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DEDICATION

To Asst. Prof. Lee J. Rothgery of the Civil
Engineering Department, from whom I have gained a
wealth of knowlege in the field of concrete, I
dedicate this Thesis,



INTRODUCTION

At the present time 1t 1s believed that the quality of a
given concrete can be definitely established if the actual
constituents of the mixture as finally placed are known, It
has been general practice to determine the quality of concrete
by compression tests on a cylinder poured at the time the
mixture is placed 1In the forms. This method has a disadvant-
age in regard to time, an element the people of today are

greatly concerned with.

The need for a test to analyze the fresh concrete mix
as to tts water / cement ratio and proportions of cement,
fine and coarse aggregate can at once be recognized. The
"ready mixed" concrete industry has created a need for the
abllity to analyze concrete quickly. Strength specifications
based upon w/c relationships determined from previous tests
make 18 deslirable to control the strength by maintalining
these relationships or to predlict the strength if they may
be determined by test. Field control and a check on the con-

tractor add to the needs for a test of this sort.

This paper is not written with the intent to offer aﬁﬁeﬁ
a new method for the analysis of fresh concrete, But 1s aA- .
study of the Dunagan Test for the fileld determination of the
constituents of fresh concrete. Therefore, the purpose of this

paper might be stated as follows:



(a) To present a detailed picture of the Dunagan
method.

(b) To present the actual results of a large number
of tests conducted on batches of fresh concrete
of different conslstencies.

(¢c) To analyze the results of these tests as to the

accuracy of this patticular method.

The test outlined in this paper makes the fullest use of
"knowlege as to what constitutes .concrete .of a gilven quality;
it attacks the problem in a direct manner with the maximum
economy of time and expence. The solution offered 1s to take
samples of the fresh concrete from the structure at any point
and determine the amounts of 1ts significant constituents,
namely the water, cement, and fine and coarse aggregate. The
concrete can be tested at any time before 1t has definitely
hardened. Since on any given job 1t 1is not necessary to check
up on the material more than every two hours, any competant

inspector can handle this test along with his other duties.

The principle used thpoughout 1s the old Archimedian
principle of water displacement, eliminating all necessity of
the drylng of any of the constituents. The displacements of
the materials are measured from thelr boyancy in water. One
féature of the test that 1s of particular advantage 1s that,
except for the inital weighing in air which should be done as
soon as the sample 1s selected, the test can be deferred to a

any time wlthin the setting perlod for after the initial weligh-



ing of the sample in air any water lost is of no consequen-

ce since "water in water weighs nothing."

The Dunagan method is far from being the only method

of determining the constituents of fresh concrete. Solutions
by other methods have been offered by G.S5. Griesenauer, R.L.
Bertin, and W.I. Freel, The three main procédures attempt to
determind the amounts of the ingredients from thelr displace-
ment rather than by drying them after the cement has been re-
moved by washing through a No. 100 sieve. The first method,
the one used by Dunagan, determines the displacement from the
boyancy of the materials; the second determines the displace-
ment by means of the volume of water displaced in a cylinder
using the same principle as that used in the A.S.T.M. flasks
for specific gravity determinations; the thirimethod obtains
the displacement by means of wéighing a cylin&er container

used as a pycrometer.

Reasons why the Dunagan method seems to be the most
practical to work with are as follows:

(1) Neither of the other methods were flexible and
they required special apparatus not suited for use’'in
other tests. However, in the Dunagan method the spec¢ific
gravity, free molsture and absorption tests were unified
causing the control tests to become a series of connected
tests rather than isolated determinations.

(2) This method permits deferriny the test. In using
a cylinder as in the second method, the water in the sam-

ple must be retained and its displacement notef, Any loss



through evaproation makes the test inaccurate.

(3) The Dunagan method combines the advantages of
all three methods. That is, aggregates can be easily
recovered and surface dried as a check, this being a
necessity in the second method. This 1is also a feature of
the third method. The size of the sample is not limited.
A large sample could be tested in sections so that the
apparatus rmight be small enough for portable field oper-
atlon. Then too, the boyancy principle permits greater

accuracy 1in weighing wilth less expensive equipment.

The accuracy required as test for the analysis of fresh

concrete should also be looked into.

In proportioning a batch a degree of accuracy must be
maintained eonsistent with the accuracy with which the analysis
i1s to check the batch. For example: if it is expected to ¢heck
within % gal of water per bag of cement the free molsture er

absorption of the aggregates should be controlled within 0.2%.

(; In sampling; samples should be taken so that they are
truly representative of the batch.jof course the series of
tests conducted for this paper were to analyze a total batch
assuming phat if the results met with the required accuracy
for this case, the results would be equally accurate in anal-
yzing a portion of a batch 1f a representative sample were

chosen.

The analysis for the w/c ratio is the ultimate criterion

of accuracy. The value of determining the amount of cement



depends upon the relative amount of water so that 1t may be
considered with the water as a ratio. With a given unit vol-
ume of typical concrete the water is a relatively small per-
centage by welght. In a one bag mix containing the propor-
tions of 1 - 23 - 4 by welght the total materials are about
760 1lb.; of this 56 1b. is water, or but 7.3% by weight of
the total batch. Since 1t is desieable that the water be con-
trolled within 4 gal per bag of cement it 1s necessary that

the accuracy required is 2 1b. in 760 or 1/380.

If absorption and free molsture tests are not preformed
more colsely than within 0.2% the analysis of the concrete
should not be required to check closer thah within 0.2 gal

per bag of cement.

To summarize, 1f the tests are carried out with the des-
ited accuracy they not only furnish the w/c¢ ratio, propor-
tions of cement, and fine and coarse aggregate, but will also
furnish a method of checking the efficiency of mixing and

placing operations.



Apparatus set for weighings in air



Apparatus set for weighings immersed

Plus nested sives



PROCEDURE

The equlipment for this test was obtained from the Mich-
igan State Highway Department, whom I wish to thank for their
coubttesy and generosity. The apparatus was intact with the ex-
ception of the rider which had to be calculated. Although the
beam was graduated in grams and tenths of grams, I wished to
make a rider that would convert that scale to tenths and hun-
dredths of a gram. Therefore, the apparatus was set up for
weighing in air, and a 0.5 gm weight was placed in the right
hand weighing pan. The scale was balanced by means of the small
adjustment screw weight. Then this 0.5 gm weight was taken off
the pan and a piece of wire was placed over the zero graduation
on the beam and the material was filed off the wire untill the
scale agaln balanced. Now thescale should be ready for wéighing.
To test it I placed a 1.0 gm welght in the right hand weighing
pan and the rider over the 1.0 gm graduation. The scale bal-

anced proving the accuracy of the riders weight.

Before the actual tests to deﬁermine theconstituents of
fresh concrete can be run it is necessary to determine the
specific gravity of the cement and the fine and coarse agg-
regates. It 1s also necessary to ¥ind the percent cement re-
tained on the No. 100 sleve and the percent of fine agsgregate
pasding the same. These tests were conducted in the following

manner.



Tests for Specific Gravity and Absorption of

Coarse Aggregate

Scope: This method of test 1s intended for use in makilng
determinations of apparent specific gravity and

absorption (after 24 hours in water at room temperature) of

coarse aggregate., It 1s the method specified by the American

Soclety for Testing Materials.

The apparatus used was that which was used for the whole

series of tests.

Procedure: Approximately 5 Kg. of the aggregate was selected
from the sample to be tested, rejecting all mat-

erlal that passed a No. 4 sleve.

The samonle was lmmersed in water at room temperature. It
was them thoroughly agitated to remove dust or other coatings
from thw surfaces of the particles and allowed to absorb water
for 24 hours. It was then removed from the water and rolled in
a large absorbent cloth until all visable films of water are

e ——— e
removed. However, the surfaces of the particles still appeared

to be damp. Care must he taken to avold evaporation during the

ooveration of surface drying.

The weight of the sample in the saturated surface-dry
condition was then obtained. This and all subsequien weights
were obtalined to the nearest 0.5 gm. After welghing, the sat-

urated surface-dry sample was then placed immediately in the

copper bucket and its welght in water determined.
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The sample was then dried to constant weight at a temp-
erature of 100 to 110 degrees Cengigrade, cooled to room

temperature and wieghed. .

A i1s the welght in grams of oven-dry sample in air.

B 1s the weight in grams of saturated surface dry
sample in air.

C is the weight in grams of saturated sample in water.

Apparent Specific Gravity = A

———en

A-C

Percentage of Absorptiom = (B-A)100
#

Sample Computation:

Trial I.
A = 706.45 Specific Gravity = 706,45
706.45-448,04
B = 717.45
- 2.‘73
C = 448.04
Absorption = 717.45-706.45
706 .45
L J 1056
Results of Tests:
A B C Sp. Gr. Absorntion
Test I 706 .45 717 .45 448,04 2.73 1.56
Test II 946 .91 958,40 601.22 2.74 1.21
Test III 898.30 907.15 572.04 2.75 0.985

Average
Results 2.74 1.25 %
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Tests for Absorption of Fine Aggrezate

Scope: The purpose of this test 1s to determine the amount
of water absorbed by the flne aggregate,
Apparatus 1s the same as was used thpooughout the whole

series of tests.

Procedure: A volume of sand was selected from the bin and
placed in a pail of water to stand until satur-

ated. The length of time was taken to be 24 hours.

After saturation, the sample was removed from the pail,
spread on a flat surface exposed to the air, and stirred till
the surface molsture disappeared. The fine aggregate was dried
until it became free flowing. In order to gage more accurately
the end point, the sample was placed in a dry quatt glass jar
and the sand shaken azainst the sides of the jar. When the
grains just tended to adhere to the sides of the jar, a test
was made. Three tests were made in succession to obtain the

absorption value.

S is the weight of the saturated surface-dry sample.
D 1s the welght of the same sample dried to a con-
stant weight,

Percent Absorption = S-D
===

Sample Computation:..

Test I S = 528.06 Percént . Absorption
D -« 521.03
S-D = 528,06-521.03 = 1.35
D 521,03
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Results of Tests:

D S Percent Absorption
Test I 521,03 528,06 1.35
Test II 755.64 743,53 1.05
Test III 628,57 634.34 0.905
Average
Result 1.12

Tests for Specific Gravity of Fine Aggregate

Scope: This test is used to determine the Specific Gravity
of fine aggregate. The principle back of this test is
that the specific gravity 1s equal to the fine aggregate's

dry welght divided by 1ts loss of welight in water.

Procedure: A sample of fine aggregate was taken from the bin,

saturated, ahd then surface dried.

This sample was placed in the copper pail and its weight
immersed determined. The weight of the wample dried to a cons-
tant weight was then found.

A 1s the weight in grams of the oven dried sample
in air.
B 1s the weight in grams of the saturated sample

immersed in water.

Specific Gravity = A
A-B

Sample Computation:

Test I A = 1130.69 Specific Gravity a 1130.69
B = 708.61 1130.69-708.61

s 2,68
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Results of Tests:

A B Specific Gravety
Test I 1130.69 708,61 2.68
Test II 1181.34 741,60 2.69
Test III 1621.94 640,58 2,68
Average
Results 2.68

Tests for Specific Gravity of Cement

.Scope: This test 18 used to determine the specific gravity of
the cement used, Portland cement.
The method of the American Society of Testing Materials
was not used because it 1s believed that there should be a
direct relationship between the test for specific gravity and
the test to determindé the constituents of fresh concrete. There-
fore the same apparatus was used in this test as in the previous

ones.,

Procedure: A sample of the cement was taken and 1its welght det-
ermined. Thlis same sample was then placed 1n the

copper pail and the weight immersed determined.

A 1s the weight of the cement from the bin.
B 1s the weight of the cement immersed.
Specific Gravity = A
A-B
Sample Computation:
Test I A = 537,37 Specific Gravity = 537,37

B L 564020 53: .5:-031026
= 3.10
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Results of Tests:

A B Specific Gravity
Test I 537 .37 364,20 3.10
Test II 455.06 307 .33 3.08
Test III 452.24 303,14 3.04
Average -
Results 3.10

\

Tests for Percent of Cement Retained and

Percent of Fine Aggregate passing No. 100 Sieve

Scope: The purpose of these tests are to determine the per-
cent of cement retained on a No. 100 sieve and the

percent of fine aggregate passing the same.

Normally not all cement passes through the No. 100 sieve
and some of the sand passes, but in both cases the amounts are

quite small and often offset each other.

Procedure for Cement: A sample ot cement was taken from the
bin and weighed. This sample was then

placed in the #100 sieve and washed for a time period of five

minutes., The materlal remalning on the sieve was dried and

weighed.

A i1s the welght of sample of cement.

B is the weight of dry material retained.

Percent retained = B(100)

B
A
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Sample Computation:

Test I A = 364.20 Percent Retalned « 8.57(100)
Ob4 .
B = 8.57
- 2'36 %

Results of Tests:

A B Cement retained
Test I 364,420 8.57 2.36%
Test II 307 .33 4,14 1.35%
Test III 303.14 3.33 1.11%
Average
Results 1.61%

Procedure for Fine Aggregate: A sample of the fine aggregate
was taken from the bin and 1its

- weight obtained. This sample was placed on the #1066 sleve and
washed for a period of filve minutes. After which the sample
remalning was dried to a constant weight and its welight det-
ermined.

A 1s the weight of sarple bone dry before washing.

B is the weight of sample bone dry after washing.

Percent Fine Aggregate passing #1660 sieve = (A-BAlOO

Sample Computation:

Test I A 782672 Percent of Fine
Aggregate Passing = 782,72-765,76

765.76 782,72

B

2.17%
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Results of Tests:
Percent of Fine

A B Agoregate Passing Sieve
Test I 782,72 765,76 2.17
Test II 988.33 975,95 1.25
Test III 996,19 987 .35 1.79
Average
Results 1.77

Conclusions: As can be seen from the results, the cement re-
tained was 1.61% and the fine aggregate passing

was 1.77%. The difference being 0.16%.

The fact that more fine aggregate passes than cement is
retained undoubtably produces an error in the test to determine
the constituents of fresh concrete. The ereor; being as small
as it is, and because of the uncertainty of where a correction
should be applied; was omitted entirely from this series of

tests.,

In the tests to determine the constituents of fresh con-
crete three batches of concrete will be analyzed. The batches
wlll be of varying consistencies as: dry, medium, and wet. ..
Approximately the same w/c ratio will be used in each batch.
The size of the batch was chosen to be 3000 gm. The size of a

sample to be analyzed in the field would be the same.

Batch A
Gross \'t. Corrections Net Wts. Prop.
Cement 500 500 1l
Fine Agg. 1000 -11.2 088.8 1.98
Coarse Agg. 1500 -18.8 1481.2 2.96

Water 221.5 30.0 251.5 «003
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Batch B
Gross Wt. Corrections Net VWts. Prop.
Cement 500 500 1l
Fine Agg. 875 -9.8 884.8 1.77
Coarse 2gg. 1250 -15.6 1265.6 2.53
Water 221.5 25.4 246 .9 .494
Batch C
Gross Wt. Corrections Net Wts, Prop.
Cement 700 700 1
Fine Agg. 1050 -11.8 1038.2 1.48
Coarse Agg. 1400 -17.5 1382.5 1.98
Wvater 310 29.3 339.3 .485

Now the actual tests can be run. The proper weights of
cement, fine and coarse aggregates, and water are weighed out
with the apparatus set for weighing in alb. The fine argregate
was chosen as all material passing a No. 4 sieve, and coarse
aggregate was that retalned on the same., These materials were
mixed in a pan and then washed into the copper pail. Care was
taken to wash all the concrete into the pail, and at the same
stirring the contents to prevent the trapping of any air in
the mixture. The paill with 1ts contents wam then allowed to
stand for a period of at least one minute. After settling it
was Immersed in the large boiler and the excess water flowed
through the run-off spout till 1t ceased of 1ts own accord. It
is important not to make any immersed weighings untill all the
excess water has run off: otherwise an error will be incurred
in the weighings. ¥When this weight has been teken the contents
of the pail are poured~onto the nested No. 4 and 100 seives.
The No. 100 sieve 13 a special one with openings around the
sldes. The material on the seives is now washed untill all the

cement has been washed out and the coarse and flne aggregates
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are seperated on the two sieves. The coarse aggregate is re-
turned to the paill and its weight immersed obtained. Then the
finm aggregate 1s added and the weight of the two combined is
found, (immersed weights). The immersed weicht of the fine
aggregate is calculated by subtracting the weight of the coarse
aggregate from the welizht of the two combined. Similarly the
weight of the cement, immersed, is obtained by subtracting thh
the weight of the combined aggregates from the weight of the

of the total mix. The dry weights are then calculated from the
following formula:

Specific Gravity
Dry Welght = Tpecific Gravity = 1 (Immeresed Weight)

The welight of the water in the batch is found by the diff-
erence between the total batch weight In alr and the sum of
the calculated dry weights of the cement and aggregates. Now
the computations of the w/c ratio and cement and coarse and

fine aggregates proportions can be made.

The following page contains a chart showing the results
of the tests, on the three batches; a determination of the

constituents of fresh conctete.



Test No.

Actual
1.

2.

S.

6o

10.

SULIARY OF TEST ANALYSIS

Gal./bag of Cement

Cement - Fine Agg.

Batch A

5.68
1-1,98=-2.96

5.54
1-1094-2087

5.69
-1-1.93-2.88

5.77
1-1.95-2.94

S5.77
171096-2.91

5.67
1-1.90-2.48

5.77
1-1,90-2.87

5.52
1-1.89-2.90

5.79
1-1,97=-2.94

5.57
1-1.92-2.87

5.84
1-1.96=-1.92

Batch B

5.57
1-1.77-2.46

5.39
1-1.70-2.46

5.58
1-1.73-2,.44

5.51
1-1074-2047

5.57
1-1.75-2.47

5.64
1-1074-2047

5.56
1-1.75-2,.,48

S5.45
1-1072-2045

5.56
1-1.73=-2.47

5.56
1-1,75-2,46

5.68
1-1,75-2.48

- Coarse Agg.

Batch C

5.47
1‘1048-1098

5.44
1-1.45-1.94

5.56
1-1.4?-1096

5.39
1-1.43-1.91

5.44
1-1,46-1.94

S5.42
1-1045-1095

5.48
1-1.47-1,95

: 5.45
1-1044“1092

5.51
1-1.48=1.95

5.45
1-1.85-1.94

5.53
1-1.,49-1.97
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Wt.
Wt.
Wt.
wt.
Wt.

wt.

of test sample In air...cccececvevevcns

TEST 1

Cﬂlent.-...-.\..v-
Fine Aggregate....

Coarse Aggregate..
watw...'...‘.....

- MIX-A

= 500,0
= 9088.8
= 148l1.2
= 25145

" 50

8
8.
g.

cessessese ® 3991.5 8-

of test sample immersed.....ccccceeovsvvveeececasss = 18982 8-
of Coarse Agg. Immersed....cecovceevsvccscsececs .= 935,232 8-
of Coarse Agg. plus Fine Agg. immersed........... = 1553,1 8-
of Fine Agg. immersed.....socevesvececcces ceseces = 619.9 8-

of Cement 1mMmMersed...csceccececscocscccssecsccces = 32345,6 8-

Calculations
Cement 311 ( 34506 ) = 510.7 8.
Fine Agg. 2.68 ( 620.0 ) = 992.0 8.
Coarse Agg. 2. 74 ( 935.2 ) =1468.2 8-
2.7% -
Total 2970.9 8.
Water
3221 ¢5 - 2970.9 250.6
Proggrtions
Water Cement | Fine Agg. Coarse Agg.
Actual .503 | 1.60 | 1.98 2,96
Calculated | (401 | 1.00 | 1,94 2,87




ve



TEST 2 - MIX A

Cement...eeeeeieee = 500.0 8-
Fine Aggregate.... = 988.8 8-
Coarse Aggregate.. = 1481.2 8-
Wa.t&r-......n..... =2 251.5 8'

Wt. of test sample In alr...cevececrcccccccatecesssss & 3221,5
Wt. of test sample Immersed....ciccceemtoerececcccnces = 189641
Wt. of Coarse Agg. Immersed...tsececrccsstocioscescce = 936,8
Wt., of Coarse Agg. plus Fine Agg. immersed........... = 1551,4
Wt. of Fine Agg. Immersed....ccicavvvessvsocccacccees = 614,6

Wt. Df Cmnt merﬂeﬂ...-.-.,.....o.--...-.........-. = 344.7
Calculations
Cement 3»1 ( 344.7 ) = 510.2 8-
TT-1
Fine Agg. 2.68 ( 614.6 ) = 983.4 8-
2.68 - 1
Coarse Agg. 2.7k ( 93648 ) =1470.8 8.
2.7% = 1
Total 2964.4 8-
Water
Progortions
Water Cement | Fine Agg. Coarse Agg.
Actual 503 | 1.00 1,98 2.96
Caloulated | 504 [1.00 | 2493 2.88

® & ® @ ®



Wt.
wt.
wt.

Wt.

Wt.

wt.

TEST 3 - MIX A

Cment-.-..---.o..
Fine Aggregate....

Coarse Aggregate..
wat“‘oolcoucnoo-

500.0
988 .8
1481.2
251.5

8.
8.
8.
8.

Of test mple 111Bil'....b-........‘............- | J 3221.58-
Of teBt mple m&sedn'cscvooooooao‘ovooooc-.no- = 1895'2 8.
Of Coarse Aggo msed.....-.................... = 940.0 8-
of Coarse Agg. plus Fine Agg. immersed........... = 1555,0 8-
Of Fine Asg’ mel‘ﬂed....a....................... = 615.0 80
Of cmnt mersed............................... = 540.2 8-
Calculations
Cement 3.1 ( 340.2 ) = 503.5 &
3T -1
Fine Agg. 2.68 ( 615.0 ) = 984.0 8-
2.68 - 1
Coarse Agg. 2.7k ( 940.,0 ) = 1475.8 8-
2.75 - 1
Total 2963.3 8-
Water
3221.2 = 2963.3 257.9 8o
Progortions
Water Cement | Fine Agg. Coarse Agg.
Actual +503 | 1.00 | 1.98 2,96
Calculated . 511 1.00 1 .93, 2,94

§ 22



Wt.
Wt.
wt.
Wt,
wt.

Wt.

23

TEST 4 - MIX A

Cement....ocoo0000 = 500.0 &g:
Fine Aggregate.... = 988.8 8.
Coarse Aggregate.. = 1481.2 &g.
wa.tdr..o-'-...u..- = 251.5 8-

of test sample In Air...cvcectctecccccsascccracss » 3321,5 g.

Of teﬂt mple mwsed.on-qoccooolooovoo'oooaooo = 1895.5 8.
of CO&I‘BO m. mel‘ﬂedo.-o.u............. oooooo = 935.7 8.
of Coarse Agg. plus Fine Adg. immersed........... = 1554.5 g.

of Fine Agg. imereed......u..................... = 618.8 8.
Of Cmnt mredo.occboooooﬁtoovccn ooooooooooo « = 341.0 8.
Calculations
Cement 3.1 ( 341.0 ) = b504.,7 g.
$T-1
Fine Agg. 2.68 ( 618.8 ) = 990.1 g.
2.68 - 1
Coarse Agg. 2.74 ( 9357 ) = 1469.0 g.
2.78 = 1
Total 2963.8 g.
Water
322105 bad 296308 25707
Progortions
Water Cement { Fine Agg. Coarse Agg.
Actual « 503 1.00 1.98 2,96

Calculated | ,511 | 1.00 1.96 2.91




Wt.
Wt.
wt.
wt.
Wt.

wt.

TEST 5 - MIX A

Cﬁent...'..-;-....lﬂ 500.0 8‘
Fine Aggregate.... = 988.8 8-
Coarse Aggregate.. = 1481,2 &
Watﬂ'............- = 251.5 8'.

of test sample In Air....ccccevevvreccccccccrsecs ® 3221,.5 8.
of test sample ulm'sed.......................... = 1895,5 &-
of Coarse Agg. immersed....cccoecevesessssrsccccs = 923 .9 8.
of Coarse Agg. plus FineAgg immersed.....ccv.00 3 1546,3 8-
of Fine Agg. immersed.......cqeevevcecccscanccces = 612,6 8-
of Cement immersed.....ccccoceeccscnncsscccsscces = 3249 .2 8¢
Calculations
Cement 3.1 ( 349.2 )= 516.8 8-
3T-1
Fine Agg. 2.68 ( 612.6 ) = 980.2 8-
268 -1 :

Coarse Agg. 2.74 ( 9337 ) =1465,9 8-

Total 1962.9 8.

YO 2221.5 - 2062.9 25946
Pr ions
Water | Cement | Fine Agg. Coarse Agg.
Actual 503 | 1.00 | 1.98 2.96
Calculated | o502 1.00 1.90 284
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TEST 6 - MIX A

Cement,...coceceees = 500.,0 8-
Fine Aggregate.... = 988.8 8-
Coarse Aggregate.. = 1481.2 @&

= 251.5 8-

Wt.
Wt.
wt.
wt,
wt.

wt.

of test sample in air...........

watm‘oooo....noo.-

.--..o.o.o.-oak--o&3221.5 8-

of test sample Immersed.....ccoovoecnvrocccccns +e 2 1983,2 &-
of COBrBe A.88¢ mersed..'.......-............... = 936.4 8.
of Coarse Agg. plus Fine Agg. immersed........... = 1546.6 &
of Fine Agg. immersed.....ccceeeeecveccccccscsecse = 610,23 8
of Cement Immersed...cecoeceecscesscssccsaccssacaas = 346.6 8-
Calculations
Cement 3.1 ( 346.6 ) = 513.08.
Fine Agg. 2.68 ( 610.2 )= 976,38
2.68 -
Coarse Agg. 2.74 ( 936.4 ) = 1470.1 8.
.70 - 1
Total 2959.4 g.
Water
3221.5 - 2959.4 262.1 g.
Progortions
Water Cement | Fine Agg. Coarse Agg.
Actual [ .503 | 1.00 | 1.98 2,96
Calculated | ¢511 | 1,00 | 1.90 2,87 |




DIV
.

.



wt.
Wt.
Wt.
wt,
wt.

wt.
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Cement.......cco0. = 500.0 8-
. *Fine Aggregate.... = 988.8 8-
~ :Coarse Aggregate.. = 1481.2 8.
Water.cecoesconees = 251.5 8.

of test sample In air.....vccecvevencccccecsenses » 3221 ,5 8-

of teat sample Immersed......ccccco00rv00eccccces = 1899,6 &-

of Coarse Agg. Immersed..iccecescccssscsnsrccccese = 936,7 &
of Coarse Agg. plus Fine Agg. immersed........... =1550.5 &.
Of Fine Agga mwsed...'.;.o..o\;.. ------ eeocceoco 3613.8 8-
Ofcmnt m@rﬂﬁd.......-.5...-.........--...... = 349.1 8-
Calculations
Cement 3:1 ( 349.1 ) = 516.7 8.
I -1
Fine Agg. 238 .:--.7-( 613.8 ) = 982.1 g.
2.68 - .I
Coarse Agg. 2.7h "(' 936.7 ) = 1470.6 8.
2.7% - 1 -
Total 2969.4 g.
Water
3221.5 - 2969.4 252.1 g.
Progortions
Water Cement | Fine Agg. Coarse Agg.
Actual «503 | 1.00 1.98 2,96
Calculated « 489 1.00 1.89 2.90



TEST 8 -MIX A

Cement.....ccooo0s = 500.0 8.
Fine Aggregate.... = 988.8 8.
Coarse Aggregate.. = 1481.2 &.
Water....oco000000 = 251.5 8.

Wt. of test sample In Alr...cccnvececrccesccreccssces ® 322]1.58-
Wt. of test sample Immersed......c.cccoov0peeqseceases = 1895.,58-
Wt. Of CO&I‘BO A“c msedoo'onococnooooooogooo-on-o = 938.68.

Wt, of Coarse Agg. plus Fine Agg. immersed.........o. = 1556,3 8-

wt. of FineAas. mwaed.0".".....0...000..."'...= 61?.78.
Wt. of cmnt msed.-.-.o......-..-............... = 339'2 8.
Calculations
Cement 3.1 ( 339.2 )= 502,08
IIT-1
Fine Agg. 2.68 ( 617.7 ) = 988.3 8.
2.68 - 1
Coarse Agg. 2.7 ( 9386 ) = 1473.6 8.
2. = 1
Tatal 2963.9 g.
Water
3221 .5 = 2963.9 257.6 e
Pro ions
Water Cement | Fine Agg. Coarse Agg.
Actual «503 | 1,00 1.98 2.96
Calculated «513 | 1.00 1.97 2,94




wt.
Wt.
wt.
wt.
Wt.

wt.

TEST 9 -MIX A

Cement....oooceeee = 500.,0 8.
Fine Aggregate.... = 988.8 8.
Coarse Aggregate.. = 1481.2 8-
Waterececoeosoesene = 251.5 8-

Of teat mple 1!1ail'....o.......a............... | J 3221.58.
of test sample i.mereed............................ = 1896.08-
of Coarse Agg. AMMETBOA.s.cevereernertonraneranne = 935¢3 8-
of Coarse Agg. plus Fine Agg. immersed........... = 1549,.7 8-
Of Fine Agso mel'sed‘n...'o.............-.-.... = 614.‘8.
Of cmnt me“..00'0.0..0.0.0!.0.00...0000000 = 346.38.
Calculations
Cement 3.1 ( 3463 ) = 512.58.
Fine Agg. 2.68 ( 6l4.4 )= 983.08.
Coarse Agg. 2.7h ( 935.3 ) = 1468.4 8-
| Total 2963.9 8-
Water
3221.5 = 2963.9 257.6
Pr ions
Water Cement | Fine Agg. Coarse Agg.
Actual 503 | 1.00 | 1.98 2.96
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Wt.
Wt.
wt.
wt,
wt.

wt.

TEST 10 - MIX A

Cﬁnent.....-....'. = 500.0 8'
Fine Aggregate.... = 988.8 &g.
- Coarse Aggregate.. = 1481.2 &.
wat“o--ooovoooo.o = 251.5 8'

- 29

3221.5 8-

of test sample In Bir...cecveevtoccceccsscsccacee ®
of test sample Immersed.....ccccoveeeorecnccccses = 1893,7 8-
of Coarse Agg. Immersed...ccevsccccocrostssscccce = 938,0 8-
of Coarse Agg. plus Fine Agg. immersed........... = 1553,5 8.
of Fine Agg. lmmersed.....cocovceccocesse svesecees = 6155 8-
of Cement 1ImMMErsed...cvcecescscecsceccescscscscse = 3402 8¢
Calculations
Coment " 3.1 (- 340.2 ) = 503.5 &.
IT-1
Fine Agg. 2.68 - ( 615,5 ) = 984.8 g.
2.68-1
Coarse Agg. 2.7 ( 938.0 ) = 1472.7 g.
-1

Total 2961.0 g.

Water
322145 = 2961.0 260.3 g.
Proport ions
Water Cement | Fine Agg. Coarse Agg.
Actual «503 1.00 1.98 2.96

Calculated « 517 1.00 1.96 2.92




TEST 1 -MIX B

Cement...eoooveeee = 500.0 g.
Fine Aggregate.... = 884.8 g.
Coarse Aggregate.. = 1265.6 g.
Wa.tor...........u L 246.9 8'

Wt. of test sample In Bir...cceeoverccscsecresocsneece ® 28973 g.
Wt. of teast sample IMMErsed.......c..co0tvvresececeess = 169846 g.
Wt. of Coarse Agg. Immersed...c.ececcecsssecensecsccs = 805¢1 g,
Wt, of Coarse Agg. plus Fine Agg. immersed........... = 13517 g.
Wt, of Fine Agg. ImmMOrBsed. ..coveececrescccscsssceces = D466 g.
Wt. of Cement 1mmersed..ivvesveecscecececccscscsacess = 04649 g.
Calculations
Ccment 3.1 ( 346.9 ) = 513.4 g.
Fine Agg. é&ég_f .( 546.6 ) = 884.6 g.
Coarse Agg. 2:7‘& ( 805.1 ) = 1264.0 g.
2T -1 -
Total 2652.0 g.
Water
28973 = 2652.0 245%5.3 ge
Proportions
Water Cement | Fine Agg. Coarse Agg.
Actual .494 | 1.00 | 2.77 2,53
Calculated | 478 | 1.00 | 1.70 2.46




wt.
Wt.
wt.
wt,
wt.

wt.

TEST 2

- MIX B

Cﬂnent............ = 500 0 8.

Fine Aggregate.... = 884.8 g.

Coarse Aggregate.. = 1265.6 g.

wat”ooooooonootoo = 24609 80
of teBt mple 111&11'.....-..................o.-.. L J 289?‘3 8.
Of teBt mple m&sed».n-.vo-uoooooovoooo-oo.o‘ = 1693‘4 8.
Of COB.I'SO Ase- merﬂed-.....-.-.o-ooo-..-. ooooo « = 799.1 80

of Coarse Agg. plus Fine Agg. immersed.........,. = 13493 g.

of Fine Agg. immersed....vececeeccecscscss ceesees = 55062 g,
Of cmnt hllmerseﬂ..u........u.................. = 344.3 8.
Calculations
Cement 3.1 ( 344.3 510 0 g.
Fine Agg. 2.68 ( 55002 ) = 88003 8-
Coarse Agg. 2.7h ( 799¢1 ) = 125446 g,
2.7% = 1
Total 2644.9 g.
VWater
Proportions
Water Cement | Fine Agg. Coarse Agg.
Actual 494 | 1.00 | 1.77 2453
Calculated | ,495| 1.00 | 1.73 2.44
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TEST 3 -MIX B

Cement..seoqdeceve = 50000 8.
Fine Aggregate.... = 884.8 g.
Coarse Aggregate.. = 1265.6 g.
w&tﬂ‘.....o....... = 246.9 8.

wt. Of teﬂt mple 111 &11'...:.....-..........-o-o.-.. | J 2897.3 8-

wto Of teﬂt mple msedolooo'.-noo..oo'o..ooltoo.

1696, 5g.
Wt. Of COQI‘BQ A88- imel‘ﬂed...o....-....-...... ooooo *« = 800.7 8.
Wt. of Coarse Agg. plus Fine Agg. immersed........... = 1352,8 g.

wta Of Finﬁ Agg. mereedoo.a.o......-.oa!noo..oc.l.‘

5521 8.

wt- Of Cmnt mrBOd.......-.......-............... = 343.? 8-

Calculations
Coment 3.1 ( 343.7 ) = 508.7 g.
T -1
Fine Agg. 2.68 ( 552.1 ) = 883.4 g.
2.68 - 1
Coarse Agg. 2.7k ( 800.7 ) = 1257.1 g,
é.’u - I .
Total 2649.2 g,
Water
2897.3 - 264902 24801 80
Pr ions
Water Cement | Fine Agg. Coarse Agg.
Actual .494 | 1.00 1.77 2453

Calculated | ,489 | 1.00 | 1.74 2.47







Wt.
Wt.
vt.
wt,
wt.

Wt.

. TEST 4 - MIX B

Cﬂnent............' = 500.0 8.
Fine Aggregate.... = 884.8 8.
Coarse Aggregate.. = 1265.6 8-
watﬂ'.-..v...-.... = 246.9 8.
Of teﬂt mple 1!1 ﬂirvl.......-.....5...........¢ . 289?.3
of test sample immersed......c.coceovvpecvcccacss =1694,4
Of Cmse ASB. meraed........--........-....... 3800.3
of Coarse Agg. plus Fine Agg. immersed........... =1350,7
Of Fine Aag- -mwsed....-........................ = 550.4
Of Cmnt mseﬂ-....................-....a.... = 343.?
Calculations
Cement 3.1 ( 343.7 ) = 508.7 8-
;.I - I
Fine Agg- 2-68 ( 550.4 ) = 880.6 g.
2.8 - 1
Coarse Agg. 2.7k ( 800e3 ) = 1256.5 8.
2.7 - 1
Total 2645.8 g.
Water
Proportions
Water Cement | Fine Agg. Coarse Agg.
Actual «494 1.00 1.77 2,53

Calculated | 494 1.00 1.73 247

m e e e



Wt.
Wt.
wt.
wt,
wt.

Wt.

TEST 5

Cement....c.ccceve
Fine Aggregate....
Coarse Aggregate..
wata‘............l

-MIX B

= 500.0 &g.
b 884.8 8.
= 126506 8.
= 24609 8-

Of teﬂt mple 111ail'.......................o.... | ] 2897.3 8.

Of teat mple m“sedboonooool..ooo.pi;.o.oo...

1692.8 g-

Of COﬂrBe A88° msedo..o...................... = 798.9 8.

of Coarse Agg. plus Fine Agg. immersed........... = 1349,9 g.
Of Fine Aeso l’merﬂed..o......o......-...u....o. = 551.0 8.
Of cmnt msdoov.ooo.-o.-uo.ooo'ocoooacocoooo : 342.9 8.
Calculations
Cement 3.1 ( 342.9 ) = 507.5 8.
Fine Agg. 2.68 ( 551 .0 ) = 881.6 8-
Coarse Agg. 2.7h ( 798.9 ) = 1254.3 g.
. Total 2643.4 g.
Water
2897.3 = 2643.4 253.9
Pro&rtions
Water Cement | Fine Agg. Coarse Agg.
Actual «494 1.00 1.77 2.53
Calculated | _,500 | 1,00 1.74 2.47
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wt.
Wt.
wt.
wt.
wt.

wt.

TEST 6 - MIX B

Cement.......

oa

see = 500.0 8‘
Fine Aggregate.... =

Coarse Aggregate.. = 1265.6 8.

Watﬂr........a.... =

of test sample in air..........

of test sample immersed......

of Coarse Agg. 1mmersed...qcecevcecosesscnvccccs

o000 evvecqoecoaner

ceer ® 2897.3 8-

1695.,5 8-
o = 80002 8'

of Coarse Agg. plus Fine Agg. immersed........... = 1353.,5 8-
Of Fine ABB. merﬂed.o...,........ ooooooo ecceses = 553.3 8-
of Cement 1mmersed...cecocescececrcocesccccsesess = 342,0 8.
Calculations
Coment 3.1 ( 342.0 ) = 506.2 &
Fine Agg. 2.68 ( 5533 ) = 885.3 8.
2.68 -
Coarse Agg. 2.7 ( 800.2 ) = 1256.,3 8.
2.7% - 1
Total 2647.8 g.
Water
28973 = 2647.8 249.5 ge
Proport ions
Water Cement | Fine Agg. Coarse Agg.
Actual «494 | 1.00 1,77 2.53
Calculated | ,493 | 1,00 1.75 2.48

35



Wt.
Wt.
wt.
wt,
wt.

wt.

TEST 7 - MIX B

Cement......oooco. = 500.0 g.
Fine Aggregate.... = 884.8 g.
Coarse Aggregate.. = 1265.6 g.
Water..cceevcenees = 246.,9 g.

Of test mple 1naj-r.o..aoo0000.'..0--00.000.000 L J 2897.3 8-

of test sample Immersed.........ceo000r000000000s = 16970 g.

of Coarse Agg. immersed....c.vcevcecosocsgocecces .= 800.3 g.
of Coarse Agg. plus Fine Agg. immersed........... = 13505 g.
of Fine Agg. imersed......-...................... = 550.2 g.
of Cement 1mMmMErsed....v.vceececasrccncsesscnaseces = V4645 g.
Calculations
Cement 3.1 ( 346.5 ) = 512.8 g.
Fine Agg. 5 2.68' ( 550.2 ) = 880.,3 g.
Coarse Agg. .$.71: ( 8003 ) = 125645 g.
Total 2649.6 g.
Hater 28973 - 2649.6 247.7 g.
Pro ions
Water Cement | Fine Agg. Coarse Agsg.
Actual «494 | 1.00 1.7 2,53
Caloulated | ,483 | 1.00 | 1.72 2445
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Cement...cceevaees = 500.0 8.

Fine Aggregate.... = 884.8 g.

Coarse Aggregate.. = 1265.,6 g.

watﬂ!'...-........- = 246.9 8'
wt. of teﬂt mple 111&11‘............ cccccc 3903000000.2897.3 8'
Wt. of teat sample immersed........cooeeevreeecececes = 168447 &.
Wt. of Coarse Agg. immersed...c.ocoveevocsesascseces . = 800.1 g.
Wt, of Coarse Agg. plus Fine Agg. immersed........... = 1350.8 g.
Wt. Of Fine Aggu imereed.-............ ooooooo e0ceses = 550.7 8.

Wt. of Cment msed..--.-......................... = 343.9 80

Calculations
Coment 3.1 ( 343.9 ) = 509,0 g.
TIT-1
Fine Agg. 2.68 ( 55067 ) = 88l,1 8.
2.68 - 1
Coarse Agg. 2.7 ( 800l ) = 1256.2 g.
2.7% - 1
Total 2646.3 g.
Water
2897.3 = 2646.3 251.0 g.
Proport ions
Water Cement | Fine Agg. Coarse Agg.
Actual 494 | 1.00 1.77 24,53

Calculated | ,493 | 1.00 1.73 2.47




Wt.
Wt.
wt.
wt.
wt.

wt.

TEST 9 -MIX B

Cement....eeocceve = 500,0 &g.
Fine Aggregate.... = 884.8 8.
Coarse Aggregate.. = 1265.,6 &.
Water..ccoes00s00e = 246.9 8.

of test sample In alr......cccccveccacrcocescsecs. ® 2897,3 8.
of test sample immersed......... ceecssesecesccscccs = 1694.6 &-
of Coarse Agg. immersed....c.ccoccvcoeescsnrsccnce « = T799,.7 8.
of Coarse Agg. plus Fine Agg. immeérsed........... = 1350,4 8-
OfFinOABg. imel‘eedo--........... ooooooo eececse = 550.? 8.
of Cement immersed....c.oceoecceae vessssssscseeces = 344,28
Calculations
Cement 3.1 ( 344.2 ) = 509.4 8.
IT-1
Fine Agg. 2.68 ( 5507 ) = 881l.1 g.
. 2.68 -1
Coarse Agg. 2.7k ( 7997 ) = 1255.5 g.
Total 2646.0 g.
Water
2897.3 = 2646.0 251.3 e
Pro ions
Water Cement | Fine Agg. Coarse Agsg.
Actual _ «494 1.00 1.77 2453

Calculated 493 1.00 1.73

2,46
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TEST 10 - MIX B

Cement...cccoceeee 500,0 g.
Fine Aggregate.... = 884.,8 g.
Coarse Aggregate.. 1265.6 g.
Water.ceceeocenees = 246.,9 g@.

wtu Ofteﬂt Bample 1!1 airoovocoao.-oo-ooccouoo.-booo- | J 2897.3 8-

Wt. of test sample immersed.....cccocenvevpecaccsases =1691,5 &.

Wt. of Coarse Agg. immersed....c.icoveccorseorcecccess = 797,9 8.
Wt. of Coarse Agg..plus Fine Agg. immersed..... cessse =1350,5 8.
¥Wt. of Fine Agg. Immersed....ccovaveececcncnee eseveess = D52e6 8.
Wt. Ofcmnt mrs@d...-..............-............ = 341.0 8-
Calculations
Cement . 3. ( 341.0 ) = 504.7 g.
T-1
Fine Agg. 2.68 { 5526 ) = 884,23 g.
2.68 -1
Coarse Agg. 2.7 ( 797.9 ) = 1252.7 8.
§07E - I
: Total 2641.6 g.
Water
28973 = 2641.6' 255,7 g,
Pro ions
Water Cement | Fine Agg. Coarse Agg.
Actual .494 | 1.00 | 1.77 2.53
Calculated | ,504 | 1.00 | 1.75 2,48







TEST 1 -MIX C

Cﬂnen‘Q.,....o...... = 700.0 3°
Fine Aggregate.... = 11038.2 8.
Coarse Aggregate.. = 1382,5 &.
Water............. = 339.3 g-

Wt. of test sample 1nair............................. e 3460,0 8-
Wt. of tést sample imersed.,..........;............v. =1995.,1 &
Wt. of Coarse Agg. immersed...ccccercecosccssoccscccs = 874.7 8-
Wt, of Coarse Agg. plus Fine Agg. immersed........... =1516,1 8-
Wt. of Fine Agg. immoersed......ccccccvcececcccccecccee = 641e4 8-

Wt. Of Cwent jm‘sed.oo.v.olacoc,oaouoooooooolocoooo = 479.0 80

Calculations
Cement 3.1 ( 479,0 )= 708.9 8.
T I-1
Fine Agg. 2.68 ( 641.4 ) = 1026.2 8-
2.68 - 1

Coarse Agg. 2.74 ( 874.7 ) = 1373.3 8-
2.7% - 1

Total 3108.4 g.

Hater .3460,0 = 3108.4 341.6 g.
Proportons
Water Cement | Fine Agg. Coarse Agg.
Actual «485 | 1.00 1.48 1.98
Calculated | ,482 | 1.00 1.45 l.94







wto‘

Wt.
wt.
wt,
Wt.

wt.

TEST 2 -MIX C

Cement....eco00000.. =  700,0 8.
‘Fine Aggregate.... = 1038.,2 8.
Coarse Aggregate.. = 1382.,5 &.
Water..ccoeeceveee = 339.3 8-

of test sample In Bir....ccccevevccccctsecsesesss ® 3460,0 8-
of test sample AMNEYBEA s s vrverrnessnrorascnsnes = 20055 8-
of Coarse Agg. Immersed....svcevcecosscsnnccccece = 881,4 8-
of Coarse Agg. plus Fine Agg. immersed........... = 1529.,4 8.
of Fine Agg. 1mMersed....ceveeccecvsccscrsoscscse = 64800 &-
of Cement IMMErs6d...cvcecescecccecescsccascscacs = 47661 8-
Calculations
Cement 3.1 ( 4761 ) = 704.6 &
T-1
Fine Agg. 2.68 ( 64840 ) = 1036.8 g.
268 -1

Coarse Agg. 2. 74 ( 88led4 ) = 1383.8 &g.

Total 3125.2 g.

T 3460.0 - 3125.2 334.8
Proport ions
Water | Cement | Fine Agg. | Coarse Agg.
Actual +485| 1.00 | 1.48 1.98
Calculated | 475 | 1.00 | 1,47 1.96
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Wt.
Wt.
wt.
wt,
wWt.

wt.

TEST 3 - MIX C

Cement............ = 700,0 8&-

Fine Aggregate.... = 1038.2 8-

Coarse Aggregate.. = 1382.,5 8-

wa‘-twoooooooooooon £ 339.3 80
of test mple 111 8.11'.-.‘........................ - 3‘60.0 8.
of teat mple msedono'coo--ooooovoocooooooou = 2000.8 8-
of CO&I‘BO ABG° mereedoroooooooooooooo..-'cooooo = 873.9 8.
of Coarse Agg. plus Fine Agg. immersed........... = 1516,0 8-
of Fine Agg. Immersed....cccocevescecscccssasceees = 642,13 8-
Of Cment mersed..c.........................-.. = 484.8 8-

Calculations
Cement 3.1 ( 484.8 ) = 717.5 &
Fine Agg. 2.68 ( 642,1 ) =1027.4 8.
Coarse Agg. 2.7k ( 873.9 ) =1372,0 8-
§.7E - 1
Total 3116.9 8-
Water
34600 « 3116.9 343.1 €
Proggrtions
Water Cement | Fine Agg. Coarse Agg.
Actual «485 1.00 l.48 1.98
Calculated | ,478 | 1.00 1.43 1.91
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wWt.
Wt.
wt.
wt.
Wt.

wt.

TEST 4

cment'.oo‘-ooaouc

Fine Aggregate....

Coarse Aggregate..
watm‘oboo'oooooooo

- MIX C

- 43

700.0 &-
1038.2 8.
1382,5 8.

339.3 8-

of test sample In Air....cccceeceevesccccsccceccse v 34600 8-
of test sample Immersed........cocco000pececnvans .= 2001.4 8-
Of CO&I‘BOASQ. merﬂed...o..-.n...-...... ----- *« = 8?‘.2 8.
of Coarse Agg. plus Fine Agg. immersed........... = 1522.,5 8-
of Fine Agg. Immersed......cccocceceeecesse seeeess = 64843 8-
Of Cmant mrsed.....-.... ooooo eoevoeesececene . = 478.9 8'
Calculations
Cement 3.1 ( 478.9 ) = 1708.8 8.
Fine Agg. 2.68 ( 648.3 ) = 1037.3 8.
Coarse Agg. 2.7k ( 874.2 ) = 1372.5 8.
-1 =
Total 3118.6 g.
Water
3460.0 = 3118.6 341.4 e
Proportions
Water Cement | Fine Agg. Coarse Agg.
Actual 485 | 1.00 | 1.48 1.98
Calculated | 482 | 1.00 | 1.46 1.94




wt.
Wt.
wt.
wt.
wt.

wt.

TEST 5 ~-MIX C

.Cement...ccooeavee = .700,0 &.
‘Fine Aggregate.... = 1038.2 g.
Coarse Aggregate.. = 1382,5 &g.
Wa.ter............. L) 339.3 8'

of teat sample In Bir....cccceesvvcceccccsccacaces ®» 34680,0
Of teBt mple-imeed$aooctoocoooaooo.noo..nol. = 1997.1
of Coarse Agg. lmmersed...scccevcecesssncsscccece = 87366
of Coarse Agg. plus Fine Agg. immersed........... = 1518.1
of Fine Agg. immersed.....cocevvveeescacne ceceese =  6444,5
Of Cmnt m&rsed.....-.......................... = 479.0
Calculations
Coment 3.1 ( 479.0 ) = 1708.9 g.
T I-1
Fine Agg. 2.68 ( 644.5 ) = 1031.2 g.
2.68 - 1
Coarse Agg. 2.7h ( 8736 ) = 1371.6 g.
2.7 - 1
Total 3111l.7 g.
Water
34600 = 3111.7 348.3 Se
Proport ions
Water Cement | Fine Agg. Coarse Agg.
Actual «485 1.00 1.48 1.98

Calculated | ,481 | 1.00 1.45 1.93

N "



TEST 6 .- MIX C

Cement....cooc000e = 700.,0 8-
Fine Aggregate.... = 1038.,2 8-
. Coarse Aggregate.. = 1382.5 &.
Wa.tﬂr..........-.. = 339.3 8.

Wt. of test sample In 8ir....ccccceeeccceccccceccecce ® 3460,0 8-
Wt. of test sample immersed.....c...c.ccoovvrseecececss = 2000,4 8-
Wt. of Coarse Agg. Immersed...c.ccoccceeccosasrsccace = 877.7 8-
Wt. of Coarse Agg. plus Fine Agg. immersed........... = 1523,7 8-
Wt. of Fine Agg. Immersed.....ccoceeececesces cesicsss = 646,00 8-
Wt. of Cement immersed.....ceoceeescecscssvescesccanes = 47647 8-
Calculations
Cement 3.1 ( 476.7 ) = 705.5 8-
3T-1
Fine Agg. 2.68 ( 646.0 ) =1033.6 8.
268 -1
Coarse Agg. $7‘: ( 8777 ) =1378,0 8-
Total 3117.1 8.
Water
3460.,0 - 3117.1 342.9 g.
Pro ions
Water Cement | Fine Agg. Coarse Agg.
Actual | 485 | 1.00 | 1.48 1.98
Calculated «486 | 1.00 1.47 1.95







wt.
Wt.
Wt.
wt.
Wt.

Wt.

TEST 7 ~MIX C

Cement...ooonveene = 700.0 8-
Fine Aggregate.... = 1038.2 8.
Coarse Aggregate.. = 1382.5 8-
Water.cccoonsesoee = 339.3 8.

Of test mple 1n air.. veO0evA eGPV OsLOOELTOPOTOECTCTENOEDPDYN . . 3460.0
of teat mple msed..‘.l 8 00000 0OV OTHPpAR e = 1999.4
Of COﬂ.l‘BO A‘“‘ merBGd......-{.-..........-..-... = 87‘.5

of Coarse Agg., plus Fine Agg. immersed........... =1517,2

Of Fine m. illlnorﬂed....«......u-............... = 642.?
Of cmnt mra“..'.'.'...'.LCOQC‘DOC‘.".OO..O = 482.2
Calculations
Cement 3.1 ( 482.,2 ) = 713.7 8-
I T-1
Fine Agg. 2.68 ( 642,7 ) =1028.3 &.
2.68 - 1
Coarse Agg. 2. 74 ( 87465 ) =1373,0 8.
2.7% - 1
Total 3115.0 8.
Water
3460.0 « 3115.,0 345.0
Proportions
Water Cement | Fine Agg. Coarse Agg.
Actual <485 | 1.00 1.48 1.98
Calculated { 483 | 1,00 | 1.44 1.92

8.
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Wt.
Wt.
wt.
wt,
wt.

Wt.

TEST 8 ~-MIX C

Cement....cccoeeeee = 700.,0 g.
Fine Aggregate.... = ~1038.2 g.
Coarse Aggregate.. = 1382.5 g.
wator.............” =2

339.3 8-

of test sample 1N BIr,...cceeeeeeececccssccssoes. & .5460.0 g,
Of teBt mple imerﬂed..--.............~......... = 1999.7 8-
Of COQ.I'BO mc mereedovo‘vooo-ooooo.-oo.oo.boc00 = 873.7 go
of Coarse Agg. plus Fine Agg. immersed........... = 15244 g.
Of Fine Asgo jmel'sed,..........--...--.....-.... = 650.78.
Of Cmt msﬁd...-.-.,........................ = 475.36.
Calculations
Cement 3.1 ( 475.3 )= 703.4 g.
IT-1
Fine Agg. 2.68 ( 65067 ) = 1041.0 g.
2.68 - 1
Coarse Agg. 2.7h ( 873.7 ) = 1371.7 g.
§‘iu - [
Total 3116.1 g.
Water
3460.,0 = 3116.1 343.9
Progortions
Water | Cement | Fine Agg. | Coarse Agg.
Actual 485 | 1.00 | 1.48 1.98

Calculated | _489 | 1,00 | 1.48 1.95
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wt.
Wt.
wt.
LA
wt.

wt.

TEST 9

cmnt&..‘.‘.....‘
Fine Aggregate....
Coarse Aggregate..

"&t@r.......l.....

-MIX C

700.,0 g.
1038.2 8.
1382,5 &g.

3393 8.

Of tQBt Bmplc 1!1 ‘b..bl"’0.!..’...'.....".00. ‘s 3460.08.

Of teﬂt mple mﬂ“--<.o..........'-........-

2000.58'

Of CWBO Agsu motﬂed...,..-.................... = 876.080

of Coamse Agg. plus Fine Agg. immersed.........,. = 1520,7¢g.

of Fine Agg. moreed.,.,..........'............... = 644‘78n

Of Cmnt msdoloov...).-a'oocn'ncoo.t-.lowoo = 479.88.

€alculations
Cement 3.1 ( 4798 )= 710.1 &8.
Fine Agg. 2.68 ( 644.7 ) = 1031.5 8.
Coarse Agg, 2. 7% ( 876.0 ) = 1375.3 g.
R S
Tatal 3116.9 &§.
Water
3460.0 - 311609 343.1
Proggrtlons
Water Cement | Fine Agg. Coarse Agg.
Actual .485 | 1.00 1.48 1.98
Calculated | 483 | 1.00 | 1.45 1.94
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Wt.
Wt.
Wt.
wt.
We.

wt.

TEST 10 - MIX C

Cement...coooceeee = 700.0 8-
Fine Aggregate.... = 1038.2 &
Coarse Aggregate.. = 1382.,5 &-
Water..ccveoceveee = 339.3 8-

Of teﬂt mple 1!1 a‘r'u'.0!.00000’....:.0.0.lo.a.

of teat sample Immersed..,cccccecccsrcrssnscscascs

- 3460.0 8'
s 2000.4 8-

Of cmse 388' msedr........-................ = 878.0 8.
of Coarse Agg. plus Fine Agg. immersed........vs. = 1528.5 8,
Of Fine m. immed.-..,‘_.......-.....-n..-.... = 650.5 8-
Of cmt msdtooo'q.l.l-ntoo.o'l-o-..o'coolo = 471.9 8'
Calculations
Coment 3.1 ( 471.9 ) = 698.4 &.
;.I - I
Fine Agg. 2.68 ( 650.5 ) = 1040.8 g.
2.8 -1
Coarse Agg. 2.7 ( 878.0 )= 1378.5 8-
E.iu - i
Total 3117.7 8.
Water
Pro ions
Water | Cement | Fine Agg. Cocrsé Agg.
j Actual .485 | 1.00 | 1.48 1.98
Calculated | _490 | 1,00 | 1.49 1,97

N
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CONCLUSION

It might be well to first analyze the error discovered

in these tests.

I will first consider the percent error in the w/c ratio
for the various batches. In Batch A the greatest error'ﬁas
2.8% with an average of 1.7%. It is also interesting to note
whether their variation was over or under the true w/c ratio.
In this particular batch there was an average devlation of
0.12 gal under the true ration in gallons per sack of cem-
ent. The average deviation over the true ratio was 6,09 gal.
In batch B the greatest error encountered was 2.9% with an
average error of 1.8%. The average deviation under the true
w/c ratio was found to be 0.06 gal and over the true ratio
0.05 gal. In Batch C the greatest percent error was 2.0%
with an average error of 0.8%. The average deviation under
the true w/c ratio was 0.08 gal and over this ratio was

0.03 gal per bag of cement.

I might try to account for thls error. Since the weighlngs
were only carried out with accuracy to 0.5 gm you cannot ex-
pect the w/c ratio to check to the nearest 0.05 gm. Perhaps
the real cause for this error is due to neglecting the 4diff-
erence of percent cement retained and the percent sand pass-
ing the No. 100 sieve. Since the difference was only 0.16%
it was not considered in the analysis of fresh concrete. I
suppose a portion of the error might be attributed to this

fact. If a correction was used for this difference it would,



ol
in calculating the dry weights, decrease the value obtalned
for the weight of the cement. This would, in turn, Increase
the value for the amount of fine aggregate calculated. The
amount of water, which 1s the value obtained by subtracting
the sum of the calculated dry welghts from the weight of the
total sample, would be approximately the same as found in
the tests due to a cancelling effect of the decrease in cem-
ent and increase in the fine aggregate having on the sum of
the calculated dry welghts. ven though the amount of water
would remain the same the cement 1s increased and this would
increase the w/c ratio.It should be noted in the error en-
countered In the actual test results for this ratio, most
of the test values were below the true w/c ratio; therefore
if a corredtion were applied it would bring the calculated

ratios closer to the true ratios.

Now the error in coarse and fine aggregates will be con=-
sidered. In Batch A the greatest deviation from the true
proportions are in the fine aggregate 0.09 with an average
of 0.05. For the coarse agsregate the greatest deviation
was 0.12, its average being 0.07. In Batch B the greatest
deviation for the fine aggregate was 0,07 with an average of
0.04, For the coarse agcregate the greatese deviation from
the true proportions was0.08 with an average of 0.02. In
Batch C the greatese deviation was 0,08 for the fine, its
average being 0,02. In the case of the coarse aggregate the
greatest deviation from the true proportion was 0,07 and the

average was 0,04.
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It is interesting to note that for all three batches
the deviations from the true proportions are all in the
same direction. They are all less than the true proportions.,
I shall try to account for this fact 1In the fine agc-regate
lay referring back to the w/c ratio. It was found there that
upon washing a sample batch more fine agsregate passes the
No. 100 sieve thah there is cement retained, There is a 4diff-
erence of 0.16% which wpuld increase the amount of the fine
agecregate. Thils in turn would increase the calculated pro-
portion of fine aggresate and perhaps bring it closer to its
true proportion. Because of this same difference of 0.16% -
the amount of cement being decreased would also bring the
proportions of fine aggregate closer to its true value. In
the case of the coarse aggregate this decrease in cement
content would increase the ppoportion of coarse aggrecgate;
thus bringing 1t closer to 1ts true proportions. Perhaps
some of the error can be laid to the specific gravity of
the coarse aggregate. From the testes in its determlnation
the unusally large values should be noted. Although only
three tests were entered in thils paper, several determinations
were run and the results were the same; therefore, I hardly
believe any error in the proportion of coarse agcregate can

can be due to the wrong determination of its specific gravity.

The water to cement ratio, 1f calculated to the nearest

3

gal..per bag of cement, 1s accurate enough for nearly all
construction specifications. The results of the serles of

tests conducted 1In this paper are well within this alloweance
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and presents positive proof that the Dunagan Test To Det-
ermind the Constituents of Fresh Concrete can accurately be
used in analyzing total batches; therefore, if a represent-
ative sample 1s chosen in the field and this test 1s run
with accuracy the results will be representative of the con-
grete analyzed. It 1s necessary to emphasize the coordination
of the tests for specific gravity with the tests £6 determ=-
ine the constituents of fresh concrete. Also, the difficulty
of securing a sample which 1s representative of all constit-
uents, is obvious, however, if thpough specifications the net
water os tp gpvern the quality of the concrete, this test

nicely eliminates a lot of worry about them.

If this Dunagan Test were used in the field, it would save
time and money in carrying out specificatlions. Since the test
apparatus is of such size and construction 1t can be readily
used in the field control of concrete. It furnishes an
accurate check of the design specifications for the quaiity
of concrete as well as a check on the method of palcing to

prevent segregation.

The Dunagan method seems to meet the necessary require-
ments for a test of this sort in that:
(a) It furnishes accurate and dependable data.
(b) The test may be completed rapidly.

(c) The apparatus is suitable for field use.
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