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ABSTRACT This research investigates the effects of shrinkage reducing agent (SRA) on the mechanical behavior of strain-
hardening cement composite (SHCC). SHCC material with specified compressive strength of 50 MPa was mixed and tested in this
study. All SHCC mixes reinforced with volume fraction of 2.2% polyvinyl alcohol (PVA) fiber and test variables are type and dosage
of shrinkage reducing agents. The shrinkage reducing materials used in this study are phase change material as the thermal stress
reducing materials that have the ability to absorb or release the heat. The effect of SRA was examined based on the change in length
caused by shrinkage and hardened mechanical properties, specially compressive, tensile and flexural behaviors, of SHCC material. It
was noted that SRA reduces change in length caused by shrinkage at early age. SRA can also improve the tensile and flexural

strengths and toughness of SHCC material used in this study.
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Fig. 1 Seismic retrofit example of RC school building
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Fig. 2 Tensile properties of cement composites

o] Al o WMEAE AlHE E5A(strain- hardemng
cement composite, SHCC)2] %32 FTwlof &3t 01?—»~ 2]
ettt A4 TS5 REEE st MY s
Q0] $45 SHCCE AFEEhL, WAAT W)

[©)
5 AlEete] 71E=Eel H] atof 724 kA
ELY SR A
[} =

rd & o
r

w A
219 uvﬂiwﬂw o 17351
)

A e BEA WA TR Ee
Agatel, Bl w Qg FEG FHo] WA
OO HEd 55 BAY SHCC 2§ AR TA
UA 2 A EA)

TEALAE A

[m
(o3
e
N
ok
4 O

NN
ne,
2
-
o

o Hu
>
oo
I
rl
4 4

A
2
oy
2
rlr
o
1o

v
A
o
L)

1‘>
m
E
B V)
ofN

C O o

7= 2]

2 3 o O 4,
(N
% o= -
% B
L X
o
(

Table 1 Properties of powder type SRA

Latent heat Latent heat Specific Re.fractlve Solubility
©C) capacity gravity index (/100g)
(cal/g) (vD)
88 82.0 1.9 1.449 1.74
At liquid
state
’ENERGY
L

Latent heat...

L0 /
ENERGY
At solid

state

Fig. 3 Shrinkage reducing mechanism of powder type SRA

Table 2 Properties of liquid type SRA

Chemical composition of
Fluosilicate Salt Based SRA A
- ppea-
H S.G
Fluosili Soluble Nitrate P rance
cate Sio Polymer com
salt 2 p-
<65%| <15% | =15% | =3% |2.0-3.0(1.1-12| i8Nt
brown

Reducing MSiE
Heat of hydration/
Shrinkage

1r ||
Endothermic Reaction SiEZ 4 2H,0 =
2 Si©, + 4H+ + 6F
Insoluble ME, | = M2 + 2
metal fluorides ME | &= M+ E-
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Table 3 Mix proportion of SHCC materials
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Fig. 5 Test method on length change of SHCC materials

Unit weight (kg/m’) Powder | Liquid
. W/B Vi type type
Mixture .
(%) (%) | Water | Cement | F ly Ash Calcium Filler PO\fvder PVA SRA SRA
carbonate admixture | fiber (g) (g)
SHCC-N 39.2 2.2 347 498 387 603 15.1 4.98 29 - -
SHCC-HR-17 | 39.2 2.2 347 498 387 603 15.1 4.98 29 3.77 -
SHCC-HR-34 | 39.2 2.2 347 498 387 603 15.1 4.98 29 7.54 -
SHCC-SWP-25| 39.2 2.2 347 498 387 603 15.1 4.98 29 - 5.9
SHCC-SWP-50| 39.2 2.2 347 498 387 603 15.1 4.98 29 - 11.8

Table 4 Mechanical properties of PVA fiber

Fiber Unit weight Length Diameter Aspect ratio Tensile strength Elastic modulus
(kg/m’) (mm) (um) P (MPa) (GPa)
PVA 1,300 12 39 307 1,600 40

FEMEHC
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Fig. 7 Additional toughness indexes

Table 5 Test result of change in length caused by shrinkage

. Percent of change in length (mm/%)
Curing day
4day 7day 14day
SHCC-C 7.46/1.19 | 13.35/2.14 | 15.23/2.44
SHCC-SWP-50 | 4.17/0.67 | 11.49/1.84 | 13.45/2.15
SHCC-HR-34 3.70/0.59 | 12.57/2.01 | 14.28/2.28
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Fig. 8 Test result of length change specimens
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Table 6 The results of compressive tests

Mixture Flow |Air content | Compressive strength (MPa) |Strain at the peak| Elastic modulus Poisspn’s
(mm) (%) 3 7 28 load (u)] (kPa) ratio
SHCC-N 220 7.5 29.2 40.5 52.0 2688 23.16 0.26
SHCC-HR-17 170 7.5 28.9 42.6 52.4 3041 22.00 0.24
SHCC-HR-34 179 7.9 29.4 39.7 53.7 3231 21.11 0.23
SHCC-SWP-25 170 7.5 29.9 43.6 52.0 3035 20.94 0.24
SHCC-SWP-50 180 8 29.9 40.6 49.9 3110 21.78 0.25
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Fig. 11 Tensile responses of SHCC
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