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Collapse—resistant Performance of

RC Frame Structure Addressing Bond-slip Effect
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Abstract : Reinforced concrete (RC) frame beams will undergo large deformation stages in the process of col-
lapse. In order to study the influence of bond—slip effect of reinforcing bars on the progressive collapse resistance of
RC frame beams, especially in the suspension stage, the beam—column joint element was used to numerically vali—
date the experimental results of a restrained beam substructure on the basis of OpenSees nonlinear finite element
analysis platform and a set of parameters in the bond—slip model of reinforcing bars. The analysis results effectively
reflect the elastic and plastic deformation, arch—compression effect and mechanical characteristics of the suspension
stage of the structure, which are in good agreement with the experimental results. On the basis of the above analysis
results, further simulations were conducted in a single—story plane RC frame structure and a three—story plane RC
frame structure. In addition, the effects of number of stories and spans on the collapse—resistant performance of the
plane frame structure were investigated. The force mechanism was also analyzed.
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Fig.1 Section strain, stress and resultant distribution
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Fig.2 Beam column joint element
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Tab.2 Details of specimens
KOs WA RIATSRCAR  TURRAT SHCAT R
B2 HRB400 2C14,0.7% 2C12,0.5%
B3 HRB400 4C14,1.4% 2C12,0.5%
B4 HRB335 2B14,0.7% 2B12,0.5%

R 3 WHREETH SRR ERTIE

Tab.3 Mechanical properties of materials

TIRAE

ij;j R HRB400 HRB335  HPB235
Jef 3 B /M Pa 445 372 351

WH PRGBS E/MPa 579 539 533
e BRHE 1 25 1% 13.0 11.9 10.1

BB AP/ MPa 32 32 32

R4 HYIBEESY

Tab.4 Mechanical properties of shear panel

ikt M 0./ M,/ 0,/ M./ 0./ M;/ 0/
%5 (kN'm) rad (kN'm) rad (kN°'m) rad (kN'm) rad

B2 4547 5.1e-04 91.01 4.3e-03 1064 3.4e-02 39.01 5.le-02

B3 4810 5.2e-04 117.80 6.9e-03 1259 22e-02 42.08 3.7¢-02

B4 4547 5.1e-04 76.08 3.3e-03 9544 42e-02 36.58 3.7¢-02
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Tab.5 Bond-slip spring parameter [ RS M s
100

B
g S B4 S RMSJ O BJSd R

mm kN mm kN mm kN mm kN

JK B2 -0.139 -529.8 -0.962 -689.3 0.170 137.0 7.575 178.3
b B3 -0.139 -666.8 -0.962 -867.6 0.170 274.0 7.575 356.5
B4 -0.097 —442.9 -1.349 -641.7 0.118 114.5 11.384 165.9
B B2 -0.119 4935 0825 6420 0.146 1007 6493 1310

B3 -0.119 -493.5 0.825 -642.0 0.146 100.7 6.493 131.0

B4 -0.083 —412.5 -1.156 -597.7 0.102 84.14 9.758 121.9
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Fig.4 The numerical results of load—deformation
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Tab.6 Mechanical properties of materials
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Fig.6 The numerical results of load—deformation
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Fig.7 The numerical results of horizontal displacement
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Tab.7 Mechanical properties of materials
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Tab.8 Calculation results of different span plane frames
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LK RERE  REkfE
Ffi#/mm  JI/kN F1/kN

SAPERLAE

PR gghiabier REAE
1 F%/mm F1/kN

Wits 42.81 67.41 -3.935 73.21 95.31
pu s 38.11 67.62 -3.540 74.64 101.10
e 37.27 67.81 -3.124 74.72 105.68
N 3551 67.91 -2.813 74.79 107.93
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Tab.9 Comparison of resistance of different layers

31N | © o . N
TR L HLRIRARAE S (ATFRTE) AN I RIS At
BHC BRaign R gy VA
= E4 M N . ] L
o KEAES BEENLE PR B PAN
i #/mm P,./kN P./P, P./P, P,/P,
/mm P,/kN P,/kN P,/kN
L 37.79 -3.594 22.98 26.37 35.97 24 .41 — 1.147 5 1.565 3 1.364 1
=2 38.11 -3.540 22.54 24.88 33.70 24.41 24 .47 1.103 8 1.495 1 1.354 5
H)ZE 39.81 -3.502 22.41 24.72 32.71 24 .41 — 1.103 1 1.459 6 1.323 2
+tZ 41.83 -3.387 22.33 24.62 32.08 24 .41 — 1.102 6 1.436 6 1.303 0
= 42.34 -3.253 22.18 24.24 30.06 24.41 — 1.092 9 1.355 3 1.240 1
+—2 45.66 -3.157 21.75 23.64 27.86 24.41 — 1.086 9 1.280 9 1.178 5
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