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Seismic Behavior of Rocking-Truss-Frame
with Dampers

ZHANG Wengin' , LI Guogiang"? , SUN Feifei''?

(1. College of Civil Engineering, Tongji University, Shanghai 200092,
China; 2. State Key Laboratory of Disaster Reduction in Civil
Engineering, Tongji Universtiy, Shanghai 200092, China)

Abstract: For the purpose of investigating the seismic
behavior of rocking truss-frame with dampers, finite element
models were established by software OpenSees, including
frame structure, brace frame structure, rocking-truss-frame
structure and rocking-truss-frame structure with displacement
dampers. Based on the result of modal analysis, pushover
analysis and time-history analysis, the characters of stiffness,
dynamic response and damage were discussed. In order to
illustrate influence of frame column root connection and
dampers, four finite element models were established, which
have different types of frame column roots and dampers.
According to the analysis, rocking-truss-frame system has

great seismic performance. Displacement dampers can

ks HBH . 2018—09-13
HEEWEH . EFRESP AT (2016 YFC0701203)

improve structures stiffness and capacity, while velocity
dampers can decrease story shear force. Pin-supported column
roots are helpful to decreasing dynamic response and plastic

damage of first floor columns.

Key words: seismic behavior; rocking steel truss;

deformation control; damper; column root
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FITEA P85 LA Z (B B A o0 =, MR VR F T IH R
PREEA SR 0 AR AR IE A TRt — B B3

A CHETF Takeuchi 251001 $2 H /T BB 47 2540
MIZE-HEZR 254 , 5k Fi] OpenSees A FRITE A 43 H:
S1EGRERGE ) - HEZR G5 IR AR N AR HE 2R
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FF 4544, 00 1o, AT LI EANESR 3 S AR , 18
Tl 2 7 AR IR ARSI AR I BT R R. (B A

Lt T BF-FF 454y, RE-FF 255000 NI BEAL 55 , a0z
TR BN S 52 AT = 4 R 60 78 B BH JE 4 CanJE it
2y #E, buckling restrained column, BRC) , B A] 5
%) Takeuchi 55742 H F 4 REFR 2 AT 2R -HE SR 45
¥ (BD-FF 4544, qn & 1d). #E % [ 1y 2 S /N AR
T, BRC R M IR ALK B , Briulge B s 2e b
KEEAT ,BRC JERFERE IR IB IR FIRE SR B8
BSARTE  prEERE .

(B R AR IENT T B AE SR A7 72 B 2 SR A
R WA B b = VR T T Hd t 7™ . A RE R A R
MBI (BD-PF 254, & 1D, A7 B Uik 2 HE 42
B o BB, DB/ NFE b R AE AT B SR 4. ot
4, BRC J& TR IR JE 8% » HuRR AR T XHE 1 AT
ZRRCHR P L BRI I » T H A e Dy o AU BH JE 4%
(VFD) JE i VD-PF 4544 (B 1g) , BT /NG B2 T
ZHBWE AT, SRR ENS.

A CUATH BB B NI AR -HEZR 5 4 R IF SR X 42
MR . BD-FF,BF-FF . RF-FF #1 FF 454y
DU ) KB R AR 3T L RRAE TR B 30 1 e 7 B
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EHEZRM R Bt 15 8 2 Fhoit Eu 544 , B BF-PF
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Fig.1 Models for analysis
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Z5¥ (B 1e) \BD-PF &54y (10 , W55 A R A
W F a5y E e 2. 43018 F A7 #8 B RH 2
#% (BRO) FIE B #U BH JE 28 (VFD) 1R N #EREAA 14, 77
R TREENHTYUKT, 528 BD-PF Z5# 1 VD-PF
EEM AN 1g Bt ) » WEFE A R 28 74 BH JE 5 19 8=
P BE.

2 HZHMSHSTEER

2.1 FEEISEH

FRPE TR E TR ARG R, &
T — 9 B HE-TEZREM, K 2 . wpiZl
FER 8 FE 0. 2g, 20 2856 3 41, RefE R
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m~’, G5 O AR E B R 1 BR. AT EE A
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Fig.2 Configuration of origin structure
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Tab.1 Section information of components

h=n a
HE e oma e ESRERSCRER/
1~32 H 600 600 12 16
EHEE 4~62 H 500 500 12 16
7~9F H 450 450 10 12
MEZRZ 1~982 H 350 300 10 12
W 1~9F H 300 300 14 14

2.2 BB HEE
ET P it M SC - E R P |45, R A
OpenSees A BRITH 2 52 #28 PE AL B, o,

Q345 FHF {81 I BT £k il 2l 5 AL B Y. HE 28 55 4 1Y)
T AT 4 R S 43 45 g 1 % 1) A R PR T 00 B B
#E B0 (force-based beam-column element) #i3), 5@
Job £ A A TE 4R B TG W R L AR A AR 43 Ty 4
B 2 TR RLE R MO 5 B ) RO S A
SRFET IR R oL, R4y 4 Br. WIHR PG
Fie 2 TE SZ TR 2 A » SR o W 1B A S BE 1 1/
300, 7 A BHHE LR RN 5 JLAT AR LR RN 2 BR
DA ¥ B T Black 480 i S, tn &l
SR ARTAMEREAREREY S,
OpenSees BT T 32 544 14 1 155 01 BB 98 ME A% S5 Bt
HAEAEE AT ET B3R 8 k.

1200

—-40 -10 20 50
AR /mm

B3 XEMHRBHERTER

Fig.3 Simulation of brace hysteretic test

HRASHORA AUHIBR BF-FF 45t S #4540
WK Z 5%, 43 BIXT B RF-FF 2544 ; (0K BF-FF 45
HIR 2 L 5%AT 84 BRC, W82 i BD-FF 4%
;53 5% RE-FF 2544 . BF-FF %54 . BD-FF 254
HIREZE A BRI R B4, W45 B B B RF-PF 4544,
BF-PF Z5#5 H1 BD- PF 45#4; % BD-PF 4544 5 [
BRC ##y VFD, i[53 VD-PF 4514

SHPTEE AL BRC K2 S B2k A Giuffre-
Menegotto-Pinto # &I (Steel02 #i#Y) , VFD %
Maxwell #5# ( ViscousDamper #%). BHJE #5880
K AMTEEH TG (truss element) #EH, H g PENI 5
XEEMTAR IR TR X AT BBl o] I BE AR 4. BHJE A8 1S
Bk 2 fiw, 2, BRC B E J1 R R D45 0] %
ALHIN) 95 1o SR PR B A AR g , N 4
B SR BYA .

®2 HESRBRITSH

Tab.2 Design parameters of dampers
BRC VFD
FAPERIE /(KN e mm™1)  JEMRJI/KN JE IR W BE HEERIE/ (KN mm™)  FRBEH/(N-mm' o)  EEHH
1339.8 1 040. 6 0.8% 1339.8 1. 04 0.20
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Fig.4 Calibration of hysteretic parameters of BRC
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N FF 5t S i B = A0 G 8ERAT
AT, RRZEHE RS 45 RAE 4 B, %

JEEBY 15 R I A% A B SR R R AN 6 BT .
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Tab.3 Information of earthquake waves for time-history analysis

K5 PEER 435 HBAK Fh BR WrE L SR/ (m- s 1)
1 68 San Fernando 1971 6. 61 k2 316
2 125 Friuli_ Italy-01 1976 6. 50 R 505
3 169 Imperial Valley-06 1979 6.53 E R 242
4 174 Imperial Valley-06 1979 6.53 E R 196
5 721 Superstition Hills-02 1987 6. 54 R E 192
6 725 Superstition Hills-02 1987 6. 54 R E 317
7 752 Loma Prieta 1989 6.93 2k ¥ 3 2 289
8 767 Loma Prieta 1989 6.93 #HmEsh iR 350
251 4000
2.0
ﬁ\: — R Z 3000 — BRFF
5oL 43 -------- BD-FF
X & 2000 - - - RF-FF
20 TR 1 L FF
B e
= 1000 [ o7
0.5 - - ,‘T‘f_T__T_T_T_T_T_T_T_T_T_:_T>T;T,T,T_ ——————
0 2 4 6 0 0.01 0.02 0.03 0.04
JAH/s BKE RN A

5 HEZID R AN E E R A
Fig.5 Elastic acceleration spectrum of inputting waves
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Tab.4 Modal analysis results of different

structural systems BAf:s
G52 —B ZBy R =M A
BD-FF 1.224 0. 301 0. 164
BF-FF 1.224 0. 301 0. 164
RF-FF 2.358 0. 330 0. 167
FF 2. 646 0. 833 0.443
BD-PF 1. 239 0. 307 0.168
BF-PF 1.239 0. 307 0.168
5150 o TS B

(1) BRC W J3 5 P - e R 54 AT F il 12 W J3E AR

6 AEAEHERNERNN-BEXEEMCERABE
Fig.6 Curves of base-shear-force to maximum storey

drift of different structural systems
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NIBEHE B 10. 996 , ARE ST 16. 7%.

(4 BRC #25 T 5yl & 5 7&# 7). BD-
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Fig.7 Dynamic response of four structural systems under three types of earthquake
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Tab.5 Drift concentration factor of structural systems
BD-FF RF-FF BF-FF FF
1. 141 1.120 1. 284 1. 231
M LA Bt R .
(D AR RZRMREMA/NT 1/50, 2
W E TR BT R BRAE B R G5 MR A 2 E 1 A%

FAWE L 1/200 (WBRME RIS, ATPK A2 M RE R 4T

(2) FRAEMTERAT I 6 B IRMEZR Y 5 AR T, BT
=YERE B 4F. tHELT FF 4549, RF-FF 45476 8 b
RIEFTHRRZMAIRE A BN 38. 4%, BIGRAE
Ml F /s 59. 2%.

(3) BRC w] $24 % 1 WI B , J AR J BB 35 40 TH #E
R ABEE RS M PTRERE S AT IR E M RE. M
L F RF-FF 454, BD-FF 2545 K2 817 #8 A Ja /N
T 37. 9% . RIGHRAZ M MB/NT 46.7%.

(4) BF-FF Z5# R 5 R E S ok, Tl MR
YER T A& /NF BD-FF 45#4. BF-FF 452557 1
AR, HR RN B 5 H 28 DCF 4 BD-FF %45
IR AR TR ¥ 2R BE A a0 BD-FF 4544

(5) FRIEMIMTER T LI /N b B AR, R AR S 7%
¥R A T, A B BF-FF 4544, BD-FF 4544 .RF-FF
SRR R BY I ISR ) BN, B I R
¥1%5). i1 F BRC BEUS4R L3 M W B , BD-FF 4544 1)
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K.y RonsE Kit BB EFEREM S, 7]
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PERERE; EL RN LB S A BB R Fy (O Fm i 2K
MIEEE j MR L R APR R T W S B R
B0 OFN i KBS § NHRTERRERRT
(5 B RS B R PR, ¢ MBI sy ROREE j NEH
Fii ;s a, (O FA—F0HR T 1R B0 0 85 B R R 455
z; (DFRRGE j R FE AR R R

H2% 6 TR ERATA.

(1) RF-FF Z5HEZL 21 SR IR 0548 FF 4544
B REAR, SIS EAE SR AR A S PR 1R A 1 K. F2 R AT AR
AT LA HIRESR Y 5125 T , 18 T 55 2 B 7= A, (RSt
R EHEZRAE A TE B 23R

(2) BD-FF %54 rp A 28 ) 38 P 53 4 /N T RF-
FF #5#],BRC /666, B E & TH WM ILE
PERE.
(3) BD-FF £5#3F1 BF-FF Z5t , EZR 32 i) 2R
FRSAPEFERE D 35 = FAEZR AL AEZR AR R AR M AR
RETRYAMERERE b7 LUK, 2B RBHLH”, LI T W
IR SR AR ST BB E A

BD-FF 544K ZHEZE A 38 45 45 K F BF-FF
L5, TE— 25 U0 IR PR R AN T 2R I J2 HE 2R A A A
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#6 FRELMEENRRBEERELE S

Tab.6 Plastic energy ratio of different components in

different structural systems LAY

LEMF 1 BD-FF RF-FF BF-FF FF
HEZR 2 5.3 33.5 7.8 47.3
HEZEHE 0.4 12.7 0.1 1.3
JREHAEM 0.3 12. 4 0 0.7

BRC

4 TERFX T SMaiR RIS m

51.3

4.1 BB
SR PR AT A X HE 20 45 4 10 I J2 A A7 7 B i 24
W b ARAE T RSS2 A B 4 7 L A A R X — )

R, 32 1 PR R HE ZRAE DR T IR 2 B RE FR 2 40
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Fig.8 Curves of base-shear-force to maximum storey

drift of different structural systems
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—BV RS WL L BD-PF 458K 1. 2%, BF-FF 4
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BT R 0, AR A B R . 5
JoR AR AR T SR BR A 1 34976 B T B BD-FF 2544
FA% BR A&7 71 4% BD-PF 4544 T % 26. 0%, BF-FF
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dib. B9 A T A SERMA K P-M XA
G -BRRF) , P E S N F T AL A 4R
JIRAEI SR Xtract 8 5 2 HEZE K 4L T
() P-M AL 2R 8IS e B T 76 AR (R Hb RR Bl
WAOSEESERLR. B 10 A T B/ EWERR
HRAER T & RENMBEMA RRE RN B R
By ) R ) 4 N EAEHIE.

T BN RREEELE S

Tab.7 Plastic energy ratio of key components in

different structural systems Bhr %
Lttt BD-PF BD-FF BF-FF BF-PF
JRERESEAE 0 0.3 0 0
BRC 52. 4 51.3
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Tab.8 Average drift concentration factor of

different structures

BD-PF VD-PF RF-PF

1.112 1.051 1. 064

R HMMGHRAEERESL

Tab.9 Plastic energy ratio of key components in

different structural systems BLT W
Shrar BD-PF VD-PF RF-PF
piriabed 5.1 10.7 39.7
HEZEAE 0.1 0.2 2.0
JREHESRA: 0 0 0.4
RHJE 2% 52. 4 51.5
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Fig.11 Dynamic response of different structural systems
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