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Performance-based design method of combined energy dissipation
structure with buckling restrained brace and viscous damper
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Abstract: Based on the influence rule of the structural natural vibration period and the damping ratio on the
seismic excitation of the structure, the calculation formula of displacement reduction rate and seismic shear
reduction rate of SDOF system of the combined damping structure with BRB and VD are derived and the
damping performance curve of combined energy dissipation structure under target displacement reduction

rate and target shear reduction rate is established. In addition, the performance-based combined energy
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dissipation design method is proposed and the validity is verified with a practical engineering example. The
simplified application mode of the combined energy dissipation design method in multi-degree-of-freedom
system is proposed. The results show that there exists unique performance point under the case that the
target displacement reduction rate and target shear reduction rate are determined, and the combined
damping structure could achieve excellent displacement response and seismic shear reduction control effects
if designed reasonably. The calculation example structure designed according to the design method achieves
the expected damping target. The simplified application method based on the first-order mode can be used
for the combined seismic design of multi degree of freedom system with uniformly distributed mass and
stiffness along the height.

Keywords: buckling restrained brace; viscous damper; combined energy dissipation; displacement reduction

rate; shear reduction rate

T BRI BRI AR TE A SUAHA AR TR
L AERE Bl ke B O B R A SS A B PR 3D
AE . DT/ 45 140 1 b 5 S I o 91 BB AR Al A

1 HEBERFHEBEERTERN
P S A T AT 90 R o 0

(7] (14 LA D 3L AT 43 Sy o7 # 28 J RE i R BE ALY g
e, Horpy, JE i 2 R S # (buckling restrained
brace, BRB) 5 %kt BHLJE 8 (viscous damper, VD) 43
AR AE BT e f A A RE AR Y LR . H
Hil AR P T BEIRGRH AR N, R 222k 1 — 2 Y
FHJC#RHEAT 45 M e s i 1+, i X 41 & i | BRB
VD JEEHR BB

BRI 25 % % H BRB+ VD, BRB K& VD i
R RA PR REHEAT TXT L, I 4 B A A
B RHJE # IR BT 7 v % v 5 1R BHL e AR
(RSt S AT A B SRR H A s R R A A BT
PEREAL BT HE G, $2 10 2H 5 T R D8R HORTE M = )2
EFUH AN 5, JFE a8 R )2 S
511 300 UF 245 U A B A s 2 A A S R
ST A3 B TR BB AL S AT
BRB Fll VD fYVERL 5 M2k s XHr4E0 545 T BRB
VD BEEACERE B2 1 T B RE e g8l VD A,
Jt53 1 BRB 1 & Fh W J1IRAS T 5 T I #8147 BRB
AT AR TS TR A R 2

DL B BIF ST X 3 BT A 67 % il 7 4 ) AR O T
BRB RIEF 1 VD Jd ik 34 hn 2544 BHLJe W G A &%
B/ INGSFE B b 2 5 7, 8 A A AT (] Bk A A
UFROALRS SRR Y i HISOR . B 5L T A A 4R
Ji1 199 B BELJE FU AR Ak % 2 1 i i 2 1) 52 i B A 4
BRB 5 VD & RREH B [ AR RO PR
L2 5 BRI A 2 2 4G T RE DR 45
PRI R RE M 2k, 4 2 TR I 25 T RE IR
B IE R AR 0 U By s A Rk
IEes i THG BRI EEZ B R AR R iy
(ALY = v

AR AV IS X 235 4 b R ) B AN RS R ) ) 25 S L TR
IEARME R SSF H IR A I A A B . B oT g SRk
Y e ey AN S g i B G B (VA o R EN A VAT 1L
MR N RREL, B T 8 5T BN, 2 #6358
VUL LA 5 Vo 4 ) 157 6 AR A1 6 B b 7 B 3 A AR
RN KR

CRFPTR BT HLIE (GB 50011—2010) )M (fi
FRCHTIN) B A5 R R FH P 9 B » — /K7 i it
BT BV A R F 22 38 R A R 1 = Iy
TR E R 1, I I BUR R R TE A .
I EE BTN S M 7E 22 18 R AR B R AR RE H AR R
FEWFFE . AR IR 450 CR 1 & I RE 40 1Y T
m, PUMNIEE R Ko BRJE ol & AIRBIII T 44
MRS BRB &4 f BRI EE S AK, VD $244E
FIRHINBEE LE R &, . 2544 B =R IR T, T Re 4% &
HB AR 1Y i 2 Am . BRB 5 VD 20 4080 % 45
P B PR R R TR TR L 1,

V.7
E 1 BRB+VDA&/BEHEHEEHERR
Fig. 1 SDOF system of combined damping structure

ARI =L S 5 IR AR ) B IR SR

T = 2n /% (D



% 344 RN 3 R T A 0y R ol 29 R 3% 55 kit L8 25 20 6B R 28 M 33t o ok 85

B DB @) A

T.=T /%i—’/ﬁ: (3)
o e I BERS M LE R T Am 5 AR WGE
GERY TR m Z s 9 BRB IR AK 53EE0ZE
ZERINIE K 22 1, B

_bm ~_ AK
Mo — m s Uk Kf (4)

K 2 AR IR A S B IR A R A R SR 0 O
Zhk. MEHRTLAE Y, PIASH A 3R 8 3050 AR Bl
TH e st BEE T 82 R B o 2 A 38 o 22 AR Ze V22 4k
FLAZ TF RE A BRI M £14 52 0 B Sy {2 35 3 5 D D
SR BCAR IR S A AE B 1 R B BOR S L A4S
A ) L 7 S A R AE A

3.0

— 1, =0.02

Ry
2 ERERAEEHBRAXER
Fig. 2 Relationship between period of non-damping

and damping structure

AR ZE F B )l BE AR R AR M RR A R B2
oo o MIRE SRR R N 100 VL i BT AR
AL DR R A5 AE B BE AR R B2 RS R o, o AR
SERHBRR N IRV, AT

Vi = Kz (5
V, = (Ki +AK) 2, (6)

SR HHRAL 53 it SN TS AR R 2 i S
WGRESA IR N T V) B Vo, B TR BE T HE AL 45 1)
AR 399 2 07 T R S 3 1) £ P B, M
SO Z B o SR SR TG R N 2 st AT 3 1D

V= <%>y772amaxmg YD)
Vo = (2) gt amg  (®

ST, HE T 2E S A AL TR 05, % e ARG
T ) T VAT T BELJE T 855 ML
S B HOR I s g ST R E s TR S LR
e B, T 1 BEAERC 7 TR 0. 93 41 IRz K

BELJE T 4% R B0 o S EDAREL v 3 9% X (9 X
A5,

0.1640. 62,

T = 0,16+ 1. 66, (9
00,5444, 4¢,

ye - O, 6+6ga (10)

P (3) ) A AOAZ(8) L FfBR T K i
HG) K6 KD E
(g + D070 =
(0.16+0. 62) « T i)
c (0.1641.68) « (14 p) @D

MN@%@)
(D

L) B4 A7 REIE 45 MO 7 4% E H bR %
T BRB $2 4 B R K VD 2 43 1 B n B
JR LA AR R W GRS H bR B
xo SARWGRGEMINIFE 20 Z (=20 /21) . 41N
FHJE L &, =0 B, (1D 4k BRB WUZ 25 H 76 H
FROERS T 10 WIS 5 oK 7 A5 2 W B o =0 B, 5K
ADFAR VD WURZEHITE B ARAiEE T 1Y FHIE 7 K
Ji R34 BRB &3k £ M i Jm i, X LD R g
BB JE 75K i BRB & VD $2ERHin B2 =2 #, B
PRI K S BRB Ji AR5 B2 HE 4 55250 MI B CGRIZE NI
).

Bl 3 MR H s ANFHUE T MIEE b o5 B0
FHJE HE & Tl Y414 56 R i<k B R il U HY 2 24 4%
) A AR AL AR R — 2 I (IR AS L e B E D) L B
VD LR INBEJE EL 34, 5449 % BRB 32 4RI &
(s R B2 B, B SR AR L &R 2 VD
FEALAY BRI BEE e Kt Bt BRI BELIE BE A 3 i
JIT s BRB BRI 1428 Ak ks 122 5 X4 4544 Bt B
JE EL R BRI 5 B 52 S, T Ak P v 2 A
H RO 25 55 A0 B 1 5 s B BELJE, LE s 76
25 TR X T RE ISR S5 B BELE bbb BR A AL
(RIS L o X LA 388 2t (S B fin BELJE L 552 30445 48 A5 /N 1Y)
HFR A (BN g, =0. 5 B,

2 AGBRERGEMHENERRITEN

TELH G451 L g1 T BRB S 45 H S AL
WIRE L 25K 1 I SR S0l s« AT 7 — RE R JEE L 1
ZER LA BT I3 VD 2 i R A5 R BELE | 4 4
THFERERE 1 . — € BRI LIS/ R R BT 507, i
— M — A A 45 58 T RE AR 4544 Y 3 72 BT 7 36 in o



86 TR 53R A S

% 43 %

3.0

—o—p,=0.5
2.5 P

—a—p,=0.6
—a— 1, =0.7
» ——p,=0.8
315

0 0.05 0.1 0.15 0.2 0.25

&
B3 B#ri THIMEE R MR A & ihk

Fig.3 Combined curves of additional damping ratio and
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additional stiffness under target displacement
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Table 1 Performance parameters and damping target
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Table 2 Displacement and shear damping effect
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Fig. 12 Damping performance curve of structure
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Table 4 Parameters of buckling restrained brace

e e RN Gyt s JE 1 .
L8
Jri #2E Ki/(kN+m™) AK;/(kN+m™!)  F/kN
1 554 389 110 239 1650 4
2 564 272 112 204 1450 4
X 1]
3 471 165 936 90 1 450 4
4 434 931 864 85 750 4
1 586 783 123 787 1 600 4
2 628 550 132 598 1 250 4
Y i
3 510 446 107 683 1 250 4
4 464 152 97 917 650 4
x5 HFHERHSH
Table 5 Parameters of viscous damper
e g R R %L FHJE FFHm e e .
=:§
Jm MZE C/(kNeseem  HEL /%
1 1124 0. 25 2
2 1124 0. 25 2
Xm 9.5
3 1124 0. 25 2
4 1124 0. 25 2
1 1124 0. 25 2
2 1124 0. 25 2
Y [ 9.2
3 1124 0. 25 2
4 1124 0. 25 2

E13 PERHFTEFREE
Fig. 13 Damper layout
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Fig. 14 Comparison of response spectrum curves
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Fig. 15 Effect of structural displacement and shear force

on seismic reduction
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