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Abstract

Based on the background of Shanghai-Suzhou-Nantong Yangtze River Bridge, the displacement
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characteristics of beam end under various environmental loads are compared and analyzed by nu-
merical calculation method. The research shows that the longitudinal displacement of the beam end
is mainly affected by the temperature change of the main beam and the wind load along the bridge,
and the displacement amplitude is positively correlated with the temperature, which puts forward
higher requirements for the structural performance of the expansion device. The transverse dis-
placement also takes temperature as the main influencing factor, and increases with the increase of
the distance from the center point of the beam end. The vertical displacement is mainly caused by
the uneven settlement of the foundation, and other environmental factors have little effect. The re-
sponse of torsion angle and vertical rotation angle of beam end to environmental load is not signif-
icant, and the change range is very small. The study further points out that the uneven settlement
of the foundation is the key factor leading to the increase of the lateral rotation angle at the beam
end. When the uneven settlement exceeds 10 cm, the lateral rotation angle will exceed the limit
value of 1.0%o rad, which seriously affects the wheel-rail contact relationship at the beam end and
the safety of the high-speed train passing through the beam end. Therefore, in the operation and
maintenance of the bridge, the maintenance of the beam end structure and the monitoring and con-
trol of the uneven settlement should be strengthened to ensure the track smoothness and driving
safety.
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Table 1. The limit value of vertical rotation angle of bridge end of ballasted track in the specification
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Figure 1. Cross section of Shanghai-Suzhou-Nantong Yangtze River Bridge
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Figure 2. Bridge finite element model
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Figure 3. Beam end displacement caused by system temperature rise and fall
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Table 2. The maximum displacement of the beam end caused by the temperature rise and fall of the main beam
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Figure 4. Beam end displacement caused by cross-bridge wind
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Figure 5. Beam end displacement caused by along-bridge wind
B 5. i m R 5 R R um IR 4L

0.09

0.06

0.00

-0.03

-0. 06

-0.09

0.05

0.00

-0. 05

-0.10

-0.15

-0.20

-0.25

] | |
s o= o
[} f=1 (=3
S w Do

-0. 05

-0. 06

T T
=0~ MUR 5m/s
—O— MM 10m/s
A= R 15m/s
= IX20m/s
~O— Jg25m/s

O—0—
Oo—0O——

i v:s

A\\:

- mal | mum X i
L L L L L L |
-20 -15 -10 -5 0 5 10 15 20
P15 AR /m
o=
b) #EEF
T T T T T T T T
—o R Ses
|=-O— IlfA10m/s ; i
—O— R 15m/s
—7— JR20m/ s
<O IiA25m/ s i
i Hd3 4 A
1 1 1 1 | | I 1 L
20 -15 -0 -5 0 5 10 15 20
R R ALAR /m
d) ¥R
' T i ™ T R T
—0— JER 5m/s L i P
—O— X 10m/s S5 | [, o
A WiR15w/s B3 it
—v— JiA20m/ s
= 5X25m/ s [ ' : Pl _
O—p poooo——aoooo o0—0
1 I b 1 | | Ey | )
-20 -15 -10 -5 0 5 10 15 20

348 R R /m

) ZEirF

FERAMF 1] RRIVE I S R b 7 A R — e B R B/ K i R 5 R e £, R o 45 A 1)

DO

:10.12677/hjce.2026.154093

197

AT


https://doi.org/10.12677/hjce.2026.154093

WSChE, BRT

LS B RN S B 1] AT OB 5 e om0 L B A 0%, FER BB A RGE R . 88 i 0
R N RS AR s S i 1) 52 % 5 8 17 e A A b o o AR E B R AL, 3T B A R AT 1) X A
ERRA T A AR HLAE v PO A 2 R 55 BT LA AR OB T 4% 5 B 1) S e ok

Table 5. The maximum deflection of beam end caused by transverse wind of bridge
=5 ERENGIENRIREAREKE

By AR L X5 mis B 10 m/s B 15 m/s B R 20 m/s HER 25 m/s
YA Az /mm 0.012 0.048 0.109 0.193 0.302
M A7 /mm 0.018 0.073 0.164 0.291 0.455
I [ 7 £ /mm 0.006 0.025 0.056 0.100 0.156
% 411 /%o rad 0.004 0.015 0.034 0.060 0.093
T 1) 5% £11/%o rad 0.003 0.012 0.027 0.048 0.074
B¢ [i4) 5 48 /%o rad 0.001 0.006 0.013 0.024 0.037

BN ) RGZ THSESR I 5, &AM 1) G 51 1 e KR AR o ML 4% 6.

Table 6. The maximum displacement of beam end caused by along-bridge wind

= 6. I E X5 2R Rum L R A {E

Y DA JIFA 5 mis JIEA 10 m/s JIEA 15 m/s JIA 20 m/s IR 25 mis
YL F/mm 9.943 39.770 89.484 159.082 248.565
B[R4 A2 /mm 0.004 0.015 0.034 0.060 0.094
B A F/mm 0.001 0.005 0.010 0.018 0.029
H1# #81%o rad 0.008 0.031 0.071 0.125 0.196

T8 71 %% #11/%o rad 0.003 0.011 0.024 0.043 0.067
2 [i4) B £ /%o rad 0.002 0.009 0.02 0.036 0.056

H1 P 5 R RGO 1 At 202 s 24 [ 57 6 18 5 S 225 0 M AR i A o7 ) 5 i AR/ HL B o XU I
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SHES ) AR RS K L7 2R T K BRIURTR [ i 0 e 3%, SR Y B R A R N ARSI 2 i 0
BORAELE, DR R Bt AT BRGNS A 1 52 21 B 70 i B0 M thAE 3 X 3 850 T R R B I R A2 4%
F 8 R A AN T4

H14¢ 6 FIENGUATR [ IR A 25 mis IR (4% 34 1) 5 KB D 248.565 mm, HeAx B2 A8 vr (1 e KA R
IR, RPN IR A BRI A A R R, BRSO RIS E,  H Ak A E e 2 A
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3.3. FH5ITE

e R BRI A S 0T 22 B 3 SUR G5 132 TP IRE 5 T UMY, 2 51PN G R R . A
SO ST BRI R B AR AL K RO, EREUUIEANAS, AUTRE 5 cm. 10 cm. 15cm. 20 cm.

ARSIV FE AR I 6, SARFA ST 5L i KR AR AL W3 7.

B 6 Al RIS 3 B S EMF R R IR RE . RS B LA, R 7 n RS
UG R hn F it EEE TR, H g ZEE3] 15 om LAERF,  Z25RE i 5% A i B KB 1.0%o0 rad
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Figure 6. Beam end displacement caused by uneven settlement
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Table 7. The maximum displacement of beam end caused by uneven settlement

F 7. AR IENRIRE R AE

Prum AR A% 5 cm A5)PTF% 10 cm AT 15 cm AT 20 cm
A7 R Imm 18.228 36.456 54.684 72.912
T ) 52 % /mm 0.090 0.180 0.270 0.359
B [ A A% /mm 50.004 100.007 150.011 200.015
L £ 1%0 rad 0.124 0.248 0.372 0.496
18 17 % £1/%o rad 0.109 0.218 0.326 0.435
B[] #5 £1/%o rad 0.408 0.816 1.225 1.633
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Table 8. The main beam end displacement types and maximum values caused by different levels of environmental loads

#* 8. PRIFAMREHSIETERIRBMEB R RAE

ES TH& 5°C 67.389 1.053 2.016 / / 0.032
ﬁ THIE 10°C 134.778 2.106 4.033 / / 0.063
ie) FHi 20°C 269.556 4211 8.066 / / 0.127
R IR R 5m/s / 0.018 / / / /
R 1A RGE 10 mfs / 0.073 / / / /
BE ] XTE 15 m/s / 0.164 / / / /
BEMF I RGE 20 mis / 0.291 / / / /
K, BEBFIERGE 25 m/s / 0.4547 / / / /
ARG 5 s 9.943 / / / / /
JIGA 1) R 10mis 39.770 / / / / /
AT 1) RS 15 mi/s 89.484 / / / / /
IR 10 RS 20 mifs 159.082 / / / / /
AR ) T 25 mis 248.565 / / / / /
A~ A¥SUIFE 5 em 18.228 / 50.004 0.124 0.109 0.408
ﬁ A5k 10 cm 36.456 / 100.007 0.248 0.218 0.816
yi IIUTRE 15 em 54.684 / 150.011 0.372 0.326 1.225
B ORISR 20 cm 72.912 / 200.015 0.496 0.435 1.633
e MRRAE B E SR R AR A KA.
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