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ABSTRACT

This study is intended to analyze the effectiveness of expansive additive, shrinkage reducing agent and
combination of the two to reduce the autogenous and drying shrinkage of high performance concrete using mineral
admixture such as fly ash, blast furnace slag powder and silica fume. According to results, when expansive additive
and shrinkage reducing agent are mixed within an appropriate mixing ratio, fluidity and air content are not
influenced, and the enhancement of compressive strength is favorable at the age of 91 and 180days. At the mixing
ratio of expansive additive of 5% and 10 %, the autogenous and drying shrinkage is reduced by 32~68 % and 25~
49 % respectively in comparison with plain concrete. And they are reduced by 18~34% and 16~26% respectively
at the mixing ratio of shrinkage reducing agent of 0.5% and 1.0 %, compared with plain concrete. The mixture of
EA-SR combined with expansive additive and shrinkage reducing agent is most effective for reduction of shrinkage.
Therefore, it is considered that the using method in combination with expansive additive and shrinkage reducing
agent is effective to reduce the shrinkage of high performance concrete using mineral admixture such as fly ash,

blast slag powder and silica fume.
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Table 1 Design of experimental factors
22 AMEMZE
Factors Levels
W/B (%) 1 30
B A7 AlgAERA WA AMEE ZUA BE ¥
Slump flow 1 6010
(cm) : RUEAMES Agsistn BA2A dEde 7& 2,
Air ((i;r)ltent 1 45+15 ZH\_ 25 mm Zl: % ZH'E“ A}%d]'giq' L& 8\}, :é:
0
Zale a s B ol o A} Al
Mineral - P(Plain) - FA(15, 30) ﬂzﬁibﬂ ‘j’]f lelsl = amEda wEEe i, A
admixture | 9 | - BS(30, 50) - SF(7.5, 15) g7} 2 =2dolake AREENT, BAAE LEAL
(%) - FA-SF(10-5, 20-10) Dl 2o il e e
Mixing | Expansive CSAA, F=A7A= Y4t 282 7:]] ARG,
factors ladditive and| | - EA(5, 10) 7+ Az o A AL T !
, < Table 33 Ztt
shrinkage | 6 | - SR(05, 1.0) A ARe] Felh A 20,
reducing - EA-SR(2.5-0.25, 5-0.5)
agent(%) AlS{HHH
- EA-FA(5-15) 23 =8SY
- EA-BS(5-30)
Combination - EA-SF(5-75) N a o
- SRBS(05-30 4 @ uNE AgAg EAe 2agEe guE
- SR-SF(05-75 o :
Slump, slump flow, AlEE KS F 2402, 371% 9 99838532 KS F
Frosh || ggregtie U e g 2L % KS T 240090 4] op7] Asision), S
concrete test, air content, unit 2 Aniy AP Age UY FAAE 4 F522A
Exoer ot _ APV 97 AR, Ash EslED YaavE
Xperiments - Compressive strength - oF 8
(7, 28, 91, 180cays) KS F 24030 wel sAAE Az FAS o ﬁlﬂ%
Hardened * Drying shrinkage ol X =3 A A=
concrete 4 (1,2, 3 T, 180days) AR KS F 24059 780l E]-E} At A
. A(L(;togenousgshrinkage ) %— }\]63]% KSF 24240]] 9,] ﬂ Z[: (}: g _br‘_ 7]%0&@
5, 1, 2, 3............ d N - -
= S Aow sl w3 Al5e ARe G 2
Table 2 Mixture of concrete
Water Super AE Unit weight (kg/m®)
W/B S/a | FA | BS | SF | EA | SR o
content plasticizer agent
©6) | fog/m) | 0 | 00| 00| 8| C6) | G0 | Plgie™ | (e | ¢ [ s | ¢ |Fa|Bs|sF|ra]sr
0 0 0 0 0 1.90 0.042 583 715 847 0 0 0 0 0
15 0 0 0 0 1.80 0.055 496 701 831 87 0 0 0 0
30 1.70 0.065 408 687 814 | 175 | 0 0 0 0
0 30 0 0 0 1.75 0.040 408 709 841 0O |11 0 0 0
50 1.30 0.045 292 705 836 0 [292| 0 0 0
0 0 75 0 0 2.20 0.028 540 707 839 0 0 44 0 0
15 2.50 0.045 496 700 830 0 0 88 0 0
10 0 5 0 0 1.90 0.038 496 700 831 58 0 29 0 0
20 10 2.10 0.042 408 686 814 | 117 | 0O 58 0 0
5 1.90 0.042 554 714 846 29
30 175 45 | 01010 )5 0 190 0042 | 525 | 713 | 85 | O | O | O | 58] 0
0.5 2.10 0.028 580 715 847 3
010101011y 220 0025 | 578 | 715 | 847 | 0} O | O 10 1§
0 0 0 251025 1.90 0.025 567 714 847 0 0 0 15 2
5 | 050 1.90 0.020 551 714 846 29 3
15 0 0 1.90 0.045 467 700 830 87 0 0
0 30 0 5 0 1.60 0.050 379 708 840 0 175 0 29 0
0 0 75 2.20 0.035 162 706 838 0 0 44
15 0 0 1.90 0.030 493 701 831 87 0 0
0. 30 0 0 05 1.65 0.025 405 709 841 0 175 0 0 3
0 0 7.5 2.20 0.020 537 707 839 0 0 44
786 HE32|E8fs] =2 MI5H 62(2003)
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Polyester film
Gauge plug Concrete

Steel mold

Dial gauge Teflon sheet

Fig. 1 Test device of autogenous shrinkage
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Fig. 2 Test of autogenous shrinkage

Table 3 Physical properties of material

Material Sign Principal properties
Type : ordinary portland
Cement C cement

Specific gravity : 3.15
Blaine : 3,413cr/g

Kind : river sand
Specific gravity @ 2.56
Fineness modulus @ 2.62
25mm crashed aggregate
Specific gravity @ 2.63
Fineness modulus @ 6.67

Fine aggregate S

Coarse aggregate | G

Super plasticizer | SP Type : melamine

AE agent AE | Type : negative ion
) Product : fined powder
Fly ash FA produced in Bo Ryeong

Specific gravity : 2.22
Blaine : 3.850cr/g
Blast furnace BS Specific gravity : 291
slag powder Blaine : 4,463crt/g
Specific gravity : 2.10
Blaine : 240,000cm%/g
Specific gravity @ 2.90
Blaine : 2,200cr/g

Silica fume SF

Expansive additive| EA

Shrinkage

reducing agent SR | Specific gravity : 3.16
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Table 4 Test results of fresh concrete with the kinds
and replacing ratio of mineral admixture

tems Slump| Air Unit | Filling | Segregation
Slum
( cm)p flow |[content| weight | height | resistance
Kinds (cm) (%) |(kg/m”)| (cm) (%)
P 260 | 625 45 2272 285 854

FAL15 | 263 | 645 40 2251 | 300 885
FA30 | 270 | 700 4.3 2242 | 3560 87.3

BS30 | 263 | 670 3.7 2285 | 267 89.5
BS50 | 27.0 | 695 44 2256 | 250 85.7
SF75 | 263 | 600 3.7 2284 | 315 82.3
SF15 | 253 | 515 3.2 2290 | 265 86.7

FA-SFI'| 257 | 605 54 2213 | 312 92.3
FA-SF2'| 256 | 585 3.5 2271 | 310 83.0

* FA-SF1 : 10-5 %, FA-SF2 : 20-10 %

Table 5 Test results of fresh concrete with the
expansive additive and shrinkage
reducing agent

Items Slump| Air Unit | Filling |Segregation

S(lcurgl)p flow |content| weight | height | resistance
Kinds (em) | (%) |(kg/mD)| (cm) (%)
P 260 | 625 45 2272 285 85.4

EAL5 | 263 | 655 46 2257 | 305 94.0
EA10 | 265 | 680 47 2251 | 327 92.0

SRO5 | 26.0 | 62.0 5.0 2304 | 280 90.0
SR10 | 254 | 605 X 2301 | 256 92.0

5.0
EA-SRI"| 27.0 | 68.0 45 2344 | 295 96.2
EA-SR2"| 260 | 655 42 2348 | 280 9.7

* EA-SR1 : 2.5-0.25%, EA-SR2 : 5-05%

Table 6 Test results of fresh concrete with the combination

tems Sium Slump| Air Unit |Filling|Segregation
Pl flow |content Weig height| resistance

KindX | €™ | cm) | (%) |kg/mO)| (em) | (%)

P 260 | 62.5

EA-F | 268 | 69.0
EA-B | 268 | 69.0

4.5 2272 | 285 85.4
3.
5.
EA-5 | 258 | 605 4.
4.
3.

7 2341 | 330 93.0
0 2305 | 325 95.0
6 2326 | 280 90.0
0
8

SR-F | 265 | 645 2340 | 335 38.4
SR-B | 270 | 675 2370 | 285 875
SR-S | 250 | 535 48 2326 | 26.0 85.9

* Replacing : EA(5%), SR(05%), F(15%), B(30%),
S(7.5%)
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Fig. 3 Compressive strength with replacing ratio of
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Fig. 6 Drying shrinkage with replacing ratio of
mineral admixture
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