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Overloading Control Effectiveness of Overweight Enforcement System using
High-Speed Weigh-In-Motion
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ABSTRACT

PURPOSES : The aim of this study is to analyze overloading control effectiveness of enforcing overweighted vehicles using HS-WIM
(High-Speed Weigh-in-Motion) at main lane of expressway.

METHODS : To analyze the weight distribution statistically, HS-WIM system should has an appropriate weighing accuracy. Thus, the
weighing accuracy of the two HS-WIM systems was estimated by applying European specifications and ASTM (American Standards for
Testing and Materials) for WIM in this study. Based on the results of accuracy test, overweight enforcement system has been operated at main
lanes of two expressway routes in order to provide weight informations of overweighted vehicle in real time for enforcement squad. To
evaluate the overloading control effectiveness with enforcement, traffic volume and axle loads of trucks for two months at the right after
beginning of the enforcement were compared with data set for same periods before the enforcement.

RESULTS : As the results of weighing accuracy test, both WIM systems were accepted to the most precise type that can be useful to
applicate not only statistical purpose but enforcing on overweight vehicles directly. After the enforcement, the rate of overweighted trucks that
weighed over enforcement limits had been decreased by 27% compared with the rate before the enforcement. Especially, the rate of
overweighted trucks that weighed over 48 tons had been decreased by 91%. On the other hand, in counterpoint to decrease of the overweighted
vehicle, the rate of trucks that weighed under enforcement limits had been increased by 7%.

CONCLUSIONS : From the results, it is quite clear that overloading has been controlled since the beginning of the enforcement.
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Table 1. Records of Overweight Enforcement in Highway

Year 2005 2006 2007 2008 2009

No. of
weighed (47,080,268|44,392,754|48,178,233|36,599,260| 35,884,071
vehicles

No. of
enforced | 27,297 | 27,793 | 29,140 | 27,972 | 28,070
vehicles
rate of
enforced | 0.058 | 0.063 | 0.060 0.076 0.078
vehicles (%)
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2. Display on VMS

1. Weighing the axle
- Ioads in real time
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= A7) s MER S 4kHz= 171‘

integrated area = weight |
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output voltage uft)

computed baseline bit)

Threshold level
t

fl-at fl 2 fi+at

Fig. 2 Weight Calculation of Piezo—quarts Sensor
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System \ _
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Fig. 3 Seonsors Arrangement of Overweight
Enforcement System(Kwon et al., 2009)
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Table 2. Overweight Enforcement Systems on Expressway

Region |Route| Location e Use
year | lanes
Waegwan IC ~ Researching&

Waegwan) No.1 Kimcheon JC 2010 4 Enforcing

. Kimcheon JC ~ .
Kimcheon| No.1 Kimcheon IC 2010 3 Enforcing
Seonsan|No.45 Kimeheon JC ~ 2010 2 Enforcing

Seonsan IC
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Table 3. Width of the Accuracy Classes (LCPC, 1999)

Criteria Confidence interval width & (%)

Accuracy classes| A(5) [B+(7)|B(10)|C(15)|D+(20)|D(25)| E

1. Gross weight 7 10 | 15 | 20 | 25 | >25

2. Group of axles

5
7 |10 | 18 | 18 | 23 | 28 | >28
3. Single axle 8 | 11116 |20 | 25| 30 |>30

4. Axle of a group| 10 | 14 | 20 | 25 | 30 | 35 | >35
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Table 4. The Main Applications of WIM with the
Accuracy Classes(LCPC, 1999)

Accuracy -
Classes Applications
A5) Legal purposes such as enforcement of legal

weight limits

Enforcement of legal weight limits in particular
B+(7) |cases with a special agreement of the legal
authorities

Accurate knowledge of weights for;

i) infrastructure design, maintenance or
B(10) evaluation

ii) pre—selection of overloaded axles or vehicles
iii) vehicle identification based on the loads

Detailed statistical studies, determination of load
histograms with class width of one or two
tonnes

Cc(15)
D+(20)

Weight indications required for statistical
purpose, economical and technical studies,
standard classifications of vehicles according to
wide weight classes (e.g. by 5t)

D(25)

Table 5. Functional Performance Requirement for
HS-WIM Systems(ASTM, 2002)

Tolerance for 95% Probability of
Function Conformity
Type | Type Il | Type ll
1. Wheel Load +25 - +20
2. Axle Load +20 +30 +15
3. Axle=Group Load *+15 +20 +10
4. Gross—Vehicle Weight +10 +15 +6

Table 6. The Main Applications of WIM with the
Type Classes(ASTM, 2002)

Applications

Types

Designed for installation at a traffic data—
collections site
(Vehicle Speed =

Type |
16~130km/h)

Designed for installation at a traffic data—
collections site
(Vehicle Speed = 24~130km/h)

Type |

Designed for installation at weight
enforcement system
(Vehicle Speed = 16~130km/h)

Type il
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Table 7. Summary of Weighting Accuracy Test

Test Two 5—axle rigid trucks and
Vehicles A 5—axle semi-trailer with tandem
Gross weight 34~37t
Loads
Axle load 6~12t
) Gross weight 109
Kimcheon
Axle load 447
No. of Data -
Gross weight 68
Seonsan
Axle load 284

Fig. 4(a) Scene of the Static Weighing Operation
using Truck—Scale Weighing Machine

ST e

Fig. 4(b) Scene of Test running for weighing in
Motion Axle Loads on Main Lanes of the Expressway
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Table 8. Relative Frequency Distribution of the
Relative Error for the HS-WIM Systems

Relative Frequency Distribution (%)

Relative Error

Kimcheon Seonsan
(%) Gross Axle Gross Axle
weight | load | weight | load
0~1 53.2 28.0 471 24.3

1~2 30.3 26.8 35.3 25.7
2~3 1.9 16.6 16.2 16.5
3~4 3.7 13.9 1.5 15.1
4~5 0.9 7.2 0.0 7.0
5~6 0.0 3.4 0.0 5.3

in”/gf 6~7 | 00 | 25 | 00 | 35
7~8 | 00 | 11 | o0 | 14

g8~9 | 00 | 07 | 00 | 07

9~10 | 00 | 00 | 00 | 04

10~1] 00 | 00 | 00 | 00

ft~12] 00 | 00 | 00 | 00

Total | 100 | 100 | 100 | 100

Mean (1) 014 | 004 | 024 | 035

Standard Deviation(c)| 1.46 2.82 1.36 3.07
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Fig. 5(b) Distribution of Relative Errors(Seonsan)

COST 323 ca82 oAl Agdt
Z7of wet AlZEo] FEER
AT 7 AR Al 271 9] Al
Table 99} Zo] WIM 552 #43}
%

Table 99| m = AL @ZAAY, W54 ==

N
St 4% ol SHEARF diare A A9 280,974, A
Ab A A=A, 24 A9 AA 3H=

Jl
YA 7129 110% (5%
S z3sto] 1RF giAQl A5k &S AR LR

o wet AB)SEe §&eq §5 WEA717] U 2 =
& AFSES Uee, ni EEge gojy 4 11 Fig. 6 IR,
P, BFEA S APANE vpgo R nydo] 57t T A9 245 d FAES 25 2 35 A
olste] A4S Uehd S 240 A4z e U AT 5% HEAT] AR HEBAELY 50% o14E
epdict webd] >, 2AS HES Ao Fdsge  AAse Ao yEhd Bk 9% 11502 #RE
2 o] 7psaly] i A, A ms22y) B = 4~565 289 E EdYe 49 A A o=
AG) 539 WIMOZ A Edt o] Axt wWEFFY 1% v W HES Hith BHE6leo]
Table 5914 A|A8LIL 9= ASTM® Type I WIMe] %2 A& A flsto] s A5 AA s
Table 9. Classification Results of WIM Systems by COST 323
(Test Conditon : Environmental Repeatability I, limited Reproducibility R1)
SYSTEM Entity Number Nle/a)” Std (f;oe)"iat (QZ’) Class (O‘Z ) ?f/") o AC;:g;ed
gross weight 109 0.14 1.46 937 A(5) 5.0 3.0 99.8
Kim group of axles 120 0.64 2.09 93.9 A(5) 7.1 45 99.8 A5)
cheon single axle 207 —-0.65 2.62 94.5 A(5) 8.0 5.6 99.5
axle of group 240 0.64 2.86 94.6 A(5) 10.0 6.0 99.9
gross weight 68 0.24 1.36 93.0 A(5) 5.0 29 99.9
Seon group of axles 80 0.23 1.90 93.3 A(5) 7.1 4.0 99.9 A)
san single axle 124 0.49 2.95 93.9 A(5) 8.0 6.2 98.6
axle of group 160 0.24 3.17 94.2 A(5) 10.0 6.6 99.7
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Table 10. Traffic Changes with the Enforcement

Vehicle Class| 4 | 5|6 |7 |8 |9

10

1

10

Total

Before

Enforcement(%)31'9 27.3/7.9(12.6/3.8/0.4

1.7

0.6

3.7

100
(688,243)

After

Enforcemeny) 307278 74 13.4 4.1 /0.4

12.0

3.7

100
(635,955)

Variation |-1.3/0.4-0.5/0.7|0.2| -
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Fig. 13 Changes of Composition Rates for Axle
Load with the Enforcement

Table 11. Changes of the Cumulative Gross Weights
with the Enforcement

Before After Rate of
enforcement| enforcement | percent

change

Classification

tons % tons %

all 3,629,9721100.0(3,459,990(100.0| 0.0%

under 40 tons| 820,253 |22.6 | 970,344 |28.0 | +24.1%

Class [ 0~a4 tons |1,632552 | 45.0 [1.974.407| 57.1| +26.9%

44~48 tons |1,063,360(29.3 | 510,723 | 14.8 | -49.6%

over 48 tons| 113,807 | 3.1 | 4516 | 0.1 | -95.8%

all 083,889 |100.0| 870,901 100.0| 0.0%

under 40 tons| 467,292 | 47.5| 525,829 |60.4 | +27.1%

Class

1 40~44 tons | 307,937 | 31.3 | 278,479 | 32.0| +2.2%

44~48 tons | 146,608 | 14.9 | 57,781 | 6.6 | —55.5%

over 48 tons| 62,052 | 6.3 | 8811 | 1.0 |-84.0%

all 15,304,071100.0{13,970,614|100.0| 0.0%

Entire under 40 tons|10,803,014|70.610,301,038| 73.7 | +4.5%

truck | 40~44 tons |2,828,367|18.5 |3,014,981| 21.6 | +16.8%

traffic | 44~48 tons | 1481308 | 9.7 | 639,399 | 4.6 | -52.7%

over 48 tons | 191,382 | 1.3 | 15196 | 0.1 | -91.3%
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