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Tffeet of ‘arietion of “nter ‘atios on “o-prersive
' Strength of Conerete.

Although the tendeney now ie to vse wetter mixtures of
coneretes than prevailed in reneral practice som years azo,
there ig still controversy anong aclf styled cuthorit! C8,
engineers end contrnctord as to the proper consistensy for
concrete inixturese In most onses, the «mut of water veed
has ropreseted the erbitrayy opinion of the encineers or
persons {n responsible eharce of the construetion, Tor exe
ample, in several sets of old specifications may te found

elcuseg such ag " Tho rage el) erpear to be ab-ut as damp
es moet browm sugare” and "The consietendy will be deeméd
to be richt when a handful equeesed in the hand -211 not
atain the eking but will show the shape of the fi
when the hand is open and will tie stand unt?1 the hand ig
shaxon, when the whole mass will f%11 downs" TPypertenee
shows, and anyore who has worked et el] w'th eonerete rill
agree that ech eonercte recuires mech tenping, therefore
strong forme, and consecvertly will have a high lebor coste

“hen concrete was first used, dry mixes were edv-cetedg
this was univeresliy trues bet in 1635, Brench “nc‘reers
wrote e parer, deseriting experiments performed revere]
yeere prior to that dete, advocating -ore waters “he gone
sistency they discvered wes the gene es tg iderl todere
Such @ consistensy fe described by “rnest ‘eCullourh, C.7.
in the Selentifie ‘-=riean as, one in whieh e stone the
sise of a mans fist pleced on top of the meas will e'nk less
than half ite tiiskneas befsfe the conerete obteines the
iritial sete

The avorace contractor simply fcr hig orn ecnventence,
will fre uently use more rater in lis ccnerete then necessary
because @ vet cisture focilitetes epoutine, end c nsecuently
eeves tine and money fn pleo'tnge

In reinforced concrete work, there fe no question Mut
that wet mixtures facilitate plerene the eorcrete in irtimate
contact with the reinforeenente Th-re is a poesittiity that
too mch water will be ured, eo thet efter the procers of
or etilisation hes been completed in the cenent, on exen'nae
tion of the conerete weuld show pocvets cr voids rlone the
reinforcenentee

/@ in all t ‘nos toer- mst be a horry medtune In eone

crete it is evident t'at the advoortes of dry mixtures and
adv-ca! -@ of wt ones cernot both be correct. ‘esulte hove
been published of experiments rede In the "netnesrine Teste
ing laboratory of the “eheffield “clentifie “ehool, ‘ale
University involving experi=ents beeed on 1:2:4 mixtures
used with varying percentarcs >f water, Gonclusions besed
on these tests ahow trat concrete mixed with 27°" of meter, 96323
developed at the end of 30 caves a maxirmm of resistance,
toth to tension erd compression in comperivon with mixtures
made with other p-reent:ceea of wetere The series of some



50,200 euch teste conducted under the direetion of Prof. Tuff
‘e ‘brane et the °,ruetural \eterials ‘esearch ‘eboratory,
Lev.ie institute, Caicero, for the purpose of determin‘ ne
Prepor rereerteres of weter and errregpatee let to eimiler
recultee +n other words all these experiments pinted to the
foot that there is e definite limit to the amount of weter
that et.ocld be used, and that htis Mrcit te rveh below that
gororally ueed in mat eonetruct! onse

Tho feot thet these exporimerts sre boing eontimed ta
evidoneo enomch thet it is expceted that mre ean ond will te ‘
learned, and 90 in tho work for ‘hie thesis,wo “ave eondueted
toate on a series of 12066"x12" eylinders, this be'ne the gare
8°20 © linder as wagused in ell the tests by ‘broma.,

The purpose of wr work hoa ben to Ceterntnde the effect
of ver-ine the procentage of water rrod in mixes veryine fran *
1:2 to 1:9, the saw accregate teint used thrucut the toates
The w.tor ratios to te used were 08, e%, lel and 108, tut
upon rece:ine the 1:6 mix, it we dieccvered that with e 3
water ratio the coneretc was 6° dry thet the speeineng wnld
not gtand up wien the force were removéd, but thet they crumbled

sintié - « | 70 that the ends cold not be minteined ag
eo0th gurfac se Thorefore et this point we adopted a of
weter ratio és a tAnimm ineteed cf th: eSe

It ohould be exple'ned at iis point thet for example,
by © oF woter retio, fe meant that in a civen mix, the
yoluco of water 1sed 4s 37 of tho volume of conente

To furt.or explain this we will tee es an exanple a
1:5 mix end follo> through the mixing processes ‘ere: renents
we © G11 cade with a beeing the volume of wiich wae 1800
cvlie eantincterge Ten besire of gravol wore fiset meesvred
out: the mix being a 1:5 roculr @ two besing of covente "sing
the e7 ri tor ratios we determined thet the water reotred would
Le e7 of two biaing or e7 of 2600 C.C. or 1820 Coee no Baein
of w.tor wee moesured, tho remaining 620 ee te‘nre moreured wi t>
@ credvotee Ty the @ene method, the quartitios in each mix were
Coter' node +n ences where e frnetiorel part of e basin of
conent vas t> de used, tiie fractional part was determined ty
earefully reiehing on belancess

Tho gravel used thrucut t ese tests wee obtatred from cne
of tio exth lene're grevel rites “croeon tosts wore wide of a ’
serple of this grevel witch showed the following reeulte: |

Reteined cn 1" ecreon 561 “rans
a ® A * 1169 v

° » 1/6" ” 1430 °

ieceing thru 1/8" eercen eeo9 *



Total senple 5949 crans.
Total larcer then 1/8" screen 81490 "
Fer cont larger than 1/8" esereon 3140 divided ty 6949 ecvals 52.8.
The gravel when first obteined from the pits contained a cong
iderable proportion or p-reentare of weter, and since cur
tests wore to be conducted to determine the effect of changing

the wator ratio it beerme necessrry to moc moisture tests at ~
differont timose Such a test wee rade by weichine ort 200 rrames
this wes epr. d evenly upon a very fine scre-n, set upon a
plate over a gs burnor and ellowe? to dryj the sample was the
reweigheds “uch a test showed the following result. '

vodcht of original senple 200 gremg
after drying 197.4

" lost by drying 2.6

s“voral of such teete wer rade, allowance being made by
subtracting thig amount from the computed quantity of woter
needede The gravel however, beinr stored tn one corner of
the laboratory, near ea steam pipe, soon dried out => thet it
wag no lonrer necessary to mie allowance.

The forms used for maxing to cylinders consinted of
6” iron pirc, 12” long, cut into halves parallel to the
axisye These two helves we-e held topether very rigidly

. by wedging, a secticn of larrer pipe, about 5” in loreth,
eroond their mlucise The inside of the form was oiled with
@ heavy lubricating of1 to facilitste removal after the
concrete had sete

Tt wea thought best to save tire by mexing the 28 day
cylinders firste Py 25 day c#linders is meant, cylinders ve
which are allowed to set 28 days before testinzre “hile the
28 day cylinders were curing, the seyen doy cylinders were
set up, Allowed to cure, and tested. ly the time th's work
had been completod, the first of tho 22 dey ef#lindergs r-re
rosidy to be tested, and so the work wes contimed withwt
any more lapse of time then @ or 3 drvs, which wag utilised
in readin: end preperine the data already obtained, and
in makin, cCrephs to rhow relative strengthse

In or¢an +-: ubtein better averare rosults, and to cover
possibilities of breskage of cylinders, it was thought best
to set up 2 cylinders for each water ratio, and so we bee
gan by prepering @ 1:2 mix with a e3 wrtcr retio, vixing
up a betch of sufficient size to set up the two cylinders.
“e@ did the gene thing with the 17, lel, and 1.5 water
ratiog, thus comploting e set of 8 cylinders of th 1:2

mix, with tho four above mentioned rrtiose Tie process
when contimed through tho 8 mixes rave us a» total of
64 cylinders for each of the 7 and28 day reriese

in the berin-inre, we undertook to place smi,

oiled, gless pilates under tho forms, but we discovered
that tamping broke the pletes which re were unable to ree
place, so that it was decided to ure sheets of paper, |
which gerved ag well as the glass pletes to keep the
specimens from adhering to the concrete floors It was



alro foimd expedient to bank the botton of the formg around
the outside with damp enrd, to rrevent the water from being
foreod of tho wotter mixzturese

Tn setting up the eyiinders e~mmerct of rich, wot mixes,
vo Pond Wet 130 volunw of tho betch woe conaiderebly
nore than that cf the f rma, no tat woe réimed pttine
in t:.0 e014 part of tim mix, et tho oxvenso cf los're a
cons:cerablo jortion cf th water and covent, by overflows
“ith tuo ecupprent et hand however, ¢!:19 was vnay. idable,
énd ia « ite inaccordenee with whet vevally happons on a
larze Jobe

in conpeoting the cylinders in the fcrmp, it wea -f
course, fo. nd necess:. ry to ‘amp, excert in enses of wet
mixes, and in evoh eoses {t weg on tho contrery fern! best
not to tacp, boeause hia cnunod tho coarser arrrepote to
sottie to ti: bottom, rivine a noneuniform servolnone

£41 cylinders ere ollowocd to cot in th: form: vor
24h ve except in tho erse of those mde on a weok end,
Which rom: inoé@ in the forng 43 hovrge Cpon rowwal ¢r-n
the forma, e11 cylinders we e irmorsed ‘n yator and ellowed
to cure tin 2:21 tines

- 12 toate were mado one Paihle 225,000 pound arty
tosting moehins provided with removeable berring hende In

ordor to ret a porfeetly smoot: bo ring surfsee, eech end
of the cylindor wos feced vit ea Plast-r of Tarig, flattencd
down with atool plates and allo.ed to rot 18 =imtese The
Plates wore, horever, first covered with a thi k eoat of
heavy ol] to facilitate tcetr rssovel efter the tost,

It was observed througout tho test that upon fa! lure,
precticcl_y every cylindor showed e711 eraeks perallol to
ite 42:80 .020, of course, wore protty well broi:en ¢-rne
before tho machine could be etorroed.

e ine eceo venying grechs show the wblation of
Compresive girungth with the werfation of the wator mtie,
and are colf explanatory.

; ng will else be found tet les 1 end 26 “eble
2 shows ths incre so in compres: ive stroncth due to Ine
erecee in tioree Tho values o@ tehuletod are in ouch eres
tho avorcro of those fourd for tho two sintler oviimierce
Tedle 2 rives a list of the u-its compressive stronr*te for
ach mix and ard, of the stroncest o-lindora, toret-or w'th

the conputed amount in pu cs of water pr erbic foot of
loone materbale

Conclusions:

Those tests po nt to the fuct that ‘here 1s a definite ©
Minit to the acount of wator that should te used, and this
1b ig such below that gonerally vaed tn nost eonstructiéng





in other rorde there ia no definite r-lettion }etween the water
ratio ost the ¢ apressive strercth.

They show that {ce eonsistoney wich moles the strengest
conorete ei:ccla be " quaky”s tiwt ‘s, “he conorsete whon rut
Into the forma mio.ghow 19 wator standing cn the top of
tho nixyture, oneeecht after eens derablie teopine, 1% should
o atcoy eniwoon troweled s!:m1) cava ea gmcoth 7 nighe

“30 Crd of woehor as comp cy woa f2.: 4d to vary «ith
Cifforent saixog, from 6e74% po ncs to 200% reondg ror elie
fost cf looee ratevortal, end (ct Tar cixes up '9 1:6 the
pint 7 «ter retio rove the pre fost +: (t stro cth, while
dn the 1:7 mhxty ‘he 1.1retio ceve “oo eratogst otroreth,
and in tho 21:35 est 4: ROS he 1.5 rmtio me teste “rom
those rogults, 1% ‘5 or ¢ ‘nel.ted that tin lecner the
mix, to fre ter tho piree”.tace of we ter recogrye



TRiE KO. 2

Iner ase

£04
800
938
270
633

1450
856

“ereoento?
Tnerease

59.5
3020

124.67
47.5
146.0
68.8
452
128.6
853.9
46.0
119.6
115.0

56.9
231.5
202.8
25.6
19946
271.8
124.4

2.9
12907



Tl" E "Oe Ze

‘dg Time “ator “te of “ter Vole ‘"te “tof “tr. “y of “tr Foe
Ratio in “rams ‘sed Tig per Cue

in CusFte Fee

1:2 28 of 4459 05 10.1 ° 2004 3465

1:3 28 of 20%) o5 6.4 12.8 3560

1:4 28 o7 2275 05 6.01 10.02 $570
1:5 28 oT 1820 of 4.02 8,04 1707
1360628 oY 22°78 05 6.87 10.54 1460
1:7 28 1.1 2045 05 4.61 9.02 1920

1:8 28 1.5 2438 06 8.38 10476 1278

139 28 1.8 2168 o5 4.76 9.62 8056

132 7 ef 45° 05 10.1 2002 2665

133 7 o7 2970 05 6e4 32.8 2110

1:34 7 oT 2275 e5 6.02 10.02 2445

1:58 7 of 1320 e5 4.02 8.04 1094
1:6 7 oT 1520 oS $38 6-70 484

1:7 #7 oT 1370 05 2.87 5.74 898

1:8 7 #1.3 1722 05 3.84 7.88 £0
1:9 7 1.1 1577 95 $4680 7.0 670



TARLE MIe Be

Nata on 2& duy cylinders.

'O6o 4x GOP ‘ressure ‘rea
Yrutio

1 1:2 en 2532 aceéad

1 1:2 ed 40825 23627
2 L:e o7 c7o7t9 *

2 1:2 07 eoJa net breaetk
a 1:3 1.1 402.09 "
3 1:2 1.1 43250 "
4 1:2 1ef 22000 "

4 1:2 1.5 25220 "
§ 1:3 Py) SIC "

6 1:3 0d 24757 _ore7

6 1:3 o7 “orld ret tr ak 2°927
6 1:3 eT 106, 59° "

7 1:3 1.1 Ba COS "

7 1:3 1.1 307%) "
a 1:3 lec Zcocd "

8 1:3 1.5 2E759 "
8 1:4 os 497270 .

9 1:4 ed 43490 "

1° 1:4 eT 1013970 "

10 1:4 o7 192079)" s]€ not treak
110s 1:4 1.1 §2523 "
ll 1:4 1.2 £9126 "
12 1:4 1.5 287190 °

12 «61:4 1.5 24174 "
13 1:5 | en E279 ebe27

13 1:5 3 “F°10 Lent
14 1:5 07? 45220 "
WM ASF 0% REED "
1S 4&:f& 1.1 45050 "
IS. 1sa 1.1 40210 "
1G Lic: les oo "
1G 1°: 1.6 ae "

7 61:6 ed Ve "
17 1-6 ef an "

18 1:6 of 46699 "

Sol: 0? 50099 oTen7
19 1:4 lel 61o7" 25027

WS Ool:c Lel 41679 "
2‘) 1:6 1.5 20495 "

29 L:6 1.6 24000 "

2 1:7 ed OTA "

ol 1:7 eo 7700 "
2° 1:7 of 214707 "

22 1:7 of 39599 "
23 1:7 lel 62550 "

LO 1:7 1.1 PHOS” "

24 1:7 1,5 20090 "

24 1:7 1.8 26550 "
25 3:8 05 4500 "
25 «1:8 of 6009 .
26 1:8 07 S79 "
26 1:8 07 76.90 "

vr eo =.

At -@

LES
1432
S205

1600
1707
ror

td

£98
139¢
927

=560
122
1629
aeg
£22

1415
LESS
$570

1970
1770
1°%)
879
307
232

1544
10"9
1095
1479
£29
ene
427
457
1669
1520
1450
1470
TO?

85%
PA4

272
779

1077
eg

1279

857
159
220
308
27C

1495

04

19°09

72

1°4

2°2
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“PATIE 10. 8 CTITD
T'ta on 7 ley Cylinder

Tater Preacure Area Tmt “ee
Ratio

< — 20027 762
° 2600 799
o7 65400 . 2250
e7 84950 ° 8900

1.1 19000 8 671
lel 25 ° 832
1.6 15460 ° 647
1.5 16690 = 690
. 126890 : 448
° 68
c 61940 ; 2190
° 2080

lel 22570 . 797
lel 22930 . 778
1.5 10850 ° . 394
1.5 11560 . 408
od 4600 169
od 4300 . 1s2
o? 74860 . 2550
8 C3360 7 2240

lel 24100 . 850
lel 22670 e 802
1.5 11890 ° 417
1.6 10830 Z 44%
eS 4060 . 144
od 4940 ° 178
e7 30650 . 1080
o7 31270 vf 1107

ee| 13200 . 466
lel 12800 . 453
1.5 7580 . 2ca
1.5 8190 * 2A9
5 102230 - 263
o5 9870 ° 849
eo? 13470 a 468
o? 14230 - 508

1.1 11350 o 402

1.1 106560 ” 324
1.5 10290 : 864
1.5 9470 - 335
oS 10700 ss 378
25 11420 ° 405
o7 24860 a 879
7 23100 . 817

lel 25000 - 284
lel 24200 . 855
1.5 19870 " 374
1.6 8750 - 303
25 2690 , 92
oS 2800 . 99
eo? 6900 = 244
eo? 8230 ° 202

lel 18400 - 650

PY 3

AVOe

721

2605

669

2110

396

156

160

1094

270

383

350

397

898

870

339

268

690



Noe Lix ‘ater Preseure “rea Urit Te "Tee

Ratio

60 1:8 1.5 15370 286°7 643
60 1:8 1.5 13700 " 484 514
61 1:9 05 2930 " 104
Cl 1:39 05 / 4210 " 145 125
G2 1:9 o7 11830 " 418
G2 1:39 of 12900 " 456 437
63 1:9 lel 19990 " 703

63 1:9 1.1 18430 " 651 677
64 1:9 1.6 42620 . 446
64 1:9 105 11900 " 421 434
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