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FRITZ ENGHIEER® (S LABORATORY
S ~ LEHIGH UNIVERSITY
- BETHLEHEM, PENNSYLVANIA

A STUDY OF THE ANALYSIS OF FRESH CONCRETE .
. WITH THE DUNAGAN BUOYANCY APPARATUS
by

" H. R. Nettles* ¥

and

1, Introduction and Summary - This paper presents the

results of an investigation which was carried out in the Fritz
Engineering Laboratory cof Lehigh University for the determina-
tion of thé efficisncy of the Dunagan Buoyancy'Apparatus for
the analysis of fresh concrete, The tests were begun in Nov-
ember, 1930, and were completed in March, 1932. While the
major part dealt with the analysis of mixes, considerable at-
tention was given toithe'properties of the cement and aggre-
zates uséd iﬁ thege mixes. | |
- In brief,‘the resnlts of the cement and aggregate

tests showed that:

1. The specific gravity determination of cement was af-
fected by the lerztih of time of immersion, Samples of cement
which were immersed and stirred only upon intrqduction into

the welghing bucket skowed a two per ¢gent increase in speci-

fic gravity, Samples of cement which wefe stirred frequently

during the immersion showed an eight per cent decrease in

specific gravity.

* Tormerly Instructors in Civil Engineering,
: Lehigh University, '
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2. The specific gravity determination of fine aggregates
was also affected by the leﬁgth of time of immersion. Samples
of fine aggregate which were stirred frequently during immer-
sion showed an increase, while samples which were allowed to
remain undisturbed were found ﬁo show a decrease in specific
gravity.

3. The specific gravity determination of coarse aggre-
gates increased with the length of time of immersion, and
its determination was unaffected by stirring,

///7 4, The large variations in grading of any one cement or
/ .

\
%

agerecate required a large number of tests in order to deter-

;
(/ mine the correction factors to be used for the No, 10C sieﬁi;//

The results of the analysis of the concrete showed

that:
1. Under field conditions the analyses showed variations

in determined water content of 1,C

5= zallonk per sack,

2, Under laboratory conditions the analyses showed a vari-

ation in determined water content as great as 1;1 gallons per
sack,

3. With correction factors for the fineness of the mater-
ials eliminate@, the determined water content showed a maximum
variation of 0,45 gallons per sack from that for which the mix

was designed,



4, With the error in sampling eliminated, a variation of
0;3 gallons per sack was found between individual samples,

5. When both fineness and sampling had been eliminated
the variation in water content was as great as 0,35 gallons
per sack,

6. A study of significant figures showed that slide rule
computations were sufficliently accurate for the analysis of
the mix. |

2. Cement - Studies of cement were made to determine
two factors; (1) variation in specific gravity with length of
time of immersion, and (2) variation in grading, In the first
study three different test procedures were used.

In the first procedure a 1000-gram sample of cement
wa.s cafefully poured into the weighins bucket which was part-
ly filled with water, After thorough stirring, the bucket
was filled with water and allowed to sténd for three minutes
before weighing, The bucket then remained undisturbed until
the test was completed. The data are presented in Fig, 1 and
indicate that the specifiec grévity of the cement increased |
considerahly during the first hour of immersion, Thereafter
the increase was relatively slow,

The second procedure was essentially the same as the
.first except that the cement was stirred thoroughly at three

minutes prior to each weighing, Bubbles of air or gas were



ebserved to escape during the stirring, The data from the
second éeries of tests are also plotted in Fig.l. The spe-
cific gravity of the cement Gecrcased asg the length of time
of immersion increased. This is contrary to the results
found with the first »nrocedure.

The curves marked "Stirred" and "Unstirred" in Fig.l
indicate that it is possible to have a variatisan as great as
ten per cent in the specific gravity of the .tement. Conse-
quently the.observed cement content might vary by ten per
cent and the water content by a corresponding amount,

For the third procedure, tests were made using Le Cha-
telier Flasks, The standard method of test was follcowed exeept
that water instead of keroserne was used a® liquid. The flasks
weré not disturbed after the initial reading. Several attempts
were made to find the effect of released gasses or air, but it
was impossible to free visible beads or globules. The data
which are plotted in Fig.l show a close agreem=nt between the
results obtained on unstirred cement by using the Le Chatelier
Flask and the Dunagan apparatus.

The authors offer as an explanation of the results
showing a decrease in specific gravity, the instability of
the cement particles in water., When the cement was placed
in the water and left unstirred, buvbles were seen to encape

only upon its introduction. When stirred, a considerable



quantity of air or gas was seen to escaﬁe and the gravity wes
found to decrease. From this it is concluded that stirring
accelerates the reacticn bétween cem2nt and water with the ev-
olution of a gas and a resulting loss in welght and volume.
The percertazes of cement reteined on the No,1l00 sﬁeve
was determined both by dry and wet sieving. Approximately 0.2
pfrone per cent more was retained by dry than by wet sieving.

3. Fine Aggregate - The variation in the specific

gravity of sand with the length of time of immersicn was de-
termined by two different methods.,

In the first method a 1000—gram sample of dried sand
was placed’in the weighipg bucket, stirred to free entrapped
air and weighed immersed, Without further disturbance, the
sample was weighed at regular intervals during a two-hour
period, The weights instead of increasing, ac¢tually decreased
up to 1-1/2 hours, showing a 1.2 per cent decrease in the spe-
cific gravity. This would indicate that the vclume of the sand
and the entrapped alr increased during the immersion. The test
was repeated on sand from a different source and the results
agreéd quife well, as shown in Fig, 2, 1In order to check these
results, a test was made using the Chapman Flask., The dried
sand was carefully introduced into the flask which contained
200 cec. of water, Except for a thorough shaking immediately
after the sample had been introduced, the flask was not dis-
turbed, The results were found to agree with those for the

Tunagan apparatus.



In the second method the sample was thoroughly stirred
about two minutes prior to eech reading. Both the Dunagzan Ap-~
paratus and the Chapman Flasl: were used, With the former, air
bubbles were sesun to escape from the sand when stirred the
first five or six times. The results showed an increase in
the specific gravity, indicating an abscrption of water by the
sand (Fig,2). With the Chapman Flask it was impossidle to re-
move the entrapped air from the flask. The results weré there-
fore in disagreement with those obtained with the Dunagan
Apparatus,

The apparent decrease in the specific gravity of im-
mersed sand with length of time was considered due to the
slow displacement of air from the interior to the exterior
of the grains by the penetrating water. The bubbles were
probably too small to escape by their ocwn buoyancy and re-
mained attached to the sand grains in larger volume than they
occupied within the grains before being driven out by the in-
flowing water,

The fineness ¢f the sand was considered of great im-
portance because the variation in the percentagé of sand
passing a No,100 sieve (termed as silt) enters directly into
the computation of an analysis made with the Dunagan Appara-
tus. One per cent variation in the silt factor results in a
change of 0.1 or more gallens per sack in the water content
for a 1:6 concrete mix having an actual water content of 7.5

gallons per sack,



The sand used in this investigation was a well graded
concrete sand which containsd only about 1.6 per cent silt,
Five samples of sard were sieved, both dry and wet, The re-
sults showed that dry sieving =zave 0.3 per cent more sild
through the No, 100 sieve than did washing,

The amount of sand retained on the No.,4 sieve was of
minor importance, because the vital ingredients of concrete
(cement and_water) are affected only when there is a consider-
able difference in the specific gravities of the fine and the
coarse aggregzates. The fine and coarse aggregates used in
this study had approximately the same specific gravity,

4, Coarse Aggregate - The tests on the coarse ag-

gregate were conducted in the same manner as were those on
the fine agsregate. The results of‘the specific gravity de-
termination are plotted in Fig. 2 and shcow that the maximum
variation was 0,4 per cent., Stirring at intervals during
the period of immersion had no effect on the rate of absorp-
tion.

Tests were also made on the amcunt of coarse aggre-
gate passing the No, 4 and No, 100 sieves, The percentage
of coarse ageregate passing the Wo. 100 sieve varied from

0.2 to 0,6 per cent.



5. Concrete Mixes - This investigation included

five series of analyses of corcrete mixes, In each series
the results are believed to he representative of the ad-
aptabilit& of the Tunagan Apraratus when used under some
particular set of operating conditions.

The first series were made in the Fritz Engineering
Laboratory of Lehigh University during the test of the Clin-
ton Conveyor™®, under circumstances closely approximating ac-
tual field conditions, An effort was made to secure repre-
sentative samples welghing approximately 5000 grams each. The
samples were weighed in air immediately and then set aside un-
til it was convenient to analyze them, Corrections were made
for the amount of aggregates passing and for the amount of
cement retained on the No, 100 sieve, 1In Fig., 3 the results
have been plotted on the basis of the volumetric composition
cf a unit volume of concrete, The extremely small scale used
~in this methcd of plotting fails to make evident the differ-
ence between the designed and the observed percentages of any
one ingredienf of the concrete, This is particularly unfor-
tunate when the cement and the water are considered,

— Em em em mm e e S wm e as e am me em ek em e e e - Em me as  dm s e wm s e

*  TESTS CF CONCRETE CONVEYED FROM A CENTRAL MIXING PLANT
' by Willis A. Slater, Proceedings, A.S.T.M.
: Vol. 31, Part II, page 512



THe results were therefore plotted in terms of de-
signed and observed water contents and mixes (aggregate-
cement ratio). Tig. lehowed close agreement between the
designed and observed percentages of ingredients in a unit
volume of concrete, Fig. 4, however, shows that the water
content ﬁaatﬁe—eeee/' f,as much aQ<éé; gallond per sack &
e*e%s%:ﬁfﬁ%he designed water content. The observed mix
varied from 1:5,6 tc l:;;%, while the designed mix was 1:6.5,

In the second series of tests the effects of (1) time
elapsed between mjxing and analyzineg, and (2) personal equa-
tions of operators, were studied. These tests are assumed to
beArepresentative of results obtainable with the Dunagan Appar-
atus under laboratory conditionsl One cubic foot of concrete
was divided into fifteen samples, all of which were weighed in
air within ten minutes following the mixing, Corrections were
made for cement retained on, and aggregates passing the No,100
sieve, A correction was also made for the absorption of water
by the aggregates. The results as plotted in Fig, 5 show a
variation between designed and observed water of 0. 8 gallons
per sack. The designed mix was 1: éi%iand the observed mix
varied from 1:6.1 to 1:7,1,

Little if any effect was found to be due to the per-

sonal equations of the two operators or to ¥he time elapsed

between mixinz and analyzing.
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Series 3, 4 and 5 were made to determine the effect
of sampling. In Series 3 the aggregates were washed in or-
der to eliminate a silt correction. Saturated asgregate
and absolute specific gravity were used to eliminate a cor-
rection for moisture content. The cement has been passed
through a No,100 sieve, and all tests were pefformed by the
same operator., The mixing was done by hand and the batch
was divided into five samples. Beth the individual and the
total weights were used in the computations of the analyses.
and the results are plotted in Fig., 6. The water content of
the individual samples showed a maximum variation from the
designed of (.45 gallons per sack, while the total differed
by 0.30 gallons per sack. The observed mix varied from‘
1:4.7 to 1:7,0., The total mix was 1:6.2, while the designed
mix was 1:6,0, Although the results for the total batch were
in closer agreement with the actual conditicns than were the
results obtained frem the individual samples, the disagree-
ment was of sufficient magnitude to show thét sampling was
not the only error involved,

The seven samples in Series 4 contained 500 grams of
cement, 1000 grams of sand, and 1500 grams of gravel each,

The ingredients were weighed directly into the weighing bucket,
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The sand and gravel from each sample were dried thoroughly
and weighed after the test. These weights were used in
determining the specific gravities of the aggregates, In
computing the resultse, corrections were made for the cement
retained on, and the aggregates passing the No, 100 sieve,
The results as plotted in Fig., 7 show a maximum variation

of 0,3 gallons per sack between the various samples, and 0,2
gallons per sack from the water content used in the design
of the mix, The designed mix was a 1:5.0 and the observed
mix varied from 1:4.9 tc 1:5,3,

In Series & variations in the fineness of the cement
and aggregates, and in the method of sampling were eliminat-
ed., The cement had passed a No. 100 sieve and the aggregaiqs
were retained on a No, 50 sieve, Both fine and coarse aggre-
gates were washed and dried thoroughly before weighing. After
weighing the aggregates were soaked for 48 hours, The cement
was weighed in-air and added to the saturated aggregates in
the weighing bucket, In computing the results the absolute
specific gravity of the aggregates was used, The value used
for the specific gravity of the cement was that which corres-
ponded to the time interval during which the cement had been
immersed, The results as plotted in Fig, 8 show that discrep-
ancies were not entirely eliminated, although every contrecll-

able variable had been taken into account, The only uncertain




quantity in the analyses was the specific gravity of cement
and the authors feel that they are justified in attributing
the discrepancies primarily to this factor, The water con-
tent showed a variation of 0,35 gallbns per sack frcm the
designed water content of 6.75 gallons per sack, The.de-
signed mix was 1:6,5 and the observed mix varied from a
1:6.0 to.a 1:6,3. |

6, Effect of Errcrs on Analyses Results - A study

of the significant figures involved in the computation of
the analyses of fresh concrete, revealed that a slide rule
computation was as accurate as warranted by the observa-

tions, If the specific gravity is determined to *0,05, a

variation in water content of as much as 0,7 gallons per
sack may be caused by the coarse aggregates, 0.5 gallons
per sack by the fine aggregate, and 0.5 gallons per sack

by the cement. These figures are based on a 1:2,4:3,.6 mix,



S3
N
|
i
]
0
3
:
E
-
4
&
5
I o
-
.-,-
3
\
;

@ o \J/ J,
"Ce en'\!'—Un;s‘\"\r;'red, R Lo e b

w
o

B
oo

| | | | | | ‘ i | | | | |
A0 c0 80 100 120 \40 160 180
Duration of Immersion—- Minutes

Specific Gravity of Cement
o
no
S

Fig.| - Variation in Specific Gravity of Cement with Duration of Immersion




x Chapman Flask, Unstirred
® Dvunagan’s Apparatus, Stirred |

¥ » »  Unstirred
266 | . | | . |
Morrisville Sand, Stirred
|
26k e
Se
P*-Son;)‘u‘\\ 5
| ns+lr‘ped o

260 < e

Specific Gravity
!6\:

0 20 g .. Gh 80 100 120
Duration of Immersion - Minutes

Fig.2 — Variation in Specific Gravity of Sand and
Gravel with Dvuration of Immersion




100 ) | !
90 SELL 2 — '1 Wa-fer‘ ! ! el : r
: |
@ . ement | |
E 0F——F— -‘b-;*:d———z;—*q—-—*‘?-ﬁ ‘ ——
= | ChargeZ2 Charge3
§GO' = B i s ; ,' | RS W
e ' L |
=] o e S R o e =5
(T ?——‘?‘ |
=
£ Sroweil |
ool —t— 1
{f, | | | |
01— & O e pas 5 : ——l ———
R e | + b o b
0 | | | 1 | L} . ) | .3
| C 3 4 5 @ | AR | 2 L

Sample Number

Fig.3-Variation of Analyses of Samples from Charges

having the Same Proportions




o
e
=

i+
C
v
€
S 3 700 _E?E'E”_,‘A’CHE‘ESPI@* R _ﬁf
$
5
>8a
ke R ST
Charge | Charge2 Ch.3

| e

Cement Raha

w
wn
@]

|2 4 % g ' Wil
Sample Number‘
Fig4-Variations of Water Content and Mix

from Analyses of Samples from Charges
having the Same Proportions

Aggregate-Cement Ratio Gallons per Sack
N
on
o




Sample Number
EN NG P RN T e A T IS R e e

per Sack
~
o
o

Gallons
&
o
S
o
) s
g
M
3|
—+.

——— Design e Operator No.|
— A A4 L s 7 e

~J
£
o
J
l

Mix

S
S

Aggregatess: Cement

0 30 60 90 120 150 180 ZI0 240 270 300 330 360 390 420 450
Time Elapsed before Analysis - Minutes

Fig.5-Variation in Water Content and Mix of Samples from the same Batch




va

(@)

e}

o

v 700

a

e W/
S /X
— &,
o 6.00 .

O ————_Pesign Observed

1.00

o)
S

w
)
O

Aggregates ¢ Cement

.2 % .4 % Yo
Sample Number

Fig.6-Variation in Ingredients as
determined from Samples from
one Batch~Corrections Eliminated




Water Con*l'erﬁ

Water Confent
Gallons per Sack
|
|

————— Design Observed

7 Aggregate:Cement Ratio

Aggregate:Cement
Ratio

TR S R RO
Sample Number

Fig.7- Variation in Water Content and
Mix of Concrete having Sampling
Eliminated .



Gallons per Sack
~
o
o

W,
.00 /C
———=Design Observed

700
+—
=
v e
£
Q LB
“ 600
(9]
%’ | |
g} - Mix
£ 500 Hete .
<

TS N T il

Sample Number

Fig.8- Variation in Ingredients as deter-
mined from Individval Samples—~
Corrections Eliminated.




e 4

WGt B8

—

131

Discussion of "A Study of the Analysis of Fresh Concrete with
the Dunagan Buoyancy Apparatus" by H. R. Nettles and J. M. Holme

By. W. M. Dunagan.
The paper presented by these authors deserves careful scrutin®
because it is the result of actual use of the Buoyancy method of con-
trol; this actual use phase of their paper should be emphasized in

ed.

BN

order that the full value of the information secured may be reali:
To do this my discussion will be in the form of a paper based upon
the data taken in the study 4' from which they secured the samples

shown in their figure 3. In this paper the data of lr. Nettles and

47 Willis A. Elater, Tests of Concrete Conveyed from a Central Mixing
Plant. Proc. A.S5.T.M., Part II, 1931l. Tech. Papers.

Mr. Holme is discussed indirectly as follows:
1. By comparison with the complete data taken at Lehigh University
to which has been applied the method of statistical analysis summarized

by Mr. R. W. Crum 9'; from this type of tabulation judgment as to the

9' Symposium on Significancs of Tests of Conerete and Concrete later-
ials. "The Numbér of Specimens or Tesis Required for a Reasonable
Accuracy of the Average." (Report of C-9

accuracy of the test as compared to other ficld tests is plabed uson
its performance in a large number of tests rather than upon the four-
teen abstracted by Mr. Nettles and Mr. Holne.

2. By discussion of épccific pprases of their paper and other
itémé which are of special valus at this time. The items under con-
sideration are ones which have caused some confusion in field testing;
they are specific gravity variations, sampling mcthiods, grinding actior
of mixing and ailowable deviations in concrete field control. The or-
iginal Lchigh date are supplcmented by additional investigations made

ot Towa State College and at other places.




oo s oo A STUDY OF THE. . L
ANALYSIS OF FRESH CONCRETE UNDEA FIELD CONDITIONS

By W. M. Dunagan
. Enginecring Experiment Station.. ..
Iowa otato Colleg o, Ames, Iowa

Introduction

During the tests of the conveyor for conerete in the Fritz,

Engineering Laboratory at Lehigh University 4/, a large numper of

4/ Willis A. ola%er3 Tésts of Conercte Coﬁveyed'from"é;Contral”Mix-
.ing.Plant, Proceedings A.S.T.M., Part II, 1931. Tech.Papers.

anal&éoé»offfregh coricréte were made by the‘bQOYahoy ﬁofhod. These
samples were taken for'thobﬁﬁrpose.of dofermihihg'%hé”éfféct'of'the
action of Ei"ﬁarficulaf4 ype of convoyanoo upon ﬁﬁo;ﬁniformity of
the coﬂoro%o;ISihoo thehtésfonfor‘wﬁibhhthosétdéfa wore takon wore
poriormod for this purpose tno 1ntorpretatloﬂ of tho data should be
con31dored prlmarlly in that llght however thesa testo may be oon-
sidered as boarlng upon the entire field of the control of the mix-
ing of concreto. o . . -

Tho analyues of this concreto rovealod scveral 1mportant fac-
tar s in tho bohaVLOr of conoLeto, 1t contrlbutod 1unortant informa-
tioﬁygé?to'ﬁho’accuracy'of orOportioning under thé existing condi-
tions and furnished some practical data relative tO‘%hé'aocuraoy with
Wthh oampl s of concretec may be analyzed

Mothods of Testing

It is important that the conditions of the study'bo scrutnized
caréfully. They werc as follows

"13'To introduce ' a two-cubic yard’batchvof'conorote info the
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conveyor . two mixers wcre uﬁgd,’f@ﬁfﬂhéhéhes}being»pgquirad from

each mixer,

2. The proportfdﬁihéiﬁas bjfﬁ'$ weiéﬁ£ﬁg-dﬁ all ingredicnts.

3. The aggregates were stored for three days in a moist con-

dition on a concrete floor. Moisture determinations were made

t0 approximate the moisture conditions of thesc aggregatos although
extrome carc was not taken for each batch; it was evident that

the moisture fluctuated to sdmé;éiténfvﬁéfficuiérly”inytheiéoarse
aggregate piles. Tho_aggrogapss werc képﬁ_wét‘yo éyéid'the.inf
fluerncec of the rate of abéorﬁtioﬁig’The”égéfegateé”ﬁéré not care-
fully separated on the No. 4 sigvg_énd genera;ly_theAéonditioﬁé |
were quite reprcsentative of field procedure. . -

4. The mixing effic%engy.éfsthg mixers was checked. One of
the mixers was chargcd,qopqraﬁqdﬂgq@.sqmpled gt ;pcr¢m¢nts_qflv
15 secpnds after the int:od#gtion of thg batch in order:to de-
termine the time at which»thg mix_becamo uniform. = This was found
to Bg 14 minutes.

5. The mixers werc charged, operated for one and one—ha}f
minutes and dumped._,Du;ing tho‘discharge samplos Wers aken.by
means of pans held in the path of the out-flow. The f;rst‘¢W9
samples were caught upon a small flat shovel which did‘not.fmyor
securing representative sanples.

6. The conveyor, after being filled, was driven about for
several hours, returning to the laboratory for sampling at six
intervals over .a period of three hours.

7. This procedure was repeated four times with the seme mix.

8. All samples taken werc from ten to twelve pounds and wWere
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analyzcd: by the: mothod under discussion. 8/..

6/ W M. Dun*gan}w Prbposéd:Té£ﬁ6d oi TcsftfofmfhédFiéid‘Dotormin—
» ation! of thc:.Constituents of Fresh, .Goncrete. . Proc. A.S.T.M.
1931 Part II, Tech. Papers. T -

Discussion e

The data obtained arc Qhown gr1hh10111V in Figure 14; typical
analysecs and computations os tul\.bn arc sno wp in moloa (p? g

With these doata as a bas1° for dlscu ssion oLscrvatlons will

“be made along the following lines: -

1. How much grinding of .aggregates occurs in long-time mixing
and houling and by what incans mqy~correotion factors be obtained
should analyscs of .thc fresh conere tc be norlormcd°

2. How closcly may analyses of concreteybe performed by mcans

‘of thc'test used and how nearly should they be-expected to chock

the batch intended with all factors. favorable to deoviation consi-

dcred®? P
' in definite percentage
3. How closc ly/muv an intended mix of concretc be introduccd

into'a mixer and how uniformly-maintaincd from batch to batch when

the aggrégates arc in a ficld-.condition and are proportionecd by

weighing?  This should furnish informetion as to the uniformity of

nix-that may be coxpccted under: thoese conditions by an actual mcasure.

4. Can uniformity deviations be detccted by .such methods of

tests?

Inercase in Fincs Due to Grinding Action of Mixing .
)

‘The first computations made after the tests were completed
‘indicated thc prescencc of some factor not prceviously considercd
which coused a serious deviation in results. This factor =so con-

stontly incrcased with the time of mixing that it was casily traced



to the grinding action during mixing. Closc study of thc data
lcd to the conclusion that the accuracy of the¢ test was such that
thé.rata of this grinding~could 5¢vdéfiﬁitéiy”bomﬁutéd.i ihls was
donc as follows: . R

The intended mix was

1b. Sp. Gr.
Rock 520 - 2.64
Sanad 291 2.68
Cement 125 o 3415 e
Water 777 .1.00 W ,.6.9 gol. per bag.
- I C s .

A perfcet sample of the intonded mix, if -analyzed by. the method

used, would hove furnished the following data: -

Tmmersed wt. in gm. - - % of Imm, Wt.
Sample 5902 '
Rock : 23230 - . . 54‘8>84 8
Sand 5050 1850 30.8)7 77
Cement 850 - R - 14,4

Fifteen actual samples token from the mixer after 14 minutes of mix-

ing before placing in the conveyor averaged:. . . . v
% of Imm. Wt.

Rock 5503 ) wroe-
Sond . 29.5)%%8
Cement (fines) - ;-‘;dh. .';"J'_Zlo 7

Thus the fines have increased-15.7 - 1l4.4 _equals l 3% of thc Aimmers-

ed weight of the cntire sample. : This. grinding act;on 1n lg,m}ngtcs

and the original silt combine-to ipereasc the ilmmcrsed \clﬁht of

the fines found by 1.3 : 15.7 equals 8,4%. (This_figureﬁrepr§s¢nts

1.54% of the actual wcightsof-thc,agg:e€Q?Os,)-_All‘sanplcs ﬁ&kCn

at the mixer should bc corrccted by taking this percentage from thc

fines (immcrscd wcight)maqd olncc Ain thlo case most of the grind-

ing occurs in the sand adding it tovyhg_gand (ﬁlfulu l6),1_buch a

corrcction has been applied to the mixer scmnles 3lov1 in figurec 1l4.
Figures 15 and la;show‘the-rato oi grinding as 1t_p¢pured in

e

the conveyor as shown by the varlatlon 1n thg inm chod w01ggt of
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the ing redients ‘of samplcs du ring- tostlng ” Itéi"e 1dont that
samples taken under sudh conditions being ground for increasing
péfiéds'muét each Bcw605fécted“d600rdiﬁg £0 their time ‘of “mixing:
Siﬁéo the se samples werd ‘taken at si¥ intervals all nearly the
same fbr each run;ﬂﬁﬁe'ébfféétiéh factor for thom iay Be arrived

'I

at as follows. (The perContégés are taken from figuré 16.)

| chle 1A

, (% of 1mmerscd wt ) - ) .
Time, min. - 15 45 - 70" 100 - . 130 . 180
Samplc No. 1 2 3 4 S 6
Rock o 55,9 54.8  55.3 55,6 . .53.6.. 53.3
Sand 28.1 28.4 27.2 26.5 26,9 26.5

Cement (fines) 15.9 - 16.7 =~ 17.2. . 1%7.4 . 1941 7 :119.9 -
The fines in thesc samples varics from:the perfcet sample by the -

followl hg amounts:

% "C"
13 M. Mixer discharge = 1.3. - .. . 28.4. . .. -
15 M. 15,9 - 14.4 = 1.5 1.5 + 15.9 = 9.4% (Fines to be re-
45 M. 16,7 - 14.4 =.2,3" 2.3 3 16,7 = 13.8 - -~ " . " duced)
70 M. 17.2 - 14.4 = 2.8 2.8 » 17,2 = 16.3
100 M. 17.4 - 14.4 = 3.0 3.0 # 174 = 17.3
130 M. 19.1 - 14.4 = 4.7 4.7 + 19,1 = 24,6
180 M. 19.9 - 14.4:= 5,5 5.5 % 1949 = 27.6 - .

Thus a factor "C" is reached by which to corrcct for all variations

in the fines for @ll runs.. The correction-is applied by subtracting
these percentages from the observed immersed weights of: the. fincs

in the sample and adding it to that of the sond. . The: conveyor samples
in figure 14 have all been corrcctcd by thesc factors.

With it thus established that this grind;pg”could be so defin-
itely examined the author conductcd a subscquent study in the Lab-
oratory at Iewa State Collegec. The results of this study are
plottéd"in‘figure 7. The came sand was used in,coch case at Iowa

State but two types of coarse aggregate werc uscd (1) a tough
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gravel, French Coefficicnt 10,.(2) and a softer Limestone, French
Coefficicnt 6. Inspection of the curves in figure 7 indicate that
under these conditions:.tho ;gmq.gripdinﬂ occurrcd in coeh casc; in
‘
one cosc the tough aggregote ground the sand and in the other the
sand. ground the. softer aggregatc. To furthor investigato this
motter the dota taken inz?@gfmixcp_cg;;b:atipp,gt ILchigh were
plotted on the same figurcs; sinco thi@ run wos made with the same
aggregatces as those grouna in the convoJo the conclusion is ob-
vious that the rlndlng 1s s factor o; thu fvpc ofnagitation.

It ohould be - umphqblz d thdtv.grlnalng cthn" will always
vary with oondltloﬁs and can’. only ﬁo apova rmatoly'antlclpated.
For ~such ‘an-approximate anticipation tho rcduction curve shown in
figure 7 was prepared; its applicntion should be ags follows:- when
2 batch of fresh conc;eto has becn-mixecd fo* o long period due to

Jhauling in an agltatlng COHVLYOT thc‘tlﬂc mis cd should‘be notcd and

H
- R AR '»'-« -

'“fhcifﬁctof'"C" found on trls ourvc used ohoqu auly. 5 0f somplcs
from it be ado.~ i ' c“{ v Sl ;.?;

This study of grlndihg“andtits ulelC tlon Wo ; tésfod by the
aduthor at a‘Des Moincs, Towa ready-mix plent.  Whoi a given batch
was placed in a truck a -sample was taken, another. sample was taken
at “the ‘complotion of a trip <during which theé mixing.was for approx-
imotely “ton minutes; reduction of the "fines" by 15 percent.(figure
7) broucht about a closc agroement between the  two samples.-.:

Devintion in Results of Analyzed Samples and their Couscs

The sourcc of dovictions from the intended mix may b
shown by citing spécific cascs under definite headings.
a. Deviations expinincd from conditions at .time.of “test.:

(1) ‘samplos from batches I ond 270of Run A Figure 14 were of
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a known -differcnce in water cdontent,the watcr in ;#1 being weighed

~

6.6 in orror, which is c#qctlw snomn in tLu anglysis. Tho fact
th-t these samplés show d‘Iaréo artount of coars a@grcgate is a
reflcction of .he mnllng m»tjod whlch p cre. ch*nucd in thc.;ﬁééocd-
1ng b"tch as this condltlon was ob'=rv bl“ bcfo;c tostlng.

(2) Tvo S“MDlCu fﬁkoﬁ Jn Run F t“blc 5 (npt shown in fiéﬁfé
14) were not representative _sinco they were takon,after thé batch
was dumpcd upon the ground to detcet seg TUS?thH oncurlnb du ,'
thq dumping of tﬂp CO7VQyO
- (3) Run D Tublcva. gié;-iérAié»élspiéndiadéxdﬁﬁiétbfzé

N

test for Lnlforult\. (a) Tﬁd samplds takcnfd@ring mixing;conform
cwith the brteh 1ntcnacd<excopt»thatuth@;watar.i3~awlitxlefhigh,
whichn may>hdvc been true of:this run & fact bornc out by thc slump
~table 4, page 9 _— o
and strcngth tosts./ (b) Six analyscs token dgringiyho opgration
of thn drum have ."“m%rhwblo uniformity inonsry rcspeet, the uwater
vorying not nore thn .2 ggl por ﬂg of CGs m@nt éﬁéfﬁgﬁfégdtésf
varying“from the nix usod Only as té}their di§tinétién aélté écpar-
'atibn'oﬁ'tha No;lé éievovand-mhatmvariafion~is constant for tho six
samplgég' This run como aftcr thréo ~other trlhls;7$ince this cntire
invostigdfion was a plOﬂOO stuav of conercto under thosé'conditions
this Run D should Lurnlsh a bosis for Judbment ﬁs to tno Qtﬂndurd
of acéﬁfaoy to be oxpected when futurs studiss ara'made.ﬁ?~‘
b TActunl diffcrcences in da ly‘oonditions,.uRuns.A,kB,“C:and_
D werévat various 1nturv\ls over tnrcc days. _+1parb 14 1ndlckteo
tngt c’ch run hkd an 1nﬂiv1ﬂhﬁl character 1stic:&s shown bv thﬂ
"osultsiof thne anLmsc 5 th 50 diff.rﬁﬁéoé-ére an;fled by tﬂC

slump ond strength records
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TABLE 3

Run D/ (uhalze 4)

‘Showing data as taken and computed with a>pllcablon

of grlndlqb factor correction "C7

o Immursed Wts., Wt. in air. ° Proportions
As Ta (C)v' Co*rocted ~ (Corputed) - Found

Sample;
Rock

Sand

S+ R
Cement:
Water:

2770

¢'\r”50
420

‘ Two sdmplés from two of eight Batches. -
a7na

29 >

. 798 L 818

ot
&
e
N

S

e

35 285 568 4394 |
U TEE0 7.4 gal,

2.

:. 2"4:\)‘\-’_ .

2524.5

}

379

755,0 $31 . 705 1255 ./ .46
C =Bl 348 -0 Blo: 4008

2773

L2316
457

C_")

f1aN
OO

-3+

Samples taken from conveyor at intervals of tiﬁe.

4700
1528 L 2460 I
788 443 831 1326 ot e
-43 . 414 611 4397

: : R i S L TR

OV Do

2785

I.: 2308

477

o : A
158% - R T oenga e :
728 66 794 1267 v _
o -66 . 411 - 7606+ ‘4 4417 -

: 358

"C"-)Hmb#
(8]

L ]

13
e
T

l._J

2557

2180

457

t
3

m» o
It—" .

T T €3 B

1470A | 2357

710°  $74 - 784 - 12B0° :
-74 383 585 4182

C | auelR AVE
> .

AT

2266
481°

. 755 +83 618 1305 ' 2.

S 706

-83% - 398 - . B8Y7 4357

130 M.:

2660 -

: 2156
: 2504

1448

"B4g 6.7 gal.
TiEEL -

714 $124 837 S
-124 380 4219 1

TBES 6.7 gal.

R
LIS IS I
© O D2
L IR

o0

(e}

(68

f.

3 hr.

2432

1946
486

» | T 4169

1302 S S 8100 G0 4,05

644 $135 799 - 1243 2.40
~135 351 518 - 3851 . 1.

—— 308 5.7 gal.
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mbulation of averages for Runs A, B, C, D 07 o0

Run Slump™® Ratio water to' - .Couprecssive Strength
. » S o ccmont Trom an- of cylinders taken
R R P [N lYSlS.:“:." D at the micers, -

all. - Ty R
gols - 5255

bal ‘ 2810

Ak, L RN T 1% N T

.

Sk

RS RGN v

ORI X
L 2

*Slump taken as an average characteristic of the bateh from
*the curve of slumps over cntlrc é;hourvpérioa*rathcr than at
0 timc. : S

Statistical Anclysis of Results ' P S

The results of these anolvscs -¢annot be statisticnlly analyzed
so that dovintions dus to the mothod -of test for analvzing tho

conerctc can be isolated; its &coutddy nust be judged from Lho

folloving vicwpoint:- During the éﬁtifdvoperation of mmiéturo de-
toralnmtlonn, propdrtioniﬁg, mixing’ “na h ndling, sampling and -
anquzing what dcviationsdfrom tqQ_injcnded p:oportiqn:wgs found to
cxist by the analys is of ‘tho somples?

iiphically shown in

“Although the trond of such deviations is g
figurc 14 'a monsdurc of thom con be obtained through’ “the application
of such ‘a mothod as Mr.. Crun’ "ug ests. ALl of‘thC’&ﬁta5fékén inv

oo g

thu L G series ucre tqbulut d uAt'r ﬂoplylag fh\ rrlnolnm f ctor

ooffcction and his unlnornlty'coé rricisnt found. 1”Iff_gbﬁ;§fbof
notcd. that no.tosts arc.omittcad even Zhough - uhcixw@oviatiénwmightm
be ‘éxplaincd by conditions of tho study. Sincd figure 14 shows an
evidently'grodtcr unif',41tv in sarnlcs takon after ‘the mixer chorges
have' boén consolidated in the conveyor, scmples taken Trom the mixer
should be distinguished from thoso tnkon From £he cohveyor. In

" the statistienl anclysis the study was- 80 made: -0 o
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Sunmary of Dcviations
A. Mixer Variations.
1., Samples taken, 15. Runs 5.

2. Average mix found by test 1 : 2,30 : 4.24 (by wt.) 6.98 gal.

Item %o

3. Maximum deviation Aggrogate .89 parts by wt.: 13.7
- Water . .62 gal. B 11.2

4. Average deviation — Aggregate . .33 parts by wt.. 5.1
~Water .33 gul. _ - 5.0

-5, Stendard deviation Ag rovoto .40 pelts by wt.u- 6.9
' Water .40 gal. . 0.7

B. Convecyor Variations.
L. Samples token 30 - O runs.
2, Average Mix found 1 : 2.30 : .4.20 ~-- 6.61 gal.

: Item . =00 oo o %

3, Mnximun dev1 tloqs Aggregate +46 parts , 7.1
_ o Water - . . ..76 gal. - SN N IS5 I

4, Average deviation — Aggregate - . .17 parts 2,65
Water 26 gal. 5,95

5. Standard deviation Aggrogate .24 parts 3,70
Weter - - . - 2325 gol. ... 4.90

Additional deviations found in the performance of this test
for anal yzing frcsh -concrete mere obtained from puyblished data..

from a study by the Bureau_of.Public@Roads,é',;,Thovsignificantly-.

§' T. C. Thee. MEffect of Size of Batch and Length of'Mixingi
Pcriod on-Quality of Concrete." Public Roads Vol. 12, No. .1l
January 1932.

different conditions werc (a)-although thc same principal of test
was uscd differcnt typces of cquipment wierce uscd {(b) iargcrgsamples
were taken in the B.P.R. tests and (c¢) that dryer mixes were used
which permits easicr sampling. @ These data arc plotted granhically

in figure 13, This frcquency curve. locatcs the "Standard Deviation®
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b

as bcing the 50% deviation, or the DurCLnt“Gu of crror which the
average tost will not oxccod it is found in tﬁoir”utud .ﬁé bo
less than 4 % for all materla*sf;Tﬁié ﬁgrcos clcs~ly WLth tho
figurcs found'ﬁy-CTUm*s-méfho& wﬁén:app;iod to the Lehlgn data.

Strength Data

The outhor has usced the tdrm "intconded Water-Cement Rotio™

-

advisedly in this paper; figure 20 is prescntcd to vindicoté the
use of this tcrn.
Figure 20 reprcsents dota abstracted from throee separate studies

(o) Uniformity studics made at Oregon Agricultural College *5', those

*51v Burdett Glonn., "A Study of the Uniformity of Portland Corient
Concrcte"™, M.S. Thesis, Iowa 3tate Cellege. 1931.

madc at Lehigh University 4', and an unpublished ccolumn study ot

_4*' Loco Cit.

Iowa State College 7°'. The some indications arc te be discevered

7t W, M. Dunagon "Study of the Uniformity of Concrote placed in
Tall Coluwms", Unpublishcd Monuscrint.

in o morc rccent study published sinec the writing of this paper 10°.

10" F. H., Juckson and W. F. Kelleran., "Segrcegation at Water in
Concrete Placed in Deep Foros™, Public Roads, Vel. 13, No. 4.

June 1932.

In Tigurc 20 1t is evidont that the resulting strongths are
more ncarly indiecated by the results of the analyscs than by the
water-cement ratio value intended; in cvery case the location of
the points on the line representing this ratic would result in their

being farther from an accepted watcer-ccient ratic curve than plotted

accorcing to the results of the annlysis. This is particularly
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truc of thg.Lehigh University data. This fact iélomphasizod héro
Bocause of the fgct_that_all runs,A{_B;.C_qnd Q_ﬁefﬁ_madc at |

the samc "intonded water ratio" ahd the author bolicvcs.that the
strength deviations in the dircetion indicated bj”tho rcsults of

analyses has bearing upon the acguracy of the test method. (Sce

table 4, page 9.)
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Factors Which Limit the Performance of Tests for-the Analysls
of Fresh Concrete

Freshlv mlxed concrete cannot be analyued for.lts constltuents
by any method now 1n use,.(a) when the 1nfred1ents cannot be g |
separated by means of sleves»or when condltlons are such thqt cor-
rectlons cannot be applled from data on the orlglnal aggre ates'
for "flnes" Wthh w1ll be confused w1th the cement and (bf under
condltlons when absonptlon characterlstlcs w1ll not permlt a
pre01se deflnltlon of the net water. Wlth the buoyancy method
thls deflnltlon 1s establlshed durlné the prellmlnary ope01flc
Grav1ty determlnatlon w1th other methods bv:means of an absorp-'
tvon dete¢m1natlon 1n elthcr case the condltlon is 1dentlcal
The method of analy21ng under dlscusslon does not dlffer from any
_other process 1n these condltlons, when thoy eX1st samples of the
;concrete cannot be analyéed by anv method yct dev1sed

Mr Nettles and Mr. Holme have con51dercd three factor to
be 01 sufllclent 1mportance for spec1al 1nVLstlgatlon. "These fac-
tors are: ollt content varlatlon in SpClelC grav1ty of aggrc—
gates_and Varlatlons 1n spe01flc brav1t" of PO“tland uenent Tol
clarify thc e ect of the flrst two of tneoc factors flgure 5
hes been o;opared This flgure shows cWLarl that whon tncse:
factors ar¢ not considered the results will be effected in ac-~
cordance with their relative amounts and with the ratio of aggre-
gates to cemcnt used in the concrete. It should be noted that
with a silt content of 2% a sand ratio of more than 6 parts would
be necessary to cause a deviation of one gallon of water per bag
of cement, wnd that,with a deviation in specific gravity of from
2,65 to 2.70,.50 gallons of water error would be introduccd.

with 4 parts of sund
The effccet of variations in specific gravity of Portland
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Cement will be left to the judgment of. the reader;jgiho tecsts
performed at Lehiéh University covered in this paﬁer‘wcre Dcr¥°
formed at times varying from 10 mlnutes to 6 hours, with some
delayed 24 hours by fre021ng, after the m1x1ng If this factor
had influcncc it cannot be detcctcd in thc results. A more pre-
cise study of this factor 1s Drosentcd by the author‘in a bulle-
tin to be published by tne Iowa hnﬂlnocrlng Experlmont Station.

The effect of varlatlons in Speulllc grav1ty of the aggre-
gates used on the Lehigh progect may be Judged by the dev1atlons
found in- the entire serles. ThlS Drogect Was controlled through-
out by the systenm o? tests based upon the ouoyancy principal which
utilizes the apparent Spe01flc Grav1ty value for all tests, Sta=~
tistical analysis establishes the unlformlty coerflclent at a |
Standard Deviation of approx1mately 4ﬁ, slnce:this factor represents
all dev1at10ns from all sources, from m01sture determinations through
the mixing, conveylng and throu h the test for analysis to the final
computatlons it would seem that the spec1flc gravity varlatlons
were either quite small or were entlrely erased due to the mixing
so that when unlform concrete was produced the matellals of variable

specific 0"T'av1ty were also unlfornly mlxed 1n the batch.
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Summnary
A.fCondl&sfdﬂs’COnééfnlné %ﬁdéoftloniﬁg“aﬂd:mixfng drawn
' from the Lehl gh tests and verified bytsuﬁééduéﬁfﬁstddiés.
"l Practlcal metnods for the Pleld wei”“ll dfﬂingred—
10nts even on small progects should hold ‘all nroportions
:to a Unllormlty Coefflclent of 4 “Wiiel in thls case
meant a control Wlthln .3 gallons of water ‘per bag of
cenent to that 1ntended Sucn a flgure derived from

these data assumss that the analyses made contain no

| error and that all deviations are due to control methods;

if some of the deviation is attributéd t6 the method for
éﬁélyzing the'samples a éérfé Uonﬂlnbly lower fig gure may
be applied. o :
2. ﬁrogreésive erinding action occurs during the en-
:fifé”éctioh'of mixing and of agitation type of hauling.
ThiS'griﬁding aétion“is'still'subJGCt'to*éddlflonal in-
vestigation. In the studiss made to' date the grinding
:edualled as much as 12% of the weirht of the aggresates.
5 Pr ovortlonlng whlch mavtnulm1nate in" the neces ssity
‘afor analy81s of samples from the mix must be'a”part of

an established "control svstem" which clearly defines

the net ingredients. This ‘should be trus whe'ther an-
"alyses are made of'not}
7 o B. Conclu51ons concernlnn the accuracv with Whlch Salmples
of concrete may be analysed by tbe buoyancv pr1n01pal
1. In these tests-the analyses were‘performed more

closely than the proportions could be maintained wi th-

out undue attention to details of control. This con-

'
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clusion may be substantiated from the data as follows:-
(a) Batched 1 and 2 of Run A (Figure ‘14) were of a
‘known difference in water content (6.6# of water was
omitted from batech 1). This was exactly shown in the
anagl yses.
(b) Wherc the mixer samples evidenced variations due
to actual difference in batches and these samc batches
arc then consclidated in the conveyor successive samples
show no such deviation (Figure 14;).
(c) Runs on successive days-with the same intendcd
provortions show individuality in analyses; these
differences arc rcflccted in the slump.and strength
data obtained., (Seec tablc 4, page 9.)
(d) Such duplicatc samples as were taken show closcr
agrecment to cach other than successive-mixer runs;
this is shown in samples 1, 4 and 6 of Run C. -
2. When sampling concrete great care must be  taken if the
samples are to be preceisely reprceentative. Many tests of
fresh concrete performcd with the expectation that thc
results exactly check the proportioning fail duc to poor
sampling. Deviations thus obtaincd must be considercd in
establishing a cocfficient which defincs uniformity.
3. The me thod of test was satisfactory as a means.for
determining the efficicency of the mixing operations. This
is evidenced by the results as summarized in the form of

Standard Deviations, (See summary of deviations, pagc 10)

. aee
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Table ©
Run F. (Charge 5.)
Showing data as taken and computed with application of grinding
. factor correction "C"

Run ; Immersed Weights Wt. in Air Propoxrtions

: As taken ne Corrected (Computed found
Sample taken from mixer discharge
1 :2694.5 4647
: 1511.5 1511.5 2436 4,32
:2279.0 767.5 +35 802.5 1280 2.7
: 415,95 ~-30 380.5 0638 4279 1
268 7.35 gal.

Sample taken from top of conveyor before dwunping

a 12430 4163
: 1333 1333 2145 4,37
12045 712 +53 765 1221 2649
385 -53 332 430 3856 1
307 7.07 gal.

Sample from first portion emerging from conveyor

b. 13162 2421
: 1790 1790 2880 4,56
12667 877 +68 945 1507 2.39
495 -68 427 630 5017 1
404 7.2 gal.

Sample from last flow on dumping conveyor

o 2340 4001

: 1420 1420 2285 5.10
:1988 965 +4:8 617 984 2.20
352 ~-4.9 303 447 3716 1

288 7.2 gal.
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