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Abstract

The phenomenon of vehicle overloading is not ned laas been discussed in relation to the adversetgfon
road pavement damage, road safety and GHG emigsiiimough much has been said in the context oftloee

developed countries, there has not been much discusn vehicle overloading in developing countriesthis

study, the extent and degree of vehicle overloadting developing country is established. Half of Braxle
trucks were found to be overloaded and the degrewearloading is up to 101% of its legal weight iiihTThe

effect of truck overloading on safety is discusdsd establishing the relationship between truck sitog

distance and gross vehicle weight for a certaivefrapeed. Comparison between actual overloaditey fda 2-

axle, 3-axle and 4-axle trucks and the stoppin¢pdee illustrates the gravity of the situation vhiteeds a
comprehensive and effective strategy from the eeleagencies.
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1. Introduction

It is important for those responsible for the manance and operation of highway infrastructuresaoitor and
prevent truck overloading. The additional weightrieal by overloaded trucks accelerates the detdi@r of the
roadway, leading to rutting, fatigue cracking, amdertain cases structural failure (Sharma, 1995IR, 1997;
Bushman et al., 2003; Santero et al., 2005). 1®201report (Transportation Research Board, 199@yailly
loaded trucks were estimated to cost United Stebegayers $160 to $670 million per year on the Wiah
system. Straus and Semmens (2006) conducted a ttuglyantify state highway damage on the basidef t
impacts of overweight vehicles. Each year, milli@iglollars of damage associated with life sparsigie and
maintenance of state highways and structures #nieuaed to vehicles that exceed state weight 8mithey
found that for every dollar invested in motor carrenforcement efforts, there would be $4.50 inepaant
damage avoided. It is possible to develop a systatwould increase the proportion of noncompliagtticles
subjected to inspection relative to compliant vissqTitus, 1996). The fact vehicle overloading s=siroad
pavement structural distress and decrease in seliféchas also been reported by Mulyono et al1l(@Gnd an
analysis of lost cost of road pavement distress tdueverloading freight transportation was alsospreed.
Podborochynski et al. (2011) quantified incremenavement damage caused by overweight trucks in
Saskatchewan, Canada and reported that accelefateaiye from truck overloading has decreased thecteg
performance life of many of the roads and alsodased maintenance and rehabilitation requiremewtsasts.

Campbell et al. (1988) evaluated crash types anddidhat a there is moderate increase in accidatgs for
higher gross weights. Francher et al. (1989) la¢ported that the number of fatal truck crasheatedl to
rearward amplification per mile traveled signifitlgnincreased as rearward amplification increas€dis
implies that, other things being equal, significarreases in gross vehicle weight (GVW) would &age the
probabilities of the vehicle being involved in daflarearward amplification crash. Fatal involvemeaties in
rollover and ramp-related crashes also increasddingéreased GVWSs. For curve related crashes aaghes in
which trucks rear-ended other vehicles, increas®V6& may increase fatal involvement rates, althotlgh
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trend was not as conclusive as those for rollonerramp-related accidents.

The effect of higher mass on the performance oeg®raccess truck/trailer combinations has beedieduby
ARRB Transport Research (1997). Three performaneasnores were used to assess and characteriseevehicl
performance, namely, dynamic stability, braking dmmhdling gradient. Vehicle performance charadiess
were obtained using ADAMS multi-body simulation tsedre. Based on the lane encroachment informatioin a
dynamic stability tests for 3.7m wheelbase truckitg a 5 axle trailer with a 5.6m wheelbase bottedi with
steel suspensions and coupled with a 3m drawbawnag concluded that mass ratios up to 1:1.6 would
compromise safety (ARRB Transport Research, 1997) .

Arbitrary increases in gross weight should not bened because they would allow the overloadingxikting
vehicles and thereby promote a decrease in thmsitrsafety of the vehicles in the truck fleet iElaer and
Mathew, 1989). According to Winkler (2000), thelogkr threshold of a commercial truck changes radylas

the load changes, so drivers may not have the ehianget used to the stability of their vehicleamMgtrucks are
more susceptible than light vehicles to rollovetidents caused directly by inadvertently operathng vehicle
beyond the rollover threshold.

If vehicle dimensions, number of axles, and otlspreats of the vehicle and component designs wereamged,
substantial increase in gross vehicle weight waoNeer rollover resistance in steady turns for maicks, which
may lead to more rollover accidents. For existing-fixle doubles, increased weight would also doadeg the
rearward amplification behaviors, which may inceefise probabilities of rear-trailer overturns dgriobstacle
avoidance or sudden lane change maneuvers. In@additcreased gross weight would require brakeh wai
higher torque capacity, which, if not provided, Wwbuesult in trucks that were deceleration limiteg brake
torque capacity rather than by tire friction levelsd fore-aft brake balance (Transportation ReseBard,
1990).

Without modifications of engines and drive trainscreased truck weights would lead to greater speed
reductions on upgrades and greater difficultiestfocks to merge, weave and change lanes on freev@ther
things being equal, increased gross weights may ialsease the probabilities of brake overheatingamg,
steep downhill runs. Any one of these situations lcave adverse traffic (delays and congestion)aitient
implications (Transportation Research Board, 1990)e braking system of any truck is designed far th
maximum allowable weight indicated on the vehiakewments. The breaking capacity not only dependhen
brakes themselves, but also on the tire and suspeperformances designed for the maximum allowable
weight of the truck. Any weight in excess redudes braking capacity of a truck, and may even danthge
braking system (Jacob and La Beaumelle, 2010).

As mentioned by Bixel et al. (1998), vehicle weightone of the essential parameters in vehiclegdesiudy
that can affect vehicle driving, braking and hangliperformance characteristics. Furthermore, mb#teotime
vehicle dynamics influence driver behavior in coliing their vehicles (Wong, 1993). The study byfi2al et
al. (2011a, 2011b) has also shown that heavy \eIl@W has direct influence on speed, whether thecle
travel in a vehicle following situation or in frélew condition.

An overloaded truck is more likely to be involvedan accident, and have more severe consequeheesat
legally loaded truck (Jacob and La Beaumelle, 20I®g heavier the vehicle, the higher its kinetiergy
resulting in greater impact forces and damageacther vehicles or to the infrastructure — in thergwof a crash.
An overloaded vehicle is less stable because ofnitreased height at the centre of gravity and negtia of
the vehicle bodies.

An overloaded truck will experience loss of moyiliatnd maneuverability. The overloaded vehicle bexom
under-powered resulting in lower speeds on updhilpes as well as the risk of congestion, ineffitiengine
braking and over speeding on down-hill slopes. @kéng also takes longer, and thus incurs additideks for
the other road users (Jacob and La Beaumelle, 2010)

Heavy vehicle drivers are also prone to drivergiai especially if it involves long working hoursdalong
distance trips with limited recovery time (Friswald Williamson, 2013; Morrow and Crum, 2004; Mcir
et al., 2000). The monotony of long distance dgviask may also increase the effects of fatiguéherdriving
performance and safety of heavy vehicle driversffalit and Bergeron, 2003; Sallinen et al., 2004sue et al.,
2011).

A study by Liu and Wu (2009) showed that fatiguedats faced greater attention demand, were less, @ind
tended to overestimate the distance to roadsidéctrsigns. Fatigue caused by driving in complexado
environment had the greatest negative impact asingrbehavior and visual distance estimation, dnedfatigue
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transfer effect worsened significantly but diffeifgnon both driving behavior and performance ofigaed
drivers when switching from a complex to a monotsmad environment and vice versa (Liu and Wu 9200
situations when heavy vehicle drivers experientigda due to the factors mentioned above, theidratifety
level on the road may be compromised. It can oefyvgprse if the heavy vehicles are overloaded ler#ue
safe handling of an overloaded truck will be moiffialilt as compared to a non-overloaded truck. §huuck
overloading in combination with driver fatigue wjdlopardize the safety of road users in a traffieasn.

As such, the need to identify the occurrence artdng>of vehicle overloading, particularly in a degng
country has to be acknowledged. Based on a clederstanding of the situation on vehicle overloading
decision makers will be in a better position tonfialate more comprehensive and effective policy messto
mitigate the problem.

2. Sudy Purpose and M ethodology

The main purpose of this study is to understand estdblish the extent to which vehicle overloadisg
happening in a developing country like Malaysiaefhhas been significant humber of studies on leshic
overloading in developed countries and the useedflivin-motion (WIM) technology to monitor the oeccence

of vehicle overloading for various purposes (Tagbal., 2000; Wang and Wu, 2004; Conway and Walk004;
Turner et al., 2008; Jacob and La Beaumelle, 20H6yvever, there has not been much discussion oaxtent
and degree of vehicle overloading in developingntoes. With the lack of advanced facilities sushtlze WIM
system and the corresponding static weigh statiosweight enforcement mechanisms, the problenelicie
overloading in developing countries may not haverbéully realized to enable appropriate and effecti
mitigation measures to be employed.

In this study, traffic data has been collectedadour months period between October 2009 and Jara@d.0 at

a weigh station operated by the Malaysian Road sfrart Department on Federal Route 54 in the previsfc
Selangor in Malaysia. Continuous traffic and veldculata including the gross vehicle weight (GVW)atl
vehicle categories (as specified by the MalaysimadRTransport Department) were obtained from a WIM
system customized and installed on site. To enireccuracy of weight data obtained from the Wijgtam,
proper calibration of the WIM system and validatioihthe WIM data were conducted (Saifizul et aD1@).
Thorough analysis of the vehicle weight data, ngntae GVW was performed to determine the vehicle
overloading characteristics at the study location.

In order to understand the implications of vehmerloading on safety, simulation data on the stapgistance

of different truck categories traveling at diffetespeeds and GVW is generated using the MSC ADAMS
software. Different truck category will have diféeit performance characteristics related to vehdgieamics
and in particular the braking performance. Theti@habetween the stopping distance of each trutégoay and

its GVW is of fundamental importance in terms desaespecially when truck overloading is happerand the
degree of overloading is significant. Dependingttom type of relationship between the truck stopplisgance
and its GVW, the safety level on roads (especiillyse having significant truck composition in thaffic
stream) in developing countries may be signifisantdmpromised.

3. Data Analysis and Discussion

There are several regulations on the operationoofingercial vehicles in Malaysia. The Road Transport
Department (RTD) under the Ministry of Transport@W) is responsible for vehicle weight enforcemdrite
Automotive Engineering Division under the RTD ispensible for deciding the maximum permissible tade
weight or gross vehicle weight (GVW) for each claBsommercial vehicle. On the other hand, the govent
agency which is responsible to issue the pernthtégsCommercial Vehicle Licensing Board (CVLB). Undlee
regulation, all commercial vehicles must apply G\Wéfmit through CVLB in order to be allowed to ogeran

the road so that severe road damage can be redickg@roblems related to road safety can be minihize
Basically, the GVW permit is categorized based ehisle class and the summary is shown in Tableot tike
purpose of this study, focus will be given to thax?e, 3-axle and 4-axle trucks.

Table 1: Maximum permissible laden weight (GVW)uhicle class
Class
2 Axle 3 Axle 4 Axle 5 Axle
GVW (1) 16.8t 27.3t 336t 399t
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A common sight on Malaysian roads is illustratedrigure 1. Overloaded trucks such as those shovkigiare
1 have been of concerned to all road users espettial more vulnerable ones such as motorcyclistyclists
and pedestrians.

In this study, a total of more than 100,000 comiaénehicle data obtained during four months (Oetob009

to January 2010) from a weigh-in-motion (WIM) systevas analyzed. Figure 2 shows the number of GVW
violations (based on maximum permissible GVW givenTable 1) for each month from October 2009 to
January 2010. On the whole, the rate of GVW violatis found to range between 24% and 29% of tha tot
commercial vehicles for each month and it is exgec¢hat the violation rate will hover within thiange every
month if no drastic action such as regular enfoex@nexercise is undertaken.

g

Figure 1. Example_s of overloaded trucks in Malaysia

25,000 W Not Violate
M violate

Count

Oct09 Nov09 Dec09 Jan10
Month of the Year

Figure 2. GVW violation cases by month of the y@et 2009 - Jan 2010)

The predominant types of heavy vehicles in Malayséy be classified by the number of axles, namelynfthe
2-axle up to the 5-axle trucks. The 2-axle truckskenup almost 62% of the total heavy vehicle pdmiasee
Figure 3) followed by 3-axle trucks, 20% and 4-atxlecks, 16.6% while the 5-axle trucks forms oniguand
1.4%. For this reason, the focus in this studyrigte 2-axle, 3-axle and 4-axle trucks because they the
majority of the truck population in a traffic strea

It may be observed that although the 3-axle trdck®s around 20% of the total truck volume, alruef (45%)
of the GVW violation comes from this truck categgRigure 3). On the other hand, although the 2-tixieks
forms 62% of the truck volume, only 26% of GVW wdtibns come from this truck category. The occureenic
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truck overloading for the 2-axle, 3-axle and 4-axiecks for the four months period (October 2009a&ouary
2010) is illustrated in Figure 4. It is quite appar that the pattern of overloading for each traakegory is
similar and consistent throughout the four montlasgal with the 3-axle trucks recording the highastnber of
violations. This finding could assist the plannofgveight enforcement program priorities.

Although the GVW violation rate may be considerather high, what is more alarming is the range ¥i\G
values and degree of overloading beyond the allteviimit for each category of heavy commercial s

(see Figure 5). It can be observed that there asescthat the actual GVW is almost double the pssibie

GVW allowed by law for the particular commerciahige category. This phenomenon is probably nosteri
in the developed countries but in developing caestthis could be quite common. The significaniyhhGVW

beyond the permissible level for each commercialale category would be a cause of major concepeaally

in terms of the capability of handling the extraime commercial vehicle in emergency situations.sAsh, the
extra heavy commercial vehicle may be hazardouscanftl compromise the safety of other road useosilgh
such situations arise. In addition, the fuel constimm of the extra heavy commercial vehicle wiltiease
significantly and the final carbon footprint atwiled to this extra heavy commercial vehicle willhigher than
what it should be if the permissible GVW was abitizd

W Total Vehicle (%)
Wviolation Cases (%)

Percentage
I
o
1

204

3 Axle 4 Axle
Class

Figure 3. Heavy vehicle GVW violation cases by e#htlass (Jan 2010)
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Figure 4. No. of overloaded trucks at study loaatio

The extra heavy commercial vehicle would also hagaificantly higher axle loads beyond the pernhikesaxle

load (which is usually used in pavement design)cviviiould increase the pavement deterioration smfly

and shorten the pavement life well below what iswdgsigned for. This is because the damage fatttireo
pavement surface is to the fourth power of the bbdd (Huang, 1993; AASHTO, 1993).

GVW (1)
i - 61.81(83.9%) 60.6t(51.9%)
5 55t (101%).~" Pal —(Max Recorded Weight Data)

| _ (Weight Limit)

a0 37.1t(120%)

GVW (1)

207

I I I |
2 Axle 3 Axle 4 Axle 5 Axle

Vehicle Class

Figure 5. GVW variation by vehicle class (Jan 2010)

In terms of safety, the outcome of a crash betvegeaverloaded truck and a smaller vehicle, saysagrayer car
could be more severe as compared to a crash beawveamoverloaded truck with the smaller vehiclesase of
the larger impact mass ratio between the collidielicles.

Data on GVW violations amongst the different triigies revealed that 50% of the 3-axle trucks aerloaded
and the degree of overloading reaches 101% (Figur®ore than a third of the 4-axle trucks (37%® aiso
overloaded and degree of overloading reaches 84%ieofegal weight limit. As such, the 3-axle andvde

25



Civil and Environmental Research www.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) JﬂL.i.J
Vol.3, No.12, 2013 NIS'E

trucks may be considered as the main contributotsuck overloading occurrences in Malaysia. Furtiee,
even though only 9% of the 2-axle trucks are oetéml, however, the degree of overloading rangegs G@0%!

Further analysis of the truck overloading data a¢v¢he distribution of the degree of overloading the four
months period (Figure 7) for each truck categoher®€ is a distinct difference in the distributidrtiee degree of
overloading for the 3-axle trucks as compared &dther truck categories. While the 2-axle and l&-&xicks
degree of overloading pattern follows a negativpogential curve distribution, the 3-axle trucks megof
overloading pattern is almost similar to a skewerthral distribution with a distinct maximum pointhi§ means
that contrary to the usual anticipated situatioresghmore cases is expected for low degree of Igadm
compared to the higher degrees of overloading l{as/s by 2-axle and 4-axle trucks in Figure 7), thajority

of cases for 3-axle trucks occur at much highereegf overloading. This pattern is consistentdgfmut the

four months period. As such, greater monitoringl aveight enforcement actions and measures should be
directed towards this category of trucks in theeaaisMalaysia.

W iclation cases of its own class (%)

1207 Bl Range of overloading

Percentage

2 Axle 3 Axle 4 Axle 5 Axle

Class

Figure 6. GVW violation of its own class

There are about 1.0 million registered commercithieles on the road in year 2008 throughout Mataysi
According to the results from this study, usingrfowonths data, it can be estimated that the averagwer of
illegal overweight commercial vehicles was abou®2Wwhich will come out to 270,000 illegal overweight
commercial vehicles. If each of these commercihiicles makes one trip a day, there will alreadyhz¢ huge
number of overweight commercial vehicles plying ooads daily.

One pertinent question to ask would be why is therloading rate very high? There could be manyaesigor
this and probably the main reasons are as follows:

1.The payment scheme in road freight business in y8&as based on the number of trips. More trips to
deliver goods would mean higher operating costruokt operators. In order to reduce the number of
trips, the truck operator would overload the trgokthat the same amount of goods could be delivered
in less number of trips. Thus, in this way the ltofgerating cost to the truck operator would beupedi.

2.The limitations in enforcement capability (limitatis from visual inspection and static weigh scale)
make the intentional violators more likely to béoitaal violators that overload their trucks freqtign
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Figure 7. Distribution of Degree of Overloading

The Malaysian government has spent a large podfahe yearly infrastructure budget on road netwank
bridge maintenance. A significant amount of th@ltallocated budget for road maintenance couldaded if
road damage caused by overweight vehicles can b&lex or at least minimized. The damage on road
pavements would be accelerated as the volume ofveight vehicles increases.

In terms of safety, 25.1% of all fatal accident2008 involve heavy vehicles and 45.1% of thesa fatcidents
occur between heavy vehicle and motorcycle. Ob\yodise to the large difference in impact mass ragbveen
the truck and motorcycle, the motorcyclist(s) witld up as fatality in the event of a crash.

The maximum stopping distance for 2-axle, 3-axld draxle trucks at a certain speed (in this cas&rbh)
generated from the MSC ADAMS software is shown aoywith GVW (Figure 8). The higher the truck GVW
the longer will be the maximum stopping distancéhef trucks. Thus, in an emergency situation therloaded
truck will not be able to stop in the same distaas@ non-overloaded truck, no matter how hardrtiek driver
tries. On the contrary, the outcome of any crashlevprobably be more severe than otherwise.
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Figure 8. Effect of GVW on Stopping Distance foffBient Truck Types

Due to the superior vehicle dynamics and brakimfopmance characteristics of the 3-axle truck asgared to
the 2-axle truck, and the 4-axle truck as compaoetihe 2-axle and 3-axle trucks, for any value 6\Gthe
truck with higher number of axles will have a lowstopping distance and vice-versa. For exampleaal@
truck overloaded with GVW of 25 tons will need andu27m to stop while a 3-axle truck with the samans
(not overloaded) will only need around 23m to stmrause of its superior vehicle dynamics and bgakin
performance (Figure 8 and Figure 9). This cleaHpvss the safety implication of overloaded trucksl dme
higher the degree of overloading the longer will the stopping distance. It should be mentioned that
simulation of the stopping distance is based onideal condition of the truck and road surfacethé truck
condition is less than ideal (for e.g. poor bralkadition, bad tires etc) and wet/slippery road acef the
outcome of an emergency situation may be fatal.
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4. Conclusion

The outcome of this study has highlighted the ntagiei of the problem of vehicle overloading in Maliy
What is more worrying is the degree of overloadimgxtremely high, particularly for the 2-axle aBeéxle
trucks. Half of the 3-axle trucks are found to lwertoaded and the degree of overloading is up t4.0f its
legal weight limit. Apart from the impact on pavemhe&amage and carbon emission, vehicle overloaggd
lead to a more hazardous road environment becafigbeolimitations in vehicle dynamics and braking
performance of the trucks to cope with the highemdnds from the excess payload. This is illustrédmgd
studying the relationship between the maximum dtgppime of each truck category (traveling at ataier
speed) and the changes in GVW. As discussed ednmli¢his paper, vehicle overloading will lengthemet
stopping distance beyond the usual case when ok ts not overloaded. If the truck driver is netase (or
unconcerned) with the need to adjust his/her dgiviabit, the driver may not be able to handle onen&er the
truck safely in an emergency situation. Furthermdréhe truck is not in good condition and/or ttuad surface
is wet/slippery, the high degree of overloading mesult in fatality in case of a crash.

Being a developing country, efforts to reduce ftga from traffic accidents have to be intensifiSihce at least
a quarter of accident fatalities in Malaysia inlveavy vehicle crashes, continuous and propertarorg of
the heavy vehicle traffic and truck overloading chée be seriously considered. Occasional manuaghwei
enforcement actions have proven to be insufficiemtcurb the vehicle overloading problem. A more
comprehensive strategy which includes real-time itodng using appropriate technology (such as thiMw
system) and more efficient weight enforcement paoghas to be formulated by the relevant agencike. T
occurrence of a high degree of vehicle overloading developing country like Malaysia, a phenomewich
may not be found in the more developed countrias,tb be dealt with in order to prevent unnecessasyomic
loss to the nation.

The results of this study may be summarized asvial
1. Significant GVW violation involving overweight comarcial vehicles is observed.
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2. The frequency and degree of overloading in heawyrercial vehicles is very significant and alarming.

Not only does overloading accelerate pavement danfagich in turn may contribute to accidents),
overloaded heavy vehicles would be hazardous trotiad users.

4. Monitoring and enhancing enforcement of weight t§rof heavy vehicles may be a step in the right
direction.

5. Comprehensive and continuous data is needed, efipeticritical locations in the road network.
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