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ABSTRACT Hybrid SHCC is being researched actively for its excellent performance in controlling macro and micro cracks
using macro and micro fibers, respectively. However, a significant autogenous shrinkage of SHCC is expected since it possesses
high unit cement volume in its mix proportion, resulting in autogenous shrinkage cracks. Therefore, this study was performed to
evaluate mechanical property of shrinkage-reducing type hybrid SHCC mixed together with steel fiber and PE fiber with excellent
micro/macro crack controlling performance. In order to evaluate mechanical property of shrinkage-reducing type hybrid SHCC,
replacement ratios of 0% and 10% of expansive admixture and water to binder ratios of 0.45, 0.3, and 0.2 were considered as vari-
ables. Then, shrinkage, compressive, flexural, and direct tensile tests were performed. The test results showed that mix proportion
with W/B 0.3 significantly improved mechanical performance by using 10% replacement of expansive admixture.
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Fig. 1 Shapes of fibers
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2. A8 A=l 2l g Table 1 Mechanical properties of fibers
] ] ) ] . Spec1‘ﬁc Length | Diameter Asp.ect Tensile | Elastic
SF9} PEA-SE 3 AR SHCCO HAA] %39 Fiber | gravity ratio |strength [modulus
_ 3 (15 mm) (d7 "’lm)
wE oy EAS Hrlstaual WAA H50 D 10%) (kg/m”) (/d) | (MPa) | (GPa)
2} W/B(45%, 30% 2 20%)E WFRE 3t ¢35, 4= PE 0.97 12 12 1,000 | 2,500 &
AHod 2 3 AT ﬁ]gg}%‘f\q(ﬁg' 1. PR = = SF 7.85 32 405 79 2,300 206
W2 CSA(calcium sulfoaluminate)d] K&-S AFE-3}th
- Table 2 Mechanical properties of EXA
SHCCOIH BAA] thAl &l e ojsba 542 w/Bs pro ,
LA AAVE S AR FeE WB 30%°] PEA Mechanical properties Chemrltc'al
_ _ _ roperties
% 87 SHOCS] BAA A8 e sty 544 T T A7 Ra St
FHG AYAFON A AMES] 10%S CSAA BRI = SPe- | pipe. [ Setting time |Fxpansion (%) Oxide | lgni-
dAslel ABWE A HF AoA B4L mole O | ness | M) Fina prmee) oon
o g olel = o] A5l olAd i gravity (cm/g) set |set (h)|7 daysP8 daysgnesium| loss
Ao 2 HAFQTE o] ZA3I o] AFAFANME B (kg/m’) (min) %) | (%)
= 3 0, 3 3
S WBH distel A tAES 10%2 ARSI T53G5350 | 184 | 55 | 0072] 0.010] 143 | 21
Table 3 Mix proportions of SHCC materials
EXA | Fiber volume | Water . . 3
. Unit weight (kg/m
SHCC’s | W/B | replace- | fraction (%) |(ke/m’) ght (ke/m)
mixture % ment ili ili
) o| PE | SF CemengEXA®| St | S| pre | qpo | yam | gpo | AR | A
level (%) fume | sand
PESF45-0 45 0 484 | 1075 0 430 7 58 0.52 0 0
PESF45-10 45 10 489 | 967 107 430 7 58 0.52 0 0
PESF30-0 30 0 075 | 075 384 | 1281 0 511 7 58 0.52 16 0 0
PESF30-10 | 30 10 ‘ ' 384 | 1149 | 128 511 7 58 | 052 | 16 0 0
PESF20-0 20 0 319 | 1409 0 245 163 7 58 0 0 33 7
PESF20-10 | 20 10 319 | 1268 | 140 | 247 | 165 7 58 0 0 33 7

*PESF45-10 : PESF(fiber type), 45(W/B), 10(EXA replacement level)
Expansion additive, “Polyethylene, @Steel fiber, “Viscosity agent, ©Superplasticizer, ®Air-entraining agent, ” Antifoaming agent
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Fig. 2 Comparison of shrinkage strain according to age
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Fig. 3 Quantity of maximum expansion and final shrinkage

Table 4 Summaries of shrinkage test results

. . Ratio of final
e ape | Mo o oo
P # ge decrease (%)
PESF45-0 0 -1343
22.78
PESF45-10 471 -1037
PESF30-0 0 -1029
53.94
PESF30-10 188 -474
PESF20-0 0 -998
42.38
PESF20-10 0 -575
 BAA7F SHCC MEZ A Y5 2748 F3vkgo
Z 23 o EHA}Ie] E(ettringite)’t A o] BAHHOZ,
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Fig. 4 Compressive stress-strain curve of PESF30
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Fig. 5 Compressive strength and elastic modulus of SHCC
materials

Table 5 Results of compressive tests
Stress (MPa) Elastic modulus (GPa)

SHCC - .
Type  |No.l|No.2|No3 | [No.1|No2 |No3 |V
age age

PESF45-0 | 42 | 37 | 43 | 42 | 15 | 19 | 14 | 17
PESF45-10| 47 | 44 | 42 | 44 | 15 | 15| 18 | 16
PESF30-0 | 51 | 51 | 52 | 51 | 22 | 24 | 25 | 24
PESF30-10| 50 | 52 | 52 | 51 | 26 | 29 | 28 | 28
PESF20-0 | 95 | 84 | 104 | 94 | 29 | 29 | 27 | 29
PESF20-10| 88 | 98 | 90 | 92 | 31 | 28 | 27 | 29

Fig. 6 Relationship of elastic modulus and compressive

strength
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Table 6 Results of tensile tests

Strain corresponding
to maximum tensile
stress (%)

Maximum tensile
SHCC stress (MPa)

type A A
No.1|No2 [No3 | ™Y | No.1 [No2 | No3 [V
age age

PESF45-0 | 4.03 | 3.49 | 5.11 |4.21 | 1.31]0.26 | 0.65 | 0.74

PESF45-10| 5.07 | 5.51 | 5.30 | 5.29{ 0.35] 0.32 | 0.45 | 0.37
PESF30-0 | 6.04 | 6.56 | 6.69 | 6.43 | 0.55| 1.33 | 1.56 | 1.15
PESF30-10| 4.97 | 6.24 | 6.50 | 5.91 | 2.13 {2.02.| 2.13 | 2.09
PESF20-0 | 6.69 | 7.30 | 6.82 | 6.94 | 0.36 | 0.02 | 0.01 | 0.13
PESF20-10| 7.32 | 6.79 | 5.60 | 6.57 | 0.03 | 0.21 | 0.02 | 0.09

Fig. 8 Number of cracks on tensile specimens

Fig. 9 Average crack width according to strain
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Fig. 10 Typical patterns of tensile specimens

= AL Hole Zlo= dAddn

Fig. 10> 7} AAAIEA o] AP A2 2T Y
yehd Zlo|th. W/B7} &2 PESF45 @ PESF30 A& A
oM HmA Fd 7t B A4S BIon AgA A
TZRll AA wEEAre] ¥Mwd NE2A BEXE FIFS
HAth PESF20 wlgtellA AAEf 2=k Ao +¢¥
HAFsEo] A W AFgS Hols ZOE Al HL

348 5M

Fig. 1194 7F=A41& SHCC Z+ i gdol thek 3709 3
Al@Ae gk B-5E-AIFAAE vERd AolH, F&
Ae ol 3709 AE A FHzkS vEhd Aol
ot 3 AlE AFE Table 791 2.9Fste] JERRATH

WAANE ATl wet o] AFedA AEE ZE uf
FollM =7 S7hebe S B3t PESF45 vl g
o AlF@AF PESF20 vi§He] A @A WAAE #He
of wat Mg WatFS wnsioy A E= of
35%%} 6%7F 212t Z71skS T PESF30 visHe] AldAl=
WAAANE Al et oF 28%2] FETt SRS
H XA oF 91%7F F7lste, o] AlgelA "
SHCC w3t & A X3t M2 FA5 /Aol
Vg 58 A 1A ol A &g uiet 2
o] o] AFor= BE wigel thated W/B7F 30%A ™
AATYe) A4 A PAFoE BRuE 10%E W)
A5t 7] wiitel FU3d W/BQ! PESF30 v gol A =%
Al 2 gl wE o] thE el Blal =2 A
< Hole 7FeAS WA & itk Avd



Fig. 11 Flexural stress-deflection curve of prisms

Table 7 Results of flexural tests

Maximum flexural

Deflection correspond-
ing to maximum flexural

SHCC strength (MPa) strength (mm)
type Aver- Aver-
No.1|No.2|No.3 age No.1|{No.2|No.3 age
PESF45-0 | 6.8 [109| 8.1 | 86 | 09 | 1.6 | 1.1 | 1.2
PESF45-10| 13.1 [ 12.7] 9.0 | 11.6 | 1.0 | 1.3 | 1.1 | 1.1
PESF30-0 | 19.0 [ 16.3 173 |17.5] 0.7 | 04 | 1.1 | 0.7
PESF30-10|23.2 {20.7 |23.6|225| 1.7 | 1.3 | 1.1 | 1.3
PESF20-0 | 16.6 | 169|169 |16.8| 1.1 | 0.6 | 2.1 | 1.3
PESF20-10| 16.5 | 17.6 192|178 1.5 | 1.1 | 09 | 1.2

2

Fig. 12 Performance assessment of hybrid SHCC using
expansion additive
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