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Study on ECC Tensile Behavior due to Constrained Drying Shrinkage
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Drying shrinkage in the hardened cement is known to change in volume by decreasing the moisture content in the
hardened body, and it is known that the higher the W / C and the higher the content of the paste, the larger the drying
shrinkage. In the case of ECC, more drying shrinkage occurs compared to concrete, since it does not contain coarse aggregate.
Since ECC is an important material for tensile performance, the effect of restrained tensile stress on mechanical tensile
behavior should be considered. The purpose of this study is to analyze the effect of stress caused by restraint on the
tensile behavior of ECC. The mechanical properties of the specimens were tested by uniaxial tension tests with different
restraints. As a result, the difference of tensile behavior according to restraint stress was observed and the cause was analyzed.

JIRE : ECC, dAx=F, 75, UFNS
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ECC(Engineered Cementitious Composite)=

220 HE 7t5d0] =2 M=z2 7t 21 UM (Kim 2007),

2 ALy} 2P| TIE| 0 QICHKIm and Li 2003; Krouma and
Syed 2016), ECCx= &2 QIZHIE(Z 4%)2 8¢ = U1,
Clol DM@BE] R4S Sofl FBE Mo % FES BAAZ
4 QICEm Y2 QICHYu 2017), P43 B X RERME
2 Qs | A MBIV |E SIRCHKIm et al, 2006).
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ECC= E=HE ANHIE, TEM 22 Z=Z st Z=F
201 2% 0|&9] MR E =Ustd X=tetH, M=ol HiER2 013
TERA7IO| HSXOI M

THISHCHKIm and Li 2003; Li 2011),
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Ol Z49 QUMZO| ECC RHZ0f QIA2240| LS, T40IA (Metha 2014). HX|EF F2|m= ME HE0| 3120| 27561
23 29| AaHH QRS FEFe & JHs40| Tt 22 =Z0f(Mindess 2003) T4E(X| 222 AlHT SY5HA| 2l =X
Lt, Ot Ofofl thatod el izt QiCt metM & SoiMe = Heth
&5 Mefo M LM ECCO| oo ZT0IE AMsg 4lst
&0 29| [}2 QI 2 "JHM§ S|
o, &0 R20| ME Q1Y HE2| A0S EMI A} StACt I Restrained specimens
oga; /\F_“ Creep
2. ECCe| 13 Elastic recovery
recovery v
N S E
Ax o \
2.1 NHEQ| Ax4S 7 —+—
ABIE ZEHO AE2 AYPE, UZSE, IWIAE, $514 B
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220| QUCt =7|0f= 0|2t 225 £80| MR O|X|E\|_h INL] Fig. 1. Tensile creep curve with drying shrinkage
EO| 312t IRZ29| ARARIE LMSHH SFLRS 20|
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Table 1. Properties of PVA fiber
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Material

Density
(g/em’)

Diameter
(mm)

Tensile

strength
(MPa)

Length

(mm)

Elastic
modulus
(GPa)

PVA fiber 1.3

0.04

12.1 1,597

37

of
—_

ox
2 1o
f

nrox
— or
3

5 S20|0iAIE ZETHZ AL

o 2t

Table 2. Properties of binding materials

SIFICH, Table 2

ACt LS H|AS MEZ A #4~75 FAE
Fon, HZFEXH(Lightweight Aggregate, LA)
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Specifi-
cation

Density
(glem’)

Specific

Flow Loss

SiO,

surface | value | ignition | Basicity | content

(cm’/g)

(%) (%)

(%)

Slag

2.90

4,260 102 0.85 1.81 -

Fly ash

222

1420 98 3.6 -

60.24

Table 3. Mixture proportions of ECC

Specifi-

Binder(kg/m’)

Non-binder
(kg/m’)

Water

cation

Cement | Slag

FA | Sand

Pt
LA | SP (eg/r)

Fiber

WB |

Al

412 | 220

412 | 275

14 11.92| 343

31.6 | 2.07
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(a) Gauge insertion (b) Curing and restrain removal

Fig. 2. Specimen fabrication and curing
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A2 S0 271 3Y2E ARSI, 0=, B+ dedl= &
&S o0 Y | =gl V1A ds HAEIACt,
T4 A= Fig. 2(0)2F 20] SE0f AIES AXISH HEHOIM
7| el TIRGIIC 220l Az ARl 39 =20 2ot
o +=HH0| 742 2OF 20| Hall 451 R IFS
20| MoHA| EICt ofH, 4olHe| H et AX4EE REolY|
FIot0 SHEE MIASILE 749 RFeE HHZ7|ZHof w2t Al
He FEoten, A[H YN =42 Table 40( 7|&= of
ACt

Table 4. Number of fabricated specimens and testing method

Air dry
curing time
Condition Test methods
14 | 28
days | days
Drying Restrained 2 3

Monitor the length change
using the embedded strain gauge

shrinkage
test Non-restrained | 2 3

Tension Restrained 3 3

test Non-restrained | 3 2

Uniaxial tensile test

IRz EINIStE =2 2010 128 369
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(b) Setup for tensile test

(a) Specimen geometry

Fig. 3. Specimen geometry and set-up for uniaxial tensile test
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Fig. 4. Measured shrinkage with respect to curing time

HITEAEO Mg Z2atol| w2 289 9] Y7 [2hsSet 17|
50 HE4=0] ott] of 1700ue 2| HEd +50] oA
Cf, =2 27(0f Bo| LUoIA2H, 102 o|=0f 225t +2
ote dgs UEUICE F&& AHEHoME 229 A4
HIT4 AJHOf HlStH +=0] Hasctks dets LERHIC

ofH SC0f 9fah 2der 749 3712 FEE2 HOsIAUC,
TEE AHO HASER F4L0f met 2 Jo 2 f4E
BR0le AHe| Raj#att Mo] OLEX] oAl =i, 20 i+
£ R0 AR dEaeSAHL S HYES 204 &
C}. Fig. 501 HITHEAIHE FEAHONM SYE HYES M=ot

8‘7'esu (1)

snom'eslu, t

degreeofrestraint = 1—

71M Erestt 2f Enonrest ! = 202F FEA|EDE H|PESA | T
tof 2] HAEO0(CE Fig. 501 MEM &= AlZiof w2t &
X} SOIEE BAS woOIC) TR 14, 2820] TN HEE

© 242t HTAAIEO| OF 53%, 62%0] SISt HOR LIERHTE



100
90
80
70
60
50
40
30
20
10

Degree of restraint (%)

00 07 14 21 28
Time (days)

Fig. 5. Measured degree of restraint with respect to the time
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Table 5. Uniaxial tensile test result
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Fig. 6. Shrinkage variation due to demolding(restraint removal)
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Specification Maximum tensile strength(MPa) Initial crack stress(MPa)
Specimens age | Specimen No. Restrained Non-restrained Restrained Non-restrained
1 3.09 2.52 2.40 1.75
2 3.38 2.61 2.50 1.48
14 days
3 242 2.09 223 1.61
Average 2.96 2.41 238 1.61
1 3.70 2.81 242 2.09
2 3.21 225 232 1.78
28 days
3 3.70 - 2.67 -
Average 3.54 2.53 247 1.94

StEAMRSI S| =27 20194 128 371
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(a) 14 days curing specimens

Fig. 7. Uniaxial tensile test result
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Table 6. Material characteristics and elastic stress determine by tensile test

(MPa)
@)

(1) x(6)]

0.98

Elastic strain recovery(um) | Removed restrained stress

Non-restrained
(6)

67

Strength(MPa)

Difference
(©)]
[(2-3)]

0.55
1.01

Restrained
3

241
2.53

Non-restrained
(@)

2.96

3.54

Elastic modulus(MPa)

Average
M

13707
15419

Curing times

14 days
28 days
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