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Wood in the Construction of Mill Buildings

Is It a Suitable Material >—Large Factory Built Only Five Years Ago to Be Torn Down and

Replaced by Reinforced Concrete—Corrosive Sublimate Suggested as Preservative Where

Conditions Are Favorable to Growth of Fungi—Ten Precautions to Be Taken Against Decay
By W. KYNOCH, B.Sc.F., F.E., and R. J. BLAIR, B.A.

Forest Products Laboratories of Canada

FREQUENTLY have the Forest Products Laboratories
had occasion to draw attention to the serious financial
© losses resulting from the ravages of so-called dry rot
In mil] or factory buildings of wooden construction.
Numerous cases in which this trouble has occurred in
Canadian buildings have been carefully investigated, and
one of these which has been under observation for up-
Wards of a year affords a typical example of a deplorable
State of affairs which could have been entirely avoided
had those concerned in the erection of the building been
guided by the necessary knowledge of the technology of

- Umber and the mechanism of the decay of wood.

From the point of view of the owners of the building,
the facts are as follow: Five years ago a large factory
uilding was constructed with heavy timber columns and
€ams and laminated floors of 2-in. x 6-in. planks, over-
laiq by 74-in. hardwood. The timber was but partially
S€asoned when installed. The operations carried on in
the building are such that the relative humidity in the
Nterior is usually high. Serious decay was first noted
ahout three years after the erection of-the factory, and

Fig, 1—Rapid Growth and Lagv Density

-
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I € that time has apparently become steadily worse.
e Ciring out of practically the whole of the timber
s ruqmn has now become imperative, and the owners

have decided to replace entirely with reinforced concrete
at an estimated expenditure of $100,000.

The decay of wood is due to the action upon it of low
forms of plants known as wood-destroying fungi and
bacteria. For practical purposes the bacteria may be
ionored. The germs of decay are not inherent in timber;
infection must come from outside, and sound wood be-
comes infected in two ways, namely, by contact with

Fig. 2—Slow Growth and High Density

either tissue or spores of a wood-destroying fungus under
suitable conditions of temperature, moisture and air
supply. - It should be noted that this is not merely an
interesting theory. It is a hard fact proved beyond dis-
pute by extensive research and thousands of carefully
conducted tests, and we can now induce decay in timber
at will in the laboratory. A number of kinds of fungi
which can be definitely identified are responsible for the
destruction of timber in buildings.

In the particular case under discussion the range of
temperature and relative humidity of the air in the factory
were ‘such as to provide exceedingly favorable conditions
for the growth of several of the most destructive kinds.
In addition, the unseasoned state of the timber facilitated
decay because it was not even necessary for the wood to
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absorb water from the humid air before reaching the
moisture content permitting the action of the destructive
agent,—the moisture was there already. Lastly, a large
quantity of the timber used was of the character shown
in Fig. 1; that is to say, of rapid growth and low density.

Woods Difier in Powers of Resistance

Different pieces of wood, even of the same species,
differ in their ability to resist attack. Fig. 2 Shows
timber of slower growth and higher density and possess:
ing much greater resistance to wood-destroying fungl.
What occurred, therefore, was that timber of low re-
sistance, in a condition to invite decay (i-e-» unseasoned),
was placed in a building in which the operations to be
carried on gave rise to very favorable conditions for the
growth of several extremely destructive kinds of fung.
It is therefore obvious that it could have been predicted
that, in all human probability, decay of the timber would
oceur. : ;

Such instances, and they are numerous, .raise an !m-
portant point for the consideration of the engineer. They
do not simply happen without warning like an earthquake
nor are they due to some mysterious and unknown cause.
The cause is known and the trouble can be prevented by
proper procedure. Wood initially sound will last for an
indefinite period, so far as decay 1is concerned, if any one
of the factors essential to the growth of fungi is lacking
or can be effectively controlled. The moisture factor 15
especially important. 1f the required amount of moisture
is present in the wood, the fungi can grow in it. If it
can be kept thoroughly air-dry, their growth is abso-
lutely prevented.

It is, of course, rarely practicable under ordinary ¢2n-
ditions to -control the moisture content of the wood, the
humidity of the air, temperature or air supply. The food
supply of the fungus, however, tha® is the wood itself,

can readily be controlled in that by efficient imp-egnation -

with a suitable preservative it can be made chemically im-
possible for the fungus to act upon it. In the particular
mill with which we are now concerned, the conditions
were so exacting that the timber should without doubt
have received efficient preservative treatment.

Use of Preservatives

The selection of the preservative to pe used for the
treatment of timber for a mill or factory building should
depend on the circumstances of the particular case. A
material which has been employed in several cases in
Canada and the United States is mercuric chloride (cor-
rosive sublimate). This preservative has been in com-
mercial use to a rather limited extent for many ycars for
the treatment of timber for various purposes, both in
Europe and on this continent, and has given excellent
results. ;

Before the war, several concerns of which the writers
have knowledge treated timber with mercuric chloride for
use in their own mill buildings at a cost of about $3.00
per thousand feet B.M. The price of the preservative
has since advanced so greatly, however, that it might in
some cases prove prohibitive at the present time. O her
less costly preservatives which might be used are zinc
chloride and sodium fluoride. The laboratories would be
glad to furnish, on request, further particulars regarding
the use of these materials for the treatment of timber for
mill buildings. Timber to be treated with preservatives
should always be thoroughly air-dry. Treating green or
very wet wood is time and money wasted, as little or no
penetration of the preservative can be secured. In the
case of large structaral timbers, which frequently take

_soundness, density and proportion Of heartwood, and
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years to become seasoned, the outer inch at least should
be reasonably dry before treatment.

In mill or factory buildings, or parts of the same,
where the operations carried on create very favorable con-
ditions for the growth of fungi, the use of untreéated
timber, especially timber of low density, or timber cOn=,
taining much sapwood, is inviting disaster. If the timber
he efficiently treated, however, there is no objection to
the presence of a considerable proportion of scund tap-
wood or to the use of sound second quality or low density
wood, provided that where necessary due allowance be
made for the lower strength of the lighter material. The
added cost of treatment could therefore in some cases be
partially offset by using less costly timber.

It must not be inferred that treatment of timber for =
mill construction is always necessary. It is only requisite
where the conditions are especially exacting. In other
cases the use of timber of the proper quality and the
observance of the following precautions will give reason-
able assurance of immunity from decay :—

Precautions Against Decay

(1) Only dense material of the more durable species
should be used, and the proportion of sapwood allowed lﬁ
should be small. '

(2) The timber should be carefully inspected as 10

material not up to specifications should be rejected.

(3) Planking should be thoroughly seasoned in all
cases. In large timbers the outer inch at least should be
reasonably dry.

(4) Timber delivered on the work should be piled out
of contact with the soil and with any unsound wood.

(5) All reasonable and practicable precautions should
be taken to keep the wood as dry as possible before and
during construction.

(6) Laminated floors should not be built while the
wood is wet. If this is unavoidable, it is advisable tO
proceed as follows: As scon as the building is completed
and the heating plant installed, close all doors an
windows, raise the temperature inside the building t0»
say, 120° F. or as near this as possible, and maintain
this condition for several days. If this can be done be-
fore building paper, pitch or hardwood flooring is applie
over the laminated flooring, so much the better. (In the
case of storage or other buildings not provided with heat-
ing plants, it is suggested that some temporary means of
heating might be used. Where this is not feasible it
would be safer to build with treated timber.)

(7) Wood should not be covered with plaster or othef
materials or painted until at least two years after thé
building has been occupied. 3

(8) Construction at joints, where beams enter wallsy
etc., should be such as to permit of ample ventilation.

(9) Special care should be taken in the constructio?
of roofs when untreated timber is used. It is necessar
to have the interior roof planking thoroughly insulate®
so as to prevent condensation of moisture on it in winter*

(10) An examination of the planking and timber®
should be made periodically, say, half-yearly, during th“
first three or four years after the completion of !
building.

That timber frequently becomes infected in the tumbe’
yard and that trouble from decay in mill buildings oft€%
arises from the installat'on of such infected timber
beyond question. Whether infection cecurs in the Jumb®

(Concluded on page 118)
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ENGINEERS' MEETING AT SASKATOON

'OLLOWING is the program that has been prepared
for the first Western Professional Meeting of the En-
gineering Institute of Canada, to be held August 8th

to 10th at Saskatoon :i—

Good Roads Session, Thursday afternoon, August
8th—Opening address, by Dr. W. Murray, president,
University of Saskatchewan; ‘‘Location, Construction
and Maintenance of Earth Roads,” by H. R. Mackenzie,
chief field engineer, Province of Saskatchewan, Highway

" Department ; ‘‘Manitoba’s Experience,”’ by A. McGilli-

vray, highway commissioner of Manitoba; ‘‘Alberta’s
Xperience,”’ by J. D. Robertson, engineer of highways,
partment of Public Works, Alberta; ‘‘System of Trunk

- and Feeder Roads,” by W. M. Stewart; ‘‘Methods of

Financing for Good Roads,” by W. H. Greene, assistant
City engineer, Mcose Jaw; ‘‘Provincial Policy of Mani-
toba,’’ by A. McGillivray ; ‘‘Provincial Policy of Alberta,’’
By L. C. Charlesworth, deputy minister of public works,
Alberta ; ““Provincial Policy of Saskatchewan,’”” by H. S.
arpenter, deputy minister of highways, Saskatchewan;
Supper at University of Saskatchewan.
.. Water Supply and Sanitation Session, Thursday even-
g, August 8th.—‘‘Rural Community Water Supplies,”
Y E. L. Miles, inspecting engineer, Department of Irri-
8ation ; ‘‘General Water Supply for Saskatchewan,’ dis-
Cussion by various branches; ‘‘Rural Sanitation,” by W.
ulr Edwards.
; Concrete Session, Friday morning, August gth.—*“De-
rioration of Concrete,”’ by B. Stewart McKenzie, con-
Sulting engineer, Winnipeg; ‘‘Chemistry of Concrete,”
By A. G. Blackie, city chemist, Winnipeg; ‘‘Concrete in
Alkali Soil in Saskatoon,” by H. Mcl. Weir, assistant
:.'ty engineer, Saskatoon; ‘‘Observations of Disintegra-
i:'::in of Concrete in Edmonton Districts,”’ by J. A. Kelso,
ustrial chemist, University of Alberta; ‘‘Observations
* Concrete Failures,”” by F. C. Field, city chemist, Cal-
8fary (paper prepared by a special committec); ‘‘Methods
roportioning Concrete, Based on Recent Experimental
ork,” Ly Duff A. Abrams, professor in charge of
atory, Lewis Institute, Chicago; lunch at University
SEISkatchewzm; address by Secretary Keith.
¢ Fuel Session, Friday afternoon, August gth.—*‘Fuels
V'E.Stem Canada,”” by James White, assistant
« ?hﬂlrman, Commission of Conservation, Ottawa;
O"QUGtting of Lignites,”” by R. A. Ross (report of
uE“Ora{'y Council for Scientific and Industrial Research);
Xperiences with Combustion of Lignites,” by E. C.
D(;rt anson, consulting engineer, Winnipeg ; ‘‘Fuel Trans-
ma2tion,”” hy W. B. Lanigan, assistant freight traffic

m ~ . . 3 i
-Ofagager, C.P.R., Winnipeg ; banquet, given by the City

_dresaskatoim; address by the mayor of Saskatoon; ad-

35 by President Vaughan.
W l(’ffisslona] Session, Saturday morning, August roth.
F. i 8islation Governing the Status of Engineers,” by

;ll Peters, chief engineer, Department of Irrigation,
Wa;:gagy; “Draft of Proposed Act Concerning Saskatche-
n

lation Dgineers,’’ hy C. P. Richards; ‘‘Suggested Legis-

Winn'm Manitoba,”” by W. P. Brereton, city engineer,
Edwa:%eg; ::Sug'gcsied Legislation, Alberta,”” by W. M
ilneerinsm; Proposed Co-operation Between the En-
Dstity °,,I'1St1une of Cansda and the Canadian Mining
t¢,”’ by F. H. Peters.

chu;;s:turdﬂy .afternoc.m, :’\ug’ust'lo'h-, thqre will be an
exc‘“‘sio ;0 various points of engineering interest. An
ursg N for visiting members will also be arranged for

< A¥ morning, August 8th. A ladies’ committee has

talnma"ang'§<l to l2ok after wives of membe-g, and enter-
ents will he provided. :
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CANADIAN ENGINEERING STANDARDS

COMMITTEE

NDER the chairmanship of Sir John Kennedy, there

was recently created in Montreal an organization to

be known for the present as the Canadian Engineer-
ing Standards Committee. Its primary objects are to
secure interchangeability of parts; to cheapen manu-
facture by the elimination of waste entailed in producing
a multiplicity of designs for one and the same purpose;
1o effect improvement in workmanship and design; and,
by concentration rather than by diffusion of effort, to
expedite delivery and reduce maintenance charges and
storage.

The Canadian Government has officially endorsed the
establishment of this committee and has appointed as its
nominees Lieut.-Col, W. P. Anderson, C.M.G., chief en~
gineer, Department of Marine; Dr. E. Dev.lle, surveyor=
general; Dr. A. B. Macallum, F.R.S., chairman of the
Honorary Advisory Council for Scientific and Industrial
Research; Lieut.-Col. C. N. Monsarrat, consulting en=
gineer, Department of Railways and Canals; Capt. R. J.
Durley, M.B.E., representing the Imperial Ministry of
Munitions ; Major W. ]. Keightley, chief inspector of
military stores, representing the Department of Militia;
E. O. Way, chief inspector of weights and measures,
representing the Department of Inland Revenue; and K.
M. Cameron, supervising engineer, Department of Publ.c
Works.

The Canadian Manufacturers’ Association is repre-
sented by William Inglis, of the fohn Inglis Company,
Toronto; and P. L. Miller, generai manager of ©anadian,
Vickers, Montreal.

The Honorary Advisory Couneil for Scientific and In-
dustrial Research is represented by Robert Hobson,
president of the Steel Company of Canada, Hamilton;
Prof. J. C. McLennan, F.R.S., University of Toronto; R.
A. Ross, city commissioner of Montreal; Dr. R. F.
Ruttan, McGill University; and Arthur Surveyer, con-.
sulting engineer, Montreal. :

* The Institution of Civil Engineers of Great Britain, at
whose urgent request this committee was established, and
who fathered the movement for the establishment of the
British Engineering Standards Committee, is represented.
by Sir John Kennedy, consulting engineer, Montreal ; W.
F. Tye, consulting engineer, Montreal; H. H. Vaughan,
general manager of the Dominion Bridge Company,
Montreal; and Dr. John Bonsall Porter, professor of
mining engineering, McGill University.

The Engineering Institute of Canada is represented by
G. H. Duggan, managing-director of the Dominion
Bridge Comptny, Montreal; and Dr. L. A. Herdt, pro-
fessor of electrical engineering, McGill University.

The Canadian Mining Institute is represented by Dr.
Alfred Stansfield, professor of metallurgy, McGill Uni«
versity; and F. H. Crockard, formerly president of the
Nova Scotia Steel and Coal Company.

At the organization meeting, Sir John Kennedy, to
whom the formation of this committee was suggested by
the late Sir John Wolfe Barry, was unanimously ap-
pointed chairman. H. H. Vaughan and Capt. R. J.
Durley were elected as vice-chairmen; Dr. John Porter,

honorary secretary-treasurer; F. S. Keith, secretary.

At the urgent request of the British committee, sub-
committees on screw thread and airplane parts were
created under the chairmanship of H. H. Vaughan and
Capt. Durley, respectively: It is intended that other
sub-committees shall be appointed as required.
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CHEMICAL AND BACTERIOLOGICAL EXAMINA-
TION OF THE LONDON WATERS*

By Sir A. C. Houston, K.B.E., D.Sc.

Director of Water Examination, Metropolitan Water Board.

N the spring of 1916, when the growth of Fragillaria

and Asterionella was very active, a great many

laboratory experiments were carried out to see how far
multiplication took place in non-algal affected water when
- artificially ‘‘seeded’”’ with very small amounts of water
in which alga or other growths were flourishing, and also
what conditions favored and inhibited the occurrence of
these changes. In 1917 the matter was again investi-
gated and further information obtained, and the novel
procedure was adopted of micro-photographing the
growths in the water so as to yield a permanent quanti-
tative and qualitative record of what had actually taken
place. There was a time when filtration difficulties were
put dowin to the presence of fish spawn in the water. We
now know differently, and within limits can even imitate
artificially the operations of Nature, and study the factors
favoring or inhibiting the development of algal and other
growths. It must not be supposed that the hard Thames,
Lee and New River waters are alone susceptible to these
growths. In the winter of this year the experiment was
tried of inoculating a very soft moorland water with 1
per cent. of Banbury (Walthamstow) reservoir water,
which at that- time was ~fostering the growth of
Asterionella.

Algal Growths

The size of algal and other growths in water varies
according to circumstances, chiefly unknown. For ex-
ample, sometimes Cyclotella may be so relatively large
that it is apt to be confused with Stephanodiscus, and
sometimes the converse is true. In much the same way
Asterionella may occasionally take on a larger mode of
growth. :

The water in King George's reservoirs developed a
peculiar color in 1916, which persisted until the autumn
of 1917, when the south reservoir cleared, but the north
reservoir water is still (1918) abnormal in color. Seen in
a bottle the color was hardly visible, but when viewed in
bulk in the reservoirs it had a decidedly reddish-purple
tint. When alum was added to the water, the flocculent
precipitate produced was decidedly pink in color. Under
the microscope minute cells, like cocci, embedded in a
gelatinous material were observed, and there can be little
doubt that the red colorization was due to the presence of
a Palmella-like growth, comparable to that producing the
phenomenon known as ‘‘red snow.’’ (? Protoccus Nivialis
or Palmella Cruenta). It has frequently been pointed out
that in algal treatment the offending growths can be
destroyed, yet the risk may remain of other and more
resistant growths taking their place. A notable instance
occurred in 1917 during the continuous treatment of No.
1 reservoir at the West Middlesex Works with copper
sulphate (1 in 4 millions). ~ The growths (Fragillaria,
Asterionella, Stephancdiscus, filamentous confervoid
growths, etc.) affecting the neighboring reservoirs were
almost completely held in check, but a fresh growth, com-
posed of such excessively minute cells that they pass
readily through four folds of fine linen, developed
ahundantly and caused serious blocking of the filters.
Incidentally, this result shows that linen filtration results
cannot always safely be compared with slow sand

filtration.

¥From a report for the vear ending March 31st, 1918,
Metropolitan Water Board, London, Eng.
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In August, 1915, a very decided growth of Stephano-
discus occurred in the Stoke Newington reservoirs, caus-
ing rapid choking of the filter beds. At the beginning: of
July, 1917, a very similar growth (Cyclotella) began to.
develop, but the part played was no longer a passive one.
By a judicious gombination of chlorine and copper sul-
phate treatment the filtration difficulties were entirely
overcome, no water was wasted, and the use of the reser-
voirs .as settling and purifying agents was practically
The procedure was to.shut off the west
reservoir for a few days, whilst it was being treated with
copper sulphate (1 in 2 millions), and to short-circuit

chlorinated water through the east reservoir on to the

filter beds. A recrudescence of the growth occurred later

on more than one occasion, but it was each time dealt =

with in a similarly successful manner. :
During the January, 1918, flood, when the River

Thames was at its. worst (January 16-27), Staines stored

water was used for filtration purposes. Fortunately the
water was in a very good condition, but emphasis must
again be laid on the fact that almost insuperable filtration
difficulties might arise if the Staines water was badly
affected with algal growths coincidently with a heavy
Thames flood. It is perfectly true that in the late autumn
and in the winter months, when floods are most likely to
occur, the growths in the Staines reservoirs are usually
at a minimum, but the 1903 summer floods are not easily
forgotten. Whilst dealing with Staines reservoir water,

attention should be directed to the rather abundant growth .

in thel water, especiafly about June, 1917, of Glenodinium.
In this year (1918) advantage was taken of the mid-
January floods to test the ‘‘resistance to filtration’’ of the

River Thames daily and also to obtain pictorial records =

of the state of the water.

» It may be practically impossible to close the ‘““‘intakes’
during the whole of a flood, but there is no good reasin

why the worst water should not be excluded from the

storage reservoirs. The chemical and bacteriological
gvualltlejs of flood water have been so frequently dealt with
in previous reports that all that need be said here is that

on January 18th, 21st and 22ind the color of the River
Thames was actually 428, 452 and 420 respectively, as

against an average color of 71 (1906-16). The admission

R ; Sp Lo Al AE Ny
f water of this quality into storage reservoirs is a most -

undesirable ‘‘leavening’’ process. Our knowledge of
growths in reservoir water may be limited—our knowledge
of most things is necessarily imperfect, but so far aqoit
goes, it points unequivocally to the exclusion of impure
flood water.

Growths in River and Storad Water

In previous reports it has been explained that river =
water usually contains so few living growths that any 3
difficulty experienced in its filtration is largely due to the .
presence of amorphous dead matter (e.g. mud and silt): -
Unless then developmental changes occur in the storag‘*:

reservoirs, it might be expected that the suspende

matters would largely settle out and the outlet water from

the reservoirs filter extremely well. This indeed is found

to be true in the cases of some of the reservoirs (notably

On the other hand, if d :
0 and, evelop”
mental changes do occur 'in the reservoirs, the gain in

Walton and Chelsea).

.sfettlemcqt (;f the dead suspended matters may be largelys
if not entirely; lost by the blocking of t ivi

J ) > effect
it g effect of the new living
;  Walton and Chelsea are excellent examples of reser”
voirs which, for some reason or another, have not, so fafy

favored any luxuriant algal or other growths The |
average ‘‘filtration figures’’ based on the examination of
samples collected bi-weekly for the calendar year 1917

e
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Were remarkably good, namely (Walton) 274 and 270
(_Chelsea). The Walton reservoirs have not been in use
for very long (since 1911); they have flat clean bottoms,
and attention in their design and construction was paid
to the desirability of encouraging good circulation of
Water. The Chelsea reservoirs are old, but the method
of circulating water through them appears to be satis-
factory. o

. It should perhaps be added that sometimes the water
In these reservoirs (Walton and Chelsea) has shown the

Presence of a few of the very organisms which in other -

Teservoirs were undergoing rapid multiplication; yet no
development occurred, looking as if more of them were
Needed to start an active multiplication process, or as if
Some other unknown condition were lacking for their
Sustained development,

The réle played by these organisms in connection with
Water purification is not fully understood. Some of them
€xercise a useful function in reducing the hardness of
Water and, within certain limits, in increasing the effective-
fess of the protective film formed on the surface of the
Sand filters. On the other hand, they may sometimes
gl\fe rise to taste troubles, and when superabundant ‘‘seal
Up” the filter beds so rapidly as to disorganize the whole

Machinery of sand filtration. In the latter event, although'

N themselves quite harmless, they may lead to imperfectly
Purified water being sent into supply, a circumstance
: ::hlc.h the engineers quite frankly admit. Those who have
: udied these matters know that the simultaneous occur-
€nce of heavy ﬂo_ods, abundant growths (especially those
3 rl(f)lds which readily block filters and give rise to taste
Wa:l les) in the reservoirs and Increased consumption of
o efxf' might create embarrassing, if not serious, condition
A aifairs. Heavy floods almost preclude the alternative
Se of river water ; taste troubles may call for certain filter
d§ being temporarily thrown out of active use, thus re-
a:filng a filtration area already strained to its uttermost,
" Increased consumption of water, even in normal
mes, is a factor not to be lightly ignored. These are not
§f00n3y. prognostications, they are merely the expressions
utﬁplmon qf .one whose duty it is to try and measure
Chlor? Possx-bxll‘fxes. How far algicidal treatment,
- li::atxon of river water, and the use of filters, which
of 11, cleaned as rapidly and as often as the necessities
. € case demand, are destined to enter into the problem,
Ust be left for the future to decide.

L Chlorination

This year a cautious opinion must be expressed, not
the efficacy of chlorine as a germicidal agent, but of
difficulties still to be overcome of adding this reagent

of
the

to 3 i
parWater in the proper dose. ~With the particular ap-
in atus used, quite successful results were obtained dur-

§ the warm weather, but when the air and water tem-
fatures fell below a certain point, troubles were not far
di S:elk: So far as the instrument was concerned, these
the ;xtles were largely overcome by artificially heating
f‘hou emp’?rary bul.ldmg in which _the apparatus was
: gau_dsSed. Yet this procedure avaxl.ed nothing as re-
Buily; that part of the instrument which lay outside the
iy ing and was indeed immersed in the water. It is
colg evident, as the. result of practical experience during
tion Weather, that either the_gas must be added as a solu-
ermto the water to be sterilized, or else some improved
. of porous diffuser must be discovered. The matter
SHll under active investigation.

3 For the period April 1st, 1917, to March 31st, 1918,
'426 millior vallons have been treated during 315 days
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(West Middlesex supply) and 313 days (rest of Staines
supply) out of a total of 365 days. The intermissions, of
course, were caused by floods, when the water was too
turbid for filtration purposes and stored water had to be
used instead. The proportions were 84.3 per cent. raw
water and 15.7 per cent. stored water during the year.
The estimated saving of coal amounts to about £15,227.
The cost of the chloride of lime was about £3,485. The
net saving thus amounts approximately to £11,742. The
dose has varied according to circumstances, but was
usually 0.5 in 1 million (1 in 2 millions), in terms of avail-
able chlorine. With bleaching powder (chloride of lime)
of 33 per cent. strength this equals 15 lbs. per 1 million
gallons. Considerable success, however, has also been
obtaired with smaller doses, 0.33 in 1 million (1 in 3
millions), or 10 lbs. of material per million gallons. On
the whole, the latest results point to a probable reduction
rather than an increase in the average dose. As regards
bacteriological results, all that is now aimed at is to pro-
duce at least as good a result by chlorination of raw river
water, as if the river water had been stored in the Staines
reservoirs instead of being chlorinated. The Staines
stored water 10 cc. B. coli standard is 60 per cent. ‘‘nega-
tives’’ (40 per cent. ‘‘positives’’). That is, if 100 10 cC.
cultures are made of Staines stored water, 6o of them, on
the average, contain no B. coli, and 40 of them contain
this microbe. Taking a period embracing the bad winter
months, namely, from October, 1917, to the end of March,
1918, the average chlorinated raw river water result
works out at 83 per cent. ‘‘negatives’’ and 17 per cent.
‘““positives,”’ figures which show that better results, as
judged by the B. coli test, can be obtained by chlorination
than by storage. Despite the magnitude of the treatment

(70 to 8o million gallons treated daily), no complaints:

have been received as regards taste. There are, however,
other factors requiring consideration.

All the results exceed their respective averages except
East London (Sunbury), Kempton Park and Grand Junc-
tion (Kew) in respect of the albuminoid nitrogen test.
Slight increases of color are of no importance. The
higher figures for the ammoniacal nitrogen and perman-
ganate tests are relatively unimportant having regard to
the waters’ history and bacteriological results. A more
tangible objection to the use of chlorinated river water is
that such water is appreciably harder than stored water,
not on account of the treatment, but because storage un-
doubtedly exercises a softening influence on hard waters.
It is indeed possible to soften waters artificially by seed-
ing them with minute quantities of other waters affected
with growths. It should also be noted that the non-
chlorinated waters generally have yielded slightly higher
results chemically this year as compared with the 1906-16
averages.

So far, only the bacteriological results of the chlori-
nated river water have been dealt with, and it is now
desirable to consider briefly the quality of the final pro-
duct. Here we are met with a number of perplexing
factors. - It is true that we start with a chlorinated water
in which most of the B. coli have been destroyed; but
this water enters reservoirs in which fish and other forms
of life abound, and which attract the presence of many
birds. The discharges of these animals commonly con-

-tain B. coli in large number, practically indistinguishable

from those of river water origin. Hence, even if all the
B. coli in the river water entering the reservoirs were
destroyed, some of these microbes are likely to be found
in the reservoir water as the result of the presence of these
forms of life. As a matter of fact, the pre-filtration
waters have yielded slightly better results since chlorina-
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tion was started, but the improvement has not been as
well marked as the result of the examination of the water
after chlorination might have led one to expect. Lastly,
there is the possibility that a water previously subjected
to chlorination may, for some reason or other, not filter
so well as one which has not been exposed to any such
treatment. :

The 1917-18 "results (obtained by chlorination) are
slightly better than the 19o6-16 averages (pre-chlorination
period).

The results during the summer months showed some
deterioration, thus helping to bring down the year’s
average. This may have been due in part to increased
consumption of water, and, therefore, increased rates of
filtration, but the excessively heavy rainfall during this
period must also not be forgotten. The natural infer-
ence would be that the flood water, despite chlorination,
was to blame, but during, at all events, the worst periods
Staines stored water was actually being used, so that
this explanation is not wholly convincing. There are
puzzling features associated with heavy rainfall which
might almost be said to suggest the possibility of some
unknown factors sometimes operating unfavorably on
the condition of the filtered waters. This might arise,
for example, if unpurified adventitious water could in

‘any way reach the supply after its filtration. From source

to consumer a waterworks should be absolutely free from
the entrance of adventitious water. By adventitious
water is meant water which has no real relation to the
source of supply. Such water may pierce the armor of
the purification works at a number of points. It may be
pure or impure, but it is apt to be a secret and most
undesirable addition to the supply. Again, January was
an unfavorable month from a filtration point of view.
Up to about the middle of the month the cold was in-
tense, and this meant running taps, burst pipes, waste
of water generally, increased rates of filtration, and prac-
tical difficulties in connection with filtration. Later,
heavy rain and floods further complicated the position,
although here again during the worst period the treat-
ment was stopped and Staines ‘ stored water used for
supply purposes.

Altogether the year was a trying one, and the works
not affected by chlorination showed in their output some
falling off in quality. If, as seems clear, more B. coli
in river water are killed by chlorination than by storage,
the presumption is that, given equal chances of purifi-
cation afterwards, and no fresh contaminations, the
former water would be, at all events, not less safe to
drink than the latter. Against this must be set the cir-
cumstances that storage has an important “levelling”’
influence or ‘‘equalizing”’ effect. In the present case
the chlorinated water is stored in the West Middlesex
(considerable storage capacity), Grand Junction (only
slight storage capacity), Kempton Park (considerable
storage capacity, if in use), and Sunbury (very slight
storage capacity) reservoirs before being filtered. It is
a sufficiently noteworthy achievement to effect a clear
saving of nearly £712,000 a year by substituting chlori-
nated for stored river water, without attempting to plead
that the former process conferred not only equal, but
additional security to the consumer. '

There is at least one more aspect of the question -

deserving of consideration. Chlorination might save
pumping charges and be satisfactory chemically, bac-
teriologically, and in relation to health. If, however,
the effect of using chlorinated river water instead of
stored water led to serious “blocking”’ of the sand filters,
this might be urged legitimately as an objection to the

water was paramount, the filtration difficulties being

_contain the ‘‘seeds,” so to speak, of past growths, an

- ficial conditions has resulted in the saving of a largé
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method. There can be no doubt if Walton or Chelsea
stored water could be passed down the Staines aqueduct
instead of Staines stored water, the foregoing argument
would meet with considerable support, as unquestionably
these stored waters filter much better than river water.

Staines stored water, however, is quite different, inas-
much as it develops from time to time the abundant
growth of Asterionella, Fragillaria, Cyclotella, etc. On
these occasions Staines stored water filters much worse
than river water. ] ;

In the 1915-16 year the. influence of Staines stored ]

acute in the spring and likewise in the summer. It'is
true that in the spring of 1916 the results were unsatis-
factory, but in point of fact this antedates the start of
the chlorination treatment. It might be supposed that the =
winter floods would entirely annul the advantages gaine
in the spring and the spmmer. This, however, is not
the case, for when the floods are at their worst stored
water is again used, and at this period of the year algal
troubles are usually at a minimum.

The West Middlesex No. 6 reservoir water shows |
a widely different result, and the reason is not far to
seek. The storage here is considerable; the reservoirs

the effect of the chlorination has been largely lost. In
consequence, a redevelopment of growths occurs,
although, happily, not attaining the dimensions previs
ously encountered. There would thus seem to be full
confirmation of the writer’s previous prophecies that pro-
bably a chlorinated water would filter best if not stored
too long subsequent to chlorination. It is not disputed
that in interfering, or seeming to interfere, with the laws .
of Nature there may be many disappointients, but of
the evidence so far available the creation of purely arti-

sum of money and the partial solution of many filtration
difficulties. These results have been attained without i
convenience, annoyance, or semblance of danger to the
public. ‘

It is, perhaps, too early to speak of post-war condi-
tions. Presumably the cost of pumping will fall in far =
greater ratio than the cost of chlorination. Even so, the
margin will always be in favor of chlorination, and theré =
the matter may be left temporarily at rest. Perhaps oné
word of caution should be added, namely, that the pro=-
blems connected with chlorination and sterilization may
appear simple to the inexperienced and irresponsibles
but they are nevertheless of anxious moment to thosé
who have had experience in these matters and who carry
the responsibility of acting in an advisory capacity. The
trite phrase that ‘‘matters have now passed the exper’”
mental stage’ must not be allowed to obscure the fac =§
that few things are so perfect as to be insusceptible L
radical improvement. ~

Super-Chlorination and De-Chlorination-

The two great factors which militate against succeSSf"d
chlorination are extreme cold and short contact. Sep? q
atel).f,. and still more in conjunction, they tend to prever
sterilization, or if sterilization takes r;lace owing 0 °
super-dose, the water is apt to have a chlorinous tast? }
and to contain active chlorine. By a super-dose is mea?
a dose in excess of what is actually required under Mo
fgvorable working conditions. Tt is always best to P ]
vide for so prolonged a contact that however cold the
water may be, the active chlorine will have disapp “
and the water at the same time have been sterilized.
practice, however, for one reason or another, this maf
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be impossible, and in these cases, especially during very
cold weather, super-chlorination and de-chlorination may
be of advantage. There is another curious circumstance
bearing on the question. It has sometimes been observed
In the laboratory (anticipating what follows) that when

‘Working with minute doses of chlorine, too slight to pro-

duce the familiar chlorinous taste, a slight ‘‘iodoform-
like’’ taste develops. This occurs sometimes after a
Water has beén de-chlorinated, at other times it is notice-
able only before de-chlorination, yet again it may cccur
both before and after de-chlorination. On the other hand,
o taste, unless perhaps the original taste, has ever been
Observed after gross chlorination and de-chlorination.
Hlence in certain cases there may, so far as taste is con-
Cerned, be an advantage in heavily chlorinating a water
and then de-chlorinating it.

. On the whole, speaking of the samples neutralized
With SO., neither temperature nor time appeared to bs
dOmmating factors as regards questions of taste.

Next in respect of dose, the amounts (in terms of avail-
able chlorine) were as follow: 1 in 15,625, 3%,250,:62,500,
125,000, 250,000, 500,000 and 1,000,000 respectively.

& The outstanding feature was that with the stronger
OSes (far greater than would ever be required in

 Practice), despite the extremely noticeable and practically

Unbearable chlorinous taste of the non-neutralized
Samples, the ones neutralized with SO. were completely
e from any taste. Indeed, the slight earthy flat taste
gf tl“.ne‘ri‘ver water often noticed appeared to be removed
I disguised, not infrequently, by super-chlorination and
ci?c treatment. Apart from cost of materials and the
umstance that the substances (Cl and SO.) are not
S?Par.ately innocuous in other than minute doses, the in-
ti‘Catlon is that a combined (in sequence) super-chlorina-
°n and SO, treatment may be actually advantageous

i . . res .
‘vom the point of view both of taste and of steril'zation.

és hen, howe?ver, the case is regarded from the economic
ot}P,)eCt and.m relation to the undesirability. of wusing in
noel: than infinitesimal doses substances wh'ch apart are
L, in the uncombined form, natural ingredients of water,
n;ielmagte.r assumes a differfent complexion. Unfortu-
id Y, 1t 1s just when the minor ‘d‘oses come to be con-
.€red that many of the difficultits arise.  Sometimes
» Sometimes without SO, de-chlorination, but quite
Often with as without, taste results are obtained,
; ich lead to nebulous conclusions. Perhaps the most
y cult cases are those where an initial taste, faint, fresh
the irlllocti actively unpleasant in itself, passes gradually into
Ucts~ efined region of SUbStltUth.n., where the final pro-
Unpal. ‘thatever their true composition may be, are most
Vo atable.. All-dogmatxf: statements on the question of
o eSpecxall_y if m'ade irrespective .of particular cases,
B be received with extreme caution. The statement
3 O taste troubles arise when liquid chlorine is used
Man;r]5, on current knowledge, to-be equally indefensible.
Solygi, aboratory experiments have been made with bleagh
a"ailabr]l and ch}onne water both of the same Strengt}') in
ater he' chlorine. These liquids added to New River
in indj ave both gx.-oduced ver_y'51m1]ar tastes, although
timeg chldual experiments sometimes the one and some-
Tesylys € other seemed to yield the most satisfactory
Fite; as regards absence of taste. At all events, .the
is IS certainly not prepared to say, on the mform?txon
Bag disposal, that the use of liquid chlorine abolishes
¥ troubles,
b""blee chlorination of the New River water is a Separate
b .ectm from that of the River Thames, and indeed the
feten S Sought to be attained are so fundamentally dif-
s almost to amount to a converse proposition. In

as
Wh
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the case of the Thames the object is to avoid pumping
charges and to render the river water as pure after
chlorination as if it had been stored in reservoirs.

Chlorination of Raw New River Water

In the case of the New River the storage is entirely
inadequate, and the rate of filtration is about double that
practised at the other works of the Board. Ow-ng to the
New River containing a large proportion of well water,
the filtered water results are good, often exceptionally
good, for about three-fourths of the year, although this
must be ascribed in part to the pure well water ‘‘mask-
ing’’ the impuritiés in the river water. The three critical
months are normally November, December and January.
Then, chiefly due to floods and to some extent cold
weather, which in a variety of ways is prejudicial to good
filtration, the results deteriorate markedly. With in-
adequate storage the exclusion of impure flood water is
a physical impossibility, and the rate of filtration cannot
be slowed down if the normal supply is to bz maintained.
There seemed to be no way of remedying  this state of
affairs, as regards the New River, except by providng
additional storage capacity and increasing the filtration
area at an enormous cost. If, however, as stated last
year, it were possible, by the judicious use of sterilizing
agents, to smooth over, or perhaps wipe out, the effects
of flood, it might be contended, with some show of
reason, that a case had been made out for at least delay-
ing, if not removing, the necessity for the construction of
these expensive works. During the year’s work, by the
exercise of constant vigilance and care, practically no
complaints as regards taste were received, but on at least
one occasion the treated water was on the border-line in
this respect. The New River contains, on the average
(1906-16) B. coli in 1 c.c. (or less) in 44.7 per cent. and
in 10 c.c. (or less) 'in 87.6 per cent. of the samples ex-
amined. Taking the period January 17th to 28th, 1918,
during the height of the floods, as an illustration of what
can be effected by sterilization, the positive B. coli results
were only 27.5 per cent. in the 10 c.c. cultures; that is,
there were fewer samples containing B. coli in the treated
water in 10 c.c. (27.5 per cent.) than samples containing
B. coli in 1 c.c. (44.7 per cent.) of the untreated water on
the year's average. As a matter cf fact, during the flood
period the water before treatment contained B. coli in 1
c.c. in 83 per cent. of the samples.

To combine safety with a tasteless water, in the case -
of the New River, is a most difficult p-oblem. If it were
possible to sterilize the water after filtration, many of the
difficulties would disappear. In such cases the consumer
is always ingesting the current taste, if taste there be, and
stoppage of the treatment is almost immediately followed
by a return to normal conditions. When chlorination is
practised before filtration, more of the chemical is usually
required, and filters, as was observed by the writer as far
back as 1905 (Lincoln) have an adsorptive effect. All
may go well for a time, and then, without any definite
warning, a taste may develop, which usually persists for
some considerable time, even if the treatment is stopped
altogether. Unfortunately, the manner of distribution of
the New River supply subsequent to filtrat'on renders
post-filtration chlorination a very doubtful proposition.
This is the more to be regretted if there is any possibility
of fresh contamination taking place at any stage subse-

_quent to the chlorination of the raw New River water.

Obviously pollutions occurring after chlorination must not

be placed to the discredit of the sterilization process.
Before leaving consideration of the New River results,

some reference should be made to a widely current belief
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that cold per se accounts for the falling off in the bacterio-
logical results during the winter. Moreover, there are
glaring inconsistencies to be explained away on a cold-
weather basis. For example, in December,. 1906, 1907,
1909, 1910, 1911, 1912, 1914 and 1915, the bacteriological
results ‘were far from satisfactory, often most unsats-
factory in a relative sense, although the temperature for
the month in question was 1.9, 2.8, 1.3, 4.9, 5.0, 6.1, 2.7
and 4.2 respectively above the average for that month.
Nevertheless, although temperature is seemingly not the
direct vital governing cause of bad results, it is a most
potent indirect factor in influencing unsatisfactory ‘‘find-
ings.”” Nor are the reasons far to seek. Intensely cold
weather may interfere seriously with filter bed operations,
and may, through burst pipes, taps left running, etc., lead
to greatly increased consumption of water, which in-
evitably means increased rates of filtration, with conse-
quent deterioration of tne supply.

Algal Policy

At the very commencement of the year 1918 two of
the Walthamstow reservoirs (Kast and West Warwick)
showed slight evidence of the beginning of growths of
Asterionella, etc. An immediate decision‘as regards
treatment seemed to be imperative, and, in consultation
with the engineering department, it was agreed to 2dcpt
measures to restrain forthwith the growths in the reser-
voirs already affected, and to anticipate development as
far as possible in the other non-affected ones by treating
the raw Lee water as it entered the first (High Maynard)
of the chain of reservoirs in the Lee Valley, and continu-
ing such treatment, according to the daily consumption
of water, until the time of the year had passed when these
troubles are especially active and seriously embarrass the
work of ‘sand filtration.

The whole of the water from these reservoirs (except-
ing Banbury and Lockwood) eventually passes down the
East London aqueduct to be filtered at Lee Bridge (Clap-
ton). The laboratory filtration figures for the critical
month of March were 122 c.c. per minute in 1916, 77 in
1917, and 239 in 1918. It is too early to speak with
assurance yet, but the results so far obtained are most
gratifying, assuming always that laboratory results can
be trusted to indicate actual sand filtration experiences.
The cost of copper sulphate has gone up greatly from a
pre-war cost of £ 21 17s. 6d. to £64 2s. 6d. a ton, but the
. price of labor and the extraordinary difficulty of, securing
extra assistance for filter-bed work probably goes far to
counterbalance this disadvantage. It remains, however,
for the engineering department to estimate the increased
cost to the board when filter beds choke up in a few days
instead of working for several weeks or even months.
The matter, for a variety of reasons, is not a proportional
one, and so the ““number of acres of filter beds cleaned’’
is not necessarily the true criterion of the actual expendi-
ture incurred. It is desirable, however, that some ap-
proximate figures should be available to compare with the
cost of treatment, which involves no calculations beyond
the price of the chemical, the number of gallons treated,
and the working expenses associated with such treatment.
For example, with a dose of 1 in 4 millions (= 2.5 Ibs. per
million gallons) the war price would he about 1s. 5d. per
million gallons of water treated. The balance in favor,
or the reverse, of artificial algicidal treatment does not
end here, for filtration difficulties, as is freely admitted by
the engineers, tend in the direction of a less pure water
being supplied to consumers, apart from questions of
taste, which are liable to develop at any time. The writer
considers that some note should also be taken of the
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circumstance that serious filtration troubles may, and
indeed do, turn the attention of the staff, in more than
one department, from other matters which are of equal,
if not more pressing, importance in the interests of the
Board. The subject is neither simple nor unimportant,
and demands a policy of imagination rather than one of
stagnation.

Of course, it may be said that there is no proof that
the good filtration results were really due to the treat-
ment. Against this there is the evidence of what took
place in March and April of last year, when the filtration
difficulties were almost insurmountable. Further, a com-
parison between Banbury reservoirs (untreated water) and
East London aqueduct (treated water) on the same date
(March 14th, 1918) shows a great growth of Asterionella;
Cyclotella, and some Fragillaria in the former, and hardly
any growth in the latter. The presumption is very strong
that the East London aqueduct water would have pre-
sented a parallel picture to the one of the Banbury reser-
voir water, had not treatment been promptly put into
operation.

ENGINEERING MEETING AT HALIFAX

OLLOWING is the tentative programme announced

for the third general professional meeting of the
Engineering Institute of Canada, to be held Septem-
ber 11th to 13th, inclusive, at Halifax, N.S.:—

Wednesday morning session—Address of welcome by
the Lieutenant-Governor of Nova Scotia; Address by the
Mayor of Halifax; Business, if any; Papers; Lunch at
the Green Lantern.

Wednesday afternoon session—Automobile trip to
terminals and devastated area; tea at Waegwoltic.

Thursday morning session—Papers; Luncheon given
by the Commercial Club.

Thursday afternoon
around harbor.

Thursday evening session—Paper on the ‘‘Quebec
Bridge’’ by G. F. Porter.

Friday morning session—Papers.

Friday afternoon session—Excursion.

J. L. Allan, A. J. Barnes and J. W. Rowland are the
members of the committee on papers; L.. H. Wheaton,
P. A. Freeman and R. McColl are the entertainment com-
mittee; W. P. Morrison, F. H. MacKenzie and J. R.
Freeman are the committee on transportation and hotels. .

session — Papers; Excursion

. According to a statement by E. M. Dechene, deputy
minister of tl}e Department of Lands and Forests, Province of
Quebec, an investigation of the water power development in
that province has already revealed a total of 810,000 h.p. de-
veloped, not including hardly any of the plants under 1,000
h.p.. capacity. Including the smaller plants, Mr. Dechene
estimates that the grand total will reach 850,000 h.p. A de-
tailed statement showing developments for each river will be
given out by the department at a later date.

. The National Research Council of the United States, act-
ing as the Department of Science and Research of the Council
of Nati'onal Defense, has appointed a committee to investigate
the fatigue phenomena of metals, Professor H, F, Moore, of
the Engineering Experiment Station of the University o
Illinois, is chairman. The committee is charged with the re-
sponsibility of develdping a knowledge of the strength and
durability of metals subjected to repeated stresses, such as
ship structures, crank shafts of aircraft engines and heavy
ordnance. It is expected that much of the experimentation
required will be done in the laboratories of the University 0
'Ivlllmo:s at Urbana under the personal direction of Prof-
Moore. ;
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EFFECT OF TIME OF MIXING ON THE
STRENGTH OF CONCRETE

By Prof, Duii A. Abrams
(Continued from last week’s issue)

HE data of the tests are given in Tables 6 to 10 in-
clusive.*  Notes accompanying the tables give details
of the mixes, etc., for each series. Only average
values are given for compressive strength and wear, ex-
cept in Series 81, where the results of individual tests are
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Fig. 4—Effect of Time of Mixing on the Strength
of Concrete

Series 89—Each value is the average of 24 compression tests
of 6 by 12 in. cylinders from batches of 6 different con-
sistencies. Compare Figs. 21, 23, 25, 27 and 20.

given. Values for compressive strength are the average

?f four or five tests from the same batch; in Series g7,

‘Effect of Temperature of Mixing Water,”” duplicate
”atches were mixed on different days. In Series 96,
Effect of Rate of Rotation of Mixer Drum,’”’ \triplicate
atches were mixed on different days for one consistency,
or the purpose of studying the uniformity of such tests.

*See supplement inserted in centre of this issue.
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Fig. 5—Effect of Time of Mixing on the Strength
of Concrete ;

Series 89—Same data as in Fig. 4, except time of mixing is
platted to logarithmic scale. The equations require that
time he expressed in seconds, Compare Fig. 30. Error:

Q\I'ii‘tion for 2 mo. curve should read S = 1650 + 550
O
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Most of the data from the tests have been platted in
diagrams. In several instances curves have been platted
for only a portion of the values; for instance, more em-
phasis has been given to the 28-day than to the 7-day
tests.

Owing to numerous instances of overlapping in the
different test series it seems best to discuss the data under
several headings, instead of taking up each series
separately.

Effect of Consistency on the Strength of Concrete

The remarkable influence of the quantity of mixing
water on the strength and other properties of the concrete
has been demonstrated very forcefully in all series in
which variations in consistency were introduced. Owing
to the importance of this factor in any consideration of
the tests, the discussion of the effect of consistency is
given first.
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Fig. 6—Efiect of Time of Mixing on the Strength
of Concrete
Series 89—28-day tests. Each value is the average of 24 tests.
Similar curves may be drawn from the data for tests made
at 7 days and 2 months. The equations require that

time of mixing be expressed in seconds. Compare Figs.
22, 24, 26, 28 and 30.

Many different methods have been used for indicating
the consistency of concrete:

(1) Total water as a percentage of the weight of the
dry materials. '

(2) Total water as a percentage of the weight of the
finished concrete.

(3) Total water as a percentage of the weight of the
cement.

The first method is the one which is universally used
in cement and mortar tests. In the tests made in this
laboratory we have preferred to express the water in
terms of the volume of the cement, considering 94 Ibs. of
cement as 1 cu. ft. This method of indicating the water
content of concrete is not essentially different from (3)-
However, since volumetric measurements are used for
cement and aggregate, it seems desirable to use volumes
for the water also, for sake of uniformity. Methods (1)
and (2) above are objectionable, since ‘with the same
quantity of water, widely different values are obtained,
due to variation in the unit weights of the aggregate.
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Under ‘““Test Pieces,’”’ in last week’s issue, a list was
given of the factors which determine the quantity of
water which must be placed in the batch. Remember that
all of the water used should not be credited to the cement ;
a certain quantity will be absorbed by the aggregate. In
some instances the absorbed water is a considerable pro-
portion of the whole amount. The water absorbed by the
aggregate should be deducted in computing the volume
of water which affects the action of the cement.

For given concrete materials (that is, cement, water
and aggregate) the amount of water which affects the
cement may be varied in the following ways:

(1) For the same mix and same grading of aggregate
use different quantities of water, thus producing concretes
of varying degrees of ‘‘wetness.”’
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Fig. 7—Influence of Water on the Strength of Concrete

Series 89—Water-strength curves for each time of mixing.
Each value is the average of 4 tests from the same batch.
Water content calculated as a ratio of the volume of ce-
ment, Similar curves may be drawn from data for tests
made at 7 days and 2 months. Compare Figs. O 2% 335

. 44 and s2.

(2) Change the quantity of cement (the mix) with the
same grading of aggregate, mixing to the same plastic
condition. The richer mixes will, of course, require a
smaller percentage of water as compared to the cement
than the lean mixes. ;

(3) With the same mix and the same relative plas-
ticity, change the grading of the aggregate from coarse
to fine, etc. The mixes with a preponderance of fine
material will require most water,

(4) Any combination of two or all of the above
methods may be used simultaneously ; for instance, we
may wish to compare a stiff 1:2 mix, using sand graded
0-28 with a wet 1:5 mix, using aggregate graded
o-1% in.

In (4) every-factor which affects the strength (the
quantity of cement, grading of aggregate and relative
consistency) has been changed. Tt will be shown below
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Fig. 8—Influence of Water on the Strengta of Concrete
Series 80—Same data as in Fig. 7, except strength platted to
logarithmic scale. The points are platted from the curves -
in Fig. 7. Compare Figs. 10, 32, 34, 45 and 53.

that we have in all cases a common basis for comparison
of strength in the ‘‘water ratio” of the batch; that is, the
volume of water, in terms of the volume of the cement in
the batch using one sack of cement (94 lbs.) as the
equivalent of 1 cu. ft.

In series 89 the mix and grading of aggregate were
maintained constant, but the water content was varied
from a rather stiff mix to a very wet one. In this series
both compression and wear tests were made. The in-
fluence of water on the strength of concrete in this series
is shown in Fig. 7. It is seen that the strength decreases
with the water content. If the values are platted to a
logarithmic scale of strengths, as in Fig. 8, this relation
is expressed by a straight line. The path of these curves
is expressed by an equation of the form,

A
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Fig. 9—Influence of Water on the Strength of Concrete

Series 8g—Each point is the average of 24 tests, from 6 times
of mixing. ‘Compare Figs, 7, 31, 33, 44 and s2.
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Where S = compressive strength at a given age.
x = water ratio of the cement.
A and B are constants for a given cement and
given conditions of test.
A similar set of curves is platted in Fig. 10, a separate
curve being drawn for each age. The change in water
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Fig. 10—Influence of Water on the Strength of Concrete

Series 8g—Same data as in Fig. o, strength platted to logarith-
mic scale. The points are platted from the curves in Fig.
9. Each value is the average of 24 tests, from 6 times of
mixing. 'Compare Figs. 8, 10, 32, 34, 45 and 33.

content in this series was made in accordance with method
(1) mentioned above.

In Series 93 the water content was varied on account
of differences in the mix, using aggregate oL 8 glven
8rading, and also due to dlfferences in the grading, using
concrete of a given mix. In both instances the concrete
Was mixed to the same p]asticity The influence of water
on the compressive strength in this series is shown in
Flgs 31-34. Separate curves are drawn for the hand-
Mmixed and machine-mixed concrete. It will be noted
here that exactly the same relation exists as was pointed
out above in dxscussmg Series 89. The variation in the

 Water content in these tests was made in accordance with
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Fig. 11—Effect of Time of Mixing on the Wear
of Concrete

senes 89—Age 2 mo. KEach value is the average of 30 tests
from 6 different consistencies,
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methods (2) and (3) mentioned above. Figs. 44, 45, 52
and 53 show the same influence of water on the strength
of concrete from still other series of tests. The curves
in Fig. 52 are sensibly straight lines, since the range of
constituencies is very narrow. It is the narrow range in
consistencies which has been generally used in tests that
has led to the erroneous conclusion that the strength of
concrete is a linear function of the amount of water used.
The relation is, of course, sensibly a linear one for any
narrow range in consistency. This means simply that
the tangent to any point of the curves in Figs. 7, 9, etc.,

42 T
- Mix. /-4
‘10
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§’ & /
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é 6 o
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4 \ aréy,
.60 /7] B0 F0 LooO Lo &0

Water-Ratio o Volume of (ement

Fig. 12—Influence of Water on the Wear of Concrete

Series 89—Age 2 mo. Each point is the average of 30 tests,
from 6 different times of mixing.

is sensibly the same as the curve. The true relation for
all parts of the range are given by equation (1).

The water content expressed as a fraction of the
volume of the cement in the batch is the only satisfactory
criterion for strength of concrete made up of given

LS
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Fig. 13—Influence of Water on the Wear of Concrete

Series 80—Same data as in Fig. 12, except depth of wear is
platted to logarithmic scale.

Ao - irches (fog scale) =W

materials mixed in widely different proportions. It will
be seen from the tests included in this article that it makes
no difference why the water content is changed ; the resu't
is exactly the same in the end. This change in water
may be due to changmg the plasticity of the mix or the
use of richer mixes or aggregates of different gradings,
or combinations of these factors. The influence of water
on the strength of concrete discussed above has been
brought out in the same way by probably a dozen different
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Fig. 14—Relation Between Strength and Wear

of Concrete

Series 89—Each point is based on 4 compression tests and 5

wear tests from the same batch. Compare Fig. 16 from a
series of tests on hand-mixed concrete.

series of tests carried out 1n this laboratory. In one series
the water content as compared with the volume of the
cement varied from 0.35 to 4.00—a much wider range
than was covered by the tests herein reported. (See The
Canadian Engineer, June 6th, 1918.)

The constants in equation (1) may be determined
directly from the diagrams given in Figs. 8, 10, 32, 34, 45
and 53. The constant 4 is determined by projecting the
curve to the left to intersection with the ordinate at zero
water content. B is the slope of the straight line derived
by platting the strengths to a logarithmic scale.

Equation (1) given above may be considered as €x-
pressing the law of concrete strength for variations in
the proportions of given lots of cement, aggregate and
water. This law is subject to the following limitations :

(a) Mix not so wet that the mixture of cement and
aggregates cannot retain all the water.
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Fig. 15—Relation Between Strength and Wear
of Concrete

Same data as in Fig. 14; both strength and depth

Series 80— g
latted to logarithmic scale. Compare Fig. 17.

of wear p
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. Volume 35.

(b) Mix not too dry for maximum strength for the
condition under which the concrete is placed.
(That is, the concrete is in a plastic con-
dition.) ;

(c) Aggregate grading not too coarse for maxi-
mum strength with the quantity of cement
and water used.

Of these limitations (a) is the only one which is usually
encountered in concrete work. In mixes so wet that all
the water is not retained, the strength will be a little
higher than the equation indicates. However, this condi-
tion does not prevail until mixes are reached which are so
wet that extremely low strength will be secured anyhow.
Before a mix becomes too dry for maximum strength, it
is so harsh-working that this limitation is not encountered
except in concrete products plants where machine molding
is done. It is seldom that the aggregates are graded too
coarse for the limitations of this law, for the same reason
as given for the dry mixes.
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Fig. 16—Relation Between Strength and Wear
of Concrete
Series 75—Data similar to Fig. 14; 1-4 hand-mixed concrete’

age 4 mo. Each value is based on 5 compression test®
and 5 wear tests. Detailed data from Series 75 (Effect

of Consistency and Curing Conditions on the Wear of
Concrete) not given in this article. R

The tests covered in this article give about the follow-
ing values as showing the influence of water on the com-

pressive strength of concrete:

9,200
14.0% F g T (3)

14,000
28 days S = —g—% - - - - 4

7 days S =

16,600 ( )
5.9 . b
The factor 4 does not change much with the age of
the concrete. Certain series of tests not included in this
article suggest that for a given cement A may be ind€
pendent of the age of the concrete. The value of 4 doesy
however, depend on the quality of the cement. B varie®.
widely with the age of the concrete, time of mixing @
other conditions.

3 months S =
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TABLE- 10

EFFECT OF TEMPERATURE OF MIXING WATER ON THE
y STRENGTH OF CONCRETE—(Series 97)

Compression tests of 6 by 12-in. cylinders. 3

1-4 mix by volume. ! -

Each batch mixed 1 min.—18 revolutions. ¥

Mixing was begun after all materials were in the drum.

Specimens made in steel forms.

Cylinders stored in damp sand; tested damp.

Each value is the average from tests of 5 cylinders from the same batch.

All values in a horizontal line are from a single batch of concrete.

15 cylinders were made from each batch; the 1st, 4th, 7th, 10 and 13th were tested

at 7 days; the 2nd, 5th, 8th, 11th and 14th, at 28 days, etc.

Temperature C° Test for Compressive Strength
* Ref. Date Mixing A C Ai CP?nmSte'ncy
ef. Date Mixing Aggre- (on- ir Penetration M
No.(liriglicg)d Water’ gate crete inches Ib. per sq. in. Pza;-ncl:e:;lt-?r

Td. - :28d. - 3m. ; Td. | 284,01 i8m;

Relative Consistency 909%—Water .68 of Volume of Cement

1 1-31 0.:13.0. 12.3. 13.5. 1.0— 1.3 1420 3660 4940 7.4 ‘
2 2-7 0 14.0 13.5 15:0 1.0— 2.0 1680 3250 4750 4.1 gﬁg g'?
3 1-31 10 13.0 13.5 14.0 1.0— 1.3 1450 3250 4990 4.1 8.7 3.2
4 2-7 10 14.0 14.5 15.0 1.0— 2.0 1870 3540 4820 5.0 5.6 3.4
5 1-31 20 13.0 15.5 15.0 1.0— 1.3 1470 3440 5050 10.8 11.6 2.4
6 2-7 20 14.0 16.0 15.0 1.0— 2.0 1620 3290 4590 4.7 3.8 13.2
7 1-31 30 13.0 17.0 15.5 1.0— 1.3 1490 3660 .5130 13.9 11.1 2.0
8 2-7 30 14.0 18.2 15.0 1.0— 2.0 2090 3610 4850 4.0 5.2 5.8
9 1-31 40 13.0 19.0 14.7 1.0— 1.3 1490 3410 4830 5.8 8.6 6.9
10 2-7 40 14.0 19.8 15.2 1.0— 2090 3560 4790 10.0 7.8 5.4
11 1-31 50 13.0 21.0 15.0 1.0— 1.3 1450 3410 4630 6.9 6.7 7.0
12 2-7 50 14.0 22.5 15.5 1.0— 1820 3390 4690 5.3 2.5 3.1
13 2-1 60 12.5 20.0 12.8 0.5— 1.3 1680 3460 5130 6.1 10.7 6.8
14 2-7 60 14.0 23.0 15.7 1.0— 1880 3630 4740 15.2 9.4 12.3
15 2-1 70 12:56 23.0'14.0 T 0.5— 1.3 1600’ 3500 5030 8.1 9.6 4.7
16 2-7 70 14.0 25.5 15.8 1.0— 2040 3540 4880 7.3 4.1 4.7
7 2-1 - 80 12.5 25.0 15.0 0.5—.1.3 1550 3350 4710 14.5 8.2 6.0
18 2-7 80 14.0 27.0 16.5 1.0— 2110 3800 4820 13.5 3.0 5.1
19 2-7 90 14.0 28.0 15.7 1.0— 1810 3320° 4450 -10.8 7.3 10.2
20 2-9 90 15.5 28.0 15.5 1.0— 2120 3520 4660 4.1 9.8 11.0
21 2-11 100 14.0- 20.2 .15.0 1.0— 1970 2930 4320 3.6 12.2 7.4
21A2-12 100 14.5 30.5 15.0 1.0— 1540 3050 3480 9.4 13.1 13.3
Average 13.6 21.0 15.0 1740 3440 4740
Relative Consistency 100%—Water .76 o Volume of Cement
22 1-30 0. 14.0 11.5:13.6 2.0~ 3.5 1120 3030 "4580 3.7 3.4 5.7
23 2-6 0 12.5 11.0 14.0 2.0— 2.5 1430 3310 4650 6.8 5.1 3.9
24 1-30 10 14.0 13.0 14.0 2.0— 3.5 1200 3000 4370 3.5 3.1 12.1
25 2-6 10 12.5 13.0 14.0 2.0— 4.0 1240 3070 4420 &3 3.5 3.7
26 1-300 20 14.0 15.5 14.5 2.0— 3.5 1170 3010 4270 6.6 3.4 5.3
27 2-6 20° 12.5 155 14.2° 2.0— 5.0 1330 3150 4495 2.5 3.5 4.3
38 1-30 30 14.0 17.6 14.5 2.5— 5.0 1260 3000 '4390 5.9 6.4 8.2
29 26 80510 5 IS0 142 2:0-—.810 1260729804390 7/8 12,6, 4.4
30 1-30 40 14.0 19.5 14.5 2.5— 5.5 1210 2950 4500 3.5 5.2 4.9
31 2-6 40. 125 20.5..14.2° -2:0—4.0 1540 3240 4610 - T.2" 4.7 6.1
82 1 1-30°5 50-.04.0 - 22:07 14,8 2.0=28.0" 1156 29004430 3.5 % 2.4 2.8
33 2-6 50 12.5 22.5 14.7 2.0— 2.5 1800 3400 4580 8.8 8.8 10.2
3¢ 1-30 60 14.0 24.2 150 2.0— 3.5 1180 3100 4220 7.4 4.3 6.9
35 2-6 60 12.5 23.8 14.7 1.0— 2.0 1530 3340 4680 11.5 5.7 4.1
S T30 100400 2710 15 8 S 20400 1910273100 41200 T L U107 11702
37 2-6 70 125 27.0 15.0 1.0— 2.5 1480 3160 4510 -8.6 7.6 4.9
38 3—30 80 '14.0 285 15.5 1.0-——'1.5 1200 :3050" 4230 15.8" .1.9 8.5
38A2-6 80 12.5 28.3 15.3 71.0— 2.0 1480 3090 4180 7.2 2.8 8.9
40 2-6 90125 815 Y577 .. '1.0— 2:0 21170 2870 3980 "'19.6 : 11:6% 4.5
41 2-9 90 15.529.0' 15.5 1.0— 1990 3460 4180 5.4 4.0 11.7
42+ 211 08 14 .07.30.0 15:0 10— 1830 3160 - 4520 3.2 6.2 6.9
42A2-12 100 14.5 33.5 15.2 1.0— 2.0 1610 2690 4410 7.5, 9.0 8.1
Average 13.4 22.3 14.8 1360 3060 4360

PR

Relative Consistency 1109 —Water .83 of Volume of Cement
1-29 0 12.0 9.

i
W
(=}

5 : 40— 8.0 960 2720 4340 5.3 2.3 6.2
44 24 E 9.6 95 7975 "4 0— 40 1060 2720 4270 . 4.8 6.9 1.8
45 1-29 10.12.0 12:0 13.0 -4.0—.8:0 1110 2940 4590 5.6 437 1.2
46 24 15 9.0 11:5: 9.5- 4 0—"7;0 "1000 261073860 ° 9.6 9°4..8.5
47 1-29 20 12.0 15.0 13.0 4.0— 8.5 980 2580 4010 5.8 3.7 6.9
48 24 ap" g 0 140505 40— 308100072790, -3830 - 74 7.8 7.6
49 1-29 30 12.0 17.2 13.0 4.0— 8.5 1000 2560 4120 2.3 4.7 * 5.8
500 24 35 9.0 17:0 9.0 40— 7.5.1190 2730 3870: 11.4°-2.0 2.4
51 1-29 40 12.0 20.0 13.0 4.0— 8.5 1130 2740 4440 6.2 9.3 3.6
52 24 45 90 19.8 8.8 4.0— 9.0 1180 2420 4210 8.5 9.4 7.8
53 1-29 50 12.0 22.3 13.0 4.0— 7.0 1000 2920 4290 11.0 S 86T
54 24 50 9.0 22.0 8.5 4.5— 8.0 1050 2610 3810 3.8 13.0 7.0
55 1-29 60 120 24.5 13.0 4.0— 7.0 1040 2720 4300 6.0 4.8 7.6
56 2-4 60 9.0 23.5 10.0 3.0— 6.0 1050 2550 3710 7.9 yh R
57 1-29 70 12.0 27.0 13.5 3.0— 6.0 1090 .-3010 4370 12.3 10.6 10.2
58 24 70 9.0 26.0 10.5 3.0— 4.5 1130 2700 4030 15.1 6.2 152
59 1-29 80 12.0 31.0 13.7 3.0— 6.0 960 2450 3850 7.0 T4 +9.6
59A 24 80 9.0 28.2 10.8 2.0— 3.0 1170 2610 3810 13.6 7, 5 i
60 1-29 8% 120 34.0 13.7 3.0—'6.0 1170 2700 4190 10.3 14.5 &4
61 24 91 9.0 32.0 11.2 2:0—3.5 1110 2390 3840 . 2.9 9.7 .%:5:9
62 29 90 15.5 30.0 15.5  4.0— 6.0 1320 2520 3820 7.4 5.3 14.3
63 2-11 100 14.0 34.8 15.0 1.0— 2.0 1520 2880 A280" “3:9  4£.6--9.9
63A2-12 100 14.5 34.7 15.0 2.0— 3.5 1480 3080 4300 - 6.2 4.5 9.0
Average 11.0 22.5 11.9 1120 2720 4090
Relative Consistency 125% —Water .95 of Volume of Cement
64 2-5 0 10.5 9.0 11.5 3.0— 4.5 900 2550 3980 6.3 3.4 12.6
64A 2-8 0 15.0 12.0 16.0 8.0—10.0 890 2100 3430 8.8 5055
65 2-5 .10 105 10.5 I1.5 8.0—11.0 740 2080 3300 10.4 159776
65A 2-8 10 15.0 13.0 16.0 8.0—10.0 890 1860 3280 - 5.5 AR |
66 2-5 20 10.5 14.0 -12:0 8.0—11.0-' 720 1830 3160 4.3 12.6 9.2
66A 2-8 20 15.0 16.5 16.0 8.0—10.0 850 1710 3250 11.8 3.5 8.8
67 2-5 30 105 155 1177 8:0—11.0 810 2080 3560 10.4 4.3 8.8
67A 2-8 30 15.0 19.0 16.0 8.0—11.0 1030 1900 3320 7.9 12,8 7.8
68 2-5 40 10.5 19.0 12.0 8.0—11.0 840 1990 3310 9.1 9.8 :5b
68A 2-8 40 1.0 22°0 16.0  8:0—11.0 1120 2170 3760 5.8 = 4.5 ' 6.5
69- 2-5 50 10.5 22.2 12.0 8.0—11.0 990 2410 3680 S 12,1204 CEh
69A 2-8 50 15.0 24.5 16.0 8.0—11.0 1170 2210 3610 8.4 8.4 10.3
70- 2-5 80 105 25.3 12:3° 8:0—11.0 1070' 2500 3660 + 3.7 11.8 8.3
T0A 2-8 60 15.0 27.5 16.0 8.0—11.0 1030 2280 3450 5.7 7.1 3’8
71 2-5 70 10.5 28:0 12.3 8.0—11.0 880 2200 3430 8.7 9.5 1.6
7T1A 2-8 70’ 15.0 30°5' 16.07 '8.0—11.0 1160 2310 3620 12.4 7.6 5.7
72: .25 R0 107B 831 0ug 127 57, R 02T 071010 2540..3740 7.0 5.5 5.3
72A 2-8 ‘80 15.0 32.0 16.5 8.0—11.0 820 1790 .2790 (e, S ey
73 '2-5 90 10.5 33.5 12.5 8.0—11.0 980 2610 3910 11.8 4.6 6.9
73A-2-8 90 15.0 36.0 16.7 8.0—11.0 980 2180 .2800 7.6 ' 7.3 12.1
74 2-11 100 14,0 33.7 1415+ 5.0— 9.0 10502210 38005 7.9 4.0 711.0
74A 2-12 100 14.5 35.5 15.0 7.0—10.0° 920 2100 ‘3480 5.1 10.6 5.3
Average 12.9 23.2 14.3 950 2160 3450
TABLE 11

'Seé{:}Reverse Side of This Page

ABLE 12
EFFECT OF TIME OF MIXING ON THE STRENGTH OF CONCRETE

Based on 28-day compression tests of 6 by 12-in. cylinders.
The values given in the table are percentages of the strength of the same concrete
mixed for 1 min.

These values may be expressed by an equation of the form

- P=Ek= nlog.t
When P = percentage of strength of 1-min. mix

t ='time of mixing in seconds
kand n  are constants, which depend on the mix, consistency, age and other con-
ditions of the test.

This equation is only another form of (6) above.

Strength at Different Mixing Periods as Comp. Values of

\

ouy Size Compared with the Strength at 1 min. (P) 2?360811} Constants
Mix Series 33> of e TmiYinix in Equation

No. €538 Agg. im. jm. im. 1m. 13m. 2m. 5m. 10m. ibs. per (k) (n)

®O g 15s. 30s. 45s. 60s. 90s. 120s. 300s. 600s.. sa.in

1-4 89 90 0-114 77 89 95 100 106 112 127 138 3200 432 39
1-4 89 100 0-11 76° 88 95 100 107 112 128 141 2650 428 40
1-4 89" 1110 011/ 81:.91 97 ‘100 106 110 123 . 133 2230 +43 32
-1-4 89 125 0-11 °'87 93 97 100 104 106 115 122 1750 +61 22
1-4 80 150 0-114 86 93 97 100 104 107 117 124 © 1000 458 24
14 - 89 200 0134 90°95 98 - 100 103 ~105 112 118~ 560  +69 17
1-2 93 110 0-114 86 93 97 100 104 107 117 124 3450 457 24
1-3. - 93 ~ 110 -0-1%{ ~76 88 96 100 107 113 129 131 2700 - 429 40
1-4 93 . 110 0-11 81 91 97 100 106 110 123 133 2230 +43 32
1-5 93 110 0-13{ 78 89 96 100 107 - 112 127 138 1800 +33 38

1-6 93 110 0-134 78 89 96 100 107 112 ‘127 138 1550 +33 38

1-7 93 110 0:11{ 76 88-95-100 107 °113 129 - 141~ 1800  +28 41
1-9 93 110 0-114 79 89 96 100 106 110 124 135 900  +38 35
145 20008 . 110.°0-114 [« 62:.81 92,100 +111/-119 144" 163 350 —12 63
1-5 93 110 0-14 28 64 85 100 120 136 184 222 250 —116 122
1-5 93 110 - 0-8 30 70 89 100 120 133 176 208 340 —87 107
1-5 93 110 0-4 50 &5 90 100 114 125 159 184 440 —49 100
1-5 93 110 0-% 79 90 96 100 106 110 125 135 840 38 35
1-5 93 110 0-34 73 ‘87 94 100 -108 114 132 146 1200 +20 45
1-5 93 110 0-i1Z4 78 89 96 100 107 112 127 138 1800. 433 38
1-5 93 110 0-2 81 91 96 100 106 109 122 131 1900  +44 32
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By Prof. i °UFF A. ABRAMS

Structural Materials Re tarch Laboratory, Lewis Institute, Chicago

TABLE 6

UNIFORM#> - OF MACHINE-MIXED CONCRETE—(Series 81)

b 12.-.in. cylinders;

pebbles; graded 0-114 in.

batc € nu b ed
C
ll wer lumber onsecutlvely, the Odd numbers teSted at

Water Compressive St.rength Weight
Ref. Relative Rati i .
No o toCenlgent lb. per sq..in. = Mean error *P.C. 1b. per Density Yield
tency by Vol. 7days 28 days 7 days 28 days cu. fﬁ.
A 100 .78 1340 264
L E';zg 147.5  .804 1.121
1310 2500
1320 2420
1390 2470 .
1380 2440
1340 2340
1340 2480 2.3 3.8
B 115 .89 990
; o %ggg 146.5 .790 1.142
1000 2020
1010 2010
960 2050
1010 2030
990 1860
. 12120
990 2000 1.8 4.0
g 130 1.00 870 1580 :
<o 1500 146.0 .778 1.160
920 2020
1000 1810
970 2110
890 2160
1080 2200
1920
950 1960 eSS 10.5

*Computed from formula E = 100 ‘/ET?,

A n-1 .

Where Vis the difference of any value from

average,

n 1S the number of values,

A " 1s the average.
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Specimen

Kind of Specimen

Compression Cylinders 2, 6,
Wear Blocks
Cylinders stored in damp sand; tested damp.

27days prior to test.

7-day

10,14 38,7,11,15 ‘%, 8,

28-day 2-

Fted]

Tests of 6 by 12-in. Cylinders

s Tested at a Given Age

mo
12, 16
8, 13,

17
Wear blocks stored in damp san

d until

Effect of Tintan Mixj'*'ig on Strength of Concrete

N.B.—See last week’s issue of TI'C Canadian Engineer for TablAes 1 to 5 inclusive

Relative Consistency 150%

25.10 690 1240
26 5 560 1090

27 2 480 1030 1750
28 1 500 1090 1740
29 14 500 1120 1690
30 34 340 880 1200

: Wear Tests
Time Compressive Strength at 2 months
%ef. of: =
o.Mix Mean Error A < _
: . ht Den- Yield .
ing lb. per sq. in. per cent. Weig S M
min, 7d. 28d. 92m. 7d. 2S@ESdmiE AV 1b. sity Depth eax:
: per of Erro
cu. ft. Wear Per
Ins. cent.
Relative Consistency 90%—Water 655 of Volume of Cerragrét et
1 102510 4370 4660 1.9 20 iy ssosr 15810 8;% %.036 a8 4.‘(‘)
2 5 2230 4020 4520 4.2 7.9 4.0 5.4 158.0 1368 1-040 ‘56 &0
3 2 1740 3440 4060 1.2 99 15.3 8.8 157.5 R 1.040 Bb fald
4 11840 3750 4130 0.2 SEMIB.E 9.0 157.5 - B (hig 5y 7.9
5 15 1620 3180 4100 8.0 8.6 7.4 8.0 186.0 .88 T-o5 59 199
6 14 1260 2140 2880 31.4 . 32.0 20.5 28.0 153.0 i ; .
e = T O ~ = 55 0.4
Avge. 1870 3480 4070 9.3 10.9 10.6 10.3 o 564 1,080, - .09
g = 7 ant
Relative Consistency 100%—Water 725 (32’ Voolum§5%f Clerggg S
7 10 1640 2930 3960 4.0 3.5 75 . 5.0 12 i i 1082 ‘57 9.0
% ‘= 1760 3520 3810 3.2 SMMEBE 9.2 166.5 .B31 - b 5 5.7
L0 1400 9500 3500 5.0 . BRI 5.9 156.0- 830 1-onn . hge BT
10 1 1380 2780 3620 5.7 42 9.8 6.6 199-8 256 100
11 14 1130 - 2210 3080 5.7 @er 6.7 .6.7 190- "339 1,077 ‘93 20.2
12 14 1000 2020 2860 22.6 195801 9.2 17.0 103.0 : . H_(‘)_
Dkl SRS ITTRE Y e A ¢ 0206 :
Avge. 1390 2710 3470 G T2 10.3 Q4. 1554 852 1.05
. & nt
. " Relative Consistency 110%—Water 800 of \golumgs?)f 1e_r(r)1§2 g7 2.2
1310 1520 2860 3640 12.8 186 8.5 11.3 186.5 55 sleez .64 T4
14 5 1500 2900 3550 6.4 3.6 7R =9 123 g 245 1.068 .60 5.4
.15 .2 10902300 3070 14.2 1.4 7.2 10.9 1°2=5 - ggs=1,0687 .00 8.9
1o T ie0 Torzb T ast0 A als S Gl T lnRes Wiae | 1074 7O 255
17 1% 880 - 2060 2620 24.1 16.2 1350 1755 i53-0 "g34 1.086 70 16.0
18 1{ 1060 2140 2790 21.4 28,0 22.6 24.0 = _,___5- I’(;';(—) -—?6‘ 1‘1‘,1:“
: e s .84 ’ . .
Avge. 1200 2460 3170 14,0 13.4 10.8 197 1.196. 2 b f Cement
: me
Relative Consistency 1257V 4t¢0 '910121 \;omn.l;s; 0L " .60 11.6
10 10-1260 2140 2980 .9 14.5 Jail 98 155-0 ‘935 1.081 ‘68 11.5
20 5 1200 2170 3030 7.6 15.5 4.6 9.2 1.-3‘5. 827 1.091 1812 13.0
21 2 1030 1800 2500 14.1 7.8 12.0 11.3 ?,3." ‘897 1.001 ‘63 4.5
2L 200 1a50 2250 nwiMs.e 1.8 118 TH g30.1l088 .69 8.7
23 14 710 1640 2400 17.8 22.9 5.8 ‘4 153.0 '825 1.095 98 27.6
% 3, 690 1510 2250 25.0 44.6 42.5 307 2 __— el
Avge. 960 1850 2570 12.6 19.0 15.8 15.8 153.9 .830 L. : :

__Water 1 080 of Volume of Cement.

Avge. 510 1080 1660 12.0°

34
36 X4

Avge. 190 . 560 920

10 1450 2570 3210
5 1280 2470 3040
2 1010 2020 2670

1
35 15 160 500 940
4

153.0 .810 1.115 .85 9.4
1520 S o 5.6 5% 1525 808 1.118 .92 12.7
Is0n 12 6 2 5o 153.5 814 1.110 .78 207
g0 ° gg 100 1525 .808 1.138 1.06 17.4
5 120 11:4 152.0 806 1 120 1.19 8.4
So s 2 21.7 20.0 161.5 803 1.125 1.46 2.4
Slle o 104 131 1525 808 1.118 1 04 11.8
Relative Consistency 200 %—Water 1.450 of Volume of Cement
3 £ 1381 — o —
00 1110 26.9 §1.8 28.4 29.0 140.0 764 =
3 S 200 ?38 040" 39 MNE 40 @83 23.9 180.0 . .768 -1.1704 —
35 5 160 460 720 10.805.6 12.1 12.8 Baeighoag . idteee R
2. 150 510 €80 11.8Es.7 15.8° 8.0 119.0 762 1,181 —  —
14 0M: 7 145 114 1480, .759 1190 -—  —
150 460 840 36.0742.4 20.0 85.8 147.0  .752 1,200 —  —
1987929 18.0 20.1 148.57° .761 1.186 — . —
‘Grand Average for All Consistencies
7.8 10.9 10.9 155.0 ..834 1.085 .64* 10.1*
8.3 .7 11.2 154.0 .835 1.084 .66* 8.7
g.8040.9 9.7 154.0 .831 1.089 .62* 9.3
1 1010 2140 2760 . 8.3 7.4 9.4 i@;.g .%%9 i'%%i '??* 12'8*
4 1 53 . PSS b : ¢
1§ 840 1820 2000, LS S 970 152.0 819 '1.106 .91* 17.0*

i{ 700 1610 2230 26.7 82.9 27.

*Does not in

clude 200% Consistency:-




Mix b

y volume.

xing.
pgriod of 4 weeks.

A STUDY OF THE TIME O
(Effect of Mix

Compression tests of 6 by 12-in. cylind

Concrete in this series was mixed to 110
Aggregates—sand and pebbles from Elgi
Mixing was begun after all materials were
Machine-mixed cylinders made 16 in a batc
king No. 1, 5, 9 and 13 were tested at 7 days; N3

Only one batch of machine-mixed concrete was
The mixing of the batches for a given mi
All the 10-min. batches were mix
Hand-mixed specimens were made for comparisdn with machine-mixed concrete.
Specimens stored in damp sand; tested damp.

%

0 '%?iwe consistency.
5 A

the drum.
for test at each age.
6, 10 and 14 at 28 days, etc.

fMade for each mix, grading and time of
\{and grading were distributed over a
first, the 5-min. next, etc.

CONCRETE—(Series 93)
of Aggregate)

In the order of

Water Aggregate ! Concrete
‘ Time 2 :
f. Mix Ratio Range Weight Den- of Compressive Weight Den-  Yield
No. by to in 1b. sity Mix- Strength 1b. sity
Vol. Cement Size per ing lb. per sq. in, per
by cu. ft. : cu. ft.
Vol. min. 7d. ' 28d. 3m.
4 Machine-Mixed Concrete ! 4
1-2 .60 0-1}4 130.0 .780 10 2440° 4410 5960 1-23.4 803 1.276
5 2420 4080 6220 151.5 TR 1.203
2 1760 3550 5180 152.8 799 1.281
' 1 1330 3400 5060 152.0 794 1586
5 }5 1420 3160 5160 150.0 784 305
% 1180 2070 4690 150.2 .786 182
Average 1760 3600 5380 151.6 .793  1.201
7 1-3 .70 0-11 130.0 .780 10 2100 38760 4980 154.0 .823 1. 1435
3 % 5 1720 83480 5260 153.2 .820 1.148
9 2 1390 3300 4960 152.8 .816  1.152
0 1 980 3000 4760 153.2 .821 1.148
1 15 840 2300 4360 152.7 .816 1.153
2 ¥ 810 2060 4000 151.2 .809  1.164
Average 1310 2990 4720 152.8 .818  Lis1
3 1-4 .81 0-1}4 130.0 .780 10 1380 2380 3730 153.2 .831 1.085
4 5 1340 2730 4100 153.2 .831  1.085
15 2 1090 2310 4330 154.0 835  1.080
6 1 760 220 3430 153.4 .832 " 11083
7 15 650 2060 3850 153.5 .833  1.082
18 Y 600 1820 3240 152.2 .826  1.092
Average 960 2270 3780 153.2 831 1.084
Lg 1-5 .91 0-1}% 130.0 .780 10 1380 2600 3460 154.1 .830  1.057
20 5 117088340 3460 153.5 826 1.062
b1 2 590 %370 2620 153.2 .824  1.064
) 1 490 4670 2620 153.3 825 1.063
23 Y5 460 1490 2880 152.6 820  1.060
24 4 460 1520 3150 153.0 .823  1.065
Average 760 1830 3030 153.3 .825  1.062
25 1-6 1.01 0-1}4 130.0 .780 10 1260 2370 3510 154.4 .849  1.013
26 5 860 1910 3150 153.2 .844 1.020
27 2 7608910 3040 153.5 .845 1.018
28 1 440 1450 2640 153.1 .843 1.021
29 15 450 1340 2270 153.3 .845 1.019
30 ¥ 400MMu10 2320 153.0 0 84201 (22
Average 700 1740 2820 153.4 845  1.019
31 1-7 1.10 0-1})4 130.0 .780 10 10200020 2880 154.8 .857° . .991
32 5 780 '1640 2790 153.1 .847 1.002
33 2 7908870 3110 153.8 .852 .997
34 1 480 1420 2160 153.0 . 847 1.002
35 15 440840 2280 153.2 .848" 1.001
36 4 350 1020 1700 152.8 .845 1.004
Average 640 20 2490, 153.4 .849 1.000
37 1-9 1.32 0-1}4 130.0 .780 10 650 -1'240 2040 154.5 861 .969
38 5 460 1100 1990 153.2 .854 977
39 2 480 +1110 1980 153.9 .859 972
40 1 220 F720 1870% 151.3 .844 .989
41 15 280 720 1400 149.1 .831 1.003
42 Y4 260 810 1460 150.0 .837 .997
. — 390050l 7101500845952
o : )
4 (1-15 1.94 0-1 4 130.0 .780 10 320 530 950 150.0 .843 .963
X i i 5 250 560 970 149.9 .842 . 964
B 2 150 360 570 144.7 .814 .998
LAl Oyt 910 1457 . 808 1.005
3 - 15 110 810 470 142.6 .803 1.012
4c. 4 110 240 390 141.8 797 1.018
Average 180 110 710 145.4 .818 .993
49 1-5 1.57 0-14 104,00 .624 10 240 990 131.6 .665 1.084
50 * 8 160 8 940 129.0 .653 1.105
51 2 130 3 810 129.3 .654 1.102
52 ;| 110 560 128.0 .648 1.112
53 15 70 400 126.3 .640 1.128
54 P74 20 @" 110 12530 .632 1. 140
Average 120 % 640 128.2 .649 1.112
| 55 1-5 1.51 0.8 110.0 .660 10 280 % 1080 134.0 .688 10T
56 5 -230 0 1200 131.8 677 1.118
57 2. 180 4NEEEO20  131.1 672 - 1:126
58 i | 140 0 1060 132.0 677 1.118
59 14 80 490 129.5 .665 1.139
60 p74 30 0 280 127.5 .654 1157
Average 160 410 830 131.0 .672 41.126 .
61 1-5 1.43 04 115.0 .690 10 370 _”‘ 1400 137.0 .710 1.108
62 & 310 @EN1620 133.0 .690 1.140
63 2 180 20 1060 134.9 .700 1.124
64 1 200 680 1630 135.5 .703 1.119
65 5 110 - BEESE610 " 133.2 .691 1.138
66 U 50 180 270 131.8 .684 : 1.150
; Average ' 200 500 1100 134.2 .696  1.130
“ 67 1-5 1.25 0-3% 122.5 .741 10 500 I(H() 2030 141.8 .753 1.114
68 5 460 1090 2100 144.5 .767 1.093
69 2 310 1000 1970 143.6 .762 1.100
70 1 280 1Q00 2200 142.5 .757 1.108
71 % 230" 760 15690 141.0 748 1.120
72 4 . 160 = SEIEN090 . .141.7 752 1.115
Average 320 890 1830 142.5 .756 1.108
73 1-5 1.08 0-34 126.5 .759 10 840 1700 2830 150.8 .812 1.053
74 5 510 1590 3010 149.6 .806 1.062
75 2 460 1390 2900 150.5 .811 1.055
76 1 380 1300 2640 147.9 .796 1.074
Tl 15 360 1 2400 147.5 .794 1.077
78 Y 250 40 1840  146.8 . 791 1.082
Average ; 470 ? 2600 146.8 .802  1.067
| 79 1-5 .82 0-2 128.5 .771 10 1410 00 3290 157.2 .867 1.002
80 5 980 2260 3540 156.6 .863 1.006
: 81 2 790 2020 3320 156.7 . 864 1.005
‘ 82 1 740 2000 3260 155.5 .858 1.012
' 83 5 560 1780 2700 155.0 .855 1.016
84 14 ~ 600 1560 2810 149.8 .827 1.051
' Average 850 1990 3150 155.1 .856 ° 1.015
*All specimens broken in removing forms; strength interpolated from other tests.
TABLE 8a
A STUDY OF THE TIME OF MIXING CONCRETE
-CONCRETE
Time Compressive Weight Den- Yield
of Strength 1b. sity
Mix-  Ib. per sq. in. per
ing 7 (21178 1 %
min. (d.aee8d. 3m.
Grand Average of All Mixes and Aggregates—Machine-Mixed Concrete
Refo Noa 4580 13, 19 et o). 10 1010 1860 2800 148.6 .799 1.068
Rets INOA2ESL T4 20:07 i iale s S 5 -830 1750 2880 147.5 .794 1.077
Ref ! Nola O s " 2148, (s at@ el > of iz 2 650 1540 2630 147.5 .793 1.077
RefiiNuc4, 10,516 582- 00 = riah, S o 1 480 1440 2450 146.7 .790 1.082
RefsNaG™b, 11, 17 82800 Tt o5 Tl 15 430 1200 2200 145.6 .784 1.090
Refi:ING. 6, 12,18 FG4 & i vl e s 4 380 1080 1950 144.8 779 1.097
Grand Average of 0-114 Aggregates and All Mixes— Machine-Mixed Concrete
Ref. No. 1, 7,13, 19, 25, 31, 37 & 43. 10 1320 2400 3560 153.8 .837 1.062
Ref. No. 2, 8, 14, 20, 26, 32, 38 & 44. 5 1120 2230 3490 152.6 .832 1.069
Ref. No. 3, 9, 15, 21, 27, 33, 39 & 45. 2 880 1970 3220 152.3 .830 1.070 -
Ref. No. 4, 10, 16, 22, 28, 34, 40 & 46. 1 600 1800 2870 151.6 .827 1.075
Ref. No. 5, 11, 17, 23, 29, 35, 41 & 47. 15 580 1580 2830 150.9 .822 1.079
Ref. No. 6, 12, 18, 24, 30, 36, 42 & 48. 1 520 1480 2620 150 5 .821 1.083
Grand Average of 1-5 Mixes and All Aggregates—Machine-Mixed Concrete
Ref. No. 19, 49, 55, 61,67, 73 & 79... 10 720 1350 2150 143.8 .761 1.074
Ref. No. 20, 50, 56, 62, 68, 74 & 80. .. 5 ' 550 1270 2280 142.6 .765 ° 1.084
Ref. No. 21, 51, 57, 63,69, 75 & 81. .. 2 380 1030 1940 142.8 J4H5 1.082
Ref. No. 22, 52, 58, 64, 70, 76 & 82. 2 1 330 1050 2000 142.1 .102 1.087
Ref. No. 23, 53, 59, 65, 71, 77 & 83. .. 15 270 810 1580 140.7 745 1.097
Ref. No. 24, 54, 60, 66, 72, 78 & 84... 1 220 680 1360 139.4 .738 1.109
| sl 1

T —

g3

~
~
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Hand-mi

batch of the

TABLE

8b

HAND MIXED CONCRETE

xed concrete cylinders were

same composition,

The sam

made at the same time as the machine-mixed
e materials were used.

sameEmelrlx, and stored and tested under identical conditions. NP Wy Sho
ngsecyhnqer was proportioned and mixed in a separate batch.
specimens bear Ref. No. 200 higher than the machine-mixed concrete of the

same kind.  The making of th i i istri i
" the sikia i cgncrete? 4 cylinders in a set was distributed over the same period

Water Aggregate Ti;ne CoNCRETE
. . 0
Ilégf. I:)‘l;,x R?no Range Weight Den- Mix-  Compressive Weight Den-  Yield
. Vi G o in 1b. sity ing Strength 1b. sity
ol. Cement Size per min.  Ib. per sq. in. per
by cu. ft, cu. ft. .
Vol. 7d. 28d. 3m.
201 1-2 60 0-14 130.0 780
= F . — 1560 3380 5060 151.9 .792 -
3(1):; i_z g(l) 0-134{ 130.0 .780 — 1300 2780 4200 152 .4 .814 : %gg
2915 ol 01y 100 s T b9 20 360 1m0 mm  1oss
225 1-6 . 1.01 0-134 1300 730 _ i - R
231 1.7 ihe 0_1}/4 130.0 .780 — 580 1670 3090 154 .4 .851 1.012
237 124 1188 oo ﬁ 130.0 .780 — 530 1430 2550 153.8 .852 . 997
_ 3 4 — 360 1030 187
243 1-15 1.94 0-13% 13000 780 — 190 440 208 %igfg ﬁggg .'oggg
Average. . R CE YV IS 780 1860 3090 152.4 832 1.068
249 1-5 1.57 0-14 104.0 .624
2 - . N — 140 380 870 128 8 .653 -
22? }_g }2:} 8:2 }10.0 660 — 160 500 950 132.2 .679 ;1(1);
267 15 125 0.3 1338 o = 270 904 1730 ‘1487 90y 1.114
273 1-5  1.08 0-3% 1265 .750 _ - S e i
ir . g — ".440 1260 2550 151. i
g;g }_g .91 0-114 130.0 .780 — 760 1950 3480 154.(1) g«ig }82(6)
.82 2 1NN B T = 670 2000 3500 156.5 :863 1 006
Aogerdges o o W ORG E L ] 370 1080 2060 143.1 .760 1.077
TABLE 9

EFFECT OF RATE OF ROTATION OF MIXER DRUM—(Series 96)
Compression tests of 6 by
Time of mixing, 1 minute.

Mixing was begun i i
Mixis after all materials were in th
Edecimens made in steel forms. e

lAél "igl__derls stpreg in damp sand: tested damp.
cylimgiue 1s the average from tests of 4 ¢ linders f
days; 2d, 6th,in a horizontal line are from a sizl'gle batcl';otl)rf1 éc};gcz't!: -

were made from each bat h; |
& AT Reai dayzzcetc.the Ist, 5th, 9th and 13th were tested at 7

12-in concrete cylinders.

"é oy s &
; Sl 2 2 avy oncrete .
Ref. Date 5, 40 | ibG y R.P.M
2 No. Mixed @ ‘22 C'm’t 6. of -
<] 2} of C
2 (1918) ¥ § .by Age: Mixer OSItnrgll-legstsll'Ave Weight
&) = A0 Vol Drum per sq. in. (I:IL %etr Z ield
T 1/280%5 . 100. .88 1013 s WV g
8 5 o 15 72(;- 28d 3m. o
9 18 1250 o
110 21 1120 2840 . 3870 154.7 850 1.030
11 25 1050 2800 4150 155.3 .855 1.025
12 30 1000 2720 3880 155.% 856 1.022
1.023
Average 1120 2670 4160 155.4 854 1 _8223
1.025
1 -3 /9%0 1K 110 .91 .0-114 8 680 1830 2910 153.1 .840
2 15 740 2140 3410 154.3 K44 1995
2.3 18 790 2340 3800 154.4 845 1.038
4 21 740 2210 3560 153.8 .841 1.042
5 25 680 2000 2800 154.4 845 1.038
6 30 680 1940 2830 153.9 .843 1.041
Average 720 2080 3220 154.0 .843 1.041
13 1/24 1-5 110 .91 0-1Y 8 620 1620 2550 153.7 .842 1.041
14 1D 700 1880 3370 155.2 .849 1.032
3 15 18 820 2050 3420 155.3 .850 1.031
16 21 760 2200 3490 155.1 .849 1.032
17 25 820 2150 3560 155.0 .848 1.033
18 30 740 1670 3380 155.2 .850 1.031
Average 740 1930 3300 154.9 848 1.033
31 1/26 1-5 110 .91 0-1Y4 8 660 1790 2770 153.5 .840 1.043
32 15 840 2160 3230 154.4 .845 1.038
4 33 18 850 2110 3290 155.1 .850 1.032
34 21. 820 1880 2980 155.0 .849 1.033
35 25 850 1980 3180 154.7 .846 1.037
36 | 30 950 2160 3040 155.6 -.851 1.030
Average 830 2010 3080 154. 7 .847 1.036
19 1/25 1-5 125 10.4 0-1Y4 8 480 1290 2420 152.7 .827 1.060
20 15 540 1470 2670 153.1 .831 1.056
5 21 18 610 1500 2940 154.5 .838 1.047
22 .21 540 1390 3120 153.4 .832 1.054
23 25 610 1510 2810 153.8 .834 1.051
24 30 540 1300 2660 154.0 .835 1.050
Average 560 1410 2770 153.6 .833 1.053
25 1/28 1-5 150 1.21 0-1Y4 8 310 880 1580 151.7 .809 1.082
20872 15 300 850 1650 153.1 .816 1.072
6 27 18 350 920 1800 153.0 .815 1.073
28. - 21 360 1020 1760 152.2 .814 1.078
29 25 380 1020 1970 153.2 .818 1.071
30 30 480 1140 1920 153.0 .816 1.074
Average 360 970 1780 152.7 .815 1.075
‘ Grand Average of All Consistencies
Ref. No. 1- 7-13-19-25-31 8 650 1660 2680 153.2 .835 1.050
2- 8-14-20-26-32 15 720 1860 3130 154.2 .840 1.044
3- 9-15-21-27-33 18 780 1930 3250 154.7 .842 1.040
4-10-16-22-28-34 21 720 1890 3210 154.2 .840 1.044
5-11-17-23-29-35 25 730 1910 3080 154.4 .841 1.042
6-12-18-24-30-36 i 30 730 1820 2950 154.5 .842 1.042

Grand Average of 110% Consistency

Ref. No. 1-13-31 8 650 1750 2740 153.4 .841 1.043 "
2-14-32 15 760 2060 3340 154.6 .846 1.036
3-15-33 18 820 2170 3500 154.9 .848  1.030
4-16-34 21 770 2100 3340 154.6 .846 1.036
5-17-35 25 780 2040 3180 154.7 .846 1.036
6-18-36 30 790 1920 3080 154-9 .848 '  1.034 LanTE

Grand Average of All 1109, Consistency and All R.P.M.
Ref. No. 1 to 6, 13 to 18, and 31 to 36 760 2010 3200 154.5 .846 1.037
} TABLE 10
: ‘
See Reverse Side of This Page
TABLE 11

EXAMPLE OF INFLUENCE OF WATER ON THE STRENGTH
OF CONCRETE

Values calculated from equation,
A 14000
S=— =

Bx 8.2x
~ Where S = Compressive strength
x = Water ratio :

A and B are constants whose values depend on quality of cement and

other conditions. : i ]
The water ratio is equivalent to the cubic feet of water to 1 sack (1 cu. ft.) of cement.
The strengths given in the table are about what would be expected from a 1-4 mix for
usual consistencies, etc. The strength values are solely for comparative pur in showing
the influence of changing the water ratio. The table is based on the following assumptions:.

Mix 1-4, relative consistency 1109, aggregate graded 0-114 in., mixed 1 min.

Water in a Relative Compressive Strength of Concrete
1-Bag Batch Consist- at 28 days -
ency BT = - 7
Water 1b. per . Relative
Gallons Ratio Percent. Sq. In. Strength
. ) ©) . Percent.
5.75 T 100 2770 100
6.0 .80 104 2600 94
6.25 .84 109 2400 87
6.5 .87 113 2250 o8l
7.0 .94 122 1950 70
7.5 1.01 131 1670 60
8.0 1.07 139 1470 53
9.0 1,21 157 1100 40
10.0 1.34 174 830 30
12.0 1.60 208 480 e
15.0 2.00 260 200 7




’

August 1, 1918.

If in equation (4), x = 1.00 (that is, 1 cu. ft. water
to 1 sack of cement, due allowance being made for water
held or absorbed by aggregate) we find S = 1,710 lbs.
per squase inch; if x = o.77, 8.2% = 5.06, S = 2,770 Ibs.
per square inch.

Let us compute by this means the effect of using 1 Ib.
(1 pint) more or less water than necessary in a 1-bag
batch of concrete. Assume x = o.77, which is about the
quantity of water which should be used in concrete for
road construction (that is, about 5.75 gallons per 1-bag
batch). We found above that x = o.77 gives a strength
for the uverage conditions of these tests of 2,770 lbs. per
square inch. 1 1b. of water = .016 cu. ft. For an increase
of 1 Ib. we should then have x = 0.786, 8.2* = 5.25, and
S = 2,670 lbs. per square inch, a decrease in strength of
100 Ibs. per square inch or about 3 per cent. For the
same relative consistency we may say that for small
changes in cement content the strength is proportional to
the quantity of cement in the batch. We are led, then,
to the amazing conclusion that 1 pint more water than
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Fig. 17—Relation Between Strength and Wear
of Concrete

Same data as in Fig. 16; both strength and depth of wear
platted to logarithmic scale. Compare Fig. 15.

™

/fooo

necessary in a 1-bag batch produces the same effect as if
we should leave out 3 Ibs. of cement. If a gallon more
water than necessary is put in a 1-bag batch it means
that approximately 25 per cent. of the cement is thereby
wasted.

Table 11 shows the influence of water on the strength
of concrete for a typical case. The values in the table are
about what would be expected from a well-graded mix of
1:4 (or in usual terms 1:1%:3 or 1:2:3) concrete.

These tests give us an entirely new conception of the
function performed by the various constituent materials.
The use of a coarse, well-graded aggregate results in no
gain in strength unless we take advantage of the fact that
the amount of water necessary to produce a plastic mix
can be reduced. In a similar way we may say that the
use of more cement in a batch does not produce any
beneficial effect except from the fact that a plastic, work-
able mix can be produced with relatively less water.
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Fig. 18—Influence of Water on the Strength and Wear
of Concrete
Series 8g—A combination of Figs. 13 and 15. The strength-

water relation may be platted on the same diagram if
desired ; equation (3) gives the relation for these tests.

The reason a rich mixture gives a higher strength than
a lean one is not that more cement is used but because the
concrete can be mixed (and usually is mixed) with a
quantity of water which is relatively lower for the richer
mixtures than for the lean ones. If advantage is not
taken of the fact that in a rich mix relatively less water
can be used, no benefit will be gained as compared with a
leaner mix. In all this discussion the quantity of water
is compared with the quantity of cement in the batch
(cubic feet of water to 1 sack of cement) and not to the
weight of the dry materials or of the concrete as is
generally done.

The mere use of richer mixes has encouraged a feeling
of security, whereas in many instances nothing more has
been accomplished than wasting a large quantity of
cement, due to the use of a great excess of mixing water.
The universal acceptance of this false theory of concrete
has exerted a most pernicious influence on the proper use
of concrete materials and has proven to be an almost in-

surmountable barrier in the way of progress in the de-
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Fig. 19—Efiect of Age on the Strength of Concrete

Series 89—FEach point is based on 24 tests obtained from
averaging 6 times of mixing. (Compare Figs, 21 and 33.
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velopment: of sound principles of concrete proportioning
and construction.

Rich mixes and well-graded aggregates are just as
essential as ever, but we now have a proper appreciation
of the true function of these materials, and a more
thorough understanding of the injurious effect of t0o much
water. Rich mixes and well-graded aggregates are,
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Fig. 20—Efiect of Age on the Strength of Concrete

Series 80—Same data as in Fig. 19, except age platted to
logarithmic scale. Compare Figs. 22, 36 and 46.

after all, only a means to an end; namely: to produce 2
plastic, workable concrete with a minimum quantity of
water as compared with the cement used. Workabil'ty
of concrete mixes is of fundamental significance.  This
factor is the only limitation which prevents the reduction
of cement and water in the batch to much lower lim'ts
than are now practicable. The importance of any methcd
of mixine, handling, placing and finishing concrete which
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Fig. 21—Efiect of Time of Mixing on the Strength
: of Concrete

Series 93—All aggregates graded o-1% in. Each .value is the
average of 4 tests. Similar curves may be drawn for tests

at 7 days. For similar tests at 3 months see Fig. 23.
Compare Figs. 4, 23, 25, 27 and 20.

will enable the builder to reduce the water content of the
concrete to a minimum is at once apparent.

If equation (1) is interpreted literally we should be led
to the conclusion that the concrete increases in strength

Volume 35.
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Fig. 22—Effect of Time of Mixing on the Strength
of Concrete
Series 93—Same data as in Fig. 21, except time of mixing is
platted to log. scale. Compare Figs. 5, 6, 24, 26, 28 and 30.

as the water ratio is reduced up to the point where no
water is used. This, of course, is not the case since
mixes so dry as to be non-plastic will show a falling-off
in strength. The quantity of water which will permit
only a trace of moisture to be brought to the surface gives
the highest strength. The value of water ratio which
gives this result will depend upon the amount of cement
(the mix), the grading of the aggregate, manipulation,
etc. Definite maximum points are secured in the water-
strength curves if the tests are carried to drier and drier
mixes. From the maximum the strength falls off rapidly
for either more or less water. The maximum strength
occurs for usual conditions at a relative consistency of 85
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Fig. 23—Efiect of Time of Mixing on the Strength
of Concrete

Series 93—3-mo. tests, similar to Fig. 21. A set of curves of
the same kind may be platted for the 7-day tests. Com-

pare Figs. 4, 21, 25, 27 and 29.
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to go per cent., based on the method of determining con-
sistency used in these tests. For a typical water-strength
curve, showing values for dry mixes, see Concrete High-
way Magazine, April, 191%7.

Few engineers or contractors fully realize the injurious
effects produced by using too much mixing water in con-
crete. We frequently hear the following arguments in
favor of the very wet mixes:—

(1) The excess water does no harm since it runs off
and evaporates.

(2) While very wet concrete is weak at early ages it
gains in strength more rapidly than the drier mixes.

(3) The richer mixes used in reinforced concrete
buildings and in road construction are less affected by
excess water than ordinary mixes.

Let 'us examine these statements in view of the tests
included in this report. The excess water does not run
off until such a quantity has been used that all of it can-
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Fig. 24—Efiect of Time of Mixing on the Strength
of Concrete 1

Series g3—Same data as in Fig. 23, except time of mixing
Dlatted to log. scale. ‘Compare Figs. 5, 6, 22, 26, 28 and 30.

not be held by the concrete. This condition comes at
about 200 per cent. relative consistency, that is, about
double the water used for concrete of good quality. At
this consistency we find a strength of about 20 per cent.
of what should be secured. There was every opportunity
for the water to run off in these tests. Some of the water
€vaporates but it has already done the damage.

It was formerly believed that there was no truth in
ck_‘lm (2). It now appears from these tests that the wetter
Mixes do increase in strength somewhat more rapidly
than the drier ones, but the difference in rate is not of
Sufficient importance to justify placing any confidence in
this claim. A slight difference in rate cannot counteract
2 handicap of 300 per cent. to 400 per cent. in strength

Ue to too much water in the original mix.
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Fig. 25—Efiect of Time of Mixing on the Strengta
of Concrete
Series 93—1-5 mix, 28-day tests, different gradings of aggre-
gate. For similar tests at 3 months see Fig. 27. Com-
pare Figs. 4, 21, 27 and 29.

The exact interpretation of claim (3) hinges entirely
on what constitutes excess water. For a given increase
in quantity, that is, a certain number of pints, the richer
mixes are more affected than the lean ones. This is
shown by the steeper slopes of the curves in Fig. 9, etc.,
for the drier mixes or the mixes which for any reason
have a lower water ratio. The effect which would be
produced by a given change in plastic condition for rich
or lean mixes would depend on many other factors. There
is no reason to believe that the conditions would ever be
noticeably more favorable in the rich mixes.

The only safe rule to follow with reference to water in
concrete is to use the smallest quantity of mixing water
which will give a plastic or workable mix, then -provide
plenty of moisture for the concrete during the period of
curing which follows setting and hardening of the cement,

The reason for the injurious effect of too much water
in concrete is undoubtedly found in the fact that the
particles of cement are pushed farther and farther apart
and from the aggregate particles to which they should
adhere as water is added to the batch. Soon a condition
is reached where practically no strength is obtained. If
the water content is increased to three or four times the
volume of the cement, the strength is negligible (whether
in neat cement or concrete). Beyond this range the mass
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Fig. 26—Effect of Time of Mixing on the Strength

of Concrete

Series 93—Same data as in Fig. 235, except ume of mixing
platted to log. scale. Compare Figs, 5, 6, 22, 28 and 30.
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So0g o e e S in the molecular structure of timber and concrete. (For

N 1 ﬂ.é&r'.z’mmfj zests discussions of timber tests, see reports of U.S.. Forest

B | 2 Service, and Forest Products Testing Laboratory, or con-

%4”” sult recent reference books on materials of construction.)
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Fig. 27—Efiect of Time of Mixing on the Strength
of Concrete

Series 93—3-mo. tests, similar to Fig. 25. Compare Figs. 4,
21, 25 and 20.

never hardens. The cement is fully hydrated, but it
offers no resistance to stress. In this instance the
particles have been separated beyond the range of mole-
cular action. These considerations furnish a method of
determining the law of molecular attraction for a material
of the nature of portland cement.

A brief discussion of the influence of water on the
strength of concrete, based on a series of tests which is
not included in this article, was given by the writer in
The Canadian Engineer for June 6th, 1918. A more com-
plete presentation of this work is now being prepared for
publication.

It is interesting to note that the strength of timber is

affected by changes in water in exactly the same manner
as concrete. Any addition of moisture above the bone-

dry condition causes a reduction in strength. The law of

change in strength is of exactly the same form as our
equation (1). This fact connotes a remarkable similarity
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Fig. 28—Efiect of Time of Mixing on the Strength
of Concrete

Series 93—Same data as in Fig. 27, except time of mixing
platted to log. scale. Compare Figs. 5, 6, 22, 26 and 30.

mixing periods of 15 seconds to 10 minutes in both Series
89 and 93. - In Series 89 the mix and the grading of the
aggregate remained constant (1 : 4 mix, aggregate o-I U
ins.) but the amount of mixing water varied from what
we call go per cent. relative consistency to 200 per cent.
This corresponds to a range in the water content from a
rather stiff to a very wet mix, and a water ratio of 0.65
to 1.45. In Series 93 two variations in the proportions
were made. In the first group of tests the grading of
aggregates remained constant, (o-1} ins.) but the mix
was varied from 1:2 to 1:15. In the second group in
this series the mix remained constant (1 : 5) but the grad-
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Fig. 29—Efiect of Time of Mixing on the Strength
of Concrete

Series 9g3—Grand average for all times of mixing for o-1% in.
aggregates, regardless of mix. Compare Figs. 4, 21,23 and 27.

ing of the aggregate varied from sand, o-14, to a very
coarse concrete aggregate, graded o-2 ins.

General Discussion of Time of Mixing

Table 12 gives the relative strengths of concrete for
mixing periods varying from 15 seconds to 10 minutes
for representative ranges of the variables. The values
are based on the genéral trend of values from these tests.
The percentages are referred to the strength of the same
concrete mixed 1 minute. This period was chosen fcr
comparison for the-reason that 1 minute is generally
specified as a minimum mixing time for first-class concre'e
such as that used in road and building construction.
The effect of time of mixing on the strength of con-
crete is shown graphically in many of the diagrams. It
is seen that the strength increases with increased time of
mixing in every instance. In al] of the tests the strength
increases rapidly for the first few seconds of mixing with
a gradual reduction in the rate of increase. The relation
between strength and mixing-time gives a smooth curve
if the values are platted to direct scale. The tests show
a consistent relation in all cases between the time of mix-
ing and the other factors. This relation can be expressed
by an equation of the form,

6 aa R TG e, D T e (6)
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where S = compressive strength of the concrete,

t = time of mixing, and

k and n are constants whose values depend on
mix, consistency, grading of aggregate, age and other
conditions of the tests. If this equation is platted using
the logarithm of the time and a direct scale of strength
we secure a straight line. Due to an error in the
diagrams, the abscissae of the curves are platted in
minutes and the equations expressed in seconds. The use
of seconds is preferable, since it avoids the use of negative
logarithms.

By means of this equation we are able to estimate the
relative change in strength which will be produced by a
certain change in the mixing period. For the condition
of these tests the constants in equation (6) become
k = goo, n = 750. This assumes a I:4 mix, relative
consistency 110 per cent., aggregate graded o-1} ins.,
age at test, 28 days. If we wish to compare the strength
of the concrete for 114-minute mixing with that mixed 1
minute we shall have for 1 minute:—

S = goo + 7350 log. 60 = goo + 750 X 1.778
= 2,230 lbs. per square inch R R )

For 1% minutes we shall have :—

S = goo + 750 log. go = goo + 750 X I1.954

= 2,360 lbs. per square inch - -
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Fig. 30—Effect of Time of Mixing on the Strength
of Concrete

Series 9g3—Same data as in Fig. 29; time of mixing platted
to logarithmic scale. Compare Figs. 5, 6, 22, 26 and 28.

_In other words, the strength after 17;-minute mixing
IS 6 per cent. greafer than at 1 minute. Theoretically
€quation (6) says, using the constants found in (7) and (8),
that for the conditions of these tests we have a strength
of goo Ibs. per square inch at a mixing time of 1 second
log. 1 = o) and that the strength increases 750 lbs. per
Square inch for each succeeding number of seconds cor-
responding to a logarithmic increase of unity. Thus for

10 seconds (log. 10=1), S=goo + 750 = 1,650 Ibs.
Pe€r square inch.

100 seconds (log. 100 = 2), §*= goo + (2)750 = 2,4c0

S. per square inch.

In other words, there is the same increase in pounds

Per square inch from 1 to 10 seconds, from 10 to 100
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Series .93—Includes all tests of machine-mixed concrete in
Series 93. Each point is the average of 6 different times
of mixing for each mix and grading. Compare Figs. 7.
9, 33, 44 and s2.
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seconds, and from 100 to 1,000 seconds. A similar in-
terpretation can be placed on other equations of this form.

This equation expresses the law of change in strength
for different mixing periods. It indicates the true rela-
tion up to the maximum period covered by these tests;
that is, 10 minutes. The maximum time to which this
relation may hold was not determined, but it is obvious
that it cannot be continued beyond the period at which
setting of the cement begins. An equation of this form
is useful in making it possible to calculate the effect of
mixing for periods of time not covered by the tests.

The values in Table 12 show what may be expected
from varying the time of mixing of concrete to different
consistencies, mixes, etc. The strengths have been re-
duced to a percentage of the strength of the same con-
crete at 1-minute mixing. These values are expressed by
the equation :—

P=1+ mlog.t - - - - (9)
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Fig. 32—Influence of Water on the Strength of Concrete

Series 93—Same data as in Fig. 31, except strength platted to
logarithmic scale. The points are platted from the curves
in Fig. 31. Compare Figs, 8, 10, 34, 45 and 53.
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where P = percentage of strength as compared with the 8600 : ]
r-minute strength of the same concrete; i ‘
t = mixing time in seconds; and : [
1 and s are constants, depending upon the same o ll /_z//.’
factors as k and n in equation (6)- 2 | :
_ Equation (9) is, of course, only another way of writing , //_J /{i
equation (6). The values are based on the general trend : |
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Fig. 33—Influence of Water on the Strength of Concrete

Series 9g3—Hand-mixed concrete in Table 8. Each value is the
average of 4 tests made on different days. Compare Figs.
7, 9, 31, 44 and 52.

of the results found in these tests. It should be borne in
mind that these values do not necessarily represent condi-
tions for mixers of other types or sizes.

Concrete of Different Consistencies

The tests in Series 89 show the effect of time of mix-
ing when concrete of different consistencies is used. The
relative values in Table 12 show that the drier mixes are
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Fig. 34—Influence of Water on ths Strength of Concrete

Series 93—Same data as in Fig. 33, except strength platted to
logarithmic scale. ‘Compare Figs. 8, 10, 32, 45 and 53.

more affected by continued mixing than the wetter ones;
for instance, from 14 to 2-minute mixing we find an in-
crease from 89 to 112 per cent. fo:j go per.cent. consistency
and from g8 to 105 per cent. for 200 per cent. consistency.
For the usual range in consistencies which should be
aimed at in most work, say, 100 to 125 per cent., chang-
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Fig. 35—Efiect of Age on th> S‘rangth of Concrete
Series g3—Aggregates graded o-1% in. Each point is the
average of 24 tests from 6 times of mixing. Compare
Figs. 19 and 38.

ing the mixing time for a 1:4 mix of ord'nary aggregates
from 3 to 1% or from 1 to 2 minutes causes an increase
in the strength of about 10 per cent.

From the values in Table 12 it will be seen that mixing
a concrete of 125 per cent. consistency .for 10 minutes
gives about the same strength as mixing 110 per cent,
for 1 minute; the use of 2 to three pints of water more
than necessary in a 1-bag batch &f concrete is sufficient
to counteract the beneficial effects of increasing the
mixing time from 3 to 1} minutes oOr from 1 to 2
minutes. No reasonable increase in the period of mixing
concrete will compensate for the use of an excess of water

in the batch.
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Fig. 36—Effect of Age on the Strength of Concrete

Series 93—Same data as in Fig. 35, except age is platted to
logarithmic scale. Compare Figs. 20, 37, 39 and 40.
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Fig. 37—Effect of Age on the Strength of Concrete

Series 93—1-5 mix, size of aggregate variable. Each point is
the average of 24 tests based on 6 times of mixing for
each grading. Age platted to logarithmic scale. Com-
pare Figs. 20, 36, 39 and 46.

Concrete With Different Quantities of Cement

See Series 93, (Figs. 21 to 24) and Table 12." The
lean mixes show a much greater relative increase in
strength with continued mixing than do the rich mixes.
The mixes tested varied from 1:15 to 1:2. For mixing
periods from 3/ to 1% minutes or from 1 to 2 minutes
the increase in strength at 28 days was about 19 par cent.
for the leanest mixes and 7 per cent. for the richest.
These percentages are based on the strength at r-minute
mixing. These percentages are not sensibly different for
ages of 7 days or 3 months.

Concrete With Aggregates of Different Sizes

See Series 93 (Fig. 25 to 28) and Table 12. Concrete
with aggregates of small sizes is more affected by con-
tinued mixing than similar concrete with aggregates
graded up to coarser sizes. The sizes tested ranged from
O-14-mesh to o-2 ins. For instance, from 4 to 2 minutes
we find an increase from 64 to 136 per cent. for o-14
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Fig. 38—Effect of Age on the Strength of Concrete

Series 93—All aggregates graded o-1% in. Each point is the
average of 32 tests; 8 different mixes. Compare Figs:
19 and 3s. :
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aggregates, and from g1 to 109 per cent. for o-z-in. ag-
gregates. While the concrete made of fine aggregates
increases in strength more rapidly with time of mixing
than the coarse, it is not feasible to compensate very great
changes in the size and grading of the aggregate by
additional mixing. For instance, in order to obtain the
same strength as given for a 1-minute mix of o-1{-in.
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Fig. 39—Efiect of AAge on the Strength of Concr:te

Series g3—Same data as in Fig. 38; age is platted to logarith-
mic scale. Compare Figs. 26, 36, 37 and 46.

concrete, we would have to mix o-34-in. concrete of the
same mix for 1o minutes. This, of course, is only an in-
direct influence of the water ratio occasioned by dif-
ferences in size and grading of the aggregate.

Further Remarks on Time of Mixing

If the evidence of these tests is a satisfactory guide,
it appears that there has been a tendency to over-estimate
the beneficial effects of increased mixing. It is shown
that with this mixer the increase in strength which accom-
panied increases in mixing time from 3/ to 114 minutes or
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Fig. 40—Efiect of Rate of Rotation of Mixer Drum on
Strength of Concrete :

Series g6—1-5 mix; 7-day tests. In general the values are the
average of 4 tests. The 110% consistency was mixed in
triplicate on different days; each value on this curve is

the average of 12 tests. s

| %

from 1 to 2 minutes for usual concrete is only about 10
per cent. of the 1-minute Strength. It seems doubtful if
the increased cost of mixing each batch 3{ to 1 minute
longer is justified by an increase of 10 per cent. in
strength. It is the writer’s belief that if concrete is
mixed one full minute after all materials are in the drum,
we are getting about the maximum efficiency if the output
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Series 93—28-day tests similar to Fig. 4o.

of the mixer is the factor which controls the amount of
work done. Unfortunately, many contractors interpret
a 1-minute mix requirement in the specification as mean-
ing 60 seconds if materials happen to be moving slowly,
and 10 to 30 seconds when materials are being delivered
as intended. :

It is folly to insist on a few seconds’ increase in mix-
ing time beyond the 1-minute period until more attention
has been given to reducing the mixing water within
proper limits ; especially since we have seen that the wet
mixes show decidedly less benefit from continued mixing
than the drier ones. A statement made above will bear
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Fig. 42—Efiect of Rate of Rotation of Mixer Drum on
Strength of Concrete

Series 93—3-month test similar to Figs. 40 and 41.

ncrease in the mixing

repetition, namely : No reasonable i
f water in the batch.

time will compensate for an excess o

Wear Tests of Concrete

Wear tests of concrete were made at the age of 2
months in Series 89 on a 1:4 mix, aggregates consisting
of gravel graded o-1% ins. This mix conforms closely
to that generally used in concrete road construction. The
blocks were stored in damp sand until two days preced-
ing the test, when they were removed to the open Toom
and permitted to dry out. This was done in order that
the loss in weight of the blocks during the test might not
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influence the indications. The wear of the concrete was
determined on the basis of the loss in weight during the
test. The loss of weight was reduced to the equivalent
depth of wear. This seems to be a better measure of the
wear, since the loss expressed as a percentage of the
weight would be greatly influenced by the original thick-
ness of the block, the unit weight of the aggregates, etc.

In Fig. 11 the influence of the time of mixing on the
wear of concrete is shown for the average of six con-
sistencies. The wear increases very rapidly as the mixing
period is reduced below about 1 minute. For mixing
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Fig. 43—Efiect of Rate of Rotation of Mixer Drum on
Strength of Concrete

Series g6—Each curve is the average of all consistencies for
a glven rate. ;

periods between 2 and 10 minutes there was practically
no variation in the wear, The average wear ranged from
0.65 in. for the longer periods of mixing to o.g in. for 15-
second mixing. It should be borne in mind that in Fig.
11 the six consistencies were averaged.

Fig. 12 shows the influence of water ratio of the con-
crete on the wear. Here the tests at different times of
mixing are averaged. The average wear in this case
ranges from o0.55 to 1.1 ins., being highest for the wet
mixes. The influence of water on wear is approximately
the reverse of that found for the strength. Fig. 13 was
platted from the curve in Fig. 12. The influence of water
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Fig. 44—Influence of Water on the Strength of Concrete

Series gb—Each point is the average of all rates of rotation
for a given consistency. Compare Figs. 7, 9, 31, 33 and 52.
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content on the wear can be expressed by an equation of
the form,
W-= ab* - - -
where W = depth of wear in inches;
x = water ratio; and
a and b are constants whose values depend on
age and other conditions of the test,
It is seen that this relation is of the same form as the
equation for strength, except that the exponent which

- (10)
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Fig. 45—Influence of Water on the Strength of Concrete

Series g6—Same data as in Fig. 44, €xcept strength is platted
to logarithmic scale. Compare Figs. 8, 10, 32, 34 and 53.

expresses the water ratio now appears in the numerator
instead of in the denominator ; in other words, increase in
the ratio (within the range of plastic mixes) increases the
Wear and decreases the strength.

For the conditions of these tests, equation (r10)
becomes

W= o2t {4.3)* - - - (11)

~ Small changes in the watér ratic exert an impcrtant
nfluence on the wear. The wear increases at a more and
more pronounced rate as the water is increased.
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Fig. 46—Efiect of Age on the Strength of Concrete

Series 96—Each point is the average of all rates of rotation
or each consistency. Age platted to logarithmic scale
Compare Figs. 20, 36, 37 and 30.
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We have sufficient data for a study of the relation be-
tween the wear and compressive strength of concrete for
a given age. This relation is shown in Fig. 14. Here
each consistency is plat‘ed separately. The results of an
earlier series of tests made in the same machine on 1:5
hand-mixed concrete, at the age of 4 months from Series
75 (details not given in this article) are shown in Fig. 16.
The relation between strength and wear of concrete may
be found by considering equations (1) and (10) simul-
taneously. If this is dcre and the values of the constants
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Fig. 48—Temperature of Concrete Produced by Mixing
Water at Difierent Temperatures

Series 97—Consistencies between go and 125% are omitted.

found in these series substituted in the equation, we shall
have :—

: 3 ,80¢ 3
For'Series 89 =S = —Iﬁxi:— - - (x2)
For Serieszg S = % . % (13)

where § = compressive strength in Ibs. per sq. in.; and
IV = depth of wear in inches.

These relations are shown in Figs. 15 and 17. It will
be noted that this form of equation gives a straight line it
both variables (S and ) are platted to logarithmic scales.

These equations are most useful in estimating the
probable ‘wearing resistance of a concréte of known
strength.

(Concluded in the next issue. For Figures 49 to 53,

inclusive, see next issue)
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CALIFORNIA’S TEST FOR B. COLI*

By C. G. Gillespie
Chief Engineer, Berkeley Laboratory, State Bureau of
Sanitary Engineering.

INCE the establishment of this laboratory, September,
1915, the method for the isolation of B. coli in water
samples has been that described in Standard Methcds
of Water Analysis as the ‘‘partially confirmed test,”’
. and consists of fermentation and enrichment in lactose
broth and streaking on litmus lactose agar plates from
broth tubes showing gas. The B. coli group is con-
sidered present when typical colon-like colonies develcp
on the litmus lactose agar plates. This method is similar
to but in one particular differs from the procedure adopted
by the Treasury Department on October 21st, 1914, lor
drinking water supplied to the public by common carriers
in interstate commerce. The latter procedure involves n
additional step over that used in this laboratory, namely :
fishing and transplanting of a colon-like colony from the
lactose litmus agar plates into a lactose broth tube, 0
confirm the gas-forming property. ~

Comparison of Methods

A comparison of the two methods on a large number

of water samples from various sources shows the follow-
ing results:— :
Presumptive test— 24 hours. 48 hours

Total number .......«... e 382 782
Partially confirmed test—

Typical colon-like colonies .. 97-1% 76.1%,
Treasury Department method—
Fermentation of typical colon-like
colonies .i..iieeneecsaanan g7 73.4%

Observations were made on the presumptive test after

24 hours and 48 hours. One of the striking features cf
this comparison is the small number of samples showing
B. coli after but 24-hour incubation and the large number
of 24-hour presumptive tests which on subsequent con-
firmation gave positive B. coli by the Treasury Depart-
ment methods, and by the method used in the laboratory
of the Bureau of Sanitary Engineering, 97 and 97.1 per
cent., respectively. Of the 48-hour presumptive tests,
however, only 73.4 per cent. were confirmed by the
Treasury Department method and 76.1 per cent. by the
method of this bureau. A difference of 2.7 per cent. is
noted in the two methods. .It is doubtful whether this
difference is of sufficient importance to justify the extra
work involved in obtaining the lower and doubtless more
correct percentagé. The ‘‘partially confirmed test’’ is on
the safe side at any rate.

The latest Standard Methods of Water Analyss
published by the American Public Health Association,
1917, defines the B. coli group as including all non-spore-
forming bacilli, which grow aerobically on solid media
and which produce gas in lactose broth. The B. coli
tests are grouped under three headings: (1) the pre-
sumptive test, consisting only of gas production in lactose
broth; (2) the partially confirmed test, consisting of plat=
ing a portion of the broth tubes showing gas on litmus
lactose agar or endoes media and noting the formation
of “‘typical colon-like colonies’’; (3) the completed test,
which consists of fishing typical colonies from the litmus
Jactose agar plates for demonstration of non-spore-form=-
ing bacilli and formation of gas in lactose broth.

*From “Bulletin?”’ of State Board of Health.
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It was deemed advisable to make a comparison of the
three methods and determine the certainty with which tke
“‘typical colon-like colony’” can be recognized and which
of the three methods is most desirable for California con-
ditions, with a view to reducing the work in the labora-
tory to a minimum without sacrificing the accuracy of the
demonstration of B. coli. ‘The following comparison was
obtained from an entirely different series of water samplcs
than those given in the preceding table:—

48 hours.

24 hours.
Presumptive test—total .......... 321 776
Partially completed tests ......... 100% 82.1%.
Completed tests «...oovveeereens 100% 81.2%

Fifty-one per cent. of the tests giving confirmed
presence of B. coli after 48 hours failed to indicate the
presence of B. coli on 24 hours’ incubation, Practically
100 per cent. of the 24-hour presumptive tests were posi-
tive when confirmed by the completed test; in fact, only
one sample out of a total of 321 could not be confi med.
The difference of 0.9 per cent. between the ‘‘partially
confirmed”’ and ‘‘completed test’ is considered tco smalil
to warrant the large amount of time consunied in cOm-
pleting the confirmation.

It must be recognized that the success of the partially
confirmed test depends upon one’s ability to distinguish
by colony appearance between B. coli and similar acid-
forming colonies. On litmus lactose agar, the typical
colon-like colony appears as a raised red or pink spot in
a blue field, or if the field becomes acid, the red or pink
color of the colony will be more prominent than that of
the field. The colonies on the surface are fat, glistening
and smooth with a regular outline. Small deep red
colonies with a deep red or brick-colored centre or
irregular outline are usually not B. coli. On endo media,,
ihe colonies are raised with a regular outline, deep red
and with a highly metallic sheen.

On the large number of 48-hour presumptive tests.
which 'the Bureau found negative on further confirmation,
a large percentage were waters treated with chlorine gas,
though the same observation applies to well waters, large
reservoirs and streams. The positive presumptive tests
in these cases may be attributed to either anaerobic or
aerobic lactose-splitting spore-bearing bacilli, which are
highly resistant to chlorine. B. welchii was isolated from
the river supply at Sacramento, Cal., in 1916, as the
anaerobic and aerobic spore-bearing bacteria and lactose-
bile. At that time the city laboratory was using only the
presumptive test for B, coli. In endeavoring to eliminate
gas-forming bacteria from the supply, an overdose of
chlorine was consequently added which caused tastes ard
subsequent complaints by the users of the water. More:
recently a larger number of aerobic spore-bearing lactose-
splitting bacilli have been isolated from both chlorinated:
and unchlorinated supplies. It is thought that both
anaerobic and aerobic spore-bearing bacteria and lactose-
splitting bacilli are widely distributed in California waters.

Summary of Experiences

The experience of the Bureau on a wide range of
waters has been that only about 50 per cent. of the fests
in which B. coli are confirmed, develop gas within 24,
hours’ incubation.  Forty-eight - hours’ incubation is
necessary on tubes in which gas does not develop at 24
hours. However, practically all tubes showing a gas at
the end of 24 hours were later confirmed for B. coli. Of
those showing gas on 48 hours’ incubation less than 85,
per cent. could be confirmed.

(Concluded on page 118)
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ENGINEERING STANDARDS COMMITTEE

S the result of a happy suggestion made some time
ago to Sir John Kennedy, an Engineering Standards
Committee has been organized in Canada., Fortu-

nately, the suggestion was made to the right man. Sir
John was quick to recognize its value, and persistent in his
efforts to interest others in the idea. The enthusiasm of a
number of other engineers in Montreal was aroused and
they helped Sir John to secure the support of departments
of the government, the universities, the Canadian Manu-
facturers’ Association, the Canadian Mining Institute, the
Engineering Institute of Canada and other important
technical bodies. An organization has ncw bezen
effected with strong membership, representing the various
engineering interests.

The work of this committee will be of real importance
to economic production in Canada. In fact, Canada’s
future position in foreign markets and the extent of her
overseas trade will depend in no small measure upon the
Success of the work which this committee is ambitious to
accomplish. It desires to standardize engineering prac-
tice as applied to industry.

In organizing this committee Sir John Kennedy has
added merely another page to a long record of usefulness
to the community, and has proven once again that a
Proper selection was made when he was honored by
knighthood as the dean of Canadian engineers.

The Canadian committee has been patterned upon the
British Engineering Standards Comiittee, The latter
Works in conjunction with the Board of Trade, and is
Tepresentative of the whole engineering industry of Great
Britain, It is competent to examine all proposals for im-
Proved standards and to make proper recommendations
Upon which new developments can bz correctly founded.
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From the time of its inception, about sixteen years ago,
the British committee has carried on this work with
proper appreciation of the interests of both producers and
users. s
Co-operation will be arranged with the Engineering
Standards Committee of the United States, recently
established, and by this means Great Britain, Canada and
the United States will be linked together in work which
will help to stimulate allied trade and to resist German
penetration. There is a great difference between some of
the methods in vogue in Great Britain and those followed
in the United States. Canada, having selected the best
ideas from both countries, is in a unique position. The
Canadian committee will be of great use in harmonizing
British and American standards. The work of the three
committees will increase the industrial supremacy of the
English-speaking nations.

TO CONVERT BEE-HIVE OVENS

N apparatus for converting bee-hive coke ovens into
by-product recovery ovens, without altering or
destroying the oven structure, has been recently

issued in the United States. If this process be successful
it will be of great economic importance, as the bee-hive
ovens of the internal combustion type are generally con-
sidered to be very wasteful.

Assuming that the invention is successful, a problem
has now been solved upon which engineers have worked
for the past fifty years without reaching a practical solu-
tion. Instead of costly and entire reconstruction of the
ovens, the inventor claims it is now possible to convert
the existing bee-hive coke ovens at comparatively small
expense into.ovens which will save the by-products.

Canada has some modern by-product ovens, but thé
greater number of ovens in Canada are of the bee-hive
type, so there will no doubt be a considerable market in
this country for this invention, if successful. At the be-
ginning of this year there were approximately 1,874 bee-
hive ovens in Canada, 240 Bernard ovens, 30 Bauer
ovens, 620 Otto Hoffman ovens, 224 Koppers ovens, 6o
Solvey ovens and 101 Mitchell ovens.  The principal
owners of bee-hive ovens are the Crow’s Nest Pass Coal
Co., Limited, with nearly a thousand ovens, and the
Canadian Collieries (Dunsmuir), Lim'ted, with a little
less than half that number. The chief owners of by-
product recovery ovens are the Dominion Iron & Steel
Co., Limited, Sydney, N.S.

EFFECT OF TIME OF MIXING ON STRENGTH
OF CONCRETE

N this week’s issue appears the second and principal

portion of Prof. Duff A. Abrams’ article on ‘“‘The

Effect of Time of Mixing on the Strength of Con-
crete,”’ the first or introductory portion having been
printed in last week’s issue. Nearly every civil engineer
and contractor has occasion at some time to design in
concrete, to prepare specifications for structures includ-
ing some concrete construction, or to inspect or report
upon concrete work. Prof. Abrams’ investigations and
conclusions will therefore Le of very general ‘nte est. The
laboratory of which he is in charge has probably com-
pleted more experimental and research work in regard to
concrete than has any other laboratory. They have made
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~‘over 50,000 tests just on the effect of size and grading of
‘aggregates. Their research work in connection with
sands and water content have been of special value, and’

have been productive of some very interesting and novel
.conclusions.
 The article was originally written for the American
Concrete Institute, to be presented at the annual meeting
recently held in Atlantic City, but was not published by
that Institute as it was not received in time for the mak-
ing of the very large number of illustrations required or
for the setting up of the detailed tables requiring difficult
and expensive typography. We are, therefore, present-
ing this material for the first time that it has appeared
anywhere in print, we believe; its value, not only for
present reading but particularly for reference purposes,
will no doubt be appreciated by all those who expect to
be brought into contact at any tfime with any form of con-
crete construction.

The Structural Materials Research Laboratory is main-
tained jointly by the Lewis Institute of Chicago and the

. Portland Cement Association. The example of that as-

sociation in bearing so great a part of the cost of Prof.
Abrams’ work is worthy of much commendation. We
understand that Prof. Abrams has an entirely free hand
in following and making public any line of investigation
or research which he feels will be of value to users of
cement, increase efficiency in concrete design of add to
the present sum of knowledge in regard to cement as a
material of construction.

PERSONALS

Major WirLiam T. WiLsoN, of the Royal Engineers,
has been awarded the Military Cross for exceptional
bravery in action.

W. K. Gwyer has been appointed district engineer to
the Public Works Department, government Of British
Columbia, with headquarters at Penticton, B.C.

- GEORGE A. MounTaly, chief engineer for the Board of
Railway Commissioners of Canada, has resumed his
official duties after a long absence due to illness. Mr.
Mountain’s health has been entirely restored.

R. S. StroNacH, of the Dominion Parks Branch, De-
partment of the Interior, has been appointed resident
engineer at Jasper Park, Alta. Mr. Stronach was
recently discharged from military service, having been
invalided home from France last fall suffering from gas
poisoning.

Lieut:<Gol,  T% V. 'ANDERsON, D.S,0:,’ has been
gazetted commandant of the Engineers’ Training Corps
at Seaforth, England, with the rank of Assistant Director
of Signals. Col. Anderson is a son of ' Coli "W P,
Anderson, C.M.G., chief engineer of the Department of
Marine, Ottawa. i

J. M. WarpLE, formerly highway engineer with the
Dominion Parks staff, has been appointed superintendent
of the Rocky Mountain Park, succeeding the lateS. J-
Clarke. Mr. Wardle is a graduate of Queen’s University
and has been with the Dominion Parks staff for the past
four years, acting since 1915 as chief highway engineer.

F. E. EspExscHIED, who has been a member of the
engineering staff of the Hydro-Elgctric Power Com-
mission of Ontario for the past seven years, has resigned
to become assistant chief engineer of the Combustion
Engineering Corporation, New York City, manufacturers
of mechanical stokers and furnaces. Mr. Espenschied
graduated -from Cornell University in 1903, entering the

Volume 35.

employ of the Western Pennsylvania Railway Co. In
1910 he was appointed general manager of the Interstate
Light and Power Company at Galena, Ill., and in the
following year he came to Canada and joined the Hydro
staff. !

U.S. HIGHWAY COUNCIL

T is announced that in the future all functions of United

States Government agencies relating to streets and

highways will be co-ordinated in a body called the
United States Highways Council, with the intenticn ©of .
eliminating delays.and uncertainty incident to the presenf
method of taking up each problem with a separate de-
partment of the government. This council will be com-
posed of the following persons:— :

Lieut.-Col. W. D." Uhler, War Department; (Y
Sheffield,  Fuel Administration; Richard L. ‘Humphrey,
War Industries Board; G. W. Kirtley, Railroad Adminis-
tration; L. W. Page, chairman, Department of Agricul-
ture ; and J. E. Pennybacker, secretary.

The Council has adopted a form of application for
relief in highway matters which is to be submitted to the
government through the respective State highway de-
partments. All of these departments have been supplied
with copies of the application form. —This form em-
phasizes as of first importance the maintenance Of exist-
ing streets and highways; second, the reconstruction of
badly damaged streets and highways ; and last, new con-
struction justified by war or economic necessity.

CALIFORNIA’S TEST FOR B. COLI

(Continued from page 1106)

Samples developing gas in 48 hours in lactose broth
must be fished and streaked on litmus lactose agar or
endo media for further confirmation. The presence of
typical colon-like colonies on the plate is for all practical
purposes sufficient evidence of the presence of B. coli.

‘The subsequent inoculation of lactose broth tubes by
such colonies and determination of the lactose-splitting
property is practically unnecessary, but is advised for the
inexperienced technician.

WO0OD IN THE CONSTRUCTION OF MILL
BUILDINGS .

(Continued from page 96)
yard it is usually due to the existence of conditions which
foster the growth of fungi, such as the following :—

(1) Location of yard in a damp, low-lying situation,
or neglect to provide proper drainage.

(2) Allowing decaying waste wood to accumulate in
the yard and to form centres for ‘the distribution of
infection.

(3) Using partially decayed foundation timbers for
lumber piles, whereby disease is transmitted to sound

lumber piled on same. (Foundation timbers should pre- - 3

ferably be thoroughly impregnated with creosote 0il.

(4). Piling lumber too near the ground, thus retarding
circulation of air where it is most needed. and keeping
timber in the lower part of the piles in a favorable condi-
tion for infection. ; ;

(5) Using diseased spacers in lumber piles. i

(6) Permitting diseased timber to remain as part of
permanent structures in the yard.




