | 0.030 to 0.015 1to 2
Masonry t S 0.5t0 2 | 0.240t00.060 | Art. 4 (b)
WIOOTH: SNNERe, L. S s 1.5t0 2 | 0.080 to 0.060 5to 7

31. Yield point. Commercial, Relative or Apparent Elas-
tie Limit. In testing specimens of iron and steel, it is commounly found that,
at a stress slightly exceeding the true elastic limit (9 26), the stretch begins
to increase without further increase of load. This point is usually called ‘“the
yield point,” or ‘*“the elastic limit” in commercial testing. The French Com-
mission on Methods of Testing the Materials of Canstruction called it the
‘‘ apparent elastic limit.” The late Prof. J. B. Jolnson (‘‘ The Materials of Con-
struction,” New York, John Wiley & Sons, 1906, p. 19) applied the term, *‘rela-
tive or apparent elastic limit” to that point on the stress diagram at which the
{ate of deformation is 50 per cent. greater than at points below the true elastic

imit.
Resilience. )

32. The resilience of a bar, under a stress, s, is the work done, upon
the bar, in producing that stress, or, theoretically, the work which the

do, in regaining its original shape, when relieved from stress. Usually
we are concerned with the elastie resilience, or that corresponding to
the stress, s, af the elastic Limit.

33. Let
8, = the unit stress at the elastic limit ;

a = the section area of the bar ;

P, = a s, = the load corresponding to 85
L = the original length of the bar;

1 = its stretch, at the elastic limit

E = the elastic modulus.

*1In rolled iron and steel, the elastic modulus is remarkably constant for all
grades. In wrought iron, the elastic limit depends chiefly upon the degree of
reduction of cross section in rolling; the smaller sizes having the higher elastic
limit. In steel, this effect is less marked.

+ See 79 25, 26.

1In wood, “the extreme fiber stress at the true elastic limit (9 26) of a beam
is practically identical with the compressive stress endwise of the material,”
table, p. 958. See discussion by S. T. Neely, in ‘‘ Timber Physics,” 1889 to 1898,
by Filibert Roth, House Document No. 181, 55th Congress, 3d Session, Wash-
ington, 1899, p. 374.
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The work has been done by the mean load, P,/2 = as,/2, acting thru
the dist, I = L s,/E. Hence,

Resilience = K = P,1/2 = as, Ls, /[2E = (82/2E)a L.
34. Here s2/2 E is the

resilience modulus = resilience of a bar of unit section area and
unit lgth.
The resilience modulus of a material is a measure of its capacity for re-
sisting shocks or blows.

Suddenly applied lda(ls.

35. Let a body, of weight, W, be suspended by a string, and let it just
touch the scale-pan of a spring balance, without depressing it. Now let
the string be cut with a pair of scissors.

36. At the moment of cutting, the spring has not been stretched; its
resisting stress, S, is therefore zero, and the net or resultant downward force,
acting upon the body, is F = W —8 =W —0 = W.

37. Under the action of this force, the spring stretches, and S increases
proportionally with the stretch. Hence (I remaining constant) the re-
sultant downward or accelerating force, F, acting upon the body, decreases
until § = W, when F = —S =W—W = 0.

38. The body, having thus far been constantly accelerated, (by a dimin-
ishing force, F), has constantly increased its velocity. Leth = the height
thru which it has now fallen, and let z be the point reached, at the end of k.

39. Beyond z (W remaining constant, while S continues to increase),
the moving body is acted upon by a constantly increasing, retarding up-
ward force, —F = W — S, which brings it to rest at a second point, z,
at the end of a second distance = h. Its total fall is therefore 2 h.

40. Let S max = the max value of S, or that at the end, z, of the fall,
2 h. Then, since S has increased proportionally with &, its mean value,
during the fall, 2 h, was S max/2; and the work done, during the entire
fall, 22, was2 Wh = (Smax/2) 2 h = Smax X h. Hence,

Smax = 2W.

41. At the end, z, of the fall, 2 &, the body, having come to rest, is acted
upon by an upward force, —F = W — S max = — 2W = —W; and

(neglecting friction) the same performance is now repeated, but in the up-
ward direction, and so on indefinitely.

42. But losses of energy, due to air resistance and to internal
friction, render each oscillation less than its theoretical value ; and the body
therefore finally comes to rest at the point, x, midway of the fall, 2 A.

43. Thus (Y 40), within the elastic limit, a load, suddenly applied
(tho without shock) produeces temporarily a streteh nearly equal
to twice that which it could produce if applied gradually ;
z.e., twice that which it can maintain after it comes to rest; and develops
’:emplorarily, in the stretched body, a resisting stress = twice the

oad.

44. If the load be added in small instalments, each a
plied suddenly, then each instalment produces a small temporary strete
and afterward maintains a stretch half as great. Under the last smali
instalment of load, the spring stretches temporarily to a length greater
than that which the total load ¢an maintain, by an amount equal to half the
small temporary stretch produced by the sudden application of the last
small instalment,
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DIAGONAL STRESSES IN BEAMS.
Maximum Unit Stresses.

104. When a body (as a bolt) is under tensile (or comp) stress
only, the tendency of the body, as regards sections normal to the stress, is to
pull apart {or crush together) in the direction of the stress, or normally to the
section, and the entire stress acts normally upon the section; but, on planes
oblique to the stress, the stress is resolved into two components, one (n)
of tension (or comp) normal to the plane, and one (¢) tabgential to the
plane (shearing stress).

105. Under shearing stress alone, theeffect, upon a plane parallel
to & betw the 2 shearing forces, is pure shear; but, upon planes obligue
to the forces, the shearing forces are resolved into (f) tangential or shearing
stresses, and (n) normal (tensile or comp) stresses.

B x
v’ I

N, -
; Sedyl
i’ N MF c,
b\ L4
Fig. 17.

106. Thus, Fig 17, let a bar, of length, L, and depth, D, be subjected to
a tension, S = 8/, in line with its hor axis, and to two pairs of forces, V=V~
and H = H’, as shown; V and V' constituting a right-hand vert shear, while
H and H’ constitute a left-hand hor shear.

Suppose the bar divided by a section, as N N, F G or K M, and consider
the forces acting, in either case, upon the right-hand segment of the bar as
thus divided.

Upon the normal section, N' N, the tension, S, and the hor shear, H, act
normally (S as tension, H as compression), and the vert shear, V, tangen-
tially (as shear); but, for an oblique section, ¥ G or K M, we first resolve
each force, S, V and H, into two components, b and g, ¢ and z, @ and z,
respectively normal and parallel to the section,as shown bythe force-triangles
on the right.* Then, summing these comps, algebraically, we obtain the
resultant forces, P, (normal) and P, (tangential or shearing), acting upon

the section in question. With the forces, S, V and H, as shown in Fig 17,
we have:

On sec F G, P, ,tension, = y + z — =z;
P,, right-hand shear, = a + ¢—b;
Onsec K M, Pn' compression, = a + ¢— b}

P,, right-hand shear, = y + z — z.

107. If, now, we examine all possible planes cutting the body at a
given point, we shall find (1) one such plane upon which the resultant
unit tensile stress reaches its max; (2) another, normal to (1), upon which
the resultant unit comp stress reaches its max; and (3) two planes, normal
to each other & bisecting the right angles betw planes (1) & (2). Upen
‘tjlﬁe' two planes last named, (3), the resultant unit shearing stresses reach

eir max. .

*In order that, for either force, S, V or H, the two force-triangles (for
the two sections, F G and K M) may be identical, and thus simplify the
figure, we take the two sections, F/ G and K M, normal to each other,
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108. Let Fig. 18 represent a small element in a bar under tensile &
shearing stresses; and let it be required to determine the positions of
these planes ‘and the corresponding max stresses. Let

8 = the original normal (tensile or comp) unit stress;

v = & vertical (shearing) unit stress;
=h = * £ horizontal (shearing) unit stress ;
8, = ‘ max or min resultant normal unit stress;
v, = ‘° max resultant shearing unit stress ;
A = ‘' angle betw 8 and L
Then tan24 = —» D)

o R T e R M
P ATTONET s et

sp max = §/2 + v, = &/2 + [/(8/2)2 + v2

m1n = 82 — v, = /2 — V (5[27 + vi...

+ mgn glves max tension
It s is tensxon “ % “ comp = min tension
Gt { comp ¥
P D “ * tension = min comp.
109. Example. Let
8 = 2000 lbs/sq mch tensnon (not drawn to scale),
p= h =1600.%/* , shear e

Here v is left-handed, A rlght—handed. If this be reversed, the angle, 4,
betw the resulting tension, 8 & the hor, will be below the neut axis.

v 1699 = CH - @ q
72 = 1000 1.6; 24 58 A = 29°;

v, = V(s/2)2 + v2 = /10002 + 16002 1887 ;

ap max = &/ 2rat o 1000 + 1887 = 2887 (tension);

3, min = 82 — v, = 1000 — 1887 = — 887 (comp).

111. In other words, we have, as resultants, (1) a max unit tension,

8, max = 2887 lbs/sq in, forming an angle, A = 29°, with the axis of the
bar or with the direction of 8 ; (2) a min unit tension or max comp, 8, min =
— 887 lbs/sq in, normal to 8, max; (3) a right-hand unit shear, v, = 1887
Ibs/sq in; and a left-hand unit shear, — v, = — 1887 lbs/sq inch; the

110. Thentan2 A =
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directions of the shearing stresses bisecting the right angles betw the max
normal stresses.

112. The max tension and compression, at any point, are called the
¢ principal stresses *’ for that point.

Ilorizontal and Vertical Shear in Beams.

See also pp 440 &e, 446 &c, 450 to 453, 478-9.

113. Let Fig. 19 represent the left half of 2 homogenecous beam, of
rectangular section; breadth, b, = 1 inch; depth, d, = 10 ins: span, L, = 100
ins; with cen load, W,* of 200 lbs; left reaction, R = W /2 = 1001bs. Weight
of beam neglected. The bendg mom, at cen of span, is M = RL/2 =
WL/4* = 5000 inch-lbs; and the mom decreases uniformly,* from its max,
at cen of span, to zero at the supports. In the extreme upger & lower fibers,
the longitudinal unit stress, (¥ 10, p 468) s, = MT/[I, where T = df2 =
dist from neut axis to extreme fibers = 5 ins; J = inertia mom of cross
section = bd3/12 = 1000/12. Hence, in Fig 19,8 = 12X 5 M[1000 =
0.06 M. Now s, being thus proportional to M, also decreases uniformly,*
from its max, at cen of span, to zero at the supports. Values of M and of
8, for the sections 0, a, b, ¢, d, e, are figured on the diagram.

Section [
3 \\‘
H L
1) 7
S ,/r
d / /i Axis // 5 > /,é
I ! g &
10” 20 " 30 " 40 " 50 "
1000 2000 3000 4000 5000
60 120 180 240 3jﬂ
L ”
5= 90 1
rig. 19.

* Under a uniformly distributed load, the bendg mom, at cen of span,
is WL/8; and the bendg moms, M, and the resulting longitudinal unit
stresses, 8, vary as the ordinates of a parabola, as indicated by the dotted

arabola, r m e, at top of Fig 19, which corresponds to a uniform load = 400
bs = 2 W. The unit shears, v, in a given hor section, then decrease uni-
formly, from a max, at the supports, to zero at the cen of the span, Com-
pare 3d and 4th figures, p 474.
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. 114. The unit hor tensile and comp stresses, s, at the several points
in any vert section, are proportional to the dists of those points from
the neutral axis, as indicated by the diagram at each vert section, Fig 19.
115. In Fig 20, let » and g be two vert sections of this beam, such that,
at n and at g, the extreme unit fiber stresses are: m n = 15, and u g = 25,
respectively. Then the rectangular portion, n f, of the beam,
betw seetions n & g, is acted upon by a series of net or resultant forces,
ranging from compression,eg = ug — mn = —25 — (—15) = —10, at
the top, to tension, = +10, at bottom, as indicated by the diagram, e k.
116. Suppose the piece n f to be divided into 10 hor strips of equal depth,
= 1 inch. Then the net unit stresses, s, acting at the tops and bottoms

of these strips, respectively, are those, (—10, —8, —6, ... .6, 8, 10) figured
from e to k; and the mean stress, or (since depth of each strip = b = 1)
the foree, acting upon each strip, is that (—9, —7, =5, ....5,7,9)

figured betw g and f.
117. These forces are transmitted, from strip to strip, thru their
surfs of contact; and, in determining the shearinf force, acting in the hor
lane betw any 2 strips, we regard the qu er (or lower) strip as acted upon
bZI lts)oygm push or pull plus (algebraical ys) those of all the strips above (or
ow) 1t.

w

1
3
e —— -3
5
7 Lt o
u
R
10/ 9
k r
Fig. 20.

118. Thus, the 3d strip from the top is pushed to the left by a force of
—9 —7 —5 = —21, while the 4th strip, just below it, is pulled to the right
by a force of 9 + 7+ 5+ 3+ 1—1—3 = 21. Hence the surf betw
the 3d and 4th strips, sustains a counterclockwise shear of 21; which,
divided by the area, bl = [, of that surface, gives the nnit shear in the
plane betw the 3d and 4th strips. . With central load,* this unit shear is
uniform from each support to cen of span, where it changes sense (from plus
to minus, or vice versa) but is of the same intensity in the other half-span.
See 3d Fig, p 474.

119. In any vert section of the beam, let
the total shear &

* reaction of either support, minus the sum of all loads betw
that support and the section ; : z
** inertia moment with respect to the neut axis;
breadth; d = depth;
‘ area above (or below) any given Foint in the section;
‘ dist from neut axis to grav cen of a; ;
a ¢ = static mom of @, with respect to the neut axis;

the unit vert shear = unit hor shear at a given point.
120. Then

n

Tannn

8

< EGQO‘N

I

* See foot-note p 494 c.
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At the neut axis, M, (= ac¢) = "_2”._‘1_ i d%_

Hence, at the neutral axis:

d? 12 d? 3 vV
Y R b .2 b

= —:-;— X the mean vert shear in the cross section.

See also 9 51 ete.
In ¥ 115 we have taken diff in 8, betw n and g, Fig 20, = 10 = V / bd.

3 |4 3 100 3 T
Hence,'v=—2—-n=5-—16— 15 = Exdlﬁlns.

At neut ax, Fig 20, we have total hor shear = 9 + 7 + 5 + 3 + 1 = 25;
and dist ng = I = bl = total hor shear <+ unitshear = 25/15 = 1.666...;

and 8 max X -1717—2- = (300 X 1.666...) / 50 = 10 = diff in hor fiber stress,

s, betw n and g.

121. At the left of Fig. 19 is a diagram showing the unit shears
in the several hor sections.

122. Let Fig 21 represent a small element of a body, of unit thickness,
normal to the paper, and acted upon by a right-hand vert shear, V = » D,
(where v = the unit vert shear, and D = the depth of the element) and by a
left-hand hor shear, H = h L (where h = the unit hor shear, and L = the
length of the element). For equilib of moments, we must have

V L = H D; orvDL = h LD; orv = h,

In other words,

unit vert shear = unit hor shear.

H=hL
<« - ——
I D { V=vD
L A4
[E——

Fig. 21.

Maximum Unit Stresses in Beams.

123. The common theory of beams (pp 466 to 494,9 9 1-103)
considers only the longitudinal tensile and compressive forces
and the vert and hor shearing forces, due directly to the load and to
the upward reactions of the supports, and acting, at any point, upon vert
and hor planes passing thru such point; but, except in certain limited por-
tions of the beam, these stresses are not the maximun stresses act-
ing at such point; for they combine to form resultant diagonal stresses,
acting upon diagonal planes (passing thru the same point); and, upon some
of these diag Planes, the resuﬁing normal and tangential stresses are greater
than either of the original stresses.

124. 'The ecommon theory is sufficiently well adapted to beams of
many kinds, and especially to steel beams, where the longitudinal forces
are resisted by the flanges, and the shears by the web; but in certain por-
tions of deep and heavily loaded beams, especially those of reinforeced
eonerete, the diagonal resultant or maximuin stresses are the
ruling stresses, and must not be neglected.

125. In a beam, at top and bottom, we have, respectively, hor tensile
and comp stresses only, and, at the neut axis, shear (vert & hor) only:
but, at all other points, we have shear (vert & hor) acting conjointly
with hor stresses, either tensile or comp. At all points,these shearing and
longitudinal stresses may be resolved into components, normal &
tangl to any plane, at pleasure, as in the case of the bar or bolt, Fig 17.
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126. Thus, each element of the beam, Figs 22, 23, 24, is acted upon by
hor & vert forces (unit stresses), which, acting upon diagonal planes, are
resolved into diagonal components, and these components may be alge-

Section a h c a e

7
! Neutral

d ] Sy Aexis ¥
! /l , /
lol/ %ll 30”
1000 2000 3000
- 60 120 = 180
4
7 =50
Fig. 22.
Section 0 a b c d e

Top: v=0; wvy,=3=gpmax; Comp=symax=s=v; Tensn=spymin==0
4

Bottom: v=0;{ vy,=8=gpmax; Tensn==spmax=28=10y; Comp=8pmin=0

Fig. 23.
[ e
L = {
e
Neutral ‘/)\/‘:‘7‘ L e
Awxis <\*":\ <t
—, 3
Fig. 24.

braically summed into resultants; but the original stresses vary in
intensity, and the resultant stresses both in intensity and in direction, from
point to point. For the directions amd values of these resultant
stresses at their maxima, we have, from p 000,

Tan2 A = 's/% (1)
Cr g AT EIE L e g SRR L R e S ST S b (2)
8, = 82 £ v, = §/2 & 1/(3/2)’—*— Dt e T A o (3)(4)

where J g ¥
s == original unit tensile or c.omg stress at the point ;
v = original (vert or hor) unit shear at the point.
The max normal stresses, s,, are called the primcipal stresses.

127. Applying these formulas at numerous points in the profile of the
beam, Fig 22, we are enabled to construct eurves, Fig 23, showing the
directions of the stresses; and to plot, as in Fig 24, for given points, the
directions and intemsities of the stresses there acting. At any given
point, Fig 24, we have resultant normal and shearing stresses analogous to
those in Fig 18, p 494 b; but, in the present Fig 24, owing to want of space,
only the max principal stress, s, maz, is shown for each point selected.
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128. In Fig. 23, the directions of the principal stresses, 8y, arerepre-
sented by the solid curves; those of the resultant shears, v, , by dotted
curves.

at 45° at 90°
with with

horizontal
at cen of span

Of the solid curves

(principal stresses) l coneaue

The tension curves are ’ upward | below neut a>‘;lis

neut axisitop of beam
The compression curves are, downwd | above * 3 i =

bot **

The tensile and comp curves are normal to each other at their intersections.
129. Following any curve (concave upward) of normal tension,*

we find that,
(1) for its point of tangemey with the hor (viz: at cen of span)
8§ max = tension = 8; 8§, min = comp = 0}

(2) for the point where the eurve erosses the neut axis (at 45°)
max (tension) = 8 min (comp) = v, = +v (shear);
(3) above the neut axis, the tension becomes s min, and continues
diminishing, as the direction approaches the vert, becoming zero at top,
where A = 90°. Above the neut axis, for points in the same curve, the
compression (normal to the curve) is now &, max, and increases from 8y =
v, = *v, at the neut axis, to 8, max (comp) = 8, at top.

130. Where v = zero (viz: at any point in the vert cross section at
cen of span, and along the extreme upper and lower fibers), we have ({ 126) :

5

v, = 8/2
spmax=-s/2+'ur=a; tan2 A = 0;
spmin = 8/2 — v, = 03 tan2 A = O.

131. The equation, tan 2 A = 0, gives either 2.4 = (°or 2 A = 180°;
i.e., A = 0° or A = 90° but we know that, at cen of span and along the
extreme upper and lower fibers, 8, max is hor,or A = 0° and s, min is vert,
or A = 90°. .

132. Where 8 = zero (as at the neut surf and where bending mom
= zero), we have (§126) : v, = %v; s, max = spmin = Vv? = v;
tan2 A4 = ©0; 2A = 90°; and A = 45°

133. Of the (dotted) shear eurves, Fig 23, those of one set are tan-
gential to the neut axis and reach top & bottom of beam at angles of 45°,
tending away from cen of span; while those of the other set are normal to
these and to the neut axis at their intersections, reaching top and bottom
of beam at 45°, tending toward cen of span.

MOMENTS IN CONTINUOUS BEAMS.
See also 1 78, ete.

134. Figs 25 and 26 show positive and negative bending moments
in two continnous beams, Fig 25 of two equal spans, and Fig 26
of three equal spans, resting freely upon their supports. Each span = 1.
Fig 26 (three spans) may be used, with sufficient approximation, for cases
where the spans are more numerous.

* Conversely for curves (concave downward) of normal compression.
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Fig. 26.

135. At any cross section, the ordinate, betw the axis, 0 X, of abscissas,
and the curve, (1) m,,, (2) m, pos, or (3) m,, neg, represents, respectively,
by the scale of ordinates on the left, (1) the (ﬂead load moment, m,,, (2) the
max positive live-load mom, m,, pos, or (3) the max negative live-load mom,
m,, neg, at that section, the dead load (1 per unit of span) being uniformly
distributed over the entire ]en%th (two or three spans, as shown) of the beam,
and the live load (1 per unit of span) being uniformly distributed alternatelﬁ
over two portions of the length of the beam, said portions being, for eac
cross section, such that the uniformly distributed live load, placed upon said
portions, will produce, alternately, the max pos and the max neg mom at
that section.

136. In an actual beam, at any point, we have, for bending mom:

M =mw-wlﬁ+mppL2;

where
m,, = the ordinate, at the point, from 0 X to the curve M5
my = “ B0 | LiN=i 0, o] A m,, P08 or m,, mey;
w = uniform dead load per unit of span;
D “ Nivo i (o man e et s

, blaced as explained in ¥ 135.
L = the actual span. i
Thus, at the point, a, Fig 26 (distant 0.7 L from 0), we have, by scale,
m,, = 0.035; my pog = .070; my, neg = — 0.035. Hence, at point a,
max pos mom = 0.035 w L? + 0.070 p L?;
max neg mom = 0.035 w 12 — 0.035 p L2
If, therefore, p = w, the max neg mom, at a, is zero, and there is no
resultant neg mom to the left of a; but, if p = 2w, we have w = p/2 =
(w + p)/3; and, ata, with p = 2w :
max neg mom = 0.035w 12— 0.035 X 2w L2
= 0035w L? —0.070 w L2 = — 0.035 w 1.2
= — 0.035 (w + p) L2/3.
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MORTAR.

Cement.
For experiments, see p 1135.
For specifieations, see pp 937, 940, 942, 1184.
For Conerete, see pages 1084, ete.
For abbreviations, symbols and refereunces, see p 947 1.
1. The property of setting and hardening under water is called hydran-
lieity ;s and cements, which harden under water, are called hydraulie

cements: or, more briefly, cements. For behavior of cement
when mixed with water, with or without sand, see Mortar, p 947 d.

Materials.
2. The elements, chiefly concerned in the action of lime and
cem mortars, are—
Calcium, Ca
Aluminum, Al
Carbon, C Oxygen, O.
Silicon, Si
Hydrogen, H
3. Oxygen combines with each of the others, forming oxides.
Thus : Calcium oxide, CaO, is lime;

Aluminum sesqui-oxide, Al'203,* is alumina;
Carbon dioxide, CO,, is carbonie acid;
Silicon dioxide, SiOs,_ is silica, or silicic acid;t
Hydrogen monoxide, H;0, is water.
4. The materials most used in the manufacture of cements are either
(a) calcareous, (b) argillaceous, or (c) both calcareous and argillaceous.
(a) Caleareous (rich in lime carbonates).

Limestone, a lime carbonate, or combination of lime and earbonic acid,
Ca0 + CO,, or CaCO3z. Marble is limestone.

Dolomite, or magnesian limestone, containing about 45 per cent
of magnesia carbonate, MgQ. CO;. Where strata of limestone and dolomite
adjoin, the rock varies in composition between the two, containing percent-
ages of magnesia carbonate varying from 0 to 45.

Chalk, a soft limestone, composed of remains of marine shells.

Marl, a soft and impure hydrated } lime carbonate, precipitated from
still water and found in the beds and banks of extinct or existing lakes.

Alkali waste, lime carbonate, precipitated, as a waste product, in the
manufacture of caustic soda.

Coral. See 5.

(b) Argillaceous (rich in alumina silicates).

Clay (including argillaceous minerals in general), an alumina silicate, or
combination of alumina and silicic acid, Al,O3 + SiOq.

Shale and slate, clay, solidified by geological processes.

Puzzolana, or pozzuolana, a voleanic slag, found at Puzzuoli, or Poz-
zuoli, near Mount Vesuvius, an impure alumina silicate.

Blast furnace slag, practically an artificial puzzolana.

Brick-dust. See ¥ 6.

(e) Richin both lime earbonate and alumina silicate.

Cement rock is argillaceous (clayey) limestone. The alumina silicate
usually ranges from 13 to 35%. There is generally a considerable per-
centage of magnesia carbonate, amounting sometimes to 25 %.

5. A soft coral rock, from the reefs near Colon, Panama, mixt
with clay and silt brought down by the Chagres river, or with ‘‘a pumiceous
rhyolite tuff,” found on the Isthmus, or with both, and crushed, burned and
tested at the Lehigh Valley Testing Laboratory, at Allentown, Pa., gave a

*The subscripts indicate the combining ratios of the several elements.
Thus, in alumina, Al;O3; means a compound of 2 atoms of alumina with 3
of oxygen. o :

+ Quartz is silica; and most of the sand, used in mortar, i3 quartz sand.

1 Hydrated; containing chemically combined water,



CEMENT. 931

uniform cement, comparing favorably with average standard brands of
Lehigh cement. The coral rock is ‘‘a remarkably pure lime carbonate.”
The Chagres clay and silt are ‘‘rather low in silica, but contain a relatively
large amount of iron as compared with alumina.” The tuff *‘is of approx-
imately the same composition as the argillaceous materials used in_the
Lehigh district of Pennsylvania.” (Ernest Howe, U. 8. GS,E N, ’07/Nov/
21, p 544.) See Y9 29, etc.

6. Mr. Ernest McCullough ‘‘mixed fine brick dust and hydrated
lime together and made a fairly satisfactory cem for a small concrete
job in a locality where Portland cem could not be obtained.” (E N, '07/
Nov/21, p 557.)

7. Lime. When limestone (without eclay) is ‘‘burned,” its CO, is
driven off, and the remaining (¢ gnick”) 1lime has a strong affinity for
water, absorbing it with such avidity as to develop heat sufficient to pro-
duce steam, the generation of which disintegrates and swells the mass.
Combining thus with the water, the lime forms calcium hydrate, Ca0.H20, or

aH,0, This process is called slaking or slackings; and lime which
has satisfied its affinity for water is called slaked (or slack) lime. When
slaked lime is used as mortar, it gradually absorbs carbonic acid from the
air, forming lime carbonate, the water being liberated and evaporated.
Hardened lime mortar may thus be regarded as an artificial limestone.

Manufacture.

8. Cement. When alumina silicate, such as clay, in sufficient quantities,
is “burned” with calcium carbonate, such as limestone, the burned prod-
uct, called cement, is deficient in, or devoid of, the slacking property; but,
on the other hand, when it is made into mortar, the combinations, formed
between the elements of the lime, the alumina, the silica and the water,
during the burning, and afterward in the mortar, are such that they readily
proceed under water. Chemists differ as to the nature of these combina-
tions, except that these constitute a process of crystallization, resulting
chiefly in the formation of hydrated lime silicate and hydrated lime alumi-
nate, which two compounds constitute the major portion of most cems.

Natural and Portland Cement.

9. In the manufacture of ** natural ** eement, cement rock, broken
into lumps, is first calcined, at from 1000° to 1400° C (1800° to 2500° F) in
a stationary kiln, in alternate layers with coal of about pea size, as fuel.
It is then ground to a fine powder, and this is sometimes specially mixed,
in order to increase its uniformity.

10. The gualities of nat cems v widely, owing to diffs in the
compositions of cem rocks found in diff localities,

11. The name Rosendale, originally and properly restricted to nat
cems made in Ulster County, N Y, was at one time applied indiscriminately
to American nat cems in general.

12. In Europe, quick-setting nat cems are called ** Roman cements.”®

13. Portland eement was so called on account of the resemblance of
%le lhax;;lened mortar to Portland stone, the oolitic limestone of Portland,
ngiand. y

14. Portland cem is made from different combinations ef the ecal-
careous and argillaceous materials named in ¥ 4, and these require different
preliminary treatments. Thus, hard rock is crushed; soft rock and clay are
ground; marl and clay are mixed wet, and the marl is sometimes pumped
to the mill. In any case, the resulting materials are dried and finely ground,
mixed, and then calcined at a temperature of 1450° to 1550° C, or say 2600°
to 2800° F, producing incipient vitrifaction, which consists of the chemical
combination of the silica, alumina and lime, into a glassy clinker, essentially
a lime silicate and aluminate. The resulting clinker is again ground to an
impalpable powder, which is the finished product.

15. The proportions of the several materials are carefully adjusted.
There is usually from 74 to 77.5 9, lime carbonate, and about 20 %, of
alumina silicate and iron oxide. See § 32.

16. Manipulation. The raw material is sometimes molded into bricks
which are burned in a stationary kiln; but it is now more generally fed, as
a fine powder, into the upper end of a nearly hor ¢yl (rotary kiln) 6 to 8 ft
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in diam and from 60 to 100 ft or. more in length. Coal dust, as fuel, is in-
%ected, by an air blast, into the other end; while most of the air, required
or combustion, is admitted freely from the atmosphere thru other openings.

17. As in the case of lime, the. burning drives off the carbonic acid
and water, and more completely oxidizes any iron present.

18. The higher cost of Portland cement is due to the more
careful selection of the materials and to the more elaborate and expensive
treatment given them, resulting in the ultimate attainment of much greater
strength and uniformity than are usually found in nat cems.

19. The improvements, which have been made in the manufacture
of Portland cement, are driving out other makes. Owing to its
greater sand-carrying capacity, it is often used, by contractors, even where
the specifications permit the use of nat cem.

20. Overburning is liable to occur, if the material is deficient in lime
(‘‘over-clayed”’). Underburning yields a soft brownish clinker, and
weak, quick-setting cem, heating in water. Some cems, slow at first, be-
come quicker after storage.

21. Portland Cement is used for structures subjected to severe or
repeated stresses, for cases where high strgth must be attained in a short
time, for concrete buildings, where water will be in contact with new work,
for thin walls subject to water pres, and for work exposed to abrasion or to
weather; while natural eement may be used in dry sheltered founda-
tions under compressive loads not exceeding 75 lbs per sq inch and not
imposed until 3 months after placing, for backing and filling in massive
conc or stone masonry where wi and mass are desiderata, and for street and
sewer foundations.

Puzzolana.

22, Slag cements (sometimes called puzzolana cements or puz-
zolana) are intimate mixtures of slaked lime and basic blast-furnace slag,
both finely ground, and not calcined. As the slag leaves the blast-furnace,
it is chilled and disintegrated by running it into water. A little soda is
sometimes added, to hasten setting. Slag cem is not to be confounded with
those Portland cems in which slag is one of the ingredients.

23, In dry air, the sulphides, contained in Puzzolana eement, oxi-
dize, and cause superficial cracking. It sets more slowly than Portland,
unless treated with soda. If so treated, the soda becomes carbonated
under long storage, and the cem again becomes slow-setting. Since puzzo-
lana cem, properly made, contains no free or anhydrous lime, it does not warp
or swell, and requires less water than Portland; but, for permanency after
placing, the finished work should be kept const_antlir) moist. It is recom-
mended for use in sea water, alone or mixed with Portland, Its mortar
is tougher than Portland, but never becomes so hard. It should not be
subjected to attrition or blows. (Report, Board of U S Engr officers,
U. 8., Prof’l Papers No 28, ’01.)

24. Puzzolana cement is said to work well if used with 2 or 3 parts
sand and not subjected to freezing weather. Its ingredients must be finely

round and intimately mixed. It is used where extreme strength and
ardness are not required.

Silica Cement.

25. Siliea Cement, or sand cement, was originally made by
mixing Portland cem with quartz sand. (silica) and grinding the mixture to
extreme fineness It was claimed that the cem thus became much more
finely ground, and that ‘‘silica cement,” containing one part Portland cem
and three parts silica, could therefore carry, in mortar, nearly as much sand
as could tﬁ)e pure cem alone; also that mortars, made with silica cem, were
less permeable to water than those made with pure cem in the ordinary way.

26. Owing to the high cost of grinding the quartz sand, less refractory
materials, such as lime-stone, are now substituted for it. The product,
s0 obtained, is still called ‘‘silica cement,” altho containing a less propor-
tion of silica than Portland cem.

27. Silica eement mortar is said to work more smoothly under
the trowel than that made with ordinary cems.

28, In the construction of a concrete lock at St. Paul, Minn., it was in-
tended to use 1.5 volumes silica cem as equivalent to 1 vol Saylor’s Port-«
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land; but experiments indicated that, at 6 mos, concrete, made with silica
cem, was as strong as that made with Portland.

Other Cements.

29. White Portland cement, obtained by making certain modifi-
cations in the process of manufacture, is nearly colorless. It is suitable for
making imitation marbles, ete., and capable of taking artificial coloring.
It is higher in price than ordinary Portlands. See | 44.

30. Iron ore cement (‘“‘Erzcement”), Krupp Steel Co. In this
cem, the argillaceous material of Portland cem is mostly replaced by iron
oxide. The material is burned and ground as for Portland cem, Y 13, &c.
Spec grav, 3.31. Slower setting than Portland. Sound. Low early
strgths; but, in time, strgth far exceeds that of Portland. No trace of
expansion or crackg in sea water under 15 atmospheres. (Wm. Michaelis,
Jr., Western Soc of%}ngrs, Vol xii, No 4, Aug 1907; S. B. Newberry, Cement
Age, Jan 1907.)

31. Hydraulic lime is a name given to cems (much used in Europe)
which, while to some extent hydraulic, do not contain enough of the hydrau-
lic elements to prevent slaking. The slaking, however, is slower, and the
swelling less, than with lime proper.

Composition.
32. Analyses of ecements, in percentages.
S’il{cu. Alumina, Iron Oxide, Lime. Magnesia.
7 0g Al 03 Fey03 Ca 0 Mg O
*€01020300]9_010200102030405060 0 10 20
LI
fa ¥ = 5
~ i o n
2
& = -
3
NE E '
"“é I :
'§ 2 - ——
3
i - :
s direim gut
:l'g- 1020
prees | ::- C
.g 8 ™ L
o 8
%4 : 1
£ .
2 —— L
g v

Fig 1. Analyses of Cements.

. 33. The ratio of the wt of alumina silicate to that of the lime, in a cem,
is called its hydranlie index. Other things being equal, it may be used
as an indication of the hydraulicity of the cem.
34. Thus, if a cem contains 30 % alumina silicate and 60 % lime, its hy-
draulic index is 30/60=0.50. s ¢ / 5
35. The hydraulic modulus is approximately the reciprocal of the
hydraulic index; i.e., the modulus is the ratio, by wt, of lime, to silica,

* Richard K. Meade, ‘‘Portland Cement,” 1906, pp 16-17.
GG;Pdem C. Eckel, ‘‘Cements, Limes and Plasters,” 1907, pp 253 etc.,
:]:16' analyses of ‘‘Steel”’ (slag%}cement, made by Illinois Steel Co., South
Chicago, reported by Board of U. S. Engineer Officers, 1900, gave practi-
cally the same averages, but with generally greater uniformity: silica, 29.9

zo %76.8; alumina and iron, 12.1 to 11.1; lime, 52.1 to 50.3; magnesia, 3.0
o 1.6.
C3
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alumina_and iron oxide. It is sometimes specified that the modulus, in
Portland cement, shall be 1.7. .

36. In natural cements, the modulus usually ranges from 0.667 to 1.667.

37. Mr. Spencer B. Newberry uses the ratio :

(lime — alumina) = silica,

which he terms the lime faetor, and which usually varies, in the raw
mzﬁ,eéigl, betw 2.7 and 2.8, and, in the best commercial cems, betw 2.5
and 2.6.

38. Mr. Edwin C. Eckel (Cements, Limes and Plasters, p 170) suggests

the

Cementation index = W
where 8, @, 7, l and m are the percentages, by wt, of silica, alumina, iron
oxide, lime and magnesia, respectively.

39. The most common adulterants of cem are ground limestone, lime,
shale, slag and ashes; and Portland cem is sometimes adulterated with nat
cem. Most of the adulterants commonly used are merely inert, and there-
fore only weaken the cem; but quick lime may do more serious mischief.

See Cement Mortar, 4928, etc., p 947 f.

Properties.

Fineness.

40. Fineness. Even in cem of standard fineness, the inner portions
of the grains seem to remain inert, The finer the cem, the more sand it
will carry and still produce a mortar of a given strength; but, in each case,
there is a point where the cost of additional fineness ofisets the additional
advantage which may be gained.

41. Hence, fineness is less important with natural than with Port-
1and cem; for the cheapness of nat cem may render it advisable to use
the cem in larger quantities, rather than pay for finer grinding, in order to
secure the desired strgth.

42, Cements, ground to extreme fineness, in order to secure strgths
beyond those of commercial products, set so quickly that they must be used
immediately after adding water. (Wm. Michaelis, Jr., Western Soc of
Engrs, Aug ’07.)

43. The fineness of cement and sand is indieated as fol-
lows, where thé large numerals represent the sieve numbers; the small
numeral, to the left of each sieve number, represents the percentage retained
upon that sieve; and the final small numeral, to the right of the last sieve
number, represents the percentage passed by the last sieve. The sum of the
small numerals = 100. Thus, 520 1530 340% means that 5 %, were re-
tained on a No. 20 sieve, 15 %, on a No. 30, and 35 % on a No. 40, while the
remaining 45 %, passed the No. 40 sieve.

Color.

44, Color. The lime silicates and aluminates, which constitute the
cem proper, are colorless when pure. (See White Cement, 929.) The
color of cems is therefore due to other matter which is unavoidably present,
notably to the iron oxides, and may be affected by either beneficial, harmful
or neutral ingredients. Hence, color, in itself, is of but little value as a
guide to quality; but variations in shade, in a given kind of cem,
may indicate diffs in the character of the rock or in the degree of burning.
Thus, with nat cems, a light color generally indicates an inferior or under-
burned rock. A coarse-ground cem, light in color and wt, would be viewed
with suspicion.

45. '‘With Portland cem, gray or greenish-gray is generally considered
best; bluish gray indicates a probable excess of lime, and brown an excess
of clay. Natural cems are usually brown, but vary from very light to very
dark. Slag cem has a mauve tint—a delicate lilac.” (Prof Ira O. Baker,
‘‘A Treatise on Masonry Construction,” p 55.)

Weight.

46. Specific gravity and weight. See spec fgrav, pp. 940, 942.
The sp gr of the solid particles of cem is not affected by fineness of grinding,
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but is diminished by absorption of water and carbonic acid under exposure,
and is therefore increased by drying. The sp gr of Portland cems may
range from 2.9 to 3.25, ordinarily from 3 to 3.2; nat cems, 2.7 to 3.2; Puz-
zolano cem, from 2.7 to 2.9.

47. The weight, dper cu ft, of cem powder, is affected by exposure and
by drying, as explained above, and is increased by compression, as in pack-
ing. It is reduced by fine grinding, the finer particles packing less closely.
Faija found a loss, in wt, of about 6 % in a few days after grinding; 17 ‘%
in 6 mos, and 21 % in a year.

48. In a German Portland cem, Eliot C. Clarke found 90 lbs per cu ft
when 40 9 was retained on No. 120 sieve, and 75 lbs per cu ft when so finely
ground that all passed the same sieve.

49. As a rude approximation, Portland cem is taken as weighing 100 lbs,
nat cem 75 lbs, per cu ft.

Packages.

50. Owing to variations in the specific gravity of cems, there is corre-
sponding variation in sizes and weights of packages and their contents.
The trade practice is to sell a bbl of Portland cem as 400 lbs gross (including
wt of bbl); nat, 300 lbs gross.

5l. A Portland Cement barrel is 2 to 2.2 ft h.igh, betw heads,
1.38 to 1.46 ft av diam. It weighs 21 to 29 lbs, and is lined with paper for
ordinary transportation. Its eapacity is 3.1 to 3.5 cu ft, but the cem, com-
pressed into it, in packing, occupies 3.75 to 4.3 cu ft loose, and weighs 370
to 390 lbs. The bbl is not returnable.

32. A natural eement barrel weighs about 20 lbs. In the Wes-
tern states it contains 265 lbs; in the Eastern states, 300 lbs, of cem.

53. ‘““ Domestic” barrels are used for shipment to all points in the
U. 8., with slight reinforcement for Gulf ports; ** standard export®’
bbls for Mexico and the West Indies; ““ special export barrels”
where specially severe treatment is expected.

54. The standard export barrel is of better stock than the
‘‘domestic,”” and is reinforced with cross pieces in the heads and with two
iron hoops. It costs from 5 to 10 ets more than the ‘‘domestic” bbl, vary-
ing with cost of cooperage stock.

53. The special export barrel costs 10 to 15 cts more than the
standard export bbl. It is all-hardwood, heavily hooped and reinforced,
with wood cross-pieces in the heads, iron hoops, and clamps to hold the
heads in place. A heavy waterproof lining is used instead of the heavy
Manila paper used with the standard export bbl.

56. Most cem is now packed in ‘‘cloth” or paper bags, except for ship-
ment by sea. 3

57. Cement bags are made of cloth (canvas or cotton duck) and of
‘‘rope Manila” paper. When empty, they measure about 17 X 28 ins.
(See Digest of specification of the Am Soc for Testing Materials.) A ‘‘cloth’’
bag is usually charged to the purchaser at about 10 cts, and credited at
about 7.5 cts when returned. Paper bags are charged at 2.5 cts each
and are not returnable.

58. The use of paper bags obviates loss of time in emptying and re-
turning bags, shortage on lost or damaged bags, and loss of cem in transit
or by failure to empty bags completely; but paper bags are more likely to
lose their entire contents by breakage, and pieces of broken bags may get
into the work and weaken it.

59. For large work, cem has frequently been shipped in cars in
bulk, with little loss or damage, provided the cars are carefully selected.
This method is especially advantageous where the cem is tested at the mill,
stored in ‘‘accepted bins,” and shipped direct to the work, in sealed cars.
The cars may be unloaded by automatic conveyors. Bags and bbls are
often preferred as furnishing a convenient means for keeping account of the
quantities of cem entering the work; but, in large operations, there should
be no difficulty in arranging to keep such accounts with bulk shipments.

Age.

60. “ Aging* consists in the slaking of the free lime remaining in the
cem after burning. Good Portland cem is improved by a few weeks of
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aging in dry air; and, if kept dry. it_deteriorates but slowly under even
long storage; but nat cems usually suffer by aeration; and cems in general,
being composed of compounds with a strong affinity for water, deteriorate
if exposed to dampness. Hence, protection from moisture, even that of
the air, is very essential for the preservation of cems, as well as of quick-
lime. With this precaution, the cem, altho it may require more time to
set, than when fresher, does not otherwise very appreciably deteriorate in
many months.

61. Storage, under pressure, tends to the caking of cems, which, there-
fore, does not necessarily indicate deterioration.

62. Restoration by rebuarning. Cems which have deteriorated by
exposure, may be in great measure restored by reheating to redness.

63. If cem is stored in warm plaeces, it is apt to ‘‘flash” when
mixed with water, 7. e., to set much more rapidly than it should.

Testing.

See Digests of Specifications, A S C E, %942 ; Engng Standards Comm
of Gt Brit, p 940; Report of Board of U S Engr 0fﬁcers. p 937.

64. Thoro chemical tests of cem can of course be made only by
expert chemists; but the following simple test may be made by the engi-
neer. Treated with hydrochloric acid, ‘‘pure Port cem effervesces slightf ;
gives off some pungent gas, and gradually forms a bright yellow jelly, with-
out sediment. Powdered limestone or cem rock, mixed with the cem,
causes violent effervescence, the acid giving off strong fumes until all the
lime carbonate is decomposed, when the yellow jelly forms. Quartz sand
remains undissolved. Reject cem containing these adulterants.” Judson,
“‘City Roads and Pavements.” The presence of slag is generally indicated
by the sulfur present, which causes a milky appearance, if the cem be agi-
tated in a solution of hydrochloric acid in water.

65. Fuller and Thompson found that cems, which failed to stand this
test, failed also to set properly; while cems which passed it, also passed
mare elaborate chemical tests. (Trans A 8 C E, Vol 59, '07, Dec, pp 73-4.)



CEMENT. 937

Properties and Tests of Cement. Report of Board U. S. A.
Engineer Officers. Properties and tests of Portland, Natural and Puz-
zolan * cements, Digest of a Report of Majors W, L. Marshall and Smith S.
Leach and Capt. Spencer Cosby, Board of Engineer Officers, ou testing Hydraulic
Cements. Professional Papers, No. 28, Corps of Engineers, U. 8. A., 1901,

Unfortunately, tests for acceptance or rejection must be made on 2 product
which has not reached its final stage. A cement, when incorporated in masonry,
undergoes chemical changes for months, whereas it is seldom possible to
continue tests for more than a few weeks at the most.

A few tests, carefully made, are more valuable than many, made with less care.

Cement which has been in storage for a long time should be earefully
tested before use, in order to detect deterioration.

A cement should be rejected, without regard to the proportion of fajlures
among samples tested, if the samples show dangerous variation in quality or
lack of care in manufacture, and resulting lack of uniformity in the product.

The practice of offering a bomus for cement showing an abnormal strength
is objeetionable, as it leads to the production of cements with defects not
easily detected.

For Portland or Puzzolan cement, make tests for (1) fineness of grinding ; (2)
specific gravity ; (3) soundness, or constancy of volume in setting; (4) time of
setting, and (5) tensile strength. For Natural cements omit tests (2) and (3).

(1) Fineness. Cementitious quality resides principally, if not wholly, in
the very finely ground particles. Use a No. 100 sieve, woven from brass wire
No. 40 Stubs gage; sift until cement ceases to pass through. The percentage
that has passed through is determined by weighing the residue on the sieve.
The screen should be frequently examined to see that no wires have been
displaced.

(2) Specific gravity. The specific gravity test is of value in determining
whether a Portland cement is unadulterated. The bigher the burning, short of
vitrification, the better the cement and the higher the specifie gravity. if under-
burned, the specific gravity of I>ortland cement may fall below 8; if overburned,
it may reach 3.5. Natural cement has a specific gravity of about 2.5 to 2.8, and
Puzzolan about 2.7 to 2.8.

The temperature may vary between 60° and 80° F. Any approved form of
volumenometer or specific gravity bottle may be used, graduated to cubic centi-
meters with decimal sul)dgivisions. Fill the instrument to zero of scale with
benzine. Take 100 grams of sifted cement that has been previcusly dried by
exposure on a metal plate for 20 minutes to a dry heat of 212° F., and allow it to
pass slowly into the benzine, taking care that the powder does not stick to the
sides of the graduated tube above the fluid, and that the funnel, through which
it is introduced, does not touch the fluid, The approximate specific gravity will
be represented i)y 100 divided by the displacement in cubic centimeters, The
operation requires care.

(3) Soundness, and (4) setting qualities. The temperature should
not vary more than 10° from 62° F, For Portland cement use 20, for Natural 30,
and for Puzzolan 18 per cent. of water by weight. Mix thoroughly for 5 minutes,
On glass plates make two cakes about 3 inches in diameter, 14 inch thick at the
middle and drawn to thin edges, and cover them with a damp cloth. At the end

of the minimum time specified for initial set, apply needle -11-2- inch diameter,

weighted to 1{ pound. If an indentation is made, the cement passes the require-
ment for initial setting. Otherwise the setting is too rapid. At the end of the
maximum time specified for final set, apply the needle 511— inch diameter, loaded
to one pound. If no indentation is made, the cement passes the requirement for
final set. Otherwise the setting is too slow.

Generally speaking, both Perlods of set are lengthened by increase of moisture,
and shortened by increase of temperature.

*By Portland cement, in this report, is meant the product obtained by
calcining intimate mixtures, either natural or artificial, of argillaceous and
calcareous substances, up to incipient fusion, By Natural cement is meant
one madc by calcining natural rock at a heat below incipient fusion, and grind-
ing the product to powder. By Puzzolan is meant the product obtained by
grinding slag and slaked lime, without subsequent calcination.

62
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Recommendations of Board of U. S. A. Engineer
Officers. Continued.

In gaging Portland cement in damp weather, the samples should be thoroughly
dried before adding water. This precaution is not deemed necessary with
Natural cement. Sufficient uniformity of temperature will result if the testing
room be comfortably warmed in winter, and if the specimens be kept out of the
sun in a cool room in summer, and under a damp cloth until set. Temperatures
may vary between 60° and 80° F., without aftecting results more than the
probable error in the observation.

Boiling test. Place the two cakes under a damp cloth for 24 hours. Place
one of them, still attached to its plate, in water 28 days; immerse the other in
water at about 70° F., and let it be in a rack above the bottom of the receptacle;
heat the water gradually to the boiling point, maintain the heat for 6 hours anm
then let cool. The boiled cake should not warp or become detached from the
plate, or show expansion cracks, If the cold-water cake shows evidences only
of swelling, the cement may be used in ordinary work in air or fresh water for
lean mixtures, but if distortion or expansion cracks appear in it, the cement
should be rejected. ]

Accelerated tests are not generally recommended, but where a test must
be made in a short time, the boiling test is considered about the best. It not
only gives short-time indications, but at once directs attention to the presence
of ingredients which might lead to disintegration. On the other hand, it may
lead to the rejection of a cement which would behave satis(’actorﬂ{ in actual
work and which would stand the test after air-slaking. Sulphate of lime, while
enabling cements to pass the boiling tests, introduces an element of danger.

(5) Tensile tests are preferred to flexural or compressive tests, Sand
tests are the more important and should always be made; and neat tests should
be made if time permits.

A cement which tests moderately high at 7 days, and shows a substantial
increase in strength in 28 days, is more likely to reach the maximum strength
slowly and retain it indefinitely with a low modulus of elasticity, than a cement
which tests abnormally high at 7 days with little or no increase at 28 days.

Use briguettes of the form recommended by the American Society of Civil
Engineers,* measuring 1 inch square in cross-section at place of rupture, and
held by close-fitting metal clips, without rubber or other yielding contacts. The
tests should be made immediately after taking the briquettes from the water.

Neat tensile tests. Use unsifted cements. For Portland cement, use
20; for Natural, 30; and for Puzzolan, 18 per cent. water by weight. Place the
cement on a smooth non-absorbent slab; in the middle makea crater sufficient to
hold the water; add nearly all the water at once, the remainder as needed ; mix
theroughly by turning with the trowel, and vigorously rub or work the cement
for 5 minutes.

Place the briquette mold on a glass or slate slab. TFill the mold with consecu-
tive layers of cement, each to be 14 inch thick when rammed. Give each layer
30 taps with a soft brass or copper rammer weighing 1 pound, having a face 34
inch diameter or 0.7 inch square, and falling about 14 inch. .

After filling the mold and ramming the last layer, strike smooth with a trowel,
tap mold lightly on side, to free cement from plate, remove the plate, and leave
for 24 hours, covered with a damp cloth. Then remove the briquette from the
mold and immerse it in fresh water, which should be renewed either continu-
ously or twice in each week during the specified time.

Tensile tests with sand. For Portland and Puzzolan cements, use 1
part cement to 3 parts sand; for Natural or Rosendale, 1 to 1. Use crushed
quartz sand, passing a No. 20 standard sieve, and being retained on a No. 30
standard sieve.

After weighing carefully, mix dry the cement and sand until the mixture is
uniform, add the water as in neat mixtures, and mix for 5 minutes. The con-
stituents should be well rubbed together.

For maximum strength in tested briquettes, Portland cements require
water = 11 to 1214 per cent. by weight of constituent cement; Natural, 15 to
17; and Puzzolan, 9 to 10.

A machine which applies the stress antomatically and at a uniform rate

' *See page944.
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Recommendations of Board of U. S. A. Engineer
flicers. Continued.

of increase is preferable to one controlled entirely by hand. The stress
should be increased at the rate of about 400 ibs. per minute, A rate materially
greater or less than this will give different results.

The highest tensile strength from each set of briquettes made at any one time
is to be considered the governing test.

Field tests are recommended, whether or not the more elaborate tests
above described have been made. In connection with tests of welght and fine-
ness, and observations of texture and hardness in the work, field tests often
suffice for well-known brands, showing whether the cement is genuine and
whether it is reasonably sound and active. Pats and balls of neat cement from
the storehouse, and of mortar from the mixing platform or machine, should be
frequently made. Estimate roughly the setting and hardening qualities by

ressure of the thumb-nail ; hardness of set and strength by breaking with the

and and by dropping upon a hard surface. The boiling test may also be used.
Should the simple tests give unsatisfactory or suspicious results, then a full series
of tests should be carefully made.

A cement may be rejected if it fails to meet any of the following requirements.

Requirements.
Portland. Natural, Puzzolan,
Slow. Quick.
Fineness. Percentage to pass through a No.

100 sieve as in (1) ceeveenes 87 to 92* 80 97
Specific gravity. Between.. . 3.10 3.10 Not 2.7
AN jocreeess vr8.25 3.25 given 2.8
Time of setting. Initial, not less than. 20 m. 20 m. 45 m,
nor more than.. 30m.  aeees
Final, not less than 45 M P R ke
nor more than 2.5h, 4h. 10 h,
Tensile strength, neat, 4 e - ~
. ays
s, per sq. in. {28 da,zs 480 200 500
Tensile strength., With sand, as in *( 228 2 Y
- ays
Ihs. per sq. in. 28 days 180 150 220

*92 per cent. is quite commonly attained by high-grade American Portlands,
but rarely by imported brands. For the latter, use 87,
T Reject any cement not showing an increase at 28 days over 7 days,



940 CEMENT MORTAR.

DIGESTS OF SPECIFICATIONS.
Requirements.
American Society for Testing Materials.

Digest of Specification adopted by the Society, Nov 14, 1904.
See Amendments of 1908.*

Adopted by Assn of Am FPortland Cement Mfrs, June 10,
1904,* and by Am Ry Eng & Maint of Way Assn, Mar 21, 1905.*

1. Packages. Brand and mfr’s name plainly marked thereon. Bag
to contain 94 Ibs net. Bbl Portland = 4 bags; nat, 3 bags.

2. 'Tests in accordance with recommendations of Comm of A S C E, p
942. “‘Cem, failing to meet the 7-day requirements, may be held awaiting
the results of the 28-day tests before rejection.”

3. Qualities. Natural Portland
Sp gr, cem thoroly dried at 100° C.* ......... min 2.8 * min 3.1
Loss of wt, on ignition ................... 2y hits L
Fineness. Percentage, by wt:

Residue on No. 100 sieve ..........max 10 max 8

. _onNo, 200 sieve..........max 30 max 25

Time of setting, mins, initial ................. min 10 min 30
RS TR w280 ==t { min 30 min 60

T A R max 180 max 600

Tensile strgth, B
Min requirements,* 1bs per sq inch; briquettes 1 inch square section.
Briquettes must show no retrogression in strgth during specified

I w2 by T 3
1 day in moist air in all cases.

Neat Natural Portland
24 house. .. V5L LNl Gl Lo . 50 to 100 150 to 200
ARV s i e . e b 100 to 200 450 to 550
28 A AW Sl SO R C R e ....200 to 300 550 to 650
1 part cem, 3 parts standard sand.
(1 Lt 50 P58 AT 17 T 25to 75 150 to 200
23 Tddys’ b < MEE SRR L 75 to 150 200 to 300
Soundness (constancy of volume o3
(For normal and accelerated tests, see
digest of A S C E Specfns, p 945).....to stand to stand
normal test. normal and
accelerated
tests.
Anhydrous sulfuric acid ................. 5,06 VP I Pl gk A max 1.75%,
D L A o e g SE O max 4.00%

Engineering Standards Committee of Great Britain,
Adopted Nov. 23, 1904.

1. Consignments of from 100 to 250 tons to have expert testing and
chemical analysis. For consignments of less than 100 tons, makers shall, if
required, give certificate, for each delivery, that cem meets this spec’n.

2. Samples. Test samples to be taken as soon as bulked at factor;
or on the work, at consumer’s option. Samples to be taken from eacg
‘‘parcel,” each sample consisting of cem from at least 12 diff positions in
same ‘‘heap,” mixed together and spread out, 3 ins deep, for 24 hours, at a
temp between 58° and 64° F.

* Amendments adopted by Am Soc for Testing Materials, Sep 1908:

Strength. The means of the values given shall be taken as the
required minima where these are not specified. :

Natural Cement. Omit specification for specific gravity.

Portland Cement. Specific gravxty. For ‘‘thoroly dried at 100° C,”
read ‘‘ignited at a low red heat.”

Loss of weight, on ignition, » 4 %.
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Requirements. Engineering Standards Committee of

Great Britain. Continued.
3. Fineness.

Meshes .
Wire Residue not
per lin inch per s8q inch diam, ins to exceed
76 5,776 0.0044 5.0%
180 32,400 0.0018 22.5 %

Wire woven, not twilled.

4. Tensile strength.

Test room temperature, 58° to 64° F.

Water, fresh, renewed every 7 days. Temp 58° to 64° F. \

Paste, smooth, easily worked, that will leave the trowel cleanly in a com-
pact mass. g e

Briquette, filled, not rammed, into mold resting upon an iron plate, and
left until cem has set. Briquette kept in damp atmosphere 24 hours; then
in water until broken. Clips. See Fig. 1

e =
31+
% 4
g
A 0—’
" Plan
1

Elevation

i L e P T L
i I TR TR R
Inches
Fig 1. Briquet and Clips.

Load, start at zero. Add 100 lbs each 12 seconds.
Neat test. 6 briquettes at 7 days, and 6 at 28 days.

r Av of the six ac-
cepted as the tensile strgth of the cement.

7 days, € 400 lbs per sq. inch;
28 days, € 500.
When 7 day test is betw PR S e
400 and 450 lbspersq. iNeeeeeeeennnvnnn..... 25 per cent.
450 and 500 ¢ 4« «

500 and 550 ¢ ¢ ¢«
550 and over ‘* ¢ ¢«

Test with sand. By wt, 1 cem, 3 standard sand from Leighton Buzzard,
thoroly washed and dried. Sand must pass No. 20 sieve of 0.0164 inch
wire, and remain on No. 30 sieve of 0.0108 inch wire. Mixture thoroly
wetted, but without superfluous water. 7 days, 120 lbs per sq inch; 28
days, 225. Increase, from 7 to 28 days, not less than 20 T+
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Requirements. Engineering Standards Committee of
Great Britain. Continued.

Time, mins

5. Setting. maximum minimum
(NP7 AT ISR e A [ 3 o 30 10
1 T T e L CNY T T | PRI £ 120 30
S O Boo B £ 13 1 MmO . 300 120

‘‘Set” has occurred when needle, loaded with 234 lbs, with flat end Yi¢
inch square, fails to make an impression.

6. Soundness. LeChatelier test. Expansion not to exceed 12 mm
after 24 hours aeration; 6 mm after 7 days.

7. Specific gravity. Not less than 3.15, when sampled and hermeti-
cally sealed at makers’. Not less than 3.10, when sampled after delivery to
consumer.

8. Analysis.

Water, » 2 9%, whether added or naturally absorbed from the air.

l(;a.lcium sulfate, > 2 9, of wt of cem, calculated as anhydrous calcium
sulfate.

Lime, }» enough to saturate the silica and alumina.

Insoluble residue, » 1.5 %. Magmnesia, > 3 9. Sulfarie an-
hydride, > 2.5 %

Tests.
American Society of Civil Engineers.

Digest of report of Committee on Uniform Tests of Cement,* Jan ’03, as
amended Jan ’'04 and Jan ’08. :

1. Seleetion of samples left to discretion of engineer. Number of
samples and quantity to be taken from each package depend upon impor-
tance of work, upon number of tests to be made and upon facilities for
making them. Where conditions permit, sample one bbl in ten. Individual
samf)]es may be mixed, and av tested; but, where time permits, test sepa-
rately.

2. Barreled cement to be sampled through a hole made in the center
of a stave, midway between the heads, or in the head. Bagged cement to
be sampled from surface to center.

3. Samples to be coarsely sereened thru a No. 20 sieve.

4. Chemical analysis may show adulteration in the case of cems
rich in inert material, but is not conclusive evidence of quality. Committee
recommends method proposed by Committee on Uniformity &c., New York
Section of the Society for Chemical Industry, see E N, ’03, Jul 16, p 60;
E R, 03, Jul 11, p 49.

5. Specifie gravity test. Le Chatelier’s method recommended. Figl.

Flask, D, 120 cubic centimeters (ce); neck about 9 mm diam and 20 cm
long, with bulb, C; vol, betw marks, F and E, 20 ce. Neck graduated, to 0.1
ce, above F. Neck of funnel, B, enters neck of flask, and extends to top of
bulb, C. Use benzine (62° Baumé naphtha) or kerosene free from water,
During the operation, in order to avoid variations in the temperature of
this liquid, the flask is kept immersed in water, in a jar. Two methdds, viz:

(a) Flask filled to lower mark, E. Weigh out 64 grams (2.25 oz) of the
cem powder, cooled to temp of liquid. Thru the funnel, B, introduce the
cem powder gradually until surf of liquid reaches the upper mark, F. Then
64 grams, minus wt of powder remaining unused, = wt, w, which has dis-
placed 20 cc and

Specific gravity = w / 20.

(b) Fill, with liquid, to lower mark, E, as before. Add the entire 64

grams cem powder, liquid rising to some division of the graduated neck.

*Geo. S Webster, Richard L. Humphrey, Geo. F. Swain, Alfred Noble,
Louis C. Sabin, Spencer B. Newberry, Clifford Richardson, F. H. Lewis,
W.B. W. Howe. A S CE, Proceedings, Jan ’03, Feb ’04, Feb ’08. :
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Tests. Am Soe¢ Civ Engrs. Continued.

The reading of this division, plus 20 c¢, is the vol, v, displaced by 64 grams
of the powder; an
Specific gravity = 64/,

6. Fineness. Sieves should be circular about 20 em (7.87 ins) diam,
6 cm (2.36 ins) high, with pan 5 em (1.97 ins) deep, and a cover.

Sieves should be of wire cloth,

No. 100, 96 to 100 meshes per lmea.l mch w1re 0.0045 mch dlam.

No. 200, 188 to 200 . 0.0024

Use 50 grams (1.76 oz) or 100 grams, cem; dried at 100° C (212° F).
Hand sieving preferred. Use No. 200 sieve until one minute continuous
sieving, at about 200 strokes per minute, passes not more than 0.1 %. Weigh
residue, and treat it similarly on No. 100 sieve. A small quantity of large
steel shot, placed in the sieve, expedites the work. The results should be
reported to the nearest 0.1 %.

Fig 1. Fig 2.
Sp grav Flask. Vicat Needle Apparatus.

7. Normal consistency. The percentage of water, used in making
the pastes, for tests of strgth, soundness aud setting, vitally affects the
results. Normal consistency is determined as follows:

The quantity of cem, to be subsequently used for each batch in making
the bnquettes, but not less than 500 grams, is kneaded into a paste as under
“Mixing,” ¥ 12, quickly formed into a ball, with the hands, and tossed
six times from hand to hand, held 6 ins apart The ball is then pressed
thru the larger opening of the Vicat needle apparatus into the rubber ring,
7 em (2,76 ins) diam, 4 ¢m (1.57 ins) deep, smoothed off below, and placed
on the ‘glass plate. Its upper surf is t en smoothed off with a trowel.
The point of the Vicat needle is then brought into contact with the upper
-surf of the sample and the eyl is allowed to descend. The paste is of the
normal consistency when the needle penetrates to a depth of 1 cm (0.39 in).
With this rather wet paste, the committee believes that variations, in the
amount of compression to which the briquette is subjected in molding, are
likely to be less than with a drier paste.

8. Setting. Vicat needle, 1 mm (0.039 in.) diam, loaded to 300 grams
(10.58 o0z). Setting has begun when needle ceases to pass a point 5 mm
(0.20 in.) above the upper surface of the glass plate; and has terminated
when the needle does not visibly penetrate the mass. Test pieces to be
kept damp, during test, by being stored in a moist box or closet, or placed
on a rack over water in a pan and covered by a damp cloth, the cloth resting
upon a wire screen, so as not to touch the test pieces. Keep needle clean;

:;1

L3
O! |H$

fUuMIVED ,(
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Tests. Am Soc¢ Civ Engrs. Continued.

as cem, adhering, seriously vitiates results. Time of setting is materially
affected bfy temp of mixing water, by temp and humidity of air, by the per-
centage of water used, and by the amount of molding the paste receives.

9. Standard sand. Crushed guartz objectionable, ‘‘especially on ac-
count of its high percentage of voids, the difficulty of compacting in the
molds, and its lack of uniformity.” Comm recommends natural sand from
Ottawa, Ill. Sand to passa No. 20 sieve, with wire diam = half the diam of
spaces betw wires; 4 99 %, to be retained on a similar No. 30 sieve after 1
minute of continuous sifting of a 500 gram sample. The Sandusky Portland
Cement Co., Sandusky, O., has agreed to furnish such a sand at actual cost
of preparation.

10. Standard briquette. See Fig. 3.

C. Wi LC€
w

i
] e S e
e

Fig 3. Briquet. Fig 5. Clip.

Fig 4. Gang Mold.

11. Molds, ‘‘of brass, bronze or some equally non-corrodible material;’’
sides strong enough to resist spreading. Gang mold, Fig 4, recommended,
because the greater quantity of mortar, required for it, conduces to uniform-
ity of results. Molds to be ‘‘wiped with an oily cloth before using.”

12. Mixing. Proportions stated by wt; quantity of water stated as
percentage of dry material.

Metric system recommended.

Temp of room and mixing water as near 21° C (70° F) as practicable.

Sand and cem thoroly mized dry. Mixing done on some non-absorbing
surf, Freferably plate glass. If an absorbing surf is used, it should first be
thoroly dampened.

Quantity of material, mixed at one time, depends on number of test
pieces to be made; about 1000 grams (35.28 oz.) convenient to mix, espe-
cially by hand methods. v .

Hand mixing and hand molding recommended. Material weighed. and
placed on mixing table, and a crater formed in the center, into which the
proper percentage of clean water is poured; material on outer edge turned
into crater by aid of a trowel. As soon as the water is absorbed, the opera-
tion is completed by vigorously kneading with the hands for an additional
114 minutes. A sand-glass affords a convenient guide for the time of knead-
ing. The hands should be protected by gloves, preferably of rubber.

Molds filled immediately after the mixing is completed, material pressed
in firmly with the fingers and smoothed off with a trowel, without mechani-
cal ramming; material heaped up on the upper surface of the mold. In
smoothing off, the trowel should be drawn over the mold, exerting a mod-
erate pressure on the excess material. Mold turned over and operation
repeated.
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Weigh the briquettes *‘just prior to immersion, or upon removal from the
moist 5oset,” and reject those varying > 3 % from the av.

13. Moist Closet. ‘‘A moist closet consists of a soapstone or slate box
or a metal-lined 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.”

‘““Where a moist closet is not available, a cloth may be used and kept
uniformly wet by immersing the ends in water. The cloth should be kept
from direct contact with the test pieces by means of a wire screen or some
similar arrangement.”

I4. Immersion. ‘‘After 24 hours in moist air the test pieces for longer
periods of time should be immersed in water maintained as near 21° C
(70° F) as practicable; they may be stored in tanks or pans, which should be
of non-corrodible material.”

15. Tensile strength. Solid metal clip, Fig. 5, recommended. No
cushioning between clip and briquette. Briquettes broken immediately
after removal from water. Center the briquette carefully in the clip, to
avoid transverse stresses. Load applied at rate of 600 lbs per min. ‘‘The
average of the briquettes, of each sample tested, should be taken as the test’”
of that sample, ‘“‘excluding any results which are manifestly faulty.”

16. Soundness (Constaney of Volume). ‘‘In the present state
of our knowledge it cannot be said that cement should necessarily be con-
demned simply for failure to pass the accelerated tests (below); nor can a
feutl k,),e considered entirely satisfactory, simply because it has passed these

ests.

Pats of cem paste of normal consistey (Y 7), abt 7.5 em (2.95 ins) diam,
1.25 em (0.49 in) thick at center, tapering to thin edge, made on a clean glass
plate about 10 cm (3.94 ins) square, 24 hours in moist air before test.

(1) Normal test. One pat immersed in water maintained as near 21° C
§70°2§‘)das possible; one in air at ordinary temp. Both observed at intervals

or ays.

(2) Accelerated test. A pat is exposed in any convenient way in an
ﬁtmosphere of steam, above boiling water, in a loosely closed vessel, for

ours.

Pats must remain firm and hard, and show no signs of cracking, distortion
or disintegration. Warping may be conveniently detected by applying a

straight edge to the surf which was in contact with the plate.
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Sand.*
Composition.

1. The sand,* used in mortar, is ordinarily made up chiefly of grains of
quartz (siliea), with some impurities, mostly grains of silicious minerals.
In testing cements, in the laboratory, crushed quartz or some standard
natural sand is used. (See Spec’ns A S C E, under Cement, p. 942.)

. 2. The silica of the quartz, in sand, undergoes no ehemieal change
in the mortar; but the use of sand, by diminishing the quantity of cem reqd,
reduces also the cost of the finished work. See remarks on strength, under
Mortar, p 947 <.

SIZES OF GRAINS,

3. Sereening. Sand and gravel are screened, usually in an inclined
fixed screen, upon which the material is placed by a conveyor, or shoveled
by hand; or in an inclined revolving cylindrical or hexagonal screen, into
which the material is fed.

4. Method of quartering. ‘‘To obtain an average sample from
a pile of sand, gravel or stone, the method of quartering is useful. Shovel-
fuls of the material are taken from various parts of the pile, mixed together
and spread in a circle. The circle is quartered, as one would quarter a pie,
one of the quarters is shoveled away from the rest, thoroughly mixed,
spread, and quartered as before. The operation is repeated until the quan-
tity is reduced to that required for the sample.” (T & T, p. 281.)

Mechanical Analysis.

5. The mechanical or granulometrie analysis of sands,
etc., is the determination, in any given sand or broken stone, of the propor-
tions of grains of diff sizes. It is usually performed by means of sieves or
screens. See Y 3. Sometimes, for broken stone, &c., by hand-picking.

6. Fig. 1 shows mechanical analyses of a gravel and a sand by Mr. Allen
Hazen (Mass. State Board of Health, Report 1892, pp. 546—7). In order
to represent both analyses on a single diagram, we have used diff scales for
diams for the two materials.
h7. In Fig. 1, the diagrams show, for the two materials there represented,

at

of the sand, 10 9%, was in grains under, and 90 9%, over, 0.055 mm diam
w5 gravel, 1065 ¢ @ o “ “ 909 v 345 Y

" 60 3,o.§
gsc i ‘%L 25
o
g e 208
40 ] / 2'0§
¥ <
§ go} RS s 15§
220 - 10§
§ s 05}
H £ o, Sand’ m=046 | - ? §
S o 0]
] "0 10 20 30 40 50 60 70 80 90 100
Percentage passing

Fig 1. Sand Analyses.

* By “sand” or ‘““gravel” we mean a mizture of mineral par-
ticles with air, or water, or both; <. e., an aggregation of mineral particles,
with X)lids betw them said voids being filled with air, or with water, or
with air and water, as the case may be. -

Hence, the ‘‘volume” of a given quantity of sand or of gravel is the space
Oc(_:(lilpied by both the solid particles and the air or water or both, filling the
voids. ‘

“Dry sand,” or ‘‘dry gravel,” means: not solid mineral, but a mixture of
dry particles of sand (or gravel) and dry air. I

l‘ﬁ‘he solid mineral portion of such sand or gravel, we designate as ‘‘solid.”
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Effective Size.

8. The effective size (‘“e. s.”) of a sand or gravel, as defined by Mr.
Hazen (Mass State Board of Health, Report 1892, p 341; Hazen, Filtration,
pp 21, 240) is that size, than which 10 %, by wt, of the grains are smaller, and
90 % larger. Or, the length of the ordinate, at 10 % passing, gives the
effective size. Thus, in the cases just mentioned, Fig 1, we have:

for the sand, e.s. = 0.055 mm; for the gravel,e.s. = 34.5 mm.
Uniformity Coeflicient.

9. Uniformity coeflicient. Similarly, let m = that diam of grain,
than which 60 %, by wt, is smaller, while 40 %, is larger. In Fig 1, we have
for the sand, m =  0.46 millimeters;
‘“ ¢ gravel, m = 51.00 48
The unifonm't?r coefficient (‘‘ u. ¢.”’), is m/e. s.; and we have:
or the sand, u.e¢. = 0.46/ 0.065 = 8.4;
‘¢ gravel,u. ¢. = 51.00/34.5 = 1.48.

10. With m_= e. s., the unif coeff, u. c., would have its least possible
value, = 1. In general the less nearly uniform a sand is, as to size, the
higher is its ‘‘uniformity coeff.”

11. In ordinary bank sand, the effective size, e. s., does not vary widely.
Hence the uniformity coefficient, u. ¢, = m/e. s., varies roughly with that
diam, m, than which 60 % of the grains are smaller, and thus serves as an
indieation of the coarseness, as well as of the departure from
uniformity, of the sand. (T & T, p. 182.)

Feret’s Method.

12. Mr. R. Feret (Annales des Ponts et Chaussées, 1892, second semes-
tre,) made elaborate experiments as to the effects of fineness of sand, and
the mixture of different finenesses, upon the density, etc., of sand and upon
different qualities of the mortar., He divided his sands into three
finenesses, as follows:
Coarse, ¢, passing 5.0 mm diam

ium, m, * 20 *
Fine; £ 0B % % =324 ¢ f Mo wogg [ o
“‘Coarse”” grains are retained on 2.0 mm diameter; ‘‘medium” on 0.5 mm.

364 mt??hes / sqem = 15 me‘s‘hes / ]i?. in

e S ¢
08 S LIS,
: 5l
P ANV —t |
X - AVA VAVAY,. NN N £
¢ ) VAVAVAV: N Y 3
) VAVAVS7AY, N = A 5
) S VAVAVAY L
VA CAvAvAVAN N
Fig 2. CLYAVAMAVAYAN ot
?d,Szde% m 2 ?p
[} L] @ (]
Fig 3.
Sand Analyses, Feret.
3
e Q’tz% 0y

13. The results, obtained in a certain case, with diff mixtures of these
three grades of fineness, are shown in Fig 2, which is similar to diagrams
used in connection with alloys of three metals.
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14. After a given mixture has been analyzed, and its percentages of the
three grades thus determined, it is plotted, in the triangle, by a point so
Fla,ced that its perp dists, from the three sides, respectlveiy, of the equi-
ateral triangle, are as follows: )

distance from side ¢ = percentage of coarse grains;
e GRS 0 S medita S e
" “ [0 f =2 " “ ﬁne [

15. The plotting of the points, and the measurements of their dists, are
facilitated by the lines drawn parallel to the three sides respectively.

16. Thus, point a represents a sand having 20 %, fine grains, 30 % medium
and 50 % coarse, as shown by the three scales; 20, 30 and 50 being the dists
of a from sides f, m and c, respectively.

17. When a series of experiments has been made, ypon any given quality
(as density or porosity, etc, etc) of sand or mortar, as affected by diffs in
mixtures of the three finenesses, they are plotted in this way, and *‘contour’’
or *“iso*’-lines are drawn thru those points which represent equal results
in the quality experimented upon. Each ‘‘iso’’-line therefore represents a
series of diff mixtures, each of which will give the value (as to density or
porosity, etc, etc) represented by it.

18. Thus, in Fig 3 (T & T, p 144, Fig 51) the four contours and the point
(0.610) regresent five diff mixtures of coarse, fine and medium sands, said
mixtures having densities (see § 20) of 0.525, 0.550, 0.575, 0.600, 0.610,
respectively.

Density.

19. Specific gravity or unit weight. Solid quartz weighs about

165 lbs per cu ft = 2.643 grams per cu cm; sp gr = 2.64 to 2.67.

20. In mechanics (see p. 338, Art. 14 a) density is defined as the
mass in unit volume. In sand,* the solid portions have practically constant
sp gr. Hence, for a given sand, ‘‘density” is used to designate the vol of
solid in unit vol of sand, or the ratio of solid to total vol. This ratio is
sometimes called the ‘‘absolute volume.” Thus, in unit vol of sand,
‘*density” = 1 — vol of voids.

21. The greater the density of sand,* the less cement will be reqd for a
given quantity of mortar.

22. The weight, per cubic foot, of a sand,* of given sp gr.
varies directly with its density; and this, in turn., depends upon the shape
of the grains, upon their range of size, upon the compa,cting accomplished,
as by shaking, tamping, et¢, and upon the dryness of the sand.

or- T 100
; /4/
< - ' o
£20 ’ 1 03
$ Volids Pd i 3
5 Zefp-hajd-scile s by
210 W i 60 &
% / H >
® A -
s A e
g‘, Solid i\ ’§
3 L Righs-hengd scalg 2
380 v 20
R P .
y i
160 1 H 0
0.2 (0% 06 0.8 0 L2| 14 18 18 |20 22 2.4 2.60mansy/cucom
0 2 4 6 80 1 120 L0 J60Teyu.

Weight per unit of volume.
Fig 4. Ratio of Solids and Voids.

* See foot note¥, p 946.
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23. Fig 4 shows the relation betw (1) the unit weight and (2) the
pereentages of solid and of voids, solid quartz weighing as in § 19.

: Effect of Moisture.

24. The effect of moisture, upon the vol of a given quantity of
sand,* is affected by the vol of air introduced, by the quantity of water, and
by the shape of the grains.

See 79 29 to 31.

235. It is impracticable to measure the vol of air introduced, and its
presence vitiates all observations. When sand grains are dropped, one at a
time, into water, most of the air, surrounding the grains, is left behind in
the atmosphere but when sand* is thrown into water in masses, or when
moist or wet sa,nd is turned over by shoveling, considerable and unknown
quantities of air are entrained with it.

26. In moist sand,* the total (or ‘‘absolute’) vol of voids is usually
filled partly by water and partly by air.

27. Within a certain limit, moisture jncreases the adhesion betw the
grains of sand, and thus opposes their sliding, one upon the other, conse-
quently opposing the compacting of the sand; but, beyond that limit, it
acts as a lubricant and facilitates the compa/ctmg See 49 24, 25.

28. Let

V = volume, in cu ft, of dry quartz in 1 cu ft of sand;*
v = | b A A 5 p o ¢ s V4 o= 1ecuft;
W = wt m 1bs, of 1 cu ft of pure solid quartz = 165;
w = 1 ! the sand (dry or moist, as the case may be);
d = *" * ‘ ‘dryquartzin 1lcuft of the sand; (in dry sand, d = w).
P = ' *“ * “ water added to 1 lb of dry sand;*

= * ¢ ¢« “ gn (1 + P) lbs of moist sand;
o Srpede SOaRE aub i e Tt e "l
m = * Yl g & . E 1 cu ft { - 2

Then p/P = 1/(1 + P); andp = P/(1 + P);
m=wp; d=w—wp=w(l—p),

V=@wW—wp)/W=d/165 v=1—V =1—d/165;
T2k Vv
w=W1_p=Wl_p

29. The proportion, p, of moisture (Ibs of water in 1 Ib of moist
sand), is ascertained by heating a known wt of the moist sand, at not less
than 100° C (212° F), until no further loss of wt takes place, and noting the
loss of wt. Then:

iz loss of weight <+ original weight of portion heated.

udrysaud(Fxg4)p=0 wp=0w=4d; and we have:

= w/W = w/165 = d/165.

Effects of Shape and Size.

30. Spherical grains. If a number of spheres, of uniform diam,
D, be piled as closely as possible, the ratio of vol of solid to total vol is

% = about 0.74; and the voids (about 0.26 X the total vol) are of two

sizes, such that they can be fitted, respactively, with spheres having diams
= about 041 D and 0.22 D. (T & T, pp 169-170.)

31. Effect of gradation of sizes. The pro;})lortlon of voids may
be indefinitely reduced by adding to, and mixin, the original grains,
smaller and smaller, or larger and larger, particles, in proper proportions,
each size occupying a portion of the voids left between the particles of the
size next coarser. With spherical particles, therefore, the voids are greatest,
and the wt per unit vol least, when the grains are of uniform size. This
seems to hold true also for partlcles of other shapes.

* See foot-note*, p 946.
C4 2
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Other Properties.

82, Turbidity test for silt in sand. Separate the silt from a
considerable _quantistg of sand, and make up a special sample containing the
max proportion of silt allowed by the spec’n. Place a small known partion
of this mixture in a known quantity of clear water in a graduated vessel.
Shake the vessel until the sample is thoroly washed. Insert a pin horizon-
tally in the side of a stick near its end, insert that end of the stick into the
vessel, lowering it until the pin is no longer visible thru the liquid, and note
the depth of the pin by means of the graduation. Make several such tests
and note the average depth of disappearance of pin. In testing samples,
if the pin disappears at a higher elevation than the standard, the sand has
more silt than the maximum allowable, and vice versa. (W. J. Douglas,
EN, '06/Dec/20, p 648.)

33. The presence of clay and loam, in sand, may be de-
tected by rubbing the damp sand in the hand, and observing the condition
of the hand, or by mixing the sand with clean water and noting the effect
upon the water.

34. Washing. Dirty sand may be washed in a specially constructed
sand washer; or, by means of a jet from a hose, in a box so arranged that
the mud, clay and organic_impurities are floated off, leaving the heavier
sand behind.

35. Washing may carry off the finer particles of a well assorted sand,
leaving it less dense than before. It is well to test a small quantity of the
sand, washed and unwashed, before arranging to wash for use. (Jas. C.
Hain, ER, ’05/Jan/28, p 105.)

36. The degree of sharpness of a sand may be estimated by
means of the sound emitted by it when kneaded betw the hands or more
closely estimated by means of a magnifying glass,
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MORTAR.*

Constituents.

1. Cement mortar consists of cem, mixt with water, with or without
some inert granular material, as sand, fine gravel, stone or gravel screenings,
or ground cinder. Without sand, etc., the mixture is called neat mortar,
or cement paste.

Amount of Mortar Required for a Cubie Yard of Masonry.t{

Mortar.

Description of Masonry. Cu yd.
. Min. Max.
Ashlar, 18” courses and %4” joints......c.ocviivierinenenennnn 0.03 0.04
I ¢ ! Vo s Ry A o P o i s B et 0.06 0.08

Brickwork (bricks of standard size, 834X 4 X 2}

joi G 0.10 0.15
? 0.25 0.35
4" to 34" joints...... 035 0.40
Rubble, of small, rough stones...ooovee.vvun,. 3 5 0.33 0.40
‘g * large stones, rough hammer-dressed ........ ...020 030

Squared-stone masonry, 18” courses and 3;” joints............. 0.12 0.15
" L I MRS P T, 1 I by 0.20 0.25

2, Effect of roasting and of subsequent wetting. The
materials, of which cem is made, are inert or stable compounds, remaining
practically unchanged under ordinary conditions; but when, in burning,
the calcareous materials are subilected to high temps, either alone or mixe:
with argillaceous materials, rélatively unstable compounds are formed,
ready to enter into new and again stable compounds when their particles
are brought into intimate contact by being mixed with water, the water also
entering into the new combinations. The mixture then soon ‘‘sets” (loses
plasticity), and, shortly thereafter, begins to solidify and harden.

See 9 8, Cement, p 931.

3. In the process of crystallization, the alumina appears to act chiefly as
a flux, promoting the formation of the lime silicate, upon which the success
of the operation depends. Iron oxide, which is generally present, seems to
answer as well as alumina, as a flux, and it requires a less high temp for
calcination.

4. The proportion of sand, which should be used in any given case,
cannot be properly stated without stating also its range of size, or the
proportion of voids to the whole mass; but, in general, good Portland cems
will ““carry”’ from 2 to 3 vols of sand; nat cems from 1.5 to 2 vols.

5. Approximate quantities of Portland cement and loose
sand per cu yd of mortar.

Neat 1:1 1:2 1:33 14 1:5 16
bblsrcemuntin 4000 L mrnty o 80 46 3.1 2.3 1.8 15 v 1.3
cu yds loose sand......c... O 065 087 097 1.02 1.06 1.10

Cement in Mortar.
* See also CEMENT, p 930.

6. Owing to the cheapness with which eements are now manufactured,
and the superiority of the mortars made from them, the latter have to a
great extent superseded lime mortars, even in ordinary building
operations.

7. In selecting cem, a reputation, gained by g'eam of successful use
and experiment, is of greater value than the results of a few tests; but such
tests are of value for excluding inferior parcels of such accepted brands.

8. High grade cements are usnally eeonomical, even at a
higher cost, as they allow the use of a larger proportion of the cheaper in-
gredients, sand, gravel and ‘broken stone.

*As the strgth, permesbility, etc, of a conc depend largely upon those of
its mortar, we discuss, under “‘mortar,” many of its properties commonly
dis"g%ssﬁd uri‘l)der “co'nc.rete’; il Sl

aken permission, from ** reatise on Masonry Construction,”
Prof. Ira O, Baker. New York, John Wiley & Sons. _9th edition. 1907, 2
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9. Free Lime. Cem may contain ‘‘free” (uncombined) lime as a
result (1) of insufficient manipulation of the raw materials, (2) of insufficient
burning, (3) of an excess of lime carbonate (CaCOj3) in the raw materials, or
(4) of adulteration after burning and grinding.

10. This lime may be present either as quick lime, CaO, or as slacked
lime Ca(OH),, either of which may be washed out (the CaO first becoming
Ca(OH),) by infiltrating water. This, of course, weakens the cem.

11. Slacked lime takes no part in the hardening process, but remains
as an inert filling material.

12. Quick lime slacks by absorption of the water used in m.ixinf;
and, when the burning has been at a high temp, the slacking is delayed. If
it takes place during the setting of the cem, the swelling of the lime weakens
the cem by rendering it porous. If slacking is delayed until after harden-
ing, and if the expansive force is sufficient, the cem is disintegrated.

13. Excess of lime retards setting, and reduces soundness.

14. Free Magnesia. Much uncertainty exists as to the effect of free
magnesia, in diff proportions, in cem. Like lime, it expands when wet, but
much more slowly; and its presence may therefore remain unsuspected until
too late. Dolomite, or magnesian limestone, contains about 45 % of
magnesia. Formerly, 1.5 9, of free magnesia, in cem, was considered dan-
gerous. It is now generally believed that more than from 3 to 5 % weakens
the cem, and that 8 % or more causes cracking. In any proportion, it is
probably objectionable, at least as displacing an equal quantity of the more
valuable lime.

Sand * in Mortar.
See also SAND, pp 946, &e.

15. The quality of the concrete depends upon the strength of the mortar,
and this, in turn, depends largely upon the cha\racter of the sand.

X6. For a given proportion by wt, the best sand is that which produces the
smallest vol of plastic mortar.

17. Weight. As betw two sands, of a given material, the heavier of
course has the smaller vol of voids. "

18. Fineness. A fine sand, well assorted as to sizes of grain, and
therefore dense, may make better mortar than a coarser sand, with grains
of more nearly uniform size and. therefore less dense.

19. Extreme fineness prevents penetration of the paste betw the
grains, and delays setting.

20. Mortars made with fine sand, altho less permeable than those made
with coarse sand, are apt to be more easily acted upon by sea water.

21. Shrinkage. Mortars, with coarse sand, shrink less than those
with fine sand.

22. Sharpness. It has been customary to insist upon sharpness of
grain, in sand used for mortar, probably owing to the impression that sharp
grains form a better bond with the cem or that sharpness indicates freedom
from impurities; but the advantage is_doubtful. Sands with rounded

ains are commonly used, and with entirely satisfactory results; and the
gborafpry tests generally indicate that sharp-grained sands have no marked
superiority Roundness of grain facilitates the packing, and thus increases
the density of the sand. 1 ;

23. The Board of Public Works of Porto Rico, with briquettes of 1 : 2
mortar, found 25 % greater strgth with washed than with unwashed
sand. Sand, containing much foreign matter, should be tested before being
accepted.

24. In general, the evidence, as to the relative values of sand
and of sereenings, appears to be favorable to the use of screenings (see
Experiments), but opinion 1s divided. The hydraulicity of the dust,
in the screenings, may add to the strength of the mortar.

25. Harry Taylor, Capt, Corps of Engrs, U S A, tested 1650 briquettes
of1:3, 1:4and1:5 mortars, at 1, 3, 6 and 12 mos, with standard crushed
quartz, Plum Island sand and erusher dust. Crusher dust gave briquets

* See foot-note, SAND, T 1, p 946.
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2.3 times stronger than sand, and 72 %, stronger than quartz. 1 :5, with
stone dust, stronger than 1 : 3 quartz.

26. G. J. Griesenauer, E N, '03/Apr/16, p 342. Chicago, Mil & St P RR,
225 tests, as follows:

Limestone scereenings, 1 :S,Eassing No 12, held on No 40 sieve,
averaged 74 (‘fb better than Hammond pit sand, 1 : 3; with all sizes used,
they averaged 115 %, better. Mortar of 1 : 6 screenings was 23 9, stronger
than 1 : 3 sand. Gravel screenings were not much better than sand.

27. Maryland highways. Briquettes, made with stone screenings,

. were 34 to 62 9, stronger than with Potomae River sand.

Lime in Mortar.

2S. The snbstitution of 10 % to 20 %, lime paste for an equal
vol of cem paste, reduces the cost of the mortar, renders it less ‘‘short”,
and slightly retards setting, without seriously diminishing its strgth. Larger
quantities reduce strgth. (Baker, Masonry Construction.)

29. Feret-found the effect of lime dependent upon the richness of the cem
mortar, With 1 : 4 cem mortar, the addition of 4 to 5 % of dry slaked lime
increased the strgth; while, with 1 : 1,25 cem mortar, the addition of lime
lowered the strgth. (Chimie Appliquée, 1897, p 481.)

Clay in Mortar.

30. Laboratory tests indicate that a small admixture of clay
increases rather than diminishes the strgths of mortar, and diminishes its
permeability; but, in actual work, the clay particles tend to adhere and
thus to form lumps having but slight eohesion.

31. Laboratory conditions, as to dryness, pulverization, ete., cannot be
reproduced in practice.

32. When the clay occurs naturally in the sand, it may not be practicable
to effect a perfect mixture and distribution. -

33. Clay, ete, are more likely to give trouble with dry than with wet
mixtures.

Consistency.

34. Relative strengths of dry and wet mortars, 1: 1. Alfred
Noble, over 5000 experiments. Strength of dry mortar taken as 100.

Portland cement Natural cement
Age 30days 3mos 6mos 1 y;' 30 days 3mos 6mos 1 yr
Dry Mortar.... 100 100 100 100 100 100 100 100
Moderately stiff. 97 94 97 97 78 89 95 90
GLOULE . 3 5seloss 5 90 92 91 95 63 77 86 82

35. Use dry conc when it is to be heavily loaded at once. Tests indicate
that wet and dry conc will be equal in strgth within a year.

36. Wet conc bonds better to old work than does dry cone. Excess of
water increases efflorescence and laitance.

37. Rule for percentage, W, of water. H, P, Gillette, Cost
Data, p 266.

Let 8 = parts of sand to 1 part cem. Then

3 W = (88 + 24) + (8 + 1).
This gives

when S = 1 1.5 2.0 2.5 3.0 3.5 4.0
W = 16 144 13.3 12.6 12.0 11.5 11.2
Falk finds that mortars, thus proportioned, adhere well to steel.
'88. Slag cement requires plenty of water for its proper hardening.
Therefore, if used in air, slag cem mortar should be kept damp.
Setting and IHardening.

39. Setting, or the loss of plasticity, usually occurs within a few hours
(sometimes within a few minutes) after mixing cem with water; whereas
hardening and increase of strength (which appear to result from a
different set of chemical processes) often proceed for months or even years,

63
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40. Molded blocks of Portland cone, of even 50 tons wt, can
generally be handled and removed to their places in from 1 to 2 weeks.

Initial and Final Set.

41. Initial and final set are stages of the setting process, arbi-
trarily distinguished by means of the resistance, of the mortar, to penetra-
tion by eylindrical wires, of standard diams and loaded with standard wts,
the blunt ends of the wires resting upon the surf of a pat of the mortar,
formed in a flat cylindrical mold on a glass plate. See { 8, p 943.

Determination of Set.

42. Genl Totten, (Genl Q. A. Gillmore, Limes, Hydraulic Cements and
Mortars, p 80,) at Fort Adams, R. L., prior to 1830, used a i3 inch wire,
loaded with 0.25 Ib, and a %54 inch wire, loaded with 1 lb; initial and final
set being taken as the conditions when these wires, respectively, failed to
make an impression upon the mortar.

. 43. Vieat used but one wire, or ‘‘needle.”” The A S C E (see specifica-
tions, p 943) prescribes, for this needle, a diam of 1 mm (0.039 inch) and a
load of 300 grams (10.58 oz). Initial set occurs when the end of the needle,
penetrating a pat of mortar 4 cm (1.57 ins) deep, can no longer approach
within 5 mm (0.2 in) of the glass plate; and final set when the needle fails
to sink visibly into the mortar. The mortar, under the setting test, must
be of ““mormal consisteney,” or such that a cylindrical rod, 1 em
(0.39 inch) in diam, loaded with 300 grams, its end resting upon the mortar,
penetrates 1 cm into it.

Speed.

44. Speed. Some of the best cems are the slowest setting. A layer of
very quick-setting cem may partially set, especially in warm weather, before
the masonry is properly lowered and adjusted upon it, and any disturb-
anee, after setting has commenced, is prejudicial. On the other
hand, quick-setting eements are best in certain cases, as when exposed
to running water, etc. They may be rendered slower by adding a bulk of
lime paste equal to 5 or 15 9%, of the cement ga,ste, without weakening them
seriously. Nat cems usually set quickly. Slag cem sets slowly.

45. In general, setting is aceelerated by high alumina and by
soda and potash in the cem, by freshness and fineness of the cem, by the use
of warm water and warm sand in mixing, and by warm weather. Set-
ting is retarded by excess of lime and silica in the cem, by the presence
of sand, by wetness of mixture, by cold, by retempering, by salt or sulfuric
acid in the mixing water, by the presenceof 1 or 2 9% of lime sulfate, either
hydrated (gygsum) or anhydrous (plaster of Paris) or of slaked lime, in some
cases by hard burning, and, in general, by the age of the cement, but the
storage of new cem in warm places accelerates setting.

45 a. Gypsum. CaSO4 Time of setting (initial and final) increased
rapidly with additions of gypsum up to about 2 %, and remained constant,
?r incrsased glightly, up to 4 %,. E. Candlot, ‘‘Ciments et Chaux Hydrau-
iques.

45 b. Time of setting (initial and final) increased, up -to about 1.5 9,
ﬁypsum, but then decreased, as the gypsum was increased to 7 %. Xnis-

ern and Gass, Sibley Jour of Engng, '05, Jan.

43 ¢. Caleium chloride, CaCl,. A weak solution retards, but a

concentrated solution accelerates, the setting of Port cems. Thus, with 10
to 40 grammes per liter, the time of setting reached 500 to 850 mins ; while,
with 200 to 300 grammes per liter, it was reduced to from 2 to 25 mins.
Cems with very high or very low alumina are but little affected by CaCl,.
A weak solution (30 to 60 grammes per liter) may render sound a cem con-
taining free lime, by facilitating the hydration of the lime. E. Candlot,
“Ciments et Chaux Hydrauliques.”
. 45d. From 14 to 134 %_ dry CaCl,, ground with cem clinker and made
into pats of normal consistency (See Tests, 1 7, p 943) increased the
time of initial set from 2 to 167 mins, and that of final set from 52 to 275
mins. With 6 %, the times were 68 and 145 mins respectively, Kniskern
and Gass, Sibley Jour of Engng, 05, Jan.

46. Setting is attended by an imerease of temperature. In quick
setting, this increase may amount to 10° C (18° F) or more.
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47. Slow setting cems are apt to harden more rapidly than quick
setting.

48. In warm air, setting cem, in drying, loses the moisture upon
which the operation of hardening depends. It therefore sets without
l;:lu-(leuing. In hot weather every precaution should be taken against
this. g

49. Cems of the same class differ much in their rapidity of harden-
ing. At the end of a month one may gain nearly one-half of what it will
gain in a year, and another not more than one-sixth; yet at the end of a
year both may have about the same strength. Hence, tests for 1 week
or 1 month are by no means conclusive as to the final comparative merits
of cements.

50. Many years are required to attain the greatest
hardness; but after about a year the increase is usually very small and
slow, especially with neat cem. Moreover, any subsequent increase is a matter
of little importance, because generally by that time, and often much sooner,
the work is completed and exposed to its max loads.

51. Cems which are slow-setting when made, are apt to become guiek-
setting (or *‘ flashing’) when stored, especially in warm places,
and if the cem is underlimed. This is attributed to disintegration of the
particles and consequent increase in fineness. The change sometimes takes
place very quickly., This difficulty can usually be overcome, without
reducing the strgth, by storage in cool places and by adding 1 to 2%, of
slaked ﬁm On small jobs, a few lumps of lime may be added to each
bbl of mixing water.

52. The requirement, not uncommon in specfns, that a certain percent-
age of increase of stremgth must take place between 7 and 28
days, tempts the mfr to grind the cem coarsely, or to adulterate it with
inert material, in order that it may not gain too much of its strgth within
the first 7 days.

Properties.
Soundness.

53. Unsoundness,’ in cem mortar, is the tendency to expand, contract

or disintegrate in air or water, or under heat and cold. See peclﬁcations.

34. Cem, of any established brand, will seldom be found deficient in
strength; but may be deficient in soundness, upon which durability depends.

55. Unsoundness is generally due to excess of free lime, arising
from incorrect proportioning, overburning, lack of seasoning, or coarseness
of grinding; the latter preventing perfect hydration. The presence of
lime sulphate (gypsum plaster of Paris) is favorable to .soundness.
Unsound cem is improved by storage.

56. Change of dimensions during hardening of conerete.
Cone, placed in air, sheortens or shrinks during the first two or three
months; while cone, in water, expands during about the same time.
Tfhese changes are greater with those concs having the larger proportions
of cem.

57. Shrinkage of mortar set in air.

per cent. ins. per 100 ft.
Neat:cement, ®: covan i svos s wsges ...0.132 to 0.140 1.58 to 1.68
Mortar, 1: 1,*.. veve....0.080 to 0.170 0.96 to 2.04
Lean TROr{arsifrocs-' s m st b A 0.030 to 0.050 0.36 to 0.60

The expansion in water is somewhat less than the contraction in air.
The total change in dimensions is the algebraic sum of that due to setting,
and that due to temperature changes.

58. Conc shrinks less yvhen'it sets under pressure. Fineness of
sand is conducive to shrinkage.

* Trans, A 8 C E, Vol xvii, 1887, p 214.
{ Considere. Experimental Researches on Reinforced Concrete. Trans-
lation by Moissieff, p 87.
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Strength.

59. Cem mortars are usually tested (by means of briquets) for tensile
strength.

60. Factors affecting stremngth. The strengths of samples,
under test, are much affected by the temperature of the air and water, as also
by the force with which the cem is pressed into the molds; by the extent
of setting before being put into the water, and of drying when taken out;
and still more by the pres under which it sets, which increases the strength
materially. On this account, cems, in actual masonry, may, under ordi-
nary circumstances, give better results than in tests of samples. The
causes named, together with the degree of thoroness of the mixing, the
proportion of water used, and other considerations, may easily affect the
results 100 % or even much more. Hence the discrepancies in the reports
of different experimenters. Specimens of the same cem, tested under
apparently similar conditions, may give widely diff results.

61. Personal equation. In connection with the building of the
Croton Aqueduct, New York, one set of testers, testing 835 briquets, ob-
tained an av strgth of 62.3 lbs per sq in; while another set of testers,
testing 2434 exactly similar briquets by the same methods and under the
same circumstances, obtained an av strgth of 85.2 lbs per sq in, or 36 9,
greater. -

62. Owing to such uncertainties, a series of tests, to be of value, must
eover a large number of specimens, in order that the accidental
diffs may be averaged.

63. Diffs in comparative results with diff materials may be_due to one
or other of several diffs betw the materials. Thus, in comparing mortars
made with clean and with dirty sands, the strgths may be more affected
by diffs in density than by the diffs in cleanness of the sand.

64. Effect of age. The diagram,* Fig 1, illustrates approx the
strengths of av Portland and of av nat cems, neat and with 2 and 3 parts
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Fig 1. Age and Strength of Mortar.

of sand, u% to an age of two years. Tests may readily vary 10 per cent
or more eitherway from the average.

* See Richard L. Humphrey, in ‘‘Cement,” Chicago, May, 1899.
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65. Fig 2* shows, approximately, the effect of sand
in diff proportions, upon the strengths of Portland and natural cements, at dl&
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Fig 2. Effect of Sand upon Strength.

ages from 1 week to 1 year. The four solid curves represent average Port-
land cements, and the four dotted curves represent average natural cements.
For each kind of cement, the curves represent ages of 1 year, 6 months, 1
month and 1 week, respectively, beginning at the top. The curves for
natural cement are carried only to 5 parts sand.

66. The compressive strengths of cem mortars, in cubes, appear
to be about 8 to 10 times their tensile strengths, and their shearing strgths
about 14 their tensile strgths.

67. The adhesion of ¢ccm mortars to bricks or rough
rubble, at diff ages, and whether neat or with sand, may be taken at an
av of about 34 the tensile strength of the mortar at the same age. If the
bricks and stone are moist and entirely free from dust when laid, the ad-
hesion is increased; whereas, if very dry and dusty, especially in hot weather,
it may be reduced almost to nothing. The adhesion to very hard, smooth
bricks, or to finely dressed or sawed masonry, is less than the adhesion to
rough and porous surfs. .

68. Dr. Bohme, Berlin, found tensile strgth + adhesive strgth = 10,
with 1 :3 and 1 : 4 mortars, and = 6 to 8, with neat and 1 : 2 mortars.

Finish.

69. Lime mortar and cems, when used as mortar for brickwork, often
disfigure it, especially near sea-coasts, and in damp climates, by white
efllorescence, which sometimes spreads over the entire exposed face of
the work, and also injures the bricks., This occurs also, to some extent,
with Portland cems; also in the mortar joints of stone masonry, but to a
much less extent. It injures only porous stone. It is usually a hydrous
carbonate of soda or of potash, or sulfate of lime (Epsom salts) often with
other salts. As a preventive, General Gillmore recommends to add, to
every 300 lbs (1 bbl) of the cem powder, 100 lbs of quicklime, and from
8 to 12 lbs of any cheap animal fat; the fat to be well incorporated with
the quick-lime before slacking it, preparatory to adding it to the cem.
This addition will retard the setting, and somewhat diminish the strength
of the cem. It is said that linseed oil, at the rate of 2 gals to 300 lbs of dry
cem, either with or without lime, will, in all exposures, prevent efflorescence;
but, like the fat, it greatly retards setting, and weakens the cem. See also
Bricks, p 929.

70. For pointing, the best Portland cem should be used, and is best
used neat, but it is often used with from 1 to 2 parts of sand. Mix under
shelter, and in quantities of only 2 or 3 pints at a time, using very little
water; so that the mortar, when l'eaAdY1 for use, shall appear rather incoherent,
and quite deficient in plasticity. The joints being previously scraped out

* Compiled, by permission, from Prof. Baker’s ‘‘Masonry Construction,”
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to a depth of at least half an inch, the mortar is put in by trowel; a straight-
edge bemiheld just below the joint, if straight, as an auxiliary. The
mortar is then to be well calked into the joint by a calking-iron and hammer;
then more mortar is put in and calked, until the joint is full. It is then
rubbed and polished under as great pressure as the mason can exert. If
the joints are very fine, they should be enlarged by a stonecutter, to about
14 inch, to receive the pointing. The wall should be well wet before the
pointing is put in, and kept in such condition as neither to iive water to,
nor take it from, the mortar. In hot weather the pointing should be kept
sheltered for some days from the sun, so as not to dry too quickly.

Behavior in Water.

71. Laitance. ‘‘When conc is deposited in water, especially in the sea,
a pulpy gelatinous fluid exudes from the cem, and rises to the surface. This
causes the water to assume a milky hue; hence the French term, laitance.
As it sets very imperfectly, and, with some varieties of cems, scarcely at all,
its interposition betw the layers of conc, even in moderate quantities, will
have a tendencil to lessen, more or less sensibly, the continuity and strgth
of the mass. It is usua.liy removed from the inclosed space by pumps,
which must be used cautiously, to avoid disturbance of the cone by currents.
The proportion of laitance is greatly diminished by reducing the area of
conc exposed to the water, as by using large boxes, say from 1 to 1.5 cu.
yds capacity, for immersing the cone.” (Gillmore, ‘' Limes, Hyd. Cems &
Mortars.”)

72. Authorities differ as to the effect of sea water. . LeChatelier
(Internatl Assn for Testg Materials, Procs, 1906), finds that the active in-
gredients of cem (lime, aluminates, silicates) are decomposed by the magne-
sium salts of sea water, yielding soluble calcium chlorides and [ime sulfates.
The latter, with lime aluminate, forms a compound whose crystallization
tends to swell and crack the material.

%3. In view of the notable puddling effeet of percolating water,
it would appear that sea water especially, with its numerous salts, ought
shortly to block its own passage into the conc.

74. The substitution of iron for alumina, in cem, is found to
remove one of the most active reagents in the deteriorating effects of the
salts in sea water.

See Cement, 9 30, p 933. g

75. The disintegration of cone in water (salt or fresh) ap-
pears to be due less to action of the water itself than to the repeated action
of frost where the conc is alternately exposed to freezing temps between
high and low water.

76. Mortar of puzzolano and lime has remained in perfect condition for
15 to 20 centuries in Italian harbor works.

77. At the doek at Kobe, Japan, to avoid possible injury, the salt water,
inside the dam, was replaced with fresh water, which enterad at the surface,
while the heavier salt water was pumped out from the bottom.

For Concrete, see pages 1084, etc.
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Abbreviiltions, symbols and references, in general use in the
articles on Cement, Sand and Mortar, pp 930-947 %, and on
Concrete pp 1084-1210.

For references to specifications, see pp 1184-5.

aggregate

. .American Society for Testing Materials
American Society of Civil Engineers
.Association of Engineering Societies
cement .

.concrete

construction

cubic centimeter

.day

elastic

Engineering News

Engineering Record

o .expenment

agg. .
T

Institution of Civil Engineers
.Journ

kilogram

kilometer

. .meter

millimeter

month

. .modulus

reinforcement

. .specification

standard

. . .surface

. .Turneaure and Maurer, ‘‘Principles of Reinforced Con-
crete Construction, ” 1907.

B/ ELIFIIE I Taylloé émd Thompson, ‘‘Concrete, Plain and Reinforced,”
Trans: . v o o5 Transactions
transv.. . .transverse
USSP ion = .Repf()rt, Chief of Engrs, U. S. Army.
- . .wee!

square
square inch
Freater than, more than
. .less than
5 ..not more than, equal to or less than.
21001 not less than, equal to or greater than, at least.
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CONCRETE.

For Cement, Sand and Mortar, sece pages 930, ete,
For abbreviations, symbols and references, see p 947 1.

AGGREGATES.*

Constitunents.

1. Order of value. (1) Trap, (2) granite, (3) gravel, (4) marble,
(5) limestone, (6) slag, (7) sandstone, (8) slate, (9) shale, (10) cinders.

2, The strgth of cone, with good sandstone, is about 0.75 X strength
with trap. With slate, less than_half strength with trap. Good cinders
nearly equal to slate and shale. Hardness of agg increases in importance
with the age of the conc ‘‘because, as the cem becomes hard, there is greater
tendency for the stones themselves to shear thru, and the hardness of the
agg thus comes into play.” (Sanford E. Thompson, E R, ’06/Jan/27, p 109.)

3. The choice of agg is of course a matter of cost, as well as of strength,
&e, of product. Thus, with gravel sufficiently cheap, as compared with
broken stone, it may be economical to use the gravel, or a mix of gravel &
stone, obtaining the reqd total strgth by using a larger mass of conc. In
foundations, on weak ground, this is advisable because it distributes the
load over a greater area.

4. In many cases, the choice of sand and agg depends largely upon
what material can be had, and upon its distance from the work.

- 5. Where cem is cheap, it may be economical to use materials nearest
at hand, and to depend, for quality, upon excessive use of cem.
6. Stone which breaks into nearly cubical fragments packs better than
that which splinters into long pieces, and the fragments are less apt to
break in the finished work.,

7. Good broken stone is usually preferred to gravel. The roughness
of the stone particles is believed to give better adhesion. Gravel conc
cannot well be tooled.

8. Cinders are sometimes used for the agg. They are ordinarily those
resulting from the burning of bituminous coal under boilers. The
material is mostly a fine ash, containing considerable unburned coal.

9. Anthracite cinders are less extensively used, the supply being
less abundant. :

10. Cinder cone, weighing only from 80 to 100 lbs per cu ft, is of
advantage where lightness is reqd. Broken stone or gravel conc weighs
from 140 to 145 lbs per cu ft.

11. Clay or loam, adhering to gravel particles, destroys or weakens
the adhesion of the mortar to the stones. The Boston Transit Commission,
Report for 1901, page 39, found the ratio of strength, betw cone with clean
and dirty gravel, about 60 : 45. ) : L

See ““Clay and Loam,” under ‘‘Sand” and ‘' Accidental ingredients,”
p 1135.

Size.

12. In beams, arches, &c, the size of aggregate should not exceed
1.5 to 2 ins on any edge; but, if it is well freed from dust by screening
or washing, and if the mortar completely fills the voids, all sizes, from 0.5
to 4 ins. on any edge, may be used in mass work, as foundations, dams,
plers, ete.

13. With large agg, coarse sand should be used, and vice versa.

14. It is usually economical of cem, to sereem sand from gravel, or
{i_ue material from crusher stone, and then remix in the required propor-

ions.
Density.

15. When a solid body is reduced to a mass consisting of broken pieces
separated by voids, the increase in bulk is due solely to the voids, and is

* By ‘‘aggregate,”” we mean the solid materials of conc, other than the
cen:1 mid sand. The term ‘‘aggregate’’ is sometimes used as including the
sand also,
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equal to the space occupied by them. Hence the ratio, betw the increase
of bulk, or **swelling,” and the original bulk, is that of the voids
to the original, and not to the final bulk. Thus, if a solid cu yd of stone,
after being broken into pieces, occupies twice as much space as before,
then the increase in bulk, or the space occupied by the voids, is = that
.occupied by solid pieces = half that occupied by the entire broken mass.

16. In sharp and angular broken stone, having all its pieces of nearl
uniform size, about 50 per cent of the vol, when measured loose, will
be voids. If the sizes of the stones vary betw somewhat wide limits,
as from 2ins down to %4 inch, the vol, occupied by the voids, will be less, often
as little as from 28 to 30 9% of the whole.

17. 'Tests by Mr. Wm. Hall (Trans A S C E, Vol 42, 1899, p 132) of voids
in crushed Green River blue limestone, 2.5 inch, screened; very clean Ohio
River gravel, 1.5 inch, and mixtures of the two, resulted as follows:

Percentage of stone........ S Feresn L () 80 70 60 50 0
& S gravel il aa: 2 4 0 20 30 40 50 100
'3 o voids. . .. ot sgrvied S RS 44 41 38% 36 35

These are avs of a number of tests of several bargeloads of materials,
but there was little variation betw the mixtures.

18S. Stone Crushers. See Price-list, p 992.

Cyclopean Concrete.

19. *“ Cyclopean® cone, consisting of large, rough stones (‘‘dis-
placers” or ‘‘plums’’) laid in cem mortar, is largely, economically and ad-
vantageously used in mass work, especially in dams, where wt and hor
shearing strgth are desiderata. The stones need not be flat. They are
usually dropt into the wet mortar, without other bedding than that due
to their fall and wt. Wet conc facilitates the bedding of the stones, and
bonds better with them than does dry cone.

20. At Chaudiere water power dam, Canada, the ‘‘plums’ were
obtained from hard ledges in the river bed, in good shape for bedding.
Their agg vol av’d betw 25 and 30 9, of the vol of the dam; max, 40 %.

21. At Transmere Ba.y Development Works (Procs Inst C E, Vol 171,
1908, p. 145) the ‘‘plums” were of sandstone, 9 ins apart hor'y. Near the
bases of the walls, they weighed a ton or more. The proportion of plums
decreased, with wall thickness, from 10 to 7 % of the whole mass.

22. Unneceessary restrictions, imposed upon contractors, may
eliminate the profit due to the use of “plums.” See { 19.
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PLAIN CONCRETE.

1. Cement Concrete is composed of broken stone, gravel, cinders,
slag, shells, or other hard and inert * material (the aggregate), held together
by cement mortar, composed of cement and sand.

Advantages.

2. The principal advantages of conc are the convenience with
which it may be placed, particularly in otherwise difficult situations or
under water; its availability for subaqueous work; its cheapness, due
]arse_ly to convenience of placing and to its use of stone too small for masonry;
and its fire-resisting qualities, as compared with limestone (which calcines)
and with granite (which splinters).

3. The availability of conc has been very greatly extended by the practice
of reinforcement, which permits its use (heretofore often impracticable)
in members subject to tension as well as to compression, as in beams, in
cantilevers (including dams and retaining walls), in columns, and in
arches where the rise is either very great or very small, relatively to the
span. Reinforcement permits the use of much lighter sections than would
ha\;eé b:len safe when use was made only of the compressive strength of the
material.

For reinforced concrete, sce p 1110.

4. Disadvantages.: Conc is rather weaker than good rubble masonry,
and has only about half the strength of first class ashlar masonry of granite
with thin joints in cem. Like both the stone and the mortar in masonry,
it is subject to deterioration, especially in _sea water; but this difficulty is
being eliminated bg' the care which is being given to the manufacture of
cem and which is fostered by its extensive use and by the conduct of its
manufacture upon a large scale. As in all human work, and notably in the
laying of masonry, care 1s necessary in order to secure faithful performance,
u?on which the success of the structure so intimately depends. The quality
of the finished work may, however, be tested by borings.

5. Conc is used for bringing up uneven foundations to a level
before starting the masonry. By this means the number of hor joints in
the masonry is equalized, and unequal settlement is thereby prevented.

6. On railroad work, the use of conc may obviate the use of der-
ricks, which are a source of interference with, and danger to, trains.

7. Conc is used to advantage in reinforcing and protecting old stome
masonry ; but, unless special precautions are taken, the two construc-
tions are hiable, in time, to separate, owing to unequal settlement, especially
if the ramming has not been thoro.

Natural Cement.

8. Natural cement is now seldom used in conc, except in mass work
where it is not subjected to the wearing action of water or frost, and where
early strength is not reqd. It is suitable for footings and for low retaining
walg not subject to serious vibration.

9. In dams, breakwaters, etc, the core is frequently of natural cement
conc; with a substantial outer shell of Portland cem cone.

Proportions.

10. The ]i;:o ortions of cement, sand and aggregate should
theoretically etermined, either all by wt, or all by measure in loose
condition; but, in practice, the cem is measured by the number of pack-
ages used (the contents of the packages being known; see ‘‘packages,”’
under ‘‘Cement”’) and the sand and agg are measured loose.

* Without chemical affinity for other materials,
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¢ Natural Mix.”

11. It is customary to desl$nate the quantities of cem, sand
and agg, in a cone, by proportions. Thus: 1:2:4 means 1 part cement
to 2 parts sand and 4 parts aggregate. Such designation 1s necessary
in instructions to workmen; and, where the ranges of size of the particles
are known, it indicates the character of the conc. The proportions are
of course governed by the character of the work; but it is inadvisable
to affect distinctions between nearly similar classes of work.

12. Usual proportions for Portland cement concrete:

Exceptionally massive work (leveling for foundations, dams, breakwaters),
1:15:8 to 1:5:10; withnatcem,1:2:35.

Foundations, ordinarily, 1 : 3 : 6; sometimes as pooras1:4:8.

Piers, pedestals, abutments, 1:2.5:5.5 to 1:3.5:7.

Piers and vaulting in filters, 1 : 2.5 : 5.5.

Reinforced walls and beams, 1 : 3 : 6; light sections, 1 : 2.5 : 5.

Foundation walls, 1 : 2.5 : 5.5; retaining walls, 1:2.5:5.5 to 1:3:6.

Spandrel walls, 1:3 : 6.

Conduits, drains, sewers,1:2.5:5.5 to 1:3:6.

Reservoir, filter and tank walls, 1:1.5:3.5 to 1:2.5:5.5.

Subaqueous work, 1 :2:3.

Floor systems (girders, beams, slabs)1:2:4 to 1:2.5:5.5,

Stairways and roofs, 1 : 2 : 4.

Arches, 1: 2.5 : 5; light sections, 1: 2 : 4.

_ Copings and bridge seats, 1:1:2 to 1:2:4.

* But the essential requisite is that all the voids, between the particles

of sand and agg, be filled with cem . mortar. Hence, unless the grading

of sizes, of sand and of agg, is known or assumed, the bare statement of

proportions, of cem, sand and agg, in a mixture, gives but little useful
information as to the value of the conc.

13. In reinforced work, in general, richer mixtures should be used
than those that would be permissible in large mass work. In order to
obtain pro%zr and reliable adhesion, which is of the first importance, the
bars must completely surrounded by cem.

Materials Required.

14. Materials required for a cu yd of rammed Portland
cement concrete. c = cement, bbls; 8 = sand, cu yds; a = aggre-
gate, cu yds. Dust screened out. Stones not larger than 1 inch.

Mixture c 8 a
1:2:4 . 0iciveniiininiene.....146 044 0.89
1: 2880 0.0 500 cesensanes....119 046 091
I8 b bt visssesaesvasell 951 085
1:3:6 s, SN P s U B S
BB Ve d AL 5 Doave 098 0.42 0.97
Y T T R A e s 0.83 0.51 0.89
b I AR Sodid J S s S n P PP 0.77 0.47 0.93

With 2.5 inch stone, the quantities of all the materials, per cu yd cone,
were increased from 2 to 5 9%. With gravel, } 3{ inch, they were decreased
about 9 %. (Chas. A. Matcham, Natl Builders’ Supply Assn, 1905.)

15. Let

B = No. of barrels of cement reqd per cu dyd cone

= No. of times 0.141 cu yd cement reqd per cu yd conc;
gh = parts of sand (or agg) to 1 part cem.
en

1/B = No. of cu yds conc from 1 bbl cem;
0.141 P = No. of cu yds sand éor agg) to 1 bbl cem;
0.141 PB = No. of cu yds sand (or agg) to 1 cu yd cone
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Volds. See Weight, p 1103.
16. Reduction of voids. If stone having 50 % voids, and sand

having 50 %, voids, be used, with eem, in the proportions:

Cement, 1 part = 0.25 cu yd

Sand, 2 parts = 0.50 cu yd

Stone, 4 parts = 1.00 cu yd
the resulting conc will measure something more than 1 cu_yd, and yet it
will contain unfilled voids. i

17. These proportions, however, are not economical By selecting a
sand having a range of size, or by mixing two or more sands having
rains of dift sizes, the voids in the sand can be reduced to say 33 %. Simi-
arly, the voids in the stone can be reduced to say 35 %. We should then
have, say:

Cement, 1 part = 0.12 cu yd

Sand, 3 parts = 0.36 cu yd

Stone, 8 parts = 1.00 cu yd,

with results as good as with the 1:2:4 mixture above, although using
only half as much cement.

18. Mr. Geo. W. Rafter (Trans A S C E, Dec, 1899, Vol 42, p 106) recom-
mends that the proportions be stated by means of the ratio of the vol of
the mortar to the vol of agg. Thus: a cone containing 75 vols of agg and 25
vols of mortar, would be a 33}3 9, conc.

19. Under usual conditions, the voids in the agg should be filled
with as rich a mortar as the strength of the work demands. A better conc
may result from the use of a lean mortar which fills the voids, than with a
richer mortar but partially filling the voids.

20. The mortar cannot bz[}ae::fectly distributed thru the agg, and some
of the voids are too small to admit the sand grains. Moreover, the mixture
is liable to disturbance in depositing. Hence, there will be voids in the
conc- unless there is an excess of mortar over the measured voids of the agg.

21. In practice, the excess of volume of mortar required, over
the measured voids in the agg, in order to secure the filling of the voids,
is usually from 15 to 25 % of the vol of the voids. But by 15 exp’ts with
limestone, Prof. Baker found that the voids were not entirely filled unless
the vol of the mortar exceeded the vol of the voids by 40 %. (Table 13 ¢,
p 112 b, Baker’s Masonry Construction, 1907.)

22. Mr. John 'Watt Sandeman (Procs, Instn C E, Vol 121, p 219, 1895)
believes that, to insure watertightness, the vol of mortar should
be15(z % . gf the vol of agg having 35 % voids; or, excess mortar = 43 %,
vol of voids.
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Diameter, d, in inches.
Fig 1. . Parabola of Maximum Density, See Y 23, p 1089.
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Density. See Weight, p 1103.

23. Mr. Wm, B. Fuller (T & T, p 197) finds that the greatest density
is obtained, and consequently the smallest amount of cem reqd, when the
agg and the sand are so graded that the percentages, by wt, passing the
various sieves, are as represented by the ordinates of the parabola in Fig.
1, where the abscissas represent the diams, d, of the openings in the sieves;
while the ordinates below the parabola represent the percentages refained,
and those above the parabola the percentages passed, by these openings
respectively.

24. In this parabola d = P2 M; where d = a given diam; P =
proportion of particles smaller than d; M = max diam of stone (= 2 ins
1n the Fig).

25. Exp’s (Trans A S C E, Vol 59, pp 67, &e, 1907) show that a saving
of 12 % in quantity of cem may be effected, and a more impervious pro-
duct obtained, by thus grading the sizes of the sand and agg; but the reduc-
tion may sometimes be offset by the additional cost of so grading, especially
on small work.

26. In the lining of the tunnel for the Sudbury aqueduct, Boston Water
Works, the proportions were

1 cask of Portland cem as it came from the dealer = 3.425 cu ft

21Z casks of loose 88Nd ......cccvitvinicnienes.. = 7.35 cuft
514 casks of loose crushed stone ............ vees. = 1856 cuft
Tt IR AM e tid. bs 87 i AT ster s dmdr ol 5% 29.335 cu ft.

By slightly shaking the sand and stone, the proportions became practically

‘These 29.335 cu ft produced from 20 to 21 cu ft conc, rammed in place;
or say 38 cu ft materials = 1 cu yd conc

27. Mr. Wm. B. Fuller (Natl Assn of Cem Users, Procs, 07, p 95) tested
conc beams, 30 days old, of 1:2:6, 1:3:5, 1:4:4, 1:5:3
1:6:2 1:8:0, (all 1:8). The strgths compared as in Fig 2.

’
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Fig 2. DProportions; strength.

28. From this it appears that, so long as the voids in the agg are filled
with mortar, the comp strength of conc seems rather to increase than
diminish as the proportion of stone increases, and to depend largely upon
the richness of the mortar,

29. Proportioning by trial mixtures: (Wm. B. Fuller, Trans
ASCE, Vol 59, pp 77, &o). :

Having determined the particular sand and stone to be used om an
work, provide a strong and rigid cylinder, such as a short piece of 10 incﬂ
wrought iron water pipe capped at one end.

30. On a piece of sheet steel or other non-absorbent material, weigh out
and mix together all the ingredients, to the consistency required for the
work. Place the mixture in the cylinder, tamping carefully and continu-

C5
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ously, and note the height to which the cyl is filled. Before the mixture
has time to set, empty and clean the cyl

31. Make up another batch, using the same wts of cem and of water as
before, and the same total weight of sand and stone, but with a slightly
diff ratio of weights of the sand and stone.

32. Note the height, in the ¢yl, reached by this second and by subsequent
mixtures. The best mixture is that which gives the least height in the cyi,
provided that it works well while mixing, and that its appearance in the cyl
shows that all the stones are covered with mortar.

33. This method enables the engineer to select the best from the materials
available in any given case.

Consistency. See also Mortar, p 947/,
34. Skill and care, in placing, and um’formity of consistency are more

mportant than the consistency itself.

335. The extremes of praectice are: (1) Conc with mortar about as
moist as damp earth; only enough water used to show on the top surf
after prolongeg and hard tamping, (2) enough water used to cause the cone
to quake when first placed, and to allow only of spading into place. The
proll){er consistency depends largely upon the character and purpose of the
WOrkK.,

36. Dry conc is generally preferable in large open work where it can
be thoroly rammed, and where early strength is reqd, as in arch skew-backs.
When thoroly tamped, it develops much higher compressive strength at its
early ages, and may have somewhat greater permanent strength, than
wetter mixtures; but imperfect tamping of such mixtures may result in
very weak conc, while thorough tamping may render the work more expen-
sive than the increased strength will justify.

37. Medium. Present practice favors the use, in general, of mixtures
wet enough to require only spading; but, even in such work, ramming may
be reqd from time to time for occasional dry batches.

38. Wet conc is more easily mixt with thoroness, more readily and
more cheaply laid, and more easily forced into the narrow spaces betw
reinforcing bars. It comes into more perfect contact with the molds,
thus giving smoother and more nearly watertight surf. It is therefore
generally preferable (as in buildings) in forms of complicated shape, or in
thin sections, or where smooth surfaces are reqd.

39. Wetness retards setting, gives better bond between successive
courses, gives a compact mass with less tamping, and provides the surplus
water reqd by absorption in wooden forms. Wet conc is less liable than
dry to injury by bad workmanship; but an excess of water reduces the
strgth, and increases efflorescence.

40. In “‘cyclopean” cone, more ‘‘plums” can be used with wet conc,
which allows them to settle down into it, and which bonds better with them.

41. Mixtures, wet enough to be poured into the forms for columns
of floors, are frequently used.

42. The quantity of water required, for a given consistency, is materially
reduced by wet weather.

43. Water works upward thru placed conc. Hence a less pro-
portion of mixing water may suffice toward the end of a day’s work.

HANDLING AND MIXING.
¥Mandling Ingredients.

1. In designing a plant for handling and mixing conc, the quanti-
ties to be handled, the areas' over which they must be distributed, the
facilities for procuring and receiving the raw materials, and the working
space available, must be considered; and each case will present other factors,
peculiar to itself.

2. The arrangements of such a plant are as various in character
as are the different kinds of work. In general, these arrangements must be
specially designed for each important work; and success and economy
depend largely upon the excellence of the design of the handling plant.
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3. Materials may reach the site by cars, boat or team. Be on guard
against mud and dirt in bottom of vehicle. Sand and agg may be dredged
from stream at the site.

4. After reaching the work, the materials are carried to the bins, by
carts, barrows, small cars, dredge buckets, or belt or chain conveyors.
From the bins they are usually carried by gravity, thru hoppers, to the
mixer,

5. Storing. Cem is commonly stored in sheds or other warehouses, and
is handled, separately from sand and agg, in bags or bbls, often by means
of chain conveyors. P

6. For bringing the materials from the bins to the mixers, and
the conc from the mixers to the work, carts, barrows or small cars are used.

7. Where the work covers a limited hor area, as in the case of a building,
or of a pier or abut, the mixer need not be frequently moved, and
the arrangements for handling are relatively simple.

8. Where the work covers a large hor area, as in a slow filtration plant,
or where it crosses a valley,as in a dam; cable conveyors, with towers, are used: -
or one or more mixing plants are installed in eentral positions.

9. Whére the work extends along a line of considerable length, as in walls,
sewers or aqueducts, a railway track, often of broad gage and with three or
more lines of rails, is laid alongside, and the materials handled from derrick
cars, often of designs specially prepared for the work in hand.

10. The work is facilitated by having the cars, barrows, buckets, ete,
of known cz:{aacity, so that they may serve as measures in proportioning
the sand and ag Thus, the cars may hold enough sand or agg for one
batch, and may dump into larger boxes, each holding enough sand and agg
for one batch. The cem is usually measured separately, by counting the
bags or bbls emptied.

11. Where ears are used, they may be moved by locomotive or by cable,
reaching the bins by means of an inclined plane.

12. In the case of a belt eonveyor, sand and stone, each enough for
a batch or other known quantity of cone, and afterward the cem for the same
quantity, are dropped upon the belt from their respective bins.

13. Commonly the measuring platform (or the measuring hopper
for batch machines) is placed directly over the mixer.

14. For max output, there should be two sets of measuring hoppers,
one to be dumping into the mixer while the other is filling.
For washing sand, see SAND, Y 34, p 947¢.

15. Agg may be washed in a revolving cylindrical screen, by a jet
of water under high pressure.

16, Work is often done at night by means of electric or other artificial
illumination.

17. Portable gﬂat-cm‘) cone miximg plant. Two 6 X 8 tim-
bers, 58 ft long, 4 ft apart, laid upon floor of a 34 ft standard-gage flat
car, their ends projecting 12 ft beyond each end of car, and guyed to an ele-
vated framework on center of car., Each projecting end carried a 2 cu yd
hopper. Sand and gravel were shoveled into this ho;ﬁper and discharged
from it upon a belt conveyor, running hor'y under the hopper and then
upward to a hopper (3 cu yds) 15 ft above the car floor, over the center
of the car. This elevated c()ipper discharged the sand and gravel into a
34 cu yd Smith mixer, placed at the center of the car. Cem supplied to
the mixer by hand; water from %fipe, laid along the work and provided
with hose connections. A bbl, filled with water, was carried on the elevated
framework, to ensure a supply for immediate use. The conveyor belt,
2 ft wide, consisted of two link-belt chains, with a heavy double-thickness
canvas belt between them. Belt supported by wrought-iron pipe cross-
pieces 18 ins apart. The belt forms pockets between the cross-pieces.
Conveyors, driven by a 9 X 16 inch single-cylinder steam engine, mounted
on one end of the car. Average capacity, 275 cu yds per day. One lower
hopper was found sufficient to supply the mixer. (The Chalmette Docks
of the New Orleans Terminal Co, E. R, ’06/Jul/28, p 90.)

18. In constructing works which are circular in plan, the mixt conec
for floors, columns, girders and roof, may be carried to the forms by mean:
of a truss bridge, spanning the work from a central tower to a track on the
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circumferential wall. The bridge then forms a revolving erane, carry-
ing mixers at its outer end.
Mixing.

19. General. Each sand grain should be coated with cem, and the
mortar should coat every fragment of stone in the agg and should be evenly
distributed thru the whole vol. The stone, if dry, should be wetted before
adding it to the mortar.

20. Thoroness of mixing is of the greatest importance; especially
when the conc is poor in cem or of dry consistency.

21. The great strgth of the conc in the Munderkingen bridge is attributed
to its thoro mixing. The materials were mixt 2 mins dry and 3 mins wet.

22. Variation in eolor of mixture indicates change in the proportions
of the ingredients.

23. See that any cem, thrown out as defective, is replaced by good cem.

24, Lifting conerete. Where the mixing platform cannot be built
near the level of the top of the structure, the conc may be raised by a power
lift to the proper level, and then wheeled on level runways. For low lifts
and small quantities, horsepower lifts are used; for higher lifts and larger
quantities, a small steam or gasoline engine.

25. In some cases, the mixer and its enclosing frame are lifted bodily
by ti?e derrick which supplies materials, and deposits them over or near the
work.

¥ 36. Hand mixing is inadvisable and uneconomical, except on small
jobs.

27. In hand mixing, it is usual to mix the sand and cem dry, usually
by turning with shovels two or three times, until the mixture is of uniform
color, and each sand grain is coated with cem.

28. Water is then added, and the mortar is mixed before the agg is added;
or the agg may be spread over the dry mixed sand and cem, or these thrown
upon the agg, and the whole then wet and mixed by two or more turnings
with shovels, until the water is thoroly incorporated.

29. Mixing the cem and sand first, as above, reduces the total labor by
omitting unnecessary manipulation of the agg.

30. Weather. Hand mixing should be well protected against wind
and rain. Wind blows away the finest (and therefore best) of the cem,
and rain prevents proper (dry) mixing of cem and sand.

31. For the sub-station of the Brooklyn Rapid Transit Co., two bottom-
less rectangular frames were provided, one of which had a capacity of 14
cu yd, and was first filled with sand. Seven bags of cement were then
emptied on top of it, and the mass was turned several times by five shovelers
until the color was uniform. It was then leveled, the other frame (1 cu
yd capacity) was placed on top and filled with broken stone, and water
was put on with a hose. The mass was then turned four times, shoveled
into wheelbarrows and deposited in the forms.

32. With equal care, machine mixing gives better and more
reliable results than hand mixing, and is more economical on large work.

33. The output must be carefully watched, as the accidental
and unsuspected choking of a hopper may change its character.

Mixers.
34. Mixers are of two prineipal types; ‘‘continuous,” and ‘‘batch.”

35. In continunous mixers, the raw materials are fed continuously
into the machine at one end, and the mixed conc is delivered continuously
from the other end.

36. The gravity (continuous) mixer is a stationary shute or trough,
set nearly vert, and equipped with fixed projecting pins or baffles, against
which the material impinges as it descends, and upon which the mixing
depends. Water is admitted by a spray pipe, at the top of the shute.
Power is required only to elevate the materials to the top of the mixer,
usually a lift of about 8 feet.

37. Other continuous mixers are in the form of open troughs,
nearly hor, and having a longitudinal revolving shaft, with screw-like blades
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attached, which convey the material, fed in at the upper end, thru the
length of the trough, to the lower or discharging end. Water is provided
by means of perforated pipes along the sides of the trough.

38. Measuring. Continuous mixers require some means of propor-
tioning the ingredients of the conc. Various automatic measurers have been
used to a limited extent. Sometimes the sand, cem and agg are spread,
in layers, on the platform of the mixer, and shoveled into the mixer. Some-
times, dependence is placed upon_ assigning, for instance, one shoveler
for the cem, three for the sand and six for the stone; but this method is
much too crude for most cases.

39. Bateh mixers deliver the conc in_batches, the size of which is
determined by the capacity of the mixer. They have a wider range than
gravity mixers, and give better control of the proportioning of the ingre-
dients.

40. The oldest and simplest batch mixer consists of a revolving eubical
iron box, plain inside, mounted on bearings at its diagonally opposite cor-
vers, and provided, on one side, with a sliding gate, for admitting the raw
materials and discharging the conc. Power is applied thru gearing on
the shaft. The ingredients may be mixed dry for a number of turns, and
the water then added thru the hollow trunions; or the water may be added
before any mixing is done. The older cu_bicai mixers had to be stopped,
both at the time of charging and when delivering the cone.

41. At Superior Entry, Wis., the U. 8. Govt used a cubical conc mixer,
charging and discharging without stopping and without variation of speed. It
was operated by a 7 X 10 inch vertical single steam engine, and turned
out a batch of very perfectly mixt conc in 80 secs. The conc was plainly
visible during the entire process. (Clarence Coleman, Rept of Chf of Engrs,
U. 8. A, 1904, Part IV, p 3784.)

42, In later batch mixers the cubical box is replaced by a drum
(either eylindrical or made up of two cones), rotated by means of a chain
on a ring encircling the drum, and provided with vanes or blades fixed upon the
inside. ~These blades first carry up and then drop the material, mixing it
by the agitation so caused. The discharge is effected, in the Smith (double
cone) machine, by tilting the machine (like a Bessemer steel converter)
about its trunions, placed at cen of grav of drum; and, in the Ransome
(eylindrical drum) machine, by inserting a tilting trough, which, in the dis-
charging position, catched the material as it falls from the blades.

43. To provide against break-downs, extra parts should always
be furnished with each mixer.

44, Mounting. Mixers are.either stationary, or mounted on skids
or wheeled trucks, with or without steam engine, engine and boiler, gasoline
engine or electric motor.

435, The mixer, with its framing, is sometimes lifted bodily from its old

location, and deposited in a new one, by a derrick or cableway.
. 46. Wheeled cone mixers, with revolving drums, into which the
ingredients are loaded, and in which they are mixt by means of the forwd
raovemt of the vehicle, have been used.” The motive force may be given
by hand, by horse-power or by_gasoline engine; and the relation, %)etw
forward speed and speed of rotation, may be regulated by gearing.

47. Small hand-power batch mixers are furnished; capacity elaimed
> 450 cu ft per day.

48. In the choice of a mixer, reliability, as established by success-
ful use, is of prime importance, especially where continuity of work is essential.

49. Shortage of output may be due to shortage of power behind
the mixer, as well as to the mixer itself.

50. The mixer should be cleaned after each day’s work.

PLACING.

. 51. The best conc may be rendered almost worthless by carelessness or
improper method in the placing.

52. When conc js dumpt from a considerable height, there
would seem to be danger that the even distribution of materials may be
disturbed. Hence, if ﬁ)wered in buckets, these should be brought close to
the work already done, before dumping. However, in the construction of
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eonc piers for a bridge at Bethlehem, Pa..,ebiiy Cramp & Co. (E R, '09/Mar/6,
P 280) conc was delivered, thru an inclined wooden shute, lined with sheet
iron, at a point vert’y 74 ft below the mixer; and the method was found
to be economical, and the conc uniformly good, and there was no difficulty
from separation of ingredients.

53. In work that will show, the layers are usually restricted to about
6 ins in depth, owing to the difficulty of spading the face work when the
layers are thicker; but in foundations, and in heavy work above ground,
if to be faced with masonry, or if sggpearance is not important, layers of
wet conc as deep as 2 feet may be used.

54. If the conc, after placing, is found to be too wet, it is better to
correct the trouble by placing drier conc upon it. When surplus water
is bailed out, some cem 1s carried with it and thus wasted.

53. Excessive face spading brings up water from below, and this
washes cem from the face.

56. Works of considerable length, such as dams and walls,
are commonly built in sections alternately, thus: secs 1, 3, 5, etc,-are first
built separately, and, when they have hardened, sec 2 is built betw secs 1
and 3, section 4 betw secs 3 and 5, etc. The sides of secs 1, 3, 5, ete, thus
serve as part of the forms for secs 2, 4, etc. This method facilitates bonding
betw the secs, by means of vertical dove-tail grooves, formed, by the molds,
in the sides of the secs first built. The conc of the remaining secs, placed
later, enters and fills these grooves.

57. In freezing weather, conc can be laid in large masses in water
or below the ground surf. In excavations, if the ground water is permitted
to rise over the work during the night, it will usually prevent frost from reach-
ing the cone.

58. At Chauditre water power dam, conc was laid in temps as low as
—20° F. A mixing house was erected, and the temp, within, was kept,
by stoves, above freezing. Materials were lowered into the house by
derricks thru hatchways in'the roof. Water was kept in casks, and kept
lukewarm by steam jets, Sand was heated outside the house. Stone, in
piles 3 to 4 ft deep, was heated (but not dried{ by steam jets from a perfo-
rated pipe, passing under the piles. After placing, the conc was loosgg'
covered with canvas, under which the nozzle of a steam hose was introduced.

Forms.

. 59. In wall foundations, the trench itself may constitute the form; and,
in dams and arches of conc blocks, the first blocks, placed alternately,
often serve as parts of the forms for the remaining blocks; but ordinarily
a considerable amount of timber framing is required. See Y 56.

60. The economy of the work depends so largely upon the design
of the forms, that it 1s often advisable to modify the design of the work
itself, or to use more conc than would otherwise be nec’y, in order to secure
economy. The design should be such that commercial sizes of lumber
may be used, and with a min of wasteful cutting; and such that the forms
may be readily erected and removed with a minimum of damage to them-
selves and no damage to the work, and used repeatedly. Where practi-
cable, the forms are made in sections, small enough to be conveniently
moved and handled separately. Cutting is economically done by power
saw benches. §

61. Even in building work, where much of the ‘‘centering” must be
built in place, and where it can be- removed only by taking it to pieces,
the lumber may be used two or three times before it is discarded. Where
the forms can be assembled in panels, and these panels removed as units,
they may be used many times.

62. The requirements of different works, executed under diff conditions,
vary so widely, that no useful details, as to the construction of the forms,
ete, except for buildings (see Y9 63 etc), can be given within the limits
at our disposal. The designer should witness the removal of his forms
before estimating their success,
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Forms for Buildings.

63. In reinfd building construction, the forms are chiefly :
(a) Column forms,

(b) Beam, slab, floor and roof forms,

(¢) Wall forms.

64. A typical column form, Figs 1 and 2. The boards, G, 134
ins thick, are held in place by cleats, H, 1} X 5 ins, and by *'column
clips,” C, made of pieces 4 X 4 ins, and boards, B, 1% X 5 ins. These
‘“‘column clips” must be spaced to take the pres due to the conc. At the
bottom of a column 18 ft high, they should be }» 10 ins, cen to cen. At
the bottom, 4 boards, A4, are used, to hold the form in shape, and the boards,
G, are cut, on one side of the box, at F, 2 or 3 ft from the bottom, to form
a door (cleats, on door, not shown), thru which all rubbish may be brushed.
The door is then held shut by the lower two ‘‘column clips,” and the form
is filled. Triangular fillets, 7', are used to bevel the corners of the col.
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Figs 1 and 2. Column Form. g

65. Column forms should be so designed that they may be removed
without . disturbing the forms for the beams and girders. '¥‘he col forms
may then be bared for inspection, before being loaded.
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Beam Form,
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66. Typical beam or girder forms, Fig 3. The forms, or beam-
boxes, often miscalled ‘‘centers,”” ar