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Study on Effect of Reinforcement Ratio on Failure Mode of Y-Shaped

Pier under Vehicle Eccentric Load
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Abstract: To construct urban three-dimensional transportation systems and reduce space occupation under bridges,
the large cantilever-Y-shaped pier system was applied as a substructure of urban viaducts, with its application demand
increasing year by year. However, related research on its reinforcement ratio under vehicle eccentric load has been
rarely conducted. Based on an engineering case of an expressway construction project in Jiaxing City, Zhejiang
Province, a 1: 5 scaled finite element model was established using Abaqus. The reinforcement ratios of Y-shaped piers
in four models were set to 0.42%, 1.17%, 1.69%, and 2.29%, respectively. Among them, the reinforcement ratio of
0.42% was lower than the minimum reinforcement ratio (0.5%) stipulated in the Specifications for Design of Highway
Reinforced Concrete and Prestressed Concrete Bridges and Culverts (JTG 3362—2018). To study the failure mode of
the Y-shaped pier, numerical simulations were conducted on the above four models under vehicle eccentric load. The
results indicate that: O Under vehicle eccentric load, when the reinforcement ratio increases from 0.42% to 2.29%,
the crack resistance of the pier column is not significantly improved, and the concrete cracking load at the Y-shaped
turning area of each model is 64.8 kN; @ with the increase in reinforcement ratio, the concrete crushing location
moves from the turning area at the waist on the compression side to the bifurcation on the compression side; @) when

the reinforcement ratio increases from 1.69% to 2.29%, the bearing capacity of the pier column is significantly
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improved, with an increase of approximately 29.85%.

Keywords: bridge safety and accident; Y-shaped pier; vehicle eccentric load; failure mode; cracking load;

ultimate bearing capacity; finite element analysis

0 7l

B 5 v T 3k T A a0 A A R A O e ) R
A, T T AR A T AR R R B T I T A 38 e
REHEZERS . A S B 2 A 5 AE 1A B AL 2
(4155 50, JR] 8 4T 2 B T 23 1) 9% IR 1 () B £ UE M e
1) B, B B A R 2R AR R IR A T R L
PRI, — s 76 S 0 4 40 3 3 11 R R R 25 - Y B L
R R N2 A R AR ) T B A B R .

T O RV A R S 4 M R R R T 2
— . Zaghian %R A BRIT T 0T TR ARE T
2 O b AT B A FR R 2R T L I R A TR P A 2
PERE B T 2 08 A DR B MR BIUR B RE T bR
VAL 712 s Nezerka %45 &80 560 0 5 £ (B A5 000,
F8 T R AR F T R 6] 4 RO 1 7R 3R R T, e b T
AR OG5 2 B0 52 MR 5 R 2 A8l A Midas 7 BR JT
B X DO A =M BIOHE AT 4 BT L X b T S A i L
5 W S0 R X 55 2 P9 I B0 I 5 B S 3R AR TR
25 ) A A SR e IR D IR R 2SR IR R T R B AR I
A YR 4K T 6 B R 0 R — M i 5 R AR OR
CSI Bridge £ BR 70 844 X /N 15 48 0 KA B b A7 T
Sy AT, E R EE R RS A T SRR () B A R AT
TE A T AR Z5 4 T XY N B AR B R Y
FIE P R R A9 2R A A 5 X AR PH AR A TR R
UK R R R R RO A R T B A5 A S
PR G5 46 52 07 0 5% Wi R A O M Al AN TR R B8 B 4 i
R G N I e TR TN S IR O R
45 K P e 1 WF 9 22 R 48 R SRR T 6 R OE MR
BACSE A0 T RE I ST A B 2 T AR R AE R,
TE W B T 32 7 4 2%, HL T A Rkt I 24 A 2 R R 28
7715 ) iz 1 2 — 25 0 5%

A B 5T LA T a5 9% 55 R 3% 4 0 AT S A SR
O, X AN [ B B A A8 3 T X4 Hh T el A
R R A2 5 T pp ) B K B P s K 8
m LA b 5 il 1 7 A A6 AL R RE A B el T 3 R
fE 28 7E T 7K 37 g 40P 1 ER AN TR ) B H T
ANLE i S IS UR ¥ S D O N & D Ol = -
B4 AFF 9 24 1R G il 14 R R RO AR o B
Yokt 90 5 G 5 O T BE M R 0 K KIS T R

nu\‘

(8 A TP BB 2 75 4 & MLV 25K, OF I 1 4% 1A 1R
Z NGB 5 = A IBe 452k I Abaqus A FR T B X AS
7] 44 e $1% it Ay i 2 2 A 005 KA o0 B, X b T B R
it 42 55 T 5 SR Y R O PR RE S RE T R R

B ROEM SO EE S — . BA
Z UL T T 5 MU TR AR i 4 1 S 32 BRI 5T
X4, B AP HpU R M Re oy R B g T
AL ERAS AN ), Y TR s SOAR B R RS A
A AW TSt R 2 AT X KRy 52 1ot ik
AR AN TR G LA LR A3 SR A3 1YY TR
BEAT AR BT IR T4 S B Y IR Ty s 4 T
B 32 TR 19 Y B BB T 58 s XL A A Ny
T Y TR ZR AR RN A BR TT SE AR AL, X L 23 A7 g
BAE T2 1, R4S & PLRAT B S th 74X Y
sz T B s LB e o LA 5T O Y R Bt
117 PER BB AL 23 B, (EL 1 )Ry BR T 3 B B, T ik
1578 R 2 R Y SR B AR

NG A SR FESE PR T2, 1 1 Abaqus #4457
OB 5 B -Y R R R B R R, 5 TR B -
PRS00 A K, o3 B FCAE 5 0 O AR T T R B
R-YIRBUR R I RedE . BT TR R XY
T S DR S 5By 5 e, LAY S [ 288 o A R B4 A
4 L 5 18 A 42 AR 0

1 ITAREMBEL

1.1 &k#EIRE

TN B B @ I H BT, A A Sk A o
2 25~30 m [ /NAR B2 T AR A Al ) SR R B i
R-YIEBUA R & E 1R, %3 K 2600 cm,
P& 300 cm | 5 260 cm, 2k A C50 1R & + 5 HRB400 44
A 0 1 [ Bt i im0 R o A A IR A R, BT
e Y IR B, A AR RR RS K 8.5 me Y IR I
FA 12 m, Y IS XA 24 56°, 20 TR AR T A 180 cm X
180 cm 4% X JRE I &7 200 em X 180 cm . B B 4% i Ky
450 ¢cm X 180 cm, % i C40 iR %t + 5 HRB400 Y i
il o
1.2 AT

ORI E SO € E N S iE A LI N
ST LB T T 4 B A [ T A 256 ) RS A0 AR A A R 4 1]



%28 FE%E.F W BEMAN TR FAY HHB AR 05 R 153
‘ 2700 ‘ F1 EREHWEERHR
s0ls  3x375 E% 3x375 15, . . .
Table 1 Reinforcement ratio of model section
f _ ToR15 2
VAVAVAY, \Jo YAVAVAY CRETRS I B AR /mm WA 22T o/ %
—— 850 ; o
8% 3 600 ‘ AL 6 0.42
Lﬂi‘fjls 2x375+350 SB‘\I ) 0”§/b 350+2x375 7%_[%54 R 2 10 1.17
g - ’ 48 ‘ T 3 12 1.69
n o ___E_L fa 7 4 14 2.29

Bl SEBRFENECEN:cm)
Figure 1 Standard cross section of elevated road
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Figure 2 Model overview (unit: cm)
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damage of Y-shaped pier
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in each model
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