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Stiffness Degradation Process Analysis of Multi-Ribbed Composite Wall

GUO Meng, YAO Qian-feng
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Multi-ribbed composite wall is the main anti-lateral force component in multi-ribbed slab structure system
and the law of its stiffness degradation under load is one of the fundamental problems about seismic performance of
multi-ribbed slab structures. Low-cyclic reversed loading tests were conducted on composite wall samples with the
ratio of 1 : 2, in which the characteristic point stiffness and the law of their stiffness degradation process from load-
ing to failure were studied, and the effect of main influencing factors such as axial compression ratio on the wall stiff-
ness degeneration was analyzed. The results show that with the increase of axial compression ratio, the decrease of the
shear span ratio, outside frame section and its reinforcement ratio, rib column (beam) quantity, the speed of stiff-
ness degradation increased. Otherwise it decreased. The stiffness degradation formula and degradation coefficients in
different deformation stages were presented and methods to delay stiffness degradation with construction technique
improvement and fibers as stuffing materials were also discussed. The study has provided reference for the application
of multi-ribbed slab structure.

Keywords: multi-ribbed composite wall; low-cyclic reversed loading test; characteristic point stiffness; stiffness

degradation; influencing factor
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Tab.1 Design of multi-ribbed composite wall members

172 SW3 2.7x1.375%0.1

172 SW13 1.4x1.375x0.1
172 DW4 1.4x1.440x 0.1
172 DWS5 1.4x1.440x 0.1
172 GMLL1 1.4x1.440x 0.1

il | i | R« xmxm VP9 E SRR H 1
12 SW6 1.4x1.375% 0.1 PRSI LASERR 1A H ) SR Ay S R 4 R
12 SW5 1.4x1.375% 0.1 3 M S A A Ece % W e HR AR MU A S0
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Fig.1 Low-cyclic reversed loading test of multi-ribbed com-
posite wall
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Tab.2 Load-displacement of characteristic points multi-ribbed composite walls

i SR F1/ FH Jati Al PR B 22N
%' MPa ViW/kKN A\ /mm Vy /kN A, /mm V/KN A, /mm Vi /kN A, /mm
SW6 0.78 41.0 1.10 90.0 5.8 109.7 13.3 92.6 313
SW5 0.78 40.0 1.20 81.0 5.4 106.6 12.5 95.7 32.1
SW12 0.78 48.8 1.50 80.0 6.9 101.3 14.8 90.4 26.2
SW7 0.46 38.1 1.24 83.5 5.6 106.5 12.4 90.5 33.1
SW3 0.78 100.0 1.20 220.0 3.8 261.0 6.8 2219 23.0
SW13 0.78 40.6 0.90 94.0 5.7 129.8 15.1 110.3 32.0
DW4 0.78 37.5 1.60 80.7 5.9 96.2 13.0 83.5 35.0
DW5 0.78 38.7 1.80 99.7 7.3 124.8 19.0 102.5 37.0
GML1 0.78 46.3 1.10 112.7 5.2 137.1 12.0 116.5 24.6
*3 FTRFESNERRIERRERKRE
Tab.3 Equivalent stiffness and stiffness degeneration coefficients of characteristic points
kN/mm
W' FFEENIBE Ky JE IRHIEE K P BRRIEE K. WEIRRIEE K,
SW6 37.3(1.00) 15.5(0.42) 8.2(0.22) 3.0(0.08)
SW5 33.3(1.00) 15.0(0.45) 8.5(0.26) 3.0(0.09)
SW12 32.5(1.00) 11.6(0.36) 6.8(0.21) 3.5(0.11)
SW7 30.7(1.00) 14.9(0.49) 8.6(0.28) 2.7(0.09)
SW3 83.3(1.00) 57.9(0.69) 38.4(0.46) 9.6(0.12)
SW13 45.1(1.00) 16.5(0.37) 8.6(0.19) 3.4(0.08)
DW4 23.4(1.00) 13.7(0.59) 7.4(0.32) 2.4(0.10)
DWS5 20.9(1.00) 13.7(0.66) 6.6(0.32) 2.8(0.13)
GMLI1 42.1(1.00) 21.7(0.51) 11.4(0.27) 4.7(0.11)
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Fig.2 Equivalent stiffness degradation curves of multi-
ribbed composite walls
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Tab.4 Stiffness degeneration coefficients of frame,composite
wall and shear wall

Elf s | MERNELE | EAEAREA | BTIERE
O/rad (e BER LR PENIES
<1/3 000 1.00 1.00 1.00
1/2 000 1.00 1.00 0.80
1/1 000 1.00 0.94 0.57
1/500 1.00 0.58 0.39
1/250 0.69 036 0.25
1/120 0.46 0.21 0.17
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