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Abstract - It has been considered that factors affecting accuracy of the estimated weight of moving vehicle by BWIM system are
vehicle and bridge characteristics, and measurement conditions which is related to the strain curve. In this study, theoretical
review and field test were performed to evaluate effect of these factors in BWIM system. From these evaluations, we proposed
a way to improve accuracy of the estimated vehicle information in BWIM system. As the results, it was known that girder type
and continuity of spans in bridge are not governing factor, but its plane shape gives large influence on accuracy of the estimated
vehicle information. In addition, running speed of vehicle has also large effect on the estimated accuracy of axle distance if the
distance between second and third axles is short. However, weight sum of the two axles can be estimated reasonably by assuming
them as one axle.

Keywords - BWIM (Bridge Weigh-in-Motion), Strain measurement, Vehicle information, Vehicle weight, Steel bridge
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Fig. 1. Flowchart of BWIM system
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Table 1. Influencing factors considered in this study

Gird Bound Pl S . Runnine Soeed Measured Position
irder oundary an ampling unning Spee . -
Br. .. . Ri Patt
r Type Condition View Rate (km/hr) unnmg Lattern Girder Yertlcall
Stiffener"
2 Span . . L2
I — >
Steel Box Continuous Right 200Hz 20~43 Single 3L/8 20mm
. Skew Single Serial
I 1 Pl 1 100H 41~62 L2 2
Steel Plate Simple (120°) 00Hz 6 Parallel / 00mm

YMeasured Positions of Vertical Stiffener are Distance from Upper Flange

Table 2. Tolerances of the accuracy classes

Accuracy Classes: Confidence Interval Width Error Ratio(%)

Type of Measurement Domain of Use
A B+ B C D E
. Gross weight>3.5t
Gross Weight Axle Load Axle Load>1t 5 7 10 15 25 >25
3. BWIM @XJ)‘E]@ Table 3. Outline of target bridge I
Superstructure . . .
Tve Length |Width|Plan View|Design Load
3.1 @gHael e SteeTpBo 60m+70m
ord A 30 | 16m |90°(Right)|  DB-24
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Fig. 3. Measured locations of target bridge I
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Table 4. Dimension of test vehicle in target bridge I

5 AU oA - olgld - AER

Table 6. Outline of target bridge II

Weight Axle Distance
Vehicle (kN) (m)
Type
yp Gross Ist 2nd 3rd D, D,

Axle | Axle | Axle

Vehicle A
314.45|81.05| 117.2 | 117.2 | 3.225 | 1.300
(3 Axles) 7 7
Vehicle Bl 100 101 73.48 | 110.46 | 11046 | 3.225 | 1300
(3 Axles)
. -
_— — &
-
— .

Table 5. Running method of test vehicle in target bridge I

Load Case Vehicle Speed Running Remark
Type Lane
Load Case 1 B 21km/hr 2 for
Reference
Load Case 2 A 36km/hr
Load Case 3 B 37km/hr 2
Load Case 4 A 43km/hr 2

A9l sL/8(C—CeH) B A7 S $1#IQl L/2(D-DE
w2 Al SH-EAA ] AP AN
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Type ength | Widt View
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39900
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Fig. 4. Measured locations of target bridge 11
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Table 7. Dimension of test vehicle in target bridge II

Weight Axle Distance
Vehicle (kN) (m)
Type Ist | 2nd 3rd
Gross | ayie | Axte | Axle | D' | D2
Vehicle C
248.62|53.90 | 97.36 36 | 33 1.3
(3 Axles) 20197 o7
Vehicle D
129.06 | 49.58 | 39.74 | 39.74 | 3.3 13
(3 Axles)
f QT‘ AN N NN [ -
1SRN RN - -
E©) 0 © - -
B ) B 0. E o

—— A-A Section

1.88s

2.108%

T T T T T
oo 05 10 15 20

i*E-B Section

Strain(p.)

]
e 0,355,

. T . . T T T
oo 05 10 15 z20 25 3.0

Time(sec)

Fig. 5. Examples of strain time history at vertical stiffener of
target bridge I (Load Case 1)

Table 9. Estimated vehicle speed and axle distance at target

Table 8. Running method of test vehicle in target bridge 11 bridge 1
Load Case Vehicle Speed Running |Running Remark Vehicle Axle Distance (m)
Type Lane | Pattern Items Speed 1% Axle - | 2" Axle -
km/h nd rd
Load Case 1 C 62km/hr 2 Single for ( ) 27 Axle 37 Axle
Reference Estimated 20.28 3.127 1.268
Load Case 2| D 41km/hr 2 Single Load Exact 21 3.225 1.300
] 1 : :
Load Case 3| D |62km/hr| 2 | Single Case Error Rate|  3.43% -3.04% 2.46%
Load Case 4/ D |82km/hr) 2 | Single Estimated | 35.99 3.150 1.200
Load
Load Case 5 ¢ 60km/hr ! Parallel Headway C 2 Exact 36 3.225 1.300
D 2 Om ase
Error Rate -0.03% -2.33% -7.69%
Load Case 6 g 60km/hr ; Parallel He;gxay Estimated | 37.49 3.158 1.105
Headway CI;(S’:d3 Exact 37 3225 1.300
Load Case 7 C, D | 60km/hr 2 Serial 30m Error Rate 1.32% -2.08% -15%
Estimated 42.69 3.394 0.970
Load
- - E 4 22 1.
£ Table 80] UeRhRich, S 0] ARAHANE A Case 4|0 3 3225 300
3 oFs} Error Rate -0.72% 5.24% -25%
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load case 2 in target bridge II

Table 10. Estimated vehicle weight at target bridge I

(a) Section of 3L/8 (C-C Section)
Weight (kN)

Items

Ist Axle 2nd Axle 3rd Axle 2nd+3rd Axle Gross
Exact Value 81.05 117.21 117.21 234.42 315.47
36 Estimated 81.30 39.60 169.52 236.13 317.42
Vehicle km/hr | Error Rate (%) 0.31 -66.21 67.67 0.73 0.62
A 43 Estimated 81.65 243.66 -5.32 238.34 320.00
km/hr | Error Rate (%) 0.74 107.89 -104.54 1.67 1.44
(b) Section of L/2 (D-D Section)
Weight (kN)
Items
Ist Axle 2nd Axle 3rd Axle 2nd+3rd Axle Gross
Exact Value 81.05 117.21 117.21 234.42 315.47
36 Estimated 81.15 4937 190.03 239.40 320.56
Vehicle km/hr | Error Rate (%) 0.13 -57.88 62.13 2.13 1.61
A 43 Estimated 81.21 -47.39 289.29 241.90 323.11
km/hr | Error Rate (%) -0.53 -140.43 149.81 3.19 2.42
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Table 11. Estimated vehicle speed and axle distance at target

bridge 11
) Axile Distance (m)
Items Vehicle Ist Axle - | 2nd Axle -
Speed (km/h)
2nd Axle 3rd Axle
Load | Estimated 69.23 4.03 1.53
Case | Exact 62 3.30 1.30
L |Error Rate| 11.66% 22.12% 17.69%
Load | Estimated 42.85 3.45 1.43
Case | Exact 41 3.30 1.30
2 |Error Rate|  4.53% 4.54% 10.00%
Load | Estimated 69.23 3.46 1.73
Case | Exact 62 3.30 1.30
3 |Error Rate| 11.66% 4.85% 33.08%
Load | Estimated 81.81 3.41 1.36
Case | Exact 82 3.30 1.30
4 |Error Rate| -1.01% 3.33% 4.62%

Table 12. Estimated vehicle weight at target bridge II

Weight (kN)
ftems 1st Axle f;alr(il 1:;1166 Gross
Exact Value 49.59 79.48 129.07
41 |Estimated| 11.02 96.41 107.44
km/hr |Error Rate| -77.78% | 21.31% |-16.76%
Vehicle| 62 | Estimated | 50.43 76.23 126.66
D | km/hr |Error Rate| 1.70% -4.09% | -1.86%
g2 | Estimated | 48.57 60.54 109.10
km/hr |Error Rate| -2.06% | -23.83% |-15.47%
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bridge II (Girder 8, Load Case 5)
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Table 13. Estimated vehicle weight at target bridge II (Vehicle

D, LC 5)
Weight (kN)
Items 2nd Axle
Ist Axle 3rd Axle Gross
Exact Value 49.59 79.48 129.07
Estimated 56.25 61.85 118.10
Before
Load Error Rate| 13.45% | -22.18% | -8.49%
Case5 Estimated 35.50 82.60 118.10
After
Error Rate| -28.41% 3.93% -8.49%
Estimated | 93.89 17.18 111.77
Before
Load Error Rate| 89.38% | -77.51% | -13.40%
Case6 Estimated | 30.58 81.19 111.77
After
Error Rate| -38.33 2.15% | -13.40%
Bef
Load | [Error Rate| 9954% | -41.07% | 12.94%
Case7 Estimated | 45.41 100.35 145.77
Aft
[ Eror Rate| -843% | 26.25% | 12.94%
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Table 14. Error rate of estimated speed with regard to sampling

rate
Sampling Rate Estimated Speed Error Rate
800Hz 59.67km/h 0.55%
400Hz 59.21km/h 1.32%
200Hz 59.21km/h 1.32%
100Hz 60.81km/h 1.35%
50Hz 62.50km/h 4.17%
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