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Abstract The expenses of maintenance and reinforcement for aged concrete structures are significantly on the
increase as their durability and general performance has been naturally degraded. Due to this reason, interests on
concrete crack reduction technology are growing but more researches are required to fulfill such fast growing
demands. Particularly in the underground power facilities, it is difficult to maintain the quality of aging concrete
spheres for underground power as their deterioration caused by long-term operation is on-going. In recent years, many
studies have been made to overcome the issues and now it is determined that the shrinkage reducing technology which
can dramatically reduce the crack at the design stage is one of the most effective solutions. In this study, the test
investigated fundamental propertiesof concrete using various shrinkage reducing materials to develop low shrinkage
mortar. According to results of experimental study, for mortar and concrete, glycol based material showed excellent
shrinkage property and compressive strength. For the later study to generic application of the shrinkage reducing
materials, performance reviews on the shrinkage reducing materials with variable factors and various materials such

as changes in the amount and type of materials should be followed.
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Fig. 1. Drying shrinkage mechanisms of concrete
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Table 1. Properties of material

Material Properties

. Density : 3.15

Ordinary portland cement Blaine : 3,265 cn/g, Ignition : 2.15
Density : 2.20
Fly ash Blaine : 3,850 cri/g, Ignition : 2.50
ISO standard sand SiO; : 98%
. River sand : 5.0 mm

Fin aggregate

EM" : 2,62 SG” : 2.65
River sand : 25.0 mm

FM : 6.55 SG : 2.63
Polycarboxylic acid based
pH : 45~5.0, SG : 1.04
1) FM : fineness modulus, 2) SG : specific gravity

Coarse aggregate

Admixture

Table 2. Proportion of shrinkage reducing materials

Series Composition Shape Color Ignition
Al Alcohol A 0.78
A2 |Alcohol B 0.82
A3 |Alcohol C Colorlessness| 0.79
Bl  |Shrink reducer of Country Liquid 0.88
Cl  |Glycol A 1.03
C2  |Glycol B Cream 0.86
DI |Animal fatty acid 0.92

Light brown

D2 |Vegetable fatty acid 0.98
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Fig. 2. Surface tension measuring device for liquid

Fig. 3. Shrinkage length change tester for mortar
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Table 3. Experimental plan of mortar using various
corresponding shrinkage reducing materials

(series 1)

Experimental factors

Experimental level

W/B(%) - 50
C:S - 1:2.45
Replacement Ratio of . o
admixture(%/B) FA(10%)
Flow(mm) - 200+25
- Alcohol A(Al) - Alcohol B(A2)
- Alcohol C(A3)
. - Shrink reducer of Country(B1)
T
S(;““_’k YPe | 8 1 Glyeol ACI) - Glycol B(C2)
re tuc.ln{g - Animal fatty acid(DI)
matenials - Vegetable fatty acid(D2)
Amount
2 |- Plai - 2
(%/B) 0 (Plain) 0
Fresh mortar - Flow

Hardened mortar

- Compressive strength
- Flexural strength
- Drying shrinkage length change

& YERHRITE At

g

Table 4. Mix Design of mortar using various corresponding shrinkage reducing materials
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of me magEe] f54d A

lain®} thP-Eo] Foll A H

(series 1)

Experimental factors W/B Unit weight(kg/m’) ADY SR
oS Division Composition (%) w SRY B c® | FA? s? (%/B) | (%/B)
Plain - 282 0 0
Al Alcohol A
A2 Alcohol B
A3 Alcohol C
1:2.45 Bl Shrink reducer of country 50.0 271 11 564 507.6 56.4 1,381 1.0 2.0
C1 Glycol A
Cc2 Glycol B
DI Animal fatty acid
D2 Vegetable fatty acid

3) W : water, 4) SR : shrink reducing materials(use replacement unit quantity of water ), 5) C : cement
7) S : ISO standard sand, 8) AD : polycarboxylic superplasticizer

4302

6) F/A : fly ash,
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Table 5. Relative comparison of the drying shrinkage
length change using various corresponding

Table 6. Experimental plan of concrete using various
corresponding shrinkage reducing materials

Shrinkage reducing materials (series IT)
14days S6days Experimental factors Experimental level
Type | shrinkage relative shrinkage relative W/B(%) 1] -494
(x10°°) ratio(%) (x10%) ratio(%) _ Sa) 1]-480
Plain -510 100 -912 100 Unit quantity of water | | o
kg/m’")
Al 455 89.2 -800 87.7 (kg/m)
A2 415 81.4 -753 82.6 Replacement Ratio of |} 1} g g0
A3 460 902 725 795 admixture(%/B)
BI 2500 98.0 775 85.0 Stump (nm) 1| - 180225
Cl 455 892 635 69.6 Air content(%) 1| - 4515
o 200 78'4 605 66'3 - Alcohol A(Al) - Alcohol B(A2)
- - Shrink Type 5 | - Alcohol C(A3)
g; -i;(S) :(3); -:?(5) ;2(2) reducing - Glycol A(C1) - Glycol B(C2)
. : - J materials Amount 2 | - oplai .20
(%/B) (Plain) X
N Fresh concrete 2 | - Slump - Air
> I=
43 =Xz &0l e 232 E Ed + Compressive strength
. . Hardened concrete 2 - Drying shrinkage length change
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Table 7. Mix Design of concrete using various corresponding shrinkage reducing materials (series IT)
Experimental factors W/B S/a Unit weight(kg/m’) AD AE SR
Series | Composition (%) (%) W B C FA SR FS” cs' G25 (%/B) (%/B) (%/B)
Plain - 306 0

Al Alcohol A
A2 Alcohol B
A3 Alcohlo C
Cl Glycol A

494 | 480 | 168 | 340 | 2999

C2 Glycol B

33.3 6.8 437 437 909 0.7 0.015 2.0

9) FS : Fin aggregate, 10) CS : Coarse aggregate
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2278 o] 7F5e How wakE ) Table 8. Relative comparison of the drying shrinkage
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shrinkage reducing materials
300

14days 56days

250 L shn'nkige rel‘ative shrinkige rel}ative
(x107) ratio(%) (x107) ratio(%)

00 Plain -579 100 -756 100

[ — — [ Al -447 77.2 -639 84.5

B A2 -386 66.7 -575 76.1

Esop A3 399 689 597 79.0

|5 Cl 349 60.3 516 683

@ 100 |- 2 -326 56.3 -500 66.1

50
)
0

Plain Al A2 A3 C1 Cc2
Experimental factors

—O— Plain —0—A1 —— A2

-200 -

Fig. 11. Slump of concrete using various corresponding

. . . -400
shrinkage reducing materials
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54 N
g °r — — T Fig. 14. Drying shrinkage length change of concrete using
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Fig. 12. Air of concrete using various corresponding
shrinkage reducing materials
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