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FCREWORD
This paper waa prepered sc ithe request of the Program Comnittee
for the Fall Convention of the American Concrete Institute, Cleveland,
Ohia, 5 Noveszber 1965. 1t wes submitted to snd approved by the Chief

of Engziriecrs for presentacion aad publication by first indorsewment

dated 12 Auguet 1965 to & letter dated 14 July 1965 subject: Approval
of Paper for Prewentation.

The work on which the puper 4z based was conducted at the Concrete
Divisicn of the U, S. army Engineer Waterways Experiment Station under

the direction of Mr. Thomas B, Kennady and Mr, Bryant Mather,., Staff

menbers actively coticerned with the work included Measre, W. O. Tynes,
F. L, Saucler, and W, B, Lee, The reports on whick the pager is based
were prepared, respectively, by Mr, Mathcr and by HMeesrs, Mscher and

Saucier,
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Direciors of tne WES during the investigntion, the preparation
of the rrports, aud of thie paper were Colonel Edmund H, lLang, C£;

Colonel &lex G, Sultton, Jr., GE; and Cclorel John R, Qawait, Jr., CE,
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Technical Dirsctor was Mr.-3J. B. Tiffany.
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Fartially Comps-ed Weisht of Concrete as a
Measure of Workabilityl,<

by
Bryant: Mather3

In the ACI Standard Recommeniec Practice for Selecting Proportions for

No-Slumn Consrete as report:zd by Paul Klieger for Subtommittee 2 of Com-
mittee 211;-ome of three suggesied methods for measuring consistency of
concrete is the compacting-factor procedure. as descrived in British
Standerd 1881 (fig. 1). This tes: is based on the assumption that the
drier the consiatency, the greater will be the void volume of an uncom-
pacted sawples. Concrete is r.laced in the upprer hopper, allowed to fail
into the second so as to achieve a given state of looseness, then allowed
to fall into & 6-in. diameter, 12Z-in. high cylindricel mold. The struck-
nff net weight before additional compaction, expressed as a ratio of the
fully compacted weight of corcrete filiing the ssme mold, is the compacting
facter. There {s sn sppreoximate relation between compacting factor and
slusp, as is indicated in fig. 2, wvhich alsc is tsken froa the ACI 211
Standzrd. Apparatus for field use has becw developed in which the weigh-
ing device is incorporated (fig. 3). As a part of Item 6%, “"Investigs-
ticn of Flaceability of Concrete,” of the Engiresering Studies Program of

the Gorps 6{ Engineers, the U, S. Army Engineer Waterways Erperiment Station

1i’repamd for presentation at Research Scssion of American Concrete Institute
Convention, Cleveland, Ohio, 5 November 1965,

2gased on "Investigation of Partially Compacted Weight of Concrete as «
Yeasure of Workability, USAEWES Technical Report Ko. 6-598, Report No. 1,
"Preliminary Teots" (April 1962) acd Report Xo. 2, "Yests of Large-Apgregate
Concrete" {August 1963),

Rescarch Civil Engincer, Concirete DMvision, U. S. Army Engineer ¥aterwuys
Exparimeat Stition, Jackson, Missiasippi.
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wvas authorized to mske stucies to determine {f an spprosch, based on

the compacting factor principle, could be developed fcr mass concrete that

bl

would be superior to the present practice of coantrolling consistency by
waking slump tests on samples wet screened through the Z-in, sieve,

Th2 cowpacting fsctor spparatus constructed for use in our iwitial
studies f3 shown in fig. 4. 1In the first tests a comparison was made of
the uncompacted unit weights of samples of two aixtures that were, in one

case, dropped intn the mold throupgh the two hoppers of the compacting-factor
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apparatus and, in the other, discharged into the mold directly from a tiltisg
mixer. Thia ¢yperiment wvas based on the assumption that both hoppers of

the apparatus could be eliminated i{f concrete were made repeatedly available
in & comparable state of looseness at a given distance above the mold. The
average unit weight of the uncompactad concrete in the wmold was sligntly
greater vhesn the =mold was filled directly fram the mixer discharge than when
the mold wort “i1led by allowing the concrete to drop through the two hoppers.
For one mittare, having a slump of 1 to 1-1/2 in,, the compacting factors

ranged frem (.805 to 0.870 and for the other mixture, vhithhad 2 slump of
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2-17/2 to 2-3'4 in., the range in compacting factor was 0.849 to 0.945.

In the second series of tests a single mixture of nominal 2-in, slump
was used witl; aseven different water contents so ss to give slumpgs from G to
8 in. T-e wai.r-cement retio for 2-in. slump was 0.54; at 0 shiq: it was
0.49; a: §-ia. slump {t wds 0.67. The range of water content-change was from
23 1b/cu ysrd less to 61 1b/cu yd morz than the nominal smount that gave the
2-in. slump. The ccwpacting factor (fig. 5)for the nowminal 2-in. siump mixture

was 0.860; when the water content was lesst, this dropped to 0.790; when
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the water conteat wan niost, it was 0.966, The more significant feature of

the results of this study, in terms of what it suggested about possible
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field application to mass concrete construction, was the relationship found

between consistency {or slump, or water content) ind net uncompacted wefght

SRR

(fig. 6). 1In sddition, some attention was given to the degree of heapirg

of the material as the container was overfilled with uncompacted concrate,

T B

This, in effect, was a study of the angle of repose. Fig. 7 indicates these
results expressed as a relation of weight removed on atrike off - obviously

the steeper the angle cf repose, the higher the cone of heaped concrete and

b S e

for the mixture under study, that, were it desired to hoi! the workability at

it had a slump of 1-1/2 in., then this would be obtained if it were required
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that there be & minimum value for weight of concrete struck ofi; f.e., a

maximum angle of repose., It was conciuded, however, that for a test for

uniformity of workability of mass concrete when repeated batches of similarly

intended composition wer: invelved and the primary batch-to-batch variation

e arh

could be assumed to be due to unintentional changes in water content, the

truck-off uncospacted weight could be taken as a parsmeter for control par-
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poses, at least sc long as the desired workability was somevhere in the

i

range represented by a slump of 3 in. or less.

With this background, the campacting factor spparatus, as such, wvas

\]
set aside, and studies using 6-in. aggregate concrete were begun. For
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this work a 3-1/2-cu ft unit-weight measure having sn inside diameter of

20-3/4 in, was used as the woid and was placed on a 1000-1b capacity scale,
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hence the greater the weight of concrete struck off. The observations suggested,

a consistency -- water content -- slump -- such as this mixture possessed when
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Approximately 3 cu ft of concrete was allowed to fall into this mold from

a 1/2-cu yd bottom-dump bucket with a 15-in. squar¢ opening positioned 3 ft
above the mold., The heaping weight, weight after strike-off, and compacted
weight were recorded (fig 8). Strike-off was cccomplished by use of a

3-in. diameter steel shaft. The mixture uscd contained no cement and
initlaily nad 226.5 1b of fly ash and 118.8 1b of water per cu yd. The same
15-cu ft batch was used repeatedly, adding water for eachk of aeven successive
tests until the water content had been raised until it was essentislly doutle
that at the start. Thesge tests were repeated three timee, At each test
samples wer2 taken, sieved through a 1-1/2-in. sieve, and tested for slump,
and sieved through a No. 4 sieve and dried out to determine water content

of mortar. A period of 3 to 4 hir was invelved in msking each series of tests.
From the test results it will be noted that all the recorded weights -- heaning,
struck -off, and coasolidag;d -- and §g3§: the compacting factor, reached

a maximum vhen the mortar water content was about 12 percent and then declined.
These relations are shown in fif. 9 for the three batches separately for
heaped weight before strike off. A similar pa tern is shown in fig. 10

for struck-off uncomsacted weéight. The numbers shown beside the data points
are results of slump cests. The maximum is achieved at a slurmp between

1-1/2 ard 3 in. These results indicate that at low water content the loocse
concrate contains much air because it is dry and harsh but doea not beap high
because it is crumbly and poorly cohesive., As -iater {s added, it becowmes
softer and mor2 cohesive, thus reducing the air space of the uncowpacted

mass and alloving high heaping. Finallv, with ma e water, the msaterisl

heapz less 4s it becomes more able to flow, doesn't compact any better, aud
becomes lower in unit weight because it conrains more water, Fig. 11 shows

the compacting factor-slump relation for trneze tests.
&4
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K. R. 3mithk, whe until Jonday, 8 Novemwber 1965, will be concrete man
ori the Tarbela Dam Project in West Pakistan, where 3-1/2Z nillion cu yd
o7 concrete will be placed, has developed a direct application orf the
compacting-factor test that he regards as better than slump, swdewiishrdess
Robureguivensepegeneoeniag. The device he built ivvoives one hopper that
discharges into a l-cu ft contsiner with & top opening about 14 in. square.
After strike off and weighing, additional concrere, without large aggregate,
is added as the sample is consolidated by internal vibration. Two tests
are made on a batch; the weights generally agree within 1%Z. He finds con-
crete with a compacting faztor ni 0.90 good; above 0.94, very plastic, and
below 0.84 too harsh to be placed. His data indicate that a compacting factor
of 0.84 t2 9.94 for his conerste represents about a 1- to 3-in. slump.

I bzlieve that this wark points a way to s procedure, involving no
manual operations on the concrete, that could detect any batch with eiihar
seriously deficient or excessive water content. A hottom~dump sontaiuer

of appropriste size suspended so as to overfill each time the mixer dumped

could be weighed through its suspension system and then dumped. A range

in weight representing satisfactory concrete could te detersined and the
plant arranged to reject any batch whose hesped loose weight was found to be

outside tne established range.
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MIXING WATER MORTAR

USED

] WEIGHT, LB . COMe
WATER  SLUMP ~ BEFORE AFTER  FULLY CON- PACTING
= OFF STRIKE-OFF SOLIGATED FACTOR

__EB/CUYD.
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198.3.
2188
- 2388
18g
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» ) i';‘-:. MAX.

COMTENT. % __IN.  STRIKE-OF
6.60° 0. 567 457 547 0835 .
8.80 1/8 564 453 543 0.824 :
1020 1/2 599 457 549 0:832 =
10.50 3/4 628 457 845 0.855 *
11.60 1 T8 492 552¢ 0.851
12.47?3 2 722% 526+ 548 0.960*
14300 - -4 695 . 516 550 0.9338
7.5 0 587 454 549 0.827
05 1/2 580 476 852 -0.862
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1 €57 - &sE 548 0:903
1e1f2 0 bRas - 520+ 553+ 0.940¢
60 2 570 512 ‘ 551 0528 - .
1280 - 21/2 - 556 488 - 554 0681 - -

1340 = 3 830 488 : 555 0.840
5.95: 0 576~ 480 542 0.849
7.40 /4 580 ; 466 546 - 0:853
10:36 0 /2 500 - 450 546 0379 -
11:40_ . 1-1/4 648 488 - 543 . 0858 -
1" d‘s}f - 2 668+ 498 . 545 S 0514 T
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