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Abstract. [ Objective] Due to the seismic falling-off damage to bridge structures, the study status and
existing problems of domestic and foreign falling-off prevention measures were systematically summarized to
improve the bridge structure seismic damage control level. [ Method ] Through the literature study and
based on the mechanism of seismic falling-off damage, the existing domestic and foreign study progress on
various falling-off prevention measures were summarized from the aspects of lap length ( relative
displacement) , displacement restraint measures, and beam-connecting measures. The current study and
design on various falling-off prevention measures were deeply explored. The improvement and suggestion
were put forward. [ Result] It is suggested that the lap length, displacement restraint measure and beam-
connecting measure should be designed as a whole falling-off prevention system, rather than relying solely

on a single measure. The various falling-off prevention measures should not only be considered as structural
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measures, but also be quantitatively designed by adopting the seismic design principle of multi-level and
multi-stage corresponding to the design level and target. Lap length is the safest and most essential measure
in falling-off prevention systems. It should account for the maximum relative displacement between piers and
girders under severe earthquakes. When adopting the displacement restraint measures, it needs to
comprehensively consider the balance between upper structure displacement control and lower structure
stress. This prevents the seismic damage transfer from falling-off failures to pier column failures due to the
inappropriate restraining measures. The beam-connecting measures, as the ultimate defense line in falling-
off prevention system, should be remained elastic to ensure girders not fall off even under unexpected
seismic actions. [ Application] The study result can provide some references for the bridge seismic
specification revision in China.
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Fig.1 Falling-off prevention measures

A TR RN A5 K EEAT T S 80, SRR
W, SRR, W sh SO BB R R, T P
LA S ) AT 0 i N S 5 4 X 5 K R R Y
Wi, AT 23 A 4 4 K R Y A R R, X A DY
A S TR A A A 0 A R R R A R ) A
DesRoches %510 41 H (14 5 /N8 2 K 8 19 1153 05 0%,
Pl T e TR AR M ) S R R R R
/A

MNBEAT B 58 R AT AR MY, 46 4% &b 3% o 4%
A 5 SRR S MR Bl R 1 A R A G
[Fi) I 52 R T 3l 752 1 T B0 Bl AL 4 B 37 3t 2% A 55 b
TR WLIN 2, AR AN (] S A B 3 B 280 A B B i
o7 4 2 18] 1) lf 488 500 S S5 AL H B O IR 3R, AR
i G 22 [A)RE R L B 1) U (B A 2% 1 5 5 B H AR
HE OGS IO F 17 % Ao 447 B3 Kb - P e 4K R 2 — T+
o WMER TAE, AR08 R RPUR O — 4
HE Lo

AR T 32 [ A i FH ) 15 1) e 4 4% Ak 1 45 2% PR
DEFERETT T, v e 2 G A 4 />R it () 5 fift 447 4
MEsIIE R, — i, Z5IE R TF &5 45 3h
TIFREERANTR], Sy —Jr T, bR A 4 A RS ks
ANTR) DRI ] A 2 P it A 15 () e 4 4 Ak 1 45
FBRA A e 9 FH S 1B v 1 38 PR 5 oE— 25 7
DABAIE, o 2 2 il T K i B M e 9 TR, (B
b B A DG TH O it R A [ AP R A SR L
— 252 R RE RIRIE 18 45 DR R I U IE 1, TR U [ R
AFAETE FE R )

2.2 MK

Megally 4578 JLFRLRFFABLRL, 25 T Pb A
1T B VVRSIR AN S A 16 BT U IR 2 R R X A R 3k
TN, Bozorgzadeh %5177 X 3 [ Jin il 48 Jé Wi
AT TR v A FH A P Bt A7 S K0 i o, &t
WAEP R BETT P R 18 B P4 e b (R 22 %
AN T S 4 78 R VR R O BEIR . T g A
SEBUR TR M TN i Pl 87 S | = W o A E B A1 R i N
SYRFEREAI TS T I AR ST T R ) 4
TE R R TR JEE B RIS ) 48 o o B8 A0 A7 S 1) P4 B



1

SUESS 4 BRI AR ST SR IS 143

PURTERE, Han 55774060 o =5 A9 59 5 IR B L 14
BREAT T WU SR BT, o0 T R A A
XHHRPURPERE AR, TR AR R 2 MR fl
PIYSTRIBED T TAEIE . TRIE B 5T <R A
“Ae 17 PERETEARER N T —AE R B pUR P (WL
K2), dad sl s gL R R R R A PERE
KRS LI A0 BT — ol T SR 2 2 1 TR PR A3
i, AU RS B T A ) S AR Y
AR, RA RICEIITE T2 R PR
BER

Jie fore

Uiy |

4
i —
R 31 F B
IR —]
AT — BRAE T
e i 4 5 —| P

B2 #HEEBREHER
Fig. 2 Novel seismic resistance slip blocks

] P AT T BEL 25 28 RS 415 it 14 BF 8 R o B T
Ve Bl BRSBTS TR AR T ik PR ST 1k Y
SRS AR R AR AT A, T 3 A A M Y
BUEX TREFEZSRAE oW R A, |5k, it
f (U — A S AR Sy R, 2 A R A
PP AW | B S AR BRI 22 1, &
BRI A RIE 3R A4 T AR5 L ORGP E LAAT 5
PR, PRI, AT X LR 2K FR A A it 4 2l
NI R T IR A ST, R, 7 255 B
% 18 AR IR 5 T A 4 52 T3 T = Te] )
KA DX TRBE L PR AT B LA BT T gt — 45
AR5, G Hy A 24 A BEL 4 28 RS 8 it A9 1
i, SEEMEF N EMERER R T R
Ei2B7
2.3 FEREE

DesRoches 2517 fiff 5% 3¢ W , JEARICIZ & & R AL
FETE HE 2 2% BR A1 it B8 A %k, T A AR ) i 1] e
BEALAH AR AR A2 8% . Chaudhary 551 R HI %K
{EALAEL A 5 06 ik 1 R R AL & & B FE REROCR .
Feng %51 W58 1 i b M BELJC 5 R LS 201 45 17 19 #E
REPR AL &8 X By 7% A 0047 R, 45 R R W1 X Fh 6 g 2
BIR AL i X /N A 248 A S350 AR RS 57 6 RV 438 7 A= #Y
it ) LU, Deng 551 I SN (¥ B D1 A2 JE A

KU g mBHIE A, AT A R 1 MR A T S R Y
VEUEREE  EEMTAE AR — A U4 R B
Jeds, S — R v AR A BRI, S T e
P S BRAOL IR . VRS R T R AR
g meds (W 3), i E s ik 7
FEREMERE . AR T7 T R T — i B T A 0 B Y
e, S5aHREg 4/5 4 RGBS FEAT K- 16] 5 1] i 2
WIRHF ST, 4 T R R RORERE 1 iR 2 5
AR R Ty R AL PR ) A S A
0 2 i LA Pl BRRAE A8 I, X % 1 e ) A DG 1 =
By Sy R REEAT 10T

a a a

E3 &£EMERERF
Fig. 3 Metallic damper

A RFEREZS Y 10 B AL 15 e T 5 o 3 T P M
RERE, JFURIRIAT R4 M SR AR XL B8 M52 ) 2Z 18] #Y
KE, BXTHHFAEZEHOIT, F B+
ZIAHEAE RS20, FERE 2 R 45 it 14 B ROR
T ARG, HeAh, 5 AN T Bk — 2P B 5T A% 26
< BELJE 45 619 S 7 P A RE TS, I s 7

3 EREIE

EAESCAF A 2 I S AR AR LR M R B B K
AR LA ] filf: 3 11 S ASE AL A SRt b, R AR R AR
FEITIE:, Wil 25 5% A A 48 SRR 22 18] 2 2 32 i 3 S
AR HE R BEAT A3 BT BT, B/ AE 0
A AL 77 9 o 1 5 TR P ) 2 R A i A BIR
PEARTRE AT X OB TE . SRR, i 22 R R
SR A 1 ) RS 5 Tt 2R B0 B s T A i, a2
TGN RERT LT R0 KA, ARSCIESE Y B B R R
TEIIE . MRS SRR B eV Bk A 8L
PR T HERREE AR R RIS EAE R R
AR B R, W HIE TR REMETFI T
IR vE RACR AT T 0 H . 45 A BN 18 R I vT A
BAMHIBF R L R ERES MR OIS, 4R A A B
RES SRR, bRV e A5 BB 2 o e, R



144 N

%
R

542 %

TR R D MR P S th AN R RIS R R E . 15757
SFEE g i B I, 25 B R
Wi, S TG RO R B BB IE T A IO
S0 BB AT R T A SR AR AR TR SR T R
MRS OCT , i B E R LR 1 AN [R] 37 M A By 2
JEETT S i e 5 PR 2 A R

ST, [ AR T R i 64 I 5T X R
X T i R i 04 FH 2800 B N T R A A —
AR DX, S T ALY AT T PR i 9 3 AR
1, AW KR T 9 R A I Y i 2 R i
MBIk o HAS BT 3 7 5 in A7 48 7 g it
JEBE, 2T MR AR I B 0 A T S, 4
TR B A R T A . A A S AR A Ok
T GRAH T 5 T M 7 4 R A BR S A il AT L R
5T, Ry = VR T T A o bl A 280 3% R 0 Y
ROHE AT T R it 0 B S e it AR A B
et — AT

4 FRKREIYL

LR R R BT R b Xk T By v R i
THUOAM B H I 1 A T LB R, SRR Gk, B
PRV R T A i BT 4R R B L, T RSN
DI E 20, TEAT RS Al 2 A0 1 v B 7 SR 41 it
St o T I DR G B T AN 52 W) DR F) A7 2 B s
7, ATRLE A B SO PR DO R IE AT R A5 M 1
R T A B LA, R By 7% B4 i A i
AU DA s 15 It 3 A5 1, i i I AR 5 35 97 K e
BT AbR, RH “ 2Kk, ZHB MR dot
JE BEAT REAL BT, BT I P A1 B v TR i 7 T AY
FFERCR, RN 2,

(1) #5275 ¥ GEAeite o7 e L A HEA T B Bt
A= BRI ARG T UFIE, TR LR -, 45
B REH IR K SR AR, #EAT 20K
ZErB wEAIE, o, fEIEE TARRE S /D
TR I 2% 2 B 9 TR G AN 107 BR o) S B S B B 5 R
e I BV A Jt  OR A SRS, e R AR R 6
A RBOR LA T 5 RRR I AT S 5 RS Tt A
AR A AT BT, A5 R e 42 ) 45 4
RiRe 5T 8 3Z ) Z [ R PR AR, e Al T 5 Y
BRAZHF AL N R4 A RS2 BOR R s s A8 7y, il
AR T DU R LR A A VS 2 T
WRVEHI, Foor A48 i A I A9 1 0, w OR 2R
AR

(2) FEIEA I By vis B it o 5 2 4 HL b B2

(Ot , W% IERRAERE, 45O Z e K
XA o H i TR AR A AT E T, aif e
SEINFE R B 22 3 i aE B RS R, AT 2 0 45 4
52 15 M, dEmiE st B Ry SR, N
I, WEGEH R AITERE HAr . S5 E
SCEZS TSGR 2R HE AT 1 4 2 A B 3% 22 1] B4 i R AH
MR, 7% 08 SR 5 R 453 O I A fiE
TR FT A S B AR S

(3) TiIRRIRIEE S PR A RO, AP
S PECT WA AR BRI R AR T, T AT 2
IR T IRES R, P, X5 T BRAL S t 9 B5ei
W, TRLEG % I8 IR Ai M LA 45 ] 5 T AR 2
Ty Z 1B A EL O, o S phy T 6 PR AL 5 it i X
SER T E th i R OIR R R A R B A BEIR

(4) ERHRIAE N B v& RAR R 3R, w
VIA RS kv R FE B R ERAR B i R A R
T R — B B2k, D 0 DR AT SRR 45 F) L T L =
VRN RARAS I 9 0, N ORI 2 T 0 A Ak T L
R,

S 3k

References :

(1] ESiff. HRhieg [M]. bl RIGERELE, 1997,
FAN Lichu. Seismic resistance of bridges [ M ].
Shanghai: Tongji University Press, 1997.

[2] PRIESTLEY M J N, SEIBLE F, GALVI G M. Seismic
design and retrofit of bridge [ M]. London: Jonhn Wiley
& Sons, Inc., 1996.

(3] PEPEERE TR W50, 5 LR R R A D

S [M]L dest: MR A, 1978.
Institute of Mechanics, Chinese Academy of Sciences.
Preliminary summary of earthquake damage investigation in
Tangshan earthquake [ M ]. Seismological
Press, 1978.

[4] YE W H. Lessons learned about bridges from earthquake
in Taiwan, China [ J]. Public Roads, 2002, 65 (4):
20-23.

(5] s, ZEaeb. SO 3R F 0 SR BT A 3R
[J]. A%, 2009 (5). 122-128.

FAN Lichu, LI Jianzhong. Bridge damage analysis and

Beijing ;

anti-seismic design countermeasures in Wenchuan [ J].
Highway, 2009 (5). 122-128.

(6] Ak&Jy, #hom, 20k, %% 5 - 12 IR IX
ANEERRERRE RJA R ()], et Tl K224k, 2008,
34 (12) . 1270-1279.
DU Xiuli, HAN Qiang, LI Zhongxian, et al. The seismic



1

KUESS , . PR R T S0 R HOR B RS 145

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

damage of bridges in the 2008 Wenchuan earquake and
lessons from its damage [J]. Journal of Beijing University
of Technology, 2008, 34 (12). 1270-1279.

FARTE, EYe, IMAE, S5 DU RHRE ] SR
VR E SO [J]. Biga TR, 2011,
31 (5): 595-602.

WANG Dongsheng, WANG Jiying, SUN Zhiguo, et al.
Unseating damage to simply supported bridge during
Wenchuan earthquake and design countermeasures [ ] ].
Journal of Disaster Prevention and Mitigation Engineering,
2011, 31 (5): 595-602.

2R, RS, WG, AR DU R R R E MR
(0], Mtz (ARPERR) , 2009, 31 (1)
24-29.

LI Hongjing,

LU Ming, WEN Zengping, et al.

Characteristics of bridge damage in Wenchuan earthquake
[J].
(Natural Science Edition) , 2009, 31 (1). 24-29.
B, ®H, KRAT, 5 FBNL 74 BHEN
RTRRERES ()], AR TR, 2021, 37
(3): 38-45.

GUAN Zhongguo, HUANG Yong, ZHANG Haoyu, et al.

Journal of Nanjing University of Technology

Damage characteristics and analysis of bridge engineering
in M7.4 Qinghai Maduo [J]. World
Earthquake Engineering, 2021, 37 (3). 38-45.
JWALA, HAR. PR BGT [M]. deat: A
FeAg kL, 2001.

FAN Lichu, ZHUO Weidong. Seismic design for bridges

earthquake

[M]. Beijing; China Communications Press, 2001.
BRUNEAU M. Performance of steel bridges during the
1995 Hyogoken-Nanbu ( Kobe, Japan) Earthquake: A
North American perspective [ J].
1998, 20 (12). 1063-1078.
SATIDI M, MARAGAKIS E, ABDEL GHAFFER S, et al.

Engineering Structures,

Response of bridge hinge restrainers during earthquakes-
field performance, analysis, and design [ R]. Reno: The
Civil
(CCEER), Civil Engineering Department University of
Nevada, Reno, 1993.

SATIDI M, RANDALL M, MARAGAKIS E,

Center for Engineering Earthquake Research

et al.
Seismic restrainer design methods for simply supported
bridges [ J]. Journal of Bridge Engineering, 2001, 6
(5): 307-315.

HAO H. A parametric study of the required seating length
for bridge decks during earthquake [ J]. Earthquake
Engineering & Structural Dynamics, 1998, 27. 91-103.
DESROCHES R, FENVES G L. Design of seismic cable

hinge restrainers for bridges [ J]. Journal of Structural

[16]

[21]

[24]

Engineering, 2000, 126 (4): 505-509.

LK. RN Bk Refie/ MEEA VP HETE [D].
HK: HECHE R, 2010.

KONG Yida.

prevention minimum seat length of girder bridge [ D ].

Preliminary study on the unseating

Chongging: Chongging Jiaotong University, 2010.
JDEH, Adh, BRE M. LSRN RAT IR AT
SCERKERBHE (1], R RFER (ARRPEE
B), 2013, 34 (1) 82-86.

ZHOU Guangwei, CHEN Changping.

Research on the required seating length for continuous

LI Jianzong,

bridges under longitudinal excitation of traveling waves
[J]. Journal of Huqiao University ( Natural Science),
2013, 34 (1):. 82-86.

XUAETF , S TIN5 T 0 g S 1 E ) A o2 25 SR A 95 42
REHRIT BT (1], B, 2015, 45 (4):
64-68.

LIU Yanfang, BAO Weigang. Preliminary study on the
minimum seat length of the continuous girder bridge based
on static ductility capacity [ J]. Bridge Construction,
2015, 45 (4): 64-68.

SELNA L G, MALVAR L J, ZELINSKI R J. Bridge
retrofit testing: Hinge cable restrainers [ J]. Journal of
Structural Engineering, 1989, 115 (4) . 920-934.
ABDEL-GHAFFAR S M, MARAGAKIS E M, SAIIDI M
S. Effects of the hinge restrainers on the response of the
aptos creek bridge during the 1989 Loma Prieta earthquake
[J]. Earthquake Spectra, 1997, 13 (2). 167-189.
VLASSIS A G, MARAGAKIS E M, SAIIDI M S.
Experimental evaluation of seismic performance of bridge
restrainers, MCEER-00-0012 [R].
Buffalo, 2000.
SAIIDI M S,

Buffalo: University of
JOHOSON R, MARAGAKIS E M.
Development, shake table testing, and design of FRP
seismic restrainers [ J]. Journal of Bridge Engineering,
2006, 11 (4) . 499-506.

SHRESTHA B, HAO H, BI K. Seismic response analysis of
multiple-frame bridges with unseating restrainers considering
ground motion spatial variation and SSI [ J]. Advances in
Structural Engineering, 2015, 18 (6):. 873-891.

W, SR SE, 5 RS IEIR R we  By 1k v B
WREWNL [J]. #PIL R4 (T2#R) , 2006, 40
(12); 2180-2185.

XIE Xu, WU Shanxing. Earthquake response of bridge
restrainers considering failure of bearings [J]. Journal of
Zhejiang University ( Engineering Science ), 2006, 40
(12) . 2180-2185.

EFIC, Zdh, JSrah. ARRTHURRA G BTy



146 VAR S 3 VRS

TRRIBTSE [J]. ARTREER, 2006, 39 (11): 91-95. 139 59-70.
WANG Junwen, LI Jianzhong, FAN Lichu. A Study on the [35] “mssh, Zsgdvdh. Al BRI ny it . i M b=
design method of seismic restrainers for bridges [ J]. China SURBFSE [J]. TR H%%, 2016, 33 (2): 111-118.
Civil Engineering Journal, 2006, 39 (11): 91-95. XU Lueqin, LI Jianzhong. Design and experimental

[26] ZEJTHk, BB, SRER. RIREGE LN L SIK investigation of a new type sliding retainer and its efficacy
WEFT [T]. MA/RIE TR R 2224, 2010, 31 (12). in seismic fortification [ J]. Engineering Mechanics,
1593-1600. 2016, 33 (2). 111-118.
YUAN Wancheng, CAO Xinjian, RONG Zhaojun. [36] HTil, Wk, &30, 5. JET TR BRALH i
Development and experimental study on cable-sliding TR R R R R RIS [J]. BRKE I,
friction aseismic bearing [ J ]. Journal of Harbin 2021, 30 (2): 191-198.
Engineering University, 2010, 31 (12). 1593-1600. ZHENG Wanshan, XIE Haoyu, GAO Wenjun, et al.

[27] WYL, HIEAE, B, & PLRE B MR Research on an innovative seismic reduction and isolation
B AEISE [1]. TS, 2011 (3 2) . 204-209. system based on preload reatrainer for bridges [ J ].
YUAN Wancheng, WEI Zhenghua, CAO Xinjian, et al. Journal of Natural Disasters, 2021, 30 (2): 191-198.
Cable-sliding friction aseismic bearing and its application [37] DESROCHES R, DELEMONT M. Seismic retrofit of
in bridge seismic design [ J]. Engineering Mechanics, simply supported bridges using shape memory alloys [J].
2011 (S2): 204-209. Engineering Structures, 2002, 24 (5). 325-332.

[28] MEGALLY S H, SILVA P F, SEIBLE F. Seismic [38] CHAUDHARY M T A, ABE M, FUJINO Y. Investigation

[29]

[30]

[31]

[32]

[33]

[34]

response of sacrificial shear keys in bridge abutment,
structural systems research, SSRP-2001/23 [R]. la
Jolla: Department of Structural Engineering, University of
California, 2001.

BOZORGZADEH A, MEGALLY S, RESTREPO J I, et
al. Capacity evaluation of exterior sacrificial shear keys of
bridge abutment [ J].
2006, 11 (5): 555-565.

BOZORGZADEH A, MEGALLY S, RESTREPO J I, et al.

Journal of Bridge Engineering,

Seismic response of sacrificial exterior shear keys in bridge
abutment, 90903 - 0085 [ R]. La Jolla; Department of
Structural Engineering, University of California, 2007.
Eroif, FEh, 29, % dUNERABFRYURRIT
FA [J]. EARTARAIR, 2012, 45 (9) . 115-121.
WANG Kehai, WEI Han, LI Qian, et al. Philosophies on
seismic design of highway bridges of small and medium
spans [ J]. China Civil Engineering Journal, 2012, 45
(9): 115-121.

AT, FOLR. ORISR A 8arE (1]
APESSGEBA, 2013, 4; 54-58.
ZHENG Wanshan, TANG Guangwu.
research on seismic blocks of bridges [J].
Highway and Transport, 2013, 4. 54-58.
HAN Q, ZHOU Y L, ZHONG Z L, et al. Seismic capacity
evaluation of exterior shear keys of highway bridges [ J/OL].
Journal of Bridge Engineering, 2016, 22 (2). hitps: //
doi. org/10. 1061/ ( ASCE) BE. 1943-5592. 0000978.
HAN Q, ZHOU Y L, OU Y C, et al. Seismic behavior of

Quasi-static test

Technology of

reinforced concrete sacrificial exterior shear keys of

highway bridges [ J]. Engineering Structures, 2017,

[41]

[42]

of atypical seismic response of a base-isolation bridge
[J]. Engineering Structures, 2002, 24 (7). 945-953.
FENG M Q, KIM J M, SHINOZUKA M. Energy
dissipating restrainers for highway bridges [ J]. Soil
Dynamics and Earthquake Engineering, 2000, 19 (1):
65-69.
DENG K, PAN P, SU Y, et al. Development of an energy
dissipation restrainer for bridges using a steel shear panel
[J]. Journal of Constructional Steel Research, 2014,
101 83-95.
IR, BE, RETL, 5. B A8 EER
TERF R R il B R (U], JEat Tl Rz 2z 4R,
2012, 38 (8): 1167-1173.
YAN Weiming, LI Yong, CHEN Yanjiang, et al. The
implication of a new type of metal alloy brace on seismic
control of viaduts [ J]. Journal of Beijing University of
Technology, 2012, 38 (8). 1167-1173.
A, Gilehl, mh. ARaph R, 1) 6 ) e A5 0t
78 [J]. k5P, 2014, 33 (21): 96-101.
SHEN Xing, NI Xiaobo, YE Aijun. A new type of metallic
damper for birdges aseismic performance in transverse
direction [J]. Journal of Vibration and Shock, 2014, 33
(21): 96-101.
ATy, JERE, R, % ARG AT
J& [J]. MET RS TREIRS, 2015, 35 (5): 1-7.
DU Xiuli, ZHOU Yulong, HAN Qiang, et al. Research
progress on exterior shear key of highway bridges [ J].
Earthquake Engineering and Engineering Vibration, 2015,
35 (5): 1-7.

(F#% 173 W)



1

bk, . NERBEIE KICT K& 4N ST 42 a5 173

[13]

[14]

[15]

[16]

193, 218.
W, R R, AF. EAEERIE N RE 4N
TR MBERAUBTE [J]. hEZ A BE
R, 2021, 17 (6): 123-129.

XIE Baochao, CHU Kunkun, ZHAO Jiaming,

Experimental and numerical simulation study on getting off of

et al.

passengers from bus in shield tunnel [J]. Journal of Safety
Science and Technology, 2021, 17 (6). 123-129.
TICWR, JrdE, dhRAE, A5 RREEE 5 MW KK T
REAG U LSO (1], H RS R
HARB2ERR, 2021, 40 (11): 67-73.

AN Wenjuan, FANG Lei, XIE Yaohua, et al. Experimental
study on bus evacuation time under 5 MW fire in full-scale
tunnel [ J ].
(Natural Science), 2021, 40 (11). 67-73.

CHUNG H C, SEIKE M, KAWABATA N, et al. Time

Journal of Chongging Jiaotong University

gap distribution of bus alighting in tunnel fires [J]. Fire
Safety Journal, 2021, 120. 103152. doi: 10. 1016/
j- firesaf. 2020. 103152.

CHUNG H C, SEIKE M, KAWABATA N, et al
Investigation of bus evacuation flow rates for tunnel fire
quantitative risk assessment [ J ]. Journal of Asian

Architecture and Building Engineering, 2021, 21 (3).

[17]

806-824.

RERE, A, WEmE. BEIE KRS o SR HOR
Fenify [M]. dent. B, 2014

HU Longhua, PENG Wei, YANG Ruixin. Fundamentals
of tunnel fire dynamics and prevention technology [ M ].
Beijing: Science Press, 2014.

SRR, P X[ ST X % B T TN B g R R
5 [D]. Wi KER¥, 2015.

QU Jianrong. Study on the human evacuation and rescue
in single highway tunnel for subtended traffic with fire
[D]. Xi’an; Chang’ an University, 2015.

ZRORTE. Rp A 2N B O P 5 X XU AR B BE Y
[D]. P9, K2R, 2013.

LUAN Rongxuan. Application and research of flat-guiding
ventilation technology in extra-long highway tunnel [ D].
Xi’an: Chang’ an University, 2013.

VPRI, BRI, sKIY, 4. 68 AR A A TE I i K
AR Sk AR DB BT ST [T]. AL, 2009, 24
(5): 310-311.

XU Linhai, CHEN Haili, ZHANG Fang, et al
Measurement of 68 adults’ shoulder width and proper
[J].
Rehabilitation, 2009, 24 (5). 310-311.

pillow-related ~parameters Chinese Journal of

(L% 146 1)

[44]

[45]

[46]

[47]

FAK, PNEE, RN, 55 G2l vE SR R AL
I f=AERERTE (7). BRatddtiz, 2018, 48 (6): 18-23.

WANG Zhanfei, SUN Jubo, CHENG Haobo, et al. Study
on mechanical properties of a steel ring restrainers with
buffer capacity [ J]. Bridge Construction, 2018, 48
(6): 18-23.

EREIC, Zgh, JuSE L. BRA S X % 2 B AR
B [T]. gk, 2008, 30 (3): 71-77.

WANG Junwen, LI Jianzhong, FAN Lichu. Effect of
restrainers on seismic response of continuous beam bridges
[J]. Journal of the China Railway Society, 2008, 30
(3): 71-77.

BUNE L, A SR, S A AT [ By 7 R A
B LB ST (D], PR (AR
W), 2009, 37 (9): 1146-1152.

HUANG Xiaoguo, LI Jianzhong, ZHANG Zhe. Comparative
research on modes of longitudinal unseating prevention system
for continuous bridge [ J]. Journal of Tongji University
(Natural Science), 2009, 37 (9). 1146-1152.

RICIE, XUEHT. AR RS AT 5T [J]. A8
AZEAH, 2009, 26 (4): 68-72.

ZHU Wenzheng, LIU Jianxin.

Research on unseating

[48]

[49]

prevention decice for highway bridges [J]. Journal of
Highway and Transportation Research and Development,
2009, 26 (4): 68-72.

SRAREL, BENE, XU MR TS R
BB R R M [J]. RE2E, 2010, 25 (3):
53-55.

ZHANG Yumin, ZHAO Guohui, LIU Jianxin. Analysis on
collapse-proof effectiveness of unseating-prevention device
under earthquake sequences [J]. Journal of Catatrophology,
2010, 25 (3): 53-55.

TEI507, URAHRL. —Fh o> B 52 Bl v 2 PR AL 15 it e o+
ABEFE [J]. B, 2011 (8): 97-99.

WANG Fangfang, XU Zuen. Study on the design of
restrainers for preventing falling beam of highway bridges
[J]. Highway, 2011 (8). 97-99.

VLR, 255, RERIPH, 4. BETAeRvE# . Shhmik
(9 RC MRS E R S B O 5E [J]. kah 5
s, 2012, 31 (1) 86-91.

JIANG Hui, LI Yu, XIONG Zhiyang, et al. Parametric
optimization for unseating prevention device of a RC simply
supported girder bridge based on nonlinear static and
dynamic method [ J]. Journal of Vibration and Shock,
2012, 31 (1): 86-91.



