CHAPTER 5.

ENGINEERING PROPERTIES

5.1 MORTAR PROPERTIES

5.1.1 TEST PROGRAMS AND MIX PROPORTIONS

In this research, ordinary por and (Red Elephant Brand) according

ement mortar volume 1 cu.m.

g andnlﬂr (Daracem-100) according
i nt of 6.7% by weight of

Admixture type G - High range
to ASTM C-494 was used
cement. River sand from fine aggregate in the
amount of 1,000 kg. Fing .9. Water to cementitious

ratio was 0.32 constant.

Variables of tests 3
1. At cement constant 1,000 ¢g. !
10 and 15% addition by weight of cen

gent varies from O, 1, 3, 5,

2. At cementitious (Cement \d-Fiy ash) ,» nstar amou of fly ash varies from

15, 20, 25 and ”"’""l"l ‘l-t“-ﬂlllﬁll_'l- Aﬂ'JL-:l-ﬂ-dlll-dlllil -II

% fesocement by e X

3. At cement and expange agent addition of 1, 5, 10 and ’m% the amount of fly ash
varies from 15, 20, 25 @nd,30% replacementiby weight of cementitious each.

AUBINYNINEING

The mix prgportions of cement mortar are shown m table 5.1. Tests were carried

o AN 12 IR 12T

properties were water adsorption at 28 days and on shrinkage were at 1, 3, 7, 28, 42
and 56 days. The test schedule is shown in table 5.2.
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5.1.2 PHYSICAL PROPERTIES

DRYING SHRINKAGE AND EXPANSION

The specimens for drying shrinkage tests were prepared according to ASTM C-
490 (Use of Apparatus for ThevDetermination of Length Change of Hardened Cement
Paste, Mortar and Concrete) and ASTM C-596 (Measuring The Drying Shrinkage of

Mortar Containing Portland Cement). The specimens were removed from water at the age

of 3 days. The drying shrinkage re ing : ried out at the ages of 1, 3, 7, 14,
21, 28, 42 and 56 days. The,specimens wefeGufedsin the air room until the reading
time. The average room temp mmum and 35°C maximum)

and the average relative (709 num and 85% maximum).

Table 5.3 and figur f shrinkage and expansion
of the mixtures. Shrinka —729 microstrain at 28
days while with addition o i 'f _ ht of cement, shrinkage

reduced to -74 and -70 c Q’" = L \ the mixture with fly ash

ordinary cement morta until the age of 42
days and became constant. When the exr 7 ed with portland cement,
the shrinkage reduced BAe to ettringite m the hydrmm reaction of calcium
sulfoaluminate. The magnitydaof expansion inq;gased when the amount of expansive

agent was mcrﬁeuﬂn!}wﬁ Wﬁnrw&}’é}ﬂ%j the expansion of

cement mortar increases approximately by 80%.

AR A SANBAINUNEL. e

cement raplacement with nen-expansive materials but fly ash also replaced the
expansive agent in the mixture. The magnitude of shrinkage mostly depends on the
effects of the reduction in cement. Increasing the amount of fly ash in the mixture by
10% tends to reduced shrinkage 15-20%.
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WATER ADSORPTION

The test of water adsorption was carried out by mixing cement mortar according
to table 5.1. After 1 day the specimens were demolded and immersed in water for 28
days. The specimens were removed from water and measured as initial weight. Then the
specimens were dried in an oven at a temperature of 105°C for 7 days and measured.

Express results are based on the initial weight after removal from water storage at the
age of 28 days.

The test results are shoy Hle [%s 5.5-5.6. Water adsorption of

portland cement mortar with expz

with fly ash replacement ater adsorption of cement

mortars is reduced from ) is obtained from the paste

with 30% fly ash replace

The weight of

agent was increased. Bec contal ( ansive agent, more ettringite

is formed and this ettringite : E‘ée amotints of water on its surface.

When cement was replaced with 1 'f . .=-"-7 r loss on drying was less than with
ordinary portland cement mortar se Al “makes the paste denser and filled

pores due to the pozzo anic : iS reduced. The magnitude
of water loss decrease

5*S”E°“‘"ﬁﬁﬁ“?%ﬂﬂiﬂﬂ”ﬂ§
°°”"“W’1%Wﬂm UYRIINYIA Y

Th specimens of cement mortar were prepared by using a 5x5x5 cm mold. After

1 day the specimens were demolded and immersed in water. Compressive strength tests
were carried out at the ages of 1, 3, 7, 14, 28, 56 and 91 days. The specimens were
cured in the wate'r until the testing time and removed from water before test 1 day.
Compressive strength was tested according to ASTM C-109 (Compressive Strength of
Hydraulic Cement Mortars, Using 2 in. or 50 mm. Cube Specimens)
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The maximum compressive strength of mortar is obtained from a mixture of

portland cement with 15% expansive agent, that is 503 ksc. at 28 days. The
compressive strength of mortar with the expansive agent 1-15% varied from 487 ksc.
to 503 ksc. In a mixture with fly ash replacement 15 to 30%, the compressive strength

was 503 ksc. to 424 ksc. at 28 days. The test results are shown in table 5.5 and
figures 5.7-5.10.

The compressive strength of cement mortars with an expansive agent increased

compared with ordinary portland cemel ause the empty voids were filled with
a hydrated compound from cal here was little difference between
the compressive strength of the “paste wt of expansive agent was
increased.

When cement w ith? " S| pressive  strength  gradually
increased in later ages, b . 2 28 _\;\ fly ash starting in later

was more than ordinary

portland cement, becaus i L ghly rez e and produces more CSH in

the paste. Increasing the a -y ash placement tends to reduce compressive

strength. The paste with 30 ash ‘repl ives the lowest strength. The
s -

magnitude of strength reduction was 1 - e amount of fly ash increased by

10%.

; Y]
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5.2 CONCRETE PROPERTIES

5.2.1 TEST PROGRAMS AND MIX PROPORTIONS

In this research, ordinary portland cement type | (Red Elephant Brand) according
to ASTM C-150 was used in an amount of 500 kg/concrete 1 cu.m. Admixture type G -
High range water reducing and retarding (Daracem-1 00) according to ASTM C-494 was

used to improve workability in the amount of 8% by weight of cement. River sand from

Karnchanaburi province was used. a8 gg the amount of 830 kg. Fineness

modulus of sand was 2.7-2.9. Limestoi gate in the amount of 1,025
kg./concrete 1 cu.m. was

. .m. ed. Tt i s@aggregate was 1/2” from
Saraburi province. Water t0 0 wa ant.

varied from 15, 2 -e-—:~ --------- acern of & mentitious each.

~ The mix proportiﬂ of concrete are shown in table ﬁ Tests were carried out
on its mechanical and pﬁysb n_ i echanical property as
#Mﬂ kv AL Ko T pisiog e
physical propertle ere slump, flow, wa;er adsorption and on shrinkage &ere at 1,3, 7,

- “W"rmﬂwmwwm Gk
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5.2.2 PHYSICAL PROPERTIES

DRYING SHRINKAGE AND EXPANSION

The specimens for drying shrinkage tests were prepared according to ASTM C-
490 (Use of Apparatus for The Determination of Length Change of Hardened Cement
Paste, Mortar and Concrete) . The specimens were removed from water at the age of 3

days. The drying shrinkage readings were carried out at the ages of 1, 3, 7, 14, 21 28,

42 and 56 days. The specimens weré edfin the air room until the reading time.
C (28 and 35°C maximum) and the

average relative humidity we % ( n’u&énd 85% maximum). Plastic
— . ’

heet.

ageat with portland cement,
the shrinkage was redup the hycﬁtlon reaction of calcium

sulfoaluminate. The mcreasmg amount of expanswe agent resulted in the increase of

Zii!'f‘ilii‘.’i@ﬂ'ﬂ ’mﬂ TIFWE A gromen oo
QU B P S A e v

cement réplacement with non-expansive materials but fly ash also replaced the
expansive agent in the mixture. The magnitude of shrinkage mostly depends on the
effects of a reduction in cement. Increasing the amount of fly ash in the mixture by 10 %
tends to reduce shrinkage by 10-15%.
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WORKABILITY

Workability of concrete was tested by slump and flow tests. Tests of slump were
carried out according to ASTM C-143 (Test Method for Slump of Hydraulic Cement
Concrete). Slump tests measure the ability of concrete to resist its flow under its own
weight and flow tests measure the ability of concrete to flow under jolting or continuous

vibration and provide information regarding the tendency for segregation. The flow test
was carried out according to AASHTO T-12
of the Flow Table)

/(Flow of Portland Cement Concrete by Use

YL,

Test results of slur& @.9 and figures 5.15-5.18.

From the test results, slu ‘24 cm. while flow is 55 cm.

In the mixtures with an to 18 cm. In the mixture

ease the slump and flow
a water on its surface. This
effect reduces free water f b re and 1 érete stiffer while replacing
cement with an amount of fly ViltAc: casa #h 1p and flow because the spherical
shape of fly ash can mcreasé the ‘ Wwe ity o
ash resulted in an increasing stE&'--ﬂ /5 -incr
the mixture, slump an -Ls oW increases

ohcrete. Increasing the amount of fly

ng the amount of fly ash 10% in

me teﬂfutﬂ';@,%n&{%%fwt&} oL p—

table 5.1. After@ day the spemmens were demolded and immersed in water for 28

L TR STAWYII IRt (L 11aF 1

Express results were based on the initial weight after removal from water storage at the
age of 28 days.

WATER ADSORPTION m

The test results are shown in table 5.10 and figures 5.19-5.20. Water
adsorption of concrete with an expansive agent varies from 5.10 to 6.14%. In a mixture

with fly ash replacement 15-30% by weight of cement, water adsorption of concrete is



reduced from 4.82 to 4.45%. Minimum adsorption is obtained from the paste with 30%

fly ash replacement.

There was little difference in weight between the various types of specimens. This
is probably due to limitations of specimen size and balance. The weight of water loss on
drying increased when the amount of expansive agent increased because the paste

contained more expansive agent, so more ettringite is formed and this ettringite can

absorb large amounts of water on its surface.

When replacing cement witk on drying was less than with
ordinary portland concrete be ﬁdenser and filled pores due

to the pozzolanic reactio

duced. The magnitude of
water loss decreases 20%

5.2.3 MECHANICAL PR

COMPRESSIVE STRENGTH

before testing time 1 day ping ding 517 (Capping cylinders).
Compressive test of the cyh'ngﬂ:al specimens was carried out according to ASTM C-39

(Test Method fﬂoﬁwﬁvﬁ} Wﬂ%nﬁnWﬁ%ﬂ ‘jnen) Compressive

strength tests wergjcarried out at the ages of 1, 14 28, 56 and 91 days.

ARABIAI IR NLNE Yo

portland c%ment with 15% expansive agent was 713 ksc. at 28 days. The compressive
strength of mortar with an expansive agent 1-15% varied from 705 ksc. to 751 ksc. In
a mixture with fly ash replacement 15 to 30%, compressive strength was 607 ksc. to

768 ksc. at 28 days. The test results are shown in table 5.11 and figures 5.21-5.23.

Compressive strength of concrete with an expansive agent increased compared

with ordinary portland concrete. Because the empty voids were filled with hydrated
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compound from calcium sulphoaluminate. There was little difference in the compressive

strength of the paste when increasing the amount of expansive agent.

When cement was replaced with fly ash, compressive strength gradually
increased because the pozzolanic reaction of fly ash starts in a later age. Compressive
strengt‘h of 15% fly ash replacement was more than ordinary portland cement because
Ca0 in fly ash is highly reactive and produces more CSH in the paste. Increasing the

amount of fly ash replacement tends to reduce compressive strength. The magnitude of

AULINENTNEINS
ARIAIN TN INEAY




113

Table 5.1 Mix proportions of mortar

Mix No. [Net CE.|[Net. EX.| FA Total CE. EX. | Fly Ash |Fine Agg.| W/S | Adm.
Solid

(ke) | (k) | (ke) | (ke) | () | (%) | (%) | (k) (ts.)
MO00-00 | 500 0 0 500 |100.0| 00 | 0.0 | 1000 |0.32]| 6.7
MO1-00 | 500 5 0 505 | 990 1.0 | 00 | 1000 | 032 | 6.7
M03-00 | 500 | 15 0 ,/* 29 | 0.0 | 1000 | 0.32 | 6.7
M05-00 | 500 | 25 0 / | 0.0 | 1000 | 0.32 | 6.7
M10-00 | 500 | 50 ~550 90. A 0.0 | 1000 | 0.32 | 6.7
M15-00 | 500 | 75 87 . .0 | 1000 |0.32]| 6.7
M00-15 | 425 0 4485.0" | 0 | 1000 | 0.32 | 6.7
M00-20 | 400 | o© - 800 | 0.0 | 1000 | 0.32 | 6.7
M00-25 | 375 0 1 i 0‘[?:‘ ’ 1000 | 0.32 | 6.7
MO00-30 | 350 0 5 oﬁ:_ 00 .0 | 1000 | 0.32 | 6.7
MO1-15 | 425 4 6 LE 0. 5.0 | 1000 | 0.32 | 6.7
MO1-30 | 350 | 4 | 158 |/i506 | 6 .7 30.0 | 1000 | 0.32 | 6.7
M05-15 | 425 1 , _ ) 1000 | 0.32 | 6.7
M05-30 | 350 | 18" 1000 | 0.32 | 6.7

1
M10-15 | 425 | 43 | 83 550 | 77.3 | 7.7 | 150 | 1000 | 0.32 | 6.7
¢ o o
M10-20 | 40 ‘ , 0 |032]| 6.7
M10-25 | 375 [ ﬂ g Qﬂ:ﬂ ¢ m&l j Eo 0.32 | 6.7
M10-30 | 350 [ 35 | 165 | 5506 | 63.6 | 6.4m| 30.0 | 10000 0.32 | 6.7
TIVIE

M15-15 f§ 425 64 86 575 739 | 111 15.0 | 1000 | 0.32 | 6.7
M15-30 | 350 53 173 575 60.9 | 9.1 30.0 | 1000 | 0.32 | 6.7




Table 5.2 Test program for shrinkage compensating mortar

TYPES EX. FA. Water Shrinkage and Expansion Compressive Strength

(%) | (%) Adsnrbtion
1. Shrinkage Compensating 0 - MQOO0-00 MO0-00@1, \}& Zﬂ M00-00@1,3,7,14,28,56,91
Cement 1 - MO1-00 MO1-00 & MO01-00@1,3,7,14,28,56,91
3 - M03-00 M03-— 14&8 “‘"" 03-00@1,3,7,14,28,56,91
5 - MO05-00 428 42 05-00@1,3,7,14,28,56,91
10 - M10-00 M10Q -Q \] 0-00@1,3,7,14,28,56,91
156 - M15-00 M15— k -00@1,8,7,14,28,56,91
2. Shrinkage Compensating - 15 M0OO0-15 MOGQ i ' 00-15@1,3,7,14,28,56,91
Cement with Fly Ash - 20 M00-20 MO0 -20@1, ,7‘_3:?'1‘ 100-20@1,3,7,14,28,56,91
- 25 M00-25 00-25@1,3,7,14,28,56,91
- 30 M0O0-30 MO0 -30@ vM00-30@1,3,7,14,28,56,91
1 15 MO1-15 MO1 - 15@1 gﬁ 56 | MO1-15@1,3,7,14,28,56,91
1 30 M0O1-30 M% -3001 3 7. 14‘(2 ' 0 f§0@1 ,3,7,14,28,56,91
5 15 M05-15 MO 5@1,3,7,14 45@1,3,7,14,28,56,91
5 30 MO05-30 MO 0@1,3,7,1428,42,56 Mm—30@1 ,3,7,14,28,56,91

§ o /s
10 | 15 | m10-15 [ivhbEsar B0 3 AR Mo} 521.3,7.14.28.506.01
10 20 M10-20 §M10-20@1,8,7,14,28,42,56 | M10-20@1 3714 28,56,91
10 25 M10-=2 aj > 14,28,56,91
10 30 M1h3% :&)\iﬁiﬁz ijzi mmﬁgm,z&sa,m
9

15 15 M15-15 M15-15@1,3,7,14,28,42,56 | M15-15@1 ,3,7,14,28,56,91
18 30 M15-30 M15-30@1,3,7,14,28,42,56 M15-30@1,3,7,14,28,56,91

vl



Table 5.3 Shrinkage and expansion of portland cement mortar

Mix No. Shrinkage (Microstrain)
1 3 7 14 21 28 42 56
M00-00| -57 | -96 | -185 | -413 | -577 | -729 | -942 | -1027
MO1-00| 14 -15 | -189 | -327 | -540 | -705 | -907 | -976
M03-00| 22 55 -32 | -163 | -406 | -520 | -575 | -634
M05-00| 34 90 317 | -377 | -335 | -349
M10-00 | 51 87 Ny MV -100 | -125 | -120
M15-00| 83 122 0| ot -15 | -60 | -75
— -
M00-15| -30 | -80 F"—f’ % ‘t-‘ 20 | -790 | -860
M00-20| -27 | -60 my@_‘ \ 573 -740 | -805
M00-25 | -30 ﬂﬂl\“ 60 | -697 | -750
M00-30| -40 | -78 ril r" 'n“h\ -640 | -700
220 WAN
MO1-15| 10 4|80 -760 | -810
MO1-30| 9 -615 | -670
MO5-15| 30 -305 | -310
M05-30| 25 -230 | -230
M10-15| 37 -100 | -100
M10-20| 40 . 70 50 -25 | 555 | -75 | -100 | -90
M10-25 3854 Q%E&l | | 70 0 -90
M10-30| 49" 0 45 L Bl b Sl -80 | -84
[ ¢4
Fa

M15-1 1 7 2 1481 [ teo
M15-30 [ 52 74 85 65 17 6 36 | -47
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Table 5.4 Water adsorbtion of shrinkage compensating mortar

116

Mix
No.

CE.

(ke.)

(%)

Fly Ash

(ke.)

Total
Solid ( kg.)

W/s

Adm. Water
(ts.) | Content (%)

M00-00
MO1-00

500
500

8.0 9.90
8.0 10.11
10.43
10.69
1117
11.47

9.59
9.23
8.74
8.54

9.73
8.74

10.21
9.34

10.69

10.34
9.89
9.56

10.86

Iﬁ El 9.73



Table 5.5A Compressive strength of shrinkage compensating mortar

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 91
MO0-00A| 256 312 372 432 496 528 548
M00-00B| 248 292 360 432 484 512 532
M00-00C | 244 284 344 424 480 512 520
Avg. 249 | 296 359 9 487 517 533
3
MO1-00A | 260 304 44 540 544
MO1-00B| 252 300 436 528 540
MO1-00C| 248 300 ) pe8 512 540
Avg. 253 1 N To27 541
T\
MO5-00A| 276 3 - 544 556
M05-00B| 260 | 308 A 544 | 552
MO5-00C| 260 | 3 4 b2 0 528 544
Avg. 265 315, 76‘:1:_:_",__; 51 539 551
ii%ia:f’-_'-?‘
M10-00A| 292 324 | 4125 476 40 556 580
M10-008| 272 | "sjed’| 872 | 464 $52 | ses
M10-00C | 260 ’ 560
Avg. 275 3T N | 552 569
- ol
M15-004 | 288 g 848 {5 4 gﬁk 1 600
M15-00B 27ﬁ 2de/ djsgg{ﬁz g
M15-00C ZGEM 316 380 460
Avg. ﬂﬂ )
M0O-15A| 240 324 376 452 508 560 580
M00-158| 228 320 380 440 500 540 572
M00-15C | 220 296 360 420 500 528 528
Avg. 229 | 313 372 437 503 543 560
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Table 5.5B Compressive strength of shrinkage compensating mortar

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 91
MO0-20A| 228 | 312 348 424 | 488 520 552
M00-208| 228 | 288 344 | 408 480 512 536
Moo-20c| 208 | 268 340 400 464 508 528
Avg. 221 | 289 539
MO0-25A| 232 | 268 520
M00-25B| 212 | 260 512
M00-25C| 208 | 240 512
Avg. 217 | 256 453, 515
IR
M00-30A| 224 | 2 \4"“472 488
M00-30B| 212 | 248 Phey | 452 480
M00-30c| 200 | 240 WASE 4| 448 468
Avg. 212 | 247 92, i~ 3! 4 457 | 479
G
MO1-15A| 240 | 344 | 486 » ,;_-.43__ ) 0 556 568
MO1-15B| =228 ' 552
MO1-15C| 220 ; 540
Avg. 229 3% T 553
[+
MO1-30A 23ﬂ , M %ﬁ#@“ 492
MO1-308| 212} gg 2 0 32" | " 4264 | 484
MO1-30C| 216 | 244 280 [ 344 420 | 448
= Qlo0A A QR oI o1
we 0| 1820 1|0F59 1] a1} b/ 1| foad 1|] 80 I|okaol
MO5-15A| 240 | 360 | 440 480 532 556 584
MO5-158| 240 | 344 | 420 488 520 552 564
MO5-15C| 228 | 336 424 460 516 548 560
Avg. 236 347 428 476 523 552 569

118
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Table 5.5C Compressive strength of shrinkage compensating mortar

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 91
MO5-30A| 232 | 280 312 384 | 452 | 480 504
MO5-30B| 224 | 260 280 372 | 440 | 480 492
MO5-30C| 224 | 240 280 368 | 428 | 456 480
Avg. 227 | 260 | 291 5 | 440 | 472 | 492
X
M10-15A| 240 372 | 504 580 600
M10-15B| 240 34 496 | s80 580
M10-15¢c| 240 3 : |, lhze | s ' 556 584
Avg. 240 < o2 | 572 588
i k, \
M10-30A| 260 2 - 4 500 520
M10-30B| 240 | 260 Ve | 480 | 500
M10-30c| 224 | 278 0 1 87 0. | 476 504
Avg. 241 271 308 411 3 a 485 508
a2
M15-15A| 260 380 _.f.lf_-’?‘ff 51% 84 600 620
M15-158| 248 | 8o | 452 | 508 £8p | 596
M15-15C| 244 , 5 | 560
Ave. | 251 | 38 448 /580 | 592
M15-30A 520
M15-308B 9 508
M15-30C| 240 | 272 312 | 384 | a4a | 4ss_| %he
me o] B | T b/ 1| ed |1 855 (068




Table 5.6 Mix proportions of concrete
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Mix No. | Net |Net. EX.| FA Total CE. EX. FA. Fine | Course | W/S | Adm.

CE. Solid

(kg) | (kg) |(ke)| (kg) | (%) | (%) | (%) |Age(ke.)|Age(ke.) (ts.)
C00-00|500| O 0 500 [100.0| 0.0 [ 0.0 | 830 | 1025 |0.32| 8.0
C01-00|500| 5 0 505 | 99. 0.0 | 830 | 1025 [0.32| 8.0
C03-00|500| 15 | o 51 0.0 | 830 | 1025 |0.32| 8.0
C05-00|500| 25 | o ' 830 | 1025 |0.32| 8.0
C10-00|500| 50 | © 909 830 | 1025 |0.32| 8.0
C15-00|500| 75 87. 30 | 1025 |0.32| 8.0
C00-15[425| © 185 0 | 1025 |0.32| 8.0
c00-20|400| o |100d" 86.04 0. \ 330 | 1025 |0.32 8.0
C00-25|375| 0 5 2 789 ” 1025 |0.32| 8.0
C00-30(350| 0O |1 ;{5:'9, .0 | 8oLl 0 | 1025 |0.32] 8.0

a <\
co1-15|425| 4 | 76 os__;li > 15.0| 830 | 1025 |0.32| 8.0
C01-30|350| 4 |152 5(‘2‘%‘%%9? 80.0| 830 | 1025 |0.32| 8.0
| EZL 0%
C05-15| 425 | 21470 | 525 1025 |0.32| 8.0
C05-30 | 350 | 18 4458 | 525 1025 |0.32| 8.0
m_ il
C10-15|425| 43 83¢| 550 |77.3| 7,7,/15.0| 830 | 1025 |0.32| 8.0
€10-20 | 400 ’Jﬁﬂ T ?ﬁg 'a[jﬂ ?25 0.32| 8.0
C10-25| 375 :gj 5 8. 8 1250 8 025 |[0.32| 8.0
C10-30|350| 35 |165| 550 |63.6| 6.4 |36 | 830 | 10284 0.32]| 8.0
| Wi e

c15-15 %25 | 64 | 86 | 575 |739|11.1]150| 830 | 1025 |0.32| 8.0
C15-30|350| 53 [173| 575 |60.9| 9.1 |30.0| 830 | 1025 |0.32] 8.0




Table 5.7 Test program for shrinkage compensating concrete

TYPES EX. FA. Water Flow and Slump Shrinkage and Expansion Compressive Strength
(%) (%) Adsorbtion
1. Shrinkage Compensating 0 - C00-00 C00-00 \\\\i% 1,3,7,14,28,42,56 | C00-00@1,3,7,14,28,56,91
Cement 1 - C01-00 co1 -%5 8,7,14,28,42,56 | CO1-00@1,3,7,14,28,56,91
3 - C03-00 CogI0O | ap3- m; 14,28,42,56 | C03-00@1,3,7,14,28,56,91
5 - C05-00 | C 5= 14,28,42,56 | C05-00@1,3,7,14,28,56,91
10 - C10-00 / \oo ® 4,28,42,56 | C10-00@1,3,7,14,28,56,91
15 - C15-00 5 0@1, 7:14,28,42,56 | C15-00@1,3,7,14,28,56,91
2. Shrinkage Compensating - 15 C00-15 ‘ )3 7;04,28,42,56 C00-15@1,3,7,14,28,56,91
Cement with Fly Ash - 20 C00-20 20@1,8,7,14,28,42,56 | C00-20@1,3,7,14,28,56,91
- 25 €00-25 ,14,28,42,56 | C00-25@1,3,7,14,28,56,91
- 30 C00-30 0@1 38,7,14,28,42,56 | C00-30@1,3,7,14,28,56,91
1 15 C01-15 1 3,7,14,28,42,56 | C01-15@1,3,7,14,28,56,91
1 30 €01-30 ,28,42,56 | C01-30@1,3,7,14,28,56,91
5 15 C05-15 | C 3 ,-?Jza 42,56 | C05-15@1,3,7,14,28,56,91
5 30 C05-30 cos -30@1,3,7,%4,28,42,56 | C05-30@1,3,7,14,28,56,91
10 | 15 c10-15 ucﬂ:’gﬁ‘y] EJ%‘j %gﬂ ﬂa§42 56 | C10-15@1,3,7,14,28,56,01
10 20 Cc10-20 c10-20 c1o 20@1,3,7,14,28,42,56 | C10-20@1,3,7,14,28,56,91
10 25 c10- C10-25@1,3,7,14,28,56,91
10 30 c10 .] a C10-30@1,3,7,14,28,56,91
15 15 C15-15 C15-15 C15-15@1,3,7,14,28,42,56 | C15-15@1,3,7,14,28,56,91
15 30 C15-30 C15-30 | €15-30@1,3,7,14,28,42,56 | C15-30@1,3,7,14,28,56,91
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Table 5.8 Shrinkage and expansion of concrete

Mix No. Shrinkage (Microstrain)
1 3 7 14 21 28 42 56
C00-00 | -258 | -269 | -278 | -286 | -291 | -296 | -300 | -298
C01-00 | -230 | -250 | -258 | -262 | -270 | -276 | -284 | -281
C03-00| -180 | -190 | -190 | -200 | -220 | -220 | -230 | -230
C05-00 | -110 | -120 | -130 | .- -145 | -160 | -161 | -161
C10-00| -25 | -30 | -5¢ -75 | -75 | -90
C15-00 | 30 35 "o -30 | -40 | -45
C00-15| -220 | -2257| - 250 | -253 | -250
C00-20 | -205 | -2 22 280 |, -2 -236 | -240
C00-25| -188 | - 20 15, ! -220 | -220
C00-30 | -182 | -18 -1 -200 |\ - -203 | -200
.-
co1-15| -192 | -2 297 | 2?;“‘7).: = -235 | -230
CO1-30 | -158 | -166 4 -478 +§1!7§{ { )-180 85 | -188 | -186
A T
C05-15| -90 | -97 'EEITJ?;J;J -129 | -128 | -130
C05-30 | -70 Cx -87 | -03 -107 | -106
C10-15| -35 -4@ « -6ﬂ -65 -75
C10-20| -30 | -40 | -48 | -51 -52 | -57 | -60 | -70
C10-25 | -28. %% 0 %‘ 4 | 57 | -70
c10-30 -f a7 H{LJAB 1 [0-Xel LJ 5 %o | -e7
¢ £h LY

C15-1 m Eﬁ — -'q | Vqs sﬁ 39
C15-30 |§ 20 28 20 -6 -16 | -20 | -20 | -30
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Table 5.9 Slump and flow of shrinkage compensating concrete

123

Mix CE. Ex. Ex. [Fly Ash|Fly Ash Total W/S | Adm. | Slump | Flow

No. (kg.) | (%) | (k&) | (%) (kg.) |Solid (kg.) (ts.) [ (em.) | (em.)
C00-00 | 500 | © 0 0 500 | 032 80 | 24 55
CO01-00 | 500 | 1 10 0 510 | 032 | 80 | 24 | 55
C03-00 | 500 | 3 30 0 0 530 | 082 80 | 24 | 54
C05-00 | 500 | 5 50 0 , 550 | 032 | 80 | 22 52
C10-00 | 500 [ 10 | 100 ' f 032 | 80 | 21 49
C15-00| 500 [ 15 | 1 0 032 | 80 | 18 | 45
C00-15| 425 | o 032 | 80 | 25 59
C00-20| 400 | o 0 8.0 | 25 62
C00-25| 375 | 0 :-;,1 2! 80 | 26 | 65
C00-30| 350 | © 8.0 | 27 69

VI8 AN
CO01-15 | 425 1 ﬁ; 511 0. 80 | 25 57
c01-30 | 350 | 1 7 ) ﬁg 3 2| 80 | 27 | 68
T A
C05-15| 425 | 5 43 £ g 032 | 80 | 24 | 56
C05-30 | 350 | 5 35 '—554 032 | 80 | 26 | 65
C10-15| 425 | 10 480 [ 22 | 57
C10-20| 400 | 10 mo o.3ﬂ 80 | 22 | 60
C10-25| 3875 | 10 |775 | 25 | 150 600 | 032 | 80 | 23 | 61
C10-30 | 350 [ .1 0,82 (~80+ | 24 | 62
LI,

c15-15 | 425 |Yhs | 128 | 15 28 650 [ 032 | 80 |419 | 48
C15-3 1 54




Table 5.10 Water adsorbtion of shrinkage compensating concrete
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Mix CE. Ex. Ex. [Fly Ash|Fly Ash Total Wss Adm. Water
No. (kg.) | (%) | (ke) | (%) (kg.) | Solid (kg.) (ts.) | Content (%)
C00-00| 500 | © 0 500 0.32 8.0 5.07
C01-00| 500 1 10 510 0.32 8.0 5.10
C03-00| 500 [ 3 30 0 530 0.32 8.0 515
C05-00| 500 | 5 50 U 50 0.32 8.0 5.96
C10-00| 500 | 10 | 100 0.32 8.0 5.92
C15-00| 500 | 15 | 1 & 0.32 | 80 6.14
C00-15| 425 | 0 =0 32 8.0 4.82
C00-20| 400 | © 1 .32 8.0 4.70
co0-25( 375 | o 4 o 8 ' 8.0 4.51
C00-30| 350 | © }“' | 2 8.0 4.45
0’7 o
Co1-15| 425 | 1 9 5 BT 2 | 80 4.89
C01-30| 350 | 1 30 13: 1 0.32 | 80 4.50
e
P i
C05-15| 425 5 43 — 0 0.32 8.0 5.12
C05-30| 850 | 5 | 35 'WT‘ 0.3 8.0 4.77
C10-15| 425 | 10 8.0 5.60
C10-20( 400 | 10 | 80 @2 8.0 5.28
C10-25| 375 | 10 ?d- 25 | 150 uaoo 0.32 | 80 5.08
% 10,327 qs.o 5.08
| o
15 |4 98 650z, | 0.32 8.00/ 5.78
6 8 EI 5.18




Table 5.11A Compressive strength of shrinkage compensating concrete

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 91
C00-00A| 306 509 547 624 649 713 777
C00-00B| 293 484 522 611 649 688 738
C00-00C| 267 420 522 586 649 688 764
Avg. 289 471 531, 7 649 696 760
CO1-00A| 306 497 586 6 0 726 764
CO1-00B| 306 48 T 61 49 700 738
CO01-00C| 293 471 ‘W , | 688 726
Avg. 301 48 \ 705 743

7
CO5-00A| 344 5 w840, ‘yhg 751 802
C05-00B| 306 509 '8 4887 5[ 718 764
C05-00C| 318 1 35 J 67 713 751
Avg. 323 50% 56404~ 3 726 772
F (e
e

C10-00A| 344 522 | _6dgkiiLz 700 | 751 789
C10-00B| 318 | 522 586 38 789
C10-00C| 306 | . 22 | 573 726 777
Avg. 323 5@ Y 696 || 738 785
C15-00A 64 | so2
C15-00B 713 | 751 789
c15-o0c| 9
Avg. 3 51 4
C00-15A| 344 484 624 713 789 853 891
C00-15B| 331 471 611 688 764 828 866
C00-15C| 306 471 586 675 751 802 853
Avg. 327 475 607 692 768 828 870




Table 5.1 1B Compressive strength of shrinkage compensating concrete

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 o1
C00-20A| 318 509 637 700 751 815 815
C00-20B| 318 509 611 688 726 789 815
C00-20C| 306 497 598 675 700 764 802
Avg. 314 505 615 88 726 789 811
C00-25A| 331 446 6 789 789
C00-258| 293 43 o3 751 777
.
C00-25¢C| 306 433 s\g?\ 688 738 764
Avg. 310 637 . 7¢ 760 777
e |
C00-30A| 280 3 /) #._'-:*% 524 675 738
C00-30B| 255 344 ) " 675 713
C00-30C| 255 381 20441~ 5 649 700
Avg. 263 34 43741~ 526 666 717
i T
CO1-15A| 331 535 gﬁ}@_“ 5,789 853 879
CO1-15B| 306 &322 586 68 15 853
CO1-15C| 306 : 6 | VI J789 840
Avg. 314 53} : 7 jlsw 857
-7}
CO1-30A| 25 |
CO1-308B 2% 58 | " 54
C01-300| 285 | 857 433 | 522, |
e O] P | | dsar |
CO5-15A| 331 560 637 726 815 866 891
C05-158| 318 509 598 700 789 840 866
C05-15C| 306 484 573 688 777 802 866
Avg. 318 518 603 705 794 836 874




Table 5.11C Compressive strength of shrinkage compensating concrete

Mix No. Compressive Strength (ksc.)
1 3 7 14 28 56 91
CO5-30A| 255 395 497 598 662 718 777
C05-30B| 242 382 458 560 637 700 726
C05-30c| 242 357 446 535 598 675 700
Avg. 246 378 467 4 632 696 734
C10-15A| 344 575 , 8 866 891
C10-15B| 318 5 ¥ 725~ | 853 891
C10-15¢c| 306 7 ,{%f 177 | ses 853
Avg. 323 717 | 806 849 879
C10-30A| 280 3 508 \ [\ 726 764
C10-30B| 255 38 - & 3 713 751
C10-30C| 242 158, A~ 6 688 726
Avg. 259 38 48?‘_‘,"{5*{:,_3 709 747

GG < o
C15-15A| 344 573 | 887 | 7 853 891 917
C15-158| 331 | “gog 624 | 7 _ §53 891
C15-15C| 318 15 853
Avg. 331 %ﬂ“" 15 853 887
~ |
C15-30A| 30 r (] ——LL S F7%8 | so2
C15-308B 24; i ﬁg‘ 8 637 |7 728 | 7ea
C15-30C| 229 382 458 ¢ 547 | 87 700 8
—_— s an

R TR SR T S I
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Fig. 5.26 Admixture “Daracem 100”
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Fig. 5.28 Slump of shrinkage compensating concrete
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