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Abstract: To improve the seismic performance of precast segmental piers during earthquake, car-
bon-fiber-reinforced plastics (CFRPs) were used to reinforce the vulnerable parts of precast seg-
mental piers. Based on the results of previous experiments, we established a three-dimensional
solid finite element model of a precast segmental pier and analyzed the restoring force characteris-
tics and damage sustained by the pier under cyclic loading. After reinforcing the bottom segments
of the pier with either stirrup reinforcement or an outsourced CFRP sheet, we compared the
effects of the two reinforcement methods on its seismic performance. The results showed that the
bottom section of the CFRP-wrapped pier enhanced the overall stiffness and bearing capacity of
the pier and made the stiffness degradation of the pier gentler. Based on the results, we can con-

clude that CFRP reinforcement is conducive to the stability of the precast segmental pier under
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earthquake and can better ensure the safety of the bridge.

Keywords: pier; prefabricated assembly; carbon fiber reinforced plastics (CFRP) ; straightening;

seismic performance
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Table 1 Design parameters of each group of models

4 O B B WERAR EN] il 573 i urs*ﬁfx
e /mm /mm LE AR/ % [ fiC 7 2%/ %% b #1755
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Fig.2 Loading scheme
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Table 3 Design parameters of test model and numerical simulation model S1

o WA B WERAER e £ N1
/mm /mm /mm 9 75 L 7 %/ % i 1 L /97 %/ %6
P anwY 1850 400 350 6D12 0.71 D7@50/80 0.96/0.60
TR A 1850 400 350 6D12 0.71 D7@50/80 0.96/0.60

i 77 8] B 50/80 2278 AT 2 AL | 400 mm 3 Bl A 386 A% (B0 BE % 50 mum, AE B _F 400 mm 28 4% T90 90 Rl P9 4 95 (8] 36 24 80 mm 1)

4.2 TRMHG
PRI ST 8B A 5 56 45 U B9 AT L1 6
Ca) Jr] LA 000 3 FEA8 PR 1L S mr AR T . e AT

T 45 TIUNE ) A5 64 T 55 BEDF B A B 4 5K 0T P
PG T B A A AR R B R 5 Z (] 1 R AR AL i
BAE R B 5K TF P 5 o R b, AR IR B8 - R A T 8



A2 A )

T 8,4 CFRD I G T3 i 47 B 5 5 B 72 1 il 10 3 851

S WY 4 A SO A A L BIR R R BOR R . A
P16 () Sk 7 (9 458 T 3 Ly 88 1) 48 T, T DA HG R O 1

PEEQ
(T-¥3: 75%)

+5.631e-02
+5.162¢-02
+4.693e-02
+4.223e-02
+3.754e-02
+3.285¢-02
+2.816e-02
+2.346e-02
+1.877e-02
+1.408e-02
+9.385¢-03
+4.693¢-03
+0.000e+00

(@) il
B 6 Sl zikiEBEHE

Fig.6 Cross section of Sl after loading

PRI S3 BRI J5 A RAS (B DA LLE 1
BORHS 1 B 2 CERP A28 Ji5 » 45 4088 1 vy 2% {H A
R BBV N 1 S L X B S RS R Y B
TR BE 1 B IR 2 200G 0 45 3] B 2 2%, CFRP A5 FR il
THURBEIR . R B WL S3 B A CFRP A
B B S AR RS S (L 8Vl 9) . CFRP i 1Y i
KR IE S 3 350 MPa, ik 5] T 5 f F| CFRP #4
BRI LR (3 765 MPa) 1Y 88.98 % , Il 7 3 3

PEEQ

CT¥: 75%)
+3.953e-02
+3.624e-02
+3.294e-02
+2.965¢-02
+2.635e-02
+2.306e-02
+1.977¢-02
+1.647e-02
+1.318e-02
+9.883¢-03
+6.589¢-03
+3.294¢-03
+0.000e+00

(a) AR

+3.071e+09
+2.792e+09
+2.513e+09
+2.234e+09
+1.955¢+09

4 P T8 5 B A AR T N4 T 1) b A T T AR
3 Ti] TR B - FEACR A A IR

(b) T4

R CFRP BOKL 849 BT 9058 2 15 21 1 58 70 F
ERAEE T A R CFRP £ 22 Ji 36 17 B 1 A B
T 0 2R T IS4 B R R FEE /), i A5 4 B
Ty HE MGG TR B L 50 R AR AR Y
By A T BRI R 7 4 33 2 A FC A 1 2 AR v Ay
BRI B
4.3 HEMERE

A5 A1 i [l i e[ Aan 1819 Cad (b) (o) TRE % B B

S, Mises
CF: 75%)
+3.350e+09

+1.675¢+09
+1.396e+09
+1.117e+09
+8.380e+08
+5.588e+08
+2.797e+08
+5.718e+05

(b) CFRP /1

A7 S3mBEZREBREA

Fig.7 Cross section of S3 after loading



852

T B % 2020 4E

S, Mises

CFY: 75%)
+4. 534¢+07
+4.156e+07
+3.778e+07
+3.400e+07
+3.023e+07
+2.645¢+07
+2.267¢+07
+1.889¢+07
+1.512¢+07
+1.134¢+07
+7.562¢+06
+3.784e+06
+6.678e+03

L)

B8 S3MARBLYNELSA

Fig.8 Stress redistribution of concrete of S3

40

30F
20 F
10
ok

YR I/KN

&7

-10 F

i

20
30 F

-40
-150

40

0 0 50
BRI /mm
(@) SR I 24

150

30F
20 F
10

B0 F1/kN
fe

-10 F
20+
30 F
-40

-150

S0 0 50
BTN FE /mm
(c) 3T ] £k

100

150

BT /AN

A5 F1/kN

#

HRAS IR AR IR S A 2R R 9 07 8% A8 Ak L NI B AR
fR R RE B AE RS 0L . [0 2R 0 X £ o 4R R R AR %
J2 W H AR A AR G 56 v A S RN B L B 9 T R
F CFRP £ 5 i S3 5 70 (g 2 (A W41 )3 B & 7 T B G
CFRP G128 M A HEAT I 1 B i 73l n 25 i S2 48
R, Al B CFRP A7 BRI TS0 B BE + i i
W Afi 45 S3 AL A M 2 T m L 9 (), Hids KoK
AL A ST HE T 9.6%,. 8 S2 3 E 1 17.5%.,

T T g 2 L 0 R i B T A AR A 0 o A v
FA A0 1) 2 B 19 O o PR T ARG A A2 A B T L TR
T BEPRR AR H 4 S ORIk T I A R B AR
Y4B RS BE 1 52 4 vk T 3 A 04 R g R4 A 4 ik
THT (1) B 462 ) H AL, DAL ohbs 0 ) 0 B 9 2 5 A i 0 o
FR A0 1) 0 2 g BT L = LR TR ) i ] il £ T
IR A G i G (H R S3 AR A B 9L 4 R B
. S = A TR 00 4 TR Y AR T R 4
1% B0 AT LHIGE L S3 R (115 BORBE + R RE B e/
R B 4k vk I e, BB 5 K 6 42 Ak e AU/
P B R 32 2 D) 5 100 % A9 TE SRE U A B9 RE 1L I
AP B 50 3 AR e SO0 ) Y RS A LA P A A

40

30F
20 F
10 |

0F
-10F
20k
30 F

40 1 1 1 1 !
-150  -100 -50 0 50 100 150

BT #5 /mm
(b) S2BLRYH [e] i 25 1

40

| ——SI
30 e
oLk ——S3

10 |
0F
10k
20F

30k
/./

_40 1 1 1 1 1
-150  -100 -50 0 50 100 150

57 # /mm
(d) B4Rk

A9 BAFBDWESTEHL

Fig.9 Hysteresis curves and skeleton curve
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