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Simplified Collapse-Prevention Assessment Method for Steel

Low-Ductility Concentrically Braced Frames
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(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In order to quantify the collapse resistance of the low-ductility concentrically-braced frame
(CBF) structure under different design parameters, this paper calculates the structural vulnerability
under different earthquake loads based on the incremental dynamic analysis (IDA) method and analyz-
es the influence of design parameters such as reserve capacity, reserve stiffness, structural period, and
response modification factor. According to the calculation results, the fitted formulas of the collapse
margin ratio of the low-ductility CBF under different parameters are proposed, and a simplified meth-
od for evaluating the collapse-prevention capacity of the CBF structure based on the proposed formula
is established. This method can quickly quantify the collapse performance of the low-ductility CBF.
The applicability of this method is verified by a numerical example. Results show that the proposed
method is accurate and applicable. It can be used for the collapse-prevention capacity evaluation and
design of the CBF structure.

Keywords: steel concentrically braced frame; collapse margin ratio; vulnerability; incremental dynam-

ic analysis; simplified assessment method

* Urfs B :2020-03-13; & E H #1 :2020-07-05
ESWAB : HEK A RPF 4 (51908105) 1L 748 W B A 2l 36 4 1130 5 B (2019-BS-052) (1L 7745 “ 2410 96 A 1R~ 55
H (XLYC1902043)% B
YEZ B A X Bk (1994—) B W LAF A . FENF LM HUREITH Y HF5 . E-mail: yihe liu@qq.com
BIAEE EEL(1989—) B RIER )5 . FENSFRE BRI 5. E-mail: zqdong@dlut.edu.cn

135



5l

i

WL 32 B4 HE 2R 45 M (Concentrically Braced
Frame, & #% CBF ) /& th 3¢ 5 F147 25 HE 22 41 A 1) X
O 34 & B S R d Br R L k(g
S RZ BT ALIE ) (GB 50011 —2010)" %} Hrops 37 4
HE S8 45 ¥ 7 7 A 3t 5 e A WD R R < S AT AR 1
K4l b, # A Bt i, AR R T 120,/ 235/, — .
TSGR AR R TR AT T DU SCR F R AT iR
T, HAK AN H AR K T 180, " Ak , 44 s T AR 1
14 i JEE b B AL, ok 4 A it 4 e 119 B SR PR IE T 4K A 48
SCPE R ELAT RS A SEE | BB 0 B 1k 45 K 7E M AR AR
T & AEMEERIR . M5 AL 2570 Jy T, F& 1 R0 v I
AT XF v S 4 A S 4 AT — A A 26 X
g5, BRE th OC TN A M i i ity 25 Rk ok 5
SER B L B R . SREMEH L,
e [ B 45 48 BT R BT AE ) (ATSC 341-10) i AR
315 45 ¥ 1 o T R B0 (R ) UM 45 4iE 1 RE 10K CBF
S5k 30 43 O 325 AR AE M CBF (R=3) . ¥ i@ CBF
(Ordinary CBF, fij # OCBF , R=3.25) fl ## 4k CBF
(Special CBF, faij# SCBF,R=6) , N [a] 2 ) CBF
W R AN TR) 0 150 3 by 52 A T L AE A 38 5 i 25K
A 2 . FAT, TR E A O R R AR
— PR RE I A I AR Y R SR LU A AT 8
Bl A B 3k 50, B0 45 ) 4 2RO 56 36 1 A R G
358 e S R W) A 5 K R R RN T N O R R 2
— o ey AR AR 5 B ZU R B A B O AR 4 A BT
e BT IR E NG ) R R A R L

BRI 28 Fe R 7 v AR RE 3 B A
b DXt AV S8 4 0 45 4 I R 25 4 1 R PR R AT B
P 5 LK, A A L[] R S P IR R A A R
JHE 2% o T Ah 2 3 XIRAE PE vOs S P R 4R 45 4
F TS 5 P RE TF ) T — R A5 : T.A Nelson %"
X O AR A P v S SR S 2 0 O R T B A AL
W9, K IRAK J0E P 7 P4 HE 40 45 A) 76 58 5% 4 R H 30
T E MR ARSI A AR AR I 8] 38 XU 5 J.T . Cal-
lister %5 °/ X I A 1m0 St 45 S AE 2 45 ) A R T A
HEAT T M 0T, S5 R R IR R RG2S

136

Hay ) A% HB 43 AR A il A KRR RE 5 AT AR Ik 8 33
J. Asceshen 55 W5 T AR JE T Hh 0 5245 U HE L 45 )
7 Wi AT 480 353 IF A9 AR R AT O, 25 2R R B D HE 2R 4T
0 73 P B 6 435 A4 470480 359 P B8 2 6 5 T Tyama " 2
T SR SRR Y R A B Al BTSRRI AY o A
T ARG A S R AU W 3 IRk 5 GLLAE T 4
AR E P SO A AE ZR A5 A B0 R 300 B A AR
BRI EE it 2 2K, 23 0 o M T R 30 RN EE X 4
9 PR A Y BE T RS2, 45 SR R B 8k R4 Bk i
IR SE M2 25 0 B4 mT LAY HU PR RE o eh e vl L, %o
T L T IC R M X 45 AL TR 2R B AN
SR RS, Qo R T ) B AR A R AR M AN 4
o g e AR B AS , BE 08 [] e 96 A2 4% g e 4810 B3 1 B 0 22
etk o T, ] PN 2 3 00 AR A P 9 45 ) 18 i 752
PEREW TR T — RIIBFST , 98 B 2555 R HIH % 1A
RV S8, 75 IR [E 37 3 2 0 R M R S 4, T R
TR R SR A R SR B HE SR R B 5 fE
J1Z 80 5%, T IDA (Incremental Dynamic Analy-
sis) J7 1% R Pk o3 A 1 ARCHE PR B 25 R B BT 4 4 RE T
T E TR E R B S80S I A A L
Kz A O SCEERPURERE T k. R
7, D7 5 b 20 UMl 5 P A TR N A Al RO AR R
Tl B3 LA KB 25 4 i o A5 RO BTN B BER
G PR R NTTR LA SN ELS ) TS N K T e )
B A BEA RS 6 T e S 6 AE 42
SERPEI I RE 0 A BT, 9 I X S5 4 R AT AT BR T
T TF e AF et I AR 23 BT AR I8 S 450 4 it 2 1) by 45
s A RN E REE., X —d R %
B, Bk = A6 & Ak 4+ BT 8 55 RE 7 09 AL AL T
o BAn] PR VA AR SE A A 45 48 RO BT R SR BE ) LM
it — LRI o

AR SO 44 S8 M 2 Bl , B T IDA U7 i it
SEARAE M CBF 45 44 1) b 101 ith £, 6 i 4 £ vt 3¢
FEHE ZR S5 AL 1 DU B8 BE T, O 20 i T A Ak 5 45 A 2
Be wd M IR A0 0 80 B RE ) DA T vk IR A
L BHE 2R SR T B S B T AR SO Ik B
PR AT RO, A AR A 1 v o S5 AHE 22 45 48 BT 2] 1
PEREIEAL 2B S %



1 HEER

IR E P v S HE M HE SR 2y v, S HE IR R R
EEMHUOAE Sy, LR 5 — PR B AE SR
TR RAE R SR A A R R 258 PR B 2R . 45
a1 20 P R R ARG P 1T TR v
Ak A SRy G5 RN 1) 57 7 U, DA AR b R S5 A R 28 07 F
ZERIAE A SR HE SR FR R R B IR S A A
FON T IR R AGE T B S R 2 R
SRR M Ty R h A S BRI 5 B s, O b HE 4
Or Uk SR A R AR 7R B C AR HE SR il . AR
35 205 1 £ 1A R R A S I R 3 B A &R
Bk a=F/F,, Rt 8 R BN p=hk/k, I F
F, 3 SR 38 25 09 S P 1k 3= 2% 00t 20 7 28 7 R AE 248
Ji AR 7 2 T 5 Ry R 43 0 AR 3R AE B M 2 R85 4 ) 46
B o O T SRS 4% AE P 0 S B RE SRR R L A5 R
PRI 32 2 pl S PR E AR T O R R K S
FERPUM RN EE | B 8<<0.5, IeAh, S FE A 5 0 1 HE 42
JB IR B & A R B u> TS p<<a. B4 BB
AL T G R i R R A R B R, Ry S R T
b4t T AT — kS 5.

o - u, u., U
BT B[ B CBF 454K 2 ) #m
Fig.1 Restoring force model of SDOF CBF

KSR T 5 7 P b AR 3t
TR b7

AP, p=u/u,, 3 — AR 25 57 B8 SE 1 5 0 S 254
(9 AR R N BLE s F=F/F, AR R IH— Ly %
2 FF, 50 50 S5 MR 2 0145 T IR R 31 3SR
I R 5 R AU SR BT IR KL, 2 R=11F A ik
RN R Y RRT 1, 10 R=21F , IR R 1

Jet i 7R 48 7 R A AR R A P I I T e /N AR AR T 1Y
—2F o MHEMIZ B 7 B AT LU R R TR A
R .GEHIBE Sk % S8 o M1 B S5 H FA ) T 359 % CBF
S5 K 1 S P SN EL A S ), AR SORE 3 R A4
SR, R S5 R T TR B B Pk B o BT S AN . A S
B o BT B B VS B 43 3100 0.1<<a<<1.5.0.1<C g<<
0.5, 1<<R<<4.0.1 s<<T<3 s, f & T L B {i§ %E P
CBF 45 /) 1) Z 80 X TH), T« > 1.0 48 3¢ 3 B 1R R A
55 i 5 R AR BB Y A

2 SRR ST

25 R 0B 35 1 BE 43 BT A 4 S R I W S E i OE
fiwifh EZIE X . FEMA P695HLIE"™ i 45 ih — Fh
K H 8 358 &= # B (Collapse Margin Ratio, CMR) X}
S5 BT IR M RR A 1 PP AR 0 1 AR SCR IZ T
Xof 45 A8 BT R B M RE HE AT 0 M o A5 AL RIS AR
SRy 25 R 50 %6 5] Bn HE 5 A b R B e B (S,) 5 45
T8 Ml O B R T B BT R Y LA, R
KA

Ser

CMR=— (2)
SMT

A, Syr=a(T) X g, H 55 W R o 55 HFFE
S5k A R IIAR G, 2 IR SPUR R
b 72 5 ) 2 R R U 5 Seo i IDA RS )
AR FEMA P695 i 45 1) 44 4% 7 7%
oy %t —HEI S8 (o f R .T) 5 R A
F 3 AT JE o0 4 S A AE SR 25 R R R 4T IDA 3T
B I MRS BT 4 SR A5 B 80 35 MR R 506 1Y M R
TR BE S, (R Ser ), 18 3] 35 Hb 7 58 135 1) Mk 56 0 A1
T 2 o BT A 0 A, B T A5 30 25 0 b b il £k,
B2 (a) I, LGN A B ol 5 440 1 431 359 AE 3%, 6 A B
A N S, 6 R A S5 AL JE W38 T A5 3] S,
L A 2(b) BT, o R A B Ry X 5 4501 it 2 A
{ELAS 21 A 50 %6 {8 15 ABE 2R X6F 107 1 1 72 5 JBE S, , B A8 A
R BERG I T, Ser 1 P A — A S50X S Xt g &) 40 45 4
{14 Gy 451 ME 122 50 %6 (5] 358 M 5 X R FY) B A b iE
— 3l 0 3 (2) SR AT 25 0 1 451 45 W M CMIR L AE R
S5 P HLAE I A8 F1 (0 i AR AR bR, CMR 8 K U B K Bt 51
I HE 1SR . B % FEMA P695 #Lil , % i& CBF 4%

137



4y by 52 2 RN 43 BT ) R A W 5 P L T 5 A R B
5

10% 18] 5 HE R (1) % 4 B  CMR=2.79"",
CMR THEAEAR T 2.79 WA Ry 45 #4312 P 8] 38 v

P
100%)} ====mmm e

SL'! 3

50%

AE Y 2K o #F— 2038 ik CMR FIRL G FRAE 19 e AL,
A DLAS 0 R 25 b ) B BE AY 45 4 15 T A v
B, an &l 2(e) firs o

OMR g i s 2
ER ER
SerlT) ;
= ST :

0 Sete: & 0 T,

(a) Bt i

(b) S0% {8 MM = hn s A ik

B2 CMRiE&E AR R

Fig.2 Calculation procedures of CMR spectrum

2.1 5 EHA AR JE) HA X 5 A ) 45 1 e B R A

B 34 T 3FASTF T8 CBF 25 7 «=0.6,
B=0.3Z B &M T K CMR . G LA
th, CMR 9 i B J) 309 1 185 RT3 K . 3 i 20 g A2
XFF CMR 11 5% i 285 5% W 3, B AR 20 5 IX (7 )%
0.55 s) A T4 i Z1 B X (8 i 0.355.,0.55 8) , ffi &
Hb 5= ZUE Y 3G O 37 b AR AR S 49 19 A2 4k, CMIR 158
YNENG L R SR B S A S @ T N R
CMR,;>CMRq. UAh, H 37 Hb Re AE 30 A9 22 5%,
MFIZUE T, 50 43 M b, 5+ 3 5 R 45
A B0 0 B M

8.0

6.4

4.5

CMR

32

——3f0.35s
<<<<<< e 80,55 5
: ; —=—TE0.55s

1 1 1
8.05 045 085 125 165 205 245 285
/s

&3 AN[FdHh TH T CMREUE X L

Fig.3 Comparison of CMR values under different site condi-

tions

2.2 of0pXFEEHIHL AR 1 BE B R 00

a Fil B oA 3 SRR v 3245 A HE 2R 45 44 1Y) 7R 2K
Ji it w6 Z RS W i o R 8 i U (2) TR, S R T
AR, Sy B AN Bl 45 F9 it 2 2 K0 Ca B 3) 0 o A2 T

138

BB M R Sep s AR A B A~E 645 T
£=0.2,a=0.6.1.0 1 1.2; L &% a=0.8,=0.2.0.4
0.5 B 4544 (1) CMR 3% o B % 80 o« M1 B 1H 0 L
L, CMREERAZ HEZRA K, Ya/phiE
HA) ,CMR G B A TS, 0 W o/p AT AE R S B 45
Fa) B 3 £t 4% X Bl F3 RN 5 e B — A SR

——a=0.6,/~0.2
............. a=1.0,=0.2
——a=1.2,=0.2

8‘05 0.115 U.;SS 1.‘25 ],:55 2,“35 2‘115 2.‘35
JEB/ s

B4 aEAbx} CMR 3% 4 8 1
Fig.4 Change in CMR value and o under the same site condi-

0.8

tion

6.4
5.61

4.8+
§4.0'
g3z2r
24+

P | D e =08 =04

—a—a=0.8,4=0.5

1 1 L 'l 1 1
8,05 045 085 125 165 205 245 285
/s

K5 pAsfbx CMR 3% 1 5% i

Fig.5 Change in CMR value and B under the same site condi~

tion



i ——0=0.6,4-0.3
0.8

———=084=04
............. a=1.0,80.5

8,05 045 085 125 1.65 205 245 285
/s

B 6  a/pAEALXF CMR i 1Y 5
Fig.6 Inflence of /@ changes on the CMR value

23 RMEHMAIBMEENER

MR 4 3 T, R AR F LS A R 3 Y
Prodi B, RDBE % RIS A, sk AR 2 ) i B ok | 45
AR S . B 74T 4 a=0.6.0=
0.3 R=2~4 K 38 T T 458 CMR % . %l 3%
B, I 5 8 P8 T D 2R 50 8 R, 25 R (80058 A T S
FAR  (H VA | R A AR CMR 1% (R0 AR K

$.05 045 085 125 165 205 245 2.85

/s

7 BRI AR R X CMR 3 1) 5% 1]
Fig.7 Influence of reduction coefficient R on CMR

24 BHHEARK

HAE T BT, 5T ik S 80 B 4 R X
CMR BEE AT IR AXPLA . CMR 53 205 B
53 Sur TR B A R AT B, S Rk R

M T<<0.55T,+0.2 1,

11(0.04;+ O.53)(O.89T+ 1.2)

Ser= 3
R+6 (8)

M T=>0.55T,+0.2 0,

12(0.06;+ O.7)T

(4)

cT

R+ 6(T—0.15)
B (3) DO A(2), B AT =R 5 CMR

i}z CMR 3%,

3 iR TE

45 A6 B ] 35 M RE T Ak VE S O 95 R R An & 8 T
N, AR AR

(1) &5 #9 BE A S 8000 5 o AR Ol 45 40 1) 7 24 4
I, T 2o 4 7 A T, TS 4 1 6 A S8 a OR 3R
Tt a8 B0 F A CNIEE 6 25 R B0, IF RIS /I 19 B
AW T 58I RER .

(2)R A CMR MR A3 A7 K e, 4 25 5%
1 A (AR B8 45 4 R AE SR U o« 8 T T R 43 A& 35 JE]
TG B & AR A () L (4) it CMR 43 1,
IR A Syr=a(T) X git5 , kit CMR.

(3315 H A CMR 5 B CMR, #4746 L 43
Br, e 25 R B PR PEBE . X T A SCES L CMIR
BRAE R 2.79. CMR K, Ik 45 4 14 Bt 450 33 1 B
HAr .

1 FEMGHER. WESEAER

!

TR L S UG R HE R 00T, T
St SHAMEENT. R, a.

l

RAR (D)@ 5 HES,

|

RAS (2) HEEREREERE

s, s S R kIR

ST AR TR
PHEEH

K8 AL

Fig.8 Assessment flow chart

4 HEISH

41 EpHtHE

3 3 SR 45 0 A ST VR AT B R B 3 M 2
BT G BE 12 m M 10 m, 8K 30m, ]
WA 1H 50 t A7 P TAERI M4 FERHTBAE, f
KRG TR AR S 7 m, FEw5 10 m, bImeRdE T i E 4
(A ZHED) , 1 HR A S T e dm , #%me

139



2R H B 500X 500X 18X 25, J& 36 I M 1 77 Ji
Yo H B 700 300 X 12X 24, H 7 44 4%, 1 32 2 Ky
YA U)K A AN 21 140X 14, K
128 mo J= m & KBk JH M JE 0.8 mm &
YX114-333-666 AU 4 AN A, HEE 100 mm J&
8 20 B RS AR (R WL 20 kg/m”®) , B 1/20.
Bk R Q235-B, f,=235N/mm? . #5145 # i
AR N P B AR R 50 a0 BRI B
FURE 7R Bt AN AR 0.2g, [ K4, it
b 5 5y AR 5 — 41, b M R AE R 0.35 s, S5 4
T 7 T N0 S7 T AN ] 9~11 i s o

H-500x500x18%25 H-500%500=18%25

H-500%500<18x25 | H-500%500x18%25

H-500x500x18%25 | H-500%500<18%25

| 10m 10 m 10 m
@ )

S RCI N =30 W 7 R Y T =
Fig.9 Flat layout of the single-floor industrial plant

10m

| 10m | 10m | 10m |
10 B2 Tl T B 7 T A

Fig.10 Facade layout of the single-floor industrial plant

H-700x300x12x24

/ / *,
)
Y4 ¥, g
A % | =
i/ R
v \\P
8.7m 10m

P11 B2 Tl T o O S i A
Fig.11 Side layout of the single-storey industrial plant

Xof 45 K6 K8 1] HE AT AR 35 vk B T4 L SR TR AR Y
LN = O X VAT TR TR S o B 3 N o 2 = A
Bk, HARRBIT .

(1) 3R HZ5 ) 5 A 2 BRI < U3 B T 08 3R 2K
R=2.86; 45t I F &8 7r  H BRUAI A 48, 04 1 0 1=
154 814.6 cm*, #} 345 g N, 45 19 5 NI 8.043 X
10" N/m, 3 # R AU REZE NI 2 1.21X10" N/m,

140

SEH BT RN m=69 736 kg, T 15 45 4 B A JE 1
T=0.185 s, /R J1fiff 5 Z 80 WA 48 22 8000 5
a=0.736.,8=0.151.

(2) % i 15 3 0 F AR S BARA A X i3 R
Tt WL Sy Ml 5 4 TR0, 0 M R AR R T O R B Y M
E W R R ol 05, Bl S,,=05g; H T T=
0.185 << 0.35X0.55+0.2 = 0.392 5, 50 % {2 35 1 %
b 7% Bl 5 B AR A (3) 11515 Seo=1.22¢, H1 A (2)
A[ 4 CMR=1.22g/0.5g=2.44,

() Tt B 5 % 4 B CMR =2.79 # 17
XF L, AT EAE 2.44 /N T 2.79, B 45 4 1Y S )
B M R AN Tl R 0K, ELA R A 1 B8 XU, 7E 5 0
bR N R R A R T 1026

4.2 EHEAE

K ABAQUSS #A4 X6 550 1) 37 47 1 5% 4 R IR
28 1 R A3 M T S R UE o B i) — AR HE 42 (R &L 9
T2k @) 4T IDA T3 A4 5 IDA ik 5 bk
i o i an e 12 13 iR o Al 48 S =1.21, M
M Syr=0.5g, Bl CMR =1.21g/0.5g =2.42<2.79,
6 W 25 K S T A BB T oR o R FH R Ak PR A O
15351 CMR BUAE (2.44) 580145 8 (2.42) 45238, 5
TE T A SO B AT Rt

1 1 1
0.02 0.04 0.06 0.08 0.10
f,

o

E 12 IDA ik
Fig.12 IDA curves

08t
06
] SR—
041

024

g
0 11.21 2 3 4
S,

K13 By itk h £
Fig.13  Vulnerability curve




5 & g

S5 G AR AE M Tl SCPEHEZR S5 4 (CBF) (51
Pt T BT IDA (9 25 0 B 480 59 1 R 1T Ak DAl O ik
YT T O P AE SR T BRI S B0 E R
#EE(CMR) (9 520, 45 5 7 CBF 45 75 A [a] ¢ 1
SRR T P ({5 5% o B LA A 2 CMIR
T 17 AT B O ik O S8 a4 i O ik EAT T
WE,Z58 I F .

(1) AN To) 2 HUOGT AR A28 P 4 AE S 45 #7181 5% 1 g
V14 52 0 A7 JIT AN TR) < 37 1l 5% AP 0 45 ) B A ] 30 % 45 g
14 B0 50 35 P BE LAtk 3 5 o, R R U 3 K 4
ey ] 355 M R O T K R ) B A R (o ) KT B
BT E IR RE A — W, Y o/ S BUBRE A [ i
XoF 35 ) 1 7 15 1 M BB S I S A i T U R R0 ke
SER PN IR RE SR AN K

(2) 42 H 14 AU E i o o S 95 00 E 24 45 4 T 3] 330
P RE T8 £b D7 A% 77 7k g % P 3 52 30 45 4 B 48 35 1 g
10 e Ak PP A, B 01 25 R R W 3% B LA A
B 1 R0 3

S E

(1] #HPURBRITMIL : GB 50011—2010 [S]. db5t:
HEIU T H AL, 2010.

[2] Seismic provisions for structural steel buildings: AISC
341-10 [S]. Chicago: Illinois American Institute of
Steel Construction, 2010.

[3] Nelson T A, Gryniuk M C, Hines E M. Comparison of
low-ductility moment resisting frames and chevron
raced frames under moderate seismic demands [C] //
Proceedings of the 8th US National Conference on
Earthquake Engineering. San Francisco, California,
USA: [s.n.], 2006.

[4] Nelson T A. Performance of a 9-story low-ductility mo-
ment resisting frame under moderate seismic demands
[D]. Medford, MA: Tufts University, 2007.

[5] Callister J T, Pekelnicky R G. Seismic evaluation of an
existing low ductility braced frame building in California

[C]//Proceedings of the 2011 Structures Congress. Las

[7]

[8]

[9]

[10]

[12]

Vegas, Nevada: American Society of Civil Engineers,
2011.
Shen J, Rou W, Akbas B, et al. Near-collapse behav-
ior of steel buildings with non-ductile concentrically
braced frames [J]. Journal of Constructional Steel Re-
search, 2015, 113: 101-114.
Iyama J. Estimation of increasing response of steel
frame after fracture of structural member under strong
earthquake ground motions[ C]//6th International Con-
ference on Behavior of Steel Structures in Seismic Ar-
eas, STESSA. Philadelphia, Pennsylvania: [s.n.] ,
2009.
L1 G, Fahnestock I A. Seismic response of single-de-
gree-of-freedom systems representing low-ductility steel
concentrically-braced frames with reserve capacity [J].
Journal of Structural Engineering, 2013, 139 (2) :
199-211.
HETE, W, R R T T R AR AL -rhus
SRR SR IET] R TR S TR, 2014,
34(3): 84-94.
Dong Z Q, Li G, Li H N. Parametric study on steel
concentrically braced frames based on seismic ductility
demand spectra[J]. Earthquake Engineering and Engi-
neering Dynamics, 2014, 34(3): 84-94. (in Chinese)
HOET, B, BES . 2RO SERHER A BT
REFTALITA 7 i (0], AR a5k 241, 2018, 39(5): 1-9.
Dong Z Q, Li G, Li H N. Simplified evaluation method
for seismic performance of multi-layered concentrically-
braced-frame structure [J]. Journal of Building Struc-
tures, 2018, 39(5): 1-9. (in Chinese)
A, P, X, S ARIE A O S A AE SR A
M4 3 & s (7). & S 45 M = 4, 2020, 41(6) -
21-29.
Dong Z Q, L1 G, Liu Y H, et al. Shaking table test on
low-ductility concentrically braced steel frames[J]. Jour-
nal of Building Structures, 2020, 41(6) : 21-29. (in
Chinese)
PN, RR R, R KRFERE R W O S AL XS
O ERAE R BTR R RE RS W (1] AR 5 T
P24, 2020, 37(3): 10-17.

CETTRT Y

(TH#EFE1703)

141



