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A 2-Dimension Bridge Weigh—in—Motion System under Random Traffic
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Abstract: To identify the axle/total weight in the case of multiple vehicles, this paper proposes a two—
dimensional (2D)-BWIM algorithm considering the lateral position of passing vehicles. In this algorithm, only the
responses of girders underneath the traveling lane are adopted to calculate the axle/total weight via using the concept
of influence line. Considering the bridge’s 2D behavior, the axle weight is distributed on each girder based on the

transverse distribution factors. The influence line of each girder was obtained through a calibration test with known
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vehicle information. In this study, an iterative method is used to identify the axle/total weight of passing vehicles in
multiple vehicles present. This iterative method gives an assumption that the response of each girder is proportional
to the transverse distribution factor when a single vehicle crosses the bridge. Using the assumption, the correspond-
ing error is calculated based on the calibration test, and the results show that the absolute error is very small and will
not affect the accuracy of axle/total weight identification later. Then, three field tests under random traffic were car-
ried out to validate the proposed 2D-BWIM algorithm. For a single—vehicle passing over the bridge, the results show
that the 2D-BWIM algorithm can significantly improve the accuracy of vehicle axle/total weight recognition compar-
ing to the traditional Moses’ algorithm. In this case, for the 2D-BWIM algorithm, the average and variance of errors
in total weight identification are 3.1% and 4.8%, respectively. While for traditional Moses’ algorithm, errors of those

are 7.9% and 13.5%, respectively. For multiple vehicles presents, the average and variance of errors in axle weight

identification of (Moses, 2D-BWIM ) algorithms are (7.34%, 1.53%) and (26.33%,3.12%) , respectively.

Key words: bridge engineering; BWIM (bridge weigh—in—motion) ; random traffic ; Moses’ algorithm ; transverse

distribution factors ; influence line
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Fig.1 Elevation of the test bridge (unit:m)
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Fig.2 Schematic diagram of sensor layout(unit:cm)
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Tab.1 Calibration vehicle information
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Fig.9 Signals of two calibration trucks cross the bridge

5
g0 2 * # * * %
#
K _5 A A A
=
@—107 9 Al
) A2
= -15 A3
3 ——Ad
_aol A-A5 | |
F-20 o
-25 * . . . . . .
o 1 2 3 4 5 6 71 8
WARUKEL
(a) il —
40
8
L 30}
Hd
®
= 20
=S
1=
0 10+
=
£ of
_10 L
0o 1 2 3 4 5 6 1 8
BARUEL
()i

B10 %R PihERAER

Fig.10 Axle weight recognition results in iteration

3 BHERKKBERSH

BE AL ZF I 1 50 o £ B A S A IR — B
A DL 38 FAD £ JERES A A T30 4240 1) 4238 50 A7
PR EE R A A A . =R BEPL R
7 K L 4 A T 55~105 k/h, 2 5 (il R R
WL, 29 1.4 m) Rl PR U e KR 22 0 16.0% , Hoik 25
SESAE AT 2243 W10 7.1% F13.9% ; AR 41 bl BE IR 1)
B KR 220 8.4% , HAR 22 -39 (E A7 2250 510 0.7%
T 1.7%. -5l EE RO BE 5 , 6 AT HE 2 Y F A
3.1 BENERPRFHEIHEENLLER

X 13 = R AL 2 7 0 4t v A — i PR 4 0ot
B, 20 SR FH A% G5 Moses B2 15 A S AR SCH2 H Y
2D-BWIM 53k X H g A T4l g H U], 4240 A dE U 45
I 11 R . 255 R I AL I P Moses 5.
AR R IR SIIR 22, HL45 BB de k. HIR N
FEAG LI WAL 1) A — 4 200 HARPr 26,
DT A R B AT, R4S AT b 2R 5 R
T D 2 S 40 52 ) — BB R AL TS BOIRAS &
B EREAR (2 35042 ), Ptk AR 1 4 X 2%
{E T REAS K H R 25 | 2 e BB . AR SCHE 1
2D-BWIM 53575 18T 240 2o M sf S Ay 6k 1) 7 8
AL, 12 2D Bk B 8 KR 42 = 42 0 B S U RS
X = R BEATL A T D0 b B A B 2 A R A T S
15341, Moses i KI5 25 4 47.3%, 1 2D-BWIM
ALV R R 22 7E 13.7% LA, Moses 5 2D-
BWIM 55 2 X 7 4 . 75 18 ) 4% 22 S ¥ (8 2 3 o0
7.9% 3.1% , iR 527 2253 510 13.5% 4.8%.

60 . = Moses
o 2D-BWIM
|- = - FHME (Moses)
s 407 T (2D-BWIM)
20 *
= o * x
IR B - B -
I e RS i a)
i ’ E
é]
= 20
(1) 5 (2) R (3)

FEAL A ik
Bl MALER T F S ERARE
Fig.11 The result of total weight identification errors

under random traffic

P 1238 2 A P 22 T B AL 4 O 3 B
B b FR R 25 0 A TR L AR U —Bh R DL e
THIE e R I — A B OB ) Bk RIS



118

PN QR 2]

2022 4F

HR S BRI A DY o1 B, DA BB S . R 12
Al UL, AHEL T Moses 31 , 2D-BWIM %492 (1) il 51 5]
H P, HEA BB/ NS HR. (2D-BWIM &
%, Moses B3 7E 1056 (1) (2) (3) Hr ikl B PR 5] 15 22
i f5r o 9 R (7.8%, 13.1%) , (1.0%, 3.9%) Fi
(3.6%,7.2%). £i5 — IR FEHL A F S, 2D-BWIM 5.
T Moses FIERUINR Z AR K TP 9 i 2 | L pd sy
D7 H B T PO o5 BORD T 31 25 4301 oA (25.6%
8.3%. 3.6%. -1.1%. -17.6%) i (53.6%. 16.9% .
6.9% .-1.8% .-35.7%). H IL AT WL, S48 G B T — 2k
A 51, Moses 34X Bl AL 242 3 H A el 2 D0 B2
R B MRORAR K AR SCHR H 1% 2D-BWIM B3k 7% &
TR S R A0, R R RS B B e
455 Moses 53k, H AL R LR Sl E U iR 22
RO AR /.
BEHLZE P i

RI(D  RRQ) RRG)  R(.2.3)
o 60- — . -+ é 7
§ : + | }

& 40 n | |

R0 9 1 R A T
g T S hE [j ! E| !
e s e == EE ‘ =2
= | N ; | } |
%—20* ! N ! + ! i -
;@_407 + L L %

—60-

Moses 2D—BWIM Mo‘ses 2D—]§WIM M(;ses 2D—]§WIM M(;ses 2D—]§WIM
Rk
B 12 MALER T EMmihERIZEHTYAE

Fig.12 Box plot of recognition errors under random traffic
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Fig.13  Multi—presents photo under random traffic
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Tab.3 Axle weight recognition result in multi—presents

B AR %

i s 1 ond 31 4t st R
Moses =395 -13.0 -10.5 138 199 -24
1 2D-BWIM -85 58 90 55 111 59
Moses 449 -114 -68 -12.8 -82 -38
? 2D-BWIM -65 45 99 42 97 55
Moses 148 -06 37 219 51 85
’ 2D-BWIM -135 -102 -64 57 -89 65
Moses  -454 -39 07 04 22 -55
! 2D-BWIM  -80 04 52 25 43 17
Moses 293 449 @ — — — 399
; 2D-BWIM 3.6 0.5 — — — 15
Moses ~ -32.8 -246 -149 583 749 93
¢ 2D-BWIM 6.9 13 143  -09 95 6.1
Moses -56 67 120 -179 -133 -18
’ 2D-BWIM 1.0 -108 -63 00 57 2.6
Moses =340 -13.6 208 327 175 50
i 2D-BWIM  -93 133 36 49 34 41
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