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Elastic-plastic time history analysis of semi-rigid frame with buckling-restrained
multi-stiffeners steel plate shear walls amidst strong earthquake

HAO Jiping, GE Minglan, YAN Puzhen, XU Shaocheng, YU Jinguang
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: A model specimen of semi-rigid steel frame with buckling-restrained steel plate shear wall, at the scale of 1:3, was inves-
tigated under the elastic-plastic time-history analysis to research the seismic performance of this structure. Taft wave, EL-Centro
wave and an artificial wave were selected to focus on theirs dynamic properties, acceleration responses, displacement responses, and
shear force distribution etc. The analytical results indicate that the stiffness of the structure degrades slightly under the frequent
carthquakes, but degrades obviously under the rare earthquakes and shows strong nonlinearity. The maximum inter-story drift of the
model during the frequent earthquakes and rare earthquakes is 1/1 016 and 1/149 respectively. Both meet the demands of inter-story
drift limitation in the current Chinese code for seismic design of buildings and can satisfy the ‘two phase and three level’ seismic
fortification requirements. The application of multi-stiffeners reaches the objective of buckling-restrained and improves the mechan-
ical behavior of infill steel plate. The research will provide reference for seismic design and application in seismic fortification areas

of this structure.
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Fig. 1 Dimensions and details of the model
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Tab.l Dimensions and properties of the main component
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Fig.2 Constructions of buckling-restrained grid (mm)
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Fig.3 Experimental specimen and FE model
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Tab.3 Parameters of experimental steel materials

Witk fyMPa fy/MPa E/x10°MPa  fi/f; /%
Wy 326 445 2.18 1.36 25
Wk 365 509 2.05 1.39 34
R 29 377 2.11 1.27 26
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Fig4 Comparison of displacement response
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Fig. 6 Maximum envelop values of story displacement
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Fig. 9 Maximum envelop values of inter-story shearing force

—a— Taftj}
—e— EL-CentroJ%
—a— N T

-10 +

20+

E1%

230 F

Orm  sam e svE orE
E10 RIERIL
Fig. 10 Stiffness degradation of model

2.6 1ERNA

B TR R oA = 4% 09 B2 508 b R I B Y 4% 2%
PSRRI Y R A AR TR DL . ATRATR i, SR
TR DO B AR R, HAbARZ R fEA
XA X TAERINIRE, 12 ER) AR
B, BUESHRESERE EBE2Z. B2
BRI DA% N R AL TR MRS, Hage
TR X 8 B3 4 PR G R 37 , Taftig £
JA I By B2 g e {458 At Y A% 3 R, 3K242.60

N/mm?>.

3 g

AR — A4 2 - W HHE -2 RPHERS 57 i o
WAR BY Jy BB oy BIEAT T R AR BRAE T B
IR AT, R DAT 4R

(1) BERUFEZ BRI AL T3t TR 5%
BRI, FAE R BRI RS K, SN
BETFE. ZBMEHERT I R ALES F 20 51 R
/1 016/11/149, W2 «HiM» X% =R MEEH
PRI TE R ML R LR BB =K R 2K .

(2) Taftie /8 N 55 AR i 5128 T8 S RAEACA
16.90 mm, 5t B BE IHERS A1 5 458 — B AR A
BiBZ, el TR\ B, PR
AR AR TEI BT B JE i H AR . AR
AR, & COURBAE AT, BERYAHES = ]
FRBE2)Z, 27 NSRS W] I
AT RBIRZS

(3) 3k JBE T I 2 Y30t 00 o =0 € 348 o i 328 ¥
BEOR, G H R I 5 R A B IT BRi s . 5
FERR R BOBACEHE, BITBER 5L MA
BEWT R BETT I AR 59 . AR FE 5B Tafth 723
ERT, WIEBAE37.60%, PEHIFERFEERET
BERUZ i v S IR A N SR I TR



638

3

O Bk ¥ % (ARRAR)

548 &

SE R

(1]

S, Mises
SNEG, (fraction = -1.0)
(F: 75%)

S, Mises
SNEG, (fraction = -1.0)
(F: 75%)

+2.426e+02 +2.114¢+02
+2.224¢+02 +1.938¢+02
+2.022¢+02 +1.762¢+02
+1.820e+02 +1.585¢+02
+1.617¢+02 +1.409¢+02
+1.415¢+02 +1.233¢+02
+1.213¢+02 +1.057¢+02
+1.011e+02 +8.809¢+01
+8.088¢+01 iz.ggeigi
+i -+ . <
J:?,SZ;S{ +3.524e+01
+2.0226+01 +1.762¢+01
+7.258¢-03 +8.183¢-03
z
z

(a) Taftj
E11

(b) EL-Centroj

RN NS

5, Mises

SNEG, (fraction=-1.0)

(F45: 75%)
+2.087¢+02
+1.914¢+02
+1.740e+02
+1.566e+02
+1.392¢+02
+1.218¢+02
+1.044¢+02
+8.698¢+01
+6.959¢+01
+5.220¢+01
+3.480e+01
+1.741e+01
+1.164e-02

k.

(AT

Fig. 11 Maximum stress distribution of the wall planes
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