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Abstract 
 

In Ethiopia; rules and regulations on highway traffic signs speculate different restrictions (like load 

limit posts) but still one of the existing problem affecting pavements design period is from the effect 

of the heavily loaded freight transportation that uses pavements / roads for circulating goods that it 

transports. Overloading also contributes for the aggravation of the pavement deterioration problem 

that is seen within the country. Therefore, this paper tries to show the influence of overloading by 

analyzing which percentage of overloading contributes much for the influence plus how the 

pavement fatigue life gets reduced is also discussed.  

Analysis includes the application of the famous theories “fourth power law” as well as “AASHTO 

remaining fatigue life analysis” were the results gave good figure of the negative influence of 

overloading. The investigation was done by assessing primary and secondary data collected at Awash 

size and weight control station (were awash station is chosen from assessment based on the most 

heavily loaded vehicle count from the secondary data collected for different control stations in 

Ethiopia).  

In conclusion, about 48% of the examined axles were overloaded and among these 56% of the axles 

were on the margins from the specified legal load (i.e. in between 10.1 – 12ton) were tolerance of 

these loads was also observed at the control station. An overlay thickness was also estimated to show 

that the considered pavement after some years of service will require unexpected maintenance in 

order to carry the additional loads due to overloading. Therefore from the results of the analysis, it is 

seen that the effect of overloading on the life of pavements as well as on rehabilitation expenses will 

be severe and needs strict awareness so that road defects / distresses due to overloading will be 

minimized. 
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Chapter 1 

Introduction 
 

In Ethiopia, roads transport was the means of movement for about 93% of freight and 95% of all 

passengers. In 1991, in addition to the 13,000kms of all-weather roads, about 4,000 were asphalted 

and 8,900 were all-weather gravel roads. There were also 4,900kms of rural dirt roads, making a total 

of nearly 18,000kms of all types of roads. Centering Addis Ababa, the road system radiated in all 

directions in a spoke-like pattern. Whereas, substantial parts of the country, notably in the west, south 

west, and south east, still lacked all weather connections to this network. Generally only about 12% 

of the population had ready access to roads and most roads in the national network were concentrated 

in the central, eastern & northern highlands [1]. And in recent years after the completion of Road 

Sector Development Program – III (RSDP-III), scheduled for 2012, the main road network was 

expected to become as shown in Figure 1 below [2]. 

 

Figure 1: National Road Network after completion of RSDP-III [2] 
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The Road Sector Development Program is having important implications for commercial road 

transport in Ethiopia [2]. But as the commercial road transportation gets advanced, the amount of 

freight being transported should also be investigated (in an advanced way too) whether or not it is 

beyond the designed carrying capacity of the road (i.e. overloading control needs to be modernized as 

well).  

For example 35% overloaded vehicles were counted in 2013 from all vehicles examined at the 

different size and weight control stations planted at different checkpoints of different road routes in 

Ethiopia [3]. And in previous works / findings, it has been known that pavement life is severely 

affected by the inculcation of heavy traffic loading (overloading). And pavement distresses are one of 

the critical problems on pavement, which will lead to maintenance & operational costs as well as 

time loss. These losses could be directly or indirectly results of the increasing usage of roads by the 

overloaded freight transporting trucks. Therefore if some work is done on this section, it will 

contribute a hand in the effort of minimization of pavement distresses. 
 

1.1 Background of Overloading 
 

Overloading is the load beyond the standard load limit. Some transporters/drivers use overloading as 

one of the way of maximizing profit which is by loading the vehicle beyond its acceptable limit. On 

doing so, these unfaithful transporters/drivers play unfair transportation competition and gains more 

profit while simultaneously damaging the roads. And since the overloading of the vehicles will cause 

severe damage in the long run, the government will incur high costs to maintain or even rehabilitate 

or reconstruct the roads. It is also evident that overloading causes excessive destruction of the road 

network. And when the condition of these roads deteriorate, vehicle operating cost increases 

subsequently, the travel time and commodity prices will also eventually increases and so the public 

will suffer. For instance, statistics of vehicle overload control from TANSROADS weighbridge 

stations (in Tanzania) indicate that, the total damage cost are TShs.62,369,980,360 and 

TShs.77,864,890,807 for financial year 2011/12 and 2012/13, respectively. The statistics show that 

approximately 94% of the damage for each financial year is caused by overloading within 5% of the 

legal limit. Also the overloading damage for 2012/13 has increased by about 25% from the previous 

financial year [4].  

 

 

Furthermore; research by South Africa Department of Transport and Council for Scientific and 

Industrial Research identified the damage factors of road pavements are multi-facets, but limited to 
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main factors such as axle loads, spacing between axles, number of wheels, travelling speed, types of 

pavement, tire pressure and transport modes [5]. This paper will be focusing on the effect of axle 

loads from freight transporting trucks up on pavements life. 
 

1.2 Statement of the Problem 
 

The main problem of overloading that is going to be considered as the one that is serious is the 

increase in rehabilitation cost before the road serves for the design period.  

It is known that a certain road is designed for the specified design/service period, where the entire 

budget for the construction will be allocated according to the design. But even though the design is 

good that different pavement problems are hardly to occur, the effect of overloading will take high 

credit for the damage of the roads before the it reaches the desired design life which could be caused 

because of the unpredicted traffic growth due to the inculcation of overloaded vehicles resulting in  

an increased load repetition on the roads. And as a result of this, the maintenance, rehabilitation as 

well as operation costs will increase accordingly because the maintenance period will be “now and 

then” incurring much cost.  

In addition to the previous narration about the effect of overloading up on pavements, indirect 

problems like increase in vehicle operation costs will also occur since the vehicles will be loaded 

beyond their carrying capacity the fuel consumption as well as frequency of vehicle maintenance will 

be high. Therefore, attention needs to be given on how to alleviate the said problems due to 

overloading. 
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1.3 Objective of the Study 
 

The aim of this paper is to address the influence of overloaded freight transportation by noting the 

reason for the existence of the overload and applying engineering theories to show its contribution on 

the reduction in the fatigue life of pavements so that the result will have some contribution in the 

minimization of pavement distresses like (crocodile cracking, rutting, shoving etc…) which are 

caused due to the overloading. 

Therefore, if the impact of overloading on pavements life is addressed and investigated well, 

problems like the ones stated above will be reduced because solutions for the main problem (i.e. 

overloading) will be forwarded through the conclusions as well as recommendations obtained from 

the results of this paper. And hence, the study will have some contribution in the minimization of 

overloading and its consequences.  

 

 The specific objectives include: 

 To investigate the extent of overloading problem with in the country; 

 To investigate the level of pavement deterioration / damage as a result of overloading; 

 To identify the gaps between the problem & the actions taken and make appropriate 

recommendations. 
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Chapter 2 

Literature Review 
 

2.1 Over View 
 

Over load is a worldwide problem. And it is defined as a load that exceeds the legal truck load limit. 

AASHO studied the damage effect of axle loads on pavement structures by conducting the ring road 

test and arrived at the conclusion that the damage effects of vehicles on pavements is directly 

proportional to the nth power of axle loads. Important conclusions were also obtained from other 

related studies like overload vehicles are expected to contribute more dramatically to the 

accumulative damage and the increase in the overload occurrences was found to cause a noticeable 

increase in damage done to pavements [6].         

  

These days the overwhelming problem of overloaded freight transportation is becoming a major 

problem in contributing for the damage of pavements not only in the developing countries but also in 

the developed once like the U.S and Australia because enterprises and truck drivers will save money 

by reducing the running as well as overhead cost as they tend to overload their trucks for transporting 

freight. As a result of this, the impacts of overloading up on the whole country and society have 

tended to be ignored. A good example for this could be China; where the economy has grown rapidly 

from the 1990’s and freight demand has increased simultaneously. However the road network cannot 

bear the huge growth of freight demand therefore pavement was damaged by excess traffic [7]. 

2.2 Vehicle overloading influence on Road pavements (Developing as well as Developed 

Countries) 
 

It is known that roads are one of the infrastructures that are very important for the day to day life of 

the society as they act as a transport communication medium. For instance, the transportation of 

goods from one place to another will deliver a significant contribution in the promotion of economic 

growth and living standards of the society. Other benefits of roads will be for the society to travel to 

any place he or she wants to go like; markets, places of work, clinics and hospitals, educational 

institutions, places for sport and leisure activities, vacations and others. But these assets (roads) are 

being affected by the increased load, from overloaded vehicle, up on them for example research in 

the USA and South Africa has shown that damage to the road by axle loads exceeding the legal limit, 
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increases out of all proportion to the loads: for example, an axle carrying double the legal load may 

cause from 4 to 60 times as much damage as one legal axle load, depending on the condition of the 

structure and type of road. It is estimated that between 15 and 20% of all heavy vehicles travelling on 

South African roads are overloaded. It has been found that legally loaded heavy vehicles cause a 

relatively small amount of damage to road pavement structures, as opposed to overloaded heavy 

vehicles which are responsible for approximately 60% of the damage to the road network, 

representing some 400 million Rands per annum. During 1996, there were 58 904 heavy vehicles 

weighed at weighbridges in South Africa, 33% of which were overloaded. More than half a million 

kilometers of road have a current replacement value in excess of R165 billion & approximately R2 

155 million per annum is currently spent in South Africa on road construction and maintenance to 

safeguard this national asset. Therefore, heavy vehicles should be given a great deal while studying 

the damage on road pavements as there is a greater percentage of goods transportation by roads than 

other mode of transportation. [8] 
          
 

 

There are also standards available in India which is of size, weights and dimensions of the truck body 

but these are, in general, not largely followed. For instance; vehicle owners make changes and have 

wider and higher bodies so that a truck can carry more goods than permissible, thus producing a 

considerable reduction in haulage charges. It is not very strange that newly constructed flexible 

pavements, particularly those with unbound bases, frequently show signs of distress shortly after they 

are opened to traffic. The immediate effects of overloading are less obvious on pavements with 

bound bases but their service lives are significantly reduced than normally expected. Heavy traffic 

loading produce rapid differential compaction in the upper layers of pavement in addition to fracture 

of the asphalt surfacing. Implications of overloading on overall transport costs have been examined 

worldwide and it is evident that vehicle overloading seriously affects the improvements of road 

network in many developing countries including India largely because of increased demands for 

maintenance and rehabilitation due to pavement's damage caused by heavy axles.[9] 

In Thailand also the overloaded truck problem is a remarkable social issue. And according to the 

statistics in 1996 overloading usually occurs on ten wheel trucks (class 5 three-axle single-unit 

vehicles) which occupies around 25% of all trucks combined and carries 78% of the shipment by 

weight (Worsak 2005). And based in the statistics collected by weigh in motion (WIM), they found 

that 33% of ten-wheel trucks are overloaded. Where 94% of these weighed between 21tonnes & 
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30tonnes, while 21tonnes is the legal weight for a ten-wheel truck (axle weight is 8.2tonnes). Worsak 

(2005) indicated that 81% of total damage to the highway is caused by 33% of overloaded trucks [7]. 

Apart from the damage caused by overloading up on road structures (i.e. pavements bridges…), it is 

also becoming influential indirectly up on traffic (for example due to overloading; situations like, 

failure of breaking system mechanism, bursting of tires, instability of the vehicle due to shifting of 

the centre of gravity etc…will happen) where these situations might follow in traffic congestion as 

well as accidents. Every vehicle which passes over a road causes a momentary, very small, but 

significant deformation of the road pavement structure. Thus, improper use or unregulated use may 

result in damage to the asset, and premature or fast deterioration. Therefore, roads like any other asset 

have to be properly used in order to provide the intended service and to last for the planned life span. 

Also it has to be preserved in order to protect the investment made. This is especially important for 

roads as their capital cost is relatively high. It is estimated that the cost of constructing a new asphalt 

concrete surfaced road is approximately TShs 1,000mio/km and is expected to last more than 15 

years before rehabilitation or reconstruction is considered. Among the measures required for 

regulating the road use is to observe the legal limit of weights which include axle load limits and 

Gross Vehicle Weight (GVM). The regulation business is undertaken by TANROADS mostly over 

the trunk roads and few important regional roads. Currently operations are carried out using 28 

permanent weighbridge stations, 17 mobile weigh scales and employ 600 staff. On other hand, heavy 

vehicles have increased tremendously on the road network from 33,808 vehicles in 2005 to over 

68,000 vehicles in 2012. The increase is attributed to growth in transport demand due to economic 

activities and the shifting of cargo from railway to roads. Roads currently carry over 95% of the total 

freight in the country and that to/from neighboring countries. Importance of regulating the road use is 

therefore emphasized with the objective of protecting the asset and also to make them last over the 

designed life span. Short of that we might witness fast deterioration and short life before 

rehabilitation or reconstruction is required. [4] 

 

2.3 Distresses up on pavements due to overloading 
 

It is the vehicular traffic on the road which is the major cause of road deterioration, especially on 

heavily trafficked roads and every vehicle which passes over a road causes a momentary, very small, 

but significant deformation of the road pavement structure. Hence, the passage of many vehicles has 

a cumulative effect which gradually leads to permanent deformation and road surface deterioration 



Influence of Overloaded Freight Transportation on Pavement Life                       [AAIT] 
 

MSc. Thesis Page 9 
 

by cracking [8]. Pavement wear or pavement distress is the degradation of pavement quality due to 

loading by traffic and/or climate. For instance, see some of the distress modes on flexible pavements 

(visible distress together with the deterioration process causing it) [10]: 

 

 Rutting [10] 

 

Rutting is the development of depressions in the pavement surface along the wheel paths, 

typically with a width of several decimeters and a length of tens to thousands of meters. The 

three main categories are 

 

• Primary rutting: rutting due to permanent deformation of bituminous layers, (Permanent 

deformation can be due to (post) compaction or (plastic and viscous) deformation caused by 

shearing stresses.)  

 “For Instance, Plastic deformation is a material failure of the asphalt concrete. The 

mix is displaced from under the tires and typically humps up outside the wheel tracks. 

Plastic deformation sometimes appears as shoving or corrugations in the pavement as 

well as rutting. A cross-section of a pavement exhibiting plastic flow deformation will 

typically look like Figure 2” [11]. 

 

 

 

Figure 2: Plastic deformation [11] 

 

ORIGINAL PROFILE 

UNSTABLE ASPHALT 

LAYER 
SHEAR PLANE 
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• Secondary rutting: rutting due to permanent deformation in the subgrade or in granular 

layers below the asphalt layers [10]. 

• Rutting due to abrasion of the pavement surface by studded tires [10]. 

 
                 

 

                                                               Figure 3: Rutting [12] 

 

 Crocodile cracking [13] 

 

Crocodile cracking which is also called fatigue cracking or alligator cracking, is a common 

type of distress in asphalt pavement. It is usually studied under the transportation section 

of civil engineering. Crocodile cracking is characterized by interconnecting or interlaced 

cracking in the asphalt layer resembling the hide of a crocodile. Cell sizes can vary in size up 

to 300 millimeters (12 in) across, but are typically less than 150 millimeters (5.9 in) across. 

Crocodile cracking is generally a loading failure, but numerous factors can contribute to it. It 

is often a sign of sub-base failure, poor drainage, or repeated over-loadings. It is important to 

prevent crocodile cracking, and repair as soon as possible, as advanced cases can be very 

costly to repair and can lead to formation of potholes or premature pavement failure. 
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Crocodile cracking is an asphalt pavement distress most often instigated by failure of the 

surface due to traffic loading. However, crocodile cracking can be greatly influenced by 

environmental and other effects while traffic loading remains the direct cause. Frequently, 

overloading happens because the base or sub base inadequately support the surface layer and 

subsequently cannot handle loads that it would normally endure.  

There are many ways that the sub base or base can be weakened. 

 Poor drainage in the road bed which is a frequent cause of this degradation of the 

base or subgrade.  

 A heavy spring thaw, similar to poor drainage, can weaken the base course, leading 

to crocodile cracking.  

 

A good strategy to prevent overloading, which is a main cause of crocodile cracking, is to 

increase the depth of the asphalt layer. According to certain researchers, pavements that 

exceed a certain minimum strength or thickness can hypothetically handle infinitely many 

loads without showing structural defects, including crocodile (fatigue) cracking. These 

pavements are called perpetual pavements or long-term performance pavements (LTPP). 
 

 

Figure 4: Fatigue (Alligator Cracking) [14] 
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 Other distress mode 

• Raveling: being the loss of stones in the surface of the pavement as a result of failure of 

the bond between the aggregate and the binder by a great number of shear loadings in 

combination with ageing of the material. The primary case, is however insufficient quality 

of the pavement material [10]. But if left uncorrected raveling could also be possible cause 

of crocodile cracking as it reduces the thickness of the pavement there by reducing the 

affected portion's ability to carry its designed loading. This can cause crocodile cracking to 

develop rapidly, as overloading will happen with loads of less magnitude or frequency [13]. 

 

Figure 5: Raveling (Stripping) [14] 

 

Figure 6: Figurative display of some of the distresses discussed [10] 
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2.4 Vehicle overloading damage estimation & regulations / enforcements done  

2.4.1. Equivalency Concept 
 

“The first systematic attempt to quantify the relationship between the axle load and damage caused to 

pavement, was made as part of a comprehensive road experiment , known as AASHO (American 

Association of State Highway Officials) Road test, built and then subjected to traffic, in Illinois, USA 

between 1956 and 1960. The experiment involved allowing vehicles of various axle loads to travel 

along different sections of road and comparing the number of load repetitions applied to the road 

before a defined level of distress in the pavement was reached. This work resulted in the following 

equivalency formula: 

 

                                                                                                                                                                                                   n 

   Equivalency Factor F =
𝑨𝒄𝒕𝒖𝒂𝒍 𝒂𝒙𝒍𝒆 𝒍𝒐𝒂𝒅 (𝒑 𝒕𝒐𝒏)

𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒂𝒙𝒍𝒆 𝒍𝒐𝒂𝒅 (𝟖.𝟐 𝒕𝒐𝒏)
  ……..Eq.1 

 

 

The formula compares the damaging effect on the road structure of any axle load, P, with that of a 

standard single axle load of 8.16 tons (80KN). An average value of n=4.5 is in practice for 

determining the equivalency factor for pavement design.” [15] 

 

 

In general, there have been many different reports in the literature regarding the exponent n in the 

load equivalence equation. This relation, comparing the damage caused by axles of different loads is 

[10]: 

…………..Eq.2 

Where: 

Wx = the axle load considered; 

Wref = the reference axle load (i.e. the legal axle load); 

Nx and Nref = the corresponding number of load applications. 

Cebon concludes that the damage factor “n”; 
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 For flexible pavements, values of 1.3 – 6 has been reported in the literature, 

 For composite and rigid pavements, values are thought to be as high as 8 – 33. 

 

COST 334 also makes a distinction between individual distress modes, and reports that: 

 Cracking of bituminous layers has a value of 4 − 7,  

 Permanent deformation of the subgrade has an exponent of perhaps 3 − 4 and, 

 Permanent deformation of bituminous layers a value of 1 − 2.       

       

This formula has been used for calculating the damage effect of axle load up on pavement life in 

many countries. For instance; In south Africa, for the purpose of design of the pavements, the 

damaging power of the axle is related to a “standard axle of 8.16 tonnes” using equivalency factor, 

which has been derived from empirical AASHTO studies as:” [4]    

                                                                                                                   4                                                                                                                                                                                            

Equivalency Factor =
 𝑨𝒙𝒍𝒆 𝒍𝒐𝒂𝒅 𝒊𝒏 𝒕𝒐𝒏𝒏𝒆𝒔

𝟖.𝟏𝟔
  ………Eq.3 

 

 “The power law” derived from the original analysis of the American association of State Highway 

and Transportation Officials (AASHTO) test data is often taken to have an exponential of 4. Though, 

in many road maintenance studies in the Southern African Development Community (SADC) region, 

a power of 4.5 is applied in order to derive the number of equivalent standard axles for a road. The 

exponential number considers; tendency of overloading, type and characteristics of the materials 

forming the sub-grade and base courses of pavement thickness. The Pavement and Materials Design 

Manual of the Ministry of Works, 1999 also puts the value of the exponential number at 4.5. The 

cumulative effect resulting due to the passage of many vehicles will gradually lead to pavement 

deformation as well as road surface deterioration by cracking. As a result of this, the influence of 

overloading couldn’t be seen in one day but gradually over the period of time of the pavement 

performance. In order to determine the cumulative axle load damage that a pavement will sustain 

during its design life, it is necessary to express the total number of heavy vehicles that will use the 

road over this period in terms of the cumulative number of equivalent standard axles. [4] 

“For instance, if a dual wheel axle is loaded say by 10t, it causes damage equivalent to standard axle 

= (10/8.16) 4.5 = 2.496, tandem axles carrying 18t causes damage equivalent to standard axle = 
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(18/15) 4.5 = 2.272 An Axle limited to 10t potentially causes 54% more deterioration if it is 

overloaded by 1t. Table below shows the effect of vehicle overloading on the pavement life. 

Therefore, dedicated axle load control is considered necessary since wear factor indicates such 

steeply rising function of axle weight.” [4] 
 

Table 1: Vehicle Overloading Vs Pavement Life [4] 

 

% Overload on Axle % increase in damage 
Reduced Working Life 

(Years) 

0 0 20 

5 22 16.4 

10 46 13.8 

20 105 9.8 

30 185 7.0 

40 285 5.2 

Source: AASHTO and Mid North Weights of Loads Group –Australia 

 

 

The application of the Equivalency Factor, F, makes it convenient to convert all axle loads and 

vehicle configurations into an equivalent number of standard axles. This relationship indicates, for 

example, that a single four-wheel axle load which is only 25% over the legal load limit of 9 tons, i.e. 

11.25 tons, is equivalent to the loads of 3.8 standard axles and has 2.6 times the damaging effect on 

the road of a 9 ton legal axle. Also if we consider an axle carrying twice the legal load (18 tons) has 

18.4 times the damaging effect of a legal axle load where the damage factor considered in this case is 

4.2. In other words, the passage over the road structure of one such overloaded axle is equivalent to 

the passage of approximately 18 legally loaded axles as shown in the figure below: 
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Figure 7: Comparison of damaging effect of a 100% overloaded truck over a legal one [8] 

 

2.4.2. Rules and Procedures 

 

Although the history of attempting to control truck overloading worldwide, including Tanzania, 

started long ago, the undesirable situation still persists. On the attempt to control vehicle over load on 

Tanzanian road network, weighbridges are being used to check both axle loads and Gross Vehicle 

Weights. The operations are governed by a legislation which is also harmonized with the Southern 

African Development Community (SADC) and East African Community (EAC) [4].     

 

Act and Regulation [4] 

 

Axle load control is regulated under the Road Traffic Act No.30 of 1973, [The Maximum Weight of 

Vehicles] Regulation 2001.The Regulation clearly defines responsibilities of the Road Authority 

(Ministry of Works and TANROADS) in collaboration with the Ministry of Home Affairs. 

Compared to previous legislation, the new legislation is easier to enforce due to the following 

characteristics: 

• It introduces an administrative fee schedule to simplify the normal criminal court procedure. 

• It provides a realistic compensation system for overload damage to roads and bridges. 
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• It empowers a weighbridge operator to impose fees on the spot to owners of an overloaded vehicle 

without necessarily going to criminal court proceedings.  

 

The Regulations include the following provisions [4]: 

 

• Enforcement procedures to be followed and give guidance as regards to the limits of its 

applications, procedures for weighing, issuance of abnormal and awkward loads permits, 

imposition and payment of fees, and administration of appeals. 

• Definition of the maximum allowable single axle load limit, which is 10 tonnes and a maximum 

gross vehicle weight of 56 tonnes. 

• All vehicles with loading capacity of equal or more than 3.5 tons must be weighed. 

• All overloads beyond 5% of legal limit must be offloaded into another vehicle or re-arranged 

• To proceed with 5% overload, the transporter shall pay a surcharge fee of 4 times its overload. 

Figure 8.1: Weighing a first axle group of vehicle on the weighbridge 
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Figure 8. 2: Weighing the Second axle group of the same vehicle on the weighbridge 

 

Figure 8: Vehicles being examined on the weighbridge [4] 

 

In Ethiopia enforcements are also stipulated. For instance the legal load limit specified by the 

“Council of Ministers Regulations No. 11/1990” (Council of Ministers Regulations to amend the 

vehicle size and weight regulation) [17] states that vehicles, here in Ethiopia, examined on different 

control stations should not exceed: 

 8tons for the steering axle (front axle) & also an axle equipped with a single tire whereas;  

 10tons for the rear axle equipped with dual tires.  

 

 

Plus for all types of vehicles, trucks or others that use Ethiopian roads should pay annually in 

accordance to the  tariff that has been stipulated under regulation no. 340/2015  on annual license 

renewal fee based on axle load [18] see table below: 
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Table 2: Tariff in Annual Vehicles License Renewal Fee based on Axle load [18] 

 

 

 

No. Vehicle Type and Loading Capacity
Annual Fee 

(birr)

1 Automobiles and Public Transport Vehicles

1.1 Up to 5 seats 125

1.2 6 up to 13 seats 150

1.3 13 up to 29 seats 200

1.4 30 up to 44 seats 250

1.5 Above 44 seats 800

2 Freight Trucks with a Loading Capacity

2.1 Up to 15 Quintals 300

2.2 16 up to 35 Quintals 550

2.3 36 up to 70 Quintals 1,000

2.4 71 up to 120 Quintals 1,500

2.5 121 up to 180 Quintals 2,000

2.6 Above 180 Quintals 2,500

3 Fuel/Liquid Loading Trucks with a Loading Capacity

3.1 Up to 10,000 Liters 750

3.2 10,001 up to 13,000 Liters 1,250

3.3 13,001 up to 14,000 Liters 1,500

3.4 Above 14,000 Liters 2,000

4 Others

4.1 Motorbikes 50

4.2 Special-Mobile equipment (Off-road operating vehicles) 300

5 Issuance of replacement sticker 100
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Also paper published by Indian Road Congress showed the importance of enforcement on overweight 

vehicles by using Weigh-in-Motion (WIM). With low enforcement, the overweight reached 25% 

whereas with high enforcement, overweight was as low as 0.5%. In addition, the fourth power law 

was applied to show that overweight of 10% causes damage of road more than 40% as shown in the 

figure below [5]:  

 

Figure 9: 10% overload increase pavement damage by 40% [5] 

 

If we also see the summarized general functional form between enforcement visibility and 

overweight violation rate based on several studies performed by seven state enforcement agencies in 

the U.S. as shown in the table below, we can see the inverse relation between overloading and 

enforcement [7] 
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Table 3: Overweight Violation Rate across State Agency (U.S.) [7] 

State 
High Enforcement Level 

Violation rate 

Low Enforcement Level 

Violation rate 

Virginia(2*) 0.5to2% 12to27% 

Maryland(2) 1.0% 34% 

Arizona(2) 1.5% 30% 

Wisconsin(3) 1.0% 20% 

Idaho(4) 11.9% 32% 

Florida(5) 1.4% 13% 

Montana(6) 1.0% 29% 

 

*Number represents number of weigh stations included in the study 
 

 

Similar system is used by most developed countries in order to control overloaded truck traffic. 

Complete legislation and twenty four hour all weather monitoring system is the most important 

means of overloaded truck traffic control. USA has adequate experience and resources to control 

trucks that are overloaded but still there is small portion of overloaded trucks (0.5-2.0%). If the 

government want to eliminate this small portion of the overloaded vehicle, it will be forced to feed in 

huge resources for the inspection purpose. Therefore, rules like less than 5% of overloaded truck 

traffic are tolerated in the pavement management system. Apart from monitoring and legislation the 

overloaded truck control strategy in Anhui is also based on education, which is a noticeable strategy 

and even though it cannot show its effect immediately, it provides dividends in the long term.  [7] 
 

Overloading of trucks must cease in order to improve road safety as well as reduce the expenses 

incurred in road maintenance. A 5 percent overload can lead to a 22 percent increase in road damage 

and an 18 percent decrease in pavement life. An overloaded truck is a disaster waiting to happen. 

Overloaded trucks cause damage in the road pavement that results in potholes, cracks and other 

structural irregularities. The higher the axle load, the greater the damage, for instance; a 5-ton axle 
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load will result in lesser pavement damage than a 9-ton axle load. An overloaded truck is also more 

likely to be unable to halt or avoid obstacles in its path as it’s difficult to steer a truck that is less than 

stable. Typically, the brakes of an overloaded truck are likely to wear out faster than those of a 

vehicle that carries cargo within prescribed weight limits. Generally, in the event of a traffic accident, 

the impact of a heavy truck will far outweigh that of a smaller vehicle, say a sedan as the tires are 

under massive strain that causes them to overheat and lead to blow outs. In addition an overloaded 

truck also burns more fuel [16]. Therefore; in order to reduce the above said consequences of 

overloading, proper enforcements as well as rules and regulations should be done.   

2.5 Conclusion 

 

As from the different literatures reviewed, overloading is a serious problem all over the world; it 

affects the economy of the country in that when the roads are deteriorated early because of the 

increased load repetition to the power of “n” due to overloading the maintenance and rehabilitation 

cost will increase as well for example 10% overload will result in 40% pavement damage applying 

the fourth power law (for “n” value of 4). Not only this, the society will also be affected indirectly 

because of delayed transportation of goods as the trucks might face technical problems due to loading 

beyond their capacity. It was also seen that with good law enforcements the rate of overloading could 

be minimized up to 0.5%. Therefore, in order to reduce this influence of overloading on roads, proper 

rules and regulations should be put on different overloading control stations so that it will minimize 

the damage caused upon pavements and widen the chance for roads to serve for their designed life 

time. 
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Chapter 3 

Research Methodology 
 

 

In order to come up with the result that reflects the objective of this study; this section of the paper 

deals with the following methodologies. The methodology will be discussed in two phases of data 

collection and analysis (i.e. level of overloading & pavement damage analysis).  But before the 

collection of any data, data reliability checking needs to be under taken because with a “reliable data 

we will have a reliable result”. Therefore, this was done by contacting the size and weight 

department; under ERA, about the calibration date checking of the equipment and it was satisfactory 

(i.e. the equipment’s at different control stations had annual calibration date checking certificate 

which satisfies the requirements of ES .A. D1 260 Ethiopian standards on Weighing Instruments-

Tolerance) “refer Annex ‘A’ for samples of some of the stations”. Hence, the data collection 

procedure was then started.  

 

 

3.1 Study Area & Observation Method 
 

 

The study area of this paper was first chosen by analyzing the secondary data collected at five size & 

weight control stations (i.e. Modjo, Holeta, Awash, Sululta as well as Alemgena) where there is a 

weighbridge that will enable for collecting the axle load of the respective freight transporting trucks. 

Apart from the analysis, other criteria’s that reinforces the choice of the best road route or control 

station were: 

 The existence of high rate of freight transporting vehicles &,  

 Pictures (that show the type of distress which are signs of overloading) taken on the 

chosen road were done, which will be further discussed later below.  

 

The study was designed based on “longitudinal study” where the measurement of the wanted data is 

undertaken over a period of time). So that the wanted data for the analysis will be collected for an 

elapsed duration at the chosen road routes. For example the primary data was collected at the chosen 

road route / control station in two days interval one day afternoon & one day morning. 
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3.2 Data Collection 
 

Collection of data includes secondary data i.e. the six year annual count of legal & illegal vehicles, 

where the vehicles are counted to be illegal if they carry beyond the legal load limit, at the different 

size & weight control stations stated above. Condition survey report of the different roads in Ethiopia 

was also collected. The two information’s gathered from ERA make possible to know which road 

route accommodates a large number of illegal vehicles (i.e. level of overloading assessment) and on 

that road route visual observation about the road condition (like taking pictures of the different 

distress seen along the route was done), which helped in choosing the best road route / control station 

for the study.  

In addition, a format similar with those used at the different size & weight control stations was 

prepared to collect the primary data. This format helped in easily jotting down the measured loads 

from each axle (i.e. front & rear) of the respective trucks that were examined randomly on the 

weighbridges plus it also helps in the process of separating  the same axle group vehicles from the 

whole data (for analysis purpose). Interviews were also made at the chosen size & weight control 

stations to collect data that is mostly related with measures done to date & what they expect to be 

done in the future to alleviate the problem of overloading on pavements. 

3.3 Data Analysis 
 

The data analysis procedure includes implementation of the fourth power law as well as AASHTO 

remaining life analysis approach.  

The specific tasks in the data analysis procedure include: 
 

 Categorization of the collected data as overloaded or legal based on each axle load weight 

instead of GVW and showing the proportion of the overloaded axles to the different cases of 

overloading (i.e. upto10% overload, 11-20% overload…).  

 

 Calculation of the equivalence factors for the collected axle loads by relating each measured / 

examined axle loads (i.e. from each measured axles (i.e. Front & Rear) of the vehicle 

examined) with the standard axle using a damaging factor of n=4.3 (ERA standard), since the 

considered road is the recently constructed rigid pavement which was open for traffic on the 

late 2015. Estimation of equivalent standard axles (ESA) of the examined vehicles was then 

carried out and comparison was made with the expected ESAL of the road for a design period 

of 40years. 
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 Remaining life analysis was also carried out using the results of the comparison above and 

needed overlay thickness, due to the overloaded axles, for the unexpected rehabilitation and 

maintenance was shown.   

 

 Finally, conclusions and recommendations that are thought to reduce the negative influence of 

overloading were made from the results of the different analysis done.  

3.2 Flow Chart of Research Methodology 
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Figure 10: Flow Chart of research methodology 
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Chapter 4 

Analysis and Results 
 

 

4.1 Level of Overloading (Phase I) 
 

This phase includes collection of data from “Ethiopian Roads Authority” (ERA) where it helps to 

choose which road route is more affected with overloading and which is not. This data is essential as 

it contributes in the endeavor of showing the influence of overloading up on pavements life because 

the result from the collected data assessment will guide in choosing the road route which is more 

exposed to overloaded freight transporting vehicles. Following this (i.e. to know the level of 

overloading of different stations in Ethiopia), the data collection on this phase includes; secondary 

data from different control stations (with weighbridges) which contains the summarized data about 

the number of vehicles that were found to exceed more than the allowed (legal) load limit in relation 

to the axle distribution (i.e. front axle “F” and rear axle “R”) of the vehicles that were examined 

“refer Annex ‘B’”.  

The other is road condition survey data for general overview of the conditions of our roads which 

contains information regarding the road segments in “kilometer” and condition of the road in 

“percentage” and “kilometer” for the ratings “GOOD”, “FAIR” & “POOR” of the different road 

routes of Ethiopia “refer Annex ‘B’”. Also pictures of the different distresses seen on the chosen 

route were also collected. 

As stated in the literature review earlier, the legal load limit specified by the “Council of Ministers 

Regulations No. 11/1990” (Council of Ministers Regulations to amend the vehicle size and weight 

regulation) [17] states that vehicles, here in Ethiopia, examined on different control stations should 

not exceed: 

 8tons for the steering axle (front axle) & also an axle equipped with a single tire whereas;  

 10tons for the rear axle equipped with dual tires.  

 

And it was based on these criteria’s that the data about the number of vehicles that exceeds from the 

allowed load limit were gathered. 
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Data Analysis  

The analysis procedure starts with assessing the summarized data about the number of vehicles found 

beyond the legal load limit at different load control stations as well as the condition survey data. 

 

Assessment of the number of vehicles beyond the legal load limit 

 

At different road routes in Ethiopia there are load control stations (with weighbridges), that control 

the number of vehicles which are found below or above the legal load limit. And the five main 

corridors out of Addis Ababa are; Modjo, Holeta, Awash, Sululta as well as Alemgena size and 

weight control stations. Hence the data collected from these stations helps in the assessment of 

finding out which road route is more susceptible to overloading among these five stations (i.e. it 

helps in choosing the study road route / station of this paper). And according to the assessment of the 

gathered data the following results were obtained: 

 

 From Modjo size and weight control station: 

 

 

Figure 11: Modjo Station 
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 From Holeta size and weight control station: 
 

 
 

Figure 12: Holeta Station 

 

 From Awash size and weight control station: 

 

Figure 13: Awash Station 



Influence of Overloaded Freight Transportation on Pavement Life                       [AAIT] 
 

MSc. Thesis Page 29 
 

 From Alemgena size and weight control station: 

 

Figure 14: Alemgena Station 

 

 From Sululta size and weight control station: 

 

Figure 15: Sululta Station 
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The figures above try to show that the amount of overloaded vehicles tend to decrease with in the 

past six years and the ratio of the total number of overloaded vehicle count to the total number of 

vehicles examined for the last six years is also stated in percentage for each control station which 

eliminates Modjo size and weight control station as its number of illegal vehicle in percentage for the 

last six years is much less than the others (i.e. 9%) plus the number of vehicles that are heavily 

loaded (as seen in Figure 16) are less than that of Awash (which have the maximum value). 

Meanwhile; the number of vehicles counted with in the year 2012-2013 at Holeta and Alemgena 

control stations shows a drastic change of the number of illegal vehicles (i.e. from 3,287 to 32,442 

then down to 5,893 (for Holeta) and from 504 to 6,606 then down to 3,990 (for Alemgena) as shown 

on Figure 12  &  Figure 14 respectively.  

 

Information collected from ERA personnel signifies that Alemgena size and weight control station, 

which examines the vehicles passing through from / to both Jimma and Butajira road routes, is going 

to be demolished for hospital construction around the area and the new control stations are planned to 

be constructed at each road routes (i.e. one for Jimma & one for Butajira). So it will be unlikely to 

show the influence of overloading considering the traffic from both Jimma & Butajira road routes 

while in the future there will be two different control stations for the said two road routes (which 

contradicts) so the study will not be feasible. Therefore considering these conditions; the Alemgena 

size and weight control station is eliminated.  
 

 

For Holeta size and weight control station, the graphical figure results above show that there is a 

drastic change in the year (2012-2013) which raised the percentage of illegal number of vehicles for 

the last six year average to 14%. This happened due to transportation of construction materials for 

different infrastructures like cement factories (For instance; Dangote Cement Factory started 

construction on that year as information gathered from personnel at Holeta control station). Plus the 

number of illegal vehicles found during examination at the control stations are mostly of one or two 

tones beyond the legal load limit (refer under Annex ‘B’ the summarized illegal number of vehicles 

“From July 1, 2012-June 30, 2013”) which can also be clearly seen on Figure 16 below that Holeta 

has a small number of illegal vehicles that are heavily loaded (i.e. >13tonnes for the rear axle and > 

10tonnes for the front axle) compared with Sululta and Awash control stations. Therefore, Holeta 

size and weight control station is also not chosen as the best study station because the drastic 

influence seen in the year (2012-2013) is a result from the count of illegal number of vehicles around 
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the margins of the legal load limit plus it will not be a representative count for the station as the 

drastic change existed due to the different activities within that year (2012-2013).  

 

 
 

Figure 16: Heavily Loaded Vehicle Count 

 

Finally the control stations left for comparison are Awash and Sululta. On average among the total 

number of vehicles examined from 2008 to 2014, about 12% from Awash and 15% from Sululta 

were found to be illegal vehicles. But most of the number of illegal vehicles counted at Sululta 

control stations are on the margins (i.e. between 10.1 – 13tonnes) “refer Annex ‘B’ ‘Form Ax-001’ of 

Sululta size and weight control station”. It is also clearly seen in Figure 16 above that Awash control 

station had greater illegal number of heavily loaded vehicle count than Sululta which is investigated  

for the rear axle (>13tonne) and front axle (>10tonne) where the legal load limit is 10 and 8tonnes 

respectively. In addition, to go online with the objective of this paper (i.e. showing the influence of 

overloaded freight transportation on the life of pavements), from the two stations Awash have more 

exposure to freight transportation.  

Additional justification will also be discussed below in the road condition survey analysis for the 

choice of Awash size and weight control station.  
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Road condition survey data assessment 
 

The different roads in Ethiopia have got a condition survey study made by RNMD (Road Network 

Management Directorate) which will assist in knowing the status of our roads (assets). There are 10 

(ten) RNMD’s in Ethiopia and the investigation done for last year with condition ratings for the roads 

classified as “GOOD”, “FAIR” or “POOR “is shown in the figure below. The RNMD that includes 

Awash control station is the Dire Dawa RNMD with 14% of the road rated poor.  

 

 

Source: Ethiopian Roads Authority (ERA) 
 

Figure 17: Road Condition Rating 
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Even though the classification i.e. poor is of course couldn’t only be by overloading, it was seen, 

from the road condition survey (visual observation), that most of the distress (like rutting) are results 

of overloading from the heavy vehicles transporting goods (i.e. mostly affected lane is the right lane 

in the direction to Addis Ababa & left lane in the direction to Awash as seen in the figures below).   
 

 

 

Figure 18: Distresses due to overloading (mostly rutting) 

(Pictures taken along the route from Addis Ababa to Awash (Around Methehara)) 

 

To Addis Ababa 

direction 

To Awash 

direction 
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As it is recalled earlier, from the result of the summarized illegal number of vehicle count 

investigation and the figures above plus the corridors’ susceptibility to freight transportation, Awash 

size and weight control station was chosen as the best study station to show the influence of 

overloaded freight transportation on pavements life. 
 

4.2 Pavement Damage Analysis (Phase II)   
 

This phase involves collection of primary and secondary data as well as interviews on the selected 

station (i.e. Awash Size & Weight control station). The data collected on site was the axle load data 

of different vehicles. The discussion of data interpretation as well as analysis will be as follows: 

 

Primary Data Analysis  

The primary data consists of the load from front as well as each rear axles of different vehicles 

examined on the weighbridges and a total of 411 axles were measured / examined out of which 198 

axles were found to be beyond the legal limits (i.e. 8ton for the front axle & 10ton for the rear axle), 

which implies that about 48% of the axles from different vehicles examined were found to be 

overloaded. Sample of one truck being examined for all its axles at Awash Size & Weight control 

station is shown below: 
 

          

                Figure 19. 1: “Front axle”                                        Figure 19. 2: “Rear Axle 1” 
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                Figure 19. 3: “Rear Axle 2”                                         Figure 19. 4: “Rear Axle 3” 

           

                Figure 19. 5: “Rear Axle 4”                                          Figure 19. 6: “Rear Axle 5” 

 

Figure 19: Vehicle being examined on weighbridge at Awash size & weight control station 
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The primary data collected at awash size & weight control station is as tabulated below:  

Table 4: Primary data collected at Awash size & weight control station 

 

F1 R1 R2 R3 R4 R5

1 7.40 11.00 9.60 10.80

2 6.90 12.02 11.70 12.64 9.90 11.40

3 7.00 12.60 13.10 11.10 10.30 8.70

4 7.30 13.10 12.00 10.50 9.40 9.90

5 5.40 13.20 11.90 10.00 10.00 9.40

6 6.60 13.20 12.40 9.70 9.30 10.50

7 6.80 13.20 12.80

8 6.70 12.30 12.10 10.00 9.40 9.90

9 4.10 9.90 10.20 13.10 11.30

10 7.30 9.80 9.00

11 6.00 11.60 11.50 9.30 9.90 8.20

12 6.40 11.40 11.20 10.80 9.60 9.90

13 5.80 11.10 11.60 9.10 7.90 6.60

14 7.50 9.90 9.70 9.70 9.10 9.40

15 6.20 9.50 9.10 11.90 11.40

16 6.10 10.20 10.20 12.10 9.90 11.40

17 6.20 15.40 9.10 9.10

18 5.40 15.00 15.00

19 8.00 12.60 11.70 9.10 8.80 8.90

20 7.30 12.90 11.40 12.70 9.70 9.40

21 7.10 12.70 12.40 9.70 9.40 9.50

22 6.00 11.90 11.30 9.20 8.00 9.10

23 6.70 11.80 11.20 10.10 6.40

24 7.40 11.10 10.60 12.00 9.40 8.60

25 7.90 12.10 11.80 10.30 7.80 8.80

26 6.70 14.20 14.50

27 6.80 13.10 12.90 9.70 9.90 10.00

28 6.90 13.30 12.90 10.10 9.90 9.70

29 6.90 13.20 13.30 10.10 9.00 9.40

30 5.90 8.80 9.90 12.20 9.90 12.10

31 6.60 12.60 12.20 9.40 9.50 9.70

32 7.00 12.90 12.80 9.80 9.80 9.20

33 5.70 12.40 12.20 9.50 8.80 9.10

Primary Data Collected at Awash Size & Weight Control Station

Axle Load (Ton)

Item
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34 8.30 11.80 11.50 9.40 9.90 10.10

35 6.90 12.70 12.20 8.70 9.10 9.10

36 7.40 11.90 11.50 8.80 10.70 12.50

37 7.10 12.20 12.40 9.70 8.70 9.40

38 7.70 11.70 11.80 11.20 9.10 9.10

39 7.70 9.50 9.60 10.80 9.60 7.70

40 7.50 13.20 12.10 9.90 11.00 10.40

41 6.00 8.80 9.10 9.40

42 7.20 12.10 12.10 9.80 7.70 7.90

43 7.00 11.70 11.10 12.00 9.20 10.10

44 5.80 12.50 11.00 11.80 9.10 9.70

45 7.30 11.40 11.00 10.10 10.00 10.10

46 6.70 12.20 11.40 9.50 9.80 9.20

47 5.90 11.10 11.20 11.60 10.80 12.20

48 7.80 11.20 11.30 10.00 9.60 9.20

49 6.90 12.80 12.10 9.70 10.10 8.30

50 7.90 10.10 9.80 8.60 11.60 11.40

51 6.90 12.00 11.40 14.10 11.30 12.10

52 5.70 12.00 12.20 9.90 9.10 8.70

53 7.50 13.10 12.80 11.10 10.60 9.90

54 7.10 12.70 12.60 9.60 10.10 9.90

55 8.00 13.30 12.80 10.20 10.60 10.10

56 7.40 12.70 12.20 10.30 8.70 9.20

57 6.40 10.00 10.00 10.60 11.20 13.70

58 7.10 12.30 12.40 8.80 9.30 9.70

59 7.80 12.20 12.10 9.70 10.00 9.30

60 6.50 12.60 12.00 9.50 9.80 9.40

61 7.00 11.90 11.60 12.70 10.00 13.00

62 5.80 12.40 10.10 12.10

63 6.80 13.10 12.70 10.00 10.10 9.70

64 6.80 13.10 12.20 10.80 9.50 8.50

65 6.10 10.40 10.30 11.20 11.00 11.10

66 7.30 13.00 12.20 9.90 10.60 8.80

67 6.30 10.80 10.70 11.10 11.10 11.50

68 6.20 10.30 10.80 11.10 11.30 11.60

69 7.30 12.30 12.50 9.80 10.40 9.40

70 6.00 9.80 10.10 9.70 6.70 9.20

71 5.30 12.00 11.40 8.40 10.20 6.20

72 6.00 13.00 15.50 15.00

73 6.00 15.00 13.50 11.50
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At the size and weight control station it was observed that vehicles with rear axle loads on the 

margins (i.e. 11 to 12 ton) were tolerated and assessment was done for the rear axles because most of 

the rear axles are beyond the legal limit whereas only one front axle was found to be overloaded. 

Therefore, the rear axles were assessed to show the different cases of overloading. See the analysis in 

the tables below:                                                                  
 

Table 5: Number of overloaded rear axles for each Truck / Trailer (TT*) 
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Table 6: Number of overloaded rear axles for each Heavy Truck (HT*) 

             

As seen from the above tables, the overloaded rear axles counted from the different truck / trailers 

and heavy trucks were categorized to different cases of overloading as shown in table 7 below: 
 

 

Table 7: Truck / Trailer (TT) & Heavy Truck (HT) percentage for different cases of overloading 
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The Annual Average Daily Traffic (AADT) for rigid pavement approach design – Awash junction 

(road project) [19], which is AADTTT = 1341 and AADTHT = 206, was used to obtain the weighted 

average of the two truck compositions (i.e. TT & HT) and it is summarized in table 8 below: 

Table 8: Weighted average overloading composition from TT and HT axles 

 

The graphical representation of table 8 is shown below: 

 

Figure 20: Categorization of the overloaded rear axles to different cases of overloading 

As seen from the figure 20 above 24% of the rear axles are in the range (10.1 – 11 ton) while 32% of 

the rear axles are in the range (11.1 – 12 ton), which implies that 56% of the total overloaded rear 

axles are in the margins. Therefore, tolerance of these loads on the margins should be avoided 

because it will have adverse effect when it is projected for the roads’ design period which will be 

further shown in the remaining life analysis later.  

TT 1341 HT 206

10.1-11 11.1-12 12.1-13 >13

Weighted Average                        

(TT* x 1341)+(HT* x 206)            

1341+206

24% 32% 30% 14%

AADT

Axle load (ton)
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In addition to the above analysis, we can also see how the pavements design period is affected due to 

overloaded freight transportation using the AASHTO remaining life analysis.  

The design lives of pavements are expressed in terms of the Equivalent Standard Axles (ESAs) they 

are designed to carry. Therefore, the following analysis involves ESA estimation for the truck/trailers 

and heavy vehicles data collected. In this process, the equivalency factors (EF) of each axle should be 

determined first as the sum of the individual EF values for each axle of the vehicle gives the 

equivalence factor of the vehicle as a whole. As per ERA’s standard [20], [21] the equivalency factor 

is expressed as: 

                                ef = (L/8160) n   ,   (for loads in kg) ………...Eq.4 
 

                                     or ef = (L/80) n
    ,      (for loads in KN) ………...Eq.5 

Where: 

               ef = number of equivalent standard axles (ESAs) 

               L = axle load (in kg or KN) 

               n = damage exponent (n = 4.5 for flexible pavement and 4.3 for rigid pavement). 
 

The detail procedure in obtaining the equivalency factors of the vehicles is tabulated below: 

Table 9 : Examined axles of truck/trailer with their respective load factors  

 

F1 LF R1 LF R2 LF R3 LF R4 LF R5 LF Total LF

1 6.90 0.49 12.02 5.29 11.70 4.71 12.64 6.57 9.90 2.30 11.40 4.21 23.56

2 7.00 0.52 12.60 6.48 13.10 7.66 11.10 3.76 10.30 2.72 8.70 1.32 22.44

3 7.30 0.62 13.10 7.66 12.00 5.25 10.50 2.96 9.40 1.84 9.90 2.30 20.62

4 5.40 0.17 13.20 7.91 11.90 5.07 10.00 2.40 10.00 2.40 9.40 1.84 19.78

5 6.60 0.40 13.20 7.91 12.40 6.05 9.70 2.10 9.30 1.75 10.50 2.96 21.17

6 6.70 0.43 12.30 5.84 12.10 5.44 10.00 2.40 9.40 1.84 9.90 2.30 18.24

7 4.10 0.05 9.90 2.30 10.20 2.61 13.10 7.66 11.30 4.05 0.00 16.67

8 6.40 0.35 11.40 4.21 11.20 3.90 10.80 3.34 9.60 2.01 9.90 2.30 16.11

9 6.20 0.31 9.50 1.92 9.10 1.60 11.90 5.07 11.40 4.21 0.00 13.10

10 6.10 0.29 10.20 2.61 10.20 2.61 12.10 5.44 9.90 2.30 11.40 4.21 17.46

11 8.00 0.92 12.60 6.48 11.70 4.71 9.10 1.60 8.80 1.38 8.90 1.45 16.54

12 7.30 0.62 12.90 7.17 11.40 4.21 12.70 6.70 9.70 2.10 9.40 1.84 22.64

13 7.10 0.55 12.70 6.70 12.40 6.05 9.70 2.10 9.40 1.84 9.50 1.92 19.16

14 7.40 0.66 11.10 3.76 10.60 3.08 12.00 5.25 9.40 1.84 8.60 1.25 15.83

15 7.90 0.87 12.10 5.44 11.80 4.88 10.30 2.72 7.80 0.82 8.80 1.38 16.13

Primary Data Collected at Awash Size & Weight Control Station (Truck/Trailer)

Item
Axle Load (Ton)
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16 6.80 0.46 13.10 7.66 12.90 7.17 9.70 2.10 9.90 2.30 10.00 2.40 22.07

17 6.90 0.49 13.30 8.17 12.90 7.17 10.10 2.50 9.90 2.30 9.70 2.10 22.72

18 6.90 0.49 13.20 7.91 13.30 8.17 10.10 2.50 9.00 1.52 9.40 1.84 22.43

19 5.90 0.25 8.80 1.38 9.90 2.30 12.20 5.64 9.90 2.30 12.10 5.44 17.30

20 6.60 0.40 12.60 6.48 12.20 5.64 9.40 1.84 9.50 1.92 9.70 2.10 18.38

21 7.00 0.52 12.90 7.17 12.80 6.93 9.80 2.20 9.80 2.20 9.20 1.68 20.68

22 8.30 1.08 11.80 4.88 11.50 4.37 9.40 1.84 9.90 2.30 10.10 2.50 16.97

23 6.90 0.49 12.70 6.70 12.20 5.64 8.70 1.32 9.10 1.60 9.10 1.60 17.34

24 7.40 0.66 11.90 5.07 11.50 4.37 8.80 1.38 10.70 3.21 12.50 6.26 20.94

25 7.10 0.55 12.20 5.64 12.40 6.05 9.70 2.10 8.70 1.32 9.40 1.84 17.49

26 7.70 0.78 11.70 4.71 11.80 4.88 11.20 3.90 9.10 1.60 9.10 1.60 17.47

27 7.50 0.70 13.20 7.91 12.10 5.44 9.90 2.30 11.00 3.61 10.40 2.84 22.79

28 7.00 0.52 11.70 4.71 11.10 3.76 12.00 5.25 9.20 1.68 10.10 2.50 18.41

29 5.80 0.23 12.50 6.26 11.00 3.61 11.80 4.88 9.10 1.60 9.70 2.10 18.69

30 7.30 0.62 11.40 4.21 11.00 3.61 10.10 2.50 10.00 2.40 10.10 2.50 15.84

31 6.70 0.43 12.20 5.64 11.40 4.21 9.50 1.92 9.80 2.20 9.20 1.68 16.07

32 5.90 0.25 11.10 3.76 11.20 3.90 11.60 4.54 10.80 3.34 12.20 5.64 21.42

33 7.80 0.82 11.20 3.90 11.30 4.05 10.00 2.40 9.60 2.01 9.20 1.68 14.86

34 6.90 0.49 12.80 6.93 12.10 5.44 9.70 2.10 10.10 2.50 8.30 1.08 18.54

35 7.90 0.87 10.10 2.50 9.80 2.20 8.60 1.25 11.60 4.54 11.40 4.21 15.57

36 6.90 0.49 12.00 5.25 11.40 4.21 14.10 10.50 11.30 4.05 12.10 5.44 29.95

37 7.50 0.70 13.10 7.66 12.80 6.93 11.10 3.76 10.60 3.08 9.90 2.30 24.41

38 7.10 0.55 12.70 6.70 12.60 6.48 9.60 2.01 10.10 2.50 9.90 2.30 20.54

39 8.00 0.92 13.30 8.17 12.80 6.93 10.20 2.61 10.60 3.08 10.10 2.50 24.21

40 7.40 0.66 12.70 6.70 12.20 5.64 10.30 2.72 8.70 1.32 9.20 1.68 18.71

41 6.40 0.35 10.00 2.40 10.00 2.40 10.60 3.08 11.20 3.90 13.70 9.28 21.41

42 7.10 0.55 12.30 5.84 12.40 6.05 8.80 1.38 9.30 1.75 9.70 2.10 17.68

43 7.80 0.82 12.20 5.64 12.10 5.44 9.70 2.10 10.00 2.40 9.30 1.75 18.16

44 6.50 0.38 12.60 6.48 12.00 5.25 9.50 1.92 9.80 2.20 9.40 1.84 18.06

45 7.00 0.52 11.90 5.07 11.60 4.54 12.70 6.70 10.00 2.40 13.00 7.41 26.63

46 6.80 0.46 13.10 7.66 12.70 6.70 10.00 2.40 10.10 2.50 9.70 2.10 21.82

47 6.80 0.46 13.10 7.66 12.20 5.64 10.80 3.34 9.50 1.92 8.50 1.19 20.20

48 6.10 0.29 10.40 2.84 10.30 2.72 11.20 3.90 11.00 3.61 11.10 3.76 17.12

49 7.30 0.62 13.00 7.41 12.20 5.64 9.90 2.30 10.60 3.08 8.80 1.38 20.42

50 6.30 0.33 10.80 3.34 10.70 3.21 11.10 3.76 11.10 3.76 11.50 4.37 18.76

51 6.20 0.31 10.30 2.72 10.80 3.34 11.10 3.76 11.30 4.05 11.60 4.54 18.72

52 7.30 0.62 12.30 5.84 12.50 6.26 9.80 2.20 10.40 2.84 9.40 1.84 19.59

53 6.00 0.27 11.60 4.54 11.50 4.37 9.30 1.75 9.90 2.30 8.20 1.02 14.25

54 5.80 0.23 11.10 3.76 11.60 4.54 9.10 1.60 7.90 0.87 6.60 0.40 11.39

55 6.00 0.27 11.90 5.07 11.30 4.05 9.20 1.68 8.00 0.92 9.10 1.60 13.58

56 6.70 0.43 11.80 4.88 11.20 3.90 10.10 2.50 6.40 0.35 0.00 12.07

57 5.70 0.21 12.40 6.05 12.20 5.64 9.50 1.92 8.80 1.38 9.10 1.60 16.80

58 7.70 0.78 9.50 1.92 9.60 2.01 10.80 3.34 9.60 2.01 7.70 0.78 10.84

59 7.20 0.58 12.10 5.44 12.10 5.44 9.80 2.20 7.70 0.78 7.90 0.87 15.31

60 5.70 0.21 12.00 5.25 12.20 5.64 9.90 2.30 9.10 1.60 8.70 1.32 16.31

61 6.00 0.27 9.80 2.20 10.10 2.50 9.70 2.10 6.70 0.43 9.20 1.68 9.17

62 5.30 0.16 12.00 5.25 11.40 4.21 8.40 1.13 10.20 2.61 6.20 0.31 13.67

63 7.50 0.70 9.90 2.30 9.70 2.10 9.70 2.10 9.10 1.60 9.40 1.84 10.63

18.35Average
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Table 10: Examined axles of heavy truck with their respective load factors  

 

This collected data and its analysis was compared with the original design of a road project (rigid 

pavement approach design – Awash junction). And the result from the analysis was used to show 

how the lives of pavements will be severely affected due to the inculcation of an overloaded vehicle 

passage (especially vehicles with axles on the margins as it was observed at the station that they are 

mostly tolerated and take most of the percentage). The analysis consists of calculating the cumulative 

Equivalent Standard Axle Load (ESAL) of the examined vehicles projected for a period of 40years 

using equation 6.  

...Eq.6 [22], [23] 

The directional distribution factor of 0.5, and growth rate of: 6% for Light commercial vehicle 

(LCV’s), 5% for Medium Trucks (MT) (2axles), 5.5% for Heavy Trucks (HT) (3 axles) as well as 

Light/Heavy Bus (L/HB) and 7% for Articulated/truck and trailer (TT), 7.5% Passenger car/4WD are 

used. The annual average daily traffic count (AADT) of 2014 was used which is summarized on the 

table below where the base year is estimated using the stated growth rates [19]. 

F1 LF R1 LF R2 LF R3 LF R4 LF R5 LF Total LF

1 6.80 0.46 13.20 7.91 12.80 6.93 15.30

2 6.20 0.31 15.40 15.35 9.10 1.60 9.10 1.60 18.85

3 5.40 0.17 15.00 13.71 15.00 13.71 27.58

4 6.70 0.43 14.20 10.83 14.50 11.85 23.10

5 5.80 0.23 12.40 6.05 10.10 2.50 12.10 5.44 14.22

6 7.40 0.66 11.00 3.61 9.60 2.01 10.80 3.34 9.62

7 6.00 0.27 13.00 7.41 15.50 15.78 15.00 13.71 37.16

8 6.00 0.27 15.00 13.71 13.50 8.71 11.50 4.37 27.06

9 7.30 0.62 9.80 2.20 9.00 1.52 4.34

10 6.00 0.27 8.80 1.38 9.10 1.60 9.40 1.84 5.09

18.23

Primary Data Collected at Awash Size & Weight Control Station (Heavy Truck)

Item
Axle Load (Ton)

Average



Influence of Overloaded Freight Transportation on Pavement Life                       [AAIT] 
 

MSc. Thesis Page 44 
 

 

Table 11 : Annual Average Daily Traffic Count 

 
 

Table 12: Estimation of the examined vehicles ESA 

 
 

In order to obtain the initial ESA of the new road, the cumulative ESA was projected back from the 

40th year ESA with a growth rate of 5.75% (the average growth rate is taken for the considered 

vehicles, MT, HT, TT and L/HB). The total ESA for a period of 40years was 231,083,303.38 but 

different considerations were implemented like 35% reduction due to the rail way transportation plus 

adjustments were also made by dividing the remaining ESA by two assuming additional lanes will be 

implemented then finally the ESA was adjusted to 75,446,258.191 and a rigid pavement slab 

thickness of 350mm was designed [19]. Accordingly the same considerations were made on this 

paper to compare the effect of the obtained data ESA with the original design of the newly 

constructed rigid pavement to show the influence of overloading in the life of pavements. Thus the 

obtained total ESA in table 12 above was adjusted to 1.18E+06 and for the designed slab thickness of 

350mm the 40th year ESA was projected back to an initial ESA of 5.91E+05. Table 13 below shows 

the comparison of the original design with the actual condition projected for a period of 40 years.  

 

1341 D   = 0.5

206 L   = 0.7AADT (Heavy Truck) =

Truck Factor

4.80E+05

Total ESAL = 3.62E+06

Total (Truck Trailer)=  ESA =

Vehicle Type

Total (Heavy Truck)=

Equivalent Standard Axle 

3.14E+06

3.14E+06

18.23Heavy Truck 4.80E+05

 ESA =

AADT (Truck Trailer) =

18.35Truck Trailer
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Table 13: Comparison of projected design traffic with the projected ESA of collected axles 

 
 

 Where the growth factor:  GY = (1+ r) Y 

                                                                         

The graphical representation of table 13 is shown in figure below: 

r= 0.0575

Actual 

Years
Years

2015 1

2016 2

2017 3

2018 4

2019 5

2020 6

2021 7

2022 8

2023 9

2024 10

2025 11

2026 12

2027 13

2028 14

2029 15

2030 16

2031 17

2032 18

2033 19

2034 20

2035 21

2036 22

2037 23

2038 24

2039 25

2040 26

2041 27

2042 28

2043 29

2044 30

2045 31

2046 32

2047 33

2048 34

2049 35

2050 36

2051 37

2052 38

2053 39

2054 40

1.34E+07

4.22E+07

3.55E+07

3.88E+07

1.88E+06

9.81E+06

1.15E+07

1.94E+07

2.12E+07

5.91E+05

1.22E+06

2.49E+07

2.30E+07

2.57E+06

3.31E+06

3.89E+07

3.62E+07

3.37E+07

ESA of collected axles 

projected for a period of                                   

40 years

Original designed ESA 

projected for a period of 

40years

GY

1

2.0575

3.17580625

13.02706408

14.77612027

16.62574718

4.358415109

5.609023978

6.931542857

7.69E+06

8.330106571

9.809087699

11.37311024

4.09E+06

4.92E+06

5.79E+06

6.72E+06

32.91927289

35.81213108

30.18370959

18.58172764

8.73E+06

9.82E+06 1.96E+07

2.19E+07

2.43E+07

1.78E+07

1.22E+07

1.35E+07

1.49E+07

1.63E+07

22.83756216

1.10E+07

20.65017698

25.15072198

27.5968885

Y= 40years

2.69E+07

2.96E+07

3.25E+07

1.18E+06

1.53E+07

1.74E+07

2.42E+06

5.13E+06

3.74E+06

6.60E+06

8.16E+06

70.60472192

65.82006801

61.29557258

57.01708991

52.97124342

49.14538385

45.52754974

42.10643001

38.87132862

145.3685143

136.5186896

128.1500611

120.2364644

112.7531578

105.676745

98.98510164

92.65730652

86.6735759

5.79E+07

4.78E+07

4.47E+07

4.17E+07

2.90E+07

2.69E+07

8.59E+07

8.06E+07

7.57E+07

7.10E+07

6.66E+07

6.24E+07

5.85E+07

5.47E+07

5.12E+07

3.13E+07 6.24E+07

81.0152018

75.66449343

5.36E+07

4.96E+07

4.58E+07

1.71E+08

1.61E+08

1.51E+08

1.42E+08

1.33E+08

1.24E+08

1.17E+08

1.09E+08

1.02E+08

9.54E+07

8.91E+07

8.31E+07

7.75E+07

7.22E+07

6.71E+07

     r 
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Figure 21: Influence of Overloading on the design period of pavements 

The figure above signifies that for a road designed as such, the rehabilitation / maintenance period is 

estimated to be approximately 28years from the first day opening of the traffic if these overloaded 

axles keep using the road for the coming years. Therefore, from the analysis of the data collected at 

Awash control station we can see or conclude that the effect of overloaded freight transporting 

vehicles on pavements life is severe and should be given a serious attention (especially the tolerance 

of axles (i.e. 10.1 - 12 ton) on the margins to the legal load limit should be prohibited as they take 

most of the percentage of the overloaded axles as discussed earlier on figure 20). Further 

investigation was also made to the result of figure 21 above to show its influence on roads. The 

analysis of the effective slab thickness for the newly constructed rigid pavement as well as the 

overlay thickness that will be needed for the damage at the end of the 28th year from traffic opening 

was made. This was performed using the famous AASHTO regression equation stated below: 
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..Eq.7 [22], [23] 

                 Where:  

 ZR = -1.65 for a reliability “R” of 95%; [19]; 

 So= 0.39; [19]; 

 Change in PSI = 4.5– Pt = 4.5 – 1.5 = 3.0; [19]; 

 Modulus of elasticity of concrete (Ec) = 4.06E+06psi [19]; 

 Modulus of rupture of concrete (Sc) = 609 psi [19]; 

 Modulus of subgrade reaction (K) = 372 psi/in [19]; 

 Load transfer coefficient (J) = 3.1 [19]; 

 Drainage coefficient (Cd) = 1.0 [19]; 

 W18 = 8.59E+07, (Traffic for the designed slab thickness (D = 350mm [19])).  
 

See table below: 

Table 14: The rigid pavement approach design [19] 
 

 
 

The design slab thickness as mentioned earlier was 350mm (13.78inches) and comparison was made 

with the slab thickness required due to overloading (i.e. 1.71E+08 – 8.59E+07 = 8.53E+07). In order 

Parameter Value

Standard Deviation (So) 0.39

Reliability (R %) 95

Normal Deviate (ZR) -1.65 Value

Slab Thickness (D) in inches 13.78 Log 10 (W18) = 7.93

Terminal Serviceability (Pt) 1.5 W18 = 8.59E+07

Design Serviceability loss (∆PSI) 3

Modulus of Elasticity of Concrete (Ec) 4.06E+06

Modulus of Rupture of Concrete (Sc) 609

Modulus of Subgrade Reaction (k) 372

Load transfer Coefficient (J) 3.1

Drainage Coefficient (Cd) 1
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to do this, first the remaining fatigue life method was implemented to determine the effective depth 

of the slab (slab thickness). See tables below for the detail analysis: 

Table 15 : Estimation of the required thickness of slab for the additional load from overloading 

 
 

Table 16 : Effective slab thickness & required overlay thickness determination 

 
 
 

 

From the AASHTO remaining fatigue life analysis shown in the above tables, an overlay thickness of 

about 25cm was estimated to carry the additional load due to overloading. And it is recalled from 

figure 20 earlier that totally 56% of the overloaded axles were on the margins to the legal load 

therefore if strict control is implemented at the size and weight control stations (i.e. control of 

vehicles with axles greater than the standard limit) defects like unexpected maintenance / 

rehabilitation which will be caused by overloading will be minimized.  

Parameter Value Value

Standard Deviation (So) 0.39 Log 10 (W18) = 7.93

Reliability (R %) 95 W18 = 8.53E+07

Normal Deviate (ZR) -1.65

Required Slab Thickness (Df) in inches 13.765

Terminal Serviceability (Pt) 1.5

Design Serviceability loss (∆PSI) 3

Modulus of Elasticity of Concrete (Ec) 4.06E+06

Modulus of Rupture of Concrete (Sc) 609

Modulus of Subgrade Reaction (k) 372

Load transfer Coefficient (J) 3.1

Drainage Coefficient (Cd) 1

Condition factor

0.561

Remaining Life 

3%

The A factor

1.66

Required  Slab Thickness (Df) 13.77

Effective Slab Thickness left (Deff)
7.73

Required overlay thickness (inch)

10.01

Required overlay thickness (mm) 254.30

Overlay Thickness (cm) 25.43
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Secondary data analysis 

The secondary data collected at Awash size and weight control station consists of penalized vehicle 

data for the months April, May & June. The data is analyzed and the ESA that was controlled by the 

size and weight control station is stated on table 19 below:  

Table 17: Penalized Vehicles (truck/trailer) with their respective load factors  

 

F1 LF R1 LF R2 LF R3 LF R4 LF R5 LF Total LF

1 7.00 0.52 14.50 11.85 14.00 10.19 11.00 3.61 12.50 6.26 11.00 3.61 36.03

2 7.00 0.52 15.00 13.71 14.50 11.85 10.00 2.40 11.50 4.37 11.00 3.61 36.45

3 7.00 0.52 14.50 11.85 14.50 11.85 10.50 2.96 11.50 4.37 10.00 2.40 33.94

4 7.30 0.62 14.50 11.85 14.00 10.19 11.00 3.61 11.50 4.37 11.00 3.61 34.25

5 7.70 0.78 14.00 10.19 13.00 7.41 11.50 4.37 8.50 1.19 8.30 1.08 25.02

6 6.40 0.35 15.00 13.71 14.50 11.85 11.00 3.61 11.50 4.37 11.00 3.61 37.50

7 6.20 0.31 15.00 13.71 13.50 8.71 11.00 3.61 11.50 4.37 10.50 2.96 33.67

8 7.00 0.52 14.50 11.85 13.50 8.71 11.00 3.61 11.50 4.37 10.50 2.96 32.02

9 7.00 0.52 14.50 11.85 13.70 9.28 11.20 3.90 11.50 4.37 10.00 2.40 32.32

10 7.40 0.66 14.40 11.50 13.50 8.71 12.00 5.25 11.50 4.37 10.50 2.96 33.45

11 7.00 0.52 14.50 11.85 14.00 10.19 11.50 4.37 11.00 3.61 11.00 3.61 34.15

12 7.20 0.58 16.00 18.09 16.00 18.09 12.00 5.25 10.50 2.96 10.00 2.40 47.37

13 6.90 0.49 15.50 15.78 14.50 11.85 10.50 2.96 11.00 3.61 11.00 3.61 38.30

14 7.00 0.52 14.50 11.85 14.00 10.19 10.50 2.96 11.00 3.61 10.50 2.96 32.08

15 7.00 0.52 14.50 11.85 14.00 10.19 10.00 2.40 12.50 6.26 10.50 2.96 34.16

16 7.10 0.55 14.50 11.85 14.50 11.85 11.50 4.37 12.00 5.25 11.50 4.37 38.24

17 9.00 1.52 14.00 10.19 13.00 7.41 12.00 5.25 11.50 4.37 10.50 2.96 31.70

18 7.30 0.62 14.00 10.19 14.00 10.19 10.30 2.72 10.50 2.96 10.50 2.96 29.63

19 6.50 0.38 8.40 1.13 8.60 1.25 15.00 13.71 14.40 11.50 13.60 8.99 36.96

20 6.70 0.43 14.50 11.85 14.00 10.19 11.00 3.61 11.00 3.61 10.50 2.96 32.64

21 7.50 0.70 15.30 14.92 14.50 11.85 11.50 4.37 11.40 4.21 11.20 3.90 39.95

22 8.50 1.19 14.20 10.83 13.30 8.17 10.70 3.21 11.00 3.61 11.20 3.90 30.91

23 7.00 0.52 14.60 12.20 14.10 10.50 11.00 3.61 12.30 5.84 10.60 3.08 35.75

24 6.90 0.49 14.40 11.50 13.90 9.88 9.80 2.20 9.70 2.10 10.70 3.21 29.37

25 6.50 0.38 14.60 12.20 14.20 10.83 10.40 2.84 10.80 3.34 10.40 2.84 32.42

26 8.00 0.92 13.10 7.66 13.00 7.41 11.00 3.61 11.40 4.21 11.50 4.37 28.18

27 6.70 0.43 14.30 11.16 14.10 10.50 11.10 3.76 11.00 3.61 11.00 3.61 33.07

28 7.00 0.52 16.00 18.09 15.40 15.35 10.30 2.72 12.40 6.05 12.00 5.25 47.97

29 6.50 0.38 15.50 15.78 14.80 12.94 12.00 5.25 12.50 6.26 10.90 3.47 44.08

30 5.40 0.17 13.60 8.99 14.70 12.57 10.20 2.61 10.20 2.61 9.10 1.60 28.55

31 3.90 0.04 15.00 13.71 14.70 12.57 10.10 2.50 10.20 2.61 10.00 2.40 33.82

32 7.20 0.58 15.50 15.78 14.00 10.19 11.00 3.61 11.50 4.37 11.90 5.07 39.60

33 7.60 0.74 15.00 13.71 14.60 12.20 11.00 3.61 11.50 4.37 11.00 3.61 38.24

34 7.00 0.52 14.80 12.94 14.50 11.85 10.30 2.72 10.60 3.08 10.80 3.34 34.44

35 6.70 0.43 14.00 10.19 14.30 11.16 10.50 2.96 10.80 3.34 12.00 5.25 33.32

36 5.60 0.20 14.40 11.50 14.50 11.85 9.80 2.20 10.50 2.96 10.80 3.34 32.04

37 7.20 0.58 14.10 10.50 13.70 9.28 10.90 3.47 10.80 3.34 10.50 2.96 30.14

38 6.80 0.46 14.00 10.19 13.90 9.88 11.00 3.61 10.70 3.21 10.50 2.96 30.30

39 7.50 0.70 14.70 12.57 14.00 10.19 10.80 3.34 10.80 3.34 12.00 5.25 35.38

40 7.10 0.55 15.00 13.71 14.00 10.19 10.50 2.96 11.50 4.37 11.00 3.61 35.39

Axle Load (Ton) for Six Axle Vehicle

Penalized Vehicles Axle load data (on April, 2015) at Awash Size & Weight Control Station

Item
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41 6.40 0.35 14.20 10.83 12.90 7.17 9.40 1.84 11.90 5.07 11.00 3.61 28.86

42 7.00 0.52 14.80 12.94 14.10 10.50 10.50 2.96 11.50 4.37 11.20 3.90 35.19

43 6.60 0.40 14.80 12.94 14.30 11.16 10.40 2.84 11.30 4.05 12.00 5.25 36.64

44 7.10 0.55 14.90 13.32 14.20 10.83 11.00 3.61 11.50 4.37 11.60 4.54 37.22

45 6.80 0.46 14.50 11.85 14.50 11.85 11.00 3.61 11.50 4.37 11.60 4.54 36.67

46 7.80 0.82 14.60 12.20 14.00 10.19 11.30 4.05 11.60 4.54 11.00 3.61 35.42

47 6.00 0.27 15.00 13.71 14.30 11.16 10.90 3.47 12.00 5.25 12.00 5.25 39.11

48 6.90 0.49 15.00 13.71 15.50 15.78 10.60 3.08 11.00 3.61 9.80 2.20 38.86

49 6.80 0.46 14.60 12.20 14.20 10.83 10.60 3.08 11.00 3.61 10.80 3.34 33.52

50 6.80 0.46 15.00 13.71 14.80 12.94 11.80 4.88 11.80 4.88 11.20 3.90 40.77

51 7.30 0.62 15.00 13.71 14.40 11.50 11.10 3.76 12.00 5.25 11.00 3.61 38.44

52 7.00 0.52 15.50 15.78 14.30 11.16 10.80 3.34 12.40 6.05 11.00 3.61 40.45

53 6.70 0.43 14.60 12.20 14.50 11.85 10.70 3.21 12.00 5.25 11.20 3.90 36.84

54 6.00 0.27 15.40 15.35 15.20 14.51 11.00 3.61 11.50 4.37 11.30 4.05 42.16

55 6.50 0.38 15.20 14.51 15.10 14.10 10.50 2.96 11.20 3.90 12.30 5.84 41.69

56 7.10 0.55 14.60 12.20 14.00 10.19 11.60 4.54 11.30 4.05 11.10 3.76 35.29

57 7.40 0.66 14.10 10.50 13.40 8.44 11.40 4.21 11.00 3.61 10.60 3.08 30.50

58 6.90 0.49 14.50 11.85 14.00 10.19 10.30 2.72 11.10 3.76 11.00 3.61 32.61

59 6.20 0.31 11.60 4.54 12.40 6.05 15.00 13.71 11.50 4.37 14.50 11.85 40.82

60 6.00 0.27 8.60 1.25 8.50 1.19 17.00 23.48 9.50 1.92 18.00 30.02 58.13

61 5.90 0.25 7.60 0.74 7.10 0.55 16.00 18.09 15.00 13.71 14.70 12.57 45.90

62 6.20 0.31 14.60 12.20 14.50 11.85 14.00 10.19 11.70 4.71 13.00 7.41 46.66

63 5.70 0.21 11.70 4.71 11.80 4.88 16.20 19.08 13.50 8.71 14.80 12.94 50.54

64 6.30 0.33 11.60 4.54 11.20 3.90 12.00 5.25 12.00 5.25 13.00 7.41 26.68

65 7.00 0.52 15.00 13.71 14.00 10.19 12.00 5.25 11.00 3.61 15.00 13.71 46.98

66 7.50 0.70 15.50 15.78 14.20 10.83 13.20 7.91 12.00 5.25 13.50 8.71 49.18

67 8.00 0.92 16.00 18.09 16.00 18.09 19.00 37.88 17.00 23.48 15.00 13.71 112.16

68 6.60 0.40 14.00 10.19 13.50 8.71 10.00 2.40 11.50 4.37 11.40 4.21 30.28

69 6.50 0.38 15.00 13.71 14.00 10.19 11.50 4.37 10.40 2.84 10.80 3.34 34.82

70 7.80 0.82 14.70 12.57 14.00 10.19 12.20 5.64 11.50 4.37 13.60 8.99 42.58

71 2.50 0.01 15.00 13.71 14.00 10.19 11.00 3.61 11.00 3.61 9.60 2.01 33.14

72 8.70 1.32 11.20 3.90 10.90 3.47 11.50 4.37 12.60 6.48 13.00 7.41 26.95

73 5.00 0.12 13.00 7.41 13.00 7.41 12.00 5.25 9.20 1.68 10.50 2.96 24.82

74 9.00 1.52 10.00 2.40 9.90 2.30 13.00 7.41 13.50 8.71 13.50 8.71 31.05

75 5.00 0.12 13.20 7.91 13.30 8.17 10.00 2.40 11.60 4.54 13.00 7.41 30.55

76 5.70 0.21 13.30 8.17 13.40 8.44 9.00 1.52 14.50 11.85 11.00 3.61 33.81

77 6.20 0.31 13.10 7.66 13.40 8.44 8.90 1.45 11.90 5.07 13.00 7.41 30.33

78 6.00 0.27 11.10 3.76 10.60 3.08 15.70 16.68 11.60 4.54 13.00 7.41 35.72

79 5.00 0.12 13.10 7.66 12.70 6.70 12.50 6.26 11.20 3.90 10.80 3.34 27.98

80 6.00 0.27 14.00 10.19 14.00 10.19 6.80 0.46 8.50 1.19 7.80 0.82 23.11

81 7.00 0.52 13.70 9.28 13.30 8.17 11.50 4.37 10.50 2.96 9.00 1.52 26.82

82 5.30 0.16 14.50 11.85 14.40 11.50 9.40 1.84 10.60 3.08 10.40 2.84 31.26

83 5.40 0.17 14.00 10.19 14.00 10.19 11.80 4.88 11.50 4.37 10.20 2.61 32.41

84 6.70 0.43 14.20 10.83 14.00 10.19 13.00 7.41 11.00 3.61 12.00 5.25 37.72

85 6.20 0.31 14.20 10.83 13.80 9.58 9.60 2.01 10.80 3.34 10.20 2.61 28.67
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86 7.00 0.52 12.40 6.05 12.20 5.64 13.50 8.71 10.80 3.34 13.30 8.17 32.42

87 7.00 0.52 14.00 10.19 14.50 11.85 10.60 3.08 11.50 4.37 11.00 3.61 33.62

88 6.90 0.49 10.90 3.47 11.50 4.37 12.80 6.93 11.90 5.07 13.00 7.41 27.73

89 6.30 0.33 10.20 2.61 10.50 2.96 13.70 9.28 11.80 4.88 14.00 10.19 30.25

90 5.80 0.23 13.80 9.58 13.80 9.58 8.40 1.13 13.00 7.41 13.20 7.91 35.83

91 6.00 0.27 11.60 4.54 10.70 3.21 12.00 5.25 11.00 3.61 14.00 10.19 27.06

92 7.50 0.70 14.20 10.83 13.50 8.71 10.00 2.40 10.50 2.96 10.00 2.40 27.99

93 6.50 0.38 15.50 15.78 15.00 13.71 10.80 3.34 12.50 6.26 12.00 5.25 44.71

94 6.60 0.40 10.00 2.40 15.00 13.71 10.00 2.40 13.50 8.71 12.50 6.26 33.87

95 7.20 0.58 14.00 10.19 13.80 9.58 12.80 6.93 9.50 1.92 9.80 2.20 31.40

96 6.80 0.46 13.80 9.58 13.80 9.58 11.70 4.71 11.00 3.61 11.40 4.21 32.14

97 4.50 0.08 14.00 10.19 14.00 10.19 10.00 2.40 12.30 5.84 11.50 4.37 33.06

98 9.50 1.92 14.20 10.83 14.00 10.19 10.00 2.40 10.40 2.84 10.50 2.96 31.13

99 4.50 0.08 14.00 10.19 13.00 7.41 14.00 10.19 12.00 5.25 13.00 7.41 40.52

100 7.10 0.55 10.00 2.40 9.20 1.68 14.40 11.50 12.00 5.25 13.00 7.41 28.78

101 7.00 0.52 10.00 2.40 10.00 2.40 13.60 8.99 12.40 6.05 13.00 7.41 27.76

102 7.30 0.62 9.80 2.20 10.00 2.40 13.20 7.91 12.80 6.93 13.20 7.91 27.97

103 6.70 0.43 13.60 8.99 13.50 8.71 11.00 3.61 10.90 3.47 11.00 3.61 28.83

104 7.30 0.62 12.30 5.84 12.20 5.64 10.40 2.84 10.80 3.34 13.00 7.41 25.68

105 5.10 0.13 13.00 7.41 12.60 6.48 11.50 4.37 11.20 3.90 10.80 3.34 25.63

106 6.30 0.33 12.50 6.26 12.30 5.84 13.50 8.71 13.60 8.99 13.20 7.91 38.04

107 3.70 0.03 14.20 10.83 14.10 10.50 11.40 4.21 11.10 3.76 10.70 3.21 32.54

108 6.50 0.38 14.50 11.85 14.50 11.85 11.00 3.61 8.50 1.19 10.00 2.40 31.27

109 7.00 0.52 13.80 9.58 14.00 10.19 10.20 2.61 11.10 3.76 10.90 3.47 30.12

110 5.20 0.14 13.50 8.71 13.50 8.71 11.00 3.61 11.60 4.54 11.00 3.61 29.33

111 8.00 0.92 12.20 5.64 12.10 5.44 12.40 6.05 13.50 8.71 13.10 7.66 34.41

112 7.90 0.87 14.60 12.20 13.90 9.88 10.90 3.47 12.00 5.25 14.00 10.19 41.86

113 9.00 1.52 12.00 5.25 11.00 3.61 13.00 7.41 13.00 7.41 13.50 8.71 33.91

114 6.80 0.46 11.00 3.61 11.00 3.61 14.70 12.57 12.30 5.84 13.00 7.41 33.49

115 6.20 0.31 10.50 2.96 10.70 3.21 14.00 10.19 11.00 3.61 14.00 10.19 30.46

116 5.40 0.17 10.40 2.84 10.50 2.96 14.00 10.19 10.60 3.08 13.00 7.41 26.64

117 6.60 0.40 11.00 3.61 11.00 3.61 14.50 11.85 12.00 5.25 12.60 6.48 31.20

118 6.70 0.43 12.80 6.93 12.10 5.44 13.40 8.44 12.00 5.25 13.00 7.41 33.90

119 7.60 0.74 12.60 6.48 12.40 6.05 13.00 7.41 11.00 3.61 14.00 10.19 34.47

120 6.90 0.49 11.80 4.88 11.60 4.54 13.70 9.28 12.00 5.25 13.00 7.41 31.85

121 6.60 0.40 12.10 5.44 11.80 4.88 14.00 10.19 12.00 5.25 13.00 7.41 33.57

122 6.50 0.38 12.00 5.25 11.60 4.54 14.00 10.19 11.30 4.05 13.20 7.91 32.32

123 6.50 0.38 12.40 6.05 12.00 5.25 13.00 7.41 11.60 4.54 13.00 7.41 31.03

124 7.00 0.52 14.20 10.83 13.50 8.71 10.50 2.96 10.20 2.61 9.80 2.20 27.82

125 6.80 0.46 11.70 4.71 11.40 4.21 15.00 13.71 11.50 4.37 13.50 8.71 36.17

126 6.60 0.40 14.20 10.83 14.60 12.20 9.10 1.60 10.40 2.84 11.60 4.54 32.41

127 5.90 0.25 11.60 4.54 11.20 3.90 13.00 7.41 11.50 4.37 12.20 5.64 26.11

128 7.50 0.70 15.50 15.78 14.00 10.19 12.00 5.25 11.50 4.37 15.00 13.71 50.00

129 4.50 0.08 14.90 13.32 15.10 14.10 10.40 2.84 10.50 2.96 10.60 3.08 36.37

130 5.90 0.25 10.80 3.34 10.70 3.21 13.60 8.99 11.40 4.21 14.20 10.83 30.83

131 5.60 0.20 10.50 2.96 10.40 2.84 13.00 7.41 11.60 4.54 13.90 9.88 27.82

132 5.50 0.18 10.60 3.08 10.40 2.84 13.20 7.91 11.30 4.05 13.60 8.99 27.06

34.80Average
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Table 18: Penalized Vehicles (Heavy/Truck) with their respective load factors 

 

 

Table 19: Estimation of Penalized Vehicle ESAL 

 
 

Therefore, as we can refer from table 19 above, due to the penalized vehicles recorded data for three 

(3) months, ESA of 6.72E+06 was found to be controlled by the station. Therefore giving due 

attention for these stations (i.e. with the necessary facilities and modernized equipment’s for 

examining different vehicles) is very essential as such. 

F1 LF R1 LF R2 LF R3 LF R4 LF R5 LF Total LF

1 6.70 0.43 13.40 8.44 13.00 7.41 12.60 6.48 22.75

2 5.80 0.23 10.00 2.40 14.00 10.19 14.00 10.19 23.00

3 6.10 0.29 9.80 2.20 14.00 10.19 14.00 10.19 22.86

4 6.40 0.35 16.00 18.09 14.00 10.19 10.00 2.40 31.03

5 7.20 0.58 11.00 3.61 14.50 11.85 15.00 13.71 29.75

6 6.10 0.29 19.00 37.88 10.00 2.40 11.00 3.61 44.17

7 7.20 0.58 15.00 13.71 13.00 7.41 13.00 7.41 29.11

8 7.40 0.66 14.00 10.19 12.00 5.25 12.00 5.25 21.35

9 6.20 0.31 15.00 13.71 13.60 8.99 13.40 8.44 31.45

10 8.00 0.92 16.50 20.65 13.00 7.41 12.00 5.25 34.23

11 7.10 0.55 16.70 21.75 16.20 19.08 41.38

12 6.90 0.49 12.50 6.26 14.00 10.19 16.93

29.00Average 

Item

Axle Load (Ton) for Four Axle Vehicle

1341 D   = 0.5

206 L   = 0.7AADT (Heavy Truck) =

Truck Factor

7.63E+05

AADT (Truck Trailer) =

 ESA =

Vehicle Type

Truck Trailer 34.80

29.00

Equivalent Standard Axle 

5.96E+06

7.63E+05

Total Truck Trailer=

Heavy Truck

Total Heavy Truck=

5.96E+06

 ESA =

Total ESAL = 6.72E+06
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4.2.1 Importance of Axle Configuration 
 

 

Axles are part of the vehicle that transfers the load of the vehicle, together with the goods it carries, 

to the pavements. And it is important to give due attention on how axles should be arranged on 

vehicles transporting heavy goods because as the number of axle groups increase on a certain vehicle 

even though the vehicle carries a heavy load the configuration of the axles will reduce the damage 

effect up on the pavements. For instance, a tridem axle will share a load to six double wheels while a 

tandem axle shares the load to four double wheels which will impose larger load on the pavements 

than the tridem axles do. For instance; it is also observed here in Ethiopia how different companies 

transport heavy loads, like transformers as seen in Figure 22 below, to reduce severe damage to 

pavements because at least the truck consists of 12 (twelve) axles, with 8 (eight) wheels for each rear 

axle on the trailer, as seen on the figure below to distribute the weight of the heavy transformer on 

each wheel of the axles and decrease the damage effect up on the pavement while travelling from 

origin to wanted destination.  
 

 
 

Figure 22: Load reduction mechanism upon pavements by increasing axles 
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4.2.2 Gaps seen in the vehicle examination process 
 

There is some gap in the vehicles examination process which is the tolerance of axle loads that are on 

the margin (i.e. up to 12tones for the rear axle) which should be prohibited.  

4.2.3 Measures undertaken to overcome overloading 
 

There have been different measures being undertaken to this end in order to reduce the influence of 

overloaded vehicle on pavements. Some of the measures undertaken are: 

 

Plantation of size & weight control stations at different corridors of the roads in Ethiopia, where the 

vehicles are examined (using weighbridges) for the amount of loads they carry (i.e. whether they 

carry an overload or within the limit). This helps in controlling various number of vehicles from 

damaging the life of pavements as they pass over carrying a load beyond the legal load limit. 
 

In the size and weight control stations, there are also rooms where the personnel’s at the stations 

nourish a good educational background regarding the negative impact of overloading especially for 

the drivers who were caught driving an overloaded vehicle / truck. For instance at Awash size and 

weight control station, some advices are given to drivers regarding the importance of load 

distribution (axle control) such as: 
 

 To load their vehicle / truck in a balancing way (i.e. even though the vehicle consists 

different groups of axles, due to poor knowledge of load distribution, they might load 

the goods (e.g. containers) concentrated on one side of a particular axle groups only 

(as shown in Figure 23) and when the vehicles are examined those particular axle 

groups will show higher load than the limit). Therefore drivers should be well 

informed of such scenarios. 
 

 
Figure 23: Improper loading of goods on vehicles / trucks 
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But after this education is given good outputs were seen on behalf of most of the drivers see 

Figure 24 below: 

 

Figure 24: Proper loading of goods on vehicles / trucks 

 

 When overloaded vehicles are found, they will be enforced to reduce the goods being 

transported to another vehicle after the company, which is responsible for transporting the 

said goods, is informed to send another vehicle that shares the reduced goods from the 

penalized vehicle. The reduction is done until the vehicle weighs not exceeding the legal load 

limit. And in case of machineries transportation, since they cannot be shared to other vehicles, 

they will be loaded on vehicles with greater number of axles so that the weight that will be 

imposed upon the roads will be minimized. See Figure 25.1 & 25.2. 

 
Figure 25. 1: Transferring some of the goods to another vehicle 
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Figure 25. 2: Transferring heavy machineries to a vehicle with better axle configuration 

Figure 25: Activities to reduce overloading 

 

 

 Modernized law enforcement procedures are also being structured currently to enhance the 

existing penalizing procedures so that it will contribute much in the endeavor of reducing the 

occurrence of overloading; thereby decreasing the impact on roads. 
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Chapter 5 

Conclusions and Recommendations 
 

5.1 Conclusions 
 

Roads are valuable assets for a certain country. They are the means of transportation of different 

freight from a certain origin to a certain destination. They also act as a means of circulation within 

the city plus as a link between nations. Thus, these assets (roads) need to be protected from different 

distresses that reduce the life of pavements where these distresses could be caused due to different 

reasons. One of the causes of distress on roads is loads from an overloaded freight transporting 

vehicle which is becoming a very critical issue in different countries of the world following the 

increased growth of transportation of goods on land. 

As from the results of the study of this paper it is seen that about 48% of the axles measured / 

examined, from the primary collected data were found to be overloaded and about 56% of these axles 

lies on the range up to 20% overloading (i.e. 10.1 - 12ton).  In addition, from the AASHTO 

remaining fatigue life analysis the 48% overloaded axles, when projected for the design period of the 

considered road, will result in about 25cm overlay thickness required to carry the additional load for 

the pavement considered & hence reconstruction or early & unexpected maintenance cost will also be 

incurred as well. Therefore, it is important to upgrade the different size & weight control stations 

with modernized technologies to minimize the impact of overloading. Overloading not only ceases 

by just deteriorating the roads but also results in different indirect consequences like: Property 

damage as well as cost will be incurred on companies transporting goods (i.e. since some vehicles 

would be overloaded beyond their capacity this will damage parts of the vehicle and also more fuel 

will be burned to transport the said overloaded good from one place to another); Accidents could also 

occur especially while maneuvering or travelling around curves in the scenario of transporting 

overloaded goods because it will lose stability while being loaded beyond its capacity. 

 

In Ethiopia, to date, different mitigative measures are being done and currently new plans are also 

being structured for future use, but the problem still reigns. Therefore thorough precautions must be 

done in order to alleviate these problems from overloading because in doing so, we will be able to 

protect our assets (roads), reduce budget for early & unexpected maintenance, and also to reduce the 

problems stated above on the society. 
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5.2 Recommendations 
 

 Well studied survey needs to be accomplished before deciding for the permanent location of 

different control stations. For instance along the road route from Djibouti to Awash there is 

only one control station which is located at Awash. Hence if there is an overloaded truck 

transporting goods from Djibouti, the effect will not be controlled for the road between 

Djibouti & Awash but if there was one control station around Djibouti border the influence 

would be well controlled.  

 From the gaps seen on the vehicle examination process as well as from the results of collected 

data analysis at the control station, the tolerated vehicles could be considered as one of the 

reasons for the distresses seen on the roads (like rutting) which is caused due to permanent 

deformation instead of elastic deformation. Therefore it will be better if the operators are 

strongly informed not to tolerate axle loads on the margin beyond the legal load limit (i.e.  

Axle loads on the range (11 – 12 tones)). 
 

 It is also recommended to educate companies about the importance of axle configuration so 

that the related companies will buy vehicles designed with good axle configuration to 

distribute the load from the vehicle to the pavements without causing significant damage 

 

 The education given to teach the penalized drivers regarding the influence of overloading on 

our assets (roads) by itself will not be sufficient for fighting the occurrence of overloading. 

Therefore; starting to teach the owners / companies (which are related with freight 

transportation) about the sever effect of overloading upon roads as well as the indirect effect 

over the damage of their vehicles as well as goods will enable in contributing a lot for 

reducing the influence. This could be easily done on Magazines, Mass Medias and the likes.  
 

 The compound of different size and weight control stations should be constructed with 

concrete / rigid pavements because a lot of legal as well as overloaded vehicles will circulate 

in the compound before and after they are examined and may create dust which will disturb 

the employees. Therefore from environmental point of view, especially in hot places like 

Awash, if such deeds are undertaken, it will create a good environment for the employees at 

the control station to do their job effectively. 
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Annex ‘A’ 
Certificate of Verification for the updated calibration of 

the weighbridges 
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Annex ‘B’ 
Secondary data needed for the choice of the best study 

station 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
































































