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I'ffeet of aristion of “ntor "atles on "o-prersive
trength of Conorete.

Athoughthe tondenoy now ie ¢o0 vae wetter nixtures of
concrotes than prevailed in penernl rractice gom years ago,
trere 1s still controversy mwng a-1f giyled suthord ¢! es,
engineers end contrictord es to the propor consistenoy for
concrete nixturese In mogt cnses, the “murd of water vsed
has roprese ted the erbltrayy opinion of the encineers or
persons !n responsible gharpe of the construetion, Tor exe
arple, in several = ets of old specificetimg may te found
elauses such as " Tho mmss "all erpear to be eb ut as damp
es mist bromn sugare” and "The consletondy will be deemdd
to be richit when a handful squeesed in the hand ~111 not
stain the skin, but v111 show the shape »f the finpers
when the hand 1s opem and will tims stand until the hend ig
shaon, wien the whole mess will f+11 downe®™ Txperience
shows, ard enyore vho has worked et ell w'ih conorete +111
agree that such eonercte recuires mich temping, there” re
strong forme, and comgecuently will have e high lebor coste

“hen concrete was Tirst used, dry mizes were ndv-cetedp
this was univerealiy truey Lut in 1835, Rrench “nrineers
wrote e pajer, desoriting experi-snis performed severcl
yeers prior to that dete, advocating —ore watery The gone
sigtenay they dlse-vered wes the geme o ig 1derl trdey
“uch & consistensy is described by “rnest ‘e"ulleuch
in the Solentifie '~arican es, one in which o sto
8ize of e mans Tist pleced on top of tho mags will
than half its tiiskness befufe the corerete obteine the
iritiel sote

The aborage c-niractor sirply for his own ccnvenience,
will fre uontly use more weter in Lis concrete then necessery
teceuse a vet rixture ficilltates spouting, erd ¢ naecvently
saves tine and money in plecinge

In reinforced concrete work, there {e no question 'ut
i1hot wet nixtures fneilitete plre rny Lhe courcrete in intimats
~ontact with the reinforeemente Th-re i e rossitliity that
%00 rroch water will be uced, so thet e ter the procees of
or stiligation hes been conpleted in the cenent, on exen'now
tion of thie concrote w-uld ghow pociels cr voida rlong the
reinforecensntes

/8 in ell ¢ ‘ngs ther- mst be @ harry mediune In eone
erete it 1s evident *'at ihe advoortes of dry mixtvres end
advroal ‘¢ of w't ones ccrnot both be correct. ‘esults hove
teen published of ex~ri rde in ‘1o "neinesring Teste
ing leboratory of the “eheffield “clent!fie “chool, Yale
Uriversity involving ex;eriments breed on 1:2:4 mixtires
used with varying percontarss -7 weler, @onclusiong bosed
on these tests show trad conoreto nized with 27 of woter, 96323
developed et the end of 30 devs e maxirun of regietance,
toth to tension erd compression in comperieon with mixtures
made with other poreentoces of wetere The series of some




60,000 such tecte conducted rnder the dlreetion of Prof, ™uff
‘e ibrece st the © rueturel 'oteriels "osearch ieborntory,
Levis institute, Calcepo, fop {he purpose of deternining
Propor reroenteres of weter end errrepatas led to oirmiler
resultse ‘n other words all these exreriments p inted to the
foot that there is e dofinite 1init to the emount of woter
that slould be used, and trat htis 1icit is ruch telew that
gororally uged in moat o nstruetionse

The feot thet these exrorimonts sre bolng eomtimied ta
ovidonco encuch thet it is exroctod t'at mere oen ond will te
1oarned, and 90 in the work for ‘hie thesis, wo “ave eondueted
toots on a gerles of 120«8"x12" eylinders, tls deo'ng the sarme
8 20 ¢ linder as wasused in ell tho toets by ‘broms,

The pwrpise of wp work hos b en to deternind tho effect
of veriny tie procertago of water vrod in mixes verying fram
112 to 119, the saze a-rregate tolns used thruout tho tostes
The wtor ratios to to used verc 8, o7 1e1 and 1.6, tut
upon rencing the 1:8 mix, 1t wag dlsecvered that with e o8
wotor ratio the conorotc wag 8o dry thet the spoeirens wuld
rot gtand up wion tho for-e were rerowéd, but that they erumbled
disinté L ! 7o that the ends 0o 1d not be mmintnined as
e0oth guriee se “horefcre et this point we adopted e o8
wetor retlo 68 & tinlmunm instoed cf the o3

1t ohould be expla’ned et li's polrt thed for example,
bty 8 o7 woter petio, Lo roont thet in a riven mix, the
wolume of water 1ced 48 37 of tho wolume of comonte

To furtior expleln this we will tele cs en example &
1:5 mlx end folle- throiph tho mixing processe :‘ecs: rements
we € 61l made with a brein, the volume of wiich wee 1800
cilie eantinotorse Ton besire of gravol wore fisst meesurod
out! the nix being e 115 roculr d two besing of ce~ente Using
the o7 wttor rello, we deternined thet the water reo iped wnuld
Lo o7 of tvo brging or o7 of 2600 CeCs or 1820 Ceee ‘Mo buein
of wlop wes monoured, to remaining 620 ee te'nr morsured with
a crediotee Ty the oo method, the quantitios in eech mix wove
dotorn'nede 4n oncen where & fractiorel part »f e basin of
conont vag 49 be uged, tils fractional part was dotermined 'y
ecarofully welghing on belancess

Tha graovel used thrucut t cse teots wee obte'red from cne
of tlo enth leno'rp grevel ritse "croon tosts vwore v de of a
saple of this grevel wi:lch ghoved the follow!ng resultes

Rotsined cn }“ eoreen 561 “rang
" o e " 1160 "
. » 1/6- 0 430 *

iecsing thru 1/8" eercen 2000 "



Total gerple 6949 grerg,
Total larger then 1/8" sereen 3140 "
For ocent larger than 1/8" eercen 3140 divided bty 5740 ecuals 62.8,
The grevel when first obt-ined from the rits eontained a cons
iderable proportion or p reentero of weter, end gince cur
tosts worc to be eonducted to determine the effoct of chanping
the wator retio it beerme necessery to mnlc moigture tests at -
differont timose Such a test woe mado by weirhing ovt 200 pramss
this wes epr. d evenly upon e very £ine scre-n, set upon e
plato ovor a g's burnor end ellowe? io dryj the gemple was the
reweigheds "uch e test showed the following resuvlts 5

veight of original eemple 200 gremg
" after drying " 107.4
" lost by drying 2.6

ﬁ.vcrll of guch tects wer rade, allowance telrg mode by
subtracting this emount from thz eompuied qrentity of woter
needede The gravel however, being storod &n one corner of
the laboratory, near & steem pipe, soon dried out 7 that it
wag no loncer necessary to mlse allowrnce.

The forms used for maling t o cylinders consisted of
6" iron prirc, 12" long, cut into helves parallel to the
axisge These two hnlves we-e hold topether very rigtdly
by wedging, & secticn of larpar pipe, about 5" in lorngth,
eroond their miucise The inside of the form was ciled with
& heavy lubricating oil to facilitote removel eftor the
concrete liod sete

It wes thought best tn save tirme by meidng the 28 day
cylinders firste Ny 20 day c¥lindors is rmeent, cylinders w&
which sre allowed to set 28 days before testinge ™hile the
28 day oylinders were ocuring, the sewen doy ecylinders were
set up, allowed to cure, and tosted. Iy the tire 4h's work
hod been completod, the first of tho 22 dey cflinders w-re
roudy to be tested, end so the work weg contimed without
any more lapse of time then £ or 3 drvs, which wes utilised
in readine end preperins the data elready obtained, end
in mekin, [rophs to rhow relative strengthse

In orea~ *- ubdbtein better eversre results, snd to covew
pussibilities of breskage of cylinders, it was thought best
to set up 2 eylinders for each water ratio, and so we bee
gan by preparing @ 1:2 mix with @ o3 wrtcr petio, mixing
up & beteh of sufficient sige to set up the two eylinderses
e dld the seme think with the 17, lel, and 1,5 water
ratios, thus comploting e set of 8 eylinders of th 1:2
mix, with the four ebove mentioned rrtiose The process
when continued throngh the 8 mizes rave us o total of
64 oylinders for esch of the 7 and28 day reriess

in the berin-ing, we undertosk to place smll,
oiled, gless plates under the forms, but we discovered
that tamping broke the plates which ve were unable to ree
place, sc that it was decided to ure sheets of raper,
which gerved ag well ag the glass plates to keep the
specimens from adhoring to the ccncrete floore It wag



alro fomd expedient ¢0 dank the botlon of the forng eround
the cutside with damp enrd, to rrevert the wnt~p from bo'lng
forood of tho wotter mixturese

In setting up the evlinders c-mprecd of rich, wot nixee,

wo foond L 10 volurw of tho duteh wrg ¢ nalderebly

more than thot of the £ rme, #0 tiot wo ¢ ritmed prttine
in L0 8043 jart of ti mix, et ‘ho ox 50 of lasire a
cong’dercblo rortien of th water end coent, by ovorflow,
“ith tho orupprent et hand hovever, %lls was tnav idable,
end ia o 1te inwccordenoe with whei useally happons on &
larze jodbe

in conpoeting the cylinders n ‘he Zcrme, it weg ~f
course, £:1nd necess.ry to ‘amp, excemt in cnges of wet
nixes, and in euch ooses ‘t weg on 1o eontrery fornl best
not to tacp, boecause him onunod tho enarper apprepote to
eotile to tix botimm, rivine 8 noneuniforn senoinmome

£11 cyiindors were ollowocd t0 oot in th- form “or
24 h re oxoept in tho ecse of Lhoso rvdo on e weol end,
which rom::nod in the forms 43 Wrrge Upom rovyvml rn
the forms, ell cylindors we e irmorsed !n wator and ellowed
o cure tin M1l timee

- 11 toats wero mado one Maihle 110,000 paund dvly
tosting mehin~ provided with rcmoveble beuring hoonde In
ordor to ret a porfeetly smooth Lo ring surfsco, cech end
of the eylindor wos feced wit & Plast r of farig, fletiencd
down vith gtocl platos and alld.od to rot 18 mimitogs The
platos vore, hovever, first eovercd with a thl & eoat of
hravy oll to faollitute teir rizowel aftor the tosts

14 wug observed throughcut tho tost that upon fa’lure,
precticcl y overy oylindor showed emall eracks perallel to
its axise 1020, of cuurse, wore protty well broen ?wne
before tho machine could be eto)rods

¢ Tne ecoo renying grehe show the wmplation of
coupres ivye girunsth eith the werlation of the watlor mtle,
ard are colf explanatorye

seconpanying will also be found tetles 1 end 2, "ablo
1 showa Lo incror 30 in compros ive stronsth due to ine
erecso in tisce Tho valuos es tehuletod ere in ouoh eree
tho evorcro of &b tho twn gimler oylinderse
Teble 2 pives & list of the v itg ermpressive strenchis for
ach nix and ego, of tio eirunzest o:lindora, topet-or w'th
the eonputed amount in pu de of water por evble f£10t of
loooe materiels

Concluglona:

Thoge tesis po mt to the fuct that ‘here s a definlie
1init to tho a o.nt of water that uld teo used, and this







in othar v=rdg there is n definite r-laiisn *otween thr wator
retis nvd tha ¢ res-ive sirersth,

Thay show thaet !¢ eonsistoney wi:iich mnles the strongost
concreto s:2:ld be " quaky”} thwi s, “hg conorote whon mut
into the forma o...12 ghow 7o vmtor gtendine <n *he top of
tho olxture, exeopt aft:r ¢ ng'doraliio toaping, it ghonld
"o pliehoy end wirn troweled ¢l ~ivae a gnioth Tirigh,

Tho ¢ oot of welor es ¢ myuicd, wea €003 Lo vary <tk
cifforent mlxog, fron 6eT74 o s to 2044 povnds ror cilo
foot of looen rutorisl, e .ot Jor ~ixes up "o 1:6 the
p-int 7 = tor relio rove 250 pre foct o 1t strovih, while
in t50 117 nmix, ‘he 1lel retio rrve “ho rro tngt atreorgih,
and in tho 1:3 £xd 10D nixce, e 145 et ma togle Trom
thcoe rosults, 14 o fiprdtiap oonelilod thet Lo lecropr tha
=ix, the {ro ter the pareertere ol w ber recons ry.
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ix Time
112 28
1:8 28
1:14 28
1:6 28
1:6 28
1:7 28
1:8 28
130 28
132 7
1:3 7
1:4 7
118 7
1:6 7
1:7 7
1:8 7
1:9 7

atar
Tatio

TLT E Y04 26

“te of T ter
in “rams

4450
2t
2275
1320
22°8
2045
2438
21£8
45C
2970
2275
1320
1520
1370
1722
1527

Vols ‘mme "t Af Ttre g of "tr PFo

"'sed
in Cu.rt.

N.]
B
b
1)
b
B
8
«b
b
b
b
5
8
Y]
b
Y]

Tvg

10.1
8.4
8.01
4.02
6.87
4.51
8.38
4,78
10.1
6.4
8.0
4.02
3.38
2.87
3.94
3.80

per Cu.
Tie

* 20.4

12.8
10,02
8,04
10.54
9.02
10476
0.62
20.2
12.8
10,02
8.04
6.70
B.74
7.88
7.0

3468
3560
3570
1707
1460
1920
1278

8086
2668
2110
2448
1094

484

898

~00

670



TIRLE MDe 80
data on 28 duy eylinders,

I'oe “ix EL00 iregsure ‘rea
roilio

1l 1:2 3 23520 27827

1 1:2 o3 408520 2327

2 1:2 o7 (e r

2 1:2 7 Teuld ot traeek

3 1:2 1.1 40200 "

3 1:2 1.1 43:50 "

4 1:2 1.& 222¢0 "

4 1:2 1.5 25220 "

] 1:3 o3 35020 "

b 1:3 3 24727 2727

6 1:3 o7 Tovld rot Yty oak 27827

e 1:3 o7 100,50'7 "

7 1:3 l.1 24000 ”

7 1:3 1.1 3T »

e 1:3 1.3 2532¢ "

8 1:3 1.5 26730 "

. 1:4 3 40770 -

] 1:1 o3 42402 "

17 1:4 o7 121570 "

10 1:4 o7 102079 7 14 not tresk

11 1:4 1.1 52350 "

11 1:4 1.1 £0120 "

12 1:4 1.5 28710 "

12 1:4 1.5 24170 "

13 1:6 - 3 827 26427

13 1:6 .33 ~£10 £2.27

14  1:5 o7 45720 "

14 ):* o7 £2100 "

16 1:& l.1 45020 *

15 1:% 1.1 40210 "

1C i:. 1.5 PEASN "

16 1:& 1.5 3TN "

17 1:¢C o5 12710 *

17 1 '6 ob 2’ Ko "

10 1:6 o7 L5500 "

S 1:¢ o’ I0CN 27.27
15 1:2 1.1 41070 2027
13 1.¢C i.1 41670 "
29 1:8 1.5 20495 .
20 ‘:G 1.6 24000 "

2 1:7 ] aivia’s "
21 1:7 «D 7700 "
22 1:7 7 21757 "
22 1:7 o7 30600 n
23 1:7 1.1 852500 "
23 1:7 1.1 £oon” n
24 1:7 1.6 20070 "
24 1:7 1.8 24570 "
28 }:8 ob 4500 "
26 1:e oF 6010 "
26 1:8 7 £7M "
26 1:8 7 €0 »

"It T

1003
1437

3'1 : 3

1cco

170
75
£98

13

037

2560
1224
1679

LI

]2
1418
leee

3670

1020
1770
1799
e}
X07
2
1544
lern
1028
1479
o20
ore
427
457
1699
1320
1450
147C
722
85"
274
272
7
1077
1229
1770

837
150
270
308
27¢

1
3
1

1

1

1

3
1

1

246
475
re0
gne
151
£50

142

905"

425
670
218

024
an0
7ca
104
202
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TATIE M0e 8 €T TD
'ta on 7 rey Cylinder

Tator Ppesnure Arven Tmt Tee  Aves

natio

o3 21590 !E.a’l 702

oam o+ o™

‘.: 3;950 : 3000 2606

. 9000 ¥ €71

1.1 27660 o az2 752

1.6 15460 s 647

1.6 16620 o 800 669

3 12c30 . 448

3 13300 - 4n8 408

o7 61940 . 2190

o7 57400 e 2030 2110

1.1 22670 b 797

1.1 22030 b 8 786

1.0 10850 4 334 -

1.6 11660 " 403 206

3 4600 169

3 4200 : 152 156
65|

7 G © o ous

1.1 24100 o 850

1.1 22670 £ 202 826

1.6 11870 » 417

1.0 10830 i 443 430

S 4060 . 104

o3 4040 : 178 160

o7 80650 1080

o7 31270 " no7 1004

1.1 13200 b 466

1.1 12800 b 4r3 400

1.8 7680 » 2c8

1.5 8120 - 2no 279

5 10200 » 263

5 0870 "’ 349 366

7 13470 405

:1 14220 " 608 484

1.1 11350 ol 402

1.1 10860 . 394 303

1.5 10200 hd 304

1.6 0470 . 336 380

8 10700 o 37

6 11420 : 405 397

o7 24860 879

o7 23100 : 817 898

1.1 26000 84

1.1 24200 o 858 270

1.8 10670 - 374

1.8 8760 " 803 339

o8 2600 . 02

o5 2800 ® 09 06

o7 6900 8 244

o7 8230 o 20 208

1.1 18400 . 650

1.1 20040 9, 730 €00



Noe Lix ‘ater Pressure ‘rea Urit T ‘vee.

Ratio
60 1:8 1.5 156370 8.7 643
60 1:8 1.8 13700 " 484 514
61 1:9 o8 2930 " 104
cl 119 5 - 4110 " 145 125
62 1:9 o7 11830 " 418
c2 119 7 12200 " 456 437
€3 1:9 1.1 19990 " 703
63 1:9 1.1 18430 " 651 &7
64 1:9 1.6 - 12620 " 446

64 1:9 1.6 11900 " 421 434
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