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Reduction of Drying Shrinkage of Mortar and Concrete
by Expansion of Rapid Cooling Slag Fine Aggregate
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Abstract It is necessary to maximize the durability of Concrete for the underground structure because its maintenance
and reinforcement are difficult. For cracks due to drying shrinkage of the concrete on the characteristics of the
material, there is a need for an alternative in the deterioration phenomenon that occurs. In this study, fundamental
properties including drying shrinkage of mortar and concrete were investigated to replace fine aggregate from cooling
slag for reducing drying shrinkage of mortar and concrete. In the case of rapid cooling slag fine aggregate, it was
effective to reduce and restrain initial shrinkage of mortar and concrete, and compressive strength was increased
through the all specimen in proportion to its replacement ratio.

Key Words : Drying shrinkage, Dtying shrinkag length change, Expansive admixture, Fine aggregate from rapid
cooling slag, Shrinkage reducing agent
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Table 1. Experimental design for mortar and concrete

mortar test
W/B(%) - 48
C:S + 1:2.1~2.2(depend on paste volume)
binder(kg/m®) | - 605.6

binder proportion | - 7(OPC):2(BS):1(FA)

“EA'(2, 4, and 6 %/g)

variation - SRA™(1, 2, and 3 %/s)
- BSS™(1, 2, 3, 4, 5, and 10 %/s)
- flow - air content
measurement | compressive strength
(1, 3, 7, and 28 days)
- drying shrinkage(1, 2, 3,56 days)
concrete test
W/B(%) - 48
S/a(%) + 1:2.1~2.2(depend on paste volume)
binder(kg/m’) | - 340
Watcr(kg/mB) - 165

binder proportion | - 8.5(0OPC):1.5(FA)

- EA'(2 %/s)

variation - SRA™(2 %/s)
- BSS™(1, 2, 3, 4, and 5 %/s)
- slump - air content
- compressive strength
measurement

(1, 3, 7, and 28 days)
- drying shrinkage(1, 2, 3,

56 days)
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Table 2. Mixing design for mortar test

it W/B unit weight (kg/m’) SRA | AD
"M 1 oe) [ W] B | C [ BS[FA[EA] CS | BSS |(%/n)|(%/s)
Plain 424[121] 61 - [1305] - | -
EA2 201 415[119] 59 12[1296 | -
EA4 407[ 116 | 58] 241284 - | -
EA6 398[ 114 57]36]1272] - | -
SRAI 285 1
SRA2 279 1305 - | 2
SRA3 [48.0[273]606 3 |07
BSS1 1173[ 138 [ -
BSS2 424|121 | 61| - [1044] 276 | -
BSS3 913 | 413
BSS4 21 783 | 552 | -
BSS5 652 [ 689 | -
BSS10 - l1378] -
Table 3. Mixing design for concrete test
it W/B| S/a unit weight (kg/m’) SRA
MM o) | %) [W [ B | C [FA[EA]CS[BSS] G |(%/s)
Plain 165 28951 | - [859] - [923] -
EA2 28350 [ 7 |861] - [926 | -
SRA2 158 859| - 2
BSSUL 4g 4 |48.0 340 73] 91 '
BSS2 sso| 51| . 1687 18L] oo | -
BSS3 165 601 272 -
BSS4 515 362 -
BSS5 429 454 .
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Table 4. Physical properties of aggregate

item density | fineness | absorptance | passing 0.08

(g/cms) modulus (%) mm(%)

crushed | 65 | 3.14 1.42 353
fine sand
" -

aggregate | cooling | gq | 317 0.14 0.15
slag

coarse aggregate 2.63 6.55 0.58 0.40

3513

Table 5. Properties of expansive admixture

density | blain
(g/em®) | (em¥g) | Si0: | ALO; | CaO SO; | F-CaO
290 [ 2,000 | 1~5 [ 8~15 | 50~55 | 27~31 16

chemical composition(%)

Table 6. Properties of expansive admixture

component color form density(g/cm’)

alcohol none liquid 0.90+0.05
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Fig. 1. Flow test result of mortar
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Fig. 2. Air content test result of mortar
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Fig. 3. Compressive strength of mortar
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. 4. Drying shrinkage of EA and BSS
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Fig. 5. Drying shrinkage of SRA and BSS
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Table 7. The results of fresh concrete

amount of AD . amount of AE for
factor slump for target ar target air
(mm) slump(%/s) content(%) content(%/s)
Plain 180 1.0 4.6 0.015
EA 2 165 1.0 4.1 0.015
SRA 2 200 1.0 5.2 0.010
BSS 1 190 1.0 4.8 0.010
BSS 2 185 0.95 44 0.009
BSS 3 180 0.90 4.8 0.009
BSS 4 190 0.90 4.2 0.008
BSS 5 185 0.85 4.6 0.008
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