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Cracking Behavior and Flexural Performance of RC Beam with Strain
Hardening Cement Composite and High-Strength Reinforcing Bar

Seok-Joon Jang,l) Su-Won Kang,l) and Hyun-Do Yun"”"
1)Dep‘[. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT This paper describes the effect of strain hardening cement composite (SHCC) material on structure performance of
reinforced concrete (RC) beams with high-strength reinforcing bar. Also, this paper explores the structure application of SHCC in

order to mitigation cracking damage and improve the ductility of flexural RC members. The prediction model for flexural strength of

doubly reinforced SHCC beams are investigated in this study. To achieve the these objectives, a total of 6 rectangular beam

specimens were tested under four point monotonic loading condition. The main parameters included the types of cement composite

and reinforcing bar. Test results indicated that reinforced beam specimens with SHCC material were improved the structure

performances and damage characteristics. Specifically, replacement of conventional high-strength concrete with SHCC materials has

the potential of high-strength steel bar as flexural reinforcement on RC members. It is remarkable that suggested method of

reinforced SHCC beams with high-strength reinforcing bar could be used usefully to the structure design.

Keywords : high-strength reinforcing bar, strain hardening cement composite, flexural performance, cracking behavior
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Flg. 2 Tensile behavior of steel bar
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Table 1 Properties of reinforcing steel bar

Yield Tensile Elastic
Specimen | Sample strength | strength | modulus
(MPa) (MPa) (GPa)
. 1 743.82 1231.78 235.45
High 2 693.74 | 124021 | 21453
strength
bar avg. 718.78 1236.00 224.99
(S.D) (#25.04) | (#4.22) | (£10.46.)
1 415.26 673.76 247.06
Normal 2 394.97 627.37 206.21
strength 3 402.00 626.18 235.71
bar avg. 404.08 | 64244 | 229.66
(S.D) (£8.41) | (£22.15) | (£17.21)




Table 2 Mixture proportions of

cement-based material

, Unit weight (kg/m’)
Sfer W/B |Fiber volume S Methvl
(MPa) (%) | fraction (%) | Water Cement Sand Aggregate uper ethy
plasticizer | cellulose
Concrete 70 70 30 - 150 550 738 933 33 -
SHCC 70 70 30 1.5 384 1218 513 - 13.0 0.52
SHCC 40 40 45 1.5 484 1075 430 - 9.6 0.50
Table 3 Properties of polyethylene (PE) fiber
: ' Specific gravity Length Diameter Aspect ratio Tensile strength | Elastic modulus
(kg/m3) (mm) (um) (L/d) (MPa) (GPa)
0.97 15 1,250 2,500 75
g0
Table 4 Direct tensile performance of SHCC
0 | -== CON70
- e ——SHCCT0 First-crack | Tensile Strain at
s 0 S —— SHCC40 Specimen |Sample| strength strength cak (%)
5 50 ; (MPa) (MPa) | P °
£ 20 1 1.57 5.22 1.96
2 30 2 1.07 4.14 1.86
E—m 3 1.17 4.54 2.18
S SHCC 40 4 1.17 4.53 1.64
0 ; ; ; 5 1.14 4.01 1.67
0 0.002 0.004 0.006 0.008 avg. 1.22 4.49 1.86
strain (mm/mm) (S.D) | (£0.18) (£0.42) (£0.20)
(a) Compressive behavior 1 1.13 6.72 291
8
S — 2 1.63 5.63 3.20
d ' ' 3 1.51 6.35 4.88
= SHCC 70 4 2.13 6.09 3.96
S 5 2.42 6.56 2.32
= avg. 1.77 6.27 3.46
@ (S.D) | (£0.46) (+0.38) (+0.89)
2, M —SHCCT0
| Fre— First-crabk 5trength
N = = =SHCC40 1(c)ell L}E}L}]Oh:} Fig. 3(a)= A% 28 AJdlE X3t 9]
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Table 5 Summaries of beam specimens

Specimen foi* Composite type 1
(MPa) (MPa)
HS-CON70 70 c . 800
oncrete EEE—
NS-CON70 70 400
HS-SHCC40 40 800
NS-SHCC4O Strain-hardening 400
cement-based

HS-SHCC70 20 composite 800
NS-SHCC70 400

*Specific compressive strength of cement composite,
**Yield strength of flexural steel bar
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Flg. 5 Test set-up for beam specimens
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Fig. 6 Typical crack patterns of beam specimens
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Flg. 7 Effects of SHCC material on crack behavior
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Flg. 8 Flexural properties of beam specimens
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Table 6 Summarie of test result of beam specimens

p* AR | PRk | A Rk A
KN | (N | &N | N | B,

Specimen

HS-CON70 227.4 13.9 | 2345 15.5 1.12

NS-CON70 177.6 94 | 1874 11.1 1.18

HS-SHCC40 | 2413 16.0 | 272.7 242 1.51

NS-SHCC40 | 180.7 11.9 | 196.6 77.6 6.52

HS-SHCCT70 | 295.0 16.5 | 337.4 61.2 3.71

NS-SHCC70 | 193.7 10.3 | 223.0 69.9 6.82

*Yield load **Deflection at yield load ***Ultimate load
*#*k*Deflection at Ultimate load
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