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Tension-Stiffening and Cracking Behavior of 100 MPa
Shrinkage-Compensated Ultra High-Strength Strain-Hardening Cement
Composite (UHS-SHCC) Ties

Y oung-Jae Songl) and Hyun-Do Yun"”*
YDept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT This paper investigates the cracking and tension-stiffening behavior of 100 MPa shrinkage-compensated
strain-hardening cement composite (SHCC) and conventional concrete tie elements in monotonic and cyclic tension. Strain and
surface crack formation of tension ties were monitored with two strain displacement transducers and a photo microscope with a lens
of magnification 50 times. Three different cement composites such as conventional concrete, shrinkage-compensated SHCC, and
normal SHCC were used in the tie specimens to investigate the influence of the cement composite type on the tension stiffening and
cracking behavior. Test results indicated that initial shrinkage of the ultra high-strength cement composites is greatly reduced as the
10% replacement of cement by the shrinkage-compensating admixture based on calcium sulfo-aluminate (CSA). The test results on
the SHCC tension ties showed that the first cracking load decreases proportionally to the initial shrinkage strain. Reinforced ultra
high-strength SHCC ties with the initial shrinkage compensation exhibited improved tension stiffening and smaller crack spacings,
i.e. the reduction in crack width. Cyclic loading did not have a significant effect on tension stiffening and cracking behavior of

tension ties with normal concrete and SHCC materials.
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100 MPaw 7% SHCC ¥ ZFEE Ax37] ¢35
of it 15 REESHEAMES ARSIl er SHCCE]
BAERE Ak PE 2 At 33 73] f(steel fiber,
SH)E 71} 0.75%% F 1.5%% st ARgsisint w3t
CSAA| B3 2] 739 ¥]F 2.9 kg/m’, L= 3350 cm’, PE
A9 7S ¥F 0.97 kg/m’, Z4o] 12 mm, SFAIFE] 79
H]% 7.86 kg/m’, Zo] 32mm<l A& 747} AR&EkiTh

Table 1 Proportions of cement composites

SHCC?] & 9 AFAP
o AAESoH, SHCCS F31¥
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2.2 SHCCY Ysix BM

Table 2= 71 /\] HE %@—Zﬂ/] olz 7Jx4 017& %1 }\]84
A¥E vlwste] veRd Zolth Table 29 Al A
30 AIEAS Fatgks WERdTE SHCCS] 3574
BgA Ao whel 2 Aol molA Pgko
o] 4FAE 9A] SHCCS & Afo]E Holx| gttt &
A QoA B FAS EIe I EVF SHCC

of vlste] 22% Al YEFSE O U SHCCOA 5 H 4o
Fol mE g Al ek Hol# gkt

Fig. 1> FFREgo] o] & SHCC H %3 (Dumbbell-

Fig. 1 Tensile response and crack pattern of SHCC

Fiber
volume Unit weight (kg/m’
Cemeqt W/B EXA o A Water ght (kg/m”)
composite replacement | fraction (%) 3
type O | evel (%) (kg/m’) Silica | Silica | PE®
SF | PE Cement | EXA" SF? | G¥ | s® |AE?| A
fume | sand | (S)
Con100 18 0 160 888 - 088 - - - 835 546 22 -
PESF100-0 | 20 0 0.75 | 0.75 319 1409 - 245 | 163 7 58 - - 33
PESF100-10| 20 10 319 1268 140 | 247 | 165 7 58 - - 33 7

* PESF100-10: PESF (fiber type), 100 (design strength), 10 (EXA replacement level)
) Expansion additive, @ Polyethylene, ® Steel fiber, “ Gravel, © Fine aggregate,  Air-entraining agent, @ Antifoaming agent

Table 2 Results of compressive, direct tensile and flexural tests

Items Compression Direct tension Flexure
Strength Elastic modulus Strength Strain Strength Deflection
Composite type (MPa) (GPa) (MPa) (%) (MPa) (mm)
Conl100 9 = 7.6 37 £ 25 - - - -
PESF100-0 94 + 10.0 29 +£ 1.2 6.8 £ 0.2 0.6 £ 02 16.8 £ 0.2 1.3 +£08
PESF100-10 92 £ 53 29 + 2.1 6.7 £ 0.5 0.6 £ 0.3 178 £ 14 1.2 £03
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Fig. 2(a) ¥ (b)= KS F 24240 F3lo] &-& 52
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(a) Free shrinkage during 48 hours

(b) Free shrinkage during 90 days

Fig. 2 Free shrinkage strain of cement composites
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Fig. 3 Dimension and configuration of tension ties (unit: mm)
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Fig. 4 Testing set-up for tension ties
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(a) Tensile response under monotonic loading
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WA Sk MYol SUbEw AEE KAtk id Fig. 5 Tensile stress-strain curves of tension ties
Table 3 Test result of free shrinkage (unit: z)
T Maximum Maximum Final Maximum expansion after | Shrinkage after maximum
ype expansion (B) shrinkage (A) shrinkage (C) shrinking (B-A) expansion (C-B)
Conl100 -431 -452 -891 21 -460
PESF100-0 -285 -414 -1000 129 -715
PESF100-10 91 -327 -574 236 -483
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(a) Conl00 M

(c) PESF100-10 M

(e) PESF100-0 C

Fig. 7 Local strain in the reinforcement of tension ties
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Fig. 10 Crack distribution comparison of ties under cyclic
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