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Abstract

Relying on the actual engineering background and combining with the Midas Civil finite element
software, four groups of different design parameters (the height of the cable-free zone of the main
tower, the length of the cable-free zone beside the tower, the length of the cable-free zone in the
middle span and the side span, and the stiffness of the main girder section) are selected for simula-
tion calculations. Then, according to the results of the parameter analysis, the factors and levels of
the orthogonal test are determined, an orthogonal test scheme is designed, and a test table is for-
mulated. Finally, the primary and secondary factors of each index are identified, and the most rea-
sonable scheme is selected. The research results show that the length of the cable-free zone in the
middle span and the side span is the main factor for the maximum deflection of the middle span of
the main girder (f1), the maximum bending moment (W1), the maximum positive bending moment
of the side span (I/2), and the maximum deflection of the secondary side span (f2). The length of the
cable-free zone beside the tower is the main factor for the bending moments on the middle span
side (Ws) and the side span side (W4) at the pier top of the main girder. The stiffness ratio of the
main girder is a secondary factor of f1\fz\ W3\ Wa. Finally, the optimal factor level scheme is selected
as follows: the height of the cable-free zone of the main tower is 36 m, the length of the cable-free
zone beside the tower is 38 m, the ratio of the length of the cable-free zone in the middle span to the
middle span is 0.106, and the stiffness ratio of the main girder section is 1.2. This study optimizes
the design parameters of the partially cable-stayed bridge with hybrid girders for high-speed rail-
ways based on the orthogonal test, providing a reference for bridges of the same type.

Keywords

High-Speed Railway, Partially Cable-Stayed Bridge, Orthogonal Test, Parameter Analysis

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

RGBT — MR 7RG RIS SIS & 1T E RN AL GURH B R s I 2H & 1A R
ZE10e BPXTBLSEMTEE, JREE B EBORMISHMIAE BT E F 2of LB B A AL, ok, REEIR
N RO IRTIAF AR UL TVERE,  BERED A2 S K52 S 15 DL RE PR T A . fE AR RE 7 —
flerb s A B R RS R N E ik, WTISRTHHFR KBS AL /), X WR IR G R M 2 A R i
BRNZ — . RERNZ 5T TR BRI REE 7, 0456 7 H B SIS RRIRT I 7
FYERE2].

ART, R ITRESUR SO T T 3 Z AR IR SR B SR 454, BT U R 2 A
MR R 2 BRSSO AR RIS, TS PRZ AT 3 TR 2%, o
LR B A TR A% ) R AP ™, R R BT S0 & B O MR ) B AR PR e L W fe . A
SCUAE W AE I SE ) SEbr TAE RGN S 5, LA PRICRERY, Sl A RS2 HOs R - 500
PR T A uEe R H RO BRI TR R, SR m e VO S B T &

2. TR
N RIS B BRI R J9(40.75 + 109 + 320 + 109 +40.75) m XSV AN - TREEL 40 RH

Tk

DOI: 10.12677/hjce.2025.144091 843 07 N


https://doi.org/10.12677/hjce.2025.144091
http://creativecommons.org/licenses/by/4.0/

FEF, Ik

(& 1D, KEFES/NERENMERER SR RHMERH R R, B SRR EA 3 53 . FRHRE LA
PR EREER 7%, AR AR PHE 23, REEN 118 m H AN e 1%, SLACR IR
B FHLZR ML IRBA IR Z WML, HAR A B R Y, SWsE 13 X 52 4R,

40. 75 109 320 109 40. 75

[T 1

Figure 1. General arrangement of high-speed railway hybrid beam extradosed bridge (unit: m)
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Figure 2. Finite element model
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Figure 3. Bending moment diagram of the main beam (unit: kN-m)
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Figure 4. Main beam axial force diagram (unit: kN)
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Table 1. Calculation table of maximum deflection and bending moment of the main beam with different tower heights

F 1. TEESTERNRRREMSETESR

TR X & (h) 2m 40 m 38m 36m 34m
rh g B KPS (m) 0.196 0.213 0.243 0.269 0.278
L R R % (m) —0.037 —0.033 —0.028 —0.024 —0.022
S f K I 25 4E (kN'm) 22233.1 25647.3 27383.6 28948.1 29582.3
12195 B K IE 25 HE (KN-m) 102157.2 103631.2 108546.5 109832.4 110384.8
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FF, FEIME
R B A 5 T e K 25 45 (KN-m) 1055685.1 958323.1 891822.8 835104.6 799363.1
120 5 0 B30T K25 4 (KINm) 1034494 .4 941482.5 878698.1 824071.8 786952.7

3.2. BERXEXKE
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Table 2. Calculation table of the maximum deflection and bending moment of the main beam under the length of the cable-

free zone next to the tower
2 FRABELZRKETERMNRRRENTIETER
BRI R XK () 38m 46 m 54m 62 m
rR i f KB (m) 0.196 0.212 0.221 0.239
I 5 B KRS (m) -0.037 -0.026 -0.021 -0.018
Hh P B K IE 25 4E (kNm) 22233.1 23105.2 24523.6 26424.4
12115 B K IE 2 A (kN-m) 102157.2 103550.6 104935.4 107354.7
FH RS A 3T A DK 25 4E (KN m) 1055685.1 967839.6 890732.8 840471.6
2205 B e K S (kNm) 1034494.4 942512.6 864867.3 815127.9
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Table 3. Calculation table of the maximum deflection and bending moment of the main beam under different side span and

mid-span cable-free zone lengths
F23. FPEIABERPELREXKETERNEAREMSHEITER
TR XK S L 0.106 0.144 0.169 0.194
Hh 5 B K56 (m) 0.196 0.353 0.552 0.867
U2 % e K Be S (m) —0.037 —0.023 —0.017 —0.014
P A K IE 5 4E (kN-m) 22233.1 49287.2 82068.4 114136.3
12155 B K IE 2 45 (KN-m) 102157.2 109691.8 114941.5 117825.7
r P T A DK 25 (KN m) 1055685.1 1019358.3 988642.9 986561.2
T2 BT B K (KN m) 1034494 .4 1003481.6 987346.5 976951.4

3.4. ERNIELE

AN LW L LU FRURMRE R FSAR 2R 0 BT S R A0 4 s

Table 4. Calculation table of maximum deflection and bending moment for different stiffness ratios of main beams

4. FRIERRIFELLHEARENTETESR
TN L 0.6 0.8 1 1.2
o5 i K PEEE (m) 0.216 0.203 0.196 0.191
I 5 B KR EE (m) -0.029 -0.033 -0.037 —0.04
Hh 5 d R IE 25 #.(KNm) 42274.7 31173.5 22233.1 15429.3
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1215 B K IE 25 46 (KN-m) 108651.1 104886.3 102157.2 99947.8
o 5 0 ST A K 725 4 (KNm) 1066745.4 1062138.6 1055685.1 1045198.6
120 5 O BT 3 K 25 . (KIN"m) 1052365.1 1046847.6 1034494.4 1021189.3
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Table 5. Orthogonal tables
5. EXRIER

-
o HREE
ERE

EHERKFE  HHELRXKE HPELRXKESHELT FRNIE

w R
1 40 38 0.106 0.8
2 40 46 0.144 1.0
3 40 54 0.169 1.2
4 38 38 0.144 1.2
5 38 46 0.169 0.8
6 38 54 0.106 1.0
7 36 38 0.169 1.0
8 36 46 0.106 1.2
9 36 54 0.144 0.8

4.2. EFFREIEIR
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Table 6. Table of the extreme difference of the level indicators of each factor

6. BERKFIEIFRESR

VR ppcemka BPEAKKE  PRERKKELPEL R
fi 0.158 0.080 1.072 0.039
¥ 0.037 0.054 0.060 0.030
W 9988.0 6799.2 179435.5 47364.1
/%3 18534.8 8443.9 38318.7 14919.4
W3 369527.8 494708.8 201276.3 50946.8
W4 352362.4 508901.8 141401.8 77077.0

Table 7. The difference in the range of factors affects the ranking table
* 7. SRRMEFWHFE
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EELRXEE 36om. HHLRXKE 38m. PEHEELRXKESHEN 0.106. EREINIZLE 1.2,
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