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EXPERIMENTAL STUDY ON DAMAGE CONTROL STEEL FRAME
EXTERIOR JOINT

CAI Xin, ZOU Yun , ZHENG Li-jun , LI Tian-qi , DING Jie , ZHAO Tao-gan , KANG Jin-xin

(School of Environment Civil Engineering, Jiangnan University, Wuxi, Jiangsu 214122, China;)

Abstract: This paper presents a damage control steel frame joint (DCSF joint). By setting splice plate on the
web of beam end, beam and column are conng:cted by high strength friction bolts, and the prestressed
reinforcement in the beam can provide re-centering capacity for the joint. Under small earthquakes, high strength
friction bolts provide initial stiffness and flexural bearing capacity of the joint; under medium earthquakes, the slip
of bolt rod in bolt hole dissipates energy for the joint, therefore protect main structural members from damage. In
order to study the initial stiffness, damage characteristics, hysteretic behavior and re-centering capacity of the joint,
four full-size specimens were designed and tested under cyclic loading. Considering the effects of different
contact surfaces of the splice plates, pretension of prestressed reinforcement and pre-tightening force of high
strength bolts respectively, the experimental study found that: the slip of high strength bolt rod in bolt hole
provides a good energy dissipation ability for the joint; the prestressed reinforcement can reduce residual
deformation of the structure and provide re-centering capacity for the joint; when inter-story displacement angle
reaches 2.4%,the damage was mainly concentrated in bolt rods and the extrusion area of bolt holes on splice plate,
no obvious damage was found in main structural members. The bearing capacity and energy dissipation capacity
of the joint basically remains unchanged after replacing the splice plate. The results of the study show that having
good seismic performance and convenient construction process without site welding, DCSF joint can be

HETH: EXEARFEL BB H (51378240); 2015 FILHERAY S BRI RHEERTIR; 2016 TR A @A LB RTEET R
EERMN: "4 BI(1967—), &, THA, 2, 4, FEMIEA AL 5B T (E-mail: zouyun_22@126.com);

8 #01992—), B, WHAN, BEHALE, EENFEA XS HHIRYE T (E-mail: caixin_686@126.com);

FRH(1979—), B, LA, BIEER, WL, EBENFSHHIED T (E-mail: Itq_tigerl 5@126.com).
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popularized and applied in earthquake regions.
Key words: damage control; steel frame joint; experimental study; friction energy-dissipation bolts;
re-centering capacity
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NOTE ON PGV/PGA SPECIFIC SEISMIC RESPONSE OF URBAN LIGHT
RAIL TRANSIT VIADUCT IN ACTIVE FAULT ZONE

CHEN Ling-kun'?*? | JIANG Li-zhong® , FENG Yu-lin® , ZHANG Qing-hua' , YU Zhi-wu®
(1. Southwest Jiaotong University School of Civil Engineering, Chengdu 610031, China;
2. College of Civil Science and Engineering, Yangzhou University, Jiangsu, Yangzhou 225127, China;

3.National Engineering Laboratory for High-Speed Railway Construction, Central South University, Changsha 410075, China)

Abstract: In present study, the global nonlinear finite element calculation model of the five-span simply
supported bridge of Beijing Subway FANGSHAN Line in a high seismic region i$ set up, the elastic-plastic
seismic responses of urban light rail transit viaduct (ULRTV) subjected to the combined effect of vertical and
horizontal earthquakes are calculated, the time-history response analyses under pulse-typed near-fault ground
motions, pulse-typed near-fault ground motions and far-field ground motions have been carried out. Results
demonstrate the internal force at base of the pier and lateral displacement at the mid-span of ULRTYV increase the
increasing of PGV/PGA, and the tendency of responses of ULRTV under no-pulse-typed near-fault ground
motions and far-field ground motions is similar, at the same time, the tendency of responses of ULRTV under
pulse-typed near-fault ground motions having obvious difference. For the horizontal acceleration does not couple
with the vertical one, the pulse effect of the horizontal ground motions on the axial force at pier base is not
obvious.

Key words: near-fault ground motions; urban light rail transit viaduct; nonlinear seismic response; pulse-type

ground motions; frequency content
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AR, R EHEL 1995 Kobe (Japan) HiE. 1999 Chi-Chi (Taiwan) HifE. LK 1999 Kocaeli
(Turkey) %5/, HARFapMENREEHSIETHAFNRE. —FTHENEHEHTZEH
(Doppler) 2 i 3k () 3 FE Bk AR B it ity Sk e BB B0 2, 53— 5 T3 I J2 A K Y b B B 5 22 5
NSRRI, BFFEA S ZRBA AR, HiTRAMBE KT BIIFRERD. Extialz
Hh 7B A [F] 3 37 1 FE O BUB AL EE,  Saiidi et al'®). Choi et al”®. Antonellis & Panagiotou!”. Jine et al® J T 4h5%
2 NV 52 T AT R MR T AR R M PTE R . BT A S RET A BRI B ERER 7T, ST
B TR Ko B SRR K I T R S A RO I, e R 3 U 2 S R Tk AT R B0 g e N AR
R TP 2R A R i S B i) R

A SO ST B R X M R A R IR TR AN A VR S AR AR R M SRR, L T AT R B b R A
F T EIMFR AT IBYE N . 4 B Bk BUE T E R B B . o kb B b 2 3 7% 3 Az 2 M R B = Fh A
[F] S B [ R BN EAT I FR A0 A7, XS L AR A R R S 2R RS A B A N, AT T SR R R A 40
RNAENEESH PGV/PGA X R0 R S (52w . B 70 0] AR T R MR R PR Wit R it 5% .

1 B R R a4 R 3t FR B BY

ASCRHA ATC-63 5 H FEMA-P695 B, iR#FE 1 LA T 30m P4~ BYYIBROE (Vo) I A, 4RI USGS
e, LLPYBYYIBGE 360m/s AF, EEBTY)E KT 360my/s ) A B KRS, kb BT W= 3
. Rk RLEE MBS ERER S 6 4, SHAEE XK TFHEHE—KBAMES. K 13
A5 & B RS HE R

#*® 1 BORELEHETE R

Table 1 Pulse-typed near-fault ground motions

HE AR e B =0 WrZEfEAkm 28 PGA/g PGV/PGA  Vs30/(m/s)
. STU270 0.321
Irpinia Italy 1980 6.9 Sturno (STN) 10.84 0.224 382
STU-UP 0.235
STG000 0.514
E Priet: 1989 6.93 Saratoga-Aloha A 8.5 .081 380
oma Prieta aratoga-Aloha Ave STG-UP  0.396 0.08 8
PET090 0.662
i . i : 0.134 422
Cape Mendocino 1992 7.01 Petrolia 8.18 PET-UP  0.165
LCN260 0.725
Landers 1992 7.28 Lucerne 2.19 0.184 369
LCN-UP 0.823
3 . . SYL360 0.843
Northridge 1994 6.69 Sylmar-Olive View Med FF 53 0.153 440
SYL-UP 0.536
. IZT090 0.230
Kocaeli Turkey 1999 7.51 Izmit 7.21 0.166 811
IZT-UP  0.145 =
.—
® 2 AERKRELEHTE R R
Table 2 Non-pulse-typed near-fault ground motions
HhE LR mfa Rk Gk W7 2 BE /km R PGA/g PGV/PGA  Vs30/(m/s)
) BRN000  0.456
Loma Prieta 1989 6.93 BRAN 10.72 0.113 476

BRN-UP  0.506

Ix .
Loma Prieta 1989 6.93 Corralitos 3.85 CLS0%0 Shg 0.098 462
CLS-UP  0.458

CPM090  1.039
Cape Mendoci 1992 7.01 Cape Mendoci 6.96 0.041 567
ape Mendocino ape Mendocino CPM-UP 0739

SVP360  0.932
Northridge-01 1994 6.69  LA-Sepulveda VA Hospital 8.44 0.082 380
SVP-UP 0318

TCU067-N  0.319
Chi-Chi_ Taiwan 1999 7.62 TCU067 0.62 0.161 433
B TCU067-V  0.235
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(BER)

Hb 7% 42 i) B =P W7 /2 2 /km 8 PGA/g PGV/PGA Vs30/(m/s)
o TCUO084-E  1.009
Chi-Chi_ Taiwan 1999 7.62 TCU084 11.48 0.128 665

TCU084-V  0.320

*®3 ZTETEEBRMER

Table 3 Far-field ground motions

R AR ifE) Rk =2 7 2 PE /km /48 PGA/g  PGV/PGA  Vgy/(m/s)

o TMZ270 0.315

Friuli Italy-01 1976 6.5 Tolmezzo 15.82 0.097 505
TMZ-UP  0.277
SHL000  0.229

Cape M i ] irport 28.78 0.030 518
ape Mendocino 1992 7.01 Shelter Cove Airpo 8 SHL-UP  0.0543
FEA000  0.101

Northridge-01 1994 6.69 Featherly Park-Main 82.32 0.076 367
’ FEA-UP 0.0243
CHYO000 0.0921

9 ! hi 49.91 0.058 609
Kobe Japan 1995 6.9 Chimayo 9 CHY-.UP . 0.0752
. : IZN090  0.124

Kocaeli Turkey 1999 7.51 Iznik 30.73 0.204 467
IZN-UP  0.0754
) BRS090 0.0589

Hector Mine 1999 7.13 Barsto 61.2 0.132 370
BRS-UP  0.0445
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Fig.l1 Cross-section of box girder
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Fig.2 Cross-section of pier
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Fig.3 Loading list of four-axle Urban Light Rail
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Fig.4 Track irregularity samples
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Table 4 Seismic response of the bridge subjected to the pulse-typed near-fault ground motions

2 B 5 s ) E%‘:FEFEJ BTk iﬁiﬁﬂ?ﬁ/ iﬁﬁi;%%ﬁ./ YR 1/
fif/m  fi/m  AE/m  (x10°N)  (x10'Nem) (x10°N)
kR Irpinia Italy-01 1980 Sturno (STN) 0.617 0.027 0.528 1.929 2.084 5.073
2 Loma Prieta 1989 Saratoga-Aloha Ave 0.303 0.021 0.253 1.728 2.069 5222
MR Landers 1992 Lucerne 0.470 0.047 0.398 1.527 2.030 6.104
Northridge-01 1994 Sylmar-Olive 0.487 0.049 0.417 1.520 2.115 4.615
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