55 34 45 5 1)
2021 4E 10 J

k o T

Journal of Vibration Engineering

% R Vol. 34 No. 5

Oct. 2021

SRP fin [ 1 ) 77 B $F 35 ¥ 19 72 W 1E O T B9 3h 75 i
B, KT

(AR T RFEARTRR, {LH FE 210094)

WE 7R 0 T TS B B AT B $8E A T R T 0 B 22 810 52 5 4B (Steel Reinforced Polymer,
SRP) i [ 75 11 15 Bt PF B O HEATBUR AL 5 0 Hr o 1 LS-DYNA 37 Tl 9 Be P R0 032 vl o B (A 8L
-5 T A S 9 AR X L, S8 T I BB AUy vk B MR P o R R LA A o A5 E R L 6 LA AT T RC LS SRP N
Y o O I AR e N ro) (57 B R B AR L . LA SRP N3 B SRP {28 2 BOMIT R TN F1 KPR R B BIF ST
Xk A 5 A B S T o O AT BT B SS e MRE . WF ST A SRR R SRP W T Y B PR R A AT S BN
AT LA A 28000 /0N e fih T8 o 7 BB 5 R RS S8R 3 5 70 AR SV 78 B 4 4 Ak SR T SRIP 181 %o 5 B LA B 4 ) R 4 4
FH s SRP A3 2 %k 12254 21 3 J2 7T DL S 4 b KR o) 330 5 2 7% A2 T

KRR : PR T B PR A o Sh AR 5 R 2 2N S R

RESES: Udd3.22; U441" .3 XHARARRD: A
DOI:10.16385/j.cnki.issn. 1004-4523.2021.05.009

5l

T

Wit 5 £ 38 i A oMl B A R 4 AT b
(0 K LE AR AE BT o R Bl 4 O O N B2
A A R i 2 5 | R S, 7 A ORI 28
PERUR o R, TR Y B PR A P g i
ST Z N o 5 IR AT EEORE FE , T of 2 T S
WA A6 R At T AT AR e L R T R AR
e ELAE 32 2 4 A o i, HC g 2 e -5 PR BE AR I &
AT BRI X531 - i) 2 T TR 0 52 48 o 7 A Y B
(] ¥ A2 A8 T2 FIACR I R EE o IR I, o 30 il 1 B 2
B bt 4 i e PERE RO P ST WAG L

B A 2 5K T AR 45 0 1 bl 47 20T 19 35 250
JO7 [ R AT 58 o T A S A X B A T ) e 45 A
Fr o 18, 20 Hr 1 ol LA e AR I A
2801w E LR E AR 7 5 HE AR R R
SR B BE G, SR TR S IR AR b el T ARPE T B 8
3 W S TR T B X T 5 B ke £ AL B AR BT o
i A7 2 AR T 3l 25 i B A AR S 58 0 AR R AR .
Zhang 55" 1o 13 H v ok 5000 AR 4 X e i R Y
B RE AT O ri ooty S 6, 45 2R 2 WYY B ) 2 i B A
T EE 1 5 U0 AL AR Y 5 Do 85 R T]  B 2 M L
32 A R o 14 AR 0 A ST 7 ECRE Y O AT RUE

Y5 B #: 2020-03-10; 1&1T H #3: 2020-07-16

X EHS: 1004-4523(2021)05-0959-10

R IR 2Z 4 AT S B I I A RS AR T R
X TR B 005 o DR b o R T B PR R AT A
P 95 5 o o ] 2 0 A

H i C g i 1 2 P i 3500 1 o f it . ok T e
SOl A TR AR R AR SR AT T AN M AT T
Hot A 5 O ROCR s Fan 2875 i o 1k fie
2 Y R e [ B AR AT T M R M S B T
5 FRAE AT T FRP B & MR B B4, 57
R T W R e AR W oY TSR R RE . (H R X
S Ty [ it TS LA S (A B 8 AT 35k BIF 9 R &, HL i [
D7 R T B PR IROR — g iE . i T R R T
7 B Pk A B M) ) o R B BB PEBE , Zhang
WE THIERAEY I8k, B TN ) E v, W g 21 T
TR BE T e IR, LS R B HEJE BT 0 B R
HE W R 8/ s Zhang 551k H FRP X #5577 4
BT BE DR R LR AT L 2 UE B FRP N & AT DL AT 2%
PE R EE L A5 B WM AR T AT . SR
XL 55 s IR E L BT B R e
ZER N 7 =20 FRP AL Bl 53 19 B AR #6825 45 % 07
AT 2 R A

1o R AN 22 2L 525 PR R — B E R R AN 22 S
T ) 235 46 52 07 38 s A RE | L9 22 20 I 2 fh 9\ 1] 1
S E R 22 B 1) AN 2 5 R ) 3t Y 22 A A8 SR
M o T R BE 4 S5 4 7 TE , SRP H AT R IE T R

HEEWMB: T4 A RF 224 BT H (BK20211196) ; VLI A “/S K AA B G & )2 R A AT H (2019-2-013) 5 H 4 &
T FEAFIIR Al 55 B L 100 ¢ 4x e Bh I H (30920021154)



960 & 3 T

S

%34 %

JAAR PLBY DI ERE AP SR, Ascione 553l 1
IR 5T 2 B, SRP M RHIT R 6] Jy [ 11 56 B HL AT 4%
B 38 50 5SROI [ A 45 #4718 B AT DL SR
PR T A B M AR B FEHL . PR HE I SRP 7E R
1 T V5 B P e A BIOTE A B AR R B A AR TR
5 T EL AT AR5 B P o T 1) PH ARG A T A 2R
SRP i [ ] LAA 2008 /IN 8 e i ol ar 280 00 W 18500 i
WAEH . R, R F SRP N [ 5 B DF AR B O vk
W A B A L R T ) RS A B A N 114 5 T A
ANHH

YT M, AR SR T SRP X T ] Y B P 3 B ok
A7 4 BRI AR 5 A2 3 G A 4 o i Y 2l 2 e B
AR SCE SR T T G A o A 0 BB A Y O X i
il 15 B BB A ORI SRP 1 A 5 VA AT T ME R 1
BIF o AR5 SR H SRP XF 1 il 15 BE BB AfF 8L alE AT T
U A e A A 1 i B I 5 A n [ A A A A TR
T T SR g G AR R R - i £
S5 BN T3 43 A RV A 1 B0 R EE, DL R 5
SRP Jin [ 7] 5 B D % 47 5000 P 42 6 4 o R
B J5 LI SRP & X %, SRP £, 32 J2 BRI 8 155 7
IRV Ry BF 5 728 Ak, 30— 20 RGE LR T 1 B DF R
Y02 AR o BT 3 2 ) 7 4 5 e B AR

1 HBERBRIIE

TR B AS B 5E rh BC(E AR AU T 1 T TR AR A L R
FH Zhang %" ) 422 4 v o7 52567 R 2 B8 bR e
LS-DYNA #3755 5255 45 1A R 09 = 4 SR E0 (e A5
AU ook befE o O e AR e, 0 e 7 F% B AR TR
BB R 25 R 0 1% D0 AT B0 o [ BEEE S7 SRP /Y
BUERIAY I 5 285w A0 19 SRP I -0y A2 il 26 i
AFXF L, A 36 UE SRP A RF I AR HL 1 o 1 1k o

1.1 ZRB3LE

Zhang 55 (1 42 R i o S50 I 5B B8O T B
B B, A5 95 B 160 mm, A7 B0 A6 1 ) o 100
mm X 100 mm, H [0] B H H 480 15 mm #9156 H1 75
L, Fa R 5 89 R SF A 400 mm X400 mm X 140
mm , B S5CTR0 2 TR R b ORI BRI L 2 A JR 4R
Bt 288 kg MTHZ E 7t . A WEH A BER 4
mm P9\ ) 50 557 A 1) 4 A5 44 B Ak ST B A L TR
B FR L B R 0 4 A B ) AR 24 9.3 mm 1 LI ) A
VS i i 1 LAl 2 0k 108 ) A7 L 3 2o S sk i T G
XoF BB it BN T, BN S KNGS Ry 30 kN b i
M 2R G0 2 T A 4 | 13 R4 o o B 2
By, whdy B B 300 kg SEEG R G IR R 1

£ 5 2 DR /0N SR 981 3 s ol 4 00 S E SRS R e
dr B d Hr b L o SR AN 1R

P13 i s 2R

Fig.1 Schematic diagram of pendulum impact test
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Tab.1 Main material parameters of concrete and rein-

forcement
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Tab.2 Material parameters of prestressed reinforcement
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GPa MPa MPa
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Tab.3 SRP material mechanical property parameters

(portrait)
B/ AR o BB R
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fiok SR Y T T Y B M CASTS) A 416 SC ik [ 5T Bt
1] R B - i PR 45 R BN 0.6, B i B 5 TR BE LA I
FFEESE R BN 0.3 UK BRI ITA A L, LA
PS50 v X R £ B B I 20 A . B BRI A AR
FH L B LURE 1m) 1.37 m/s (19 40) 38 Xof 0B o ) 4y
Bt Ay i o

1.3 =B

1.3.1 #RsAE A 5iE

Pl 3 g 5258 5 0 B B o e AR R L . A
1.37 m/s #1 3 B (4 of e o i B, SE 50 5 0 b Y
fii o7 T R B de K UEAE LS B R T B AR A
BICE I BRI S FH R 2 B 2 AN (E . R
5 LT A SRR X R R 1Y 2 SRR L TR )
WA B ) b SR B W R S IS I (A E
Al S R A A T 2R S T A R O Y 4R
D7 s KW (E I, 52 50 045 o 20.9 kN, {5 FLECHE R
19.3 kN, 3222 R 706 ; S 50 B His (0 48 o ) 4 2L i 1] 2y
90 ms, {j ELECHE M 86 ms, ik 25 M 4% . i T En Ay
EUBUIE 5 S 00 B 4 SRR AR Y

B 18] / ms
B3 fiE s 7 iR 4 X B 56 UE

Fig. 3 Comparison and verification of the impact force

time-history curve
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Fig.5 Comparison of the shape and damage position of

the pier
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Fig.7 Schematic diagram of vehicle impact pier model and SRP comparison setting
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Fig.8 Time history curve of the impact force between RC

pier and SRP reinforced pier
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Fig.9 Displacement-height curve of RC pier and SRP

reinforced pier
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Fig. 10 Time-history curve of the lateral displacement of RC

pier and SRP reinforced pier under impact
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Tab.4 Cases and parameters
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Fig. 12 Time history curve of impact force corresponding to

different SRP reinforcement areas
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Fig. 13 Displacement-height curves corresponding to

different SRP reinforcement areas
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Fig. 14 Time-history curves of the lateral displacement of

impacted segments at different SRP reinforcement

areas
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Fig. 16  Time-history curve of impact force corresponding to

different SRP wrapping layers
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Dynamic response of SRP-reinforced precast segmental bridge columns
subjected to vehicle collision

LI Qing-hua, ZHANG Yu-ye
(Department of Civil Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to reduce the vehicle impact on the precast segmental columns, the steel reinforced polymer (SRP) was used to
reinforce the precast segmental columns and perform intensive numerical simulations. A numerical model of the precast segmental
columns was developed using LS-DYNA, and the accuracy of the numerical simulation method was validated comparing with exist-
ing experimental data. Under the same vehicle impact conditions, the time-history curves of the impact force, the lateral displace-
ment and the column damage of the RC columns and the SRP reinforced columns were compared and analyzed. The SRP rein-
forced position, the number of SRP wrapping layers and the initial prestress level were taken as variables, and their influence on
the impact force of the vehicle-column collision and the deformation of the columns were studied. The results show that using SRP
to rationally strengthen the precast segmental columns can effectively reduce the impact force to the columns. The lateral displace-
ment and damage of the columns are also reduced. The use of SRP reinforcement at the column bottom and the joints has a better
protective effect on the columns. Increasing the number of SRP wrapping layers from 1 to 3 can limit the displacement deformation

of the columns more effectively.
Key words: precast segmental columns; vehicle impact; the dynamic response; steel reinforced polymer
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