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Abstract:  When the steel yields, the metal energy dissipation device enters the energy dissipation state and produces damping.
The equivalent damping coefficient is usually used to measure the effect of energy dissipation. The value of the
equivalent damping coefficient is determined by the shape of the hysteretic curve, the yield bearing capacity, and the
post-yield stiffness. Based on the bi-linear hysteretic model, the relationship between the post-yield stiffness ratio and
the equivalent damping coefficient was derived. The results of the formula show that the equivalent damping
coefficient decreases with the increase of the post-yield stiffness ratio, and the downward trend gradually increases
with the increase of the ductility coefficient of the energy dissipation member. In order to study the post-yield stiffness
characteristics of buckling-restrained steel plate wall, a test specimen with mesh distributed stiffeners was designed,

and its hysteretic characteristics were determined by experiment. The finite element model was verified by the test
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results. The influence of core plate material type, core plate height-thickness ratio and height-width ratio on the post-

yield stiffness of buckling-restrained steel plate wall were analyzed by finite element method. The analysis results

show that the material type and height-width ratio of the core plate of the buckling-restrained steel plate wall have

significant effect on the post-yield stiffness. For the member with height-width ratio of 1.2, the post-yield stiffness
ratios with core materials of LYP100 and LYP160 decreased by 80.23% and 72.77% respectively compared with

Q235 under the deformation amplitude of 1/100 wall height. For the buckling-restrained steel plate wall with the same

core material as Q235, the post-yield stiffness ratio of the specimen with the height-width ratio of 2.0 was twice that

of the specimen with the height-width ratio of 1.0. Through parameter analysis, the calculation formulae of post-yield

stiffness ratio of buckling-restrained steel plate wall with different core plate material types were fitted.
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parameter; fitting formula
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coefficient in bi-linear model
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Fig. 2 Relationship between post-yield stiffness ratio

and equivalent damping coefficient

Hr DA b 43 07 AT, i RS R E X B2 Y 5 i A
Koo B AR Bt 4 I T BE AL 1R 1 SE M R R
8~24 , ¥ FEUHRE B T P 0 RE A 4 B BEL e Lo Y 35
PGSR A R Y A R A JE RS R L S s
T AEL AH 22 %5 K, LB BH 2 bE 1 53 1R 22 0 38 #1 40% ~
70%

2 ByfE SRR IE R i E

H bR 23 A R T R M RE 2 5 i T REAA 1R
H BERE 1 o Byt a4 B 05 o — b 20 A S8R 7R - TH
EAPE, HORBBE 1w HUMIROR B, B 545 4 19 2
BRI/ 35 T 2 i 2 A L B s AR B 1Y
MR 3B A T 48 8 Al D SR A L R T A AR TR
AR A e TR R AR A B e i 8 0 N E AR X
BOR AR SC 1 O S A i A D B 90 %

2
H
2
H

AR B A WIS AR 1 7 e i 9 M 0k ) s 1
K875 (6) Fiw .

K= Et (6)

o (o)
26— 4+
Bb (ﬂbo)

A E N SRR AR 5 2 BOMRE JEE 5 H O 33 5 5 0 o it e B
ML TERE AP 3 i 7 5 5 R — A 5 i 0 T AR AR G B9
S0, %S BN T 1 By e it A9 A e S R A Je IR 5
R IR A A e 1 558 T A, HC BT F) 78 A  RE B

bs L bO LbS

B3 BhE iR AR 1R
Fig.3 I-type core plate in of buckling-restrained

steel plate wall

Xt () HEAT 20 M 1T A 40 5 A I RE G AR B
Yo LU JE B DA R SRR AT O . AR AR PR AR, 2 A
PEE N BRCAR 2S5, 2R R e 2R T AR I8, H e R S W
JE L T A PR R AR R i B R A e RS AR 2 Y
P

DRIt DA I I e ok 9 A i e e e B Xk S A A A
Y v L L LA R AR S B 3 B SR AT T

3 BAlE H MR IE I I

AR S X TR A 7 10 5006 8 0 0
ARG 0 4 R A S AT RGPS B R R
JEE L TG A 37 45 R 1

3.1 HFi&it

BT HRIAE T 1A By Ja ity A9 A 3k a7 o0 Al T 4N
o i A5 2% fy Q2358 , ] 5F /925 mm X 800 mm X 10 mm,
SO AR T AR A A I 2 1 5N 24 SRR, im0 Bl A
ARG A o A AR 3 40 18] 4 TR o

0 0 42l AN R 5 T R, VR Bl i A 04 7% B Al
5500 4 55 R 2R A% I WL e b O R R AR S A P
VBRI, AR N e B A R A
M3 o A 3 18 52 80 3l n 55 K F- R 3, ks
8% UK 2 B e it A9 AR 85 AR T DL AR 8L 5 A 4 AR K
P FEAE T BAE R AR IE

2 7% 5 Ik 10150 55 ) 6 A o TR S O R A/ A



551301 T 0 A O B 0 R 5% 43 75
] [ ] [
e q = =11 IR
T &l g B e e iy P
- - Hop B S|
yRICEECRECI T S e 7 e
l 1 200 l o ;8—(1 Bt it Rt R
a) 7 i AAR IE L Pl Es5 KEEBEME

f=J

w))

03 o o o o |o
L2 .8
f

f=

[

(e} ] [}
(e} o o (e} o o] 2
00200,200, 200, 200,200100 #

1200 |
¢) 1-13%TH & d) TR AL

B4 BilE RS E
Fig.4 Detail of buckling-restrained steel plate wall

TR T R0 3 2 PR RE 1 56 14 4 a7 34 R 1 A6 7% 4%
) P A A A S A% B o A A 0 A 3 B K 1 2
il BE I 1R .

Fz1 MEHE
Table 1 Loading system

& 1A /mm PRk H m#BEE/(mmemin )

0.50
1.20
1.80
2.50
3.00
3.70(H/250)
6.17(H/150)
9.25(H/100)
12.33(H/75)
18.50(H/50)

2

w w w w w w w w w w
ul w1 wal w1 w1 SN] Do S} [N}

T2 56 /0 7 e A AN AR B 09 S B R AT T A PR G 52
0 45 2 H i IR 55 B A 299 MPa, H1 7 38 BE 24 453 MPa, {if
K& H]35.8%.

32 HEMERKER

G INER Z 1.2 mm B, 1F 67077 2% B — 8%, Hop
IE o7 %R 201.61 KNCIE 2 05 S ESh a2 2 4) .
1] fif 48K 140.51 kKN(F7 fif 2 07 I d6 R sh 88 th i 240,
Z KA R IR B B R TE UV A P 5 AN T Al AR 2 1) LR
i, IF 1) fof 2R A FH R 3% 07 B AL A R g g A 3R 1%
T fol 407 2 T L . I A R S BOUE 1 W KT

Fig.5 Detail of test setup

Bl W RE o [l il 2R A0 & 6 BF R, ol LA H R 5 A AT 6 2%
T 35 s BIE SRR — SO B . H 2 R (AR K
Jei , AE TR AR — S R E h F R R sE m, R O R E
140 kN B i 2 i G s BT I 4, S B0y [ ith 4 AE
7B A B 1A A

90 A5 2 1 2R E 6 TR, ik 2R IE . ik
Bk AR OR ) o R R A B G R TR R B R 1 1 B
1/50 B A 3G BR L 308 A T 0 3 14 56 85 R B 15 2
A 3%

400 |
-600 |

00 1 1 1 1 1 1 1 1 1 J

-25-20-15-10 -5 0 5 10 15 20 25
£7F% / mm

Bl e if[E Mk

Fig. 6 Hysteretic curve

v T S B R A B R R BR E ) (DG/TT
08-2323—2020) "8 rf 23 Bl 52 T 4 I 9 B A 1 B 2 i
2k Je M e W R v Il it £ 0 IR s W B, JF v s [l i 4%
R S5 WIS A B vk R 7 B o R 7 1 4k R
N B E T 7 2O AR N B S (B R L I 5 e g )
HEONMAE(CH)EL, BCHEL M RERATE XNk
MRS o i B A3 (O ) B— 45 5 BC ¥ 4 RF R R 1) Rk
OA , Btk OA 5 ¥ [al i 2 M 22 19 siid 0 A £, ‘*&%AB
WO AL, 2k B AB IRk R Sh v e il 26 0 JE R S DB

I J5 W L e UM BE AB S5 4B OA I RPR Z L.
Kap
K()\

g O IR 0 BE L 5 K S i 8] 28
Koa A 5RENIEE

(1)

g=

i e WL 5



76 O A R

527 %

2500

2000 B
1500 -
1000 -

500 |

z

= ok

R 500}
-1 000
-1500
-2000 |
-2 500 —

-40 -30 -20 -10 O 10 20 30 40

ZH / mm
E7 WEMEERSENERETE

Fig.7 Determination of post-yield stiffness according

Q

to hysteretic curve
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Table 2 Post-yield stiffness ratios under different

deformations
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4 [ERRIERIE #0085

o BIF S 1 e i 59 e PR U O 19 5 0 5 5, SR
ABAQUS # {1, #3747 BT A0 04 45 30 40 25 SR A AT
R C A0 | e U A BRI 537 S [ 2 Kk T
M5 RO E 39 W

41 (RBIES

TE A PR IR A H 2R ] C3DSR BT sk AR LR 14 40 41
4 @ FE BB A5 29 A9 A 22 T 7 A e JEE R i 1 Ol 3R
1] 5 2% 114 fioh , BT RE B AR A PR TR 34 3 A TG A 45 A R
AT AR ARG T 600 A T 1y P A8 T, AT ok 9 fok i 4k vl 1) g B 4

FECR N 0.02, 35 1) 8 SR REFE fih o 320 54 5% 40 I m 48 1
JE 50— B, T AR S AR (R 2 L
FEAR Y B ) [y BE 38 2 7 b AR I K SRR A%
AU A I B S T A A R e B T
A SR G I E A Bk 2 R T ABAQUSS #k
P Hp A9 3R 5 5 A combined 5 Y R A5 DAY B (4 B4R 4 BE
I, % S8 BCE S 7% G20 TROBF S iR o A7 BROT A
RN 8 BT o

8 ARTEE
Fig.8 FEM

42 RBREREFGRITERXTLE

it B A BR T AR DLA5 ) A A 1] 2k SR e 45 SR an PR 9
Ji7R o AT LA IR B0 R 45 5 5 A BR e L4
SEATET . 0 U I R IR W (S TR R A8 R FE/50) )
Xt H 2 3 PR, 1T LA A BR G/ BT -5 I 0 4 SR A i
22499 10 % , 6 WA AR S 7 A A BR G AR 8 AT LA 0L 75 i
A9 A 35 Y Ak RE L T R IR S R 09 2 5005 B
iroT.

[ R
6001 gzt

-25-20-15-10 =5 0 5 10 15 20 25
%% / mm
9 KI5 HRITH D M L& Xttt
Fig. 9 Comparision of hysteretic curve between test

and finite element

4.3 XESHEXERER EE IS

PIRE R BRW-1 8 bR dEARC AL B2 11 T 10 41 A [/ R~
RIS AR 5 B RS TR, SR A R TR R R AT S 8500 By, R
AT SHINE 4 iR,

HR A 55 2795 40 B W 0 A AR A S T R A e R L L
M JEE i 2 5 o W ) S R 3R PR A X X 3 A4S TR R



513

Jir 99 A S i e

AL SENG T

77

®3 ARS5BAMITERNIILE
Table 3 Comparison between test and finite

element results
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Table 4 Model design parameters
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Table 5 Post-yield stiffness ratio of buckling-restrained

steel plate wall with different core materials
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(kN-mm™) (kN-mm") ¥/ %
BRW-1 117.71 11.38 9.66
BRW-2 112.73 2.15 1.91
BRW-3 111.02 2.92 2.63
BRW-4 110.71 22.23 20.08
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Table 6 Post-yield stiffness ratio of buckling-restrained
steel plate wall with different height-thickness

ratios of core plate

B *ﬂ&é‘ﬁ]‘]}ﬁ?/ Eﬂ&}éﬁlﬂg/ JE R )G W B
(kN-mm ") (kN-mm ") /%
BRW-1 117.71 11.38 9.66
BRW-5 110.62 10.63 6.91
BRW-6 132.35 15.19 11.48
BRW-7 152.60 18.38 12.04
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Table 7 Post-yield stiffness ratio of bucklmg-restrained
steel plate wall with different height-width ratios

P %5 R/ BB JERIE/  RRJE WL
(kN-mm ") (kN-mm ") /%
BRW-1 117.71 11.38 9.66
BRW-8 80.66 9.58 11.88
BRW-9 50.37 7.13 14.15
BRW-10 30.34 5.67 18.68

Hysteretic curves with different height-width ratios
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Table 8 Post-yield stiffness ratio of buckling-
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Table 9 Curve-fitting formula
AR A A EUEEE N X F R
LYP100 y=0.014 3 2*—0.064 2 2> +0.100 4 z—0.037 7 0.967 5
LYP160 y=0.007 5 2*—0.027 0 2> +0.048 9 z—0.019 5 0.960 5
Q235 y=—0.062 6 2°+0.411 2 2°—0.724 6 x+0.445 3 0.980 9
Q355 y=0.009 1 2*—0.073 6 2> +0.299 1 z—0.160 7 0.985 4
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