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Abstract. The aim of this paper is to explore the relationship between the features of Longer Combination Ve-
hicles (LCVs) and road safety issues. LCVs are road vehicles that exceed dimensions of a typical or standard heavy
truck-trailer or tractor-semitrailer combination vehicles in length or length and weight. The systematization of LCVs
is done. Several areas, which are likely to benefit through LCVs, are listed and described. The analysis of literature re-
view is made in the areas where additional problems may be encountered using LCVs. Several engineering factors such
as resistance to rollover, swept-path parameters, vehicle capabilities of accelerating and maintaining speed as well as
braking performance are analyzed. Several research projects on traffic accident analysis have been looked through to
compare their conclusions about traffic safety of LCVs. The analysis of discussions related to LCVs traffic safety issues
is provided. Some transportation experts and community groups have conflicting views about road safety issues of
LCVs. The opinions and related arguments of both parties are discussed in this paper. Several technical improvements

in designing LCVs and the importance of driver training programs are described.
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1. Introduction

The object of this paper is Longer Combination Vehicles
(LCVs) and road safety issues related to them. Longer
combination vehicles are unlawful in the major part
of countries though some of those have allowed cargo
haulage by LCVs in definite geographic regions or on
designated roads. Longer Combination Vehicles have
from 25% to 100% larger cargo space comparing to
typical truck-trailer combination vehicles. Economical
benefit is the main reason why road haulage companies
are so interested to carry goods using LCVs. Longer
combination vehicles can be more efficient comparing to
a typical European truck-trailer and tractor-semitrailer
combination vehicle for long distance cargo transport.

The aim of this paper is to explore relationships be-
tween the technical features of Longer Combination Ve-
hicle, driver training and traffic safety issues.

2. Background

Road infrastructure is built according to technical
standards and legislation approved by a country. Truck
and trailer dimensions should be harmonized with road
infrastructure. Countries by legislation have limited
truck and combination vehicle dimensions and maxi-
mum allowed Gross Vehicle Weight (GVW). The eco-

nomical benefit for road haulage companies depends on
the amount of transported cargo. Longer Combination
Vehicles have larger volumes of a cargo area. Road ve-
hicles with bigger cargo spaces can make long distance
road haulage business more economically beneficial.
Several countries worldwide have allowed LCVs for long
distance road transport. There are several types/catego-
ries of Longer Combination Vehicles used in different
geographic regions. The definition and classification of
LCVs is provided as follows.

Longer Combination Vehicles are road vehicles
that exceed dimensions of a typical or standard heavy
truck-trailer or tractor-semitrailer combination vehicles
in length or length and weight. LCVs do not exceed the
maximum width and height of standard vehicles. Longer
Combination Vehicles are combined/coupled using legal
road vehicles. Any part of LCVs is a fully approved road
vehicle in the definite country or state. Longer Combi-
nation Vehicles are combined using a truck/tractor and
more than one trailer/semitrailer; special dollies are used
for some combinations of LCVs. These combination ve-
hicles are used for transporting divisible cargos; LCVs
are not vehicles designed for over-size or/and over-
weight cargo transport.

In the USA, the Federal Motor Carrier Safety Ad-
ministration defines the LCV as any combination of a
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truck/tractor and two or more trailers or semi-trailers
that have a Gross Vehicle Weight of greater than 80000
pounds (36363.6 kg) and operating in interstate com-
merce (Part 658: Size and... 2007). Because of this re-
striction on weight, combination vehicles called ‘twins’
or Western Doubles are excluded from this rule. Howev-
er, all road safety issues described in this paper apply to
twins as well as to other types of long and/or heavy com-
bination vehicles not mentioned here. Similar definitions
are made in other countries allowing LCVs. Based on
several previous studies (Nagl 2007; Knight et al. 2008;
Akerman and Jonsson 2007; Schulman 2003; Daniels
2006; Comprehensive Truck Size... 2000), the systemati-
zation of Longer Combination Vehicles is shown in Fig-
ure.

The first type of Longer Combination Vehicles with
total combination vehicle length less than 26.0 meters
(Short LCVs in Figure) has been widely operated in the
USA, Australia, Canada, Finland, Sweden and some oth-
er countries for many years. This type of LCVs is able to
accommodate up to three twenty-foot equivalent units
(TEUs) and offer the possibility of transporting three 20
feet (or 40 feet container plus 20 feet container) contain-
ers (not fully loaded by weight if there are Gross Vehi-
cle Weight restrictions for combination vehicles). Most
of the countries (except Australia) limit the GVW for
short LCVs at 60 metric tons. On some roads in Euro-
pean countries, the Gross Vehicle Weight for short LCV's
is restricted down to 52 tons. In Australia and Canada,
a number of short LCVs are formed using tractor and
two semi-trailers. These combination vehicles are called
‘B Doubles’ or ‘B-trains’ in contrast to the vehicles with
drawbars (truck with trailers) known as ‘A-trains.

The European Union has set up regulations per-
mitting only certain types of short LCVs in interna-
tional traffic. The idea behind this is to ensure that all
the elements of freight transport vehicles are compatible
as some countries in Europe (Sweden, Finland and the
Netherlands) permit LCV's while other countries do not.
This ensures easier handling at borders where LCV's have
to be detached and split into two vehicles. The European
version of short LCVs is called in several ways, like Mod-
ular Concept Vehicles, European Modular Combination,
Eurocombi, Ecocombi etc. Several research projects have
been carried out to analyze the economical benefit and
some safety issues related to European Modular Concept
Vehicles (Backman and Nordstrém 2002; Akerman and
Jonsson 2007; Knight et al. 2008). The obtained results
show economic benefit from using LCVs for long dis-
tance haulage instead of typical European truck-trailer/
tractor-semitrailer combination vehicles.

The intermediate Longer Combination Vehicles
are vehicles with the total length of more than 26.0 me-
ters and less than 30 meters (see Intermediate LCVs in
Figure), which makes the transport of four TEUs pos-
sible. These combination vehicles are almost impossi-
ble to push back for maneuvering and usually have to
be decoupled in service areas (warehouses, distribution
centers). The intermediate LCVs are designed for long
distance (over 400 km) cargo transport between large
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distribution centers using a freeway network only; cargo
carriage in the urban areas with intermediate LCVs is re-
stricted almost in all parts of the world.

The longest LCVs in the world are more than 30
meters (see for Long LCVs in Figure) long. The road ve-
hicles of this type are allowed only on dedicated routes
and with specific restrictions in some geographic areas
of Australia and in nine States of the USA. Long LCVs
are coupled using more than two trailers or semi-trailers
(‘Road trains’ in Australia and “Triples’ in the USA).

Longer Combination Vehicles

(LCVs)

Exceed typical combination vehicles in length and weight.

Separate vehicles do not exceed any standard
forlength or/and weight

Short LCVs

Typical length : 25.0 - 26.0 m (3 TEUs)
Typical gross weight: 50.0 - 68.0 tons

Representatives:
B-Double (Australia, USA, Canada)
Modular Concept Vehicle (Europe)

Intermediate LCVs

Typical length: 26.0 - 30.0 m (4 TEUs)
Typical gross weight: 60.5 - 85.7 tons

Representatives:
Intermediate Double (USA), Rocky Mountain
Double (USA), Rodotrem Comprimento (Brazil)

Typical length: 36.0 - 53.5 m (6 TEUs or more)
Typical gross weight: 62.0 - 125.5 tons

Representatives:
Road train (Australia), Turnpike Double (USA),
Triple (USA)

The systematization of Longer Combination Vehicles (LCVs)

3. Advantages of Longer Combination Vehicles

The areas that are likely to benefit through Longer Com-
bination Vehicles are listed below.

Productivity. Longer Combination Vehicles im-
prove the productivity of long distance road transporta-
tion due to an increase in 25-100% available cargo ca-
pacity per driver (Backman and Nordstrom 2002; Nagl
2008). Since there are restrictions for the total weight of
a truck in several countries, an increase in productivity
by weight is relatively small if compared to an increase in
productivity by the volume of transported cargo.

Costs. Transportation costs are lower due to fewer
drivers needed per unit of cargo transported. Efficient
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use of fuel (calculated by the transported cargo vol-
ume or cargo weight) is resulting in lower transporta-
tion costs for long distance haulage (Backman and Nor-
dstrém 2002; Nagl 2008; Akerman and Jonsson 2007;
Knight et al. 2008).

Traffic. The improved productivity of road trans-
port is resulting in fewer truck units on roads to carry
the same amount of goods (Knight ef al. 2008). A smaller
number of heavy trucks on roads are positively affecting
traffic flow.

Environment. Longer Combination Vehicles pro-
duce lower emissions per unit of the transported car-
go. The total amount of pollution (gas emissions, noise,
waste materials) calculated per unit of transport work is
reduced using LCVs for long distance cargo shipments
(Ramberg 2004; Gunnarsson 2005; Vierth et al. 2008).

Road safety. The probability of traffic accident oc-
currence increases with the mileage (vehicle-kilometers
traveled) (Ramberg 2004). Since there is need for fewer
road vehicles to do the same amount of work (calculated
in ton-kilometers), the vehicle-kilometers traveled are
reduced. The number of accidents also declines through
the introduction of LCVs.

4. Disadvantages of Longer Combination Vehicles

The areas where additional problems may be faced using
Longer Combination Vehicles are as follows.

Road safety. Traffic safety problems are the result
of the technical design features of the Longer Combina-
tion Vehicle, inapplicable road infrastructure and both
car and lorry drivers behavior on the road. Several ques-
tions related to road safety will be discussed bellow in
this paper.

Pavement damage. Heavy trucks and combination
vehicles cause several times higher deterioration of pave-
ment structure than cars or light commercial vehicles.
According to literature (Daniels 2006; AASHTO Guide
for... 1998), some of the heaviest combination vehicles
have the same impact on roadway as 2000 cars. The total
weight of a truck or combination vehicle has the high-
est impact on bridges, viaducts and other over land in-
frastructure utilities. The damage of road pavement is
caused by axle load. The overloaded single axle can cause
pavement damage even if the GVW of a combination ve-
hicle is not exceeded. An increased number of axles for
combination vehicles can mitigate the damage of road
pavement. According to literature (Backman and Nord-
strom 2002; Vierth et al. 2008), short LCV's with restrict-
ed gross weight and 7-axles or 8-axles (GVW = 60 tons)
are potentially less aggressive to road pavement than
typical European tractor-semitrailer combination vehi-
cles with 5-axles (GVW = 44 tons).

Road infrastructure damage. Longer Combina-
tion Vehicles (especially “Turnpike Doubles’” and ‘Rocky
Mountain Doubles’) demonstrate larger off-tracking
(wider swept-path) on roadway curves comparing to
typical tractor-trailer or tractor-semitrailer combina-
tion vehicles. Here off-tracking is defined as difference
in a wheel path between the outside front truck wheel
and the inside rear wheel of the last trailer. Road infra-
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structure is designed to create safe traffic conditions for
typical/standard heavy trucks and combination vehicles.
It may cause some safety problems on roads if longer
combination vehicles are used instead. The limited ra-
dii of roadway curves and narrow traffic lanes are the
main limitations on Longer Combination Vehicles to
drive safely in specific road infrastructure points. The
damage of vehicles, road shoulders, curbs, roadway-side
signs etc. can be resulted from the larger off-tracking of
Longer Combination Vehicles. Maneuvering parameters
for many configurations of LCVs are worse than for typi-
cal truck-trailer combination vehicles. Some technical
solutions, e.g. steered axles for trailers, can improve the
maneuverability of LCVs.

Parking areas and warehouses. Most of the rest ar-
eas and truck stops in Europe are not designed to ac-
commodate Longer Combination Vehicles. These ve-
hicles could be parked in slots designed for oversize or
overload cargo transport but there are a limited number
of special parking places. A similar situation can be faced
in warehouses and distribution centers. Truck on-load
and off-load areas are not always suitable for LCVs. It
can cause problems in everyday use of Longer Combi-
nation Vehicles and create additional inconvenience to
other truck drivers.

Traffic. Longer Combination Vehicles can have an
impact on traffic. As shown in several research papers
(Mohamedshah et al. 1993; Garber and Ehrhart 2000;
Hanley and Forkenbrock 2005; Khorashadi et al. 2005;
Bjornstig et al. 2008), the major impact of Longer Com-
bination Vehicles is on two-lane highways and in pop-
ulated/urban areas (towns and cities). Longer Combi-
nation Vehicles take more space; acceleration for these
combinations can be lower; somewhere at turns/corners,
LCVs can block the width of more than one traffic lane
and even go into traffic lanes of the opposite direction
(road safety issue). The extra length of LCVs can cause
additional risk for other road users.

5. Road Safety Problems Related to Longer
Combination Vehicles

Road safety performance of trucks or combination ve-
hicles highly depends on engineering factors such as re-
sistance to roll-over and oft-tracking, vehicle capabilities
of accelerating and maintaining speed as well as braking
performance.

Rollover tendency. Truck-trailer and tractor-semi-
trailer combination vehicles are tended to rollover nego-
tiating curves or steep grades. The risk of static rollover is
as great for longer or heavier combination vehicles as it is
for typical heavy trucks and trailer combination vehicles.
The possibility of rollover is related to the height of the
vehicle center of gravity. According to the results of field
measures presented by Daniels (2006), an intermediate
Longer Combination Vehicle tends to be more stable
on curves than a conventional 5-axle tractor-semitrailer
combination vehicle because of its additional length; it
is possible to reduce the height of the center of gravity
spreading cargo over greater length. It is not true if cargo
is placed on several levels in the cargo area.
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Truck and trailer manufacturers in Europe are
working to reduce the height of cargo space floor. The
height of the cargo area floor of long-distance truck-
trailers is just over one meter. The height of cargo place
floor is even less for center-axle trailers (using special
low profile and small diameter tires).

Other vehicle design factors positively influenc-
ing rollover risk are width, suspension parameters, the
number of articulation points and tire properties. Some
other factors (not relating to vehicle design) are roadway
design, driver performance and behavior.

Low speed off-tracking. Low-speed off-tracking is
phenomena when the rear axles of the vehicle are track-
ing toward the center of the swept path (Harkey et al.
1996). Although longer wheelbases of trailers and semi-
trailers generally would worsen off-tracking parame-
ters, this does not mean that off-tracking increases with
overall vehicle length. According to Daniels (2006), the
standard Surface Transportation Assistance Act (STAA)
double and triple combinations with 28 foot (8.54 me-
ter) trailers off-track less than a standard tractor and 53
foot (16.15 meters) semitrailer combination. This is part-
ly due to the fact that individual trailers in these multi-
trailer combinations have relatively short wheelbases.
The result of an off-tracking comparison is opposite if
(STAA) double and triple combinations are compared
with European standard providing a truck-trailer com-
bination vehicle of 16.5 meters long. The width of the
swept-path depends on combination vehicle technical
features; the wheelbase of each trailer and the number
of articulation/hinge points are the main parameters.
Some experts (Knight et al. 2008) think that low-speed
off-tracking is not a serious safety problem as it has a
minimal effect on the likelihood of serious crashes (fatal
or injury-producing). The large off-tracking of combi-
nation vehicles causes traffic disruption and damage to
infrastructure (especially in narrow places). Series of ex-
periments are done measuring the swept path for differ-
ent configurations of LCVs in Europe. According to the
measurements and computer simulations done in Swe-
den (Aurell and Wadman 2007), all types of LCVs intro-
duced in Europe use a wider swept path on turns. The
steered axle at the end of combination vehicles may im-
prove off-tracking (SCM Concept... 2007). On the other
hand, the loss of dynamic stability is larger than the gain
of maneuverability (Aurell and Wadman 2007).

High speed off-tracking. Rearward amplification
occurs when a truck-trailer or longer combination ve-
hicle travels at high speed (above 80 km/h) and a driver
sharply maneuvers left then right or right and then left.
In situations when a driver tries to avoid collision with
an unexpected obstacle and makes a sharp maneuver, the
end of a combination vehicle has a tendency to skid side-
ways into other traffic lanes or to rollover. The relation-
ship between truck size and weight and propensity to-
ward rearward amplification is complex. The procedure
of rearward amplification measurements is described in
the standard ISO 14791:2000. A slightly different meth-
odology has been used overseas (Sweatman 1993).
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Dynamic stability (both rearward amplification and
yaw damping) improves with a reduction in the number
of articulation/hinge points connecting the components
of a combination vehicle. Dynamic stability is not direct-
ly related to combination length. According to literature
(Luskin and Walton 2001), the substitution of B-train
and C-dolly connections for more-widely used A-dollies
would effectively eliminate an articulation point. A com-
parison analysis of different combination vehicle types in
Europe according to standard ISO14791:2000 procedure
has been conducted. Research results (Aurell and Wad-
man 2007; Ehrning 2004) are shown in Table 1 the best
of which points to tractor semi-trailer combination and
the worst one shows a truck and drawbar trailer. The re-
sults of dynamic stability for all types of longer combina-
tion vehicles allowed in Europe are in the middle of these
two vehicle combinations.

Table 1. Results of research on the dynamic stability of
combination vehicles (yaw-damping factor measured
according to standard ISO14791:2000 procedure)

Yaw-damping

Ranking Combination Vehicle

factor
1 Tractor with semi-trailer 1.26
2 Tractor with B-double 1.55
3 Truck with dolly and semi-trailer 1.77
4 Truck with center axle trailer 2.17
5 Truck with semi-trailer and 2.59
center axle trailer
6 Truck with drawbar trailer 3.59

Acceleration and speed maintenance. Acceleration
and speed maintenance parameters for longer (especial-
ly for heavier) combination vehicles are important safety
factors. Commonly, trucks with increased total length
but with the same total weight do not have lower acceler-
ation performance. However, accidents involving LCV's
can occur when a longer vehicle crosses a non-signalized
or signalized intersection after stopping or braking. The
safety factor here is intersection clearance time. The LCV
with better acceleration capabilities can clear the inter-
section faster reducing its exposure to opposing traffic. A
Longer Combination Vehicle should have higher accel-
eration capabilities to clear the intersection at the same
time as a typical truck-trailer combination vehicle. The
increased length of vehicles can influence the potential
risk of accident occurrence.

Although some experts found roadway grade pa-
rameters as insignificant to the likelihood of accidents
involving large trucks (Mohamedshah et al. 1993), sev-
eral analysis have proven the relation between roadway
vertical grade, the length of grade and the likelihood of
accident occurrence (Miaou and Lum 1993; Milton and
Mannering 1998; Vogt and Bared 1998; Milton et al.
1998; Vogt et al. 1998). If large trucks accelerate more
slowly than light vehicles do and upward grade lacks a
climbing lane for slow-accelerating trucks (two lane
roads), accidents can result when lighter vehicles attempt
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to pass these slower trucks. Reasons for having accidents
on downward grades may vary.

Higher power engines and suitable power trains can
enable heavy trucks to perform acceptable performance;
high acceleration capabilities for longer combination ve-
hicles can shorten time needed to pass an intersection
and can improve speed on upward grades. Special truck
climbing lanes on steep grades could improve road safety
and prevent traffic conflicts between slow-moving trucks
(not only longer combination vehicles) and other faster-
moving vehicles.

Braking performance. The theoretical braking dis-
tance of a vehicle mainly depends on the performance of
vehicle braking system, friction between tires and road,
a vertical grade of the road and aerodynamic resistance
to the vehicle. Reduction in friction between tires and
roadway could be caused by several reasons, e.g. vehi-
cle tire and roadway surface properties or load on axles
and the distribution of weight per axle. Longer combi-
nation vehicles have a longer braking wire system, more
housing and coupling devices comparing to standard
trucks. A complex braking system could negatively affect
the braking performance of LCVs. The problem could
be solved using more advanced technical solutions and
high developed electronic devices. According to Swedish
legislation (Legal Loading... 2002), every vehicle form-
ing any part of a Modular Combination Vehicle should
be equipped with ABS brakes that fulfill the criteria in
the EC Brake Directive. According to Federal Highway
Administration (Comprehensive Truck Size... 2000),
braking performance is a general concern that applies to
all trucks and is not particularly influenced by changes
in truck size and weight if the requisite number of axles
and brakes are added as vehicle weight increases and all
vehicle brakes are well maintained.

Practical stopping distance is a more complex prob-
lem additionally related to a variety of driver skill levels,
attention to driving, reaction time, roadway surface fea-
tures and weather conditions.

6. Accident Data Analysis

Statistical data about traffic accidents involving Longer
Combination Vehicles are available only from the re-
gions where LCVs are legally used and separately clas-
sified. In our case, data from Scandinavia and the USA
will be provided for analysis.

Although, the number of large trucks involved in
injury crashes has decreased by 14% over the 10 years
period from 1996 to 2006 and the vehicle involvement
rate for large trucks in injury crashes has declined by
30%, the accident rate for large trucks is still high in the
United States. There were 4995 fatalities in large truck
accidents and more than 106000 people were injured in
large truck accidents in 2006 (Large Truck... 2008). A
similar situation was encountered in 2007 when 4808
people died (12% of all traffic fatalities reported in 2007)
and an additional 101000 were injured in crashes in-
volving large trucks (Trafic Safety Facts... 2008; Fatal-
ity Analysis... 2010). More than three-fifths (62%) of
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all fatal crashes involving large trucks occurred on rural
roads in 2006 and 2007 (Large Truck... 2008; Trafic Safe-
ty Facts... 2008). According to statistics (Large Truck...
2008), single-vehicle crashes made up 21% of all fatal
crashes, 15% of all injury crashes and 27% of all property
damage crashes involving large trucks. The most (82%)
accidents involving large trucks are multiple vehicle ac-
cidents. In 2007, large trucks were 2.7 times more likely
than other vehicles to be struck in the rear in two-vehicle
fatal crashes (Trafic Safety Facts... 2008).

Several researchers have attempted to estimate the
propensity of size and weight differences among vari-
ous truck-trailer configurations with a particular focus
on double-trailer combinations, or more specifically on
longer combination vehicles. Experts agree that there is
a lack of reliable data on the exact configuration of vehi-
cles involved in crashes as well as a shortage of specific
measures of exposure for LCVs. For example, data anal-
ysis (Scopatz and DeLucia 2000) performed in Florida,
Idaho, Nevada, Oregon and Utah States indicates that
none of the five states has a crash reporting system that
adequately supports the analysis of traffic safety param-
eters for LCVs.

The conclusions of several past studies related to
the road safety issues of LCV vary from slightly posi-
tive (Backman and Nordstrém 2002) to slightly negative
(Résdnen et al. 2004) and to no difference (Nagl 2008).
This un-uniformity in findings is explained by different
methodologies and data sets used to conduct these stud-
ies. Some research results are shown below.

Statistical data on the USA (Western Uniformity...
2004) are summarized in Table 2. Fatal involvement rates
are calculated according to the vehicle miles traveled
(VMT) and large truck fatal involvements among 13
States of the USA (States allowing LCVs). Fatal crash
involvement was 2.88 per 100 million VMT for single
trailer combinations and 3.13 per 100 million VMT for
multi-trailer combinations.

According to statistics from Sweden (Avedal and
Svenson 2006), almost a half (49%) of the fatalities in ac-
cidents involving heavy trucks are in collisions with on-
coming traffic. The majority are frontal collisions with
passenger cars mostly caused by the car driver due to
sliding, overtaking or inattention. More statistical data
are shown in Table 3.

Table 2. Fatal crash rates per 100 million vehicle miles
traveled, 13 States of the USA 1995-1999

Fatal crash rate Fatal crash rate

Road functional (number of (nurpber of truck
crashes) involved)
class Single  Multi  Single
trailer  trailer  trailer Multi trailer

Interstate rural 1.35 1.78 1.50 1.83
Other rural 4.58 6.22 473 6.36
Interstate urban 1.85 1.03 2.01 1.39
Other urban 2.81 2.12 2.84 2.13
Total 2.75 3.02 2.88 3.13
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Table 3. Fatalities in accidents including heavy
trucks (> 3.5 tons), Sweden 1999-2001

Accident type Iitgg:; t(:f %
Impact with oncoming traffic 218 49
Impact with pedestrian 48 11
Overtaking 35 8
Impact with crossing vehicle 34 8
Impact with bicycle or moped 34 8
Impact with vehicle when turning 24 5
Miscellaneous 24 5
Single vehicle accident 18 4
Rear impact vehicle in same direction 9 2
Impact with animal 1 0
Total 445 100

A wide range of statistical data about fatal accidents
involving Longer Combination Vehicles is provided by
the Center for National Truck and Bus Statistics at Mich-
igan University. The authors (Jarossi et al. 2007) con-
clude that statistical data about fatal accidents are related
neither to the total number of trucks or combination ve-
hicles (the total number of vehicles or the number of ve-
hicles by type) nor to the vehicle miles traveled.

Statistical evidences on the involvement of LCVs in
accidents and particularly on the type of accidents vary
in a wide range by country. Slightly different conclusions
could be explained considering different data samples of
accidents, differences in geography and infrastructure,
allowed configurations and technical features of LCVs,
driver performance employing LCVs as well as the over-
all traffic safety situation in this region.

7. Opinions about Longer Combination Vehicles
and Road Safety

Road safety is the most controversial issue of Longer
Combination Vehicles. Some experts and community
groups have conflicting views about Longer Combina-
tion Vehicles. One group of experts and people think
that traffic safety problems significantly increase if
Longer Combination Vehicles are allowed. These people
do not like seeing large cargo vehicles on roads; organi-
zations and campaigns such as the Coalition Against
Bigger Trucks (CABT) in the USA, Canadians for Re-
sponsible and Safe Highways (CRASH) in Canada and
NoMegaTrucks in Europe are lobbing state and federal
legislatures against LCVs operations. The organizations
and enterprises related to railway have a similar opinion
and are trying to prove that LCVs are dangerous, in-
effective and unsafe. Some experts agree that there are
more potential hazards, risks and handling difficulties
with LCVs rather than with typical truck-trailer com-
bination vehicles.

The opponents are arguing that the risk of traffic
accidents is usually considered very dependent on the
number of vehicles in the traffic stream. A reduction of
the total number of heavy vehicles in traffic is believed to
have a positive influence on road safety and long distance
cargo transport using LCVs is economically efficient.
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Permitting LCV's offers a great opportunity to allow
only new vehicles with the newest safety features for this
purpose. So far, no empirical evidence has been found
to show that LCVs (in particular Short LCVs) are sig-
nificantly more dangerous than standard heavy vehicles.

8. Improvements in Road Safety

Longer Combination Vehicles have some problems relat-
ed to traffic safety. Since trucking companies are highly
interested to use longer combinations due to economic
benefit, legislators and truck manufacturers are working
to make LCVs safer on roads. Some ideas of improve-
ments are described below.

According to research results described above, the
main part of accidents, involving Longer Combination
Vehicles is multiple vehicle accidents; head collisions be-
tween cars and trucks occur most often. Designers have
worked to create these accidents potentially safer. Truck
manufacturers Scania (Scania Group 2010) and Volvo
(Avedal and Svenson 2006) have created under-run pro-
tection devices/systems in the front of trucks/tractors.
The tests of these devices have shown good results. Ac-
cording to literature (Scania Group 2010), these devices
have saved 900 lives on roads in Europe. Front under-
run protection devices/systems are now required for all
European trucks.

New design dollies and trailers could improve the
maneuvering performance of LCVs. Several manufac-
turers have designed dollies and trailers/semitrailers
with one or more steered axles. The technical solutions
to and performance of new design vehicles are different;
some of these products are provided in the market.

Advanced braking and electronic stability programs
for LCVs are some other examples of technical solutions
to make LCVs safer on roads.

Traffic safety is not only depended on the technical
parameters of trucks and combination vehicles as there
are other significant factors, e.g. infrastructure design,
landscape and driver behavior. Some people decry the
utilization of longer combination vehicles largely because
they are afraid of the sheer size of the vehicles which is
at least partially due to the fact that special training is
required in order to drive LCVs and that the drivers of
LCVs should be generally more experienced.

A special training and testing program for LCVs
drivers is organized in the USA for several years (Dan-
iels 2006). A better selection of drivers and a higher-level
training program can help with reducing the accident
risk of larger combination vehicles. According to the
Federal Highway Administration (Western Uniform-
ity... 2004), improvements in the training program of
LCV drivers could make a significant decline in the rate
of fatal accidents involving medium-to-heavy trucks in
the USA.

Federal Motor Carrier Safety Administration (Min-
imum Training Requirements... 2004) has established
standards in requirements for LCVs operators/drivers.
According to legislation, employers are prohibited from
allowing drivers to operate LCVs unless those drivers
can provide either a LCV Driver-Training Certificate
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as evidence of successful completion of an LCV driver-
training course or a LCV Driver-Training Certificate of
Grandfathering showing that the driver is exempt from
the training requirements based on experience. Al-
though all countries have made restrictions on the use
of LCVs, only some of them have similar legislative rules
related to training LCV drivers. Most countries, includ-
ing Sweden, Finland and the Netherlands have imple-
mented only a special permit system not related to high
professional skills of LCV drivers.

Any vehicle could be safe if driven safely and with
respect to road conditions and other road users. One of
the main points of road safety is the behavior of all traf-
fic participants. Everyone influences each other on the
road; vehicle technical parameters, performance and
LCV driver behavior are not exclusive safety related is-
sues. The traffic safety of LCVs is a reflection of the inter-
action of multiple factors.

9. Conclusions

1. Longer Combination Vehicles (LCVs) have advan-
tages comparing to typical truck-trailer and tractor-
semitrailer combination vehicles. Cargo shipments
with LCVs are cheaper in long distances due to lower
transportation costs (fewer drivers and less fuel con-
sumption per cargo unit). It results in fewer trucks on
roads (less traffic congestions, less air pollution, lower
noise) in total. A smaller total number of trucks on
the road and less vehicle kilometers traveled can result
in a lower likelihood of traffic accident occurrence.

2. Longer Combination Vehicles could have disadvan-
tages comparing to conventional large trucks. The
design of some elements of road infrastructure is not
fully suitable for longer combination vehicles; the
limited radii of curves and narrow traffic lanes can
cause the increased risk of infrastructure and vehi-
cle damage. A small number of suitable parking slots
for LCVs can cause inconvenience to drivers. Longer
Combination Vehicles take more road-space; LCVs
block an intersection for longer time comparing to a
shorter truck with similar acceleration performance;
at turns/corners, LCVs can block the width of more
than one traffic lane and even go into the traffic lanes
of the opposite direction. The extra length of LCVs
can cause additional risk for other road users.

3. Statistical evidences about the involvement of LCV's
in accidents and particularly considering the type
of accidents vary by country and region. Research-
ers have come to slightly different conclusions about
safety issues related to LCVs. It could be explained by
different data samples of accidents used for research,
differences in geography and road infrastructure, al-
lowed configurations and technical features of LCVs,
driver performance employing LCVs and the overall
traffic safety situation in this region. There is a lack
of data reporting on traffic accidents that could be
adequately supported by a detailed analysis of LCVs
traffic safety issues. So far, statistically proven empiri-
cal evidence has not been found to show that LCVs

A. Grislis. Longer combination vehicles and road safety

are significantly more dangerous than a typical truck-
trailer and tractor-semitrailer combination vehicles.

4. Road safety is the most controversial issue of Longer
Combination Vehicles. Some transportation experts
and community groups have conflicting opinions
about the safety of LCVs. People who are against long-
er combination vehicles are trying to prove that LCVs
are dangerous, ineffective and unsafe. However, there
are community groups having opposite opinions. Both
parties are conducting research projects advertising
their opinions and lobbing legislators.

5. Vehicle manufacturers are working to decrease the
potential hazard of longer combination vehicles. Sev-
eral new design features of road vehicles are created
and introduced in the market. Technical solutions
and special electronic equipment is available to make
longer combination vehicles safer on the road.

6. A special training and testing program for LCVs driv-
ers could improve the safety of longer combination
vehicles. It is statistically proven that more experi-
enced and higher qualified drivers have potential to
be involved in a smaller number of traffic accidents.

References

AASHTO Guide for Design of Pavement Structures. 1998.
Washington: American Association of State Highway and
Transportation Officials. 700 p.

Akerman, L; Jonsson, R. 2007. European Modular System
for Road Freight Transport — Experiences and Possibilities.
Report 2007:2 E. Stockholm: TFK - TransportForsk AB.
91 p. Available from Internet: <http://www.nvfnorden.org/
lisalib/getfile.aspx?itemid=390>.

Aurell, J.; Wadman, T. 2007. Vehicle Combinations Based on
the Modular Concept: Background and Analysis. Report
No 1/2007. Committee 54: Vehicles and Transports. Swe-
den : Nordiska Vagtekniska Forbundet (NVF). 64 p. Avail-
able from Internet: <http://www.nvfnorden.org/lisalib/get-
file.aspx?itemid=1589>.

Avedal, C.; Svenson, L. 2006. Accidents with trucks in Scan-
dinavia - an overview of the current situation, in 5th
DEKRA/VDI Symposium 2006 ‘Safety of Commercial Ve-
hicles’, 12-13 October, 2006. Neumiinster, Germany. 11 p.
(CD).

Backman, H.; Nordstrém, R. 2002. Improved Performance of
European Long Haulage Transport. Report 2002:6 E. Stock-
holm: Institutet for transportforskning. 39 p. Available
from Internet: <http://www.modularsystem.eu/download/
facts_and_figures/final_report_extra.pdf>.

Bjornstig, U.; Bjornstig, J.; Eriksson, A. 2008. Passenger car
collision fatalities — with special emphasis on collisions
with heavy vehicles, Accident Analysis & Prevention 40(1):
158-166. doi:10.1016/j.aap.2007.05.003

Comprehensive Truck Size and Weight Study. 2000. US Depart-
ment of Transportation. Washington: Federal Highway
Administration. Publication Number: FHWA-PL-00-029.
42 p.

Daniels, D. 2006. Longer Combination Vehicle (LCV) Regula-
tion Training. 1st edition. Delmar Cengage Learning. 256 p.

Ehrning, U. 2004. Transport in Change. Presentation. 25 p.
Available from Internet: <www.silvertipdesign.com/Trans-
port%20development.pdf>.

Fatality Analysis Reporting System (FARS). 2010. Large Trucks
Involved in Fatal Crashes by Most Harmful Event — State :


http://dx.doi.org/10.1016/j.aap.2007.05.003

Transport, 2010, 25(3): 336-343

USA, Year: 2007. National Highway Traffic Safety Admin-
istration. Available from Internet: <http://www-fars.nhtsa.
dot.gov/Vehicles/VehiclesLargeTrucks.aspx>.

Garber, N. J; Ehrhart, A. A. 2000. Effect of speed, flow, and
geometric characteristics on crash frequency for two-lane
highways, Transportation Research Record 1717: 76-83.
doi:10.3141/1717-10

Gunnarsson, C. 2005. VOLVO’ Environmental Strategy for Next
Generation Trucks. 24 p. Available from Internet: <http://
www.nll.se/upload/IB/lg/regio/N%C3%A4ringsliv/Energi/
Seminariets%20talpresentationer/Volvo.ppt>.

Hanley, P. E; Forkenbrock, D. J. 2005. Safety of passing lon-
ger combination vehicles on two-lane highways, Trans-
portation Research Part A: Policy and Practice 39(1): 1-15.
doi:10.1016/j.tra.2004.09.001

Harkey, D. L., Council, E M.; Zegeer, C. V. 1996. Operational
characteristics of longer combination vehicles and related
geometric design issues, Transportation Research Record
1523: 22-28. d0i:10.3141/1523-03

ISO 14791:2000. Road vehicles - Heavy commercial vehicle
combinations and articulated buses - Lateral stability test
methods.

Jarossi, L.; Matteson, A.; Woodrooffe, J. 2007. Trucks In-
volved in Fatal Accidents Factbook 2004. Report UM-
TRI-2007-35. Michigan: University of Michigan Trans-
portation Research Institute (UMTRI). 115 p. Avail-
able from Internet: <http://deepblue.lib.umich.edu/bit-
stream/2027.42/57265/4/48532%20A46.pdf>.

Khorashadi, A.; Niemeier, D.; Shankar, V.;; Mannering, E
2005. Differences in rural and urban driver-injury severi-
ties in accidents involving large-trucks: An exploratory
analysis, Accident Analysis and Prevention 37(5): 910-921.
doi:10.1016/j.aap.2005.04.009

Knight, I. Newton, W.; McKinnon, A.; Palmer, A.; Barlow, T.;
McCrae, 1; Dodd, M.; Couper, G.; Davies, H.; Daly, A;
McMahon, W,; Cook, E.; Ramdas V.; Taylor, N. 2008. Lon-
ger and/or Longer and Heavier Goods Vehicles (LHVs) - a
Study of the Likely Effects if Permitted in the UK. Published
Project Report PPR285. United Kingdom: TRL Limited.
312 p. Available from Internet: <http://www.ciltuk.org.
uk/pages/downloadfile?d=46AAD48B-7044-4819-81FA-
753DF78D61 AC&a=stream>.

Large Truck Crash Facts 2006. 2008. U.S. Department of Trans-
portation. FMCSA-RI-08-001. Available from Internet:
<http://ai.volpe.dot.gov/CarrierResearchResults/PDFs/
LargeTruckCrashFacts2006.pdf>.

Legal Loading 1999. Weight and Dimension Limits for Heavy
Vehicles. 2002. Swedish National Road Administration
Vagverket Sverige [Swedish Road Administration]. Swe-
den: Borlange. 18 p.

Luskin, D. M.; Walton, C. M. 2001. Effects of Truck Size and
Weights on Highway Infrastructure and Operations. Re-
search Report 0-2122-1. Austin: University of Texas. 82 p.

Miaou, S.-P; Lum, H. 1993a. Modeling vehicle accidents and
highway geometric design relationships, Accident Analysis
& Prevention 25(6): 689-709.
doi:10.1016/0001-4575(93)90034-T

Miaou, S.-P; Lum, H. 1993b. Statistical evaluation of the ef-
fects of highway geometric design on truck accident in-
volvements, Transportation Research Record 1407: 11-23.

Milton, J.; Mannering, F. 1998. The relationship among high-
way geometrics, traffic-related elements and motor-vehi-
cle accident frequencies, Transportation 25(4): 395-413.
doi:10.1023/A:1005095725001

343

Minimum Training Requirements for Longer Combination Vehicle
(LCV) Operators and LCV Driver-Instructor Requirements;
Correction. 2004. U.S. Department of Transportation. Fed-
eral Motor Carrier Safety Administration. Available from
Internet: <http://www.fmcsa.dot.gov/rules-regulations/ad-
ministration/rulemakings/04-11306LCVCorrection.htm>.

Mohamedshah, Y. M.; Paniati, J. F; Hobeika, A. G. 1993. Truck
accident models for interstates and two-lane rural roads,
Transportation Research Record 1407: 35-41.

Nagl, P. 2008. Longer combination vehicles (LCV) for the Asia
and the Pacific region: some economic implications (UNES-
CAP working paper). UN: UNESCAP working paper
WP/07/02 edition. 34 p.

Part 658: Size and Weight, Route Designations - Length,
Width and Weight Limitations. 2007. U.S. Department of
Transportation. Federal Motor Carrier Safety Adminis-
tration. Available from Internet: <http://www.fmcsa.dot.
gov/rules-regulations/administration/fmcsr/fmesrruletext.
asp?chunkKey=090163348008ee27>.

Ramberg, K. 2004. Fewer Trucks Improve the Environment.
Three Short Become Two Long, if the EU Follows the Exam-
ple Set by Sweden and Finland. Goteborg: Confederation of
Swedish Enterprise 11 p. Available from Internet: <http://
www.modularsystem.eu/download/facts_and_figures/con-
federation_of_swedish_enterprise_pub2004100041.pdf>.

Résédnen, J.; Kallberg, V.-P; Kiviniemi, T.; Tapio, J. 2004.
Taysperdvaunullisten kuorma-autojen talviajan nopeus-
rajoituksen alentamisen vaikutukset: Tutkimus [Impacts
of reduced speed limits of large articulated trucks during
wintertime: Report]. Helsinki: Ministry of Transport and
Communications of Finland. 106 p. Available from Internet:
< http://www.mintc.fi/fileserver/sarja%2068_2004.pdf >. (in
Finnish).

Scania Group. 2010. Available from Internet:
<http://www.scania.com>.

Schulman, J. E 2003. Heavy Truck Weight and Dimension Limits
in Canada. Toronto: The Railway Association of Canada.
30 p. Available from Internet: <http://www.railcan.ca/docu-
ments/news/374/2003_09_23_heavyTruckWxD_en.pdf>.

SCM Concept of the year 2007. Silvertip Design. Available from
Internet: <http://www.silvertipdesign.com/#SCM>.

Scopatz, R. A.; DeLucia, B. H. 2000. Longer Combination Vehi-
cle Safety Data Collection. Data Nexus, Inc. 79 p. Available
from Internet: <http://www.aaafoundation.org/pdf/lcv.pdf>.

Sweatman, P. F. 1993. Overview of Dynamic Performance of the
Australian Heavy Vehicle Fleet. Melbourne: Australian Na-
tional Road Transport Commission. 56 p.

Trafic Safety Facts: 2007 Data. Large Trucks. 2008. NHTSA’s Na-
tional Center for Statistics and Analysis. Washington. 5 p.
Available from Internet: <http://www-nrd.nhtsa.dot.gov/
Pubs/810989.PDF>.

Vierth, I.; Berell, H.; McDaniel, J.; Haraldsson, M.; Ham-
marstrom, U; Yahya, M.-R.; Lindberg, G.; Carlsson, A,
Ogren, M.; Bjorketun, U. 2008. The effects of long and heavy
trucks on the transport system. VTI Report 605A. Linkop-
ing: VTI. 92 p. Available from Internet: <http://www.vti.se/
EPiBrowser/Publikationer%20-%20English/R605A.pdf>.

Vogt, A.; Bared, J. 1998. Accident models for two-lane rural
segments and intersections, Transportation Research Record
1635: 18-28. doi:10.3141/1635-03

Western Uniformity Scenario Analysis. 2004. U.S. Department
of Transportation. Federal Highway Administration. 152 p.
Available from Internet: <http://www.thwa.dot.gov/policy/
otps/truck/wusr/wusr.pdf>.


http://dx.doi.org/10.3141/1717-10
http://dx.doi.org/10.1016/j.tra.2004.09.001
http://dx.doi.org/10.3141/1523-03
http://dx.doi.org/10.1016/j.aap.2005.04.009
http://dx.doi.org/10.1016/0001-4575%2893%2990034-T
http://dx.doi.org/10.1023/A:1005095725001
http://dx.doi.org/10.3141/1635-03



