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Development of Steel Composite Cable Stayed Bridge Weigh-in-Motion

System using Artificial Neural Network
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Abstract

The analysis of vehicular loads reflecting the domestic traffic circumstances is necessary for the development of adequate
design live load modelsin the analysis and design of cable-supported bridges or the development of fatigue load models to pre-
dict the remaining lifespan of the bridges. This study intends to develop an ANN(artificial neural network)-based Bridge WIM
system and Influence line-based Bridge WIM system for obtaining information concerning the loads conditions of vehicles
crossing bridge structures by exploiting the signals measured by strain gauges installed at the bottom surface of the bridge
superstructure. This study relies on experimental data corresponding to the travelling of hundreds of random vehicles rather
than on theoretical data generated through numerical simulations to secure data sets for the training and test of the ANN. In
addition, data acquired from 3 types of vehicles weighed statically at measurement station and then crossing the bridge repeat-
edly are also exploited to examine the accuracy of the trained ANN. The results obtained through the proposed ANN-based
analysis method, the influence line analysis method considering the loca behavior of the bridge are compared for an example
cable-stayed bridge. In view of the results related to the cable-stayed bridge, the cross beam ANN anaysis method appears to
provide more remarkable load anaysis results than the cross beam influence line method.

Keywords : bridge WIM system, artificial neural network; influence line, sted composite cable-stayed bridge, force identification
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E 14, NEXZ A 2Aznt

35(n=5) = 2= 3=

(%) 4.45 -10.69 | 29.83 9.08 7.75

XA %) | 339 11.80 17.85 5.06 4.01

Z&n=6) | 1= 2= = | &
o) | 701 |-1462| 1536 | 519 | 979 | 215
FZA=H%) 7.10 | 581 | 1040 | 7.10 | 353 | 407

9= | $5

(=14 |15 |25 | 3F | 45 | 55 (P IEEYE 259

i (%) |2.55|-2.05-3.47-8.01-1.56/ -2.74 | -4.61 | -2.66
B (%) |3.75|4.50(4.94/3.54(7.03| 398 | 475 | 3.38
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20060 4% 3EAY E 15 SAUHN M 2X} SAKIE

60 — -
o uaEEA A& single axle of group gross

Rl WIM axle agroup | of axles | weight

0| | B 581% | -273% | -279% | -3.82%
E 4% EFAx}E 7.18% 6.47% 4.27% 2.71%
b 7 38 102 51 33

35

2 . Al 73wt single axle of a group gross

" $ . N LS LA axle group of axles weight

8 8 2 i Bt 0.40% 0.10% 0.03% 0.58%

20

S wEA | 897% | 1236% | 7.35% | 5.46%
) — S 31 78 39 25
s || o s
4 BWIM-0604
""""" -10%

il | I SRzl single axle of group gross
s HAHRH axle agroup of axles weight
5w 3 2.32% 1.51% 1.84% 1.47%
Ko L]

v . wEwal | 1694% | 47.96% | 681% | 4.43%
<

. H 8 A ‘ N 27 58 29 21

T Z2ZAALE WIM A28y BLOYSH, AA%)
20084 48 5B FE B € o C(o)ysHoE WS = O

F % T% wENe 284 5471 B1O) 57, A%
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E 16. EA4YHE & vl
7 B JN LA} A e ALt
N gt EFEA} 5= 5 b Y
criterion n m(%) (%) P (%) (%) °
gross weight 25 0.58% 5.46% 9.7 C(15) 15.0% 97.1%
group of axles 39 0.03% 7.35% 95.7 C(15) 18.0% 96.0% D+(20)
single axle 31 0.40% 8.97% 95.3 D+(20) 25.0% 97.8%
axle of a group 78 0.10% 12.36% 96.7 D+(20) 30.0% 96.9%
o5 Ay Jo) 22} BAIA| 8= ALt
N Hit FFAA S o n N
criterion n m(%) (%) o (%) (%) °en
gross weight 21 1.47% 4.43% 94.3 C(15) 15.0% 98.9%
group of axles 29 1.84% 6.81% 95.3 C(15) 18.0% 96.3% E0)
single axle 27 2.32% 16.94% 95.0 E(35) 42.0% 95.1%
axle of a group 58 -2.73% 47.96% 96.4 <E(50) 65.0% 72.1%
A= WIM A2 FAA A= ALt
EBA53A) M e Es BEAA 5 S i _
criterion n m(%) (%) P (%) (%) oH8
gross weight 33 -3.82% 2.71% 95.5 B(10) 10.0% 96.8%
group of axles 51 -2.7% 4.27% 96.0 B(10) 13.0% 98.0% o)
single axle 38 -5.81% 7.18% 95.7 D+(20) 25.0% 98.8%
axle of agroup 102 -2.73% 6.47% 9.9 B(10) 20.0% 99.2%
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