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Analysis of Structural Design and Mechanical Performance in
Steel Trestle with Variable Amplitude and Span

Dai Hongwei', Zheng Shangmin’, Cheng Haigen’

(1. China Railway 2nd Bureau Group Co., Ltd., Chengdu 610031, China; 2. School of Civil Engineering
and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: [ Objective] To study the load-bearing capacity of variable span and amplitude steel trestle bridges un-
der multiple loading conditions. [ Method] A steel trestle bridge in the construction of the Xiangtang-Putian left
line special bridge on the Xiangtang-Putian connection railway line is taken as the research object. A numerical
model was established by using the bridge limited element software Midas civil to carefully study the stress state
of each component under five different conditions. [ Result] The results show that the bailey beam has a large
safety margin under different conditions; the safety margin factor of the pile top distribution beam is small under
condition 1 and 2, reaching only 1.23 and 1.20, and the safety margin factor of its stiffness is 1.20 under condi-
tion 5. It is necessary to avoid excessive temporary loads during construction; the positive stress safety margin
factor of the steel tube column under condition 5 is only 1.50, and measures should be taken to ensure safety dur-
ing construction; the design of the triangular area at the corner meets the structural performance requirements.
[ Conclusion] The results may provide some reference for the design of similar trestle bridges.
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Fig. 1 3D design sketch of steel trestle bridge
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Tab.1 Load type and value

Load type

Load value

Self-weight

Dead load
Inhomogeneous ettlement

The self-weight is calculated according to the density of steel structure.

The settlement value of 1.5 mm for the whole structure is considered.

The 900 t beam carrying vehicle has a dead weight of 253 t, and the self-weigh of

YL900 beam carrying vehicle

prefabricated beam is 680 t.

Construction ) ) The 450 t beam carrying vehicle has a dead weight of 150 t, and which rated
. YL450 beam carrying vehicle . o
live load carrying capacity is 450 t.
) ) Considering the rolling resistance of beam carrying vehicle when it runs on a
Beam carrying resistance straight line with heavy load.
Pedestrian load The value is 2.5 kN/m’ and the loading width is 0.7 m.
. Wind load The value is calculated according to the provisions of specification"”.
Other variable . . . . .
loads Since the steel trestle is a beam transported in the daytime, the value is calculated

Temperature load
of 25 C.

according to the specification

" which only considers the overall temperature rise
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(b) Variable span and variable width model
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Fig. 2 Numerical model of steel trestle
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Tab.2 Load combination

No. Load case

Load combination

1 900 t beam carrying vehicle carrying girder
walks on the 11 m wide trestle

2 450 t beam carrying vehicle carrying girder
walks on the 11 m wide trestle

on the sixth trestle which is widened section

4 450 t beam carrying vehicle carrying girder walk
on the sixth trestle which is widened section

Ax(1.1xself-weight+1.4x900 t beam carrying vehiclex1.05ximpact effect+
.Ixwind load+0.75x1.4xoverall warming effect+inhomogeneous settlement)

Ax(1.1xself-weight+1.4x450 t beam carrying vehiclex1.05ximpact effect+
.Ixwind load+0.75%1.4xoverall warming effect+inhomogeneous settlement)

.Ixwind load+0.75x1.4xoverall warming effect+inhomogeneous settlement)

Ax(1.1xself-weight+1.4x900 t beam carrying vehiclex1.05ximpact effect+
.I1xwind load+0.75x1.4xoverall warming effect+inhomogeneous settlement)

1
1
1
1
3 900 t beam carrying vehicle carrying girder walk 1.1x(1.1xself-weight+1.4x900 t beam carrying vehiclex1.05ximpact effect+
1
1
1
1

5 900 t beam carrying vehicle carrying girder
walks on the 11 m wide trestle

Ax(1.1xself-weight+1.4x900 t beam truckx1.05ximpact effect+1.1xwind
load+1.4xbeam carrying resistance+inhomogeneous settlement)
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(a) Normal stress of chord members

(b) Shear stress of chord members

(c) Normal stress of web members

(d) Shear stress of web members

E3 mhz=E
Fig.3 Stress nephogram

x3 NERHHER
Tab.3 Analysis results of bailey beam

Chord member

‘Web member

Load case Normal stress/MPa Shear stress/MPa Deflection/mm Normal stress/MPa Shear stress/MPa
1 171.1 80.9 5.4 182.2 53.1
2 126.1 57.9 5.4 168.0 37.1
3 159.1 87.0 4.1 174.7 60.6
4 127.4 71.0 7.7 191.3 57.4
5 171.4 81.0 9.2 182.2 53.7
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(a) Normal stress in load case 3

B4 SERNN=E

Fig. 4 Stress nephogram of distributive girder

(b) Shear stress in load case 2
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Tab.4 Analysis results of pile top distribution beam

Distributive girder

Reduced stress

Normal stress/MPa  Shear stress/MPa Deflection/mm  Maximum normal stress/MPa Maximum shear stress/MPa

Load case
1 533 75.2 4.9
2 40.3 79.6 5.0
3 71.9 68.5 4.1
4 64.8 65.9 4.5
5 53.2 75.5 52

0.81 0.79
0.26 0.83
0.57 0.71
0.40 0.68
0.51 0.70

4 71.9 MPa, /T SR 1F R 7 190 MPa, 1 85 1 1 ek
(B HIAE T4 2,4 79.6 MPa, /N T 7214 71 110 MPa.,
P 0 T 4 Fc 22 (] B 7K 32 1 7 ) 5 8 1 7 i) 2 [
P, MR AR S ML O R TN S 44T, 3 4 45 51
SRR BN 1 R SR e T A
M) 22 4 8 A BV (AN T 1.2) 0k 1.23 &
1.20,, Jifi T3k i v 75 222 ik A 3k 0 09 Ik o) ey 2804
22 4 4 T00 T A3 B G R B B fe KAE T, 5 Kbe
FE 5.2 mm, HEAE T 05, /DT AR rHEREE 6.25 mm.,
T L ERREACN 1.20,06 THFEEFEEZT
LRt T2 4k

(a) Load case 2
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(b) Load case 5
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Fig.5 Stress nephogram of steel pipe column

(a) Normal stress

(b) Shear stress
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Fig. 6 Stress nephogram of steel pipe connection
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Tab.5 Analysis results of steel pipe column and

connection system

Steel pipe column Steel pipe connection

Load case Normal Normal Shear
stress/MPa stress/MPa  stress/MPa
1 84.6 69.3 9.9
2 85.5 71.9 8.6
3 80.3 81.8 11.1
4 75.6 75.3 8.6
5 126.8 70.4 10.0

190 MPa, H13% 5 B ECHEAT , 348 1 12 3R AL AT
A TT IR B TR TS AELE , B 232 )%
] J1 B9 /E L, IE R ) dse K AE A 81.8 MPa, /N T i
I, 77190 MPa, i EU7E T8 3, 2590, B8 S At
FE TS 148 45 A R ABUCH 1.50, 1190 48 5 52 &
S TOVER T AR LEER.
44 HRARZHSW

T A ST IR 5 B AR R 2 AR i 1, it 32 )
IR AT, S5 A TERE f AR B R RS R A%, R
T AR UE ARG B A8 i T3 A P ) 22 4 T A AL gt
TTZTBU T2 1000 o B AR B R ff b hy
FEXT R IEAT M RN 7 B, T e = A Ak i
AR B A R AR SR 24458 R, N R 16.8 ¢, 1

(a) Normal stress

8 WEMEARXKNZE

Fig. 8 Stress nephogram of steel trestle in corner area
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5 AR RN AR MR I B 4y BT, IR EAT T 2 R0 T00
NHEZ 1T R R
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Fig. 7 Numerical analysis model of steel trestle corner
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(b) Shear stress
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1.20, it T3S AR oy 7 PR IESS A8 22 4 , 5 Bl A
L A £ 2B 5 B S AR AE 00 S AR T A IE
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