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Abstract: To analyze the overall overturning and sliding stability of girder bridges with bearing failures, the
stiffness matrix of the 7-DOF curved beam element was derived, and the constraint equations for the bearing
detachment and slippage failures were presented. The finite element equation with the constraint equations was
solved with the Newton-Raphson method. A process of judging the instability modes of girder bridges according
to the bearing failures was established, and the corresponding program was compiled. The accuracy of the 7-
DOF curved beam element was verified through calculation of a simply supported statically indeterminate
curved beam. A curved ramp bridge collapse accident was analyzed with the proposed method. The results show
that, the proposed method could more accurately simulate the equilibrium state of the girder bridge under vari-

ous bearing failure conditions, in comparison with the traditional bar-system finite element model.
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Table 1 Bridge overturning accidents in recent years

vehicle load

the viaduct of Minzu East Road in Baotou City
the ramp bridge of Tianjin-Shanxi expressway in Tianjin
the Chunhui E-ramp bridge in Shangyu City, Zhejiang
2012-08
2015-06
2019-10
2021-12

the viaduct of the third ring road in Harbin City

3 vehicles weighing approximately 100 t each
the ramp bridge of Guangdong-Jiangxi expressway in Heyuan City

3 vehicles weighing approximately 140 t each
the bridge of Xigang Road in Wuxi City

3 vehicles weighing approximately 120 t each
4 vehicles weighing approximately 120 t each
3 vehicles weighing 80~ 115 t each
2 vehicles weighing approximately 160 t each

the Huahu D-ramp bridge of Shanghai-Chongging expressway
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Fig. 1 The internal force components and the co-rotational coordinate system of the curved beam
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Fig. 3 Schematic of the bearing slippage on a single column
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Table 2 The constraint equations of bearings

failure condition ¢é >0 $ <0
g, =utand —v +h (1l —-secd) =0, g, =utand —v +h (1 —secd) =0,
he beam slipping at th
fhe beam stpping at fhe g =-m +P(v-h) - Pu =0, g =-m +P(v—h) -Pu=0,
bearing on a single ’
g3 = P (sind —pcosd) + g3 = P,(sing +pucosdp) +
column support ’ ’ ’
P.(cos¢p +pusind) =0 P.(cos¢p —usind) =0
the beam detaching from g =-—u+Il(1 -cosd) +hysind =0, g =—u—-1I(1-cosd) +hsind =0,
the bearing at the end of . .
g =-v+h(l-cosd) —Isingd =0, g =-v+h(l-cosd) +ising =0,
the bridge, without slipping
(1 is half of the bearing spacing) g2 =m +P{lmw) = Phy =0) =0 g2 = m - P{lrw) =Pl =) =0
the beam detaching and g, =utand —ltandp —v + by (1 —secp) = 0, g, =utan¢ +ltandp —v + hy (1 —secd) =0,
slipping from the bearing g = P.(cosd +pusing) + g = P,(cosd —pusind) +
at the end of the bridge P),( sin¢ —ucosp) = 0, P),(sin ¢ +ucosp) =0,

(1 is half of the bearing spacing) s =-m, + P),(l -u) =P.(h, —v) =0 s =-m, - Py(l +u) —P.(h,-v) =0
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Table 3  The value of each parameter

parameter value
elastic modulus £ /MPa 3.5x10*
shear modulus G /MPa 1.46x10*
Poisson’ s ratio v 0.2
moment of inertia around x axis 7, /m* 0.5
moment of inertia around y axis I, /m* 10
torsional moment of inertia I, /m* 1.5
sectorial moment of inertia /,, /m® 4.5
section area A /m> 5
curved beam radius R /m 50
curved beam length L /m 30
uniformly distributed torque m_ /(kN+m/m) =20
uniformly distributed load ¢, /(kN/m) 10
884 0 = 3 &
13x10° éewe“ \”msé "1, - curved beam element A
' e e, [ + ANSYS Beam 188
Vg \ 1 o -4 107 Xgi analytical solution
g 8x10° % 8
< N ~
s e 5
4x10°" t)"& - curved beam element 810
§ ~ ANSYS Beam 188 .
) analytical solution A » SEEAE
0 Lo . . See -1.2x10
0 10 20 30 0 10 20 30
z/m z/m
B4 FERERBIEEE R 5A BROTAE R L B 5 MBS A BROCE R LA
Fig. 4 Comparison of deflections given by theoretical Fig. 5 Comparison of torsion angles given by theoretical
and finite element methods and finite element methods

E OO TR BB, 3 AT LIS AR SR T R SUOA ) T,

3.2 HMEHERHM

LI AR & AR, F R AR 3 L 110 ¢ BB AT B0 AR il R A A I ) 1 R R Y 7R
TESE N (FHE R Z2ms ) R R B K 75 m, fIZR2EAR 220 m, 1 A5 B RIAS RS R AR 6 .7 FT . B S
JAE PR R SCER 0.3 B0 oty XOL S R B 8 LB 0.01, SRRy €50 TR%E .

135

}J4 200

>
>

B6 A R (A m) 7 O RN (AL om)
Fig. 6 The bridge layout in plan (unit; m) Fig. 7 The cross section of the bridge main beam (unit; cm)
S SCAT BRI A i VA2 A7 20 L ) R B 3y 2 A A S R N 0.1 IR K TR T A X
JAE P38 1) S Hy TR 8 BT 2 g 2R KRN 0.45 BF B AN S E P1-2 T P4-2 KA A UK RN 0.55
iF B AMI S E P1-1 1 P4-1 & AR WS s ORRIAE 0.93 I, A3 KAHEE £ 16.8°, T i Bl Sl 8 FEE 42
I P2 A P3 R AR, BLB BT A AR M 2SS RE AR R A 1S RS | AR G AR SRR Ak A7 B ) 7K 48 Tl AN
FERRAARTE SN A% | 0 B TR B F RO A 3O NV 2 B R 7E AR AT 2 R s P 52



1450

I

L,
&

# o

n2
2

2023 4F 3 44 B

JE R AT s, I HHABITA SRR A T RS R R R A W RS SR IR T P2 N P3 IR ERABURE , L Ff R L HR
A C15) 58 = ALY Fe vl 1, BORE T0 52 3] (49 K- g 23 Bt 1A A HICS R DR JBIORE DR 2 R o R e A i 2
IR, S P2 A P3 BB S & AR U SR TSI AR

GHe 5 SR R S RN EAE T, AR SO 45 H 509 T3k vl A HU0 S gt 2 R S0 28 A% i o 1Y)

support reaction S / kN

>//

—--P1-1
5000 . p1o
P2
4000 =+ P4-1
P4-2
3000
P1-2 and P4-2 detachment
2000
1000 et
y E—
O .\'\T\x b
0.1 0.2 03 Y
8

T

,c:$>ub%,%

0.5

Oj()
amplification of vehicle load N

P2 and P3 slippage
girder sliding happening

0.7

N [ BRI R 4T % S JBE Y 8 i) S g

P1-1 and P4-1 slippage

0.

8 0.9

Fig. 8 The vertical support reaction of each bearing under different load amplification ratios
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Fig. 9 Comparison of the vertical support reactions given by the proposed model with the traditional model
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