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A STUDY OF THE EFFECT OF MOISTURE

on the

a

J  fF. NG OF CEMENT

Purpose of Thesls

The purpose of this thesis 1s to investigate

the effect of moisture on the curing of cement. The

investigation was made by comparing the age-strength

relstion of cement for several water-cement ratios cured

ander varying moisture conditions.

Scope of Investigation

The lnvestigation was divided into three parts.

First, tha age-strength relation was determined for a

number of water-cement ratios, ranging from the driest

neat mix that could be molded to a mortar which contained

so little cement that its strength was too low for consid-

eration. These specimens were sealed in cans so that no

change in moisture could teke place, for the purpose of

providing some data as to the amount of water required for

the hydration of portland cement when no additional water

can be obtained after the mixing.

It 1s well known that higher strength 1s obtained

with lower water-cement ratios because of the lesser dilu-

tion, but at the same time, appreciable water is required

for complete hydration of the cement. Therefore, in order

to determine the amount of water necessary for hydration,

»ylinders of the lower water-cement ratios were opened



after twenty-four hours and additional water was added.

Compressive tests of these specimens were made for compar-

ison with tests on specimens not given extra water.

Hydrated cement consists largely of gel which is

similar to glue. The hardness of thls gel varles with the

amount of water absorbed or held by it. In order to demon-

strate this variation and to attempt to determine its extent.

the cans were stripped from a number of specimens of each

water-cement ratio at the age of twenty-eight deys and some

wore lmmersed ln water while others were waterproofed on the

sides and placed in the fifty per cent relative humidity room

to dry slowly. Compression tests were also made on these

specimens to compare with those left sealed. In addition,

the amount of change in moisture content was determined by

weilzhing the specimens at frequent intervals.



Methods of Test

In part one, compressive tests were made at

four gges~-three, seven, twenty-eight and ninety days--

four specimens belng tested at each age and for each

water-cement ratio. The specimens were cast in cylin-

drical cans three inches in diameter and three inches

deep, and were sealed with paraffin so that no molsture

might be taken from the air. The cans were left intact

until just before testing. The cylinders were then strip-

ped, the ends cepped with plaster of Paris, and compression

tests made on a hydraulic testing machine.

Neat cement specimens were made for water-cement

rotios of 25%, 30%, and 40% by weight, a 25% mix being the

driest which could be molded and packed. In order to ex-

tend the range of water-cement ratios mortar specimens,

containing standard Ottawa sand, were also made. The first

set was made by mixing a slurry of neat cement having a

water-cement watio of 40% and adding so much standard Ottawa

sand as possible without making the mix too dry to place in

cans. This mlx contained three and one half parts of sand

to one part of cement by weight. The next mix contained

the same smount of sand snd cement but the water-cement ratio

was increased to 50%. The final mix was made by adding stan-

dard sand to a slurry of neat cement with a water-cement ratio

sf 50% until the mix was as dry as it was possible to mold.



Thus, specimens were tested ranging in water-cement ratio

from 25% to 50% by weight, and, since the specimens were

sealed, they cured without acquiring additional molsture.

In order to study the amount of water required for

complete hydration, neat specimens were cast having water-

cement ratios of 25% end 30%. After twenty-four hours, the

cylinders were opened and enough water added to bring the

ratio up to 40%. The covers were then replaced and sealed

and the specimens allowed to cure for tests at twenty-eight

and ninety days to compare with the tests on specimens not

glven extra water.

For the purpose of investigating the variation of

the hardness of the gel of the hydrated cement with the amount

of moisture absorbed by it, specimens were made for each of

the water-cement ratios of part one, and, at the end of twenty-

elght days, these cylinders were stripped, some being immersed

in water and others being coated on the sides with waterproof

paint and placed in the 50% relative humidity room for the re-

mainder of the curing period. Four specimens from each group

and each water-cement ratio were tested at the age of ninety

days for comparison with the specimens left sealed. These

specimens were weighed at three and seven days after they had

been stripped, weekly thereafter for four weeks and finally at

ninety days, so that a record of the change in molsture content

sould be obtalned for the two conditions of curing.



TABULATION OF RESULTS



AGE- STRENGTH RELATION

NEBRASKA NORMAL CEMENT

 he te 2S

W/C=25% neat
Sealed

ater added

Dry room

Jnder Water

W/C=30% neat
Sealed

Nater added

Dry room
Inder water

W/C=40% neat
Sealed

Dry room

Under Water

W/C=40% sand 33:1
Sealed

Dry room

Under water

W/C=50% sand 33:1
Sealed

Dry room
Under water

W/Ce50% sand 55:1
Sealed

Dry room
Inder Water

3 Days

5640

4740

2070

1300

1080

110

{ Days

7070

5860

5300

1720

1480

585

28 Days

5100

4580 |

6270

5780 |

48304

D290)

2020

151
|

3 Months

6 580
 - 4110

5100

4020

7060

5510

7070

75850

8850

8850

7720

2220

2740

1680

2380

2300

org

930

840

T1080

See Discussion of Results



AGE-STRENGTH RELATION

P. Co. A. CEMENT

MaX

W/C=40% neat
Sealed

Dry room
Under water

W/C=40% sand 33:1
Sealed

Dry room
nder water

v Days

2580

100

7 Days '28 Days

4860 6650

4 34 | POO

© Months

8980

8550

7660

1780

1950

1420

NEBRASKA PLAIN CEMENT

Special Tests

Md

W/C=25% neat
Capped
Capped

In open gir

under burlap

N/C=40% neat
Capped in open air

Capped under burlap

/! Days ' 28 Days

7400

5450

4960

86270

5700

1910

5490

8750



FREE WATER IN CYLINDERS

40% neat

NEBRASKA PLAIN CEMENT

Time

3 Days

7 Days

28 Days |

&gt; Months

l'otal Weight ‘Free Ho0'Original
Velght 'of Spec. H-0

901 884
[Id7 57

903 988 ] 3 258

924 319 264

024 90%
'

1 DRA

% Free

H-O0

6.6

5.8

1.9

a.4

40% neat

P, C. A. CEMENT

Time

5 Days

7 Dgys

28 Days

3 Months

Total

Yeicht

930

033

DAY

9920

] Weight |Free Ho0
of Spec-

910 20)

914 ‘9

916
|

21

200 10

Original
BEaO

266

266

DAK

283

, 4 Free

HO

7.5

7.1

7 « 8

7.4



CHANGE IN MOISTURE CONTENT OF SPECIMENS

IN PERCENTAGE OF ORIGINAL WATER

CURED IN DRY ROOM AFTER 28 DAYS

w/C

25% neat |

30% neat |

40% neat |

40% sand
35:1

50% sand

33:1

50% sand
5x1

Loss at

51 days

1.35

0.97

2.58

Loss at 'Loss at

35 days 42 days

1.93

1,67

S71

2.88

2.78

5.2%

9.68 13.5

10.8 15.6

71.0 26.0

I,0ss at

49 day.

5.60

3.66

6.40

16.3

10.4

20.2

Loss at

56 days

4.18

4.44

7.50

18.0

2l «4

20.8

Loss at

90 days

16.55

15.70

18.20

22.1

28.1

20.8

CURED UNDER WATER AFTER 28 DAYS

y/n Gain at!Gain atlGain at!Gain at

31 days 35 days 42 days 49 days

25% neat | 9.74

20% neat | 3.21

40%neat

40% sand
35:1

50% sand
3k]

10.5

3.44

0.64

10,9

4.08

0.84

11.1

4,27

0.88

NA.H 55.9 53.2

13.6 14.1 14.1

50% sand
5k:1 00.5 101.8 104.%

Gain at

56 davs

11.5

4.68

1.16

50 o&gt;

15.0

105.0

Gain at

90 days

1.48 |

372

-B6 28

45.9

18.0

110.0



Discussion of Results

The accompanying tables include the results of

the laboratory investigations mede for the purpose of

studying the effect of molsture on neat cement and mortars.

These results fall into two general classifications:

(1) age-strength relation and (2) change in moisture con-

tent. The age-strength relation has been used as a basls

for comparison of the six mixes studied.

The wide variation in the strengths of the four

specimens used in computing the averages for each age shows

the need for a greater number of samples if a more detalled

investigation were to be made. One possible source of error

lies in the use of plaster caps. The high strength and rough

surfaces of the specimens combined with the plasticity and

lower strength of the plaster of Paris 1s liable to cause

uneven bearing and hence distort the compressive strengths.

It was not feasible to use cement caps due to the length of

time required for hardening. However, sulphur-cement or

plaster of Parls-cement caps might have been used more satis-

factorily. It was also found that a careful control of tem-

perature and moisture conditions should be kept during the

period of capping and breaking the cylinders as well as dur-

ing the mixing. This fact can be shown from the results of

special tests made for that purpose.



Because of questionable results obtained from

the 28 day compressive tests on the neat mixes of 25% and

40% water-cement ratios, it seemed advisable to make a

study of the effect of the atmospheric conditions during

the capping and breaking period. As it was impossible to

regulate the room conditions conveniently, some specimens

wore capped under wet burlap which tended to maintain high

relative humidity and a slightly lower temperature, while

others were exposed to the extremely low humidity and high

temperature of the lsboratory. The capping period for

those cylinders which were left in the open air was made

about twice as long as was normally used in order to exag-

gerate the results. It was found that changes in the condi-

tions of temperature and humidity caused wide variations in

the compressive strength. The strengths obtained from these

axtra tests indicate that a value of 7000 to 8000 pounds per

square inch for the 28 day compressive strength of the neat

mix of 40% water-cement ratio is more nearly correct than

the 4830 pounds per square inch found in the regular tests.

It should be understood for all of these tests that while

the figures may not represent the absolute strengths of the

cement, 1t 1s believed that they are relatively correct.

In accordance with general belief, the tests indi-

cate that the highest early strengths (3 and 7 day) are ob-

tained with the lower water-cement ratios. However, up to



a water-cement ratio of 40%, the strength at 28 and 90

days increases with water-cement ratio. These specimens

were cast and sealed in the cens with no attempt to pre-

vent segregation.

This maximum water-cement ratio was actually

something less than 40% as evidenced by the free water

in the sealed cans caused by segregation of materisl.

[t was noticed that this free water, although greatly re-

duced at 28 days, increased to practically the original

amount at 90 days. This phenomenon was again observed,

but to a lesser extent, in the cylinders of low water-

~rement ratio to which water was sdded after 24 hours.

The effect of this added water on the strength

of the specimens of 25% water-cement ratio was the same

as that of curing the specimens under water after 28 days

tending to reduce substantially the strength in both in-

stances. In the case of the neat mix of 30% water-cement

ratio, the specimens to which water was added were slightly

weaker than those cured under water, but neither value was

grestly different from that obtained for the sealed specimens

The strength of the mortars cured under water, wlth the ex-

ception of the 3% to 1 mix of 40% water-cement ratio, was

Increased over that of the sealed specimens. The strength

5f these 40% mortar specimens was greatly reduced. It was



noticed that these cylinders were losing weight under

water which was attributed to the dissolving of the cal-

cium compounds in the cement, although no chemlcel sanal-

ysis was made. Curing under water also tends to soften

the gel. This, of course, would tend to weaken the sample.

The placing of the cylinders in the 50% relative

humidity room after 28 days had little effect on the strength

of the specimens, except for the neat mix of 25% water-cement

ratio and the 5% to 1 mix of 50% water-cement ratio. In

these mixes it caused a decrease in strength due to the fact

that the drying prevented complete hydration. The low poro-

sity of the mixes investigated made it Impossible for suf-

ficient drying to take place to hinder the hydration of the

other specimens.



Conclusions

With the foregoing discussion in mind, it is

believed that the following conclusions can be drawn from

this investigation.

1. The highest early strengths can be obtained

From neat mixes of low water-cement ratio.

2. The strength at 28 and 90 days increases with

water-cement ratio up to a water-cement ratio of 40% when

segregation 1s not prevented.

3. The addition of water to the cylinders of low

Nater-cement ratio after 24 hours tends to weaken the spec-

imen.

4. The curing of these mixes under water after

28 days allows the soluble compounds in the cement to be

dissolved and the gel to be softened, thereby lowering the

strength.

5. The dense nature of the mixes used in this

investigation was such that drylng had little effect on the

strength at 90 days.



APPENDIX A

Data)



COMPRESSIVE STRENGTHS

of

NEBRASKA NORMAL CEMENT

W/C~25% , W/C-30%n
nest neat

1b/sq.in. 1b/sq.in.

6890

5100

5400

5150 5640

5060

43540

3920

5400 4740

6580

7290

7470

3990 7070

7170

5780

5780

1700 5860

6700

5140

4280

4310 5100

33590

6390

5950

8390 6270

W/C=40
neat

1b/sq.in.

Three day
3880

4820s¢

3780

2060 3870

Seven dg

5960

5480
5300

1860 5390

1

Twent

| 5040
3980

4470

5860 4830

cap?

|

; W/ C=40%

sand-3%:1
1b/sq . in .

W/C-50%0 4 W/C=50%.
sand-zk:1 sand-51s1
1b/sq.in. 1b/sq.in.

tests"
1435

1300

1410

1387 1390

1110

1085

1192

216 1080

454

398

566

436 410

tests"
1760

1508
L677

1965 172C

1482

1845

1160

L470 1480

860

796

556

535 685

day testa"

2150 | 2040
1828 1940

2290 2200

2620 2220 1870 2020

916

B25

812

1045+ 851

|
Spe: mens to which wa*-— was added up to W/C=40%

5670 | 6700 |

4'700 4950
2650 4660

4290 4580 8770 5780

7650

7630

4820

5200 6580

6250

7090

6150

B750 7060

Spel_.nzens cured
5060 "6900

5080 6580

4410 7230

4820 5100 7760 707C

3700

3780

16900%

4600 4020

Specimens
| 7500
7140
0930%

8010 7550

Three month tests”

8500 | 2020
4820% 2080

87 50 2390

3310 885850 2380 2220

2130

2540

2560

2470 2380

1110

1000

816

890 9580

1
In dry rocm after 28 days (R.’

9060 | 2800 12140
9430 2370 2890
8070 2760 1760
7230%#885C 2030 2740 2410 2300

250%)
927

686

964
783 840]

sured under water after 28 day.

'6990 [1120% 2590 11445
8310 1585 2880 1460

59 50+ 1785 2830 699

7850 7720 1670 1680 2770 2770 711 1080

Spec.mens to which watcr was added up to W/C=40%
8080% 5040

2730 8200%

4380 6 500

4210 411.0 5000 56810

"Specimens were sealed in cans until time of testing unless
otherwise noted.

Specimen omitted in compmtine averarge.



COMPRESSIVE STRENGTHS

nf

Three day' Seven day
sealed » sealed

.

7 . A. CEMENT

28 day
sealed sealed

Ninety days
dry room 1n wster

W/C-40% neat

3760

3920

3540

3130 3560

4510

5460

4960

4470 4860

6600

7090

5770

7140 6650

9340

8740

8850

----%8980

7900

9100

8670

8550 85850

6390

8850

7410

8010 7660

N/C-40% -%» - sand

ZL. ’

659

948

B71

723 800

1025

880

L065

843 954

19304

1210

1190

113041200

1680

1950

1760

1500 1750

2360

2230

1690

1.530 1950

1510

1360

1385

1.095%1420

Specimen omitted in computing average.

=



COMPRESSIVE STRENGTHS

of

NEBRASKA NORMAL CEMENT

W/C-25% neat

capped

in |air

1b/sq. in.

capped
under

burlap
lb/sq. in.

Seven

7350

72350

7650

5080% 7400

5840

5120

5360

71004 5450

W/C=40% neat

capped
in

alr

1b/sq in.

capped
under

burlap
lb/sq. in.

lay tests

5300

5540

6080

5840 85700

5600

61504

4700

4460 4910

I'wenty- eight day tests

4820

77004

4760

5300 4960

5600

5930

5450

5060 6270

4880

4460

6560

5030 5490

B80OO

B9OO

55403

88530 8750

#Speciman omitted in computing average.



FREE WATER IN CYLINDERS AT TIME OF TESTS

W/C-40% neat :

Nebraska Norma, Cement

Total |Wgt. of Free

weight | specimen water
grams grams grams

ree dav

254

012

934

2323 901

916

890

920

310 884

18

22

14

13 17

seven day
|

925

905

200

380 903

905

8856

890

870 888

20

20

10

10 15

we “y-ei~ht days

893%

915
933

924 924

3773

90%

329 |
320 919

164

8

4
4

-

y

"no “ee mec 3

955% :

013 |
B95
A333 9174

922% 3d

900 13
392 3

MA ann 18 192

Pe Co A. Cement

reich 5s of Freewelght | specimen' water
grams grams grams

Three day

355

9356

015

915 930

940

915

89S

890 910

15

20

20

25 20

‘2ven day

925

015

930

385 914

045

030

245

310 93&amp;ZX

20

15

15

25 19

 we “y-eight days

265

248

225

310 93%

048

935

B95

885 916

17

13

30

25 21

—

ree mont 3

258
337

397

388 920°

940

916

881
aes QOnN

18

21

16

23 20

:Specimen omitted in computing aversage.



SPECIMENS TO WHICH WATER WAS ADDED UP TO W/C OF 40%
AFTER 24 HOURS

NEBRASKA NORMAL CEMENT

Twenty-four Hours

figt.of .Water.Total
sample added welght

Twenty-eight days
Total .Wgt.of.Free

weight sample water

Ninety Days
Total .Wgt.of.Free
weight sample water

N/C-25% neat

1065 128

1060 127

960 115

245 113

1193

1187

1075

1058

1008% 121+ 1129s

1065 128 1193

1010 121 1131
1050 126 1176
1010 121 1131

1034+ 124% 1158+%

950 73 1023

975 75 10560

910 70 980

LOSO 81 1131

O71 75% 10463

995 77 1072

1125 87 1212

1000 77 1077

1020 78 1098

1035% 80% 1115

1201 1085 116

1194 1082 114
1088 991 9%
1067 968 99

1139% 10324 107+

/C-30% neat

1031 974 o7

1055 991 64

991 932 59

1143 1078 65

1055: 09044% 61%

1192 1073

1122 1019

1181 1061

1148 1019

119

103

120

129

1161% 1043+ 118%

1067 1007 60

1209 1146 63

1077 1010 67

1097 1032 65

11102 10492 ed-

Average of four specimens.



CHANGE IN MOISTURE CONTENT

LUTE ali © YY 10

Welght 4 Loss j Totalgrams! grams|loss

9835.3

044.5

932.5

366.0

957.1

943.0.

930.0

065.4

2.6

1.5%

2.5

2.6

2 A DA

280.4

941.9

928.9

263.3

2ed

1.1

l.1

0.1

1.1 2.7

979 .4

240.2

026.6

061.2

1.0

1,7
2ed

&gt;]

1.8 5.5 |

 red under wg’.

% LWelghl' Ggin Total} 4loss | grams |grams gain ! gain
’

w/c-25% neat

I onty-S1ght qe
937 .5

200.8

941.6

858.0

909.5

Me dow

951.1

917.9

959.1

876.5

13.6%

17.1

17.5

18.5

1.36 17 7 17 .%7 9,74

n
'

‘ad

0562.8

919.2

960.3

B76.5

1.7

l.5

1.2

0.0%

1.93 | 1.4 19.1 10.5

’

i

"ro dr

963.4

919.9

961.1

878.2

0.6

0.7

0.8

1 7

2.88 N.Y 19.8 10.9



. gro.

Welght | LOSS
grams' grams

'y_ronm

rot alf %loss |loss

wed ur

ieigh. Gain

grams! grams

.r walt

JTC all %
gain| galn

N/C-25% neat (cont.)

forigedine days
977 +7

258.9

925.1

960.2

77«2
238.0

923.95

258.6

9833

914.5

BOO .8

035. 4

1.7

1.3

1.5

1.0

l 4

0.5

0.9

1.6

1.6

1.1

23 +9

23.7

237

23.2

p3SNAd

961.2

878.2

3.60 |
|

mf -1ix dava

5.9

954.9

020.5

961.8

879.1

2.0 4.18 |

i [

Ninety deys

036.4

902.6

944.0

B60 .%7

21 _A lg BR

0.9

0.4

O.1

0.0

Ded

0.6

1.0

0.6

0.9

D.R

-18.5

17.9

-17 8

-18.4

TR .9

20.1 dl.l

20.9 11.5

2,7 h.ag

“Specimen omitted in computing average.



CHANGE IN MOISTURE CONTENT

Lv . ry room ____ eu up’

Welght Loss [Total % Welgnt Gaingrams| gramslloss loss | grams| grams

!

w/Cc-30% neat

Twenty-eight aes
896.2

877.9

926.8

1007.2

927.0

949.1]
940.4

041.6!
300.7

933.0

ar a”

Lotial) Zgain | gain

|

Tint : ng dsv

347 2

038.3

939.1

398.7

244.9

35.5!258.0

397 .4

043.1

934.5

935.4
B95.0|

1.9

2.1

2e9

2.0

250|

2ed

1.5

1.1

1.3

1.5

1.8

2ed

2.6

2.77

2.4

!

2.1

KC

3.0

6.0

0.97

7.6%

porty-’

 Oo vA

907 «3

B8l1.5

936.3

1011.1

~~ ce -

308.8

B8l1l.3

937.2

1010.7

WO day

909.9

883.2

038.9

1011.7

11.1

3.6

9.5
2.9

7.0

1.5

-0.2

0.9
=0.4

D.5

l.1

1.9

1.7

1.0

_ A

7.0 2e21

7.5 3.44

R.O '4.08



vreau

Welght | Loss
grams grams

{

* room

Total] %loss iloss

Tred uncer w,

Weight| Gain Totaly %
grems ' gramsigain !gain

1

W/C-30% neat (cont.)
—

Forty-nine days
041.2

532.8
133.3
892.9

1.9

1.7

2.1

2.1

1.9 7.9

909.9

B83.5

939.3

1012.8

3.66 | |

0.0

0.3

O.4

l1.1

Q.4 0.3 1,27

” ~

Fit x dn

939.6

931.2

551.5)890.9

915.2

907.4
906.5

866.9

1.6

1.6

1.8
5.0

1.7

24.4

23.8

25.0

24.0

4.7

3.6

"Z_Q

4.44

Ne

165.77

910.9

884.5

940.0

1014.0

“v day

891.8

866 «7

221.8

005.7

1.0

0.8

0.7

1.2

N.9

19.1

17 «6

18.2

18.3

1R.7

10.2

«89

4.68

7 vo



CHANGE IN MOISTURE CONTENT

_ydind in

rorontt Lossgrams grams

vy room L'red under Wu .er

rotall % .JWeight| Gain .Total
loss [loss grams | grams! gain =a

W/C-40% neat

Twenty~-elght divs

366 40|
326.5

5d930.0

307 .4

868.6"
851.0

915.4

B60.0

873.8

one de-3

860.5|
920.0

360.2]
022.5

917.6

BS6.4

919.8

354.2

213.2

852.4

215.5

5.5

665

B.9

7.5

5.6

2e8

2.4

28

2.

D_Q

Ded

4,2

4.0

4.3

4.0

3.6

9.5

13.5

870.0 l.4

B51.8 0.8

018.8 3.4
861.9 1.9

2.58 | | 1.9

‘ve d vs

B69.5

B51 .4
919.2

861.7

=-0e5
-0.4

O.4

-0.2

d.71 | =)..3

| '

Fortyv "wo des
ie

870.0
851.8

019.7

362.2

0.5

0.4

0.5

n.5

5_ov D.5

 QO

|I

21

0.76

0.64

0.84

DR



vied Ll J&amp;Y room Area uvnaer wglielr

Welght | Loss Total} Z Height, Gain ,Total, %grams grams! loss |loss |grams zrams)gain tgain

1/c-40% neat (cont.)

Forty-nine der 7

851.4
910.2

349.6|
012.4

B48.8
307 «3

846.4

909.7

2.8

30

2.8

Del

2.9

2e6
2¢9
5.2

2.7

2.8

16 .4

19.2

5.40 |

pq

 7 « DO

870.0

851.9

920.0

B62.5

% Dr

870.7

852.4
920.6

865.4

0.0

0.1

0.3

O.1

0.1

0.7
0.5

0.6

1.1

0.7

2.92

2 _Q

0.88

"216

i 1

Ninety dayt

B22.0

8380.7

818.6 |
881.5

26.8

26.6

27.8

20 ©

 v7 4 46.618.20

852.0

B33.8

902.1

B43,9

«18,7

-18.6

-18.5

-19.5

-18.6 15.7 -8 28



CHANGE IN MOISTURE CONTENT

C.

Welght, oss

grams! grams

Xy room _

‘otal % {elght
loss |loss | grams

red under woh.

Gain otal] %
grams! gain gain

|

W/C-40% - sana 311

|

Twenty-elght days
935.7

047.8

902.6

913.2

324.8

928.3

940.2

395.1

306.7|

237 «6

392.2
903.7

7.4

7.6

Ted

6.5

7 ed

3.0

2.6

2.9

3.0

2.9

903.5

950.0

032.6

202.0

922.5

Thrt~ ” ve day

[
948.3

991.2

973.0

942.0

7.3 9.68

a OF r

2 days

049.2

991.9

974.2

943.6

10.2 113.5

42.8

41.2

40.4

40.0

41.1

0.9

0.7

l.2

1.6

1.3

41 .1}

492.9

54.5

5K.0

i .

Fo “y~- “ee days

923.1

935.0

800.2

902.1

2e2

2.6

2.0

1.6

&gt; 1 19 lag.=

046.4

088.7

973.1

942.2

~2.8

~3e2

-1.1

-1.4

-2_1 40.1 53.2



 aah
Welght

grams

=

Loss

gr ams

‘y_room

Tot all % .welghtloss loss | grams

W/C-40% - sahd 3k:1

eu Une 2 We OY

y Gain total "| 7
grams! loss loss

(cont .;

~ifty-six day.

921.8|
933.9|
389.3

300.0

1.3

l.1
0.9

2.1

1.3 13.6 18.0

044 .4
086«5
971.4

939.1

=-2.0
-2.2

-1 «7

-del

-. 0 27 .O 50.3

Ninely days

918.7

930.95

386.5

B97 .0

31

5e4

2e8

3.0

2. 16.7 20

947.6

989.3

274.2

943.5

=e 2

-2.8

-2.8
wd 4

nd 3 24.6 145.9



CHANGE IN MOISTURE CONTENT

Cured iu Gry room Cured under wo'ir

Weight} Loss {Totalt % \Welght. Gain Totaly %
grams! grams'loss [loss | grams grams galn 'galn

W/C-40%Lsend 23:1
i

Twonty-ol ght days
358.9

200.7

372.8

043.0

303.2

il
“ i

2{y-0lie dy.

353.0

398.1

369.9

341.3

29

246

2.9

2 ed

27 D7

ord 1.6 !
897.3 0.8

8368.8 l.1
240.3 1.0

1.1 2.8

4.23

Tv

5.95

884.5

868.9

B49.2

206.6

B77 « 3

Thi +

035.3

936.8

924.1

8962.0

50.8

67.9

55.4

82.92

© yy d'vys

929.9

020.5

914.95
063.4

-5.4

“ed

-0.6

-8.6

=.

days

RY _O

54.5

86.9

76 «1

0 Fev 3

551.1|
896.3

868.0

040.0

Oed

1.0

0.8

0.3

NA 1 _ 4 5.90

929.6

027 «3

008.6

850.6

Cd

-2e2

-5.9

-2_ 8

~-2_8 RY .%7 70 9



CHANGE IN MOISTURE CONTENT

Cured 1n ury room “red unucr water

Rass Loss Total} 7 weigh] Gain [Pokal] %
grams| gramslloss [loss grams! grams|gain Igain

W/C-50% - sand 3%:1

|
Twenty-eight days

985.0

098.4

So
1002.4

990.8"

971.1

088.7

066 47

204.0

13.9

9.7

10.8

8.4

10.7 10.7

Th 3

10.8

973.6

035.2

980.0

251.8

960.2

“ive 4 IY 8

990.3

951.7

089.2

961,77

16.7

16.5

9.2

9.9

13.1 13.1 13.6

For™ two d-vs

965.7
984.2

962.2

9890.7

961.6
280.5

958.1
986.4

Se4

4.5

4.5

4.3

4.7

4.1

De'7

4.1

2.3

3.8

15.4

19.92

15.6

Fori

19 4

990.7

981.9

989.3

062.7|

0.4

-0.2

0.1

1.0

D.4

© "ne days

990.4| =0.3
951.51 0.0

389.3 0.0

363.0 0.3

0.0

13.5

153.5

14.1

14,1

Tg



Curea_in - yy room

Welght| Loss Total] %grams grams| loss loss
,Welght

grams

rea under waier

Galn [Feel] Z
grams! gain |galn

/C-50% - sand 3%:1 (cont.)

359.4

979.0!
Yo

984.1

063.2
972.0

949.5

977 «5

2e2

1.5

2.1

2.3

2.0

6.2

7.0

Ged

5.6

a A

27 2

on. log=

Pifty-six dvs

992,0:

954.0]
990.5

564.6]
21.4

Nin Sty day

994.7

066.1

994.1

967.8

20

245

1.2

1.6

1.8

2e'l

2el

546

3.2

2 0

15.3

18.2

15.9

18.9



CHANGE IN MOISTURE CONTENT

Curew. in ary room \ ired under water

Weight 1o0ss (Total jWelght Gain [cea %
grams gramslloss |loss grams' gramslgain gain

W/C-50% = send 5:1
|

Twenby~-sight days
1

829.7

322.6

321.8

 8322 «4

324,1

316.8

310.3

309.5

810.5

12.9

12.3

12.3

12.1

12.4 192.4

Thi:

21.0

834.5

812.0

818.6

341.8

826.7

ive dg’

898.2

B67 ."7
881.8

BOB.6

63.7

55,7

63.2

54.8

50 4 NO 4 100.5

Forty “wo days

813.7
807.5

306.6]B07 .4

812.0

05. 5
304.8

305.2!

3.1

2e8

2.9

2.9

2.9

1.7
2.0

1.8

2.9

¢

| 5.3

vy

26.0

Cc «sf

ng ©

8035.4

B68.7

562.5897 .0

|

ae ao

894,0

371.2]
884,2

899.4

-4,83%
1.0

0.7

0.4

nN.v7

0.6

ed
1.7

2.4

[a

50.1

A1.9

101.8

TNA 7

v



Cured in dry room ired under water

Welght [' Loss |Soes] 2 Gl Gain Total] %grams! gramslloss lloss grams' grams|galn !gain

i : '

N/C-50% - sand 5%:1 (cont.

MM fty- cix day

311.7,
305.6|

504.6|304.7

0.3

-0,14t

0.2

0.5

NN. 3 17.5 29.8

304.6

372.3

383.3

3090.2

0.6

1.1

=-0.9
=02

N.2 82.1 105.0

N inety days

311 .2

304.6

304.4

303.9

0.5

1.0
Jel

7.8

 NY A 18.1 20 .F

307 .4

375.1

386.2

202.6

28

2.8

29

3 A

2 0 65,1 110.0

Specimen omitted in computing average.
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