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e Select yield drift ratio 6,
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e Seismic fortification
information

Modal analysis
o Structural elastic period Te
o Structural stiffness
degradation period T,

« Ductility coefficient #=6,/6,
o Plastic drift ratio ¢ =6, -6,

4 y

o Sesimic influence coefficient a
corresponding to T,

Y
o Inter-story lateral force distribution A;
o Energy correction factor y

o Correction factor of hysteretic energy dissipation n

Y
e Seismic input energy E,

}—»

Y
o Design base shear Vy

e Link shear
e Internal force at bottom section of wall |«

h 4 Y

e Shear of the rest sections

Y
e Coupling beam plastic design

e Lateral force F;
e Overturning moment Morm
e The moderate CR

e Plastic design of bottom section of wall
o Elastic design of the rest sections
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Fig. 1 Flowchart of energy balance-based plastic design
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Table 1  Proportions of wall moment demands
CR
Wall pier

30% 40% 50% 60%
Tensile wall 0.45 0.40 0.35 0.30
Compressed wall 0.55 0.60 0.65 0.70

Fx2 EMEITSH

Table 2 Structural design parameters

Design parameters

Parameters information

Importance category
Structure categories

Story height

Fortification intensity zone

Design seismic grouping

C class

RC frame—shear wall structure
3.5m

8 degree 0.2g

Second Group
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Table 3  Structure C-10-30 reinforcement
Story Longitudinal bar of edge Reinforcement ratio of edge Vt:rtica'l distribution bar Web reinforcement ratio
component(mm?) components of web(mm?)
5-10 923 0.92% 2000 0.25%
4 1231 1.23% 2000 0.25%
3 2513 2.51% 2000 0.25%
2 2036 2.04% 2000 0.25%
1 3041 3.04% 2000 0.25%
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Fig.2 Section of steel coupling beam
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®4 C-10-30WERBERE L (mm)
Table 4  Cross section information of C-10-30 steel coupling

beam (mm)

Structure
Story b, d i t,

number
9-10 130 190 30 6
7-8 140 260 30 6
C-10-30 5-6 160 265 30 7
3-4 185 260 30 8
1-2 185 270 30 8

—=—PERFORM-3D skeleton curve

——Confined concrete
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(a) Modified Kent-Park model

—a—PERFORM-3D skeleton curve

—Unconfined concrete

Stress/MPa

0 0.002 0.004 0.006 0.008 0.01
Strain

(b) AT A 1

(b) Normative constitutive model
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Fig.3  Matching of concrete constitutive curves
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Table 5 Reinforcement of the specimen

1~10 stories

Part Type of reinforcement
Reinforcement Reinforcement ratio
Longitudinal reinforcement 14%6 0.022
End post
Stirrup dP4@50 0.017
Longitudinal reinforcement 406 0.024
Embedded column
Stirrup P*4@50 0.015
Wall Longitudinal reinforcement P6@100 0.010
a
Horizontal reinforcement PP6@100 0.010
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Table 6 Measured mechanical properties of the material

Material Concrete  Reinforced — Steel beam
Elasticity modulus E(MPa) 2.16E+04 2.00E+05  2.10E+05
Poisson ratio 0.2 0.3 0.3
Tensile strength(MPa) - 283 215
Compressive strength(MPa) ~ 22.7 283 215
—— Experimental = o |
— — Analytical
g !
R o
§

Lateral displacement(mm)
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Fig. 5 Comparison of experimental and analytical hysteresis curves
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Fig. 6 Comparison of experimental and analytical skeleton curves
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3.1.2  EFEARVLE

SFIWFSE A SC TR T 12 AN A T e B g s 4%
PR At AL , 5128 T 7EHER i 424 vh i
FIE 0355 s IS 350 Je R s T X 57 4) T s 152 % £, 40
8 From . o o B IR L 1k B AR AR Y 50% LA L 14
UEAE G5 P o AR 43 232 e A, A B 30k BT 7 A T A5
MR .

8 T LA H, CR AAS 7] 5 )2 KA AS ) X
3 2 e R s o 7 140 T s 5 A 1 5 i /0N, A 24 7
0.16 % 0.18 3 [l P, /N T B (AP RZ IR T TR
(GB50011-2010) 45 H} (1) H 7% J2 18] v 8 1 PR A
0.005. 3% K FEHBAE T, Kb/ i% R REEIE A
FAVERY L, T PR REESR LI AE AN R )25 AR CR



ZE WA BT RE I U AR A R B )y i BB PR VR R P ) 5 14545 Push—over 734 7

5

0.0025
e
= 0.002
g
-

0.0015
H
v
]
£ o0.001
2
a
ﬁ 0.0005

0
S DS @S S @ S P
N R CCor e
(VARG VAN Gl Al A VAN VAN Gal VAl e at o)
(a) T34 5 i i
(a)Steel coupling beam yield

0.015
£ 0012
£ -
£
@ 0.
g 0.009
9
2
< 0.006
2
o
ﬁ 0.003

0

S B & D D ® DD S
A
A S S S

(b)) 58 il it ke
(b)Wall limb yield
K8 T f R A
Fig.8 Top displacement ratio

F1%) 235 Ay 358 P R P, %o 7 8 TOU s 6 £ 22 BEAOR
2 CRAAFI , JRE S , (4% A K 5 [R]T, 24% A
PR T v 2 A 7 1 BRAE 0.005. 3% K W 7 P 2
YERIE S5 AR IROAS S IR, Rz /R TR 4 ml Rl

WL PERE R T B R, CRIBUK, & A5 5%
JR& St A A st (i) R | BT AR R G PR E R, M8
il 355 1B TR MROPR A8, sl B 25 4 % A B4 , & BEBE R CR
3.1.3 HHEBRERY

S A8 ) EE 5 R T LAy o = A T - BT
S A RHE SR DL R S AR R R L R TR 5 R
SRR A R I TR AR T AR L (A5 5 R R 2
TIAEAE B, S50 i 5 M Rh R 5 R T i R T
(BRI S BR AR Ak 8 22 () 1) 22 57 5 5 A PR 2R ik 32 22
R — B AR AR A i A B e
DA K Aap 2500 20 A5 5 . 5 R R 5 R B S50 R A0
T S, 20 S B M R VR DL DA S 5
B, R 5 R B KN R 5 S5 A bR R AR, 2
SRIPURERR A — N EZE R R, F A S5
5t R A AL G A TE PR T b 45 4 B 5 BE ) B
HEZEEX.

MRAE LR MRS LTI A . K7
S5 T AR SO BT 12 TR A IR IR BY T 1% 119 i (L
HRE ) A R R EC AR AT LA L 1240 A A2
ORI CR 4548 1 245 1 1 38 3R B4 1E 1.35 B 77
81, AV Z5 R 7R A B M, W LIAE R — s & 4
it f  NE 7T LLE BRI, CR A
30% H1 40% LA K 50% F1 60% 1 4546 15 ELAG AH R Y
P HRLIE 8T 7, HA5 K CR B A [A] % T 6 1 R 2% 1
FARAEARF /N, JLT- A 5

RT FEHBRERY

Table 7 Overstrength ratio of structures

Structure number Design bearing capacity (kN)

Peak bearing capacity (kN) Overstrength ratio

C-10-30 1358.56 1817.11 1.34
C-10-40 1358.56 1870.06 1.38
C-10-50 1500.38 2021.82 1.35
C-10-60 1500.38 2088.54 1.39
C-15-30 1131.67 1481.17 1.31
C-15-40 1131.67 1495.96 1.32
C-15-50 1195.79 1606.48 1.34
C-15-60 1195.79 1648.79 1.38
C-20-30 1079.86 1368.37 1.27
C-20-40 1079.86 1425.12 1.32
C-20-50 1208.21 1590.50 1.32
C-20-60 1208.21 1634.91 1.35
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PLASTIC PERFORMANCE CONTROL METHOD AND PUSH-
OVER ANALYSIS OF HYBRID COUPLED SHEAR WALL
BASED ON ENERGY PRINCIPLE

Qin Lang' Wu Yuntian"* Hou Chao' Zhu Kang' Zhou Qing’
(1.School of Civil Engineering , Chongqing University , Chongqing 400045, China )
(2.Sichuan Architectural Design and Research Institute , Chengdu 610000, China )
(3.Key Laboratory of Mountain Construction and New Technology Ministry of Education, Chongqing 400045, China)

Abstract At present, the joint shear wall structure is common in high-rise buildings in China, and the hybrid limb
shear wall structure is one of them. It can make full use of the respective advantages of concrete and steel, and has great
ductility and can meet larger shear demand. However, due to the large ductility of the wall limbs, the design method and
seismic performance are complicated. The hybrid limb shear wall structure is not widely used in engineering practice.
Therefore, it is of great significance to study the design method and seismic performance of the hybrid limb shear wall
structure. In this paper, an energy balance plastic design method different from the traditional method is adopted. The
method comprehensively considers the force, deformation and energy consumption of the structure, and can pre-control
the yield mechanism and deformation size of the structure. This paper based on energy balance plastic design method. 12
hybrid coupled shear wall examples are designed and static Push-over analysis is carried out in finite element software.
The static pushover curves of 12 examples are obtained. The results show that 12 examples can realize the ideal yielding
mechanism, and ensure that the joint beam first yields and the wall is yielded after the structural failure. From the per-

spective of structural bearing capacity, the structure can also meet the higher seismic requirements.

Key words hybrid coupled shear wall, seismic resistance, energy balance plastic design, static push-over

analysis
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