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Abstract

In face of more and more overloading trucks, the Chinese government has embarked on a nationwide overloading enforcement program over the last three years. Associated with this has been the deregulation of the transportation system. In order to reveal the truth of overloading, the paper analyzes the characteristics of overloading trucks and their social impact upon pavement, safety and trucking cost using the data from Anhui province. The paper also discusses the practical efficiency of enforcement and acknowledged viewpoints of propaganda in China. The reasons of deregulation are mainly ascribed to the improper goals and strategies of enforcement.
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1 Introduction
1.1 Backgrounds

On 20 June 2004, nearly 15 years after the first appearance of overloading vehicle, China introduced a nationwide overloading enforcement program. Vehicles of which axle weight or gross weight exceeds the legal limits would be fined and/or be ordered to unload till the legal weight. By the end of 2005, the enforcement staffs have inspected and found out more than 11.69 million overloading vehicles. Of these vehicles, 3.16 million trucks were forced to unload and the unloaded goods added up to 19.19 million tons (Li, 2006).
The social impacts were sudden and dramatic. According to nongovernmental data, traffic volumes of arterial highways have decreased by 20% to 50%. Simultaneously, costs of some crucial commodities, such as coal and greengrocery, have increased by 10% to 45% (Zhuang, 2004). However, the enforcement effect was not satisfying actually, because: 

· The overloading transportation phenomena were still ubiquitous;

· Due to insufficient funding and personnel, the enforcement intensity was inadequate;

· The enforcement intensity varied among different areas. 

· During the enforcement activities, not all overloaded vehicles could be checked and misuse of authority sometimes happened. 

In this period, the World Bank brought forward the highway overloading study based on highway management practice of Anhui Provincial Communications Department (APCD, 2006) in 2004. The objective is to explore the effect which the overloading vehicles took on the social economy. Based on the data got in WB’s project, this paper is to find characteristics of overloading transportation, and to make primary evaluation of social impacts caused by overloading and overloading enforcement.
1.2 Current Laws
In China, Ministry of Communications (MOC) is responsible for management and enforcement of truck freight transportation. Since 1951, MOC has introduced a single axle weight limit of 10 tons from Soviet Russia which is still used today. Based on this criterion, overloading was defined by MOC as the gross weight or axle weight of a vehicle engaged in highway transportation exceeds the legal limit value. As shown in Table 1, the vehicle weight limits coming from “Management Stipulation for Highway Overloading Transportation Vehicles” were stipulated by MOC in 2000. 
2 Reviews of Past Studies
It is well known that truck weight regulations are a mechanism for balancing the potential public costs of truck travel against the benefits of lower shipper and carrier costs for freight transportation (TRB, 2002). From economic perspective, the effect of overloading enforcements is controversial. It is because that trucking takes up nearly three quarters of freight volume of freight transportation in China, and trucking costs are directly influenced by truck weight. Overloading enforcements also influence cost of highway construction and maintenance, safety and so on.
In 1982, the Chinese government began to research on overloading transportation (Wang, 1997). The result showed that if axle load limit is enhanced from 10t to 13t, pavement of most highways in existence would be damaged. Therefore, it is unbefitting to enhance the axle load limit. In this period, the transportation management department is lacking of suitable methods to collect vehicle weight data effectively. In 1996, along with introduction of WIM system, the Cost-Benefit-Analysis (CBA) method is available to deal with overloading issues (Wei, 1996). After calculating and analyzing the annual pavement costs and vehicle operating costs under different axle load limits, Ni draw a conclusion that 12 tons is the most economical value to be the axle load limit (Ni, 1994). Another study considered that if axle load limit is enhanced, transportation economic benefit would increase by 23% every year. But the annual highway construction cost would increase by 70% which leads to net lose of society. So, 10t is the best choice (Wang, 1997). In recent years, more and more studies (Li, 2001) (Song, 2002) (Liu, 2004) began to be aware that the best value of axle load limit is higher than 10 tons from theoretic analysis or demonstration analysis. But MOC of China persists in 10 ton limit.
Past studies have some problems: vehicle operating cost was improperly surveyed and underestimated (Shen, 1999); scope and degree of overloading were greatly underestimated; and some social impacts such as traffic impact and environment impact caused by overloading have not been studied systematically. The following analysis will show these problems in detail.
3 Characteristics of Highway Trucks Overloading
The characteristics of overloading transportation are analyzed based on both primary data from onsite survey and secondary existing data from Anhui highway management department. The primary data were investigated, measurements, observations, interviews and through visits to the related areas over more than one month. The main sources of secondary data and information are the Anhui Statistical Yearbook (Anhui Statistical Bur., 2006).
The survey area covers five regions of Hefei, Wuhu, Fuyang, Luan and Huainan where five highway sections, especially Hefei-Luan highway (Figure 1), were selected to represent the most common situation of overloading in Anhui. The site survey was composed of three subentry surveys: traffic survey, vehicle weight survey and questionnaire survey. Numbers of surveyors were temporarily enrolled to acquire and record the data. Radar speed gun was used to measure the truck speed and portable WIM system was used to weigh passing trucks. Many types of data were gained such as traffic volume, axle load, cargo types, freight cost, and so on (Hang, 2005).
3.1 Traffic Volume
The average annual daily traffic (AADT) and traffic composition of each highway sections are shown in Table 2 with data derived from Anhui (Anhui Statistical Bur., 2006) and site survey. Though there are some differences of traffic proportion among every highway, e.g. the traffic proportion of 2-S2 varies from 1.25 percent at highway of Fuyang-Yingshang to 16.31 percent at freeway of Wuhu-Xuancheng. However, one conclusion was drawn that SU2s, SU2, SU3, 2-S2 and 2-F2, are the most popular truck configurations.

3.2 Truck Speed

Assuming engine power is fixed, vehicle speed will be slow down by overloading. Based on the speed data got from Anhui province, as shown in Table 3, we can reach some conclusions:
· Truck loading rate is closely related with truck speed. If the loading rate adds 100 percent, the truck speed will be reduced by 9% to13% on expressway or be reduced by 3% to 6% on first class highway.

· Truck speed on expressway is usually higher than on first class highway. However, as truck load increases, the difference of truck speeds between on expressway and on first class highway become smaller. This result shows that when loading rate reaches a certain degree, the power/mass ratio will be the key factor to influence truck speed instead of highway types.

· Because automobiles usually run faster on expressway than on first class highways, impact of slow overloading trucks on traffic flow is more serious on expressway.
3.3 Overloading Characteristics
Neglecting the influence of non-loaded vehicles, the loading distributions of popular trucks are found to be independent of arterial highway sections. Accordingly, hypothesis was made that the traffic loads imposed on pavement by a given truck configuration is the same among all arterial highways in Anhui. Based on this hypothesis, overloading characteristics of a given truck configuration can be expressed as a whole in Table 4. Some characteristics can be found:

· The mean gross vehicle weight (GVW) of all popular truck configurations exceeds GVW limits, which indicates that most of goods have been transported by overloading trucks.

· The overloading proportions (OLP) of GVW of popular truck configurations all exceed 50 percent except SU2 in respect that SU2 is more likely to be used for carrying a small quantity of goods in short distance locally.

· The front axle barely exceeds axle limit except SU3. It is because SU3 is often used as manufacture dumpcart, cement mixer or civil engineering vehicle and has lower requirement for highway steering maneuver performance.

· The single axle and tandem axle of popular truck configurations both have striking degree of limit exceeding which means serious impact on pavement and invalidation of enforcement.

· The overloading proportions and especially the extend to which the mean values exceed legal limit of tandem axles are higher than those of single axles. It indicates that severer impacts will be imposed on highway pavement by tandem axles.
· The 2-S2 seems to be the most dangerous truck configuration as it has more axles and the mean values of its driving single axle and rear tandem axle are much higher than corresponding axles of other truck configurations.
3.4 Axle Load Distribution

Figure 2 illustrates the axle load percentage distributions of four popular truck configurations based on the weighting data. The percentage distributions of front axle, single axle and tandem axle are divided at intervals of one ton, two tons and four tons respectively.

4 SOCIAL IMPACTS OF OVERLOADING
4.1 Pavements
Overloading has greatly threatened the highway infrastructures in Anhui province. It is reported that the infrastructure loss caused by overloading is nearly 190 million USD every year (Zhao, 2004). However, the data are not from authoritative information. Here, the concept ESALs is used to show the impacts of overloading vehicles on pavements indirectly. 

Using the axle weight percentage distribution of the popular truck configurations and the calculating method of AASHTO, the annual cumulative ESALs (ACESALs) of popular trucks and bus were calculated. The ACESALs were brought into comparison with the designed annual cumulative ESALs, as shown in Table 5. Some results can be obtained:
· The calculated ACESALs all greatly exceed the designed ACESALs. It corresponds with the phenomenon of ubiquitous premature pavement damage in Anhui. And then, tremendous losing of both highway owners and users was caused by pavement rehabilitation and maintenance, vehicle maintenance and poor traveling conditions.
· There are so obvious differences between the results of calculated ESALs and designed ESALs. On the other hand, these differences may be also caused by the calculating power functions themselves. It is well known that the ESALs calculating formulas are not suitable for very heavy axles. But there are few experiments and studies about heavy axle formula till now.
· Flexible pavement seems to be more adaptable than rigid pavement to serious highway overloading traffic because of its lower power value. This conclusion can be proved by the worse status of rigid pavement compared to flexible pavement in Anhui.
· The damage of pavement is affected by not only truck axles but also other factors, such as climate, construction technique, maintenance quality, and so on. These factors all have certain impacts on pavement performance. So, mechanism of pavement damage under common overloading circumstance needs to be in-depth developed. Then we can evaluate the exact pavement impacts caused by overloading vehicles separately.

4.2 Safety

It is reported that 70 percent of road accidents are caused by overloading vehicles and 50 percent of casualties are of direct relationship with overloading (Zhao, 2004). However, based on the analysis results of Anhui (APCD, 2002), the proportion of highway traffic accidents caused by buses, light trucks, heavy trucks and passenger cars is 3.94%, 5.61%, 19.6% and 27.8% respectively. Obviously, passenger car is the most dangerous vehicle type in deed. Furthermore, considering the main causes of accidents, the proportion of over-speed and improper control is 17% and 11%, while the proportion of failed braking and overloading is only 1.38% and 0.54%. Generally speaking, traffic accidents caused by vehicle overloading account for only about 10 percent. Therefore, it is suspectable to conclude that overloading is the main reason of highway traffic accidents. 

4.3 Trucking Cost
In general, the unit operating cost of truck declines along with the increase of truck load. Based on cost data got from Anhui (Table 6), a power function with three parameters was used to fit the operating costs model. The model describes the relationship between unit operating costs y (USD/ton*kilometer) and truck load x (ton). The model was divided into two types: overloading type and non-overloading type, as shown in formula 1 and formula 2.
Overloading:       y=0.526-0.374x0.080         R2=0.907     (5≤x≤60)            (1)
Non-overloading:   y=0.532-0.375x0.086          R2=0.910     (5≤x≤20)            (2)
The results indicated that, at present the unit operating costs of popular freight vehicles in Anhui province is ranging from 0.032 to 0.097 USD/ton*kilometer. These results are consistent with the “low” freight price in practice. As predicted, in the course of overloading enforcement, the unit operating costs will increase by 38 percent to 61 percent. The results are also consistent with the practical fluctuation of freight price in recent years.
5 ENFORCEMENTS
The most popular equipment used in overloading enforcement is fixed/portable low-speed Weight-in-motion (WIM) system which is set at the roadside inspecting station or just put on the emergency parking strip. Firstly, the enforcement staffs will head off the doubtful vehicles by their experiences. Then, the doubtful vehicles will queue up to be weight by WIM system. If the vehicle is judged to be overloaded, the enforcement staffs will order it to be fined or unload. 
In Anhui, two fixed overloading inspecting stations located in Yangxiaodian and Caoan have been put into use since 2003. And the government is planning to build more and more inspecting stations. As the freight routes of overloading vehicles are relatively fixed, it seems easy for inspecting station to catch these vehicles. But, in practice, overloading enforcement has been very knotty to be carried into execution due to many ubiquitous issues.

· Owning to understaffing and unreliability of weighting equipment, the inspecting station can’t be kept in operation all day long. Many overloading vehicles are used to park in front of inspecting station waiting for its closure.
· It is very dangerous for enforcement staffs to head off the running heavy vehicles by themselves, especially in the rain or during the night. Furthermore, this procedure cost much more time.
· The weighting delay is so great as to cause the traffic jam frequently, especially at the high volume road sections. 
· In practice, the weighting error of low speed WIM systems used now exceeds 10 percent commonly. And the reliability of WIM system is incompetent for continuous running.
· The enforcement process is short of supervision and easy to cause dissensions or private transactions. 
6 PROPAGANDAS

In order to arouse the public to support overloading enforcement, the government declares tremendous loses caused by overloading transportation again and again through the authoritative propaganda. In these propagandas, some data or viewpoints are often used (Lu, 2004): 
· The direct lose of highway infrastructures caused by overloading transportation in China is nearly 9 billions USD annually.
· Nearly 150,000 traffic accidents are caused by overloading vehicle one year, with 130,000 people injured or dead and accident lose of 77 million USD.
· The travel expense escaped by overloading vehicles is nearly 64 million USD one year and the toll payments lose is nearly 385 million USD at the same time.
· The legal transportation corporations are stroke and driven to the last ditch by overloading vehicle’s unfair competition.
· Overloading vehicles cause the traffic jam and increase the pollution.
In fact, these negative impacts are often overstated. Some loses should be ascribed to all the transportation vehicles indeed, for example, the pavement cost. Some loses were magnified purposely, for example, the traffic accident rate caused by overloading vehicles. At the same time, there are two kinds of prevalent viewpoints about the increase of freight price and decrease of truck volume during enforcement period.
(1) Some people think that the increase of freight price is a kind of “rational regression” (Lu, 2006). They think of the highway freight market full of excessive competition. A lot of small enterprises with only one or two trucks exist. These enterprises are considered far from scale economics and always reduce the freight price blindly through overloading. So, these people conclude that the freight price before overloading enforcement is too low and the price ought to be increased to make the market back to well-balanced state.
(2) Another viewpoint considers that the freight taxes and overloading fine are so high as to compel the carrier to be engaged into overloading. So, it is important to remain certain profit margin by reducing taxes or fine, to solve the overloading problem (Fu, 2005).
In a word, these propagandas all overlook the effect of overloading in reducing the unit freight cost. As a result, the public always neglect the relationship between overloading and social freight cost due to these improper propagandas. In fact, based on general knowledge of microeconomics, during enforcement period, highway freight cost is usually increased because carriers can’t benefit from scale economy any more. Thereupon, the freight price will be raised with the freight cost and the freight volume decreased. As final customer, the public should realize that they benefit from overloading at all times. In other word, that is why many local governments always have not much interest in overloading enforcement or even be against to it. 
7 DISCUSSIONS

Evaluated by the Transport Development Theory (Rong, 2001), most areas in China are still under their phases of developing industrialization. The leading industries of society are pertained 
to the style of intensive resources, and more scale freight transportation methods are needed to reduce the production cost
. In order to meet the freight demand, carriers have tried their best to reduce the unit freight cost even regardless of travel time, convenience and so on. That is substantively why the overloading is so ubiquitous and serious in China.
It is because “externalities” caused by overloading, such as excess pavement maintain cost and excess pollution, exist that we should take on overloading enforcement to manage the overloading vehicles. But in practice, the enforcement has not been kept in a high efficiency level in recent two years. The reasons can be summarized as below:
· The initial goal of nationwide overloading enforcement is to eliminate the overloading phenomena in short order. However, the difference between the goal and the real world is so large that not only carriers but also enforcement staffs can hardly believe it.
· The freight prices which were greatly increased during enforcement period have affected local social economies. So, some local governments change their positions gradually and become less interested in real enforcement.
· In recent twenty years, the road property order in China has become more and more decentralized to stimulate the construction of more high-grade highways. Though very effective, the property order reform has brought some negative results, such as issues of opportunism and difficulty in cooperation by different highway agencies.
· There is no enough experience about the using of WIM in China, especially for nationwide enforcement. The low-speed WIM equipments seem not outdated, but the operators are lacking of experiences and the WIM equipments are not properly used.
· The enforcement staffs are from many different government departments, such as department of communications, department of public security, department of development and reform commission, and so on. Of different interest respectively, these departments are short of harmony.
In a word, it is not realistic for Chinese government to eliminate the overloading thoroughly in the near future. It is proved by the practice that the effect of nationwide overloading enforcement is not stirring. We should go on to introduce more feasible goals and to develop integrated strategies of truck weight regulation. 
8 CONCLUSIONS

Some of the important conclusions of the analysis and evaluation presented in the study are: 

· Truck overloading is very universal and serious nationwide in the recent years. More than 70 percent of loading trucks are running with their weight exceeding legal limits. The difference of overloading degree between popular truck configurations is not remarkable.
· The ESALs calculated have far exceeded the designed value and overloading trucks have caused prevalent premature pavement damage, especially for rigid pavement.

· As a result of improper enforcement strategies and outdated truck monitoring process, goals of overloading enforcement can’t be put into practice effectively. A set of dynamic and coherence overloading enforcement policy need to be taken into account based on comprehensive overloading investigations, and more effective monitoring methods or technologies should be brought forward.
· Above all, it is important to change the improper attitudes of the public, especially the attitudes of government officers towards overloading transportation and highway freight carriers.
REFERENCE
(1) Anhui Statistical Bur. (2006) Anhui Statistical Yearbook 2005, Chinese Statistical Press, Beijing. (in Chinese)

(2) Fu L. (2005) ‘Explore the Reasons of Overload in Road Cargo Transportation from Aspect of Economics’, Railway Transport and Economy, 27(6), pp. 12-14. (in Chinese)
(3) Hang W., Li X.H., Ju P. etc. (2005) ‘Site Survey and Analysis of Highway Trucks Overloading Status Quo in Anhui’, Journal of the 6th International Conference of Eastern Asia Society for Transportation Studies, Bangkok, Vol.6, pp. 1790-1803.
(4) Li S.L. (2006) ‘Speech of minister Li at the video telephone meeting of national overloading enforcement in 2006’, Ministry of Communications of the People’s Republic of China, Beijing,  http://www.moc.gov.cn/05buzhang/lishengl/t20060306_31140.htm (in Chinese)

(5) Li H.Z. (2001) ‘Study on Rational Maxim Axis Load on Highway’, Communication and Transportati0n Systems Engineering and Information, 1(3), pp. 217-219. (in Chinese)

(6) Lu C.Z., Wang W.L. (2004) ‘Negative Effects of Overloading to the Society’, Journal of Highway and Transportation Research and Development, 21(5), pp. 150-152. (in Chinese)

(7) Lu C.Z., Wang W.L. (2006) ‘Taking Views on the Market Over-entrance and Administration Guiding Principle of Road Transport Industry from Trucks' Overload and Oversize Transport’, Journal of Highway and Transportation Research and Development, 26(6), pp. 166-170. (in Chinese)

(8) Liu Y.Z. (2004) ‘Discussion on Vehicle Axle Load Laws’, Heavy Duty Truck. 4(3), pp. 33-35. (in Chinese)

(9) Ni F.J., Deng X.J. (1994) ‘Comparison of Vehicle Operating Costs of Different Axle-Load Limits’, Journal of Southeast University, 24(6), pp. 56-61. (in Chinese)

(10) Rong C.H. (2001) ‘From Transport Development to Sustainable Transport’, China Railway Science, 22(3), pp. 2-8. (in Chinese) 

(11) Shen J.X., Zhou L.Q. (1999) ‘Status Quo Analysis of Charred Coal Transport Vehicle Over load’, Shanxi Science & Technology of Communications, 26(12), pp. 49-50. (in Chinese)

(12) Song C.B., Wei L.Y. (2002) ‘A study on the deterioration action from overweight traffic to the pavement and axle weight limit’, Highways & Transportation in Inner Mongolia, 17(1), pp. 24-26. (in Chinese)

(13) The Anhui Provincial Communications Department (2006) Vehicle Overloading Study in Anhui Province P.R. China: Final Report. The World Bank, Anhui, June 2006.

(14) The Anhui Provincial Communications Department (2002) Research Report on Highway Traffic Accident in Anhui, Hefei, January 2002. 
(15) TRB (2002) Special Report 267: Regulation of Weights, Lengths, and Widths of Commercial Motor Vehicles. Washington, D.C.
(16) Wei L.Y. (1996) ‘Pavement Damage Caused by Overloading Vehicles’, Highways & Transportation in Inner Mongolia, 11(1), pp. 18-19. (in Chinese)

(17) Wang Z.Q. (1997) Review of Highway Over-limit Transportation, China Communications Press, Beijing. (in Chinese)

(18) Zhuang H.T. (2004) ‘Freight costs have increased by 20% due to overloading enforcement’, Finance and Economics Times, http://www.people.com.cn/GB/jingji/1037/2616883.html (in Chinese)

(19) Zhao J. (2004) ‘1.5 billion losing was brought by overloading in Anhui’, Evening Paper of Hefei, http://www.hf365.com/epublish/gb/paper2/20040501/class000200004/hwz461357.htm (in Chinese)

TABLE 1 Legal Limit of Freight Vehicles in China

	Limit Types
	Limits (tons)

	Gross Vehicle Weight limit
	Single-unit truck, Single-trailer and Multi-trailer
	40

	
	Single-trailer truck carrying container
	46

	Axle weight limit
	Single axle with two tires
	6

	
	Single axle with four tires
	10

	
	Tandem axle with eight tires
	18

	
	Tridem axle with twelve tires
	22


TABLE 2 AADT and Composition of Highway Traffic

	Highway Sections
	AADT
	Traffic Composition (%)

	
	
	PC
	Bus
	Pickup
	SU21
	SU3
	SU4
	2-S11
	2-S2
	2-S3
	3-S2
	3-S3
	2-F21
	Total

	
	
	
	
	
	
[image: image1.wmf]
	
[image: image2.wmf]
	
[image: image3.emf]
	
[image: image4.wmf]
	
[image: image5.wmf]
	
[image: image6.wmf]
	
[image: image7.wmf]
	
[image: image8.wmf]
	
[image: image9.emf]
	

	Hefei-
Anqing
	8873
	45.52
	15.04
	3.43
	26.27
	3.04
	0.16
	0.70
	5.69
	0.08
	0
	0.08
	0
	100

	Wuhu-
Xuancheng
	7390
	32.69
	7.08
	1.29
	28.83
	7.80
	1.93
	0.43
	16.31
	1.72
	0.29
	0.36
	1.29
	100

	Luan-
Hefei
	9614
	52.28
	14.51
	6.39
	21.43
	0.82
	0
	0.34
	2.77
	0.19
	0.11
	0
	1.16
	100

	Fuyang-
Yingshang
	13275
	40.87
	8.40
	7.43
	36.16
	4.23
	0
	0.07
	1.25
	0.14
	0
	0
	1.46
	100

	Huainan-
Hefei
	9157
	49.93
	14.36
	1.07
	25.23
	1.61
	0
	1.34
	2.55
	0
	0.13
	0
	3.76
	100


1: SU2 means single unit truck with 2 axles (1 steering axle with 2 tires and 1 rear axle with 4 tires); 2-S1 means tractor with 2 axles (1 steering axle with 2 tires and 1 driving axle with 4 tires) coupling 1 axle semi-trailer (1 rear axle with 4 tires); 2-F1 means tractor with 2 axles (1 steering axle with 2 tires and 1 driving axle with 4 tires) coupling 2 axle semi-trailer (each axle has 4 tires);
TABLE 3 Relationships between Truck Speed and Loading Rate (%)
	Truck type
	Highway type
	Truck Speed (km/h)

	
	
	empty
	Loading rate (%)

	
	
	
	0~100
	100~200
	>200

	SU2
	freeway
	72.3
	61.1
	53.2
	48.6

	
	first class
	67.7
	55.4
	53.0
	48.0

	SU3
	freeway
	72.4
	65.0
	57.3
	52.2

	
	first class
	67.8
	58.6
	55.2
	47.8

	2-S2
	freeway
	71.1
	61.4
	54.0
	51.6

	
	first class
	58.5
	52.9
	51.5
	50.0


TABLE 4 Truck’s Overloading Characteristics in Anhui

	                 Vehicle Class

GVW/Axle type
	SU2
	SU3
	2-S2
	2-F2

	GVW
	Legal limit (tons)
	16.0
	24.0
	34.0
	36.0

	
	Mean (tons)
	16.29
	33.23
	48.27
	41.24

	
	Std (tons)
	8.06
	10.49
	19.42
	21.35

	
	OLP (%)2
	43.5
	71.9
	58.3
	61.5

	Front axle

(two-tire)
	Legal limit (tons)
	6.0
	6.0
	6.0
	6.0

	
	Mean (tons)
	4.41
	6.08
	4.48
	3.35

	
	Std (tons)
	1.87
	1.57
	1.56
	0.55

	
	OLP (%)
	11.4
	28.5
	8.4
	4.8

	Single axle

(four-tire)
	Legal limit (tons)
	10.0
	-
	10.0
	10.0

	
	Mean (tons)
	11.90
	-
	14.79
	12.63

	
	Std (tons)
	6.51
	-
	5.84
	7.24

	
	OLP (%)
	43.5
	-
	64.2
	66.8

	Tandem axle

(eight-tire)
	Legal limit (tons)
	-
	18.0
	18.0
	-

	
	Mean (tons)
	-
	27.14
	28.77
	-

	
	Std (tons)
	-
	9.72
	13.19
	-

	
	OLP (%)
	-
	70.3
	58.6
	-


2: The overloading proportion (OLP) is defined as the ratio of overloading vehicle/axle to all vehicle/axle with the same type. For example, the traffic volume of SU2 is 1000 trucks per day, of which GVW of 500 trucks overloaded, the OLP of GVW of SU2 is 500/1000 = 50%.
TABLE 5 Annual Cumulated ESALs (ACESALs)

	       Vehicle type

Highway type
	SU2
	SU3
	2-S2
	2-F2
	Buses
	Actual

ACESALs
	Design

ACESALs

	Flexible
	Hefei-

Anqing
	1.12

E+08
	1.78

E+07
	1.04

E+08
	0.00

E+00
	4.58

E+05
	2.35

E+08
	6.40

E+06

	
	Wuhu-

Xuancheng
	1.03

E+08
	3.81

E+07
	2.49

E+08
	1.35

E+06
	1.80

E+05
	3.91

E+08
	6.40

E+06

	Rigid
	Luan-

Hefei
	7.60

E+10
	1.03

E+09
	3.47

E+10
	4.58

E+09
	9.06

E+05
	1.16

E+11
	1.47

E+06

	
	Fuyang-

Yingshang
	1.77

E+11
	7.37

E+09
	2.16

E+10
	7.96

E+09
	7.24

E+05
	2.14

E+11
	1.87

E+06

	
	Huainan-

Hefei
	8.52

E+10
	1.93

E+09
	3.05

E+10
	1.41

E+10
	8.54

E+05
	1.32

E+11
	2.05

E+06


TABLE 6 Operating Costs of Popular Truck Configurations
	Vehicle Types
	Cost Indices 3  (×103 USD/year)
	D
	Q
	UOC

	
	Cf
	Ct
	Cm
	Cd1
	Cd2
	Ci
	Cdr
	Cc
	CF
	Cp
	Ca
	Cu
	
	
	

	Overloading
	SU2a4
	3.12
	0.63
	1.13
	1.10
	0.44
	1.03
	1.47
	0.38
	1.23
	1.51
	1.85
	0.18
	0.043
	0.145
	0.097

	
	SU2b4
	8.33
	1.40
	1.77
	3.05
	0.76
	1.79
	2.50
	0.77
	2.77
	5.00
	3.41
	0.24
	0.075
	0.653
	0.049

	
	SU3
	10.24
	3.18
	1.67
	4.28
	1.10
	2.69
	2.60
	0.77
	3.71
	6.33
	3.31
	0.44
	0.075
	0.920
	0.044

	
	2S2
	13.33
	5.05
	1.76
	4.12
	1.46
	2.95
	2.69
	0.77
	6.24
	9.83
	4.41
	0.71
	0.085
	1.643
	0.032

	None-overloading
	SU2a
	3.12
	0.63
	1.13
	1.10
	0.44
	1.03
	1.47
	0.38
	1.23
	1.51
	1.85
	0.18
	0.043
	0.145
	0.097

	
	SU2b
	7.86
	0.71
	0.88
	2.29
	0.76
	1.79
	2.50
	0.77
	3.97
	5.00
	1.85
	0.12
	0.075
	0.370
	0.074

	
	SU3
	9.74
	1.59
	0.83
	3.21
	1.10
	2.69
	2.60
	0.77
	5.90
	6.33
	1.85
	0.22
	0.075
	0.573
	0.061

	
	2S2
	11.96
	2.53
	0.88
	3.19
	1.46
	2.95
	2.69
	0.77
	8.88
	9.83
	1.85
	0.35
	0.085
	0.855
	0.052


3: Cf is the fuel cost; Ct is the tire cost；Cm is the maintain cost; Cd1 is the depreciation of distance; Cd2 is the depreciation of time; Ci is the interest; Cdr is the payment of driver; Cc is the management cost; CF is the fixed cost; Cp is the toll payments; Ca is the fine; Cu is the other costs; D is the average travel distance (×106 Kilometers/year); Q is the average freight turnover per truck (×106 ton*Kilometer/year); UOC is the unit operating cost (USD/ton*Kilometer). 
4: SU2a is defined as the SU2 with wheelbase under 3 meters and deadweight under 5 tons which is often used in the city zone; SU2b is defined as the SU2 with wheelbase exceeding 3 meters and deadweight exceeding 5 tons which is often used in line-haul.
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FIGURE 1 Study Region and Highway Section
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FIGURE 2 Axle Load Percentage Distributions
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