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Abstract:

span increases. The phenomena such as shearing and

The arch bridge stability declines when the

bending deformation tend to happen with moving load.
Put the rigid bar between the main girder and arch rib to
form a triangulation network, and then the triangulation
network, arch rib and main beam compose a continuous
series triangles. The stability of the triangle is used to
improve the linear stiffness of the main beam and arch
rib, so as to improve the overall stiffness of the structure.
When the bridge is under moving load, the triangle must
be subjected to the non-node load, which reduces the
stability of the triangle.

Therefore, suspender and

columns are set to increase the elastic constraint and
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reduce bending and shear deformation between nodes. In
addition, integral nodes can be used to simplify the
structure with the proposed method of precast-assemble
The

concrete structure of the scheme is given, the mechanics

for construction which is convenient and fast .

principle is expounded, and the trial designing of half-
through arch bridge with the main span of 1 008m is
carried out. The finite element results show that the
strength, stiffness, stability and dynamic characteristics
of the presented arch bridge meet the requirements with a
better mechanical properties than traditional arch bridges

and proposed design is more economical.

Key words: stability of the triangle; half-through arch

bridge; stiffness; finite element; trial designing
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Fig.1 The structural arrangement of presented arch

bridge
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Fig.4 Suspender arrangement
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Fig.5 System conversion of construction
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Fig.6 The layout of the presented arch bridge(Unit: m)
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Tab.1 The member parameter and usage of the presented arch bridge
Kt i R BRI R /m? AR /m? A/ m? FHR/t
- Q345 77.315~120. 839 78.432~101. 539 1.821~2.038 32 837. 000
- Jste 3y B
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HERh R4 AR AT 0.353 0.469 0.181 2796. 300
= i AR O Q345 0.014 0.013 0.054 3 365. 000
= IR ST AR T 0.011 0.016 0.033 166. 000
T3 AT AT 3.114 7.734 11.550 11 638. 900
o . Q345 0.283 0.425 0.139 281. 100
R AR €50 / / / 1.898. 000
ELil F TR T o 22 1.018X10°° 2.036X1073 0.0113 611. 900
A AN 51 696. 900t(1. 282tsm 2) , 1REE - 12 616. 800m*(0. 313 m’*m ?)
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Fig.7 The cross section of arch(Unit: mm)
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Fig.8 The cross section of main beam (Unit: mm)
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Fig.10 Space layout of triangle net and suspender

1008
128 | 47 x 16=752 128

5 zl |
D% + SR | \La
O

Sr]: E )l j| PRI R RIS K] _"i( KK %:]:
1008
b I
E11 fEE#iaEamE (2 m)
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Tab.2 The member parameter and usage of traditional arch bridge

Fa 1 i Ak IR /m? G R /m? BIA/ m? FH/t
. Q345 85. 416~157. 465 93. 601~133. 874 1.963~2. 283 36 374. 000
i
B AR €50 / / / 31970. 000
HER R R AV Q345 0.353 0.469 0.181 2796. 300
F L) Q345 3.114 7.734 11. 550 11 638. 900
, . Q345 0.283 0.425 0.139 281. 100
TR i
DA L L €50 / / / 1898. 000
GYis FEHIH AT TR A 22 1.018X10°5 2.036X10° 0.0113 611. 900
A AT 51 702. 2001, 282t-m—?) , R+ FI - 13 547. 520m*(0. 336 m’sm—?)
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Tab.3 The member parameter and usage of nielsen system
¥t i e AR /m* SRR /m? A/ m? FHR/t
- Q345 85. 416~157. 465 93. 601~133. 874 1.963~2. 283 36 374. 000

ain il
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F R AV Q345 3.114 7.734 11. 550 11 638. 900
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Fig.13 Finite element model of the presented arch
bridge
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Fig.14 Finite element model of the traditional arch
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Tab. 4 The maximum stress of members under

different working conditions MPa

JEAT ER

TH B FHU BT W [ W 15
ACHENF —193.5 281.6 118.9 —117.4 34.9 —32.1

TH T fBoEthy —184.8 282.9  / / 35.7 —30.2
Je/RAIEZR —178.4 612.8  / /  119.6 —135.6

ASCHENF  —208.3 410.7 156.9 —132.2 54.8 —48.4

THO St —210.4 413.6  / / 56.1 —49.1
Je/RARKZR —193.6 808.1 / / 166.1 —173.2

ACHHF —209.2 411.4 169 —116.3 61 —47.8
THI BgHHF —215.9 415.4 / / 56.9 —48.8
JE/RFRARZ —200.5 854.4  / /  166.6 —172.1

A 18.5 21.8 29.6 —52.2 11.2  /
THRIN g —11.5 1.8/ / 2.5 /
JE/RFIAZ 12.5 4.1/ / 6.7 /
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Fig.16 Displacement influence line of main girder in 1/4 point (unit: mm)
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Tab.5 Vertical displacement of structure
g MytEpeEem A SCHERR RGN JERARIRR AR/ Y
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Fig.18 Calculated mode shapes of ordinary arch bridge
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Fig.19 Calculated mode shapes of presented bridge
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Tab. 7 Calculation results of Category I stability
Rk GG RRRREE  RGHUR R R BRI RLRES BRI AR R AR RS AR R R R
1 HEI TN SRR 7.64 HE HSMEXTFR 12.39 HE HEISMEXTFR 12.10
2 HEI) N IEXTFR 10. 98 B TP SRR 14.95 B HEISMEXTFR 12.50
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Tab. 8 The results of stress and stress amplitudes
FHF45 Gmax/ Mpa Grmin/ Mpa (Gumax — Omin)/Mpa JaREERE Omax/ Mpa Gomin/ Mpa (Gumax — Omin)/Mpa

1 32.6 —48.5 81.1 20 21.7 —13.0 34.7
2 49.7 —26.4 76.1 21 18.7 —14.9 33.6
3 29.6 —14.5 44.1 22 21.8 —13.7 35.5
4 19.2 —16.7 35.9 23 19.9 —14.4 34.3
5 24.4 —11.4 35.8 24 21.8 —13.8 35.6
6 20.1 —15.7 35.8 25 20. 4 —14.2 34.6
7 25.4 —12.6 38.0 26 21.4 —13.9 35.3
8 21.7 —16.8 38.5 27 20.9 —14.0 34.9
9 25.2 —14.3 39.5 28 18.6 —10.4 29.0
10 23.6 —16.5 40.1 29 12.1 —9.0 21.1
11 25.7 —15.4 41.1 30 17.7 —11.8 29.5
12 24.7 —16.5 41.2 31 14.9 —10.9 25.8
13 26.0 —15.9 41.9 32 18.9 —12.7 31.6
14 25.4 —16.5 41.9 33 17.2 —12.8 30.0
15 25.8 —16.3 42.1 34 19.3 —13.5 32.8
16 22.7 —11.6 34.3 35 18.5 —13.7 32.2
17 14.7 —10.8 25.5 36 19.2 —13.9 33.1
18 23.2 —10.8 34.0 37 2.7 —8.4 11.1
19 15.8 —15.0 30. 8 38 6.5 —10.7 17.2
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Fig.24 The nephogram of s, (Unit: Mpa)
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