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Experimental and constitutive modeling of bond-slip behavior
at the interface of corroded H-shaped steel and concrete

LIN Yongjun, YU Guofei, ZHONG Shuiyun, SUN Liwen, ZHANG Jing
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: In the case of unreinforced concrete structures that utilise H-shaped steel as a skeletal framework,
concrete specimens integrated with H-shaped steel were prepared to represent varying degrees of corrosion,
specifically rates of 0%, 5%, 10%, 15%, and 20%. Push-out tests were conducted to analyze the bond stress-
slip relationship between H-shaped steel and concrete under different corrosion levels at the interface. This paper

sets out an experimental method to derive the distribution of bond stress across the steel-concrete interface. The
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method involves measuring the compressive displacement on the surface of the concrete. It is evident from the
observations derived from the experimental tests that four microscopic mechanisms are postulated to elucidate
the impact of corrosion on the bond performance of H-shaped steel in concrete. A constitutive relationship was
constructed, incorporating the effect of the corrosion rate on bond stress-slip, and an interface damage
parameter was introduced to analyze the evolution of interface damage under varying corrosion rates. The
research results indicate that the initial bond stiffness at the H-shaped steel-concrete interface increases with the
corrosion rate. Nonetheless, upon attaining peak stress levels, the rate of decline in interface stiffness is
observed to accelerate concomitantly with an increase in corrosion rate. It is noteworthy that at elevated
corrosion rates (=15%), the bond-slip curve manifests a dual-peak feature, initially ascending, then
descending, followed by an additional rise, and ultimately a decline. As the corrosion rate increases, the roles of
chemical bonding and microscopic mechanical bonding become more dominant, while the contributions of
macroscopic mechanical bonding and rust interface bonding diminish. The developed constitutive relationship,
validated through comparative analysis with existing models, accurately describes the bond characteristics at the
corroded H-shaped steel-concrete interface. Although an increase in corrosion rate hastens the reduction of
interface stiffness, its influence on the extent of damage observed upon specimen failure is relatively limited.

Keywords: corrosion; H-shaped steel-concrete; bond-slip behavior; pull-out tests; constitutive relationship
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Fig.1 Cross-section of the specimen
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Table 1 Details of the specimens
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Fig.2 Schematic diagram of the specimen
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Table 3 Material properties of the H-shaped steel
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Fig.3 Accelerated corrosion test

(b) & SPC-5  (c) i SPC-10

(a) I SPC-0

(d) ik SPC-15
B4 FHilEEREMDES

Fig. 4 External appearance of the specimens

(e) 4 SPC-20

after corrosion test

1.4 MEFREEMNHNE

T2 50 7 V4 R A0 K 2 45 A T AR 5 bl 98 B
S T H OB ER) A, 7E RN R e — e
AR o a6 A ke B RS P [ it L AN A7



216 + K5 x%E L FHKOP E X

% 48 %

JE, A R VR S on #oms R EE A T2 RRE L RS
BUER R 2 HEA7 4, 8 B MR BE . o
TH R AN 58 42 i s B 1 I 13 25 356 TF B A %t T A
B F 0 m 10 kN gl B0UE 1. R 6 B RGN
0.01 mm By LVDT i # 1% &g , X FR A& T H A5
i A TES 5 A 7 2 e R B g . R 10
KN/ min 18 5 Ji 48 5 B 0 47 0 48 5 4 fif 48 32 3 A BR A
B, R RS AR, S R A7 0. 12 mm/min;
M far 2k R A R AT 2R Y 70 06 B 45 Ik i ak

(b) {2784 A1 H K
Bs5 XmeEEMNE
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Table 4 Target versus actual corrosion rates

IR S BAREMRe/ % LPREMmRe /% M RE/ Y

SPC-0 0 0.00 0.00
SPC-5 5 5.21 4.15
SPC-10 10 10. 06 0.58
SPC-15 15 14.43 3.83
SPC-20 20 19.12 4.40
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Fig. 6 Crack morphology of the specimens
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Table 5 Tests results

R pr/ </ P/ </ PJ ) s/ s/ s/
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SPC-5 64.0 0.14 640.0 1.35 298.2 0.63 1.53 6.99 7.13
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SPC-15 32.3 0.06 322.7 0.68 276.0 0.58 1.44 5.91 6.97
SPC-20 54.1 0.12 540.6 1.14 461.8 0.98 1.48 7.82 8.73
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