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Introduction.

This book is written to point the way to sound engineer-
ing in concrete by enunciating the principles thereof and
by laying bare the falsity of much that passes for good en-
gineering in this comparatively new branch of construction.
The aim is to teach, not by example or model or system,
but by laying stress on the principles that should govern in
all design. One of the evils of following systems or models
is that the adherent to a system is apt to use it where it
is not appropriate and to hold to it, without alteration to suit
the case, for fear that alteratlon—lmprovement—would be
interpreted as confession of imperfection in the system.
Principles are, or should be, of general application.

There are four general divisions to the book, as follows:

(1) The first part consists of information relative to
the materials used in making concrete and reinforced con-
crete.

(2)  The second part (pages 182 to 255 incl.), consists
of articles by the author which were published in Engineer-
ing News (New York) in 1906, together with letters criti-
cising the same, written by different engineers, with the
author’s replies to these. There are three of these articles.
The one on Beams and Slabs was published in Engineer-
ing News, March 15, 1906; the one on Columns and Foot-
ings was publlshed July 12, 1906; the one on Retaining
Walls was publtshed Oct. 18, 1906. The letters to the edi-
t09;6 and the author’s rephes appeared in various issues in
1

(3) The third part (pages 258 to 413 incl.), consists of
articles by the author which were published in Concrete
Engineering (Cleveland, O.), in 1907, together with letters
from engineers and the author’s replies. There are eight
of these articles, and they appeared serially, beginning with
the issue of Concrete Engineering, Jan. 1, 1907, and being
distributed through the larger number of the issues of that
year. One article (Domes, etc.), will probably appear in
the March, 1908, issue.
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'(4) The last part of the book consists of cuts showing
piers, small arches, culverts, etc., as illustrating current
practice. These are taken, with the consent of the pub-
lishers, from Engineering News, Engineering Record, Rail-
road Gazette, and Street Railway Journal, to whom the
author hereby makes grateful acknowledgment

There is some repetition in the book in the matter of the
derivation of formulas for beams and columns, because of
the fact that two of the articles in Concrete Engmeermg are
_ on the same subject as articles in Engineering News. The
repetition could not conveniently be avoided in this com-
pilation.

Because some parts of tke book are elementary in char-
acter does not signify that it is written for the tyro. There
have been enough examples of flagrant blunders in public
utterances and in design on the part of seasoned designers
and eminent engineers to justify emphasis on ground prin-~
ciples that these utterances and designs violate.

No attempt has been made to carry thiough the book a
uniform nomenclature. Values needed in any equation will
be found close to it in the reading matter. The author has
found attempted standard nomenclature extremely annoy-
ing. A practical engineer has not the time, when he wishes
to make use of a formula, to read an entire book in order
to make sure of the meaning of values in the formulas, and
he is only wasting time when he must refer back to other
chapters for their meaning. It is one of the greatest faults
of books of reference, and text books that must often be
used for reference, that formulas are set down with a view
of their correctness, solely, the convenience of the user in
applying them being ignored.

Attention is called to “Some Theses” in the section which
follows. In the author’s opinion so many of what ought
to be well-known principles of mechanics are flagrantly vio-
lated in much current design, that the “investigations” and
causes assigned when failures occur resemble the quibbling
at a murder trial to determine whether the poison adminis-
tered to a sick man, with “design,” was the direct cause of
death or the disease from which he suffered. Studied dis-
regard of the greater menaces and magnifying of the lesser
is not peculiar to investigations of concrete failures, how-
ever. Volumes have been published in the few months
since the Quebec Bridge disaster on lattice bars and com-
pression members. Some engineers hold that a left hand
bottom chord member, that had been observed to be bowed,
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was the initial point of failure. ‘Others say that it was the
corresponding right hand chord member, which was never
under suspicion, as this alone would account for the fact
that the top chord of the bridge was thrown to the right
a progressive amount (10 feet or so at the pier and 50 feet
out where the traveler was located). Still others would
have both members give way at once, to account for the
failure of the bridge to lie down on the crippled side. The
calculated unit stress in these chords at the time of failure
is said to have been 12000 lbs. A quiescent lead of this
intensity would not, by anything known to engineers at the
present time, cause these members to fail. Fourteen
months before this disaster the author tried in vain (by
a letter to an engineering journal, which they declined to
publish) to utter a pubiic warning, pointing out the men-
ace of erecting this bridge with an immense traveler lack-
ing sway bracing, or braced, if at all, with wire ropes,
which would stretch excessive amounts. This traveler, at
the time of failure, held about 500 tons of steel more than
200 feet in the air, and no sway bracing, visible in any pho-
tographs, was used between the two bents. Beside the
roadway the vertical posts of the trusses had light lattice
in planes normal to the truss, which would offer but slight
resistance to swaying, if the traveler should lean against
the top chord of the truss. In the course of tying up for
the night (the wreck happened close to quitting time)
it would be a very natural sequence of events, that the
workmen should take a block from the left side of the
traveler and attach it to the truss at the right side, intend-
ing to make X-bracing thus, and that the tightening up of
the line should start the top-heavy traveler to moving to
the right. The truss would be inadequate .o stop it, and
with just a little motion of the top chord the vertical posts
of the truss would crush, doubling up on themselves. The
same side force would bend in S-shape the two bottom
chord members in the anchor arm which were located at
the bottom ends and the junction of the first heavy diag-
onal and first heavy post of the anchor arm, causing them
to fail at once, which they undoubtedly did, and alike, as
they also did. This hypothesis, which accounts for every
feature of the wreck so far made public, was ignored for
the untenable one, from all present engineering knowledge,
that two compression members, on opposite sides of a
structure, under about one half of their ultimate strength
or less, quietly gave way simultaneously. The prediction
is here ventured that when this bridge is re-erected, the
traveler will be braced.



A Survey of the Field of Concrete
Design and Construction, in which
will be Found some Theses.

If the author were to write a history of reinforced con-
crete, he would be inclined to take his cue from the writ-
ers of school histories for juvenile instruction and make it
-a record of battles and mortalities. His own ‘recollection
of school histories is that they are not much more than a
list of wars and their battles. It is hard to conceive what
moral or intellectual benefit a child receives from loading
his memory with names and dates of the battles and their
casualities that exhibit the workings of the passions of
men. In the matter of a new form of construction battles
are inevitable. The passions of men exhibit themselves
here as elsewhere ; but the battles are with men who control
older forms of construction, and little can be learned or
gained by recording them. There are casualties from an-
other cause, however, the record of which would be in-
structive. Reference is made to disasters that have resulted
from errors in design or construction. A detailed record
of these, with a correct statement. of the fault, would be
of great value. In many cases, however, if the truth were
written, it would be a simple statement of dangerous con-
ditions and of results that a study of these conditions would
lead one to anticipate.

Accidents, of course, have played some part as thc
cause of failures, carelessness and ignorance have played
a larger part. Among the causes assigned to failures in
reinforced concrete the one most heard is “green concrete.”
This serves the purpose to the builder that “heart failure”
serves to the physician. It is easier to blame the failure
on some ignorant or dead workman who pulled out the
props too soon, than to get down to the root of things
and discover some vitally weak part of the design, that,
even allowing months for the concrete to harden would
have a factor of safety of but a little over one.
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Another thing that is set down as the cause of many
failures is poor concrete. There is no doubt that failures
have resulted both from the removal of forms before the
concrete has hardened and from criminal use of poor con-
crete. More often there can be found faults enough in de-
sign to cast suspicion back to one who ought to be posses-
sed of more intelligence than the workmen who are em-
ployed to carry out the design.

The importance of good materials and their proper
manipulation cannot be too strongly emphasized, unless that
emphasis obscures other conditions just as vital to the
safety of the structure.

Many of the faults in design very often met with are
pointed out elsewhere in this book; some of the most glar-
ing will be mentioned here at the risk of reiteration.

When a column is made of such light section that in
wood (which is both stronger in compression and immense-
ly tougher than concrete) it would appear too slender; and
when that column is made of plain concrete in which there
are some longitudinal rods; and when it is true that such
columns under a central load have been known to fail un-
der less compression than others of plain concrete devoid
of steel, the concrete in each being identical; failure is the
most natural thing to look for, and that of an inclusive
and disastrous kind. In Bulletin No. 10 of the Illinois Ex-
periment Station, page 14, column 8, a plain concrete col-
umn 9” x 9” by 12 ft. long stood an ultimate crushing
strength of 2004 lbs. per sq. in. Column 2, identical in
size and having 4-%” rods embedded in the concrete, stood
1577 Ibs. per sq. in. This is not an exceptional case. Other
series of tests have shown the same thing. It appears to
be the rule. Nevertheless, one reading the literature of re-
inforced concrete would be led to conclude that small lon-
gitudinal steel rods embedded in concrete columns add
largely to the strength of the columns. Authority can be
found for including in the strength of a column these
slender rods that would not stand alone and that the sur~
rounding concrete supports in a very imperfect way.



Authority can also be found for including in a- hooped col-.
umn, apart from the compressive strength of the concrete,
the strength of an imaginary column of steel, that is some
function of a coil or set of hoaps, which could have no
strength whatever as a column except through the medium
of the concrete, already given a value for its compressive
strength. This -assumed column of steel is purely imagin-
ary. When phantom columns are relied upon to carry ma-
terial loads, failure should not cause any comment. It is
just as rational to make some of the links of a chain strong-
er than the others and then expect the strength of the
chain to be greater, as it is to call the strength of a hooped
column the sum of the compressive strength of an imagin-
ary steel column, some function of the binding hoops or
spiral, and of the concrete column, The latter is the only
real column. All of the compression must go through it,
and, while the compressive strength of the concrete is
greater in flat discs between hoops that increased compres-
sive strength is dependent upon the flatness of the discs
and is not dependent upon the section of the reinforcement,
as the formula would make it appear.

- Much misapprehension exists as to the action of concrete
in compression. In tension: a bundle of independent fibres
will cirry a heavy stress. - In compression a bundle of in-
dependent shafts of slender proportions would be of little
use to carry a load. A material that is weak in tension can-
not be very strong in compression. in long: members be-
cause of the tendency of the material to spread laterally and
the need of tenacity to prevent this spread. Flat discs are
very much stronger than cubes and cubes are stronger and
more reliable than shafts a few diameters in length. Again
shafts carrying loads not centrally placed are much weaker
than the latter. Perfectly central application of the load on
a column is something scarcely possible outside of a test-
ing laboratory. Concrete, except in hooped columns, should
notbe called upon to take more than about 200 to 350 Ibs.
per sq. in. This applies to columns having only longitudinal
rods. It also applies to reinforced concrete chimneys where
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there is hooping; for the hooping in a chimney does not
act like that in a column; it is merely to tie the concrete
together, acting like the ‘horizontal rods in a wall. It also
applies to an arch under full thrust. In beams concrete is
confined on all but the upper side; the extreme fibre stress
in beams may therefore be much greater than in unconfined
compression members. Unit stresses of 500 to 600.Ibs. per
sq. in. may be safely employed in beams.

-When concrete fails in compression, spalls break off
around the edge. It is plainly seen that in a flat disc these
spalls are but a small fraction of the area in compression,
hence in such cases as a thin mortar joint heavy compres-
sive stresses can be withstood. The same is true of the
discs between two consecutive rings or coils in a hooped
column. In cubes the spalls bear a larger relation to the
total area, and in shafts the entire surface may spall off
making the failure one in shear. The fallacy of using
compressive unit values, found by testing cubes, to deter-
mine the strength of concrete shafts with or without rein-
forcement of longitudinal rods, is therefore apparent.

Shear in steel rods embedded in concrete at 10,000 1bs.
or 12,000 lbs. per sq. in. is one of the most blatant absurdi-
ties to be met with in literature on the subject of rein-
forced concrete and in building codes. It is totally un-
hecessary, even in an all steel structure, to specify a shear-
ing unit on pins, for the reason that, if the bearing of the
parts on the pin are properly proportioned, and the bend-
ing moment is not excessive, the section will of necessity
be ample for the shear. Steel is thirty times as strong as
concrete in bearing; hence there is something less than
one-thirtieth of a reason for specifying any unit shear on
the steel rods in concrete. If so-called shear rods are pro-
portioned on the basis of 10,000 Ibs. per sq. in., they are
about as irrationally proportioned as they could be. Loose
stirrups could not take hold of a horizontal rod to receive
this shear, except through the medium of the concrete;
and, if the concrete takes the shear, there is no reason why
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it should be imparted to the steel rods, since it must go
back to the concrete again at the upper part of the beam.

~ T-beams, with their narrow stems and insufficient hori-
zontal shearing area in a plane above the bottom rods, offer
another example of irrational design. The apparent rein-
forcement _supplied by vertical or dtagonal shear rods is
enlarged upon elsewhere. -

As pointed out, wood is very much stronger than con-
crete. Wood will stand an ultimate load of 10,000 lbs. per
8q. in. or more in tension and may safely take 800 to 1200
Ibs. per sq. in. in compression. To make a reinforced con-
crete member capable of taking tensile stresses equal to
~what sound wood will take there should be 10 or 15% of
steel reinforcement in a member of the same size. To
reinforce a square member in bending, as with rods near
.each corner, so that it will be as strong as sound wood
for transverse loading, as in a column taking swaying
forces, it would require § or 10% of steel reinforcement.
Reinforcements in such amounts are prohibitive; it is
-evident then that concrete members should be of larger di-
-mensions than members in wood to perform the same office.

Reinforced concrete viaducts having bents composed of
two inclined posts and a bottom strut, with the cross
girder joining the tops of the posts, are not good construc-
-tion. In wood such bents would be condemned for :lack
of diagonal bracing. Even in material of the toughness
of steel such bents would not be attempted, unless diago-
"nal bracing interfered with the headroom desired; in this
case extra stiff columns would be used. More failures of
structures have been caused by lack of proper bracing than
from any other cause. The experience in the concrete en-
gineering field should make all builders avoid, as dangerous,
-construction that depends. for lateral stiffness upon long
columns and lacks diagonal bracing. In the light of ex-
perience and intelligent interpretation of tests, as well as
rational analysis,” the building of such constructlon only
‘invites .disaster.-

Reinforced concrete does not lend itself to efficient or



economic construction in open work resembling steel trusses
or bents. Girders or bents should be solid or nearly so.
Circular openings may be used rationally to save weight.

A common form of reinforced concrete column footing
consists of a square flat block having rods lying near the
bottom, spaced uniformly, parallel to the sides. Some of

these rods are entirely outside of the column or shaft .

carrying the load, that is, they do not lie under it and would
therefore serve to intensify the stress in rods that do lie
under the shaft. This is another enmple of irrational de-
sign.

There are a number of rndlments of popular but errone-
ous notions exhibited in much reinforced concrete design.
One of these concerns sharp bends in rods. A hog chain
or a king-post or queen-post truss are common forms of
supporting otherwise weak beams. A bent rod is thrown
under a beam, and at the bend a post is used to support
the beam at one or two intermediate points. In reinforced
concrete beams for test and in actual construction it is very
common to see rods similarly bent, and the appearance
is that of the trussed beam just referred to. With this the
popular eye would be satisfied, but when search is made
for something that corresponds to the post in the trussed
beam, nothing is found but a trifling amount of concrete
that occurs at the bend. To heighten the absurdity the
so-called truss rod ends at or near the support with no end
anchorage whatever. It is as though the truss rod in a
trussed wooden or steel beam were simply brought up and
Jaid under the end of the beam without an end nut to take
the pull. A hook on the end of such a truss rod would
correspond to a hook in a rod embedded in concrete. Both
are weak and inefficient. .

Sharp bends in heavy rods are very common; nothmg
could be more irrational.

It is a structural fault in a design when steel work is
so disposed that there must be some slip before the part can
take its full stress. Such details are :—loose stirrups around
rods, splices in heavy rods made by lapping them and
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binding them together, kinks or short bends in rods, etc.

Another concession to popular and erroneous ideas is

in the use of arches where flat slab construction would be
better. There used to be a bicycle manufactured that had
a curve in one of the parts of the frame. Advertisements
pointed out this weakening curve as a special element of
strength, because it bore some relation to an arch. Seg-
mental floor arches, lacking abutments and shallow where
they need the greatest depth, and small arches of high rise,
pressing horizontally against uncertain earth fill, are ex-
amples of the persistence of popular ideas.
" When a beam may be sevéred from its supporting col-
umn or girder by the mere cracking of a surface of con-
crete and the pulling out of a short length of rod, and when
this beam i3 an integral part of the only system of bracing
in a structure, as in the case of a building where cross
“walls are not used to take up sway, it is reasonable to
expect that wind or other lateral force, acting with the load
on the beam will crack the beam and pull out the rod.

If reinforced concrete is to be used in high buildings to
replace steel cage buildings, good features of steel frame
buildings must not be overlooked. Specifications for steel
work rightly restrict and forbid reliance upon tension on
rivet heads to support vertical loads. But this very ele-
ment is of utmost importance in holding togetBer and brac-
ing such steel structures as office buildings and mill build-
ings. Far too many reinforced concrete structures, lacking
a unifying element tying the various parts together, have
ingloriously failed, and far too many laborers and foremen
have been made to take blame that should have been at-
tributed to ignorance of designers. It is of utmost import-
ance that the parts of a reinforced concrete building be
tied together. This should be done by use of continuous
or spliced rods. The best way to acéomplish this is to use
round rods and to splice them ‘with sleeve-nuts.

Nowhere in engineering is there more evidence of a dis-
position to cover up ignorance with elaborate cloaks of
arithmetic fabric than in reinforced concrete design. This
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is exhibited in complex formulas for the design of beams,
in the flat plate theory, in arch calculations, in column for-
mulas, in calculations for temperature stresses and gener-
ally where concrete and steel design is treated. Some of
these have already been referred to. The most discredit-
able feature about it all is that structures that have fallen
down have been shown by some of these applications of
arithmetic to be quite safe.

Another thing in evidence is erroneous formulas and mis-
applied methods of calculation.

An illustration of what elaborate theory accomplishes in
beam design .is seen from the following example, taken at
random. In Bulletin No. 14, Engineering Experiment Sta-
tion, University of Illinois, page 11, test beam 57 shows a
calculated unit stress in the steel of 39,800 lbs. This is
worked out by a formula with many terms and all of the
commonly made assumptions that bring in the relative
moduli of elasticity of steel and concrete. The test load
is 11,730 lbs. at third points on a 12-ft. span. Adding to
the moment that this would give the dead load moment
due to the weight of the 8” x 11”7 beam there is found to
be a total moment of 300,900 in.-lb. Taking the neutral
axis of this beam at the middle of the depth of the con-
crete, as the rods are 1 in. above the bottom, the effective
depth is 86 inches. The- stress on the steel is 36,800 lbs.,
or on three %-in. rods, 40,000 per sq. in. This is one-half
of one per cent. more than the unit stress found by the
elaborate formula. The results are thus practically ident-
ical in this case at least.

The flat plate theory, as worked out for such homogene-
ous material as steel plates, is given in all its elaborateness,
as applicable to reinforced concrete slabs supported on all
sides, by a number of writers. In the theory of the flat
plate, as usually treated a factor enters that does not find
a parallel in the ordinary theory of flexure. At the center
of the plate the extreme fibre stress at top and bottom is
of the same intensity in all directions, in the two respective
planes. Because of this fact the upper layer is capable of
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resisting a greater intensity of stress than it would take
with the stress in one direction only and the material not
confined laterally. The - fibres in compression in a flat
plate are confined on all sides, including, to some extent,
the side on which the pressure is applied. In the case of
the fibres in tension there is not this assistance from con-
jugate stress, It is not clear, therefore, why Poisson’s ra-
tio should be applied to flat plates, since the tension on the
free side would be the critical stress. The term represent-
ing fibre stress in the flat plate theory as commonly given
is not the true fibre stress but a fictitious unit stress re-
sulting from the application of Poisson’s ratio. The actual
fibre stress is almost cut in half by this application. Ad-
vocates of the flat plate formula do not seem to have con-
sidered the question of converting this fictitious extreme
fibre-stress in all directions into actual stress in reinforc-
ing steel rods in two or more directions. They further
do not make it clear why all of the complexity and uncer-
tainty of the flat plate theory for steel plates should be re-
sorted to to solve flat slabs in reinforced concrete, a mater-
ial not at all contemplated in such formulas as Grashofs.
Some prominence has been given recently to a solution
of the flat slab supported on four sides, which starts with
the assertion that a flat square slab supported on all four
sides fractures along a diagonal. Assuming that.the bend-
ing moment is greatest along the diagonal of a rectangular
slab a formula is derived for the magnitude of this bend-
ing moment, which is naturally a mathematical certainty,
just as the bending moment along the diameter of a cir-
cular plate is a mathematical certainty. But the variation
of intensity of this moment along the diagonal is entirely
ignored, or rather the intensity is taken to be constant.
There is just as much error in taking this moment as uni-
form along the diagonal of a rectangle as there is in taking
the intensity of the moment along the diameter of a flat
circular plate as uniform. It may be true that a flat slab,
either square or rectangular, supported on four sides, will
break on 3 diagonal line. This is proof of one thing, name-
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ly, that the greatest intensity of bending moment is at the
center of the slab; for, as both diagonals are identically con-
ditioned, either may be the one to fail, and their only com-
mon point is the center of the slab. It is not conceivable
that the same intensity of bending moment extends clear to
the corner of the slab. A crack once started in a diagonal
direction would naturally extend into the corner and even
over the support, merely on account of the brittleness of
the material. This would be no evidence of constant in-
tensity of bending moment along the fracture; much less
force is needed to continue a crack once started than to
start the same. ‘

The author brought out a formula for square slabs sup-
ported on four sides and reinforced in two directions, in
Concrete Engineering, Feb. 1, 1907. This formula is appli-
cable to the materials considered and rational in its deri-
vation. It has the sanction of Professors Maurer and Tur-
neaure, as it appears in their book recently published. R

In the design of arches the elastic theory has been em-
phasized and very forcibly recommended. This is a theory
for the investigation of an arch already proportioned. It
could not be used to find the proportions needed. One way
recommended to arrive at a trial proportion for an arch
is to take the dimensions of existing arches and judge it
therefrom. An inspection of a table of the proportions of
existing arches reveals the fact that they are hopelessly at
variance with each other. The elastic theory requires that
the moment of inertia of the arch at all sections be known.
The moment of inertia of a combination of concrete and
steel can be assumed, or arrived at by assumptions, but not
defmitely known. The elastic theory, as usually employed,
assumes fixed ends to the arch. This is an extravagant
assumption and one not warranted by the conditions. In
small models it would be possible to make mass enough in
the abutments to effect fixed ends in the arch span. In
large arches it requires massive abutments to resist over-
turning from the simple thrust alone. If to this, mass must
be added to make the ends of the arch fixed, an unwarrant-

18



ed waste of material results. The concrete needed to add
a few inches to the depth of an arch ring and thus increase
by a large percentage its stiffness would be insignificant in
results if added to the abutments. The thrust, if the arch
be considered hinged at the ends, is practically the same
as if it be considered fixed ended, so that the amount of
‘mass in the abutments due to assumption of fixed endedness
is simply extra material that could be more economically
employed in the arch ring.

The elastic theory has application to steel arches for two
reasons. (1) The moment of inertia of a steel arch can be
definitely calculated. (2) The unstressed arch fits the abut-
ments upon which it rests, being very accurately built there-
for. This theory is inapplicable to stone or concrete arches
for the obverse of these reasons. The shrinkage of con-
crete in setting precludes any possibility of determining
exactly what would correspond to the moment of inertia
of a reinforced concrete section, that is, a coefficient from
which the deflection could be calculated. This same shrink-
age makes it impossible to build a concrete arch of any
kind that will be free from shrinkage stresses, and an arch
in which there are unknown initial stresses should not be
made the subject of exact calculation based on the ab-
sence of initial stress. Inaccuracy in stone arches has the
-same result as shrinkage in concrete arches in that the
arch is subject to some initial stress. In addition to this
stone arches cannot take any tension.

In the inelastic theory the presumption of accuracy is not
made, and there is not the false security which efaborate
calculations tend to give. It is more in keeping with the
materials of stone and concrete arches. A system of blocks
fitted to each other along the lines of an arch will carry
certain fixed loads without tending to open any of the
joints, when these blocks follow the line of what is called
the equilibrium polygon. When other loads are brought
on the arch, as the live load, the equilibrium polygon under-
goes certain changes which would tend to open joints at
sections whose location is moderately well kmown. If the
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arch blocks be conceived to be cemented together into one
mass and to be tied together by steel rods, the rods will
take the tension. Reasonable assumptions to arrive at the
probable intensity of the tension are all that the materials
and methods of manufacture in reinforced concrete arches
justify,

 The literature on stone and concrete arches is unsatisfac-
tory being in large part excessively theoretical and unprac-
tical from many standpoints. Semi-elliptical and basket-
.handle arches are commonly held out as examples. Such
curves are unsuitable for ordinary arches, because they
_presuppose heavy horizontal pressure of the fill or demand
the same to prevent large moments at the sharpening of
the curve. Only sand or semi-liquid mud can exert such
pressure (except as a wedging force, as back of a retain-
ing wall) and neither of these materials is desirable as a
fill. If the arch is the roof of a tunnel under a stream,
the semi-ellipse or semi-circle are consistent curves, There
is a general lack of appreciation on the part of writers and
‘builders, of the fact that horizontal pressure in earth, while
it is a possibility, is not necessarily exhibited. There are
many proofs of this, but they pass unnoticed. Ordinary
earth could be supported on a system of vertical props
capped with horizontal lagging pieces in approximate arch
shape. Unless earth will loosen in large chunks, there is
scarcely anything to fear from horizontal pressure. This
action is not possible in the fill over an arch. Horizontal
pressure in such case is scarcely a possibility, Of course
horizontal motion against earth would meet with more or
less resistance, but this is passive and not active.

Another phase of the impracticable nature of data on
arches is seen in the blanket formulas for depth at crown.
‘These often have no relation to the load to be carried,
whether heavy or light trafficc. Some of them give the
depth of ring in terms of the radius of the curve of the
intrados, and usually the rise is taken from the point where
the intrados begins to curve away from the face of the
abutment, These details of outline have no significance as
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.determining the stresses but are only.architectural features.
The curve of the intrados may have only a remote relation
.to the real curve of the arch, which is the curve of the cen-
tral line of the arch ring.

In another respect literature on arches is unsattsfactory
-This concerns live load stresses. In designing girders and
trusses in steel, the live load can be placed at the exact point
where it will give the maximum stress in any member. To
do this, using the elastic theory in arches, would introduce
frightful arithmetic complications.. No systematic attempt
seems to have been made heretofore to determine the posi-
tion of concentrated loads to give the maximum effect on
stone and concrete arches.

Further it has not been recognized in treatment of arches
that there is a rise for any given span and loading and fill
which fits the conditions, that is, a point where, if the rise
is diminished, the thickness of arch ring ( for thrust) will
be unnecessarily great to take care of eccentric loading;
and if the rise be increased the thickness needed (for
thrust) is not enough to take care of unbalanced loading.
This is the natural economic rise for any span.

Calculated stresses in concrete arches due to tempera-
ture changes are void of meaning. If a concrete arch could
‘be made apart from the site and then placed bodily in its
intended position, and if it fit exactly that position, calcu-
lated temperature stresses might have a meaning. It is
impossible to place concrete in such way that its normal
-unstressed shape fits exactly on the supports. It is equally
4impossible to determine the intensity of stresses due to
shrinkage. If then the original.condition of stress cannot
.be kniown, it is idle to -make elaborate calculations as to the
effect of expansion and contraction due to change in tem-
;perature. In steel work arches can he made to fit the sup-
.ports, and temperature stress calculations have a meaning.
-A liberal factor of safety is eminently better to cover ig-
.norance than the most ingenious mathcmatlcal fabric ever
devised. C

- When a dam fails, elaborate theories are put forth to'ac-
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count for its overturning, when calculations show that the
horizontal pressure of the water is not sufficient to tip it
over. Suction on the down-stream face is one of these bug
bears. There has been found to be a pressure somewhat
below the atmosphere under a falling sheet of water where
the stream contracts, and this is seized on to account for
the great force that would be necessary to overturn a mass
of masonry. Or in the matter of strength shearing forces
in vertical or horizontal planes are blamed for the failure.
In technical literature on the subject, so far as the author’s
somewhat indifferent search has shown, there is no mention
of the uplifting tendency of water that percolates under the
dam, supplying nearly or quite half enough upward force to
lift the masonry of the dam. This force, in a gravity dam
designed to resist both the uplift and the lateral force of
the water, is 42% of the total overturning force or 72% of
the horizontal force. A system of design that ignores forces
of such magnitude as these and magnifies trifles is not a
safe system even for a temporary structure, to say nothing
of the danger in a permanent structure upon which hang
so much life and property.

A scheme for reinforced concrete retaining walls, consist-
ing of a curtain wall and a bottom slab joined at intervals
by ribs or counterforts, has been much used in recent years.
Two errors in design characterize many of the designs
that have been described in engineering periodicals and in
books. One of these concerns reinforcement of the bottom
slab, Complete reinforcement, uniformly distributed for
the full width of slab, is used near both top and bottom
surfaces. No analysis of the forces can show need of such
wasteful use of steel. In the matter of reinforcing the rib
or counter-fort the apparent and expressed method is to
treat it as 2 beam with increased tensile stress from ends
toward middle of the inclined edge. This is far from cor-
rect. The stress in the reinforcing rods is imparted at their
ends and failure to use positive end anchorages is a struc-
tural blunder.

In formulas for reinforced concrete chimneys much un-
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necessary complication is sometimes introduced by making
the neutral axis out of the center of the section. There is
no good reason, based on known facts, for assuming the
seutral axis anywhere but in the center of the section.

There is much misapprehension in the matter of inter<
pretation of tests. Some published tests are not worthy
of the name of tests. They are made for the purpose of
“proving” the miraculous strength of some system, and the
lead is improperly placed or is placed on only a portion of
the floor. - Tests of shear in concrete are referred to at
length elsewhere. Some recent tests were reported that
purported to give the adhesion .of steel to concrete, The
entire resisting moment of reinforced concrete beams (with
a short lever arm) was attributed (so far as tension was
concerned) to the reinforcing steel rods, no allowance being
made for the tensile strength of the concrete, a real though
uncertain quantity. - By using smaller and smaller rods such
tests could be made to “prove” the adhesion of steel to
concrete any desired amount ; for even with no rods what-
ever, the plain concrete would take a certain bending mo-
ment. In one very important respect the lesson learned
from tests is a perverted one. Reference is made to the
test of practical use of a structure. There is no more mis-
leading notion than the one that because a structure stands
and performs its office it is therefore safe. Structures have
collapsed after standing for decades, and this under no
unusual conditions. Given a structure that has attained al-
most its full strength, and suppose that this structure fails
when the forms are removed. What would be the factor
of safety in such a structure (or in another similarly built).
if it reached a strength 10 or 20% greater and was capable
of standing up when the forms were removed?

As to the unit tension allowed on steel, this is also elab-
orated elsewhere. Units above 10,000 to 13,000 Ibs. per sq.
in. are too high, though they are very generally recom-
mended. At these units the concrete will generally retain
its integrity. Not that steel can always be stressed to this
amount without cracking the concrete, but, if there is
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enough concrete surrounding the steel, the tensile strength
of the concrete will aid the steel to the extent, for safe
loads, that the elongation will not crack the concrete. A
design that contemplates cracks in the concrete under safe
loads cannot be classed as good engineering. The cause
that will produce a crack at one point may produce others
at other points and thus break up and wear out the struc-
ture. : '

In the matter of the consistency of concrete there are
still some users that insist on “moist earth” mixtures for
all purposes, even reinforced concrete and.parts that ought
to be impermeable. Also it is very generally recommended
that materials be heated before use in cold weather. A very
significant letter appears in Eng. News, Jan. 30, 1908 from
Mr. E. A. Mollan. He describes some concrete that was
made with sand and stone that had been dried out by the
heat of the sun. This concrete had no cohesion and was
worthless. When, subsequently, the same materials were
wetted down concrete made therewith (using the same
cement as before) was of good quality. Builders who make
use of stoves to heat and dry the sand and stone for con-
crete are commended to a study of this case.

19



Cement.

There are two kinds of cement in common use, namely,.
Rosendale or natural cement and Portland cement. To-
this may be added, also, slag cement or puzzolan cement.

Rosendale cement is made by burning a limestone con-
taining the carbonates of lime and magnesia and clay at
about the temperature of the lime-kiln or 1000 to 2000+
degrees F. It is ground to a powder between mill stones.
after burning. The color is usually brown. Rosendale:
cement is used to some extent in foundations for street
pavements and in some massive concrete work. It should.
not be used in reinforced cancrete work or in work where
strength is to be an important characteristic.

Portland cement is made by mixing clay and limestone:
(or other argillaceous and calcareous substances) in the
proper proportions, and burning the mixture at a high.
heat (above 2000° F.), and grinding the clinker to a pow-
der. The color is usually gray or greenish gray. There.
are four different kinds of Portland cement manufactured.
in the United States as distinguished by the materials.
from which the cement is manufactured. These com-
binations are: 1, Argillaceous limestone, or cement rock,.
and limestone. 2. Marl and clay. 3. Hard limestone and
shale or clay. 4. Slag and limestone.

There is a kind of cement called slag cement, or puzzo—
lan cement. This is made by first granulating the slag:
by chilling the molten slag in water, then drying and mix--
ing with slaked lime, then grinding. This is an inferior ce--
ment and is only good in locations where it will be con-
stantly wet. The color of slag cement is light lilac. - Slag:
cement should not be confused with true Portland cement
made from slag and limestone. The latter is made by
burning to a clinker a mixture of crushed limestone and
chilled blast furnace slag and then grinding this clinker
as the clinker of other Portland cement is ground. A.
description of the manufacture of this kind of cement. is.
given in Engineering News, Sept. 27, 1900. .
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These cements are all what are called hydraulic cements
that is, they will set or become hard under water. They
are unlike common lime in this respect, as they do mnot re-
quire the presence of air to acquire their cementing qual-
ity. The presence of water is necessary to the hardening
of cement, and cement will harden both in fresh or salt
water. Unlike lime, also, the clinker from which cement
is manufactured is inert. The unground lumps are like
cinders, and they are therefore useless in this state. It
is only when the clinker is ground very fine that it is fit
for use as a cement. This is the reason why fine grinding
is essential in all hydraulic cement.

An average analysis of good Portland cement is about
as follows: Lime, 64%; Silica, 21%; Alumina, 8%%;
Magnesia, 2%8%; Iron Oxide, 2%84%; Other ingredients,
1%%. A variation one way or the other of 2% or so in
the amount of lime and silica does not make much dif-

ference in the cement. The magnesia should not exceed
about 2 or 3%. There is not so much regularity in the
composition of Rosendale or in slag cement as there is
in Portland cement. There is generally much less lime
and more silica and magnesia in Rosendale than in Port-
land.

Portland cement is superior to Rosendale for every pur-
pose, for a given volume of cement, though the latter
for many uses meets the requirements of the case. Nat-
ural or Rosendale cement sets quicker than Portland ce-
ment, though Portland cement soon overtakes ‘and passes
the natural cement. The quick-setting property of natural

cement may be turned to advantage in work that is to re-
ceive its load soon after placing. By using a larger quan-
tity of natural cement than would be needed in Portland
cement the necessary strength may be attained in a short
period.

Natural and Puzzolan cements will not stand extreme
<hanges in temperature as well as Portland cement.

: When 'sand and cement are mixed and ground together,
the mixture can be ground finer than it is possible, with
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the same means, to grind the cement alone. It can in
fact be ground so fine that nearly all of it will pass through
a sieve having 200 meshes to the inch. On account of the
extreme fine grinding, and possibly also on account of the
activity of the sand in this finely divided state, the cement
is stronger than the same amount of ordinary cement
wonld be. If the installation of a grinding mill is practi-
cable on a large piece of work, where the cost of cement
is high, there may be a saving in thus grinding a mixture
of cement and sand in order to reduce the amount of ce-
ment required. The grinding of a mixture of cement and
sand is patented.

The weight of Portland cement is 85 to 100 Ibs. per cu.
ft., depending upon whether it is loose or compact. A
barrel of cement is considered, by some specifications, as
equal to four cubic feet. This, at 375 lbs. per standard
barrel, is about 94 1bs. per cu. ft. '

The tests commonly made on cement are given else-
where in this book. A few notes on the method of mak-
ing these tests and the importance of the tests would not
be out of place here. Some additional tests will also be
mentioned.

To determine whether or not a cement is hydraulic mold
a brick 1”x1%” x8", and after the initial set place it
under water upon supports near the ends, having the one-
inch dimension vertical. If the cement is hydraulic the
brick will retain its shape, if not, it will give way between
the supports. ’

A simple test for soundness of cement, or freedom from
tendency to shrink or expand during setting, is to take a
cylindrical lamp chimney and fill it for a certain distance
with well compacted cement paste, marking the end of the
flat surface. If the cement shrinks, it will show by the
mark, and if it swells, it will break the chimney.

The swelling of cement during setting is usually due
to the slaking of free lime. When the eement is used
fresh from the mill it is apt to have some free lime in it.
Seasoning for several weeks after grinding, if the cement

22



ds finely ground, will air slake this lime and reander the
cement more sound. On the other hand too long expos-
ure to the air will destroy the activity of the cement and
may render it useless. Moist air is especially destructive
on the cement. It should therefore be stored in a dry
place. Air generally affects cement by causing it to cake
in the sacks, and the hard lumps that cannot be easily
broken with the shovel will be useless as cement. Good
cement may be somewhat lumpy, but the lumps should be
such that they can be easily broken with the fingers.

The test for fineness of cement is important, because the
finer a cement is ground the stronger that cement will be.
Not only is the activity of the cement increased by fine
grinding, but the fine particles are necessary to fill small
voids in the sand and thus render the mortar or concrete
dense.

The test for specific gravity is made to determme wheth-
er or not the cement is properly burned and also to de-
tect adulterants. If Portland cement is under-burned, its
specific gravity will be low, and if it is over-burned, its
specific gravity will be high. Specific gravity tests are apt
to be misleading, because of the fact that the cement ab-
sorbs some C O 2 and water from the air and thus its
specific gravity is reduced. Cements having different de-
grees of calcination, if tested when fresh-burned, or if
heated red hot before testing, to drive off absorbed C O 2
and water, appear, according to Mr. David B. Butler,
(Eng. Record, Vol. 55, p. 176) to have very close to the
.same specific gravity. Mr. Butler’s tests, however, do ‘not
-discredit the value of the specific gravity determination to
detect adulterants. Natural cement or slag used as adul-
terants will lower the specific gravity.

The conclusions in a paper by Prof. R. K. Meade and Mr
S. C. Hawk, read before the American Society for Test-
ing Materials in June, 1907, drawn from a series of tests
made by them, are as follows:

“(1) That the specific- gravity test is of no value whzt-
ever in detecting underburning, as underburned cement
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will show a'specifie' gravity much higher than that set by
the standard ‘specifications. Underbumed cement is read-
ily and promptly detected by the soundness test and no
others are needed for this purpose.

- “(2) The value of the specific gravity test as an indi-
cation of adulteration is much exaggerated. While a
large admixture of any light adulterant with the cement
would be shown there is at the same time much slag ce-
ment and also Rosendale cement which could be mixed
with cement in large guantities without lowering the speci-
fic gravity below the limit of our standard specifications.

“(3) That low specific gravity is usually caused by
seasoning of the cément or the clinker, either of which
improves the produnct.

* “(4) That the proposition to ignite the cement sample
which falls below specifications and determine the speci-
fic gravity upon the ignited portion is of no value because
adulterated cements also have their specific gravity very
much raised by such ignition.

- “(s) That the requirements for specific gravity should
be omitted from the standard specifications or at least
that the clause which infers that low specific gravity is
caused by underburning and aduiteration should be omit-
ted and that in its place there should be inserted one stat-
ing that low specific gravity may, but does not necessarily
imply adulteration as it is in most cases due to seasoning
of the cement .or storage of the clinker before grinding,
both of which are beneficial to the product.”

. Specific gravity of cement is usually determined by im-
mersion in benzine or turpentine.

The addition of a small quantity of unburned granu-
lated slag, before grinding, to cement made from slag
is not considered an adulteration, as ‘it neutralizes the
effect of any free lime that may be in the cement.

Cement that shows excessively high tensile strength in
short time tests is liable to be adulterated with sulphates;
which hasten the settling but render the cement weak after
a long time.
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In making pats or bricquetts for test the paste should
be mixed thoroughly for five minutes, rubbing the mix-
ture under pressure. Regularity should be observed in
placing the mortar in the molds. Pressure should be
used, and as near the same pressure as possible for dif-
ferent tests. A difference in the amount of tamping or
pressure may make a very great difference in the strength
of tensile tests.

Soundness of cement is of more importance in rich mix-
tures than in lean mixtures. Cement that will stand the
28-day test for soundness, but fail under the accelerated
test by boiling or steaming, may be satisfactory in ordin-
ary concrete, Cement that will stand both the accelerated
and the 28-day test is to be preferred. Cement that shows
up well in the accelerated test is not necessarily a good
cement. The presence of sulphates seems to counteract
the expansive effect of free lime. Gypsum or sulphate of
lime is generally added by manufacturers of cement to re-
tard the set. Sulphate of lime to the extent of more than
two per cent. by weight is not allowed in any cement by
the U. S. Army engineers; not more than one per cent.
is allowed in cement to be used in sea water.

Cement that shows up well in the tensile test after seven
days and then shows little or no gain at 28 days is to be
looked upon with suspicion.

The tests given in cement specifications are to be made
in a laboratory equipped for the purpose. Simple tests
may be made on the work, that will in some cases be
sufficient to determine the general character of the ce-
ment. Pats and balls of cement or mortar can be made
use of to gage the setting qualities and soundness. By
pressure of the thumbnail the setting quality may be
estimated and by dropping the hardened specimens a
rough idea may be had of the strength.

Puzzolan or slag cement may be detected by taking a
pat and boiling it for several hours and then breaking it.
The fresh fracture will be bluish green.

The following is quoted from “Professional Papers of
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the Corps of Engineers, U. S. Army. No. 28.” “Puzzolam
cement never becomes extremely hard like Portland, but
Puzzolan mortars and concretes are tougher or less brit-
tie than Portland. The cement is well adapted for use in.
sea water, and generally in all positions where constantly
exposed to moisture, such as in foundations of buildings,
sewers and drains, and underground works generally, and
in the interior of heavy masses of masonry or concrete.
It is unfit for use when subjected to mechanical wear,
attrition or blows. It should never be used where it may
be exposed for long periods to dry air, even after it has
well set. It will turn white and disintegrate, due to the
oxidation of its sulphides at the surface under such ex-
posure. Sulphuretted hydrogen, which is often evolved
upon decomposition of the sulphides in Puzzolan cement,
is injurious to iron and steel. Such metals, if used in
connection with Puzzolan cement, should be protected,
or an allowance be made for deterioration by an increase
of section.”

Cement is considered by most authorities to be a sub-
stance which attains its hardness by a process of crystalli-
zation, taking up the water used in mixing to form a hy-
drate of a crystalline structure. The author believes,
with Dr. William Michaelis of Germany that cement does.
not crystallize in hardening, but that it is a colloid. The
author believes that the nature of cement is more nearly
represented by ordinary glue than by any crystalline sub-
stance, and that what crystallization takes place is inci-
dental and not a necessary accompaniment of the harden-
ing process. Cement clinker is inert: it does not slake like:
quicklime; it must be first ground to a powder to have
any cementing quality. It is only the impalpable powder
of this so-called cement that is really cement. The rest
is inert, like the clinker. Pure neat cement, used alone,
would not get very hard and would not be very strong.
Laitance, or the slime that rises to the surface in a ce-
ment mixture in an excess of water, is the nearest thing
to pure cement that is usually encountered. So-called
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meat cement is a mixture of small particles of inert clink-
er and a dust that is fine enough for water to act upon
and turn into a colloid or gellatinous substance, which,
when lodged in between small grains of an inert hard sub-
stance, holds these grains together in an artificial stone.
The inert hard substance may be grains of sand or the
«coarser grains of ground cement clinker, too coarse to
have cementing properties.

The foregoing statements are radically different from
the commonly accepted belief regarding cement. They
therefore call for some facts to substantiate them. No
attempt will be made to discuss the chemistry of cement,
except to cite some admitted facts that bear in a general
way on its chemical action.

It is well known that fine grinding improves the strength
of cement. It is also known that there is a point beyond
which fine grinding diminishes the strength of cement
when made into neat briquettes and pulled. It is also
known that this same finely, ground cement, that is weak-
er in neat tests than coarser cement, is stronger in ce-
ment and sand tests than the other.

Another fact well known is that when a broken piece
of china is to be mended by glue, or when two pieces of
wood are to be glued together, the parts must be pressed
firmly together and as much of the glue squeezed out as
possible; and the strength of the mended part is greater
than that of the glue itself by which it was mended.

Lime mortar, even before it has had time to be acted
upon by the carbon dioxide, is stronger in tension than
the lime paste.

Melted sulphur is used sometimes as a cement, usually,
however, alone. In Engineering News, Vol. 51, p. 231,
Mr. Alexander Potter describes some tests on melted sul-
phur as a cement for sewer pipe, mixed with sand. He
finds it to be an excellent material for that purpose. In
his tests he found plain sulphur to resist tension with an
ultimate strength of about 100 lbs. per sq. in. Sulphur and
sand mixed hot, 1 of sulphur to 1 of sand stood 650 lbs.
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per 5q. in.; 5 of sulphur to 7 of sand stood 670 Ibs. per sq.
in.; 2 of sulphur to 1 of sand stood 400 lbs. per sq. in.
Mr. Potter found that fine sand such as quicksand gives
better results than coarser sand. These strengths were
shown as soon as the sulphur was cold. This is analogous
to the action of Portland cement. When very finely
ground, it has an overdose of cement and not sufficient
inert substance to be cemented together. When sand
is added till a balanced mixture is formed, the mortar
is strong. Sometimes sand and cement tests pull up
stronger than neat cement. Cement reground with sand
is made much finer and will take in more sand to form a
balanced mixture. The mixture may be unbalanced by
having too much cement, as in the sulphur tests, where
more sand added makes the specimen stronger; or it may
be unbalanced by having too much inert substance to have
the interstices filled by the cement, as in lean mixtures of
sand and cement.

That Portland cement is a mixture of a cementing sub-
stance (the finest powder) and an inert substance may be
shown by the following experiment. Take a little cement
and mix it in about ten times its volume of hot water.
Let this boil for several hours, adding more water as re-
quired. At the end of this time stir up the mixture and
pour it rapidly into a tumbler. Almost immediately there
will be a settlement of part of the cement, which is of a
dark color. Upon this there will settle a light colored
part of the cement, leaving the water comparatively clear.
A distinct line will separate the dark colored and the light
colored parts. The upper layer will be slimy at first then
gellatinous, and will finally (in a week or two) attain a
slaty hardness. Upon drying it becomes like chalk and
has little cohesion. The lower layer, which in an experi-
ment by the author was about equal in volume to the up-
per layer, is like sand and has little cohesion, It can be
crumbled in the fingers. The upper layer is the slime or
laitance or true cement that is liberated in an excess of
water, when concrete is mixed. The fineness of the grinding
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will no doubt gage the relative amounts of inert and ac-
tive substance in the cement. In a repetition of this ex-
periment the cement was allowed to settle in a glass, and
the water was poured off. The separated cement was then
mixed together into a mortar and allowed to harden.
It hardened into a cohesive and hard lump.

By the use of cold water and long continued agitation
a partial separation can be effected, but enough of the fine
dust seems to adhere to the inert particles to cement them
together. The light and dark colors will be present but
they will not be so clearly defined.

Some tests presented in a paper by Messrs. Henry S.
Spackmand and Robert W. Lesley, read before the As-
sociation of American Portland Cement Manufacturers at
their annual convention in 1907 (See Eng. Record, Dec.
21, 1907, p. 601,) prove very conclusively that a large
part of commercial Portland cement is inert on account
of not being fine enough to have any activity. Briquettes
of neat cement were made and at periods of from 7 days
up were tested. At 28 days they stood a tensile test of
752 lbs. per sq. in. These broken briquettes were then
dried and reground. This material was used as cement
and made into briquettes, which stood, at 28 days, 253 lbs.
per sq. in. These broken briquettes were dried, reground,
and used again as cement. The briquettes stood 163 lbs.
per sq. in. at 28 days. Tests were made at other periods,
and mortar tests were made with sand. The above illus-
trates what the tests demonstrate. In the words of the
experimenters—“These experiments clearly show that
even after cement has been twice gaged with water and
allowed to harden under water, all the cementing and hy-
draulic qualities are not destroyed.” It is clear that the
regrinding of the briquettes broke up particles that were
not fine enough to be active at the first and second gagings.

The paper above referred to describes other experiments
that further strengthen the conclusion that the finest
ground Portland cement is composed largely of inert
clinker, too coarse to be active. Quoting the paper again.—
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“Portland cement which had passed the 200-mesh sieve
was further separated by elutriation into the following
parts: (A) Material that settled out in 30 seconds;
(B) Material that remained in suspension for 30 seconds,
but settled out in one minute; (C) Material that re-
mained in suspension for more than one minute. The ce-
ment thus divided into three portions according to size
was treated with water in tightly stoppered tubes. “A”
was only slightly acted upon by water, even after two
years contact with it. “B” was only acted upon by water
after three or four months, and only a portion became
fully hydrated. “C” was acted upon almost immediately,
swelling up and forming a very voluminous jelly.” [Elu-
triation is shaking up in dry kerosene and allowing to set-
tle. The amount of this cement that settled in 3o seconds
is not stated. In another sample 45.18 per cent. settled in
this time.]

+ When a substance crystallizes, the crystals assume a
definite volume and have not the property of swelling to
a larger volume or of occupying less space. Further, these
crystals have the property of exerting pressure to reach
that given volume, as exhibited in crystals that form in
the pores of soft stone swelling with such force as to crack
the stone.  Sound cement will not swell with force as
crystallizing substances do. It is true that cement that
hardens under water will swell slightly, but the same ce-
ment hardening in the air will shrink;, proving the lack
of definite volume in the hardened cement. On the other
hand cement that is not confined by the inert particles
pressing against it can be made to swell to fill a space
much larger than its original volume. The minute grains
of cement, if they are finely broken up, have the property
of swelling to many times their size by the absorption of
water and hardening in water or in air. If abundance of
water be present, the grains will swell up to a larger size
and make a more dense and a stronger mortar; and, if
the water be present for a sufficient time, the cement
will unite with some of it and harden in this larger vol-
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ume. Upon being taken out of the water after being
thoroughly hardened the cement does not then contract
in drying out, but the surplus water dries out of the min-
ute pores in some such way as a cork that has been soaked
in hot water dries out, though the water would not pass
through' the pores of the. cork in a liquid state.

- The amount of water permanently retained by the ce-
ment in an ordinary concrete mixture or in mortars of
about 1:3 is about 16 to 18 per cent. of the weight of the
cement. In neat cement only about 8 to 12 per cent. is re-
tained. This is further evidence of the fact that the hard-
ening of cement is not a crystallizing process. Crystals
have a definite amount of water in their composition. It
is evidence also that the pure cement will swell and ab-
sorb water in proportion to the space to be filled and the
amount of water present, as the voids in mortar are much
greater than in neat cement; also the amount of water
present, even in mealy concrete, is greater than needed in
neat cement mortar. These facts would further seem to
vitiate the contention of those who say that only the bare
amount of water for the needs of the cement should be
used in the mixing, since cement under varying conditions
will combine with different amounts of water.

When cement is mixed with a meagre amount .of water,
the grains do not have the conditions present that promote
free swelling to fill the voids. The result is that the mor-
tar or concrete is porous, that is, full of large pores that
allow the passage of water. It is an erroneous belief that
the impermeability of concrete is promoted by using a
meagre amount of water in mixing and tamping this con-
crete.

- It is well known that concrete can be made quite good
that is deposited in water and it is well known that speci-
mens that are kept in water after setting will, upon hard-
ening, be very much better and stronger than like speci-
mens hardened in air. It is not clear why authorities,
in the face of these facts, warn against the use of plenty
of water in the mixing. '
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Dr. William Michaelis, in a paper read at the annual
meeting of the Association of German Portland Cement
Manufacturers at Berlin in Feb. 1907 (See Cement and
Engineering News, Aug. 1907) describes a piece of arti-
ficial stone made of Portland cement and 10 or 20 per
cent. of asbestos fiber. The mixture was stirred a long
time, as paper pulp is stirred, and then pressed to expel
the surplus water. The volume of the stone was many
times that of the volume of the cement used in the mix-
ture, showing that the cement had swollen by the absorp-
tion of water to attain this volume. Dr. Michaelis says
of this stone that it is rightly named eternite, for it is
practically everlasting. The stone resembles slate. There
is a company that makes this kind of artificial stone for
shingles. According to those who advocate a mealy mix-
ture for concrete this stone would be expected to be por-
ous and totally unfit for shingles on account of the large
excess of water used in making it. The presenec of the
asbestos fiber and the long continued agitation hold the
grains of cement apart and allow them to swell by the ab-
sorption of water.

Pure cement when placed in water will swell to many
times its volume measured as a dry powder, if not confined.
In commercial neat cement, however, the particles of in-
ert clinker act to confine the pure cement and prevent the
swelling. If there is plenty of water in the mixture, and
the cement is well mixed through the mass, the cement
will swell to fill the voids and will bind together the in-
ert particles making a stronger and better concrete than
can be made by a mealy mixture, even with pressure ap-
plied in the manufacture. If the swollen cement dries
out before it has hardened, the concrete will shrink. This
is the reason why cement or concrete hardened in water
will swell, and, if hardened in the air, it will shrink. This
is the cause of shrinkage cracks in work that has not been
kept moist during hardening.

Tests for soundness or constancy of volume in neat
cement may be misleading, because of the fact that the
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best cement, that is, the finest ground cement and, other
things being equal, that most suitable for concrete, may
show the poorest results. The greater proportion of very
fine flour gives the better cement a tendency to swell,
whereas, a cement containing less fine flour and more
inert clinker might show greater constancy of volume.

Cements that do not show up well in neat tests for
constancy of volume may be quite sound in mortar or
concrete, though of course the cause of swelling in a test
may be the presence of free lime or magnesia and may
have no relation to the fineness of grinding.

Lime.

Lime, while it is not ordinarily used in making concrete,
is of importance because of its use in mortar and be-
cause it may be made use of in decreasing the permeabil-
ity of cement concrete, also because it is one of the con-
stituents in the manufacture of slag cement.

Common lime is made by roasting or burning lime-
stone, or carbonate of calcium. The roasting reduces the
carbonate to oxide of calcium or quick-lime. Quick-lime
usually contains from § to 10 per cent. of impurities. The
impurities retard the process of slaking, so that lime should
be slaked several days before it is used in mortar, so as
to be thoroughly slaked when placed in the wall. The
swelling of lime in slaking would be detrimental to the
strength of the wall. Lime may be slaked and packed in
barrels for an indefinite length of time, or it may be kept
in the mixing boxes covered with sand. It is when lime
mortar is exposed to the air and absorbs carbon di-oxide
therefrom that it becomes hardened and that it acts to
cement together the bricks or stone of a wall. Kept in
the form of a paste, with only the surface of the mass
exposed to the air, this absorption of carbon di-oxide will
not take place to any great extent. Quick-lime, if ex-
posed to the air, will absorb not only moisture, but car-
bon di-oxide as well. Air slaked lime will make weak
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mortar on account of the premature absorption of the
C O 2 and the formation of what is commonly known as
whiting, Lime should therefore be fresh-burned.

Neat lime would be of little use as a cementing mater-
ial on account of its weakness and the necessity of its
being in thin layers to enable the air to have access to it.
It should be used only to fill the voids in some material
such as sand or brick dust.

A barrel of lime will make about eight cubic feet of
stiff paste. The weight of a barrel of lime is 230 pounds.
This is three bushels or 3.75 cu. ft..

Lime comes in lumps, as it needs no grinding after
burning, on account of the fact that the action of the
water in slaking breaks up the lumps into a powder. If
the lime is found in a powder, it indicates that it is air
slaked. The slaking of lime requires about two parts
by weight of water to one of lime,

Fat or rich lime is lime made from pure or nearly pure
carbonate of calcium. Dolomite is a limestone contain-
ing magnesia. Lime made therefrom is poor or meagre,
that is, slow in slaking and not fat or rich.

Hydrated lime is a product lately come into extended
use for the various purposes for which slaked lime may
be used. This is a very fine white powder produced by
slaking in a rotary pan quick-lime that has been broken up
into small lumps. Sufficient water is used to slake the
lime and still leave it hot enough to drive off the surplus
water, leaving a dry powder. This powder is sifted or
screened to remove unburned or unslaked lime and any
coarse particles. The hydrated lime is sold in sacks.
This is used in mortars; in the manufacture of sand-lime
bricks and of slag cement; in hard wall plasters, either
mixed with Portland cement or gypsum products; as an
addition to Portland cement mortar to make it more
easily worked and to retard the settling; in rendering con-
crete more dense and waterproof.

The action of lime in the manufacture of what are called
sand-lime brick is quite different from its action in or-
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dinary mortar. Part of the sand used in making sand-
lime brick is very finely ground, and thus rendered ac-
tive in some such way as the inert clinker from which
hydraulic cement is made is rendered active by grinding.
The bricks are cured in steam under pressure and the
presence of C O 2, instead of being necessary, is undesir-
able. The chemical action is between the lime and the
finely powdered sand.

Sand.

Sand is the term commonly applied to small particles
of quartz; it is also used to designate small particles of
stone such as crusher dust or very small gravel. The
maximum size of grains admitted under the term sand
is sometimes as large as % in, while sometimes finer
sand is required. Ordinarily about one-sixteenth of an
inch is the maximum size of grain.

Standard sand, used in making mortar tests, is crushed
quartz that passes a sieve with 20 meshes to the inch and
is retained on a sieve of 30 meshes to the inch.

Sand with angular grains is called sharp sand. Bank
sand is usually a sharp sand, while river and sea sand
generally have rounded grains on account of the wearing
of the particles on each other. Formerly specifications
generally called for sharp sand. The sharpness of sand has
been found to have but little relation to its value in ce-
ment mortar or in concrete, and sharp sand is not ggo
often demanded. The most important quality in sand ig
the grading of the sizes of grains from coarse to fine.

1f spheres of equal size and having radii of unity be
stacked so as to have the least percentage of voids, each
may be considered as enclosed in a solid having 12 faces,
each of which is a rhombus whose long diagonal is 2 anqg
whose short diagonal is the square root of 2. The vol-
ume of the sphere is 74.05 per cent. of that of the solid.
The voids, therefore, in a stack of spheres placed as com-
pactly as possible would be nearly 26 per cent. As sand
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is composed of more or less rounded grains, we would
look for a percentage of - voids approaching this. How-
ever, on account of the friction it is difficult to compact
sand of grains sifted to a umform size to a density show-
ing less thar about 44 per cent. of voids. It is found
that the voids in compacted sand of varying sized graind
amount to about 30 per cent. The percentage in’ ordm—
ary sand varies between 30 and 4s.

In general sand having a large sized maximtm grain,
that is, coarse sand, is a stronger sand for mortar or con-
crete than fine sand. Many fine sands are unfit for use
in mortar and concrete. Such sands could be improved
by the addition of a coarse sand, using a quantity of
each in the mixture for mortar or concrete. By making .
several mixtures and comparing tests therefrom with a
standard a satisfactory sand may be obtained, and fine
sand that might be available and cheap could, by the pur-
chasing of some coarse sand, be made use of to advantage,
If only fine sand is available, its weakness may be countet-
acted by the use of a larger propottion of cement.

Sand containing much mica is apt to be weak, as mica
will not adhere well to the cement.

Sand should not contain much foreign substance of a
soft nature, such as clay or silt. If this foreign sub-
stance is in the shape of lumps, it is especially bad, as
these will make weak spots in the concrete. Lumps should
be eliminated by sifting in preference to washing. Fine
particles of clay in sand, found naturally in the same and
thoroughly mixed through the mass, do little or no harm.
Clay has been found by some experimenters to reduce the
strength- and by others to increase it. The reason for
this discrepency is no doubt found in the difference in
the nature of the clay. If the clay is added to the sand,
the probabilities are that it will weaken the mortar, un-
less the clay is first finely ground. If the ¢lay is found
in the sand naturally, it will probably add to the strength,
because it is then more apt to be in a finely ground state.
it is only when the ¢lay is in the finest kind of a powder,

36



or, if moist, in a finely divided state, and thoroughly
rixed through the mass that it has a beneficial effect on
the mortar.

Many tests have shown sand containing 5 to 10 per
cent. or more of fine clay to be stronger in a mortar than
clean sand. A little clay increases the density of the
mortar. Sand containing more than 10 or 15 per cent.
of clay or silt should be used only after thorough tests
and not at all on such work as reinforced concrete. The
ultimate effect of the clay on the life of the concrete is a
matter of doubt, even though short time tests do show an
increase of strength because of its presence. In mas-
sive concrete the sand may contain 10 to 15 per cent. of
clay and still be suitable. In reinforced concrete it should
contain no more than 5 or 10 per cent. In concrete blocks
no more than 5 per cent. should be allowed. The richer
the mixture, in general, the greater the detrimental effect
of foreign substances in the sand. Clay is less harmfull
in coarse sand than in fine sand. It helps to fill the
voids in coarse sand, while it holds the particles of sand
apart in fine sand. ‘

If sand is found to contain an excess of clay, it can
be washed to remove the clay. Washing, however, be-
sides being expensive is liable to take out the fine grains
of sand, which are of great importance, as these fill the
small voids and make the concrete dense and strong.
The washing of sand may be done by use of an inclined
trough with a gate at the low end. Sand is placed at
the high end and played upon with a hose. The clean
sand settles at the low end of the trough, and the dirty
water flows over the gate. Sand should be tested, washed
and unwashed, to determine whether washing is profit-
able.

If sand is ignited, clay will be broken up, and to some
extent burnt, and thus rendered less harmful on account
of being more durable. This, too, would be an expensive
operation.

Dirt in sand is to be viewed with suspicion. Natural
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sands are seldom found mixed with soil, unless it be for
a small depth on the top of the bed. The dirt may have
been incorporated into the sand as a result of handling.
At the site the sand should not be laid in the dirt, as the
last of it, when shoveled up may contain an excessive
amount of dirt and be the cause of a weak batch of con-
crete,

Good clean sand may be mixed with sand containing
an undesirable amount of clay and the mixture made
acceptable by this means. This would be preferable, in
some cases to washing and losing the fine particles.

The best material for good strong .concrete is coarse,
clean sand.

Sea sand contains alkaline salts which induce efflor-
escence. These should be dissolved out with fresh water.

Stone dust or screenings are sometimes found superior
to sand in mortar tests. .

Dry sand weighs ordinarily from go to 100 bs. per cu.
ft. A common weight assumed for ordinary sand is 2600
Ibs. per cu. yd. Sand having very large and very small
grains may weigh as much as 117 lbs. per cu. ft. or more
than 3000 lbs. per cu. yd.

The specific gravity of quartz is 2.65, hence a solid
block of one cu. ft. would weigh 165 Ibs. The voids in
quartz sand may be calculated from the weight per cu. ft.
by noting the per cent. that it falls short of 165. Pure
sand weighing 100 Ibs, per cu. ft. has close to 40 per cent.
of voids.

Besides its use as a constituent of concrete and mor-
tar sand is used in casting artificial stone blocks. For
this purpose the sand is made use of just as in a foun-
dry. It is found to absorb the surplus water in the mix-
ture, and this keeps the mold moist.



Aggregates.

The term aggregate is used by the author to mean the
solid inert part of concrete not included in the term
sand, and not, as used by some writers, to include the
sand. This is the rational use of the term. There is
need of a single word to apply to the third term in the
ratio of a concrete mixture, on_account of the variety of
substances that may be employed. A 1:2:4 concrete means
in America a mixture of one part, by volume, of ce-
ment to two parts of sand (whether this be siliceous
sand or rock screenings) to four parts of aggregate.
This use of the term is very common and convenient.
Anyone who would force a different meaning to a term
in common use, because of fancied perversion of its true
meaning, is commended to the work of restoring the
word manufactured to its true meaning, “hand made.”

The aggregates used in concrete are usually gravel,
broken stone, and cinders, Besides these shells, broken
bricks, and slag are sometimes employed.

Gravel, when it comes in assorted sizes, is a very good
material for concrete from several standpoints. First, it
is usually hard and durable stone that has withstood at-
trition, and is the result of natural selection. Second,
the stones, being round, will, if graded in size, make a
dense mixture, and the denser the mixture of a given
material the stronger the concrete. Third, gravel will
resist fire better than many other kinds of stone. The
round; smooth surface of gravel is not as good a surface
for the cement to take hold of, and for this reason bro-
ken stone concrete may be stronger, though it may not be
as dense 3as gravel concrete. IHowever, the density of
gravel often overcomes this, and gravel concrete is some-
times stronger than stone concrete. Some experimenters
have found gravel to be stronger than broken stone in
concrete. The surface of gravel concrete cannot be tooled
as well as that of broken stone concrete, because the
gravel stones break out under the force of the tool.
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Crushed gravel is sometimes used in concrete. This is
a very good material, if the gravel is a good clean vari-
ety.

. Gravel is apt to be mixed with dirt, either in the form
of lumps of coal or of slimy covering on the stones, or,
as in the case of sand, in the form of an admixture of
clay, mud, or silt. Such gravel should be washed or re-
jected. The objection to the washing of sand does not
apply with the same force to gravel, as the gravel is not
required to contain the very fine particles that should be
a constituent of all good sand.

Broken stone should be hard and durable. Concrete
cannot be strong if made of weak stone. The stones
should not have incipient cracks, so that they will crush
under the rammer. They are best to be nearly cubical,
at least not in flat flakes, as such stones will not pack well.
The stone should be uniform, that is; there should not
be just a few of the largest size of stones, or an excess
of the same; also there should not be an excess of dust,
say not over 15 per cent. of very small particles. The
whole pile, as well as different deliveries should be well
mixed, so that different batches of concrete will be as
near alike as possible. There should not be over one
per cent. of rotten stone. Unloading of the stone is apt to
separate the large stones from the small ones. Dumping
in dirty places may result in a large quantity of dirt
getting into a batch of concrete.

The kinds of stone generally used are trap, limestone,
and sandstone. Trap is the best of these, as it is harder
and stronger than the others and is a better fire resistant.
Hard limestone is good and durable, except as to its abil-
ity to withstand fire. It will calcine or turn to lime un-
der heat. Sandstone is not as strong as the others.

In an aggregate such as gravel and broken stone used
in concrete strength and density are desired. These aré
closely related. The mixture that will pack the closest
will give the strongest concrete in a given quality of
stone. The voids in broken stone usually run from 4o to
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50 per cent. of the volume. These voids must be filled
up with mortar, or the mixture of sand and cement in
the concrete. The smaller the amount of voids the better
will be the concrete. Tests have shown the unexpected
in the matter of the sizes of the broken stone or gravel,
namely; that the mixture that has the largest maximum
size of stones, if the sizes are properly graded, will be
the densest and strongest. Many specifications, particu-
larly earlier ones, read as though it were a serious fault
to have sizes of stones too large to pass through a given
sized “ring,” and many of these same specifications re-
quire also that screenings be rejected from the mixture.
Both of these requirements are detrimental to the strength
of the concrete. A mixture in which the medium size of
stones predominates will not be a dense mixture; the
exclusion of large stones and very small ones tends to
produce this very condition. It is well known that stones
of large size have less surface for a given weight, hence
there is less surface to cover with cement in concrete of
large aggregates, besides less voids to fill. However,
there are practical reasons for limiting the maximum size
of stones in most concrete work. Some of these are the
danger of air spaces forming under large stones and of
their arching and leaving voids not filled with mortar.

Given an aggregate having a certain maximum size
of stones, the densest and best mixture will be found
when about one-third of the weight is composed of pieces
less than one-tenth of the maximum dimension, and one-
third is composed of pieces between one-tenth and one-
half of the maximum, and one-third is composed of pieces
more than one-half of the maximum. For example, sup-
pose a mixture has stones that will measure not over one-
inch maximum size. One-third of this mixture should
pass through a sieve having 10 meshes to the inch, and
two-thirds of the total should pass through a sieve hav-
ing two meshes to the inch. There should be graded
sizes in all the aggregate, from the largest to the smallest
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size, to fill the graded sizes of voids that will of necessity
occur.

In general, in a concrete mixture, an aggregate having
a large maximum size of stones demands a sand of large
maximum size of grains, while an aggregate having a
smaller maximum size of stones should have a sand of
small maximum size of grains. Thus, if the maximum
size of stones is 2% in., the maximum size of sand grains
may be % in, and if the maximum size of stones is %
in,, that of the grains of sand may be 1/16 in. This con-
sistency should be observed in order to have graded sizes
in the entire mixture.

Rock dust was formerly considered objectionable in an
aggregate. It is now generally recognized that this is
very valuable in concrete, as it fills the smaller voids and
makes the concrete more dense. Of course, if this dust
is rotten stone ground up, it should be screened out. If
the rock dust is not uniformly distributed it may be best
to screen it out and use it as sand.

The aggregate for small work should have small sizes
of stone. In reinforced concrete beams and columns the
maximum size of stones should generally be % in. to 1 in.
In arches a good size, if no small meshes are employed in
the steel reinforcement, is 2 in. to 2% in. The reason
that the stones should be small is so that they will pack
around the reinforcement and not leave voids. In walls
and heavy work large sized stones are not objectionable.
Rubble concrete, sometimes called cyclopean concrete, is
concrete in which large stones are embedded. These may
be almost any size convenient to handle. They should
not be placed near the surface or close to each other.
Rubble concrete is used in massive work. In some con-
crete work large boulders are placed against the forms
for appearance, to give a rustic look.

The weight of broken limestone per cu. ft. is about 8§
to 95 lb. or about 2300 to 2600 1b. per cu. yd. Gravel and
broken trap weigh 2800 to 3000 1b. per cu. yd.
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, Cinders are often made use of in concrete. Cinder con-
crete is very useful in filling in between the sleepers in
buildings. It could also be made use of in filling in the
spandrel of a stone or concrete arch. If the cinders are
well burned and free from lumps of coal, cinder concrete
makes an excellent fire protection. It is light in weight
and porous and a very poor conductor of heat. It has
the further advantage that nails can be driven into it
with ease for a month or two after it has set. Cinder
concrete is not very strong. Cinders usually contain much
sulphur. Steel laid in cinders, if moisture be present
will rapidly corrode, on account of the formation of sul-
phuric acid, due to oxidation of the sulphur and addition
of water. Iron or steel pipe laid in a cinder fill should
be surrounded by concrete or at least by clay. Cinder
concrete 1:2:4, mixed wet, is probably as good a protec-
tion for steel as stone concrete. Cinders for concrete
should be clean. It is sometimes necessary to wash them
and to sift out the ashes as well as to break up the large
clinkers.

In some localities there are large deposits of shells,
which, mixed with sand and cement, make a good con-
crete. Tests of any such substances should be made to
determine the best mixture and the strength.

Slag is used to some extent in making concrete. Or-
dinary broken slag does not seem to be a desirable aggre-
gate on account of its unstable chemical composition.
This is especially true of fresh slag. Seasoning may dis-
solve out the undesirable chemical compounds. When
molten slag is run into water, it is granulated, and much
of the objectionable sulphur is washed out. Pulverized
and mixed with slaked lime alone this granulated slag
can be made into bricks or blocks.

Crushed marble is employed in the manufacture of some
brands of artificial stone. This may be mixed with ce-
ment alone,



Mortar.

Mortar may be lime and sand, neat cement, cement and
sand, or cement, lime and sand.

Lime mortar is made of one part of lime paste to about
3 or 4 parts of sand. The New York Building Code gives
1:4 as the proportion. The volume of the resulting mortar
is about equal to that of the sand. Common lime mortar
will not set in water. It takes a long time for it to set
in a damp place. If air is excluded, it will never set.
Nevertheless some water is required in the setting process,
and lime mortar suddenly dried will be killed. Hence
it is well to moisten bricks before they are laid in lime
mortar, especially if they are porous. Lime mortar should
not be used in very thick walls or in very thick joints;
also it is unsuitable for making concrete. The reason for
this is twofold: in the first place air must have access to
the mortar to harden it; in the second place the small ten-
sile strength of the mortar makes it weak to resist lateral
flow, and it is consequently of little use in overcoming
compression in a mass. The ultimate tensile strength of
lime mortar is about 20 to 50 lbs. per sq. in. The com-
pressive strength depends largely upon the thinness of
the joints. Cubes of mortar, when tested in compression
stand but little; but, when the sand is confined in joints
between bricks or stone, the adhesive strength of the ce-
menting lime is taxed less, hence a greater crushing
strength can be withstood. The report of tests made in
1884 at the Watertown Arsenal show cubes of lime mor-
tar to stand 120 lbs. per sq. in. in crushing. The same
report shows brick piers built with lime mortar to stand
from about 1000 lbs. to 2000 lbs. per sq. in. The strength
of a wall laid in lime mortar will be gaged not so much
by the strength of the brick as by that of the mortar,
since lime mortar, even confined in joints, is only about
one-tenth to one-fifth as strong as ordinary brick. Lime
mortar requires about a month to set sufficiently to re-
ceive any considerable load, but it continues to harden
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indefinitely. Tn plasters, gypsum or plaster of Paris is
often added to hasten the setting. Dry and thoroughly
set lime mortar weighs about 110 lbs. per cu. ft.

Lime mortar is greatly improved by adding cement,
either Rosendale or Portland. The strength is increased,
and the time of setting is shortened. On the other hand
cement mortar for brick or stone work is improved by
the addition of lime. It is made easier to work with the
trowel; it does not set up so quickly, giving more time
to place it; the adhesive value is improved on such sur-
faces as concrete blocks. A common mixture is that of
equal volumes of 1 to 3 lime mortar and 1 to 3 cement
mortar, The mixture of the two mortars is called cement
and lime mortar. Lime paste or hydrated lime may be
added to cement mortar without being first mixed with
sand. The addition of 10 to 25 per cent. of lime paste
to cement mortar will decrease its permeability and makes
it more adherent to old concrete and to concrete blocks.
Lime paste is used in making some artificial stone, of
sand and cement, to increase the density.

The addition of 10 to 20 per cent. of hydrated lime does
not destroy the hydraulic property of Portland cement.
Cement mortar to which lime is added will attain greater
strength when stored in water, after a day or two in
air, than when kept in air only. Mr. H. B. Nichols, in a
letter in Eng. News, Dec. 5, 1907, describes some tests
on adding lime paste to 1:3 Portland cement mortar and
1:2 natural cement mortar. It was found that from 4 to
20 per cent. of lime paste added to natural cement mor-
tar increased the strength on an average 25 per cent.
Percentages of lime below 20 did not seriously weaken
Portland cement mortar; greater percentages did weaken
it. The briquettes required to be kept in air 48 hours
before being stored in water. Lime increased the adhesion
of mortar very materially.

Tests from the Government report above referred to
for blocks of cement and lime mortar, one part cement
mortar and two of lime mortar, showed a strength in
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compression of 175 to 200 lbs. per sq. in., Portland and
Rosendale cement showing about equal strength. Brick
piers in similar mortar showed a compressive strength of
about 1500 lbs. per sq. in.

Cement without sand, or neat cement, is not very often
made use of. It is, however, useful in setting anchor
bolts in drilled holes in stone work and is considered bet-
ter than lead or sulphur for this purpose. The ultimate
adhesive strength is about 400 to 500 lbs. per sq. in. of
surface of bolt in contact with cement. Blocks of neat
Portland cement about 2 years old showed a compressive
strength of about 5000 lbs. per sq. in. Broad, flat blocks
showed a strength two or three times as great (Govt.
Report, 1884), showing that in joints between bricks the
crushing strength of neat Portland cement is ten to fif-
teen thousand pounds per sq. in., or about the strength
of good hard brick.

A series of tests that serve to show not only the ten-
sile strength of neat cement of the average American
brand but also the quality of the cement and the strength
of 1:3 mortar is that made in 1900 by the Dept. of Public
Works of Philadelphia on 8 different brands of Ameri-
can Portland cement. In all over 4000 tests were made.
The averages of the results from the different brands are
as follows :—

99.4% passed through a No. 50 sieve.

90.3% passed through a No. 100 sieve.

75.6% passed through a No. 200 sieve.

Specific gravity, 3.124.

Time of initial set, 73.6 minutes.

Time of hard set, 358.2 minutes.

Rise of temp. of paste in setting, 5.4 degrees.
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Ultimate Tensile Strength. Pounds per Square Inch.
1:3 Std.
Quartz Sand

Neat.
1 day 449 88
7 days 724 234
28 days 792 311
2 mos. 792 323
3 mos. 803 327
4 mos. 831 329
6 mos. 818 333

A later summary of average results of cement tests
made in the Philadelphia laboratories is the following
given by Mr. E. S. Larned in a paper read before the A.
A. P. C. M., Atlantic City, N. J. Sept. 1907.

Proportions Tensile Strength, 1b. per sq. in.
7 28 2 3 4 6 12

days days mos. mos. mos. mos. Imos.

Neat cement 710 768 760 740 732 758 768
I to I'mortar 500 692 690 680 680 685 695
to 2 mortar 370 458 460 455 453 458 460
to 3 mortar 208 300 310 30 310 3I0 308
to 4 mortar 130 210 230 230 230 232 232
to 5 mortar 8 150 18 195 195 195 197

-

The above tabulation was interpolated from the dia-
gram of cement mortar tests prepared by Mr. W. Purves
Taylor. The results of the neat tests and the 1:3 mortar
tests (i. e. one part cement to three parts crushed quartz,
by weight) are averaged from over 100,000 tests, while the
other results are based on from 300 to 500 tests. (See
Concrete, Oct. 1907.)

One volume of Portland cement, measured loose, mixed
with one-third of a volume of water will shrink to .78
of a volume of stiff cement paste. A volume of Rosen-
dale cement and .4 of a volume of water will make about
the same amount of paste as the Portland. It takes 6.75
bbl. of cement to make one cu. yd.,, measured loose, hence
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a cu. yd. of cement paste would require 865 bbl. of ce-
nent. This is on the basis of 4 cu. ft to a barrel of ce-
ment. A bag or quarter barrel of cement is accepted by
miny engineers as a cubic foot. Sample bags should be
measured and weighed to see that this holds true.

The office of cement in mortar is to fill the voids in
the sand and at the same time cement the particles to-
gether. The voids in sand are about one-third of the vol-
ume. A mixture of one part of cement to three of sand
will therefore give a correct proportion on this basis and
result in a volume of mortar not much if any, more than
that of the sand. This is the common mixture for ce-
ment mortar. The richer the mortar in cement the great-
er will be its tensile strength. The compressive strength
does not increase in the same proportion, but depends some-
what on the thinness of the joints. For brick work or
cut stone work there is no advantage in using richer mor-
tar than 1:3 if the wall is to be in compression only. In
concrete or rubble work richer mortar by its greater ten-
sile strength prevents lateral failure under compressive
stresses.

Richer mortar than 1:3 will occupy more space than the
volume of the sand. One volume of average sand can be
estimated to give one volume of 1:3 mortar; 0.9 volume
of sand can be estimated to give one volume of 1:2 mortar;
0.7 volume of sand will give one volume of 1:1 mortar.
One cu. yd. of 1:3 mortar will require about 2% bbl. of
Portland cement; one cu. yd. of 1:2 mortar will require
about 3 bbl. of cement; one cu. yd. of 1:1 mortar will re-
quire about 4.7 bbl. of cement.

Mortars are generally mixed by volume in actual con-
struction. In laboratory tests, for greater accuracy, the
quantities are usually measured by weight.

Brick work with 18” joints requires about one-eighth
of the volume in mortar. For 3%” to %” joints about 20
per cent. will be mortar. Ashlar masonry requires about
6 to 8 per cent. of the volume in mortar, and rubble ma-
sonry requires 25 to 40 per cent. of mortar.
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The amount of water required is about one-fourth the
volume of the cement in neat cement or about one-half
of the volume of the cement in sand and cement mortar.

Portland and Rosendale cements may be mixed in any
proportion in mortar. If equal quantities of each be used,
the strength will be about the mean between that of the
separate mortars, but it will set in about the time re<
quired for Rosendale cement.

As in the case of lime mortar, mortar made of cement
and sand will stand much greater crushing load in the
thin joints of a brick wall than in cubes. The strength
in the thin joint is sometimes many times as much as the
same mortar in a cube. Good 1:3 Portland cement mortar
in thin joints will generally withstand the pressure that
will crush the strongest brick or stone.

Mortar made with crusher dust, that is, stone dust that
results in the crushing of stone, was found by Govern-
ment tests to be superior in tensile strength both to sand
and crushed quartz. In the report of the Chief of Engin-
eers, U. S. A, for 1002 (See Eng. News, Apr. 2, 1903)
the following results of tests are shown.

First Series of Tests.

No. of No. of Tests, 1:3
Sand Each Period Age
24hrs. 7 da. 1 mo. 3 mo. 6 mo. 1 yr.
1 14 103 370 397 376 381 358
2 36 105 241 274 294 200 291
3 12 79 397 544 607 628 602
1:4
1 14 83 243 282 266 259 227
2 36 65 160 198 207 192 185
3 12 37 267 305 494 512 484
1:5
1 14 31 187 221 211 190 161
2 36 36 132 155 150 145 144
3 12 25 211 336 428 421 416
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Second Series of Tests.

No. of No. of Tests, 1:3
Sand Each Period Age
24 hrs. 7da. 1 mo. 3mo. 6 mo.
I 12 62 302 425 449 436
2 12 58 224 289 310 310
3 12 11 399 505 603 593
1:4
I 12 17 153 283 329 325
2 12 23 136 193 220 234
3 12 60 287 411 453 501
15
1 12 9 103 189 244 263
2 12 7 85 130 168 184
3 12 34 212 322 377 429

Notes. No. 1, standard crushed quartz; No. 2, Plum
Island sand; No. 3, crusher dust. Proportions are of
Portland cement to sand by volume. In first series of
tests mortar was quite wet; in second series consistency
was medium. Values in table are ultimate tensile strength
in Ibs. per sq. in.

Some tests given by Mr. G. J. Griesenauer in Eng. News,
Apr. 16, 1903 show limestone screenings to be superior
to sand in bricquettes tested in various periods from
seven days to one year. Bricquettes made of screenings
as lean as 1:3 showed greater tensile strength at the end
of one year, in some cases, than neat Portland cement.

Unlike lime mortar cement mortar will set in fresh
water or sea water or entirely excluded from air or water,
except the water used in mixing. Some substances, how-
ever, will cause cement mortar or concrete to disintegrate
while setting. Water containing the discharge from a
pulp mill was found in one case to cause setting concrete
to become absolutely worthless. (See Eng. News, Feb. s,
1903). Manure, especially if it be wet, will rot concrete
while it is setting, but does not seem to affect concrete
that is set and hardened. (See Eng. News, Jan. 1, 1903,
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p. 11; Jan. 29, 1903, p. 104; Feb. 5, 1903, p. 127). Manure
is sometimes used and recommended to prevent concrete
from freezing. This is bad practice, if the manure is
placed in contact with the concrete. It is not only liable
to rot setting concrete, but it will discolor it. Weak acids
will attack the lime in mortar or concrete that is setting.
The effect of oil on concrete is not well understood.
In Eng. News, Vol. 53, p. 279 and Vol. 58, p. 16, some
tests are reported which show that most oils have a de-
leterious effect on concrete. Concrete or mortar that is
setting is especially susceptible to the weakening influ-
ence of oils. Animal and vegetable fats and oils are the
most harmful, excepting such drying oils as boiled linseed.
This latter, while it penetrates concrete to some extent
does not appear to weaken it. Petroleum does not seem
to injure concrete. Mr. H. T. Poe, Jr. in Engineering
Record, Vol. 55, p. 222 tells of a reservoir painted inside
with coal tar which was used for fuel oil and gave satis-
faction. An experimental tank of 1:2:4 concrete, not
treated, with fuel oil in 9 months showed no disintegra-
tion and no leaks, only discoloring of concrete for 1% in.
(Eng. Record, Vol. 55, p. 9.) Tanks not treated were also
found to be unaffected by petroleum and petroleum pro-
ducts by Mr. J. L. Gray (Eng. Record, Vol. 55, p. 313.)
See Eng. News, Vol. 57, p. 13, where test of 1:2:4 con-
crete tank filled with fuel oil gave satisfactory results.
Oil penetrated concrete less than % in. See also Eng.
News, Vol. 53, p. 279, and Eng. Record, Vol. 51, p. 357.
Alternate freezing and thawing during setting destroys
weaker mortars, such as lime mortar or Rosendale cement
mortar. Some experimenters have reported that it does
not affect the strength of Portland cement mortar. It
is the general opipion, however, that it is harmful to any
setting mortar or concrete. Freezing delays the setting
of mortar, but if thawing does not occur until the mortar
is set, it does not seem to weaken it. The setting of mor-
tar is sometimes entirely suspended due to its being
frozen. Upon thawing the setting resumes. Concrete in
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foundations has been found, after having stood for some
time in freezing weather, to quake; then, after having
time to set in warmer temperature, it has become good
and hard. Freezing is particularly harmful when there
is a mortar finish on concrete poorer in cement, or where
the facing is a richer mixture than the body of a wall.
The rich mortar js apt to break off from the main body.
Brick walls in mortar should not be run up too fast in
freezing weather, The heavy load coming upon the lower
parts of walls thus built have caused many failures on
account of the fact that the mortar had frozen and not
set. When the frozen mortar thawed it was almost in the
condition of fresh mortar. Failures have also occurred
in concrete work on account of the fact that centers were
removed from work that was frozen and not set.

In a paper by Messrs. P. L. Barker and H. A. Seymonds,
published in Eng. News, May 2, 1895, a number of tests
are given on the strength of cement mortars subjected to
freezing temperature. These experimenters found that
Portland cement mortar suffers no surface disintegration
under any condition of freezing, but the strength is di-
minished, sometimes very materially; Rosendale cement
mortar disintegrates on the surface, but seems to acquire
greater strength in the part not disintegrated; the cohesion
of Rosendale cement mortar is destroyed by immersion
in water which freezes around it; salt used in mixing
water (about 7 per cent.) helps Rosendale cement mor-
tar to resist surface disintegration, but appears to dimin-
ish the strength; a mixture of Portland and Rosendale
cements was found to combine the good points of each,
namely, to resist surface disintegration and not to lose its.
strength due to freezing; lime mortar kept frozen until
it had time enough to set was not injured, but when al-
ternately frozen and thawed it disintegrated.

Salt in the water is sometimes used to prevent freezing
of mortar. On exposed walls salt is liable to produce
effloresence and to disfigure the wall. Moist salt is
known to corrode steel, so that concrete in which steel is
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embedded, if it contains salt and betomes wet, may c¢ot-
rode the steel. Whether or not the steel is safe from cor-
rosion if the concrete is kept dry is a matter of uncer-
tainty. Heavy walls in plain concrete do not need salt
in the mixture, unless it be in extremely low temperature,
for the cement in setting generates heat. Salt may be
found useful in such thin unreinforced work as sidewalks.
The use of such substances as salt, sugar, soft soap, etc.,
sometimes resorted to for various purposes, seems to be
of doubtful benefit. At least the effect of these substances
is not clearly understood.

Heating the materials of mortar or concrete before mix-
ing is very often practiced and is vety often recommended
to prevent freezing. Experiments have shown that it is
harmful to use hot or even warm materials. Mr. Wm.
M. Maclay, in Trans. Am. Soc. C. E.,, Vol. VI, 1877, de-
scribes tests in which the heating of ingredients of cement
mortar to 100 deg. F. reduced the strength to only 7 to 30
per cent. of that of specimens made at 40 deg. F. Experi-
ments made by the Austrian Society of Engineers and
Architects (See Eng. News, Vol. 31, p. 253) led to the con-
clusion that mortar mixed with warm water shows about
the same deterioration in freezing temperature as when
cold water is used.

The only warrant for the use of hot materials seems to
be the very doubtful one that it is often done. The only
evidence that it is not harmful as practiced appears to be
the negative evidence that no failures have been traced to
the use of hot materials, Heat increases the activity of ce-
ment, and quick setting of mortar, that is, setting during
the process of placing, is detrimental to its strength.
Heat drives off water the presence of which is necessary
to the proper hardening of the cement. Concrete bricks
or blocks are sometimes steam cured, but in this case,
the heat is applied after the concrete is placed in the
forms and not before it is handled in a plastic state. The
steam immersion would not take away water from the
concrete, but would rather add to that already there by
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condensation, unless the blocks were heated by other means
hotter than the steam. In doing concrete work in hot
weather it is desirable to keep the materials cool and the
concrete protected from the direct rays of the sun. These
adverse conditions should not be artificially produced in
cold weather.

The safest and best materials for concrete are good,
clean, hard broken stone or gravel, good clean coarse
sand, finely ground Portland cement of known quality,
and good clean fresh water. The best temperature for
these materials is as cool as they can be kept without Be-
ing below freezing,

As stated, water for use in making mortar or concrete
should be clean. It should not be water from coal mines.
It should not contain sewage or rotting substances. It
should not contain waste from pulp mills and should not
be acid in reaction. Sea water for concrete is doubtful.
It should not be used, if fresk water can be obtained.

The mixing of mortar should be thorough. If done by
hand, the sand should be placed on the mixing board and
spread out to an even thickness of about 2 or 3 inches.
Upon this the cement should be evenly spread and the
dry materials turned over three or four times with shovels.
Water is then added. It should not be dashed on so as
to wash away the cement. After the addition of the water
the mortar should be turned until the pile is uniform
throughout both in color and in consistency.

Machine mixing, both of mortar and concrete, generally
results in a more uniform product than hand mixing.
There are two general classes of mixers, namely, batch
mixers and continuous mixers. In the batch mixer the
materials for one-half to one cubic yard are put in at
once, and this is turned over until all are uniformly mixed,
then the whole is discharged. In a continuous mixer the
various materials are fed regularly into the mixer, and
concrete is discharged continuously.

Thorough mixing and uniformity of product are the
prime essentials. There should be in any given quantity,
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say a shovelful or a wheelbarrow full, just the amount
called for of the several materials. If 1:2:4 concrete is
called for, there should be one part of cement, two parts
of sand, and four parts of broken stone or gravel in
each such quantity throughout. This is true of the amount
of water used as well as other ingredients. Each batch
and every part of the batch should be of the same con-
sistency. If this thoroughness and uniformity are not
maintained, the resulting concrete will not be homogene-
ous.

In a batch mixer it is not difficult to secure uniformity
as to amounts of ingredients in each batch, if a careful
man is placed in charge. There are, however, practical
difficulties in measuring the materials. One of these is
the fact that the most convenient thing to haul sand and
stone from the pile is a wheelbarrow, and it is very diffi-
cult to gage the capacity of a wheelbarrow or to get work-
men to load one the same amount at each trip.

It is quite evident that to make three or four different
streams discharge proportionate amounts of materials, as
must be done in a continuous mixer, is fraught with
many difficulties and difficulties that are harder to over-
come than the measuring of material before they are put
into a batch mixer. Continual vigilance is necessary in
order to make sure that none of the various streams be-
come clogged or fail to discharge their proper amounts of
material.

Cement mortar should not be mixed in large batches,
if it will require long to use up the batch. It should be
fresh mixed and used as soon after mixing as possible,
as it begins to take on its initial set in a short time. If
it is necessary to leave mortar stand a while, it should be
re-itempered, adding a little water if necessary, before it is
used. It is said that re-tempered mortar will adhere bet-
ter to old concrete surfaces or to concrete blocks than
fresh mortar. For the same reason re-tempered concrete
might be found useful in joining to old work or to con-
crete that has partially set.
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Re-tempering of mortar and - concrete are usually * pro-
hibited because of the uncertainities attending the prac-
tice.

Rosendale cement mortar and concrete are injured to
a greater extent by re-tempering or by delay in placing
than Portland cement mortar and concrete. This is be-
cause Rosendale cement takes its initial set in a shorter
time than Portland. Experiments reported by Mr. Thos.
S. Clark and published in Eng. Record, Dec. 27, 1902, show
that Rosendale cement, neat and with sand, if re-tempered
by adding water, after allowing to stand for one hour, is
reduced in tensile strength about 50 per cent. for long-
time tests. For tests which set but a few days greater
weakness than this was shown for neat cement though
not so much difference for tests with sand. The same
report states that no marked difference was shown in the
case of Portland cement re-tempered after one hour. It
is probable, however, that Portland cement re-tempered
after several hours standing would show similar weak-
ness.

Continuous mixing of cement mortar for several hours
seems to cause it to retain its life, that is; it seems to re-
tard its setting. Some experiments reported by Mr. G.
Y. Skeels, in Eng. News, Nov: 6, 1902, show that the ten-
sile strength of Portland cement bricquettes of 15 days
standing, after continuous mixing for 9 or 10 hours was
reduced only about one-quarter from the freshly mixed
cement, Similar results were found both for neat ce-
ment and 1 to 2 mortar.

Concrete deposited under water has been found to be
better if allowed to stand a few hours after mixing, as
the cement will not leech out so readily.

One part of brick dust, one part of quick lime, and two
parts of sand, mixed dry and tempered with water will
make a hydraulic mortar,

Grout is the name given to thin or liquid mortar. It
is used for filling in joints or spaces which cannot other-
wise be reached. Cast bases for columns are usually left
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rough on the bottom surface, and holes ate provided in
the bottom plate for grouting. The grout is prevented
from running away by banking up sand around the edge
of the base. Grout may be used to strengthen walls in
which the mortar has washed out. It may also be used
in making concrete by first placing broken stone or gravel
and then pouring the grout into the interstices. A fill of
broken stone or a gravel bed in which there is little or no
sand may be consolidated by filling the voids with grout.

The method referred to in the last paragraph of pouring
grout under the base of a column may be used to ad-
vantage also for bridge shoes. It is a good plan to wedge
up a bridge shoe an inch or two above the surrounding
masonry (allowance being made for this in the plans),
and then after having built a dam of sand around the
edge, to fill in under the shoe with grout. This keeps
water from lying around the bridge shoe.

In Eng. News, Aug. 8, 1907, p. 145, there is a short de-
scription of repairs made on a bridge pier in Germany
that had been cracked horizontally below the water level
and displaced by the action of an ore steamer. The outer
edges of the crack were sealed by means of wooden wedges
and oakum, and in addition a strip of canvas was placed
around the pier and bound thereto. Grout was pumped
into the crack, by means of air pressure and grouting
drums, through pipes provided for this purpose. The
grout was a I to T mixture of Portland cement and sand,
mixed dry and then tempered with an equal volume of
water.

Concrete.

Concrete is a mixture of mortar and some aggregate,
hence what has been said concering mortar and its char-
acteristics has application in a large measure to concrete.
The mortar with its contained cement, acts to hold the
aggregate together making of the whole an artificial stone.
An ideal concrete is one in which the cement fills or more
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than fills the voids in the sand to form the mortar and
the mortar fills the voids in the broken stone or other
aggregate. Proportions in this country are nearly always
given in bulk or volume.

The voids in broken stone are about 40 to 50 per cent.
of the bulk. Concrete composed of one part of mor-
tar to two of broken stone would therefore be about right.
The volume will be practically equal to that of the broken
stone. A common mixture for walls and other heavy
work is one part of cement, 3 parts of sand, and 6 parts
of broken stone. For reinforced concrete a richer mortar
is desirable, because of the fact that the covering of the
steel with cement must be assured, and because the small-
er size of broken stone demands more cement to cover the
parts of the aggregate. The standard mixture for rein-
forced concrete is 1 part of Portland cement, 2 parts of
sand, and 4 parts of broken stone or gravel.

Leaner mixtures are sometimes used in heavy work
where large sized aggregates can be employed. Such pro-
portions as 1:3:7, 1:4:8, or even 1:5:10 could be used
where strength is not an essential characteristicc. In-
cluded in the volume of the stone there could be large
stones, say a foot or so across. These should be separated
from each other and from the surface.

In general as few different mixtures of concrete as pos-
sible should be specified on one contract, and the line of
separation should be well defined, so as to avoid confusion.
The body of a pier or abutment could be of 1:3:6 con-
crete and the coping, because of the need of stronger con-
crete to take the bridge seats, could be of 1:2:4 concrete.
Some steel reinforcement in the coping of such a pier
would not be out of place, to tie it together and prevent
cracking in the entite pier. It would not be well to call
for beams of one mixture and slabs or columns of an-
other, though column footings and columns might be of
different mixtures if one were plain and the other rein-
forced.
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In ordinary work it is best to specify standard mix-
tures for the concrete and to see that the materials are
regular, the sand and aggregate well graded in size and
uniformly mixed. It would not be discreet to leave to
the contractor the determination of the proportion of in-
gredients. On special work or very large contracts, where
the engineer is given discretion, he may determine the
mixtures that suit more accurately the materials to be
used. The percentage of voids may ‘be ascertained by
taking a vessel of known capacity and filling it with the
aggregates. Then by weighing it before and after filling
level full of water the volume of water may be found
from the known weight per cubic foot of water, namely,
62.4 1b. The percentage that this volume of water is of
the full capacity of the vessel is the percentage of voids in
the aggregate. The same may be done with the sand. By
using about 10 per cent. more cement than the voids in-
the sand and o per cent. more sand than the voids in
the broken stone a mixture will be effected that is most
economical for the given materials.

For quartz sand the voids may be found by weighing
a known volume. The specific gravity of quartz is 2.65,
and the weight per cu. ft. is 165.4 lbs. If then a cu. ft. of
sand weighs say 100 lbs. the difference, or 65.4 lbs. repre«
sents the voids. Dividing 65.4 by 165.4 we have 40 as the
percentage of voids.

One way that is recommended for ﬁndmg the proper
mixture of sand and stone or sand and gravel is based
on the fact that, other things being equal, the denser the
mixture the stronger will be the concrete. The operation
is that of finding the mixture that has the maximum
weight for a given volume. A common galvanized iron
pail and spring balances may be used for the purpose.
The bucket is filled half full of water, and a batch of the
sand and aggregate at a trial proportion is thoroughly
mixed and slowly dropped from a shovel. The surplus
water is allowed to flow over. Without tamping the
bucket is filled level full. The mixture that weighs the
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most will give the densest and strongest concrete, and on
account of having the least percentage of voids it will re-
quire the least amount of cement.

Sometimes concrete is made of cement, sand, gravel,
and broken stone, the gravel being intermediate in size
between the sand and the broken stone. Good dense con-
crete may be made of this combination, if suitable propor-
tions are determined.

Concrete is sometimes made of sand and cement only,
there being a large quantity of sand in proportion to the
cement, say 1 of cement to 7 or 8 of sand. This does not
make good concrete. The voids in the sand cannot be filled
by so small a proportion of cement.

Concrete may be mixed by hand or by machinery.
When hand mixed the following is probably the most ap-
proved method. First the sand is dumped on the mixing
board and spread out to a thickness of about three inches.
Over this the cement is dumped and spread out evenly.
This dry sand and cement is then turned over with shovels
two or three times, and the pile is leveled off. On this
the broken stone or gravel, previously wetted, is dumped
and spread out evenly so as to cover the sand and ce-
ment. The full amount of water is then measured and
poured on. As only the aggregate is exposed, the water
may be poured or dashed on without particular care, since
the danger of washing out the cement is removed. The
whole should now be turned over with shovels two or
three times.

When concrete is mixed by machinery, all’ of the in-
gredients, including the water, are carefully measured and
placed in the mixer. For mixtures in which little water
is to be used it may be necessary, in order to get a uni-
form mixture, to mix the dry ingredients without any
water first and then add the water and continue the mix-
ing until this is incorporated in the mass. The number
of turns of the mixer, or the time required to effect an
intimate and thorough mixture will depend somewhat
upon the kind of mixer. This can be well judged by the

o -



uniformity of the product in color and by inspection to see
if the grains of sand and the stones are covered with ce-
ment. The whole mass should have the color of the ce-
ment. Concrete not well mixed will have patches of bare
sand and stones. Regularity both in the proportion of
the ingredients and in the amount of mixing are very im-
portant in any concrete work and are of special moment
in reinforced concrete as well as any work that is to be
watertight. When the time of mixing required to give a
thorough mixture is ascertained, this length of time should
be allowed for each batch.

Usually about 10 or 15 turns of the mixer are required
to give a thorough mixture. The time required is from 1
to 1% minutes. It requires about two to three minutes
per batch to put in the materials and take out the con-
crete, if the handling of materials can be expeditiously
done.

Lean mixtures require more mixing than rich ones, be-
cause it is more difficult to distribute the smaller amount
of cement thoroughly through the mass. Dry mixtures
require more mixing than wet ones.

It is well to mold a small cube of concrete from the
batch occasionally. These cubes will be useful in gaging
the kind of concrete turned out, and by the time required
for them to set the hardness of the work may be judged.
When concrete is placed in unusual conditions such a sam-
ple placed in the same conditions and accessible for in-
spection furnishes an index to the character of the placed
concrete.

Concrete should not be too wet or too dry. If too wet
it will shrink an excessive amount from drying out; if
too dry when placed, it will not be dense, as the mortar
will not run into the spaces. Formerly, when mass con-
crete was about all the kind made, very dry concrete was
generally specified, just enough water being used to satisfy
the needs of the cement in setting; and this was heavily
rammed. This is not very objectionable in mass concrete,
and it has some advantages. One of these is that the drier
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concrete will attain its strength sooner than wet concrete.
Wet concrete is generally considered to be best for al-
most all purposes, though the amount of water which
should be used is not the same in all cases.

The chief advantage in dry concrete is its faculty of
setting up in a shorter time than wet concrete. When
a piece of construction is to receive its load soon after
placing the concrete, it is best to use a dry mixture, if the
conditions are not such as to render such a mixture harm-
ful for other reasons. Some concrete block manufacturers
take advantage, in making their blocks, of the fact that
dry mixtures hold up in a short time better than wet ones.
. They use a mixture that is simply moist, so that blocks
can be removed from the molds about as soon as they
are molded. The result is that the blocks are spongy, and
we see houses built of the blocks turn dark gray in a
rain because of the absorption of water. Such use of
dry concrete can only serve to discredit concrete itself.

Another advantage in dry concrete is that it is less lia-
ble to freeze in cold weather than wet concrete. It should
be borne in mind that much water in concrete in cold
weather renders it more liable to the action of frost.
However, other means of preventing freezing should be
employed rather than the use of concrete that is too
dry for the purpose intended. On the other hand in very
warm weather an excess of water is advantageous, be-
cause it prevents the concrete from too rapid drying out
due to the heat.

Dry or mealy concrete has many disadvantages. It is
unfit to use in walls that are to keep out moisture. A
mealy concrete wall allows water to flow through it very
freely. It is unfit to use in clycopean or rubble concrete,
because it will not flow around the large stones and coat
them with cement. For similar reasons it is totally un-
fit for use in reinforced concrete work, as it will not flow
around the steel and coat it with cement. Because dry
concrete is porous there will be voids around the rein-
forcing steel as well as in the other parts. The steel is
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thus deprived of the protection which the concrete must
afford, if the combination is to be lasting. Concrete must
be wet to pack around the reinforcing steel or embedded
stones and to cover them with cement. Both of these
requisites are of prime importance in reinforced concrete.
Steel rods will not be gripped as firmly in a porous con-
crete as in a dense concrete. Dry concrete lacks cohe-
sion, and the cohesion of concrete has much to do with
the gripping of the steel. It is of special importance in
cinder concrete, reinforced, that a wet concrete be used,
so that the cement will coat the steel and protect it from
sulphur or other harmful agents in the cinders.

Dry concrete requires tamping; the drier the concrete,
generally, the heavier the tamping necessary. Dry concrete
for this further reason is unsuitable in reinforced concrete
work. Tamping around reinforcing steel is apt to displace
the steel as well as to disturb or spring the forms. The
concrete around the reinforcement should be worked into
the spaces by puddling rather than by tamping, and the
consistency of the mixture should be such as to admit of
this operation. As near a liquid as possible is evident-
ly the best consistency to effect this end, but other con-
siderations must be taken into account. If concrete is
too wet it will shrink an excessive amount on setting and
drying. This may give rise to shrinkage cracks or other
trouble that such change of volume would naturally lead
to.

With concrete too wet, unless the forms are very close,
approximating water-tightness, liquid mortar will be
wasted through the crevices. This is a fault sometimes
met with in concrete work, namely, the mortar being of
too watery a consistency, or the forms lacking the proper
tightness, not only results in a waste of mortar but leaves
the concrete spongy, where the mortar has leaked out.
This may give the appearance of dry concrete, whereas
the cause is just the opposite.

Another danger that may attend the use of sloppy con-
crete is the formation of laitance. This is a milky or
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slimy substance that sometimes gathers in the excess
water on the surface of concrete. It is composed of about
the same ingredients as the cement, but it does not hard-
en as the cement, remaining rather in a gellatinous state.
Besides taking from the cement useful elements needed in
the concrete, the laitance, if not removed, leaves a film
in the concrete where it is not bonded together as it should
be.

For reinforced concrete work there must be found a
mean between too wet a concrete and too dry a concrete
that will meet the conditions. The proper mean is not a
mixture medium in constancy, but a very wet mixture.
The concrete should assume a nearly level surface. It
should flow sluggishly around the reinforcing steel and
require little or no tamping. A little shrinking in rein-
forced concrete is an aid rather than a detriment, because
the shrinking of concrete acts to grip the steel.

Other works than reinforced concrete do not generally
require such wet mixtures. Work that is to be water-
proof or nearly so should be made of a wet mixture and
should be puddled, as in the case of reinforced concrete,
to work out air bubbles and to solidify the mass.

There should not be an excess of water in the con-
crete base for a sidewalk, where a richer mortar finish is
to be put on subsequently. Tamping will bring this water,
and probably accompanying laitance, to the surface amd
the finish coat will not bond well to it. Pavers usually em-
ploy a rather dry mixture for the base and tamp it well.
However it is believed that a better pavement would re-
sult from the use of a wet mixture and little tamping,
with the finish coat floated in at the same time and with
as little troweling as possible.

Wet mixtures do not require as much mixing to distrib-
ute the cement through the mass as dry ones. However
the liquid state of the concrete may make an insufficient
amount of mixing appear to be enough; so that just as
much vigilance is required to insure the proper mixing.
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Dry mixtures are more liable than wet ones to ball in
the mixer, that is, to gather in lumps, as the materials
will not flow well without the lubricating water. With no
water whatever in the mixer there would be no cohesion
and the materials would mix, whereas,a little water would
give a cohesion that may result in the balling referred to.
It may be necessary in some cases to mix the materials
dry and then add the water giving the mixer a few more
turns. While hand mixing in general is less satisfactory
than machine mixing, it is possible that in some cases for
very dry mixtures hand mixing will produce a better con-
crete.

As to the strength attained by wet and dry mixtures,
it is found that given a number of samples of different
consistency the drier mixtures will at first show greater
strength. After a few days the mixtures having more
water will attain the strength of the drier ones and be-
gin to surpass them. In general the more water used in
the mixture the longer it will be in attaining its full
strength, Medium and wet mixtures, after many months,
reach about the same strength. Very wet and very dry
mixtures are both weaker on long time tests than those
in which the consistency is not excessive.

The amount of water required in concrete depends upon
the porosity of the aggregate, the proportion of the in-
gredients, the wetness of the sand and aggregate before
being brought together, the fineness of the sand, (fine
sand requires more water than coarse sand.) and to some
extent on the brand of cement. If the sand and stone
were thoroughly wet before mixing, the amount of water
would depend largely on the amount of cement in a batch,
as moistening of these will lessen the amount of water
required to be placed in the mixer.

Dry concrete is usually understood to be of the con-
sistency of moist earth. It will retain its shape when
squeezed in the hand. No water will flush to the surface
on tamping.
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Medium concrete is of such consistency that it will not
quake in handling and will not quake under light tamp-
ing. When well or heavily tamped, the concrete will quake
and water will flush to the surface.

Wet concrete will quake in handling and cannot be
tamped very much.

In ordinary concrete mixtures dry concrete will require
about 5 to 6 per cent. of water (based on total weight of
dry materials), medium concrete will require about 6 to 8
per cent. of water, and wet concrete will require about
8 to 10 per cent. This is an average of about 1, 1%, and
1% gallons per cubic foot of concrete for the three re-
spective grades. Per bag of cement it takes about 3 to 4
gallons of water for dry concrete, 4 to 6 for medium, and
6 to 8 for wet. The amount of water should not be
specified in any case, unless the proper consistency and the
amount of water required therefor have been previously
determined by trial with the materials to be used. Some
materials will require amounts of water differing consid-
erably from the foregoing.

It is important to wet the aggregate before it is mixed
with the other ingredients especially in the drier mix-
tures and in hand mixed work, and particularly when the
aggregate is porous or absorbent. This wetting of the
aggregate in the pile allows it time to absorb water that
might otherwise be robbed from the cement of the con-
crete, if the stone is not wet previous to the mixing.

The following table gives approximately the amounts
of materials of average quality required to make one
cubic yard of concrete of the three most common mix-
tures.

Proportion Bbl, P. Cement Cu. Ft. Sand Cu. Ft. Stone

1:2:4 1.44 115 230
1:3:6 1.04 12,5 25.0
1:4:8 78 12.5 25.0

The measuring of the ingredients of concrete is not very
satisfactorily done on the average job. This is because
of uncertainty as to the capacity of a wheelbarrow, the
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commonly used means of carrying the sand and stone to
the mixer. An average wheelbarrow contains from 2 to
3% cu. ft, depending on the amount it is heaped. One
method of proceedure is to make a box just one foot each
way, inside dimensions, and fill this twice with the bro-
ken stone and dump it into the wheelbarrow. By observ-
ing the amount it is heaped each wheelbarrow load can be
heaped (or struck off) to the same extent. The same is
done with the sand, so that the appearance of two cubic
feet of sand may also be noted. Then two bags of ce-
ment are called one part, or two cubic feet, and each
wheelbarrow of sand or stone is called one part. For
hand mixing of a 1:3:6 mixture there would be used 2
bags of cement, 3 wheelbarrows of sand and 6 of stone
or gravel. Four to six men with shovels would be needed
to turn this over. A half yard batch mixer could take in
the same quantities.

This way of measuring in wheelbarrows is not very ac-
curate and not very satisfactory on any but mass work, un-
less the loading of the wheelbarrows is carefully watched.
If there is an incline from the stone and sand piles to the
mixer, the men are less apt to overload their wheelbar-
rows, as two cubic feet is about all they will care to push
up the grade.

A.more satisfactory and more accurate method of meas-
uring the ingredients comnsists in the use of a bottomless
box having handles projecting from the ends. Such a
box made of the proper size to contain a unit quantity,
for a batch of concrete, can be laid on the mixing board
and filled level full of sand once and of stone twice (or
two boxes could be used where the volume of stone is not
double that of sand.) This serves to measure the mater-
ials accurately, but it requires more handling to dispose
them, after this measuring, in an advantageous position
for mixing. This adds to the expense of mixing the con-
crete.

One method of using the bottomless boxes mentioned
in the last paragraph is to measure the sand first in such
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a box and then spread it over the board and mix in the
cement dry. After this mixing the surface is leveled off
and the box placed upon it and filled with the stone. Thei
the stone is spread over the mixed sand and cement to
cover it and the water thrown on and the final mixing
done. The sides of the boxes should not be high. A
wheelbarrow could not be dumped over the sides of a high
box, and a flat box would not necessitate as much spread-
ing of the materials after the box is lifted as a high box.

The bottomless box method of measuring the materials
cannot be used in this same way in batch mechanical mix-
¢rs; a dumping square box, however, could be rigged up
from which to load wheelbarrows, and exact measurement
could be effected in this way.

There are other ways in which the problem of measur-
ing the materials is solved. The chief points of the prob-
lem are to effect the maximum accuracy of measurement
with the minimum amount of handling. It is desirable to
avoid high lifts of the sand and stone, either in the shovel
or in the wheelbarrow. It is also desirable to accomplish
these preliminaries to the mixing in the shortest time
possible.

The measuring of the cement is fortunately greatly sim-
plified on account of the way in which standard cements
are packed. A barrel of Portland cement of the stand-
ard size weighs 375 lbs. and contains, when well com-
pacted, about 3.8 cu. ft. When put in a measure and well
shaken, this quantity will occupy just about 4 cu. ft.
Hence a standard barrel can be taken as four cubic feet.
Cement usually comes in bags, four of these being a bar-
rel of cement. A bag of cement can then be taken as a
cubic foot. It is important, however, to measure and
weigh some sample bags of the cement used on any work
to see that they contain a cubic foot and weigh close to
94 lbs. each. If the bags are found not to contain a full
cubic foot, the other measures should be made on the
basis of the actual volume of cement in a bag.
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A bag of cement will sometimes contain lumps. These
should be broken up, or, if they are too refractory, they
should be thrown out and good cement used to make up
the deficiency.

A pile of stone in cold weather may sometimes contain
lumps of ice. These should be watched for and eliminat-
ed

It is very important to have an inspector to watch the
mixing of concrete. He should count the bags of ce-
ment; keep tab on the amounts of materials; see that the
mixer runs long enough; see that the consistency and
fluidity is right; see that no blocks of wood, lumps of
mud or clay, paper from sacks, ice, lumps of hard ce-
ment, etc. go through; see that lumps of hard cement are
compensated for with good cement; see that the concrete
is well mixed, that it is uniform, that it has not balled in
the mixer, etc.; see that the mixer is clean before start-
ing; see that the materials are running uniform, regular in
size and not mixed with dirt, no single wheelbarrows com-
posed entirely of large stones or of small stones, etc.

Materials should be moved by power wherever practi-
cable. They should be stored high where possible. If
raised to bins when delivered on the job, they may be
drawn out with use of little labor. This storing of the
materials may often be done by use of cranes. It is
better to handle the materials in this way than to dump
them on the ground and shovel them up. They will be
cleaner, and the stone is less liable to run irregular.

One method of raising materials to the mixer is to use
an incline with a gravity dumping car to material pile.
This is drawn up to the mixer by cable from the mixer
engine or other power and allowed to return by its own
weight,

69



Steel for Reinforced Concrete.

Steel for reinforced concrete should preferably be open
hearth steel, though Bessemer steel may safely be used for
rods and for plates and shapes that are punched if the
punched holes are reamed.

The ultimate strength of the steel is not a matter of
much importance, neither is the elastic limit, except as
these properties indicate uniformity in the product. It
should be a good grade of soft steel. It is of more import-
ance that it stand the bend test of soft steel than that its
ultimate strength and elastic limit be high. The reason
why high elastic limit and high ultimate strength are not
essential characteristics of steel embedded in concrete is
the simple fact that these qualities cannot be made use
of in proper design of reinforced concrete. This is di-
rectly contrary to a great amount of trade literature and
some technical literature. Commercial soft steel is almost
universally of an ultimate tensile strength of from 50,000
to 60,000 Ibs. per sq. in. and a strength at elastic limit of
30,000 to 40,000 lbs. per sq. in. This latter is about three
times the safe value that ought to be allowed on the steel,
because above this value cracks begin to appear, and there
can be no justification for a design that anticipates cracked
beams and slabs. There is therefore ample margin of
safety in any good soft steel.

If high steels showed smaller elongations for a given
unit stress (for stress within the elastic limit) than soft
steels, there would be some justification for their use, as
they would then not stretch out as much under a given
stress, and the concrete would be less liable to be cracked.
But the modulus of elasticity is one property that is prac-
tically constant for all grades of steel. Even soft wrought
iron has a modulus of elasticity almost as great as the
hardest steel. The simplest conception of the modulus of
elasticity, designated as E, is a unit stress that would
stretch a piece of steel out to double its original length,
* at the rate at which it stretches within the elastic limit.
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The modulus of elasticity of steel is about 30,000,000, if
then a piece of steel is stressed to 10,000 lbs. per sq. in.,
it will stretch one-three-thousandth of its length. Beyond
the elastic limit different grades of steel exhibit different
characteristics. Soft steels stretch out more before fail-
ure, while high steels and soft steels that have been rolled
or drawn cold or twisted cold, break without much
stretch or reduction of area at point of fracture. This
lack of stretch beyond the elastic limit is held out as a ben-
efit in trade literature. It is a positive detriment. If fail-
ure occurs in steel that will not stretch, it will be sudden
and without warning, whereas if the steel stretches out,
it will allow a beam or slab to sag before failure. Be-
sides giving warning of failure the sagging will in many
cases reduce the stress in the steel very materially. The
author has seen tests of slabs reinforced with soft steel
that sagged enormously and could not be broken.

The reason why it is important that steel stand the cold
bend test is because rods are very often curved and bent
in construction. This bending should be done cold, for if
the steel is heated, its internal structure is changed, and
annealing would be necessary to restore it. Soft steel of
ordinary manufacture will, in general, stand more punish-
ment than harder grades of steel. The threading of rods
and punching of plates or shapes are less liable to cause
incipient cracks or hardened metal in soft steel than in
high steel. These are also processes to which the embed-
ded steel may be subjected.

Special steel, while it has a high sound, does not possess
any needful characteristics, as an element in reinforced
concrete, that are not possessed by the cheap commer-
cial article. This is true because of the limitations of the
concrete. Good soft steel is not a special steel but is the
commonest product of the steel furnace. It is important,
however, that it be good and that it be soft, that is, not a
high carbon steel.

There should be a wide margin of safety in the amount
that a steel rod will bend. A piece of steel of high ulti- *
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mate strength may stand a bend of 100 degrees and fail
if bent 105 degrees. It is clear that this steel would not
be fit to use where it is bent at an angle anywhere near
approaching this.

The best carbon steel for structural purposes is found
to possess an ultimate strength between 55,000 and 65,000
Ibs. per sq. in. Formerly two grades of steel were rec-
ognized in most specifications for structural steel work
with allowed limits that overlapped two or three thousand
pounds around the 60,000 mark. The result was that
manufacturers usually succeeded in making nearly all of
their structural steel within the overlap, so that it would
fill either specification, though a wide difference in allowed
unit stresses was sometimes permitted. The allowed lim-
its given at the beginning of this paragraph represent a
steel that is a mean between the older grades of soft and
medium steel. It is also about midway in tensile strength
between the very soft steel now used for rivets and the
higher steel used for eyebars and other forgings. It has
been found by experience to be satisfactory for structural
purposes. For reinforced concrete it satisfies every struc-
tural requirement, and because of its availability it is the
most economical material that can be used.

Tests made to see that the ultimate strength lies between
these limits are very useful to ascertain that the steel is
regular in quality. Dead soft steels may be ruined in the
manufacture. High steels will not stand bending.

The elastic limit of the steel should be not less than one-
half of the ultimate strength and the stretch in a measured
length of 8 inches should be not less than 24 per cent. It
should stand the cold and quench bend test, 180 degrees
flat, without fracture. In the quench bend test steel is
heated to a cherry red, as seen in the dark, and quenched
in water at ordinary temperature, before bending.

The proper use of steel in concrete is in small sectioms
well distributed throughout the mass. The bars should be
separated from each other to give the gripping effect of
the concrete full play. If they are placed in a layer close
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together, a cleavage joint is formed and the concrete is
liable to break off. This would be the case in a close coil
or set of rings close tcgether or in a set of rods lying
close together near the bottom of a beam. Plates or
sheets of steel should not be used as separators or spacers
for rods, as these will also form cleavage planes. If heavy
rods are used, surrounded by comparatively little concrete,
the concrete is unable to grip the steel and the differen-
tial expansion due to change in temperature will crack the
concrete. Pyramids of concrcte surrounding the bases of
out-door steel columns seldom last through a winter with-
out being cracked. Girders covered with a shell of con-
crete would be subject to the same detrimental effect of
differential expansion.

The steel should not be placed close to the surface of
the concrete. It cannot be gripped properly unless it is
deep enough in the concrete for the latter to take hold.
It cannot be protected from rust and fire unless there is
some concrete between the steel and these destroying ele-
ments. It is bad practice to lay the steel on the forms
and then the concrete on this. The steel is neither properly
protected nor gripped by such means. The depth to which
steel should be buried depends upon the size of the sec-
tion. It is manifest that the heavier the section the more
concrete is needed to grip it and to overcome differential
expansion. If rods are bedded deeper they will be less
affected by external change of temperature. Heavy rods
are of more importance in a structure, hence their protec-
tion is of more vital importance than that of light rods.

Standard sizes of rods or shapes should be used as
much as possible, so that they can be obtained without
delay from the mills. Also as few different sizes as pos-
sible should be employed. Simple details are essential.
A complex structure will be difficult to surround properly
with concrete. There should be no broad flat surfaces to
work the concrete under.

The steel work should be designed with a view of its
being easily placed in proper position and held there
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against the displacing tendencies due to the placing of the
concrete. Where rods cross, they should be wired to-
gether, and this should be done before the forms are
erected to the point that they will interfere by preventing
free access to the rods. Extra wires may often be used
to, advantage to tie the rods in place. These wires may
serve the further purpose of holding the sides of the forms
from spreading. They can be cut off at the surface when
the forms are removed.

Rods in the bottom of a slab can be kept from lying on
the bottom of the form by placing small stones under them
just before the concrete is placed.

There is nothing better than round rods for reinforeed
concrete for the reason that positive end anchorages can
be made by means of nuts and washers, or large square
plates having threaded holes, and because splices can be
made by means of sleeve nuts. Both the anchorage and
the splice will take nearly as much stress as the full sec-
tion of the rod. No other kind of anchorage or splice has
the same efficiency. The thread and nut detail comes into
play immediately without any slip. Rods laid together
and bound would have to slip before receiving much stress.
End hooks and curves are no doubt of some aid as a
precautionary measure ; they may show strength, after par-
tial straightening of the rod, before ultimate failure. A
hook cannot be seriously considered as an efficient end an-
chorage for a rod taking practically its full strength near
the end.

Wire cables in concrete are faulty from every standpoint
considered. The stretch in a wire cable, as compared
with a solid steel rod; as shown by tests made at Water-
town Arsenal in 1896 may be as much as four times that
of the plain stee] rod under the same unit stress. The
safe unit allowed on wire cables (to be economical) would
be about four times as much as that on plain steel. Hence
the stretch in the steel cable may be sixteen times as much
as in the plain rod when consistent unit stresses are em-
ployed. The placing of initial tension in the cable can

74



scarcely do more than take out the curving tendency due
to the winding of the coil. A stress of any magnitude on
the cable could scarcely be resisted by the supporting walls
or beams.

Sharp bends should not be made in steel rods under
stress, as the concrete cannot resist the stress at ghe
knuckle. Curves with a radius 20 times the diameter of
rod are permissible.

No welds should be allowed where the steel is under
stress approaching that allowed on the full section. If
rods were found to be a little too short to reach between
supports, it would not be harmful to weld a short piece on.
In general all welds in steel should be avoided.

Steel that is to be placed in concrete should be fiee from
scale and thick rust. A thin coat of rust is not ohjection-
able. It is well to let new rods rust so as to loosen the
mill scale. The scale should then be scraped off or brushed
off with wire brushes. The coating of steel with grout
to preserve it from rust is a doubtful expedient. The thin
layer of cement dries out and does not set properly. It
may not bond with the cement of the concrete. It is bet-
ter to have the fresh concrete come in contact with the
steel. A more intimate union is effected.

No paint should be used on any steel embedded in con-
crete. Grease and dirt are objectionable and should be
removed before the steel is placed.

Steel should be placed well in advance of the concrete,
so that any delay in placing it will not hold up the plac-
ing of the concrete.

Vertical reinforcement in hooped columns should be of
smooth rods so that when the concrete shrinks in setting
it will not be prevented from settling down.

No reliance should be placed on a short length of a rod
‘either plain or deformed to act as anchorage. Where two
thin walls intersect they should be reinforced with steel.
If there is no special stress acting on the walls it is
enough to curve or bend rods around the corner. If,
-however, there is pressure on the walls, as in the case of
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the walls of a rectangular cistern or the analogous case
of the bottom slab and rib or counterfort in a retaining
wall, the bend in the rods would be too sharp to be effec-
tive. In such case a short length even of a deformed rod
is entirely inadequate as an anchorage. The best form of
construction is probably a steel angle in the corner punched
to receive rods with nuts on the ends.

Steel rods are sometimes laid in the ground, as in the
case of those used to tie the shoes of steel arches together
in such structures as train sheds. To protect these from
corrosion a good plan is to wrap them in canvas soaked in
Portland cement grout and then to paint the canvas thick-
ly with grout.

Handling and Placing Concrete.

After concrete is taken from the mixer or the mixing
platform it should be placed as soon as possible in the
forms. As a rule the sooner it is placed the better. There
is, however, a possible exception to this rule. It is found
that concrete that is placed under water is less liable to
have the cement washed out of it, if it be allowed to stand
even for a period of two hours or more before being
placed. It should, however, be mixed again before being
deposited. Ceoncrete placed under water would in general
be in a thick mass, so that any weakening due to partial
setting before being placed would not be of so much con-
sequence as it would be in such work as reinforced con-
crete.

It has been found also that retempered concrete will
adhere better to concrete that is set or partially set than
freshly mixed concrete.

Generally concrete should be placed in less than % hour
after mixing. It should not be disturbed more than abso-
lutely necessary after being put in place. If a receptacle
is used to hold the mixed concrete temporarily, the con-
crete should be taken out of it in the order in which it is
put in. If delay occurs in the placing of the concrete
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that results in leaving a batch mixed but not placed be-
fore the end of half an hour, generally the mixed concrete
should be rejected. However, if it is thoroughly re-mixed,
adding a little water, if necessary, it may be made quite
good for the purpose. It is found that retempered con-
crete is almost as good as freshly mixed concrete, if the
second mixing is well done. For walls and heavy work,
re-tempered concrete would not be objectionable. In col-
umns and floors the uniformity should not be disturbed by
using an occasional batch of concrete that has received a
different treatment from the rest of the work.

Jarring of the concrete in wheeling from the mixer to
the forms should be avoided. This jarring will tend to
separate the stone from the mortar. The runway for the
wheeling should be smooth. The concrete should not be
dropped far from the mixer, to the wheelbarrows or carts,
as this also separates the ingredients.

The mixer should be placed high and the ingredients
raised to it, so that the concrete will not have to be lifted
after it is discharged from the mixer. The concrete should
be handled as little as possible after leaving the mixer.

After the concrete is placed it should be left undisturbed
until it has received a hard set. To this end care must
be used in placing concrete beside other concrete that is
partially set. Jarring the projecting steel rods with the
buckets or carts in placing fresh concrete will impair the
bond of work that is partially set. Wheeling carts over
newly laid floors will have the same result. The work
should be planned so that concrete farthest from the mix-
er will be deposited first so as to avoid this.

Jarring the forms by the buckets or carts in which the
concrete is handled must also be avoided. In putting in
concrete piles the driving of the core for a pile near one
that has lately been placed may disturb the latter. Walk-
ing over newly laid concrete should be avoided as much
as possible.

The amount of concrete that should be placed at once
depends upon the kind of construction and the kind of
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concrete. Comparatively dry mixtures, which, in general,
should only be used in massive, unreinforced work, should
be placed in layers of about 6 inches of thickness and ram-
med. In such work concrete may be carried in half cubic
yard or cubic yard buckets, handled with a derrick.

In reinforced concrete, where semi-liquid concretes must
be employed, it is important that the concrete be poured in
such way and in such amounts as not to cause air pockets
to form. The same is true of any concrete that is to be
impermeable. Ramming is not essential in such concretes.
In fact, if the concrete is of such consistency that it can
be rammed, it is unsuitable for the purpose. In narrow
forms only small quantities should be dumped at a time.
The liquid concrete should be stirred and worked around
so as to make it flow into the corners and around the rein-
forcing steel.

If large quantities of concrete are placed at a time or
in one place in reinforced concrete work, it may cause
springing of the forms, or it may bend or displace the re-
inforcing rods or any rods that are used to brace the
forms.

Columns more than about twelve feet high should be
poured from a point half way up, so that the concrete will
not have so far to drop and so that puddling of the con-
crete around the reinforcement can better be effected. Then
the doors left for this purpose can be closed and the re-
mainder of the column poured. Special care is needed in
puddling the concrete in columns to make it flow around
the reinforcing rods.

Large quantities and thick layers of wet concrete may be
placed at once in mass work, if it can be done without
leaving air pockets. The reason for comparatively thin
layers in rammed work is so that the ramming will be
effective.

Cinder concrete should be tamped lightly if at all, as
heavy tamping or ramming will break the cinders. A wet
mixture is most suitable for concrete made with cinders.

It is often necessary in exposed work to spade the con-
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crete against the forms so as to work back the large stones
and to bring the mortar to the surface. If thick layers
are deposited at once, this cannot well be done, and the
appearance will suffer.

If one or more batches of concrete are too wet, as ex-
hibited by free water on the concrete after being placed,
a comparatively dry batch or more should be mixed to take
up the surplus water. )

Rammed concrete should be placed in layers approxi-
mately horizontal. If this kind of concrete is used in
arches the layers ought to be normal to the line of thrust.
This is difficult to do without setting up temporary forms
normal to the arch ring and tamping beside these. This
is an argument. for the use of wet concrete in arches.
With wet concrete it is not important to have the layers
normal to the line of thrust except at quitting time. Where
it is possible, the work should be planned so that the en-
tire ring of an arch can be poured without intermission.
Another satisfactory plan is to lay successive rings end-
ing each against a temporary vertical partition. This could
be removed in a day or two, when the concrete would still
be green enough for the next ring to adhere pretty well
Another plan is to pour half of the arch ending it with a
vertical surface at the crown.

In exposed walls the layers should be kept higher on the
face especially where there is any tamping. Tamping
brings the cement to the surface and this makes a relative-
ly impervious layer. If this layer slopes out toward the
face, any water in the concrete will be shed outward, car-
rying with it any dissolved salts to the face of the wall
The evaporation of this water leaves the salts as an efflor-
escence on the wall.

It is important that concreting be stopped, when discon-
tinued, at a joint where the strength is not impaired. To ef-
fect this the finishing surface, as stated, should be normal to
the line of thrust and it should not be where there is any
considerable shear. In a column the surface should be
horizontal and below the line where beams join in. It is
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preferable to pour the columns sonfe hours before the

beams and girders so as to allow some time for settlement
" and shrinkage. It is better to pour an entire floor at once,
but if stops must be made, they are best made at the mid-
dle of the span of a beam or slab the latter being on a line
parallel with the beams; both should be against vertical
surfaces.” A beam should not stop off near the support,
as the shear is great at such section. Where a beam and
slab are figured as a T beam, both should be poured at
once. Where the beam is figured as rectangular, it is not
so important that both be placed at once; however, it is
better, as the full depth of beam includes part of the slab.
A notch could be left for the support of the slab, and thus
nearly all of the beam would be placed at one time.

Some .engineers advocate splitting a beam or girder in
two in the middle, longitudinally, by a temporary vertical
bulkhead, when it is necessary to stop in the neighborhood
of a beam or girder. The author would not recommend
this, but would rather leave a step the depth of the slab,
an inch or two wide, at the top of the beam. The slab
would find support on this step, and if the beam is figured
as a rectangular beam as it should be and not as a T
beam, it can borrow from the other slab for what may be
lacking in bond at the step. In a properly designed beam
carrying slabs there will, of necessity, be an excess of com-
pression area. It is better to rely upon this than to go to
the trouble and expense of fitting a bulkhead along the
center plane of a beam, with all of the added difficulties
this entails, such as narrowing up the space to work in,
possible displacing of the steel, different degrees of shrink-
age contraction in the beam, etc.

In enclosing steel work concreting should not be stopped
at or near a broad horizontal surface of steel, as the con-
crete will shrink away from the steel, and the thin crack
cannot be filled up. It is best to stop several inches be-
low or above such surfaces.

In walls, where possible, the stop should be made at
a horizontal or vertical bead or groove, so that the line
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at the junction of two days work will not show. There
are several advantages in placing walls in short lengths
at a time. Vertical joints do not show up so bad as hori-
zontal ones, especially when these are made by use of a
bulkhead and are true to line. The contraction of the con-
crete due to setting will be equalized as the wall progresses.
These vertical joints will often be sufficient to take up ex-
pansion and contraction due to change in temperature.
The mixing plant can be moved from section to section,
thus lessening the distance through which mixed concrete
must be carried.

Before starting to place concrete it is important to see
that the forms are clean. The bottoms of boxes for beams
and girders and the bottoms of columns should be cleared
of all dirt, sawdust, shavings, blocks of wood, etc. Blocks
of wood may have lodged among the reinforcing rods of
walls or columns. These must be removed.

It is important to have the forms finished far enough
in advance of the placing of the concrete to insure continu-
ity of the concreting.

When leaving off the placing of concrete for the day
care should be taken to see that the finishing surface is
left so that the conditions of continuous work are approxi-
mated as near as possible. The bonding of the next days’
work should be made as good as the conditions will permit.
It is better, in general, to leave the surface rough than
smooth. In heavy work a bond may be made in several
ways. One way is to make steps in the top by setting up
vertical boards and tamping against them. Another way
is to bed large stones half in the last layer of concrete
allowing the other half to project into the new concrete.
Still another method is to lay wooden blocks in the con-
crete to form recesses and remove them before the next
day’s work begins.

In reinforced concrete work and in impermeable con-
crete dependence must be placed more upon treatment of
the surface before starting to lay concrete than on rough-
ening it at quitting time. It is important in any work that
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the surface be clean. Also the forms should be cleaned of
any concrete that has been spattered on the day before.
Picking over the surface with picks, if it has stood long,
is recommended to remove the top skin. Washing the
surface with a hose and brooming or brushing it would
be sufficient, where it has not stood very long. This wash-
ing of the surface of the last day’s placing of concrete is
very useful to get rid of the laitance or slime that comes
to the surface. It serves to lessen danger of efflorescence
and to make a better bond. The bond will be strengthened
by brushing over a thin coat of grout of neat cement or by
sifting neat cement on the previously moistened surface.
Bond to old and hardened concrete is effected by this same
means.

Much cement pavement work is being done in Pittsburg
by picking over the worn-out flag stone pavement to two
inches or so below the desired new level, moistening the
surface, dusting on neat cement and spreading the same
with a broom, and then laying cement mortar to the de-
sired level.

When concrete is placed in contact with bricks or porous
tile, these should be thoroughly saturated so as to im-
prove the bond and to prevent the absorption, by the por-
ous substances, of the water in the concrete.

A very good grade of concrete blocks or artificial stone
can be made by casting the blocks in sand as iron cast-
mgs are made. The mixture must be very wet, a consist-
ency that would be called soupy. The surplus water is
absorbed by the sand, and this serves to keep the block
moist during setting. By using a well selected aggregate,
such as crushed marble, crushed granite, white sand, etc.,
excellent artificial stone can be made. The product is
dense and uniform, because the concrete is not dry and
tamped, and because varying atmospheric conditions have
no effect upon it while it is setting. These artificial stone
blocks are usually cast smooth and then tooled on the sur-
face by tools operated by power. A pleasing surface is
made by the use of carborundum wheels. If reinforced

82



with steel, the blocks may be made quite thin, even down
to 13 or 2 ins. Blocks not reinforced, used for veneering,
are usually 3 or 4 in. thick. The blocks should remain
in the sand 4 to 6 days, and should then season for about
two weeks before being used.

Fine details in ornamental work will be more satisfactory
if cast in sand with very wet mixtures than in many other
kinds of molds or with dry mixtures.

Concrete blocks can be made of a medium mixture, mold-
ed under heavy pressure. Because of the pressure they
can be removed from the mold immediately. The blocks
are denser and better in every way than the hand tamped
blocks made from a dry mixture.

Large concrete blocks are often cast near the point where
they are to be placed in a structure in suitable forms of
wood or sheet steel or other material. When hardened,
they are lifted into place. Very heavy blocks can have
rings cast in them to facilitate handling. These blocks
may be used for breakwater construction, sea walls, arches,
etc. In sewer construction curved blocks can be cast and
the necessity of expensive arch forms and lagging avoid-
ed. The arch blocks can be held in place by the side
blocks, and little or no centering is required. In like man-
ner reinforced concrete slabs can be cast separately for
the top of a sewer, and as these exert no thrust the side
walls can be thinner.

The casting of reinforced concrete slabs may often be
found to effect a saving in the construction of sidewalks
and floors. These can be cast one over the other with
some kind of a separating medium and lifted into place
when hardened.

Beams and columns have likewise been cast on the
ground and lifted to place. In general this is a doubtful
expedient. The importance of the beams and columns of a
structure being tied together as a unit is very great, un-
less the walls of the structure supply all of the lateral
rigidity,
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Concrete piles are made both by casting them'in place
or casting them on the ground and then driving. In the
first method the hole for the pile may be made by driving
a wooden pile and withdrawing it; or it may be made by
driving a collapsible core with a sheet metal shell and fill-
ing this shell with concrete; or it may be made by driving
a steel tube with a removable driving point and filling the
hole with concrete as this tube is drawn up. In any of
these methods the concrete should, in general, be well ram-
med so as to insure filling of the hole and the ability of
the pile to take a load without settlement. Piles that are
cast before being driven should be cast upright, if made
of dry concrete, so that the joint between the layers will
be normal to the direction of the driving. In wet concrete
it is not important whether the piles are cast horizontal
or vertical. However, unless they are well reinforced it
is difficult to raise long piles to the vertical position. As
far as practicable, the length of these piles should be
known before they are driven, as it is not practicable to
splice them, and it is difficult and expensive to cut them.
In driving concrete piles a hammer weighing nearly as
much as the pile and having a short fall is needed. The
blow of a light hammer will be absorbed locally and shat-
ter the pile. Concrete piles should stand two weeks or
more of good weather before being driven. Concrete
piles should be larger in diameter and generally fewer
in number than wooden piles for the same structure.

In placing concrete under water it is important that
it be treated in such way that the cement of the concrete
will not be washed out. Dropping concrete through a
depth of water will not only wash out some of the cement
but will tend to separate the ingredients. Concrete should
not be rammed under water, as the stirring of the water
will carry away cement. It should not be deposited in
running water.

If concrete is to be placed in water, it should be placed
in as large batches as possible. .It should be wet concrete,
so as to require no ramming. It should be mixed long.
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Concrete that is mixed and allowed to stand several hours
and then mixed again is said to be preferable to freshly
mixed concrete for placing under water, as the cement is
partially set and is less liable to be washed out. It is
well to use about ten per cent. extra cement for the con-
crete that is to be placed under water to allow for loss.

The concrete may be lowered in steel buckets with bot-
tom doors that are opened when the bucket reaches the
bottom. Canvas sacks may also be employed. These sacks
are lowered with the mouth down. This is tied shut in
such way that it may be tripped open with a line. A bet-
ter way to place the concrete is to let it down through a
tube or tremie. This should be kept full of concrete, the
lower end resting on the bottom and being moved about
so as to distribute the concrete,

Reinforced concrete should, in general, not be placed
under water. Any concrete reinforced with steel that will
be submerged during setting and subsequently should be
designed so that no dependence will be placed upon the ad-
hesion or grip-exerted between the concrete and steel. Con-
crete setting under water does not shrink and grip the steel
as that which sets in air. The rods should have nuts on
the ends and washer plates or some other effective end
anchorage. A riveted structure under water embedded in
concrete for its protective value, is legitimate construction,
if the concrete is of sufficient mass not to be cracked by
differential expansion.

When grout is to be used under water, as in filling inter-
stices in stone work, cracks in concrete, etc., neat cement
should be employed, as sand will separate from a mixture
of sand and cement in passing through water.

Concrete should not be deposited in polluted water, as
that containing sewage or discharge from pulp mills or
refuse from other washing processes. Such water com-
ing in contact with fresh concrete will destroy it by at-
tacking the setting cement.

In constructing inverts, such as the curved bottoms of
filter beds, sewers, etc., it is often best to omit the lag-
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ging as far up the side of the curve as the concrete will
permit without sloughing. The arch forms, however
should be in place to serve as guides in finishing the sur-
face. By omitting the lagging the concrete can be com-
pacted better, and a better surface finish can be obtained.

Much time and labor could be saved in the making of
concrete if the broken stone or gravel could be placed with-
out having to pass it through the mixer or having to pick
it all up in shovels and turn it a half a dozen times or
more. Such a process would not be productive of the
best grade of concrete because of the many chances of
air pockets being left and of lack of bond with the stone
due to failure of the grout to flow beneath the stones.
There are some situations, however, in which the kind of
concrete resulting from this process would meet all of the
requirements. This method of laying concrete for street
pavements is described in Concrete Engineering, Apr. 15,
1907, in a paper written by Mr. Walter E. Hassam. The
method there described is as follows. First the subgrade
is rolled to an elevation, for ordinary street paving in
concrete, about 6 inches below the finished surface. Then
broken stone of the egg size is spread to a sufficient depth
so that after rolling it will be 2 inches below the finished
grade of the street. The following is quoted from Mr.
Hassam’s paper.

“This foundation stone is rolled or compressed until
thoroughly compact, and the voids reduced to a minimum.
It is then treated with a grout, composed of one part of
cement to 4 of sand. This grouting and rolling is contin-
ued, until all the voids are completely filled. This pro-
cess gives an exceedingly dense concrete, which is very
strong.

“For the wearing surface, there is spread upon the
foundation, before it has set, sufficient stone, of the stove
size, to bring the street to the required grade after roll-
ing. This stone is uniformly rolled or compressed, until
embedded in and united with the foundation. Then it
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is given a thin grouting of Portland cement and sand,
mixed in the proportion of I cement to 2 sand.

“The voids are thoroughly filled with grouting, and then
the surface is rolled until the grout flushes to the top of
the stone. As a finish, there is then applied a thin layer
of creamy cement and pea stone mixed in the propor-
tion of 1 cement, I sand and 1 of pea stone.

“This surface is poured on, brushed and rolled to an
even surface. The street is then allowed to set for at
least 6 days, when it is ready for traffic. The layers fol-
low each other so closely that the foundation does not set
until the whole is complete. When complete, the entire
road is a solid, homogeneous mass of rock and cement,
that will resist anything that can possibly come in contact
with it.

“The finished surface of the pavement presents to the
casual observer a smooth and fine appearance, but, on
close examination, it is found to be somewhat rough, so
there will be no slipping of horses or skidding of auto-
mobiles.”

The above is the method of laying concrete used with
success in Worcester, Mass. It may be used for the con-
crete foundation of a brick or block pavement of any kind
or alone for solid concrete pavement. In a note regarding
these same pavements, in the Engineering Record, Vol
53, p. 625, it is stated that for a cement wearing surface a
thick grout of sand and cement is poured over the founda-
tion (of rolled stone) and immediately filled with fine
crushed stone and rolled.

It is certain that concrete made as above descnbed, with
thorougly mixed grout, would be equal to if not superior
to the half mixed commercial concrete that often goes
into our city streets. The rolling and consequent compact-
ing of the broken stone before applying the grout produces
a foundation that is capable of supporting considerable
load without the aid of the cementing grout.

Other cases where concrete may be made in place, with-
out handling the broken stone in the mixer are in rough
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retaining walls or breakwaters. In these the grout may be
introduced by inserting steel pipes at intervals and forc-
ing the liquid mortar into the voids, either by gravity or
by air pressure.

The Setting and Hardening of
Concrete.

It is important that concrete be free from jar or disturb-
ance during setting. It should not be subject to intense
cold or high heat. Water in small interstices, as in the
body of concrete, will not freeze at 32 degrees; but it will
freeze at a somewhat lower temperature. If the mater-
ials can be kept above the freezing temperature until the
concrete is placed, danger of freezing is lessened by the
heat evolved in the cement during the process of initial
set; so that temperature higher than about 25 degrees can
be worked in without much danger. This is especially true
of concrete in thick masses. In thin walls or slabs the heat
generated will be quickly lost and protection is needed.

Protection of setting concrete may be afforded by the
use of tar paper or canvas or boards laid over it. A foot
or so of hay is good for this purpose. Two layers of can-
vas or tar paper, separated by boards, will give very ma-
terial protection. If only a single layer is used, it should
not be allowed to touch the concrete, but should be kept
out by boards. If manure is used, it should not be al-
lowed to come in contact with the concrete, and it should
not be allowed to become wet. Water that has absorbed
elements from the manure is apt to be injurious to the
setting concrete and to cause it to rot and be useless., Ce-
ment bags or tar paper used for protection should be well
lapped.

Placing of concrete in temperatures below 25 degrees
should be avoided where possible. If it must be done, the
best thing to do is to enclose the work with canvas and
heat the enclosed space with salamanders, or better with
steam. The concrete should be protected from the direct
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heat of any kind of stoves, so that it will not be dried out
too soon and prevented from setting.

Though concrete that has been allowed to freeze and
afterwards to thaw has, after having had time enough to
set, taken on apparently the strength of properly treated
concrete, it is not safe to rely on concrete thus treated
in any structure where strength is an essential feature.
Freezing should be avoided and prevented by means that
will not heat up the concrete and cause drying out. The
use of salt in the water is not recommended. Anything
short of a strong brine would freeze at a temperature not
much below 32 degrees, and the possibilities of efflorescence
and of corrosion of embedded steel make the use of salt
an undesirable risk.

‘While thoroughly seasoned limestone concrete may stand
400 to 500 degrees F. without any detriment or change of
structure, and other concretes may stand more, it is not
safe for it to be subject, while setting and hardening, to a
heat that will evaporate the contained water. The pres.
ence of water is necessary to the hardening of the cement,
and, if it be robbed of this water, it will suffer in strength.

Concrete that is setting will suffer from other than
thermal conditions which would not effect seasoned con-
crete. Water containing decaying organic matter, sewage,
the discharge from pulp mills, etc. will rot setting concrete,
though these substances will not, in general, have a dele-
terious effect on hardened concrete. Some oils will weak-
en setting concrete which could be safely stored in con-
crete tanks.

Water is necessary to the hardening of cement. The
water of mixing, if it be a liberal quantity, is sufficient for
this purpose in some cases, as when the concrete is in a
damp place; but it is generally best, and sometimes neces-
sary to the safety of the structure or the integrity of the
concrete, to add water during setting. Concrete should be
covered and protected from the rays of the sun and from
wind to prevent evaporation of the water. Concrete
blocks (the kind that are made of a concrete having the
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consistency of “moist earth” and tamped in molds, and
from which the molds are immediately removed) are
greatly improved and made to approach the condition of
good concrete, if they are immediately soaked, upon re-
moval from the forms, by allowing a smooth stream of
water under no pressure to run upon them until they will
take in no more. Generally these blocks are kept sprink-
led with a little water for several days to “cure” them.
It would be better to use preventive measures and fore-
stall the ailment by mixing them with plenty of water and
allowing the molds to remain until the concrete will stand
up. Not much can be expected of a block so porous as
to turn dark gray after a rain, even if cellular construc-
tion does keep the inside of the wall comparatively dry.
Disintegration is almost sure to get in its work. No nat-
ural stones that are not compact would be acceptable for
building work.

Rich mixtures of concrete need especially to be kept
moist during setting, as these are more apt to shrink and
crack on the surface or in the body of the concrete. A
rich mortar finish or a troweled surface should be kept
wet for nearly a week and protected from winds and sun
to insure its solidity.

Any thin coating of mortar or grout should not only be
put on a thoroughly saturated surface, but should be lib-
erally wetted for a day or two. Such coatings are apt to
have their water absorbed by the wall or evaporated and
to lose their cohesion.

When a concrete wall or pier is placed in a cofferdam, it
is well to let in the water around it a day after the con-
crete is placed. Concrete requires longer to set under
water than in the air, but it acquires greater strength.
Specimens that have hardened in water will show much
greater strength than those that have hardened in the air.
Immersion in water should be delayed until initial set
takes place. Moistening concrete will delay the setting to
some extent. This should be taken into account in gag-
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ing the time to remove the molds. Humidity in the at-
mosphere acts in some degree like immersion in water.

The time that should elapse between the placing of con-
crete and the removal of the forms depends upon a num-
ber of things, among which are the consistency of the con-
crete, the richness of the mixture, the load sustained, and
the temperature and atmospheric humidity. Wet concretes
require longer to harden than dry concretes. Lean con-
cretes require longer than rich ones. Concrete hardens
more slowly under water or in a saturated atmosphere
than in dry air. Low temperatures delay the setting of
concrete. If the temperature be below freezing, the sett-
ing may be suspended. Failures have resulted on account
of forms being removed from concrefe that was frozen
and appeared to be hardened due to setting.

Another error apt to be made is to mistake drying for
setting. Drying is not a necessary accompaniment to the
hardening of concrete. In fact if the concrete is too warm
and the air too dry the early drying of the concrete that
will result will be detrimental to its strength. Concrete
should not be allowed to dry out until it has stood for
several days. Sidewalks should be sprinkled for four
or five days. They should be covered and protected from
currents of air. Plastered work and reinforced concrete
need special care in the matter of maintaining moisture
on the surface; otherwise shrinkage cracks will develop.
Concrete blocks need frequent and copious sprinkling,
which should be continued for a week or more.

Concrete receives its set when it reaches the state where
a change of shape cannot be produced without rupture.
This requires from a few minutes, in rich mortars of quick
setting cement, to several hours, in lean mixtures. A com-
mon way of determining when concrete has set is by pres-
sure of the thumb nail. After the set has taken place the
concrete continues to harden and gain strength for months
and sometimes for years. In ordinary weather nearly the
full strength is attained in six or eight weeks. Loading
tests may be made at this stage. Strength necessary to
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support its own weight is reached at varying periods de-
pending upon several conditions.

In counting the time that concrete should stand before
removing the forms days when the temperature is at or
below freezing should be counted out, or at least allow-
ance should be made for almost total suspension of the
hardening process.

It is safe to remove the forms from mass work, receiv-
ing at the time no load except its own weight, in from one
to three days; in warm weather with dry concrete, one day,
in cold or wet weather or with wet concrete, more time.
When the concrete will bear the pressure of the thumb
nail without indentation, it is ready to support itself in
this class of work. Thin walls should stand two to five
days. Slabs of reinforced concrete should stand about one
to two weeks of good weather before being called upon to
support their own weight. Slabs of long span may require
more time than two weeks. At the same time that the slab
centering is removed, or even before it is taken down, the
forms on the sides of beams and girders can be removed,
leaving the supports of the bottoms in place for a longer
time. This will afford an opportunity to inspect the sur-
face of the beams and girders and to plaster up any cavi-
ties before the concrete is too hard. Where practicable
it is well to leave the shores under beams and girders for
three or four weeks. Large and heavy beams should be al-
lowed to stand longer than short ones, because the dead
weight is a greater fraction of the load they are designed
to carry.

Column forms can be removed in a week or so, if the
entire weight of the beams is supported by shores close
to the columns, otherwise three weeks or more should be
allowed.

Arches of small span can have the centering removed in
one to two weeks. Large arches should harden a month or
more. Where practicable it would be well to leave the
concreting of the spandrel wall of an arch span until the
arch ring has hardened and the forms are removed. The
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settling of the arch often cracks the spandrel wall and
gives an unsightly appearance to the bridge.

Ornamental work should have the forms removed as
soon as possible, so that defects can be plastered up and so
that swelling of the wood will have less time to act.

Falsework should be removed carefully, without jar to
the concrete either by hammering on the boards or drop-
ping heavy pieces on the floor below. The supports should
not be removed when any unusual load is on the floor.
Materials should not be stored on floors that are not thor-
oughly hardened and self supporting.

Concrete in reinforced work should ring when struck
with the hammer, before the supports are removed.

Finishing Concrete Surfaces.

One of the chief difficulties in connection with the use
of concrete is to get a surface finish that is pleasing in
appearance and at the same time economical. The various
methods in use will be taken up with a view of showing
their good and bad features and their limitations.

Surfaces that are wrought in other materials than con-
crete will first be considered.

A common and acceptable surface finish is a veneer of
brick. Brick work in 4 in. thickness may be laid against
a concrete wall. For example, if a 13 in. wall would be
required, an 8 in. wall of concrete may be put up in the
regular way, using wooden forms, then the brick may be
laid outside of this. Metal bond is often used, small pieces
of wire or other metal being bedded in the concrete and
projecting out to be built into the brick work. An other
than metal bond is preferable. The metal is not thorough-
ly protected in a brick wall because of the porosity of the
wall. Occasional belt courses of cut stone projecting out
for the support of the brick work would serve to lessen
the height of the unsupported brick veneering and thus
lessen dependence on metal bond. A good method of bond-
ing -would be to leave vertical recesses, at intervals, about
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the width of a brick. Into these headers could be laid and
thus a very satisfactory bond secured.

Another way to have a brick surface is to lay up the
brick wall and use it as the outside of the form pouring
the concrete behind it.

Cut stone and artificial stone veneers may also be used
in the same way as brick. This is satisfactory for a wall
not taking much vertical load. It may lead to structural
weakness, if used for a pillar taking a concentrated load.
More than one case could be cited in large buildings,
where reliance upon a combination of a stone shell and a
core of other material in a pillar, to take a load, necessi-
tated the removal of the pillars and the insertion of steel
columns after the walls were completed. Cracks in the
stone veneer showed that it was taking the load, and that
it was not capable of withstanding it. In one building
the core was of rubble masonry and the shell was of cut
stone; in another the core was of concrete and the shell
was of artificial stone. Both rubble masonry and con-
crete will shrink on account of the large proportion of
mortar. The cut stone and the artificial stone, with their
deep courses and thin mortar joints, do not shrink any
perceptible amounts. The result is that about all of the
load must be carried by the veneer. The same fault has
been observed, where tile facing was backed with brick.
In this case the cracking of the tile was attributed to
failure of the mortar to set because of the cold weather.
Settling of the brick work behind the weak tile would,
however, be apt to produce the same result in work set up
in warm weather. In construction of this sort no depend-
ence whatever should be placed upon the veneer in sup-
porting the load, and it should be built in such way as to
allow the core to shrink in setting. This might be effect-
ed by using wooden blocks a trifle higher than the stones
for one or more courses and removing these later and sub-
stituting the stone or tile. It might also be done by leav-
ing out the top course of stone or tile facing. Or a number
of the joints in the facing might be raked out, soon after
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the concrete backing is placed, and, after the concrete has
set and shrunk, these joints could be pointed. The use
of dry tamped concrete would lessen the shrinking. In a
long wall brought up slowly the shrinking will not be so
harmful. In a small pillar a cast iron or steel column
should be used in the middle.

In the. present state of the art artificial stone or cut
stone facing is probably the best surface treatment for
concrete in such construction as residences and office build-
ings. This is partially due to the fact that concrete work-
ers have not developed the skill that workers in the other
materials possess. Brick work with the outer % in. or so
of mortar “raked out” (or blocked out with wooden cleats,
as is done in practice) makes an appropriate and pleas-
ing surface finish for rugged styles of architecture.

Blocks in glazed tile are made use of for external fin-
ish of buildings. With these it is even more important
that but a short height be laid at once, if concrete is poured
behind them, or some other precaution be employed to pre-
vent their receiving any of the load of the walll These
tile are brittle and unreliable in supporting loads.

Thin tile can be used as an external finish by pasting
them on paper, as they come for pavements, and then past-
ing the paper, with bill posters’ paste, on the inside of the
forms before concrete is placed. Before the forms are
removed they must be thoroughly flushed with water.

Boulder facing may be made on rustic walls or arch
spans by placing the boulders against the forms and then
the concrete behind them.

Of the surface finishes that are made in the concrete
itself there may be mentioned those that are made in the
concrete by aid of the forms, while it is being placed, and
those that require subsequent treatment.

If the concrete is simply placed against the rough sur-
face of sawed boards, it will have the impression of the
saw marks and grain and knots as well as the cracks or
joints. This is far from pleasing for any surface above
the ground. When the form.; 5agairlst the exposed face are



made of planed boards, tongued and grooved, and neatly
jointed, the 'surface is greatly improved. A broad surface"
can be relieved of its monotony by paneling.” "The larger -
and rougher the surface the bolder the ‘panels should be."
Long retaining walls should preferably havé panels to ’re-
lieve the dead flat surface.

If the concrete is ‘thrown indiscriminately against the
forms, the surface will not present a -smooth appearince,
especially if dry concrete is used. By manipulating the
‘concrete with spades or shovels it can be given a richer
dnd smoother surface. As a layer of concrete is placed
a shovel is run down against the form and the larger stones
shoved back. This allows the mortar of the concrete to
flow against the form, and a surface of mortar results.
Sometimes a perforated shovel or spade is used for this
purpose, and the mortar passes through the perforations.
With rammed or dry concrete the -spade may be used to
shove back the concrete and a wetter mortar poured in.
Of course the smoother the forms for this class of work
the better will be the appearance of the work.

In narrow forms it is recommended by one-engineer
that instead of a spade a hoe be used w:th the blade bent
nearly in line with the handle.

Another way by which a mortar finish may be made is to-
plaster the forms with cement mortar in advance of pldc-
ing the concrete. The mortar and corncrete are united by
tamping. :

Another way to obtain a mortar finish is to place a loose
board against the forms and tamp the concrete behind ‘the
board. The board is then removed and mortar run into
the space that it occupied. This is of course only appli-
cable to comparatively dry concrete. )

Still another method is to use a sheet of steel on the-
one side of which are riveted 1” x1” angle irons to act
as runners and spacers. The sheet may be any convehient
width ‘and length, depending on the nature and size of the
work. Tt is flared out at the upper edge to act as'a hop-’
per. The contrivance is placed with the angle irons against
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the surface to receive the mortar finish. Mortar is placed
on one side and concrete on the other. Then by means
of handles the sheet is drawn up and the concrete tamped
to unite the mortar and concrete. It should not be drawn
quite out of the concrete. There is difficulty in carry-
ing up a long line of this kind of concreting, especially at
corners and at the junction of two sheets. It cannot be
worked well in a narrow space.

Of the foregoing methods the manipulation with the
spade or other similar tool against the forms is probably
the most satisfactory for the reasons that it can be done
with wet concrete and in a narrow space, and because it
results in a more uniform concrete. The mortar of the
entire mass is uniform, the only difference at the sur-
face being that the stones are not exposed. Separate mor-
tars do not bond so well. 1t is especially true of work done
in freezing weather that a mortar of a different mixture
from that of the concrete is apt to-break away from the
body.

Concrete of small aggregates, as that used in reinforced
concrete, does not need to have the mortar brought to the
surface, as a rule. The churning and puddling, which
should be done in any case to work out the air bubbles
and to work the concrete into corners and around the
steel, will serve to give the concrete the smooth surface
desired, if the mixture is the proper richness and con-
Jistency.

In order to cover up the roughness of the boards and
to prevent them from adhering to the concrete, as well
as to prevent the knots from discoloring the concrete, a
filling coat is sometimes used on the wood. Soit soap
may be used for this purpose, applied with a brush. Lin-
seed oil may also be used. Fatty oils should not be used,
as they act on fresh concrete disintegrating and discolor-
ing it. Hot paraffine is sometimes used. Crude oil is a
very good substance to prevent adhesion of the concrete
to the wood. A mixture of crude oil and kerosene also
gives good results,

/4



If the wood is thoroughly wet with water before the
concgete is laid, there is not much danger of conecrete ad-
hering. This wetting is to be recommended for the fur-
ther reason that the wood will not then absorb water from
the concrete.

Paper, unless it is oiled, will stick to the concrete and is
hard to remove. Burning may have to be resorted to.

One method used successfully to cover up the grain of
the wood was to paint the surface with a gloss oil and to
blow sand into this with a bellows.

The author does not know of any case where canvass
painted with linseed oil has been used as a cover for rough
forms, but he believes it would be an admirable material
for the purpose. It is whaterproof and would therefore
not absorb water from the concrete; it would also prevent
the leaking of the liquid mortar that occurs at cracks or
joints in the wooden forms. It would probably be econom-
ical for the reason that it does not require planed boards
in the forms and it could no doubt be used repeatedly.
| It would further help to keep the frost out of the concrete.
; With all the means used to cover up the irregularities
.of the wood and to make the surface smooth there will
still be some roughness not commercially avoidable. Some
treatment after removal of the forms is generally neces-
sary. Air pockets may occur in places where the holes
will be exposed. These should be plastered with a rich
mortar. Corners may break off in removing the forms.
These should also be plastered. If large chunks of con-
crete break away in an important part of the structure,
the best thing to do may be to remold the piece. Any
sign of extended weakness in the concrete may show
that a bad batch of concrete was used or that the con-
crete has been mistreated during setting.

If made right, the concrete surface will have a skin of
neat cement. It is generally desirable for appearance sake
to remove this, and there are several ways to do it, de-
pending upon the -length of time that the concrete has set,
before it can be made accessible for treatment. The time
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that -elapses. from the placing of the concrete umtil the
surface can be exposed depends upon the kind of congrete
and the. nature of the part of the structure in question.
_If the, surface. can, be expased a. few. hours after the
concrete is placed, this cement may be removed with clean
water applied by means of a hose. ' The. hose should be
used without 3 nozzle, as. the pressure would gouge out
stongs. Water may also be applied with buckets. Heavy
walls in dry concrete could probably have the forms re-
moved in half a day or so after concrete is placed, and
the surface could be thus treated. The forms should not
be removed so.soon on a high section of wall.

- If the concrete. has set for about 24 hours, clean water
and  scrubbing brushes will rémove the outside skin of
cement. If about. two days have elapsed, wire brushes
may be needed, using water to wash away the loosened
cement. .If the concrete surface is hard, more vigorous
work - is. required to. make ‘it smooth and to take off the
skin, of cement. Blaocks of sandstone, or of concrete of
cement and sand, or. of carborundum, with water, may be
used to scour the surface. These are rubbed with a cir-
cular. motion. When a sand blast is available, this is an
excellent means of accomplishing the desired result.

Some. preliminary treatment” will usually be found to
be necessary, such as chipping off rough projections, as
those. left by cracks in the mold, filing off the arrises, etc.

These. scouring processes. have for their object the se-
curing of a smooth surface. Sometimes, after the surface
is.. washed and scoured reasonably smooth, some grout of
cement- and sand is brushed on, and by the same circular
motion with the bricks, this grout is worked into any
pores in the surface. The result, after the setting of the
grout is a very smooth: surface.

A smooth surface is. not always desirable. Some rough-
ness is more. in keeping. with the nature of the concrete
and is more pleasing in appearance in many situations.
The washing or scrubbing.off of the skin of neat cement,
above. described, will expose the surface of the aggregate
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and leave the desirable dull or rough surface without any
further treatment. The appearance will then depend upon
the selection of the aggregate. If a mortar of sand and
.cement be exposed on the finished surface, the washed
surface will resemble sandstone. By using white sand the
appearance will be that of nearly pure white sandstone.
Other colors can be obtained by using different colored
sands.

Torpedo sand, a sand having large grains, used in the
surface mortar, will, when the surface is washed clean of
the cement skin, give a good appearance. The same is
true of small regular sized pebbles or of small sized
crushed granite or limestone, screened to % in. or so.
Colored granite can be used with good effect to obtain a
red, black, or gray surface. Colors obtained in this way
are more durable and uniform than those made by use
of coloring pigments.

The surface treatment by use of regular sized particles
in the aggregate and subsequent washing off of the skin
of cement may be carried to any size of stones, even td
that of cobble stones. This style of finish in pebble size
is especially appropriate in park pavilions, concrete fences,
etc. If a dense impervious concrete is not essential, a
dry mixture can be used and the washing away of the
mortar skin dispensed with. This sort of finish on rein-
forced concrete arches can be employed by using the dry
concrete with coarse sand, or small pebbles, or % in. bro-
ken stone for a depth of an inch or so against the forms
and a wet impervious concrete surrounding the steel.

Where the concrete is molded and not plastered, there
is an advantage in using a stiff mixture in preference to a
wet mixture, as the forms can be removed in a shorter
time, and the washing off of the cement is easier and
cheaper of accomplishment than when it has a harder set.
The lack of density and impermeability due to the dry
mixture would make this method less applicable to build-
ings whose character demands that the walls be not ab-
sorbent of water.

100



Concrete of materials not affected by acids, such as sand,
gravel, granite, and trap can be treated to a surface scrub-
bing of a 20 per cent, solution of hydrochloric acid. This
will remove the cement skin, even after a hard set. The
acid must be immediately neutralized with alkali to pre-
vent penetration into the concrete, and all must be washed
off with clean water. The disadvantages connected with
this method are the high cost and the difficulty of hand-
ling the acid to apply it and the fact that the acid that
wastes and is not neutralized may penetrate into the base
of the structure and destroy the concrete.

This acid wash may also be used to remove efflorescence
from concrete surfaces.

Coloring of the surface of concrete may be effected, as
stated, by using naturally colored aggregates and washing
the surface. Pigments are also used. These are not apt
to be very permanent. If used in large quantities they will
weaken the concrete. If used in the entire body there is
a waste of material in that which is not exposed, and it is
difficult to get uniformity by any other means, unless it
is a case where plastering is permissible. If pigments are
used, it is best to mix them thoroughly with the dry ce-
ment. A little lamp black can be used to advantage in
ordinary concrete to relieve the dirty color of the concrete.
This could be placed in the mixer with the cement, a given
quantity for each bag of cement.

Concrete surfaces will not hold oil paint very well; the
washing off of the skin of neat cement will make them
more retentive. In any event oil paint is not appropriate
to the nature of the concrete except for interior walls and -
ceilings. A wash of neat cement can be applied to a wall,
or the cement may be mixed with plaster of Paris or bet-
ter with