445 53 W 2 T B 5 T # & 3 Vol. 44 No.3
2024 4 6 A EARTHQUAKE ENGINEERING AND ENGINEERING DYNAMICS Jun. 2024

X E S :1000-1301(2024)03-0073-11 DOI:10.13197/j.eeed.2024.0307

990895 2 68 o A BT ) U B e TR
R B R 4R 45 5

KA, M ik

(A3 Tl A2 iy b2, Jb o 100124)

o OE N T OB BE 1 RS S 7S e R AR R B A0 A R X A B TR B A 3L
SECHR BB A TIE IE 8 T 38 T RS BY 8% 0 R AR s R PR R (5 5 B i, %o I Ak
B9 SRS F BT 0T, 0 AT S8, 4y I R R R A RO TR AR, IR T B S
L il i b 38 T B R T o 2 S S 00T A S A 405 s ), 45 B A 5 7 5% 2 B S5 S
WAL R . ZET T EE (A O 7Y THE8 T IO0A% B 07 S5 i A0 e 5, AR 40 TS 5 0y S A 1 e A AR
BN IR 43 S A SE U BRI P REREIR ™ B IR BB R AL 5 AR SR bR T R Rl
GG AR B ]

SRARIR]  PUAK BT 4 ; MR B EL  10548 5 A R BG I AT

hE 425 TU3T5 XERARIZED A

Two-parameter earthquake damage model and damage analysis of
reinforced concrete grid shear walls

ZHANG Weijing, YANG Gongda
(Faculty of Architecture, Civil and Transportation Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; In order to study the damage evolution law of reinforced concrete grid shear wall under earthquake
action, the existing two-parameter earthquake damage model of reinforced concrete members is modified, and the
earthquake damage model suitable for grid shear wall is proposed. Using the grey incidence method, the test
information of grid shear wall is analyzed, the key design parameters are determined, and the formula for
calculating the combined coefficient of damage model is given. The effects of shear span ratio, axial load ratio,
vertical limb width and transverse limb height on the damage of grid shear wall are studied, and the relationship
between the main parameters and the damage evolution of grid shear wall is obtained. Based on the proposed
damage model, the damage index of grid shear walls is calculated. According to the damage state of specimens, grid
shear walls were divided into five damage levels including basically intact, mild damage, moderate damage, severe
damage and collapse failure, and the damage index range of different damage states was calibrated.
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Table 1 Basic information of the selected RC grid shear wall specimens

VR TR RAF (xR xJEE) /mm sEsth REERBORRE BOMHER K55 EAGE Y
SCHR[ 2] Wi 2600 1 400x200 1.96 €40 0.15 #10 #10
w2 2600 1 400x200 1.96 C40 0.3 $10 #10
W3 2600 1 400x200 1.96 €40 0.15 #10 #10
W4 2600 1 400x200 1.96 C40 0.3 $10 $10
W5 1400x 1 400x200 111 €40 0.3 48 #10
SCHR[4] w6 2600 1 500x200 2.02 €30 0.2 6 6
w7 2600x 1 350x120 2.02 €30 0.3 6 6
w8 1400x 1 500x200 1.13 €30 0.2 6 6
w9 1400x1350x120 1.13 €30 0.3 6 6
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Fig.1 Comparison between simulation analysis and tests of the horizontal force-displacement curves of the specimen W1
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Table 2 Tests and analysis data of the selected RC grid shear wall specimens

i ) 0,/kN 8,/mm 8,/mm 8,,/mm 8,/mm JAE /(N - m) Bu
SCHR[ 2] Wi 193.60 10.91 34.67 44.90 61.70 19809 0.788
w2 263.21 11.31 26.10 34.16 45.16 24230 0.876
W3 211.04 10.55 34.54 50.94 75.24 27368 0.756
W4 280.94 9.41 27.26 33.15 46.15 29102 0.866
W5 428.98 3.76 10.72 15.27 18.89 11709 0.808
K[ 4] W6 60.69 3.81 15.36 4423 70.80 7016 0.659
w7 53.59 2.09 18.96 54.52 78.73 8065 0.758
w8 110.83 1.17 7.22 30.42 43.83 11562 0.825
W9 98.16 134 7.8 21.54 31.20 6803 0.810
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Fig.2  Proportion of the displacement term and the energy term in the damage model
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Table 3 Grey incidence degree analysis values

RS
KB SHL SCHR 2] SCHR[ 4] SCHRBE
w1 w2 w3 w4 w5 w6 w7 w8 w9
RS A 1.96 1.96 1.96 1.96 1.11 2.02 2.02 1.13 1.13 0.71
IRBE T HREE £,/ MPa 37.90 37.90 37.90 37.90 37.90 36.67 22.86 36.67 22.86 0.82
HIUE L ng 0.15 0.30 0.15 0.30 0.30 0.20 0.30 0.20 0.30 0.73
BRI B b,/ mm 200 200 200 200 200 120 120 120 120 0.73
M TERE b/ mm 110 110 210 210 110 150 150 150 150 0.74
KR L 57 % p,, / %o 0.39 0.39 0.39 0.39 0.25 0.40 0.40 0.40 0.40 0.86
W ) B A FC 7 2 p, / % 0.71 0.71 0.38 0.38 1.03 0.32 0.32 0.32 0.32 0.59
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Fig.4 Grey incidence degree analysis of parameters
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Table 4  Grid shear walls of different design parameters

s WG/ /mm WL RELBOPRE  BOHUER A KPR p, /% RN o,/ %
w10 2600x 1 400%200 1.96 €40 0.15 0.25 0.71
Wil 2600x1400%200 1.96 C40 0.15 0.57 0.71
w12 2600x1400%200 1.96 €40 0.30 0.25 0.71
w13 2600x1400x200 1.96 €40 0.30 0.57 0.71
W14 2600x1400%200 1.96 €30 0.15 0.39 0.71
W15 2600x1400%200 1.96 €50 0.15 0.39 0.71
W16 2600x 1400200 1.96 €30 0.30 0.39 0.71
w17 2600x1400x200 1.96 €50 0.30 0.39 0.71
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Fig.7 Comparison of damage curves of grid walls with different shear-span ratios
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Fig. 11 Comparison of damage curves of grid walls with different concrete strengths
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Fig. 12 Comparison of damage curves of grid walls with different horizontal reinforcement ratio
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Table 5 Damage state and the corresponding drift of RC grid shear wall
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Fig. 13 Corresponding test phenomenon of damage degree of RC grid shear wall
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Table 6 Damage index statistics of RC grid shear wall specimens

Witida
B SCHR[2] SCHRL4] P Wi o
Wi w2 w3 W4 w5 w6 w7 w8 w9
DSl 0.04 0.05 0.03 0.04 0.05 0.04 0.03 0.03 0.05 0.04 0.01
DS2 0.17 0.25 0.14 0.20 0.19 0.06 0.04 0.04 0.07 0.13 0.08
DS3 0.75 0.64 0.61 0.67 0.64 0.26 0.28 0.20 0.27 0.48 0.22
Ds4 0.88 0.77 0.77 0.80 0.80 0.64 0.77 0.77 0.74 0.77 0.06
DSS 0.98 0.94 0.98 0.98 1.00 0.93 1.05 1.00 0.99 0.98 0.04
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Table 7 Damage index distribution of RC grid shear walls
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