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Effect of Curing Conditions on the ASR of Lightweight
Aggregate Concrete

h% # w2 19 5" - B 1E B
Sung, Chan Yong - Kim, Sung Wan - Min, Jeong Ki

Summary

This study is to analyze effect of exposure environment and mode of ASR on the enginee-
ring properties of synthetic lightweight aggregate concrete, such as dynamic modulus of
elasticity and ultrasonic pulse velocity.

The results of this study are summarized as follows :

1. The expansion rate of each exposure environment in 38C and NaCl 4% solution was
shown higher than in 20C and normal water. The expansion rate of each exposure mode
was largely shown in order of full immersion, wetting/drying, half immersion.

2. The dynamic modulus of elasticty and ultrasonic pulse velocity of each exposure environ-
ment in 38C and NaCl 4% solution was shown less than in 20C and normal water. The
dynamic modulus of elasticity and ultrasonic pulse velocity of each exposure mode was
shown smaller in order of full immersion, wetting/drying, half imersion.

3. The relation between dynamic modulus of elasticity and ultrasonic pulse velocity was
highly significant. The dynamic modulus of elasticity was increased with increase of ultrasonic
pulse velocity. The decreasing rate of the dynamic modulus of elasticity was shown 2.1~3.4
times higher than the ultrasonic pulse velocity at each age, exposure environment and mode,
respectively.

4. The expansion of each exposure environment and mode was increased with increase
of curing age. The dynamic modulus of elasticity and ultrasonic pulse velocity of those conc-

rete was increased with increase of curing age. At the curing age 28 days, the highest
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properties was showed at each type concrete, it was gradually decreased with increase of

curing age.

Specially, at the curing age 98 days of full immersion, the rate of expansion of type D

was shown 3.95 times higher than the type A. But the dynamic modulus of elasticity and

ultrasonic pulse velocity was decreased 17% and 8.3%.
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Table-1. Chemical composition of normal
portland cement(% )

SlOz Aleg CaO MgO SOS KZO NaZO Fe203
21.09| 4.84 [63.85(3.32(3.09|1.13|0.29 | 2.39

Ll 8 & #

AZAE F7A0] 4.75mm ©]3kQ AR}
A E A9 qH3A ¥ UAZHol 0.15~06
mm$  AFFAHfused silica)E AH&EFATH
AFIFALY] AME- e WAt gdo] 7 =A
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Table-2. Physical properties of natural sand

Specific Maximum Absorption Fineness Unit weight Organic
gravity size (mm) rate( %) modulus (t/m*) content
2,50 4.75 5.00 2.74 1.56 Nil

Table-3. Chemical composition of fused silica( %)

SlOz Alzo:; FeZO;; CaO Kgo MHO

TiO. MgO Na,O P.0s

S0, Loss on

ignition
99.71 | 0.15 0.35 0.04 003 | <001 | 003 | <0.05| <01 | <0.01 | <0.02 0.1
Table-4. Physical properties of synthetic lightweight coarse aggregate
Fineness | Unit weight Water Pore Thickness | Maximum
i . Type Color . .
modulus (t/m*)  |absorption( %) size(mm) (mm) size(mm)
5.98 0.83 13.1 Honycomb | Gray brown | 0.001~0.15 | 0.15~0.50 13.2

Table-5. Main chemical composition of syn-

thetic lightweight coarse aggregate
(%)

SlOz A1203 CaO
(silica) |(alumina)|(lime)
30~60

Carbon in the form

of unburnt fuel
15~30 | 1~7 <8

2, &g ®WUME

7l. 232E f4

e FAAlE A8 2899 4= E0 460
kg/cm?, £¥ =7} 75~100mm7} HEE AZ
9o, 9 1 wjPHA ABE Table-63 2
o},

Table-6. Mix design of concrete(kg/m®)

Lightweight Fused | Free
Cement] Sand coarse o
silica | water
aggregate
335 441 715 204 217

Lt fEte8 ®E

B FAAE 75X 75X300mm, A
At 253 A FAAIE 100X100X
500mm= A 23k .

Ch. fAeRe &4

SAIA Y] AL Table-7 % Fig. 17 2o
FEFAH20T, FE 961 2% o)) ol A 244 7F
AAF g AP 7dNAE 20Cy %
ANM FAFAo™, 4427 (environment) 7
W (mode) & tha A st Pt dA
73 20C9 38C2] 3 NaCl 4% SHo=
god, JAEde dAS(full immer-
sion), BFA4=(half immersion), 7Y tZHo =

=

F8&/AZ (wetting/drying) A2 s},

Table-7. Exposure environment and mode of
test variables

Curing
age
(days)
1 Humidity curing

(20+ 1T, 96+ 2%

Exposure Exposure
environment mode

Humidity curing
(201 1%, 96t 2%

RH) RH)
9~7 Full Dimmersion Full Qimmersion
(20 /Water) (20c/Water)
20T /Water Full immersion
4~08 38:C /Water Half immersion
20C/NaCl 4% Wetting/drying
38C/NaCl 4% (7days/7days)
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Fig. 1. Exposure mode of test variables
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Table-8. Expansion under different environments and modes at each age(%)

Curing age Mode Full Half Wetting/

(days) Environment immersion immersion drying Remark

1 Humidity 0.000 0.000 0.000

7 20C/Water 0.019 0.019 0.019
20C/Water 0.028 0.021 0.024 Type A
98 387C/Water 0.144 0.093 0.134 Type B
20C/NaCl 4% 0.038 0.029 0.031 Type C
38T /NaCl 4% 0.148 0.128 0.135 Type D
20C/Water 0.099 0.054 0.066 Type A
. 387C/Water 0.401 0.268 0.384 Type B
20C/NaCl 4% 0.131 0.101 0.110 Type C
38C/NaCl 4% 0.458 0.402 0.424 Type D
20C/Water 0.179 0.121 0.146 Type A
o8 38T /Water 0.598 0.435 0.520 Type B
20C/NaCl 4% 0.239 0.188 0.204 Type C
38C/NaCl 4% 0.707 0.629 0.664 Type D

O—0O 20C/Water
@ ©® 20C/NaCl ¢%
Q----0O 38C/Water

08 @----@ 38T/NaCl 4%
*~ — __ __
— —— — __

~ - — e
® 06r o~
E \\.0‘\.\\
1] \\o
3 04
]
2

/z

Dynamic modulus of elasticity(X 105kg/cm?)

-l 1 1
Full Wetting/drying Half
Exposure modes

Fig. 3. Relation between exposure modes
and expansion at age of 98 days
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Table-9. Dynamic modulus of elasticity under different environments and modes at each age
(X10*kg/cm?)

Dynamic modulus elasticity( X 10%kg/cm?)

Fig.

Curing age Mode Full Half Wetting/
(days) Environment immersion immersion drying Remark
1 Humidity 216 216 216
7 20C/Water 239 239 239
20C/Water 369 428 409 Type A
08 38C/Water 257 298 286 Type B
20C/NaCl 4% 289 335 321 Type C
38C/NaCl 4% 254 295 282 Type D
20C/Water 321 372 356 Type A
56 38C/Water 250 290 277 Type B
20C/NaCl 4% 280 324 310 Type C
38C/NaCl 4% 245 284 272 Type D
20C/Water 248 287 275 Type A
o8 38:C/Water 217 251 241 Type B
20C/NaCl 4% 235 273 261 Type C
38C/NaCl 4% 206 239 229 Type D
5.0 5.0

4.0

3.0

2.0

1.0

O——Q 20C/Water
®—@® 20C/NaCl 4%
|l O----O 38T/Water
@ —--@ 38C/NaCl 4%

1 1 1
Full Wetting/drying half
Exposure modes
. Relation between exposure modes

and dynamic modulus of elasticity at
age of 98 days
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Fig. 6. Relation between curing age and ult-
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Fig. 7. Relation between exposure modes

and ultrasonic pulse velocity at age

of 98 days

Table-10. Ultrasonic pulse velocity under different environments and modes at each age

(km/sec)
Curing age Mode Full Half Wetting/

(days) Environment immersion immersion drying Remark

1 Humidity 3.644 3.644 3.644

7 20C/Water 3.843 3.8343 3.843
20C/Water 4.537 4.899 4.763 Type A
28 38%C/Water 4.238 4.577 4.449 Type B
20C/NaCl 4% 4.397 4.748 4.616 Type C
38C/NaCl 4% 4143 4474 4.350 Type D
20C/Water 4461 4.817 4.684 Type A
6 38T /Water 4197 4532 4.406 Type B
‘ 20C/NaCl 4% 4313 4.658 4528 Type C
38C/NaCl 4% 4.046 4.369 4.248 Type D
20C/Water 3771 4.072 3.959 Type A
98 38C/Water 3.678 3.972 3.861 Type B
20C/NaCl 4% 3.686 3.980 3.870 Type C
38C/NaCl 4% 3.458 3.734 3.630 Type D
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