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State-of-the-art review of bridge impact research in 2019
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(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: The impact of the bridge is a key problem that affects the construction and operation of the
bridge. Scholars have conducted a large amount of research on it and made positive progress. To promote
research on the impact of bridges, the authors review the bridge collision events and the current situation of
scientific research in 2019, summarize the current analysis hot spots from three aspects of ship collision,
rockfall impact and vehicle collision, look forward to the research trend of bridge collision disaster,
prevention and control, and the research trend of bridge impact disaster and prevention and control from the
aspects of existing research expansion, new materials, new structures and new theoretical methods, among
which the introduction of peridynamic research method will open a new window for the mechanism analysis
of bridge collision. Among them., the introduction of peridynamic research method will help to deepen the
understanding of the nature of collision, and provide a new path for the analysis of bridge impact problems
to break through the bottleneck of traditional thinking.
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Fig. 1 The time history of the impact forces for head-on
[22]

collision with a velocity of 1 m/s
W ] B A6 S MR RE By 8% 5 A Y I
FARGIRIGHAR FIBG T B B3k 28 3 2 H 2
AT 5 Tt PN VL TS R 4 Ll i K
g sebr LA
P AR AT 2 b PR A R R AR TR S B A 2
Z— o fE ARG R By 1 B 2R A B i T e R
7 T ARG 0 X 1 A R 8 A LK B e R i
HEAT T W RN 1 J7 58 be e BT Bt T 5 A 41
J& b K 9 A5 b B B TR KRR
WSS SR TR G, BAE T B Lk R v A AN A
LR o S ol TR 7 120 A 0 MmN S
TR 0[] 5 LR 7 ix P AR b R e 2R AT 32 )
BRI 45 T IS VG . MO DI S %
SR TR L AR LA Bl A 12 ol S A A O R R R
St 3 b I BOARSE I OT 2R AT 1Lk, B E T B
PREGRTSE . X B MR R i 2 TR E a4
iR R e I
FHAREATY [P A T L TR ) 5 SR R Sl
R A8 SN I B A% PR R BR B A8 B4 2
Jithl . h T AR F A ok — 22 A AR B T AL
FUUIE A L ERDE AT RIS AR R Pl EER A
A BRA AR AT o BBl bR UE IR A B By
$i R R 4 sl I B % AR G, DA St L 24 5 R
A BEV) S AE A7 388 AT K R W %2 4 A DX K 1Y
K A A



% 5

X B AF A A R AE R F 2019 FEAT R R 239

2 EREANHRAES

AT L X A B2 5 32 V% A Bl 3 1 52 1, 53X AT g
& X e 1 1 A e By G A T Bl i 4 ]
SRR S0 TRV A AR R S T W T —
AR FERER MR LB fE e . AE o B
I T MOBHEZNE U] L i fh E 2 PR A R
i) o B BRI ZE SRR B 2 B 3 S5 H e A R0 2% v is A
it R m AR AR . SRR ECY R A
FROCREY LS-DYNA X5 A S5 i1 17 8UE
RS ST T 9% A B V6 A AR VK A BB 4
X ity 7 B0 RS RN B 708 AT 2 A AR AR I 5
Wi, AEARAED2 IT R T UHPC B 5% 5 4R 7 TR 5
B I vl o S AR LSRR L, S — R
AT 5% s T 40 B 32 F 330 1 v o g 1z R SR
TEAS o B WIS R AR5 SCEE oG iR 30 7 AR
B TR AR (1) 32 B AR A A S B R AT T R 20
TR 5 AL 53 BT 5 6T 1] 98 1 3 [ B 2 344 A
KM T BARBT G

G OUR A7 % A 422 L B4 1 16 5 9% A B 4
A PRI T 1 TR A A R A LR
5 BEHEIE BRI A BF I X4, 36T ANSYS/LS-DYNA
BAEAY BT T 0 A o S o S R[] 4 JE R A )
HEI B A ks s ) B 1 T IR A opil Oy el
JE R 180525, FEA8CT AR A 56 Sk R BH HAE %
AL, T ESED R T A A
HEIE W 4544 J7 11 ) A3 AT 5 BE 15 v IR 424
HIE T R LR, M RES X 8 7% G ol St
BT B X i A A Z i 5[] 5 &
GEMb AT BT T I A D R VR R bl A DL OB AR
Xof i AN B S 5 HE— 2T T 2 R AR
P BE o ok PR BE AR SE

VO R 2838 K2 AR TR AR B 47 45 F BiF 5 v
A DU ) 1 B A 3 5 b TR BN D A
TRIEA A R & (8 2), REHB
BB T2 S RS B 3, JU 2 M B
PRGEITH M TIRZA B X TAE, B WSk
SRR RGP R BB BRI, R A
TSI W TR 3 2 S Pk B ) A
SEF I JE R p e 50, AR IBCT PRI 24 1) X Ik
ASTEARFAE LA S A1 3 F MR AR SRS, ST T 4%
DXAFAR T AR IR 5 S0 00 45 SR A 50 1 A AR ) o e

TN BRI T — RS T 2 B A R s
SERBE TR kN R R Y DASE B Bl
FNERT 3 A R, BT LS-DYNA 230 Hr & 0 2R
AN 030 B 04 W A e 2 22 1 B 4P XU AEAS ] o i g
o S B R Bl e R B =T R 0 B A
TRBASAR 47 Hb S WUl B0 Ao 25— (57 B 1l e A oL 25 1
BIRERE TR 2UE Tl FEBR AT e TRER . 2
AR R LSDYNA [ 8045071, 158 7% A
et T sl M B A FR Y Bl o AR X6 B A
BT AR E s B0 A& whdi 7. g i A2 1k
A

.
Tk EEEREAARRAENE
2 7000 kJ BEZR B R i3
Fig. 2 Full scale impact test of 7 000 kJ energy level

A i 858 v A0 AV AT 50 32 B4 v A X SR A
UK B4 45 14 75 T, HC A Y F 58 30 AT Bl 5 4
F & T VA X AR RS2, >R H Rockfall, LS-
DYNA I BANSYS SE5 1 MU A118 Zh 5k
A i R AR s - B AR AR AT TR
Fo KRBT XELRTT AT A BRITEAEL, 73 Hr i
T AR TEAN [ 7% A1 b 4oy 28 T 00 T B9 3, 6 i
JS7 s NS T B ) B OR R BRI I T A
EE P LA Db ONES A Qi A IS SR /N
SECOTR PR G HLXT 6 ZH VR BBE - AR AT 3 0 B
GE M T AN IR et URE TR T AR R R R L X
TREE LA b RN A5, Bk B SR A 2R
B RE I AR BOE AR L R b il TSGR
PEAT T PIRMER (BDE 518 ) O 18 RO 15

PAAEE X7 A b i B BIFSE B9 i 3 7% 11
SRR & A S AT U DX (R 65 )
BB v i BER LA B 0 AT A2 22 A PE R 52 WA 25 VR A1
R ey A s R v R KU
PG S A A LA RV A RCE I TR BTG L
BavE A0 I E BT IA AR W 5 A4 25 D7 T A BR
ANERREIAE . FEXRG L DX ey Ak B 0 B A8 it
R ANTE R 1L T 45 5 A 38 TR S 49 0T




240 I RE5xE e

FROF E O

% 42 %

F YL BR TR AT SR FE R 23 g L DXCER R % (1]
TN B BRI A ) RO BETE S T 4R I E AR

3 FEWXHRIES

PRI T PR 7 5 3 i A TRk & i 37 AC 5 2k
Mg 2 R g . # G24 m BE R 4y, il
3Ry e e 2 A o RN e A . A S R
FFE o R K 22 =ML, 40 2019 4F 5 H 15 H ., 104
[T 7R 58 B b 15 S 4 v R — 0 B 2 A G R o B R
B, SR EBST S LAY L B R R e 2 A T2, UL
3. R AT K2 e R g, i 53K
HIBRE R, 201945 A 7 B, 7848 EIL
WL — i A E IR L R AR R T A352
ON R — RIS LR AR L 3 T 24 30 JTRROGH R . 2019
AE5 A 18 H . 4K 6T 4 K 4 & i AN T
DA AR 5 LV 5 A AT 28 B R » 5 BOH AR v 35
. 20194E 7 H 28 H, MUl 46 FH 3 8% )\ AAT
RO o 0 R d o o A R A At L A B« AT T
BEME A B A SR R R

B3 FBISHEEEH(EEER)

Fig. 3 Collision accident of Dongguo overpass

I 0 44 4 o A ORI B 45 440 1) F 5
A, BEARENT ZET LSDYNA #5424 5 i
UGN 7 6 26 - 7 B lE B AT T AR LR A PR DT AR
P, TR EE T AN R i FEA RN A A7 AR B M LR
et AR R B 3h 7 i R B A5 05 R AE 4 S AN
TR BE T AR U SRR RT3

Do 818 Ny T PRI AR 4 5 KR B ARl T 4
PR SEAE AT R TR R L S35 40 30 I 6 4 A 2 4
WA N A AT o0 5 48T T 3 RO [R] o 2 45 18 T A
RO vk o B R AR I 137 D 5 0 5T X A
WFFERY BN B R 2 BUE S I s 2R o R A fE g
RCB #:#y ity Syt R AR AL R 4 ASB B, anisl 4 fr
N WEAI AR v i A T A TR B A Y 5
DINLIE 3005 T A i A F A f e K i 70
W RCB A Ay ey 1 12 28804 Sy 25ty i 1z 1 55 7] 0 i

PIZE 2 ST HE R ROR B BT K31, O TR B
RCB #E g i PERESME 748 %

10 000 -

L g i)
gooo| !
Z 6000
R
1 4000
F
2000 44,
Np=r ~
30 60 90 120 150 180
. I} 18)/ms N
- - R R — AR

B4 eI R AR R AL A
Fig. 4 A simplified model of the impact force time

histories from the medium truck [’

Saini 1 A T A IR EE - (CFST) M E7E
TR RIARE T A0 285 A6 T 17, A7 5 v 2 0 A XL
0T ol FH AR AR AT R o LA A T R -
BT AT PE A TAFSY . Fan 2800058 18 (B J% 99 /7 1R 5
A ) b, B — L T I R R A IR AN
IR AYPEAL 532 - I UE I T %05 12 R % T Al
J8 5 B A 1) AR 2Ry L O T S B R 4 R
T RN KRR

EFXTERAT Y AASHTO, CEN 25545 i ¥ 4
IR T = A ) wh e o TR A R SRR S T 0 O R AF
FEMEREE » Do 551 SR FH AR BT F 5% 55 B0 (AR 40U AH 25
A5 T T AR AT TR B A TR AR T Y
SRR

Chen 452 SR FH A AR J8 o 28 SR UL 2 A7 32
(1) Al S 6, — 0 XX s B 1 R R A, — T
JRT R e I S A BB 2 R A
VR TR T T SR 42 5 1 42 O T PR RE Y
AT HEM A A, Auyeung Z55% 2 H —Fh 36 F
W G 1 45 R e R RITRIE J5E 246 50 BB (48T 1 B 405 48 A
(DRD , B A LR 5 A A o M Sy %) T 4t
fi. VEEAEN R PO T TR R
B SRVFBETT A SO R T A AR AN [R] 1 2 80k
B HFREREAKE .

SERVETT N 2 1 2 P FRR S R A, DL IE &5
I ERE K. 78 AASHTO LRFD ¥ HLE
HIRT 4 PR BRARAS AL HE 5 B A 9 55 R i
FoF . Wt F R BRARAS N A 1R 20 A A0 2 A e
M4, BT AASHTO LRFD #2250 30 19 2
JE YA o] T T O R | R S VA S s ey Y8
g AT AT SEE 43T, Hosseini 250V i@ 7 —#
TR N TR R A0 T Oy . MR D Ml A



% 5

X B AF A A R AE R F 2019 FEAT R R 241

BRI BB/ ST AR 8 4 0l R R AR B S IR S 2 A 7
32,

AR BE - SR Y o R R T R ] = 4 A
FICHA BRICAE ARSI, SR 12 7 9 38 T R
R AR R 8] UK 77 A AR S0 TR 6 - VAR 7 O L2 i
fraege b o< b, SR ES R T —F R
AR AP R 3 o r 280 T A TR 5 b TR A 25 i
B U RR B T v $E R T — R 3 TR BT Y
FRSE Y, FE AR 8 A 6 40 K 5 0 507 TR O A A 22 TR
BRI EAE AT R . OB (458 10 Y 2 48 T ER O R 25
PR BT 2 R PT LAAEAT A A BR TR S8
MICTT OIS . X — R AE DAL B R 45 b 0 f 00 A 2
G A 7 R S A5 A e L AT AR K A, B
FEEECSATT & T — P 1= 1 BB 2T 4 1 s TR i 1
(UHPFRO) T # 1% S8 45 A fE 2 0 s 124 1)
BRI ah R R T —F 2 B Ry
DR 0 0l R 2 0L DR 40 25 4 A e AR G . it
Hb, Fan 0T ATE & T 5L T M B 27 4 4 0 TR
+ (UHPFRO) 13858 7515 - 1207 1% 09 BB A 5 245
YR UHPFRC 3L AR T A4 R RC A 4T
e G Y A e R R T N

b S AT T TS AN RS LY
AR IR A AR, Mikiewicz 2508 T 3L 40 10
PIRBIAPEAR L 3D SO F AN B AL, 43 AT T
RS 38 0 T2 WP R B 05 - Ak
BTk, Bl B AR S50 DL Y R e N [ o 2
T 0 W oT 35 5, Ah Xoh w2 4 o A  R2 A
PIFP T 00 25 5 % A e 18 52 10 75 SR R R 31
IAVEREIR 3R T IIRE AT Ik B iE SR IR R . i
BBV RHAT R e X R i 8 KU 2R AT
TVEAG R T R R, (H KU PR A 25 R
PGB EE TS A A e i .

PE LA A2 VR AR A o ) S R A R R AR AR R
— AR A R A L LA o AT R SRR
AR, ol BRI SE X Ik T P 2gE U A B AR A
Ui RV 32 2150 2 B3t 2t o %) 0 o o I 0 a2
7 7B, R LSDYNA B33 4 BR oo
SEAN G- U B GRRE AR A A AR, 545 Al i ok R A
FAMLER, AT T U B2 ARl P A =X

4 IE3gE N REBHR

I35 3h 71 % (Peridynamics, i #f PD) &—FhIf

JRraR A HIBEIE , A% O REAR L 4 32 2 1A 22 1] 4 A1
B FREAR AR R R AT FH R i 5 SR A DAy i
IRV, BE L EIALIUR A 5 13 T 1 S T P 7
FIR ARZ 0P © 20T A SC B A T RE 58 T
VBB E AR Koy R KE 205 L IS LAl
S R UKEE IR B Y HARRM & 6 R R BE L
AR DI RERE EERRLAE . SRR B AT T
P PD HE XA FAS ULk R 1T 1 A
IR HAfE B ML AS B B ks 7R, RO T
JEFRFFN AL 5 B RE B0 2 AT, P I 2500 X S B
AT ph o AL BIF ST AE — R oo T TR B
SR AT AL T A

PERFHIAR R TR 2k ) 2 B R R L L 5 3)
J122 (PD) Be F 2 [ B0 T R AU i 150 0 7
VUSRI BT 32 T35 00 » DT 0 1 A% S8 i 2 1 °%
R TR AR A 18 B AN 3 5 [ AU ) 27 S e, O L
A 7318 127 07 ¥ FTC A J5 25 17 A5, )5
MTFHAUM B A K r W 2 #e . SR R4 4 30
s e N AT E H 5 GBI 22 B
IR 5 SCHIR S A9E SCE I O 7 (e 2 4 ol A
RPHAGRIER., EHSEGRE LEY LTS
BRI Ay — 6 il SR oA U 45 0%) By B 3 Ik
NAEBFRAENAN V5 A L A A T VR AR AR By
fEZEM L SR 5 E R AR IR BE + AN A S MR
PERYTE i Rl B b 5 | AT 3 27 JAR L BT PD
TSN L [ e A R Al A 5 TR K A B
TGRS AR AR 5 A A 5 o g A R f ol 1] Ry
Hr S A e RE AR ST (AR Y S 1

5 Zig

XF SRR ol (R R 2019 AFRITSE SCRRPEAT 45 L 7y
Ze IFRGE A N LA PEAN RS AL 1 H AR LT 58 19 A
RIBR o TR ST 52 M | v A ol A e
S5 75 T AL BT S BCRZEAT 23 B . A LR L5
MBI SEAEAR R TAR P 2t — 2D I

DEAWFERCR B ETT 1 O 78 A 520 [N
R T EERR L XA sl A L R4S
A g T T ST G, (EAS 1 — P R W RE [R]
R4 Bt A 25 7 A1 8 A D 45 0o B 4 W T 4R o Y
3800 5 25 R K IAE A P 180 9 A7 A 48 (A U0



242 N = 7 N A

BRITFT 5 ML= L5 XL TR T 43 25 5 o 15 00 [ BF
BUT 5 R A R R O BIF S B 2 e PR VPAS . @ A
Mo ol T O PR R R 285 RS 1) AR A
RO BT AT IR B = B MR A ENE. A T
PRI AT SE AR L 5 Bt — 20 R R 25 AN R 1 1Y
BEARHERE T 1. O T AT FROT A8 A M % 4 o o0
TSR e 5 TSR E R S AR i i A
PRl o B 7 5 B9 B Y K X AR B il 43
M RUAEA IR B

20 AR IS P 77 T g o A S A A o
FAREA EE 22 13 T F B 2% T 0 A B T 11 gy
IR#5  UHPC,UHPFRC 55 )i H] T #7 22 B f3i b A5 27
T 75 T A IS B 20T 4R 107 1B R GERT ST R
s .

3)3H U4 KAy 1) B 48 A 5 T T - v e R HA T 5
FIH X A S BT RV i ke = A 2 45 ) 1 Bl
BT MAALE R TR BE L TR G RAE S
BRI RGP 50 SC R BT S B0 By 18 5 1) 2 W AL
T AP TR AR AT AT

)R B GBI 5 iR 4 A SR 7 T D TR RE BB
RPFEO TSN R B R R . FETERER BT
B R FRVFRCTE A B R A AR I A R Y
VA H AR PEREKF-, th A [ B9 PEfE H AR
B HH AR A B B b o » LR 2540 HAT UV O BE . %
FEARUE 21 b2 i S FE PR RS 1 A R T 1) 1
THF R o M) BT SOR HE S A GBS I A . ©
WAGBAU RO B AL S R E A PD AR
R TR B T I ST R S ALY 8l )~ AR 8
A BTG B3 A 5 A4 A 5 o of O S 4 ol )
R BT S A Gt S8 AE R SR (B AR . © AR
PR AR AR 5 vk AR REPT R B A B AR S P 1Y
JO7FHAIFSE o U TSR 222 A PO AT AR 190 Dk 1Y
K AETE TEAS P AL IS IR A R HE T 30 R 25 R A il
f8 DT A ST 25 TR TR XU PP SR AR AR 2R L DL
B PR UERT AL IE XA 23 5 i 2 22 4

LR EFTIR AEARRAIE I L I T RS A B A
RSN R AT 2 A E BT RE AT 45 DR BT
iz B s IR RLAS AR A B AN M iR IR A
NPT il ] A A AR s 1 AL AL, $ Sh A7 22
B AR GBI I K

FH|OP & ) %42 %

S Hk:

[(1]ZT LR TEMFEEIML dba. AR KR
#, 2018.

L1 Y D. Talking about bridge by Yadong [ M.
Beijing: China Communications Press, 2018. (in
Chinese)
L2 &htR, Jris, XU, &5, AR Ao o pF 5 ik
[J]. A%, 2013, 58(10): 60-66
HAN J, FANG H, LIUW Q, et al. Review of studies
on ship collisions on piers [ J]. Highway, 2013, 58
(10) : 60-66. (in Chinese)
(3] T, AR i i &2 i o b S i i e[ D], w9
R RE, 2018,
YU T. Collision analysis and anti-collision measures of
bridge [ D .
Southeast University, 2018, (in Chinese)
[ 4 ] skarng, fRuEAE, /NI 25 f A8 3l K A K2R A A i
AU 23 B [T b0 A 90 32 Rk 27 F 90 BT 27 41
2019, 42(4): 1-6, 60.
ZHANG K C, FU Y H, WANG X C. Risk analysis of

nonnavigation cross-sea Nanjing:

ship colliding with bridge for water level change [ J].
Journal of Shanghai Ship and Shipping Research
Institute, 2019, 42(4): 1-6, 60. (in Chinese)

[5]1SONG Y C, WANG ] J. Development of the impact
force time-history for determining the responses of
bridges subjected to ship collisions [ ] ]. Ocean
Engineering, 2019, 187; 106182,

L6 ] RER, AN, FHEE, 55, S-S i 1o i 28

BT PRsh S ubddi. 2019, 38(5): 60-70.
SONG Y C, WANG J J, YIN H J, et al. Simplified
impact load model for ship-bridge collisions [ ] J.
Journal of Vibration and Shock, 2019, 38(5): 60-70.
(in Chinese)

07 1030, e, sy, 48, AR AR 4 52 i
PR 2R R UL AT ) . o PRBE TR 224l
(AR, 2019, 33(6): 84-90
YUAN L W, HAO Y G, HANJ L, et al. Numerical
simulation and analysis of the factors influencing the
collision damage of bridges in inland river and its
influencing laws [ J ]. Journal of Chongqing University
of Technology (Natural Science), 2019, 33(6) . 84-90.
(in Chinese)

(8 1A, RIARE, e, B B 55 20 7 i Lk



% 5

X B AF A A R AE R F 2019 FEAT R R

243

wrFElI ] A E Ak CRAE D, 2019, 19(5): 199-
201, 227.

FU T, SONG M K, LU P. Comparative study on
calculation and analysis methods of ship collision
response of bridge [J]. China Water Transport, 2019,
19(5): 199-201, 227. (in Chinese)

[9]WAN Y L, ZHU L, FANG H, et al. Experimental

testing and numerical simulations of ship impact on
loaded LT1
International Journal of Impact Engineering, 2019,

125: 246-262.

axially reinforced concrete piers

L10] BAIeHe, il e, 85 1 A AT AR o 7 382 B b v AF 5

[J]. 2Al, 2019, 64(10): 127-130.
ZHAO Y C, FENG H Q. Study on the design standard
of ship impact force for sea crossing bridge [ ] .

Highway, 2019, 64(10): 127-130. (in Chinese)

(110 RBYLHE s AKR s AL, BOKAREAE RIS BRK AR S

[12]

[13]

[14]

[15]

F AR R A ST . B, 2019, 49(10):
32-36, 53.

DENG]J T, LIY L, YU C]J. Research on the influence
of pier-water interaction on ship-bridge collision in deep
water [ J]. Railway Engineering, 2019, 49(10): 32-
36, 53. (in Chinese)

SHA Y Y, AMDAHL J, LIU K. Design of steel
bridge girders against ship forecastle collisions [JJ.
Engineering Structures, 2019, 196. 109277.

Bt WRARsE. TN IR EE L+ T AU B S A
PEAELTD. JTARABKASH, 2019, 44(4): 195-200, 207.
LUO J M, CHEN D L. Detection and evaluation of T~
shaped suspended beam after ship collision [ ] .
Guangdong Highway Communications, 2019, 44 (4):
195-200, 207. (in Chinese)

PR, R, EWIL. AF BT DPSIR B A
PR B 46 b i R L) . Bkl AR it 2019, 63
(11): 70-74.

LIZR, ZHU]J S, WANG Z K, et al. Study on DPSIR-
based index system for risk assessment of ship-bridge
collision [ J]. Railway Standard Design, 2019, 63(11);
70-74. (in Chinese)

XUFRSC. B 7 0T A0 38 A9 42 8 g ) 2 ) 522 ) 3
BT, PUJIEESA, 2019, 39(3): 177-179.

LIU J W. Impact analysis of collision angle on dynamic
response of bridge under ship collision [ J]. Sichuan

Architectural, 2019, 39(3): 177-179. (in Chinese)

[16] CHEN P F, HUANG Y M, MOU J M, et al

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Probabilistic risk analysis for ship-ship collision: State-
of-the-art [J]]. Safety Science, 2019, 117: 108-122.
WUB, YIPT L, YAN X P, et al. Fuzzy logic based
approach for ship-bridge collision alert system [ ] ].
Ocean Engineering, 2019, 187: 106152,

WRB. W 22 B 1 4R 8 KA SR LT, 25, 2019(20)
78-79.

CHEN Q. Research and countermeasures of bridge
anti-collision [ J]. Construction and Architecture, 2019
(20): 78-79. (in Chinese)

TG, AR, AN, SR AN DI ANSYS
RO LT RO TR R 2224l 2019, 41(6):
597-601.

MA Z M, ZHAO J X, YANG Y S, et al. ANSYS
simulation calculation of anti-collision pier of steel pipe
[J]. Journal of Wuhan Institute of Technology, 2019,
41(6) : 597-601. (in Chinese)

FOBE, TR, B, SR HUHEMRE I R
PR RE S0 VP ARG B B 1 B0t 0y PR LT ). DKz,
2019(10) : 62-66.

WANG ] F, GUAN L C, GE ], et al. Evaluation of
ship collision resistance capacity of piers of Shahe
Bridge of Beijing Hong Kong Macao high speed and
study of anti-collision facilities [ JJ]. China Water
Transport, 2019, (10): 62-66. (in Chinese)

WANG J J, SONG Y C, WANG W, et al. Evaluation
of flexible floating anti-collision device subjected to ship
impact method [ J 1.
Engineering, 2019, 178 321-330.

ZHU L, LIU W Q, FANG H. et al

using finite-element Ocean
Design and
simulation of innovative foam-filled lattice composite
bumper system for bridge protection in ship collisions
[J]. Composites Part B: Engineering, 2019, 157;
24-35.

Zergy s MAES AT SRR B R RS B AT
PO AR IR T [T ], sDUEL T R 2 2 (el Rt
F5 TR, 2019, 43(6): 1109-1112, 1119.

ZUO Y, XIAO X, HE X J. Research on beamrrail
interaction of long-span cable-stayed bridge under ship
collision load [J]. Journal of Wuhan University of
Technology (Transportation Science &. Engineering) ,
2019, 43(6): 1109-1112, 1119. (in Chinese)

FAN W, GUO W, SUN Y, et al. Experimental and



244 B RS- i

2 (P & L

% 42 %

numerical investigations of a novel steeFUHPFRC
composite fender for bridge protection in vessel
collisions [J]. Ocean Engineering, 2018, 165; 1-21.

(25 BRIEEE. BOKAUE BT RBT A 7L T, AR5 1 T
i, 2019(5): 1-7
CHEN G Y. Protection of bridge piers against ship
collision in deep water channels [ ] ]. Naval
Architecture and Ocean Engineering, 2019(5): 1-7. (in
Chinese)

(26 ] fotr. 1A KA 8 ALK F By 8 KR s 42 BT o
[J]. BRIT/KiE, 2019(2): 93-97.
XU G Z. Study on the design of viaduct with anti-
collision height limit frame over water for navigable
span of Chuancha bridge [ J]. Pearl River Water
Transport. 2019(2): 93-97. (in Chinese)

[27] FRAEW. KT K BB R e 2R s i B Ry PR 5 L) ], 3k
YLKz, 2019(3): 111-115.
ZHENG H H. Research on the type of anti-collision
limit frame over water [ J ]. Pearl River Water
Transport, 2019(3): 111-115. (in Chinese)

(28] MOLIE. KoZELLRE TEAT b AR &5 AL B A4 e 2 A B %
S a‘aﬁ%ﬁ@ R, 2019(4): 64-67.
LIN G F. Analysis and countermeasures of ship
collision prevention measures for superstructure of a

bridge [ J 1.
Communications Technology, 2019 (4). 64-67. (in
Chinese)

(29 X b, ZEMEAR, Bk, EREha &L BN R L %
P e [, KR IR 5328, 2020(2): 40-45.
LIUZ H, L1 Y D, LI Y L. Multi-angle collision

continuous  box  girder Fujian

prevention and control of bridge based on active and
passive combination [ J]. Bridge Maintenance and
Operation, 2020(2): 40-45. (in Chinese)

[30] HE S M, YAN S X, DENG Y, et al. Impact
protection of bridge piers against rockfall [J]. Bulletin
of Engineering Geology and the Environment, 2019,
78(4): 2671-2680.

[31] ZHANG X, WANG X Y, CHEN W S, et al
Numerical study of rockfall impact on bridge piers and
its effect on the safe operation of high-speed trains
[J]. Structure and Infrastructure Engineering, 2020
1-19.

[32] #:45, #ik, WA, 5. 2k UHPC BOBEHS
WS F A o A ik L)), E A R, 2019, 32

(1D 165-175.
FAN W, YANG T, SHEN D J, et al. Experiments
and a simplified analytical method of an axially loaded
circular UHPC column under impact loading [ J]. China
Journal of Highway and Transport, 2019, 32 (11):
165-175.

[33] WKW, fidsab b TR RGN 24 R [EB/OL]. https://
mp. weixin. qq. com/s/sqrePTeKIXXzb45x163DHA, 2019
7-14.
CHEN Y G. Discussion on the application of engineering
measures of collapse treatment [ EB/OLJ. https://mp.
weixin . qq. com/s/sqrePTeKIXXzb45x163DHA, 2019-7-
14. (in Chinese)

(34 RGN 1T 68 g T2 2 B o 38 1 o R AR AL 5 By B/
OL ]. https://mp. com/s/PHqMt97a
RHiwk5POwXMSqQ, 2019-12-23.

welxin,  qq.

CHEN Y G. Mechanism and prevention of collapse and
dangerous rock in Sichuan Tibet Expressway [ EB/OL].
https: //mp. weixin. qq. com/s/PHqMt97aRHiwk5P9w
XMSqQ, 2019-12-23. (in Chinese)

[35] FEAEME. EERBL 1R, 5. %Ol BUE V451 1E

ML ARG OF 5 () ], POE R ST, 2019, 59
(11): 79-83.
TANG ] H, WANG Y S, XU M, et al. Model test
study on force transfer mechanism of arch-shaped open
tunnel structure under rockfall impact [ J]. Railway
Engineering, 2019, 59(11): 79-83. (in Chinese)

(36 Rl JEWE% ., #or, 45, 0 R OB

TAZEH E FIALBROE 7S [T ], kil TR 244, 2019, 36
(11): 62-66.
TANG ] H, ZHOU X J, JIANG D R, et al. Research
on the action mechanism of rockfall impacting large
span arched open cut tunnel structure [ J]. Journal of
Railway Engineering Society, 2019, 36 (11):. 62-66.
(in Chinese)

[37] EEBL, RIERE, FHENE, 45 VA ohdi N A7 [ 4 4t

JE W13 45 A B AT 5 B 3 7 5. CN107247858B
[P]. 2019-11-05.
WANG Y S, WU Z Q, TANG J H, et al. Probability
reliability design method of arch open-cut tunnel with
backfill under rockfall impact: CN107247858B [ P].
2019-11-05. (in Chinese)

[38] A ms. ¥ vhai MR 45 4 1 3l g e i A58 (D, b
A TR S (650 . 2019.



% 5

X B AF A A R AE R F 2019 FEAT R R

245

[39]

[40]

[41]

[42]

[43]

[44]

BAI X S. Study on the dynamic response of rock fall
shed [D. China
University of Geosciences, 2019. (in Chinese)

RAHERE . AGAE, LR, SRR RGO 55
DCAEARRE AL [T ], P4 Fg 2838 K227 4. 2019, 54 (4):
808-815.
ZHAO Y N,

impact of structure Beijing:

YU Z X, ZHAO S C. Ringnet
subdivision equivalent model of flexible protection
system [J]. Journal of Southwest Jiaotong University,
2019, 54(4): 808-815. (in Chinese)

RORERR . Axabht, B, 2B A S BRI M 3
SBEIT S Tk 1], HR3h 5 fdi, 2019, 38(C17):
211-219.
ZHAO Y N, YU Z X, ZHAO S C. Numerical
computing method for a flexible passive network
structure with multi-span distributed ring-net [J].
Journal of Vibration and Shock, 2019, 38(17). 211-
219. (in Chinese)

XU » BRAOHE, BR3G. 45, BEsh etk ps b i o s R B0
Tl KAL), A 12e 5 TR R
2016, 35(6): 1245-1254.

LIU C Q, CHENL Y, CHEN C, et al. Full scale test

and FEM ring-type brake

simulation to energy
dissipater in falling rock protection [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2016, 35
(6): 1245-1254. (in Chinese)

IR AW AR A 2R b s R B A
W 3l 3w R 4 B [J/0L ). 74 w38 38 K 2 2% dik.
http://kns. net/kems/details/51.  1277. U.
20190912. 1737. 017. html

LIH D, ZUOMY, LI P, et al. Dynamic response

cnki.

analysis of passive flexible protection system in
rockfalls impact [ J/OL]. Journal of Southwest Jiaotong
University. http://kns.
1277. U. 20190912, 1737. 017. html ( in Chinese )
PREFTE. VA il BOW RS RS (D], R . e
PSSR, 2017,

CHEN K Y. Impact of rockfall and its influence on

cnki: net/kems/details/51.

vehicle and bridge [ D]. Chengdu: Southwest Jiaotong
University, 2017. (in Chinese)

S S I Rk (Y Rl o S A DAL GV S
WFFELD). PNl 400 . PERARHL S, 2019.

ZHU J Y. Study on dynamic response characteristics of

bridge superstructure under rockfall impact [ D J.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Mianyang, Sichuan: Southwest University of Science
and Technology, 2019. (in Chinese)

A 2, RERE AF R AR R IR BE L A
IR IATFE [T ], Prsh5 b, 2019, 38(24): 107-
114.

GU S, PENG F, YU Z X, et al. An experimental
study on the damage effects of the concrete slabs under
low-velocity impact [ J]. Journal of Vibration and
Shock, 2019, 38(24): 107-114. (in Chinese)

TR, WEEZR, XIFER, 45 Y mx Brhd i
BURAFFELT ], A%, 2019, 40(2): 616-623.
WANG Y B, YAOCR, LIUSZ, et al. Experimental
study of debris flow impact forces on bridge piers [J].
Rock and Soil Mechanics, 2019, 40(2). 616-623. (in
Chinese)

WAk, B M, B, AF. AoiiE T HOAT IR BE LA
SR sl SR R R AR AELT 1. k3l i, 2019, 38
(13): 261-267, 273.

CHEN L, ZENG Y Y, YAN Z F, et al. Dynamic
response and damage characteristics of a RC pier under
vehicle impacting [ J]. Journal of Vibration and Shock,
2019, 38(13): 261-267, 273. (in Chinese)

DO TV, PHAM T M, HAO H. Impact force profile
and failure classification of reinforced concrete bridge
columns against vehicle impact [ J]. Engineering
Structures, 2019, 183: 443-458.

SAINI D, SHAFEI B. Performance of concrete-filled
steel tube bridge columns subjected to vehicle collision
Lyl 2019, 24
(8): 04019074.
FAN W, LIU B,

Journal of Bridge Engineering,

CONSOLAZIO G R. Residual
capacity of axially loaded circular RC columns after
lateral low-velocity impact [J]. Journal of Structural
Engineering. 2019, 145(6): 04019039.

DO T V, PHAM T M, HAO H. Proposed design
procedure for reinforced concrete bridge columns
subjected to vehicle collisions [ J]. Structures, 2019,
22 213-229.

CHEN X, AGRAWAL A K, EL-TAWIL S, et al.
Inelastic behavior of a bridge bent subjected to truck
impact: Experimental and computational study []].
Engineering Structures, 2019, 199. 109543.
AUYEUNG S, ALIPOUR A, SAINI D. Performance-

based design of bridge piers under vehicle collision [J].



246 I RE5xE e

FROF E O

% 42 %

Engineering Structures, 2019, 191: 752-765.

[54] HOSSEINI P, GHASEMI S H, JALAYER M, et al.
Performance-based reliability analysis of bridge pier
subjected to vehicular collision: Extremity and failure
LT Analysis, 2019,
106: 104176.

[55] FAN W, LIU B, HUANG X, et al. Efficient modeling

Engineering  Failure

of flexural and shear behaviors in reinforced concrete
beams and columns subjected to low-velocity impact
loading [ J]. Engineering Structures, 2019, 195;
22-50.

[56] FAN W, SHEN D J. ZHANG Z Y, et al. A novel
UHPFRC-based protective structure for bridge columns
against vehicle collisions: Experiment, simulation, and
optimization [ ] J.
207 110247,

[57] FAN W, SHEN D, YANG T, et al. Experimental and

Engineering  Structures, 2020,

numerical study on low-velocity lateral impact behaviors
of RC, UHPFRC and UHPFRC-strengthened columns
[J]. Engineering Structures. 2019,191:509-25.

[58] MI § KIEWICZ M, BRUSKI D, CHRO § CIELEWSKI
J, et al. Safety assessment of a concrete viaduct
damaged by vehicle impact and an evaluation of the
repair [ J ]. Engineering Failure Analysis, 2019,
106. 104147.

(59 B, BlBHAE . mHa0F-. MR Ko e 44 o T T hg

ARSI BE L SRR E S LM, dbat PR T
A H AL 2019,
XU L J, LU X Z, YE L. P. Research on resilient
concrete continuous bridges under earthquake and over-
height truck collision [M]. Beijing: China Architecture
&. Building Press, 2019.

[60] Bk, g RHAT 2 B X ITAE D], 220 22 M58
AR 2019,

YANG S Z. Operational risk assessment of cable-
stayed bridge on the Haihe River [ D]. Lanzhou:
Lanzhou Jiatong University, 2019. (in Chinese)

[61] sk, shiK, S, 55, F 4B d U BR2s) )

Pr B KA 0 4 B ()], k0E TR %44z, 2019, 36
(1): 48-53.
ZHANG J F, HAN W S, JING Y, et al. Dynamic
simulation and damage investigation on the U-type
girder subjected to derailed train collision [J]. Journal
of Railway Engineering Society, 2019, 36(1). 48-53.
(in Chinese)

[62] #hfm L. Yl Iy 2 i 151 R A 2 285 Mg 1 By ¢ v
BN HIBFFELD]. MR JRIE . MR BE Tolk K24, 2019.
GUO ] S. Research on peridynamic lattice model and
its applications on dynamic brittle fracture modeling
[D]. Harbin: Harbin Institute of Technology, 2019.
(in Chinese)

[63] vk, %75, WidE. SPALRBINREE - ILARBIR S R i

Gigh Sy E A L] BRORAE 2 4l 2019, 42(1):
64-69.
SHEN F, ZHANG Q, GU X. Peridynamics modeling
for projectile penetrating into concrete [ J]. Journal of
Chonggqing University (Natural Science Edition) , 2019,
42(1): 64-69. (in Chinese)

L64] BRE BT, JRIEH, BU/NME, S5 Lgah ettt S
EABERATRBILT ] BRI 2224, 2019, 40(4):
354-371.

CHENZ Y, SU G S, HUANG X H, et al. Recent
progress in peridynamics and its numerical simulation in
rock fracture process [J]. Chinese Journal of Solid

Mechanics, 2019, 40(4): 354-371. (in Chinese)

(hEE EFH)



