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A Study on the Utilization of BWIM by Field Measurement
and Applicability under the Real Traffic

by
Yoo, DongGyun

Department of Civil and Environment Engineering
Graduate School of Korea Maritime and Ocean University

ABSTRACT

Recently, due to increase of traffic and vehicle loading, increase in
fatigue load and importance of maintenance for bridge and related facilities
has come to the fore. In order to maintenance, accurate detection of bridge
1s needed. BWIM system i1s one of them.

In this study, response of strain data acquired from bottom flange and
longitudinal stiffener of each bridge by field test, utilization of BWIM
system, which calculate the characteristic and weight of pass vehicle, are
analysed.

We performed field test three times. From this performing, vehicle
speed, wheelbase and weight were calculated by the time history curve
analysis based on vehicle characteristics of main girders and vertical
reinforcement. And effects of those factors and means to increase
accuracy of the estimated vehicle informations are discussed.

As a result of this study, it is the suitable that the response time
history curve of the members differentiate to detect information of the
vehicle. And plan shape of bridge structure affects the estimated vehicle
informations greatly. Therefore, authors recommend to use straight bridge

for estimation of informations of vehicles passing over bridge.
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Weight

ltem 1 Axle | 2Axle+3Axle | Gross
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Exact Value 76 240 316
Estimated | 76.42 230.38 315.80
Original Error ~ ~
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Series |  Error N
Rate(%) 12.14 0.74 2.36
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G:;: C’Xjfht Weight>35t 5 7 10 15 %5 | 5
Axle Load>1t
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HEMNME wEFWgoz Basgrt Wy EHo|HY sampling rates 200HzZ
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o] P9ollA P7rEko® AAE gt Fa A

3 3-29F 3 3-30] WERU AT

¥ 3-2. AlExEke] Al 2 2] 2F)

Vehicle Type Information 1st Axle 2nd Axle 3rd Axle
3 Axle — A Vehicle Weight (kN) 314.45 81.05 1172 1172
3 Axle - B Vehicle Weight (kN) 300.10 7348 110.46 110.46
1st Axle-2nd Axle (D) 3225
Axle Distance
2nd Axle=3rd Axle (D,) 1.3
/iy ‘ £
) | FHETINT [ ===
Axle Position of Vehicle Ja- SEEL L] '||7.’—'-,+'@"
? .
=~ DI D2 o —
FE 3-3. A@AFY] FPBH(C] o)
[tem Vehicle Type Speed Running Lane Remark
Load Casel B 21kmh 2 Ref;fénoe
Load Case2 A 36km/h 2
Load Case3 B 37km/h 2
Load Case4 A 43kmyh 2
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wge] @FAPIAE 359 WZEY 20S ASHAT @ ot EAE
& AFola, e @& de FAE IS AASFAT AF Ad 2 T
% 3500, ALY FAYHS 3600 ehelch Tase] @Al
AA wFEE] gy 2 wHEAdS vty sk st Tl 9
APAPS Atk Ao FAe mE 4 2o $94L Fasgon,
Y2 Aloll Al A2Wako® Attt
HE 3-5. Al@AFY AY 2 FFHOLF)
Vehicle Information 1st Axle 2nd Axle 3rd Axle
3 Axle — C Vehicle | Weight (kN) 248.62 5390 97.36 97.36
3 Axle — D Vehicle | Weight (kN) 129.06 4958 39.74 39.74
1st Axle=2nd Axle
Axle Dist (D) il
© Listance ond Axle-3rd Axle i
(D,) oM
=——W \
Axle spacing of the !,,_,E . -
i S I [P
test vehicle F( P . —
D1 D2 - .
E 3-6. A@AFY FPFH(OD L)
ltem Vehicle Type Speed Running Lane Remark
Load Casel C 62km/h 2 for Reference
Load Case?2 41km/h 2
Load Case3 D 62km/h 2
Load Case4 D 82km/h 2
Load Caseb C 1
] 60km/h Headway Om
(Zigzag) D 2
Load Caseb C 1
] 60km/h Headway 20m
(Zigzag) D 2
Load Case7
) C,D 60km/h 2 Headway 30m
(Series)




¥ 3-7. Mu=e] Jle

Superstructure Type Length Width Plan Design Load
' 50+50+60+50+50= o DB-24/
Steel Box Girder 60 195m | 90°(right) DL-24

Mol A AHgE E8e 3% 92zee] 108 Agstgnh 94 EAE W
F Agow £2E geleel & 68 AASAL, AP A 9 FTHE H 3-8
3-9o1 Yehigich AFel FPe =

_'?_
Zos Easigon FEUES A20 A4 P2wtdom Fasth sampling
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E 3-8. AldAFe AY 2 FH(Mus)

Vehicle Information 1st Axle 2nd Axle 3rd_Axle
3 Axle - E Vehicle | Weight (kN) | 296.70 58.60 119.05 119.05
Axle Distance Lenght (m) 468 D1: 340 D2: 1.28

Axle spacing of the N -

test vehicle
I .
- .
E 3-9. AN@AF FPPH (M)
ltem Vehicle Type Speed Running Lane Remark
Load Casel E 20km/nr 2 for Reference
Load Case? E 30km/hr 2
Load Case3 E 40km/hr 2
Load Case4 E 50km/hr 2
Load Case5 E 60km/hr 2
Load Case6 E 70km/hr 2
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E 3-10. £=9 E3AY FA4ZSG (1 1)

Vs S Axle Distance (m)
ehicle Spee
ftem (km/h) 1 Ade - 29 | 29 AMe - 3°
Axle Axle
Estimated 20.28 3.127 1.268
Load Exact o1 325 1300
Case 1 - :
Error Rate (3.43%) (-3.04%) (-2.46%)
Estimated 35.99 3150 1.200
Load Exact % 3205 1300
Case 2 - :
Error Rate (-0.03%) (-2.33%) (-7.69%)
Estimated 37.49 3.158 1.105
Load Exact 37 3205 1300
Case 3 - i
Error Rate (1.32%) (-2.08%) (-15%)
Estimated 4269 3.34 0.970
Load Exact A3 3205 1300
Case 4 - :
Error Rate (-0.72%) (5.24%) (~25%)

(2 F933) FF2H

ZAS AFR 3 Load Case2dol] that =S

*= 1
gaFs A3y Yol 28 3-1(a)e C-Ced ¥ D-D

F A BF E 220 e Sl AEEE SARF SHY AR BE
S A% ¢ 5 Ak oEVE FAAF FAo AfelE FAFPY H=
9 FBe Aol AZAN o7t Ae] FFFY) AT A MAA BE
Aoz wadth 35 APelAds G A FF L AFEH U@ A7



¥ 3-11. TF FAZ2F (121F)
(a) at Section of 3L/8 (C—C Section)

Weight
ltem 1 Axle 2 Axle 3 Axle | 2Axlet3Axle | Gross
(kN) (kN) (kN) (kN) (kN)
Exact Value 81.05 117.21 117.21 23442 31547
% Estimated | 81.30 39.60 169.52 236.13 31742
Error
A km/hr Ratel%) 0.31 -66.21 67.67 0.73 0.62
Vehicle 3 Estimated | 81.65 243.66 -53 238.34 320.00
Error
km/hr Rate(%) 0.74 107.89 | -14.54 1.67 1.44
(b) at Section of L/2 (D—D Section)
Weight
ltem 1 Axle 2 Axle 3 Axle | 2Axlet3Axle | Gross
(kN) (kN) (kN) (kN) (kN)
Exact Value 81.05 117.21 117.21 23442 31547
% Estimated | 81.15 49.37 190.03 239.40 320.56
Error |
A km/hr Ratel%) 0.13 57.88 62.13 213 1.61
Vehicle 3 Estimated |  81.21 -47.39 289.29 241.90 323.11
Error B |
km/hr Ratel%) 0.53 14043 | 149.81 3.19 242




Mol SAugAds o Wgsgeaael o 2 FPaFe 54
Aol £rol HhAR 4 A¥E a9 35 2 F 3-12¢] YERATL
—— Straion Measured at Vertical Stiffener
64 of B-B Section
5]
4]
3]
24
14
04
14
=z o | ; . .
-% 7 - OIO OIS Straion Measured at Vertical Stiffener
£ 61 of C-C Section
5 v
4]
ad
=4
1
0]
14
2 4
< T T T T T
UIO 0.5 1.0 1.5 20
Time [sec]
a9 3-5. D FARAA HHESEIHY L=
E 3-12. £& 2 A FAESY (Do)
It Vehicle Speed Axile distance (m)
em
(km/h) 1st Axle — 2nd Axle| 2nd Axle — 3rd Axle
Load Estimated 69.23 4.03 1.53
Exact 62 3.30 1.30
Case 1 "Eror Rate | (11.66%) (22.12%) (17.69%)
Load Estimated 42.85 3.45 1.43
Exact 41 3.30 1.30
Case 2 " Error Rate (4.53%) (4.54%) (10.00%)
Load Estimated 69.23 3.46 1.73
Exact 62 3.30 1.30
Case 3 "Eror Rate | (11.66%) (4.85%) (33.08%)
Load Estimated 81.81 3.41 1.36
Exact 82 3.30 1.30
Case 4 MEror Rate | (-1.01%) (3.33%) (4.62%)
olate] A RKEE Hxo] tist =49 2= 10%H 9ol 27 AE FAH o=



A 33% A== Yeha )

(2 FYAFe] FFFH
Mazaol Al 28] 3200 vhebdl uhe 2ol
M 2 dehdez 88 Ahel Ao

FAstth 3 3-130 Balsfel A 9

At CHHFS o]&3t Load Casels 71A ¢ Ao dto] Dab#s o] &3
Load Case?, 3, 49 = %<& FA39
# 3-13. ¥ 447 (Ix™)
2nd Axle
1st Axle Gross
Item KN) +3rd Axle “N)
(kN)
Exact 49.59 79.48 129.07
40 Estimated 11.02 96.41 107.44
km/hr Error Rate (-77.78%) (21.31%) (-16.76%)
D 60 Estimated 50.43 76.23 126.66
Vehicle km/hr Error Rate (1.70%) (-4.09%) (-1.86%)
80 Estimated 48.57 60.54 109.10
km/hr Error Rate (—2.06%) (-23.83%) (-15.47%)
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strain []

Strain Measured at v ertical Stifner 1
Strain Measured atVertical Stiffner 2

042s
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44 25 48 47 48 43 S0 51 A2 53 54 55 BB &7

Time [sec]

a9 3-6. Wae] +4u3A MYSSHIAY L3

¥ 3-14. &&= 2 7049 A4 (M=)

ltem Vehicle Speed Axile distance (m)
(km/h) 1st Axle — 2nd Axle| 2nd Axle — 3rd Axle
Load |_Estimated 2143 3.30 1.13
Exact 20 3.40 1.28
Case 1 Eror Rate 7.10% 2.94% 11.72%
Load Estimated 29.03 3.43 1.13
Exact 30 3.40 1.28
Case 2 " Eror Rate 3.23% 0.88% 11.72%
Load Estimated 43.90 3.35 1.22
Exact 40 3.40 1.28
Case 3 Eror Rate 9.75% 1.47% 4.69%
Load Estimated 54.55 3.64 1.06
Exact 50 3.40 1.28
Case 4 "Eror Rate 9.10% 7.05% 17.19%
Load Estimated 62.07 3.45 1.03
Exact 60 3.40 1.28
Case 5 Eror Rate 3.45% 1.47% 19.53%
Load Estimated 75 3.65 0.83
Exact 70 3.40 1.28
Case 6 "Eror Rate 7.14% 7.35% 35.15%




E 3-15. T%F FAHAS (M=)

2nd Axle
1st Axle Gross
Item KN) +3rd Axle “N)
(kN)

Exact 58.60 238.10 296.70
20 Estimated 123.97 170.70 294.67

km/hr Error Rate 111.55% -28.31% 0.69%
30 Estimated -22.65 297.76 275.10
km/hr Error Rate -138.66% 25.06% ~7.28%
E 40 Estimated 25.23 255.67 280.89
Vehicle km/hr Error Rate -56.95% 7.38% -5.33%
50 Estimated 154.72 134.43 289.15
km/hr Error Rate 164.03% =43.54% -2.54%
70 Estimated 118.22 173.10 291.33
km/hr Error Rate 101.75% —27.30% -1.81%
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# 3-17. Sampling rated] @& 234 225
. Estimated
Sampling Rate Error Rate
Speed
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 417%
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—— Strain of B Vehicle in 1st Lane

—— Strain of A Vehicle In 2nd Lane
35 —— Strain of L.C5
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(a) Comparison between Measured strain
——[1] 1Axle Influence
——[2] 2Axle Influence
035 J —[3] 3Axle Influence
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(b) Calculated Strain Curve of A Vehicle at 1st Lane
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(c) Calculated Strain Curve of B Vehicle at 2nd Lane
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