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ABSTRACT

A preliminary investigation of the existing truck transpoﬁ situation and the nature of the
governing vehicle weight and dimension (VWD) regulations in the northeast region of Thailand
was conducted. A number of key aspects and problems relating to truck operation in the
region are revealed. A summary of the state-of-the-art knowledge base concerning large truck
transportation operating efficiency and performance based on a review of literature from
Canéda, the United States, and other countries was completed. The summary was focused on
the potential interest of future developments in the VWD regulations governing large trucks in
Northeast Thailand. Finally, suggestions for relevant research relating to VWD issues of
appareﬁt import to regulatory development opportunities concerning large truck transport in the

northeast region of Thailand are presented.
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CHAPTER 1

INTRODUCTION

1.1 THE MOTIVATION

The northeast region of Thailand is of a very rural nature, with a strong dependence upon
agriculture and its related industries (agro-industries) such as rice mills, cassava processing
plants, sugar processing plants, etc. Trucking is the most important mode of transport for these
products both within and out of the region, as well as the major mode of freight movement into
the area. The growth and development of the region’s economy have a strong linkage with
the development and provision of efficient and effective truck transport services,"now and in the

future.

Thailand is not unique in this regard, as the movement of freight by truck plays an increasingly
important role in economies of both developed and developing countries throughout the world.
Coupled with this growing dependence on trucking has been a worldwide trend to facilitate
(through infrastructure improvement) and permit (through regulatory change) the utilization of
larger and/or heavier trucks--with the objective of reducing freight transport operatiﬁg costs and

thereby increasing economic growth.

While larger and heavier trucks can potentially lead to substantial reductions in transport
operating costs, in doing so, they also usually necessitate higher infrastructure costs - both in
terms of initial construction costs and on-going rehabilitation and maintenance costs. Various
aspects of the trade-off between the reduced operating costs and increment of infrastructure
costs--as weli as other impacts of general interest in considering large truck issues (i.e., traffic

engineering considerations, truck safety considerations, etc;) - have been, and continue to be,
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the subject of major research around the world.

This research examines a wide variety of matters of import -to guiding the highway development
policies of all countries. While the state of this work is such that many fundamental questions
remain unanswered (and in some cases indeed probably unasked), important advances in the
knowledge base have been made. Some of the *leading-edge® research on the subject has

been carried out in recent years in Canada.

It is against this background that this project has been conceived, with the goal of providing
a comprehensive and timely knowledge base about truck operating efficiency and performance
considerations of potential import to the future road development policies and projects in the
northeast region of Thailand - giving particular attention to the issue of the regulation of truck

size and weight.

1.2 PROJECT OBJECTIVE AND SCOPE

The project has three principal objectives:

(1) to develop a preliminary assessment of key aspects of the existing truck transport
situation in northeast Thailand;

(4] to develop a summary of the state-of-the-art knowledge base concerning large truck
transportation operating efficiency and performance considerations of potential interest
to future developments in the weight and dimension regulations (and the related
infrastructure design considerations) governing large truck operations in northeast
Thailand,;

3 to develop suggestions for relevant research relating to truck weight and dimension
issues of apparent import to regulatory development opportunities concerning large
truck transport in the northeast region of Thailand.
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The project is concerned with *medium® and ®large® trucks and truck combinations - defined to
mean vehicles designed to handle gross vehicle weight (GVW) of 12 tonnes or more, and

regularly used in "ex-urban® (i.e., intercity) transport service.

1.3 METHODOLOGICAL CONSIDERATIONS

The project relies on three basic sources of information: (i) the literature; (ii) un-published
material obtained from Canadian and American highway agencies, and; (jii) a limited field survey
of truck operations in Thailand's northeast region carried out by the author in summer, 1987
and 1988. Published research findings of particular interest to the project include recent

Canadian, US, and many other countries’ work.

The first objective is based on the results of a limited field survey and a series of interviews
and discussions with government officials and truck operators undertaken by the author in

summer, 1987 and 1988.

The second objective is based on the collection and synthesis of recent research findings,
and the “interpretation® and "extrapolation® of those findings into a knowledge base of relevance

to northeast Thailand.

The third objective is concerned with the formulation of a series of research projects to be

undertaken by staff and students at Khon Kaen University.



2-1
Chapter 2

THE CURRENT TRUCK TRANSPORT SITUATION IN NORTHEAST THAILAND

2.1 PURPOSE OF THE CHAPTER

As is the case in many countries, Thailand’s economy is strongly dependent on the production
and processing of agricultural products, and their shipment to market. In northeast Thailand,
where more than 80% of the population are farmers, the shipment of agricultural products is
exclusively based on truck transport. Truck transport is therefore a vital mode of freight
transportation in the region. More efficient and effective truck transport can lead to an

improvement in the economic situation of the region, and therefore, in the couﬁtry itself,

The purpose of this chapter is:

€] to present a general outline of the northeast region of Thailand,;

(b)b to determine the activity system relating to truck transport needs, the transportation
system servicing truck transport, and the flow pattern of truck transport;

(¢ to examine the region’s governing vehicle weight and dimension (VWD) regulations;

(d) . to examine the region’s truck fleet and operating characteristics; .

(e to present three case studies of truck operations conducted in northeast Thailand; and

® to discuss apparent problems with, and opportunities for improvement of, truck transport

in the region.

2.2 THE NORTHEAST REGION

Thailand is divided geographically into four regions, namely, the north, the northeast, the

central, and the south. The northeast region consists of 17 cities (changwats) as shown in
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Figure 2.1. The region lies between 14° and 18~ north latitude and 101 and 106° east
longitude. The northern and eastern boundaries of the region are separated from Laos by the
Mekhong River, while the southern boundary is close to Kampuchea., The western and

southwestern boundaries border the north and central regions of Thailand, respectively.

The northeast region occupies 169,500 square kilometres and in 1983 had a total population
of 17,219,000, both of which are one-third of the whole country. The population growth rate
of the region in the past eight years was 2.2% (compared to the national average growth rate
of 1.8%). The region’s gross regional product (GRP) in 1982 was 45,600 million baht at 1972
prices (21.0 baht = $1 Cdn approximately), which was 14.1% of the gross domestic product
(GDP) of 324,300 million baht in the same year. The per capita GRP in that year was 2,658

baht, one-third of the national average per capita GDP of 6,690 baht (1972 constant price) [1].

The less developed economy of the region is due largely to the relatively low productivity of the
agricultural sector, caused by poor natural conditions such as uneven rainfall and infertile soil
[1]. Insufficient road networks in agricultural areas is also an important factor. Improvement
in accessibility, and the provision of efficient and effective freight transportation would contribute
to an increase in the farmgate prices of agricultural products, and a decrease in' production
costs--both of which would act as incentives for farmers to produce more. Consequently,
improvement in the road network serving rural areas, and the development of more efficient and
effective truck transport can play an important role in more efficient agricultural production. This
would in turn help to alleviate regional disparities in personal income, living standards, and

social environment.
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2.3 AN OVERVIEW OF THE NEEDS FOR TRUCKING SERVICES IN THE REGION

Truck transport is the most important (and, indeed for mubh of the region, the only) mode of
freight transportation within the region and between the region and the rest of the country.
Consequently, truck transport plays a critical role in transporting agricultural products. The
following sections describe key aspects of the regions activity and transportation systems

concerning trucking.

2.3.1 The Activity System Relating to Truck Transport Needs

Thailand is an agricultural country. In the northeast region, as in the other regions, agricultural
production and related industries are the dominant economic sector. Approximately 82% of the
region’s population (in 1983) was employed in or dependent on the farming sector [1]. This
is about 42% of the total farm population of the whole country. Farmland in the region consists
of 49% of the region’s total land. The cultivated areas of the region are mainly planted with
paddy (70%), upland crops (cassava, sugarcane, kenaf, maize, etc.) (20%), and tree crops,

vegetables, flowers and others (10%) [1].

In terms of planted area and production, the four major crops in the region ranked in order are
rice, cassava, sugarcane, and kenaf. These four crops are not only consumed within Thailand
itseff, but also are exported to other countries such as Japan, European Economic Community
(EEC), etc. Therefore, these four crops have a strong effect on the northeast region economy.
Table 2.1 shows the number and total production of processing factors for these four crops with

respect to several cities (changwats) in the region.



Table 2.1 Agro-industry (location, number, and total product)

(1983)
Rice MillT Cassava Kenaf Sugar
Changwat Big Medium Pellet Chip Flour Baling Textile Brown Refinery”
NO. TP NO. TP. NO. TP. NO. TP NO. TP. NO. TP. NO. TP. NO. TP NG, TP.
02 UDON THANI 11 3805 15 3032 33 8018 160 248.2 1 182 11 43.6 1 NA 2 1338 2 854
04 SAKHON NAKHON 3 1314 8 73.6 3 17.9 60 502 - - 1 3.8 - - - - - -
08 KHON KAEN 12 4878 18 36885 84 7803 207 683.4 1 108 45 120.0 2 NA 1 1500 i 750
08 ROIET 3 1022 8 1495 8 188.0 83 700 - - 5 7.5 - - - - . -
10 YASOTHON 1 3328 4 58.3 4 12.0 8 200 - - 3 24 - - - - - -
11 UBON RATCHATHAN! 7 2789 13 217.0 39 38.0 8 8.2 - - 24 1741 2 NA - - 1 298
12 CHAIYAPHUM 1 38.5 7 1383 14 55.4 28 358 - - 11 457 - - - - - -
13 NAKHON RATCHASIMA 12 459.8 2t 3173 118 48488 517 37354 10 1782 21 a7.8 5 NA - - - -
14 BURI RAM 5 188.8 31 5148 18 100.0 83 829 - - 2 1.3 - - 1 40.3 2 180.0
15 SURIN 8 20983 27  427.0 12 2043 14 171 - - 7 27 2 NA - - - -
18 8! SA KET 1 202 11 1784 4 78 19 183 1 - 18 180.0 - - - - - -

NOTE: ! Blg (80 tonnes/day), Medlum (30-80 tonnes/day) N.A.: Data not available
No: Number of factories T.P.: Total Product {thousand tonnes/year)

SOURCE: Reference (2)
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For rice, the total production was 5,180,800 tonnes per year, and the number of big and
medium scale rice mills were 64 and 161, respectively. These rice mills were mainly located
in changwat centers and in urbanized amphoes (small towvns) in the rice producing areas. For
cassava, the total production, including chips, pellets, and flour, was 11,990,700 tonnes per year
and the number of chipping, pellet, and flour plants were 1193, 319, and 13, respectively. Most
of the cassava processing plants are located in Nakhon Ratchasima, Khon Kaen, and Udon
Thani. For kenaf, the total production, including baling and textiles was 431,600 tonnes per
year and the number of baling and textile plants were 146 and 12, respectively. Kenaf plants
are mainly located in changwat centers such as Khon Kaen, Ubon Ratchathani, Nakhon
Ratchasima, Si Sa Ket, and Udon Thani. For sugarcane, the total production, including brown
and refinery sugar, was 654,500 tonnes per year, and the number of brown and refinery sugar
plants were 4 and 6, respectively. Large-scale sugar plants with processing capacity of more
than 2,200 tonnes per day of sugarcane are in Khon Kaen, Udon Thani, and Buri Ram. 1t
should be noted that Nakhon Ratchasima, Khon Kaen, and Udon Thani are the principal cities

producing and processing the major crops.

Past production trends indicate that the production of the major crops in the region has
increased. The production of upland crops such as cassava and sugarcane in p‘ar;icular has
been increasing rapidly over the past ten years. This may be due to the improvement of the
road network and the expansion of the planted area [1]. The need for truck transport in the

region has increased in response to this trend.

2.3.2 The Transportation System Servicing Truck Transport

The major transportation modes in the northeast region are highways, railways, and air
transport. Of these, highway (truck) transport is by far the most important mode of freight

transportation. Most agricultural products in the region are transported by trucks.
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The regjon’s highway network consists of national (primary and secondary) and provincial
highways owned by the Department of Highways (DOH). There are about 1,600 km of primary,
3,200 km of secondary, and 7,600 km of provincial highways [1]. The highway networks under
DOH in the region are illustrated in Figure 2.2, This figure shows the arterial highway network
which consists of five primary highways and 23 secondary highways. For the primary highways,
routes 2 and 24 are the principal highway arteries and the rest, routes 12, 22, and 23, traverse
the region east and west from route 2 and also constitute the spokes of the highway network.
However, secondary highways interwoven between primary highways share an indispensable
role in the highway transportation of the region. In addition, a number of provincial and rural
roads supplement the primary and secondary highways. Typical cross sections for primary

highways and provincial highways are illustrated in Appendix A-1.

There are two railway lines extending from Bangkok to Nong Khai and to Ubon Ratchthani after
branching at Nakhon Ratchasima (Figure 2.2). Although these railway lines are sometimes used
to transport some freight such as petrol, bamboo, etc., they are mainly used for passenger

transport. It should be noted that one railway line parallels routes 2 and 24.

2.3.3 The Truck Transport Flpw Pattern

As mentioned, agricultural products in the region are mainly transported by truck. These truck
flows are principally divided into three segments, namely: (i) truck flows from farms to
processing plants; (i) truck flows from processing plants to the markets (domestic consumers)
within the region, and between the region and the rest of the country; and (iii) truck flows from
processing plants to exporters in Bangkok or in other cities of the central region, such as

Chonburi and Chacheongsao. For example, in the case of cassava, cassava product will be



KAMPUCHEA

0 30 20 30 4 3OKm
T D ———

LEGEND

High\;/ay r:ié't\i)v'dkks‘ under Depafﬁhént ofﬂéhways in the Northeast

region

(So&rce: Reference [2])

NATIONAL HIGHWAYS { Poved )
PROVINCIAL ROADS { Paved )
PROVINCIAL ROADS { Unpaved }
RURAL ROADS { Unpoved}
CHANGWAT

AMPHOE

BOUNDARY OF COUNTRY
BOUNDARY OF PROVINCE
HIGHWAYS | ROAD NUMBERS

RAILWAYS

8-¢




2-9
transported to some small scale cassava chip plants along provincial roads near cassava
producing areas. Cassava chips are mainly transported to large-scale pellet or flour plants to
be processed. Then some processed materials (cassava flour) are distributed to the market
within the region, and between the region and the rest of the country, but most of the

processed materials go to exporters in Bangkok.

Commodity flows of the main crops (rice, cassava, kenaf, and sugarcane) are illustrated in
Appendices A-2 to A-5. Most producing areas and processing plants are located along routes
2 and 24. The major routes used to transport processed material to exporters in Bangkok and
other cities are Routes 2, 24, and 304. In general, the commodity flows of rice, cassava, and
kenaf are quite similar, in that the processing plants are located adjacent to producing areas
of each specific crop. Therefore, the flow lengths are generally short. However, for sugar
cane, the flow lengths are relatively long, because of the small number of processing plants,

and therefore, their less-distributed location.

Tables 2.2 and 2.3 show truck flow surveys for 6- and 10-wheel trucks, respectively. These

surveys were conducted by DOH in 1980 at D1 to D7 locations, detailed and illustrated in

Table 2.2 Truck flow surveys for 6-wheel trucks

Observed Location
Truck Operation TOTAL
D, D, ' D, D, Ds D, D,

Total Loaded Trucks 81 40 39 101 50 17 15 343
(trucks/day)

Total Loaded Plus Empty 305 256 274 421 336 64 62 1718
Trucks (trucks/day)

Empty Rate (%) 73 84 86 76 8 73 76 80
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Table 2.3 Truck flow surveys for 10-wheel trucks

Observed Location
Truck Operation TOTAL
D, D, D, D, Ds De D,

Total Loaded Trucks 352 121 70 114 316 195 32 1200
{trucks/day)

Total Loaded Plus Empty 475 232 207 218 692 258 71 2153
Trucks (trucks/day)

Empty Rate (%) 26 48 66 48 54 24 55 44

Source: References [2] and [3].

Appendices A-6 and A-7. Observation points D1 and D2 are located on route 2, D5 and D6
on route 24, D3 on route 12, D4 on route 22, and D7 on route 212. It should be noted that
four of seven observation points are located on the principal primary highways (routes 2 and
24) in the region. As such, this data probably represents the major commodity flows in the
region. In the 24-hour surveys, the truck flow data were collected for 6- and 10-wheel trucks
with respect to different GVW levels and the four different commodity types. The commodity
types were: (i) vegetables, fruits, and animals; (i) construction materials such as cement, steel,
gravel, etc.; (iii) rice, fertilizer, and other major crops; and (iv) all others. According to the
truck flow data observed, rice, fertilizer, and other major crops (i.e., commodity group iii) were
the major commodities carried by those trucks. These commodities accounted for approximate-

ly 40% and 50% of the total number of 6- and 10-wheel loaded trucks, respectively.

It is difficult to compare the truck flow data illustrated in Tables 2.2 and 2.3 to the commodity
flow patterns for the major crops shown in Appendices A-2 to A-5. While the flow patterns
shown in those appendices are the truck flows from farms to processing plants, the truck flow
data in Tables 2.2 and 2.3 represent the combined truck flows for different segments, as

described previously. However, some relevant observations can be made:
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At location D1 on route 2 (Khon Kaen-Udon Thani), the total number of loaded trucks
per day combined for both 6- and 10-wheel trucks is 433 (780 trucks per day for loaded
plus empty trucks). This number is the highest value among the seven observed
locations. The percentage of loaded trucks (combined 6- and 10-wheel trucks) carrying
rice, fertilizer and other major crops is approximately 54% of the totals. At location D1
on route 2, rice, cassava, kenaf and sugarcane transported to processing plants at
amphae Nam Pheng (no. 0609) have to pass by this observation point. In particular,
the sugar plant at Nam Phong had a large capacity of more than 5,000 tonnes per day
and each plant collected more than 1 million tonnes of sugarcane during the period
from November to May in the 1983 crop year [1]. These considerations, coupled with
the transportation of processed materials of those crops to the markets and exporters
in Bangkok can explain the large number of loaded trucks per day observed at this
point.

At location D5 on route 24 (Chok Chai-Hang Rong), the total number of loaded trucks
per day combining both 6- and 10-wheel trucks is 366 (1028 trucks per day for loaded
plus empty trucks). The percentage of loaded trucks carrying rice, fertilizer, and other
major crops is approximately 41% of the total. At location D5 on route 24, rice and
kenaf transported to processing plants at Nakhon Ratchasima and sugarcane
transported to processing plants at Buri Ram wili pass by this observation location.
Particularly, route 24 has been mainly employed to transport cassava from adjacent
producing areas to processing plants in amphoe Chok Chai. It should be noted that
the total cassava processed materials (Chip, pellet, and flour) in changwat Nakhon
Ratchasima, including amphoe Chok Chai, has the largest value of ali 17 changwat in
the northeast region [2]. In addition to these considerations, the truck flows carrying
processed materials of those crops from processing plants along route 24 to the
markets and exporters in Bangkok are significant reasons for the high total number of
loaded trucks observed at location D5.

GOVERNING VEHICLE WEIGHT AND DIMENSION (VWD) REGULATIONS

All regions in Thailand employ the same VWD regulations. These regulations are also applied

for all roads throughout the country. However, for some rural roads, the trucks are limited by

specific bridge capacity limits.

Figures 2.3 and 2.4 show the four most common truck types operated in the northeast region

and Thailand. These truck types are:

()

(i
(ii)
(iv)

2-axle, 6-wheel (2) straight trucks (vehicle type I);

3-axle, 10-wheel (3) straight truck (vehicle type i};

5-axle tractor-semitrailer (3-52) combination (vehicle type lif);

3-axle, 10-wheel straight truck plus 2-axle full-trailer (3-2) combination (vehicle type V).
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2-axle, 6-wheel (2) straight trucks (vehicle type 1)

3-axle, 10-wheel (3) straight truck (vehicle type li)

S-axle tractor-semitrailer (3-S2) combination .(vehicle type lll)

Fe
O

3-axle, 10-wheel straight truck plus 2-axle full-trailer {3-2) combination (vehicle type IV)

O Single wheel

@ Dual Wheel

Figure 2.3 The four typical truck types in the Northeast Region



2-axle, 10-wheel single unit truck (Vehicle Type )

Figure 2.4 The real features of the four typical truck types in the Northeast Region



10-wheel truck plus full-trailer combination (Vehicle Type IV)

Figure 2.4 The real features of the four typical truck types in the Northeast Region
(continued)
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Table 2.4 The changes in basic maximum VWD regulations in 1976 for the four typical
truck types operating in Thailand

Vehicle Type | il il v
Vehicle Characteristics
Pre-1976 Post-1976 Pre Post Pre Post Pre Post

Maximum Dimension (m)

Height 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

Width 25 25 2.5 25 25 25 25 25

Total Length 10.0 10.0 10.0 10.0 15.0 18.0 18.0 18.0
Maximum Axle Loads (kg)

Steering Single Axle 2000 2800 3600 4600 3600 4600 3600 4600

Non-steering Single 8000 9100 - - - - 8000 9100

Axle o

Tandem Axle - - 14400 16400 14400 16400 14400 16400

Maximum Gross Vehicle 10000 12000 18000 21000 32400 37400 34000 39200
Weight (kg)

Table 2.4 shows the VWD regulatory changes in 1976 and the basic maximum VWD regulationé
governing in Thailand for the four common truck types. The maximum size limits (height, width,
and total length) for those four vehicle types are constant except for the tractor-semitrailer
combination. The individual semitrailer length was changed from 12.0 m to 12.5 m (not shown
in the table) and the total tractor-semitrailer combination length was also changed from 15.0 m

to 18.0 m in 1981.

On the other hand, there were many changes in-axle load and gross vehicle -weight (GVW)

limits. Axle load limit changes are summarized as follows::

0] the steering-single axle load limit was increased from 2,000 kg to 2,900 kg for vehicle
type |, and from 3,600 kg to 4,600 kg for other vehicle types;

(i) the non-steering single axle (dual tires) load limit was increased from 8,000 kg to 9,100
kg, and

(i) the tandem axle load limit was increased from 14,400 kg to 16,400 kg;
GVW load limit changes are summarized as follows:

(i GVW limits were raised from 10,000 kg to 12,000 kg for vehicle type |;

(i) GVW limits were raised from 18,000 kg to 21,000 kg for vehicle type |i;

i) GVW limits were raised from 32,400 kg to 37,400 kg for vehicle type Ill; and
(iv) GVW limits were raised from 34,000 kg to 39,200 kg for vehicle type IV.
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Those changes were made for primarily economic reasons. The increase in axle load fimits and
and attendant increase in GVW limits lead to an increase in payload capacity and productivity

for each truck type.

Table 2.5 shows the comparison of governing VWD regulations in Thailand to those in Canada,

Europe, and the United States. A number of observations can be made:

Table 2.5. Comparisons of governing VWD regulations in many countries.

VWD Regulatory Elements THAILAND CANADA' EUROPEAN US.A
COUNTRIES

() DIMENSION LIMITS (metre)

Max. height 3.80 4.15 4.0 4.11-4.27
Max. width 2.50 2.60 2.50-2.60 2.44-2.60
Max. length

- straight truck & tractor 10.0 12.5 11.0-12.4 10.7-18.3
- trailer 8.0 12.5-14.7 11.0-125 8.5-16.2

- semitrailer 125 13.5-156.5 12.0-N.S. 14.6-N.R.
- tractor-semitrailer 18.0 20.0-23.0 15.5-24.0 **

- straight truck plus trailer 18.0 20.0-23.0 18.0-24.0 **

- double trailer - 21.0-23.0 18.0-24.0* **

()  AXLE LOADS LIMITS (tonnes)

Steering single axle 4.6 " 5.5-9.1 10.0-13.0-~ 9.0-10.0
Non-steering single axle 9.1 9.0-10.0 10.0-13.0 9.0-10.0
Tandem axie 16.4 16.0-20.0 16.0-21.0 15.4-16.3
Triple axle - 16.0-30.0 21.0-27.0 19.0-24.5
(i GROSS VEHICLE WEIGHT LIMITS

(tonnes)

Straight truck 21.0 26.0-47.5 24.0-32.0 20.9-26.3
Tractor-semitrailer 374 37.5-57.5 38.0-44.0 36.3%**
Straight truck plus trailer 39.2 50.0-63.5 38.0-44.0 36.3***
Doubile trailer - 50.0-63.5 38.0-44.0 36.3%**

SOURCE: References [6], [7], [9], and [41]

N.S.: not specified, N.R.: not restricted

* not permitted in some countries :

** no length limits on the Interstate system (as per STAA, effective June 1988) [6]
*** GQVW limits up to 36.3 tonnes (80,000 Ibs) allowed on ali Interstate highways [41].
' Pre-RTAC proposed VWD regulations
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The maximum height limit of trucks in Thailand (3.80 m) is slightly less than that in
Canada, Europe and the U.S. (4.04.27 m). This situation leads to a cubic capacity
reduction, important to trucks operating under *cube-out* conditions, and also leads to
inefficient container transportation. It is very difficult to transport a standard container
on a fiat-deck truck under the 3.80 m height limit. It would be suitable to raise the
height limit up to a value which could facilitate container transport (approximately 4.20
m). However, it is essential to limit the height of trucks to within an appropriate value,
because too much increase in height limits (and therefore, a higher center of gravity)
can aggravate truck stability and control.

The maximum width limit in Thailand is equal to that used in several other countries.
However, there is an increasing trend toward using trucks with 2.6 m rather than 2.5
m width. This can provide a higher cubic capacity and higher running stability, and
facilitate the use of refrigerated trucks and the transport of standard pallets.

The maximum limits for both individual and combination lengths in Thailand are gen-
erally less than those in other countries. This is very important to the trucking industry
in Thailand, particularly for *cube-out* truck operations, because the most efficient ap-
proach to increasing truck payload and therefore productivity is to employ longer trucks.
The individual length limit for straight trucks (10.0 m) and trailers (8.0 m) have never
simultaneously been achieved under the total length limit of 18.0 m for the straight
truck plus full trailer combination, because part of the total combination length has to
provide for draw bar length. It would be suitable to increase the overall length limit of
this truck type to facilitate the utilization of both straight truck and full trailer at maximum
length limits. Another issue is that while the overall length limit for a tractor-semitrailer
unit is 18.0 m, the individual semitrailer length is restricted to 12.5 m. According to the
individual semitrailer length limit (12.5 m), the overall length has never reached 18.0 m.
Therefore, it would be appropriate to allow the use of a longer individual semitrailer
length. Particularty when considering international freight (container) transportation,
there is a strong pressure to change individual semitrailer length limits to facilitate the
container transport. The new standard container lengths are 45 and 48 feet, which
cannot be handled by existing Thai semitrailer length limits (12.50 m). However, off-
tracking performance should be determined in this regard. It should be noted that the
double trailer combination is not allowed to operate in Thailand.

A non-steering single axie load limit in Thailand is relatively compatible with-those in

other countries. However, for tandem axles, the axle load limit governing in Thailand
lies approximately at the minimum values of those in Canada and Europe. This is
possibly because there is no increasing tandem axle load allowance as a result of
spreading out the axle. It should be noted that an axle load limit for tandems in
Thailand lies at the maximum value of that in the U.S. For a steering single axle, the
load limit in Thailand is significantly less than that in other countries. It should also be
noted that the Thailand government has not allowed the use of triple axles.

The maximum GVW limit for all vehicle types in Thailand are generally less than those
in Canada and European countries. The main reasons are the lower axle load limits
for all axle types, no increases in tandem axle load limit as a result of spreading out the
axle, and no allowance for using triple axles. For straight trucks, the GVW limit used
in Thailand is less than that in the U.S.A. However, for tractor-semitrailers and straight
truck plus trailer units, the GVW limits used in Thailand are greater than those in the
U.S.A. The GVW limit for each vehicle type in Thailand is based on the summation of
allowable axie load limits of axies in that vehicle type, for example, tractor-semitrailer
units consist of a steering single axle, two sets of tandem axles with axle load limits of
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4.6 tons and 16.4 tons, respectively. Therefore, the GVW limit for tractor-semltraners is
37.4 tons (4.6 + 16.4 + 16.4).

2.5 TRUCK FLEET AND OPERATING CHARACTERISTICS IN THE NORTHEAST REGION

Venhicle types | and Il are the principal truck types used to transport several agricultural
commodities within the region, and between the region and the rest of the country.
Nevertheless, based on discussion with truck opérators and government officers in the summer
of 1987, there is a growing use of heavier/larger truck combinations (in particular of types il
and IV) in the region. These combinations provide higher payload capacity (higher productivity),
lower operating costs, and lower fuel consumption. However, vehicle types | and Ii still

dominate the truck fleet in the northeast region.

A principal factor influencing truck fleet and operating characteristics is VWD regulations. in
general, the companies which produce various types of trucks understand such regulations and
therefore try to design those trucks to match the governing regulations. Typically, trucks are
designed to take as much advantage as possible of the opportunities available for maximizing
payload capacity within the confines of the VWD regulations. However, the effects of VWD
regulations on truck fleet and operating characteristics are complicated by a number of non-
VWD factors, such as operational preferences, commodity characteristics, route chéfacteristics,
etc. The following description will introduce the general truck fieet and operating characteristics

in the northeast region.

2.5.1  Truck Tare Weights

Table 2.6 [4] shows the average tare weights for 6- and 10-wheel trucks (vehicles type | and
Il, respectively). It can be seen that the tare weight for the 10-wheel truck (8.54 tons) is

significantly greater than for the 6-wheel truck (4.75 tons).
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Table 2.6 Truck tare weights

6-Wheel 10-Wheel
No. of sample 43 ' 75
Average Tare Weight (tonnes) 4.75 8.54
Standard deviation (tonnes) 1.35. 0.44
SOURCE: Reference [4]
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Figure 2.5 GVW Distributions of loaded 2-axle, 6-wheel and 3-axle, 10-wheel trucks
observed in 1980 in the Northeast Region.
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2.5.2 Gross Vehicle Welight Distribution

Surveys on the GVW distributions for 6- and 10-wheel trucks were conducted by DOH at the

seven locations (D1-D7) in the northeast region in 1980. This survey is the same as that

described in Section 2.3.3. Figure 2.5 shows the GVW cumulative distribution curves for 6- and

10-wheel trucks operated in the region. Details of GVW distributions and GVW cumulative

(distributions of those truck types are illustrated in Appendix A-8. It should be noted that Figure

2.5 is the result of the analysis of weight of loaded trucks only. Some observations are as

follows:

2.5.3

The average GVW's of loaded 6- and 10-wheel trucks are approximately 10.3 tons and
20.0 tons, respectively, and the standard deviation of GVW distributions of 6- and 10-
wheel trucks are 2.8 tons and 3.6 tons. This means that the GVW distribution of 10-
wheel trucks is more dispersed than that of 6-wheel trucks. Although these trucks are
restricted under the same size regulations, 6-wheel trucks are suitable for low density
commodities, but 10-wheel trucks are suitable for high density commodities. This is
because the maximum GVW limit and actual average GVW of 6-wheel trucks are
significantly lower than those of 10-wheel trucks.

For both 6- and 10-wheel trucks, approximately 77% of all loaded trucks are operated
at less than these respective GVW limits (12 tons for 6-wheel trucks and 21 tons for 10-
wheel trucks). The remaining 23% are overloaded. The observed maximum GVW of
6- and 10-wheel trucks are approximately 17.0 tons and 31.0 tons, respectively. |t
should be noted that incidence of overloaded truck operation is very high.

10-wheel trucks are more important to traffic and bridge engineers than 6-whee! trucks,
because 10-wheel trucks are operated at greater GVW levels and the number of loaded
and overloaded 10-wheel trucks are greater than those of 6-wheel trucks. The number
of loaded and overloaded trucks for 10-wheel trucks is 1,200 and 272 trucks per day,
while the number for 6-wheel trucks is 343 and 79 trucks per day.

Payload Distribution

This analysis relates the GVW distribution curves for 6- and 10-wheel trucks (described in

Section 2.5.2) to the typical tare weight of those truck types (described in Section 2.5.1). The

difference between those two values represents the distribution of weight payload handled by

these truck types. Key observations are as follows:
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Based on maximum GVW limits, the weight payload capacity for 6-wheel trucks is 7.25
tons (i.e., 12.0 tons, max. GVW limit - 4.75 tons, average tare weight) and that for 10-
wheel trucks is 12.46 tons (i.e., 21.0 tons - 8.54 tons). The average actual weight
‘payload for 6-wheel trucks is 5.55 tons (i.e., 10.3 tons, average GVW - 4.75 tons), and
that for 10-wheel trucks is 11.46 tons (i.e., 20.0 tons - 8.54 tons). This means that the
average actual weight payload of 10-wheel trucks is more than double that of 6-wheel
trucks. Figure 2.5 shows that, while 77% of all 6-wheel trucks are operated under the
maximum weight payload of 7.25 tons, only approximately 11% of all 10-wheel trucks
are operated under that value. In other words, 89% of 10-wheel trucks are operated
at higher payload than the maximum payload capacity of 6-wheel trucks.

According to these findings, 10-wheel trucks are more productive, in case of the *weight-out®
operating situation, than 6-wheel trucks. Although the tare weight of 10-wheel trucks is higher
than that of 6-wheel trucks, this situation is compensated for by the fact that the 10-wheel truck

can operate at a substantially greater weight payload capacity.

2.5.4 Truck Operating Characteristics In the Northeast Region

Table 2.7 shows the percent share by farmers, factories, and middlemen in collecting and
transporting the raw materials from farms to processing plants for the four major crops (rice,
cassava, kenaf, and sugarcane). Almost all sugarcane and more than 80% of cassava are
transported to processing plants by farmers in their own or hired trucks. However, while 50%
of the paddy crop is still dealt with by middlemen, kenaf is mainly collected by the factories [1].
Generally, farmers are poor and rarely own either 6-wheel or 10-wheel trucks. >Favrmers usually
own small trucks (2-axle, 4-wheel trucks), or "Eatan® trucks as shown in Figure 2.6 and
described in Appendix A-S. Farmers will employ these trucks to transport their product from
their farms to the factories. However, when the distance between farm and factory is large and
a large amount of product is to be transported, farmers will hiré a larger truck such as 6- or

10-wheel trucks, to transport their products.
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Table 2.7 Transportation of raw material from farm to
factory in the northeast Region

Transport by (%)

Crop
Farmer Factory Middlemen
Sugarcane 100 - -
Cassava 82 5 13
Rice 37 13 50
Kenaf 13 69 18

SOURCE: Reference [1], pp. 2-18.

Figure 2.6 The "Eatan" truck

The factories and middlemen generally employ 6-wheel trucks and 10-wheel trucks to transport
the raw products from farms to the factories. It should be noted that utilization of larger/heavier

truck types such as vehicle type lll or IV to transport such products from farms to factories is
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often unsuitable, because these truck combinations are too long and too heavy for the route

to the farms.

Ten-wheel trucks are the main truck type for the transportation of processed material from the
processing plants to the markets or exporters in Bangkok or in other cities in the central region.
However, there is an increasing trend toward using tractor-semnrailér units and/or 10-wheel
trucks with a full trailer to accomplish this activity. However, 6-wheel and 10-wheel trucks still

dominate agricultural product transportation in the northeast region.

it should be noted that based on the truck flow data described in Section 2.3.3, the percentage
of empty trucks for both 6-wheel (80%) and for 10-wheel trucks (44%) is very high. The
situation for 6-wheel trucks is worse than that for 10-wheel trucks. This can be partly explained
by the fact that there is considerable competition among 6- and 10-wheel truck operators [4].
This percentage of overloaded trucks for both 6- and 10-wheel trucks (the same 23%) is also

very high. The reason for this truck overload situation is inappropriate enforcement.

2.6 CASE STUDIES

This section presents the results of interviews with truck operators conducted by the author

during the summers of 1987 and 1988 in the northeast region of Thailand.

2.6.1 Case Study |

Place: Changwat Khalasin
Number of Trucks Owned: 3
Truck Characteristice: See Appendix A-10

Principal Commodities Handled: Cassava processed products, milled rice, fertilizer, and
construction materials such as cement, steel, etc.

Operation Routing: Khalasin-Bangkok (approximately 530 km).
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Commodity Sources: Two cassava processing plants and rice mills in Khalasin, and the
cooperative company in Bangkok.

Cassava Product Transport: Cassava products are mainly transported from farms to
processing plants by farmers. The farmers generally use small trucks (2-axle, 4-wheel trucks)
and/or "Eatan" trucks as described in Section 2.5.4 to transport these products. Occasionally,
farmers hire 6- or 10-wheel trucks to carry out this activity. When the trucks arrive at the
processing plants, they are weighed at the scale, and then drop off the product at designated
areas. They are then weighed again to determine the actual load carried. A typical processing
plant is shown in Figure 2.7.

Figure 2.7 A cassava processing plant in changwat Khalasin

Processed products will generally be transported from the plants to the markets in Bangkok by
10-wheel trucks. 10-wheel truck plus full trailer and tractor-semitrailer combinations are
sometimes employed for this purpose. However, since there is high competition within the
trucking industry and there are sometimes not enough cassava products to transport, many
trucks are often used to haul other commodities such as milled rice, kenaf, etc.

Cost Considerations: Usually, farmers will plant cassava in May-June with the growing period
being 6 to 14 months. The harvesting period will depend upon the market price and
government policy. In the northeastern region, the price of cassava product (raw cassava) is
set by the processing plant and government policy.
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Effects on Farmers: If the market price of cassava product is high, the cassava processing
plant will raise the buying price of cassava product in order to encourage the farmers to harvest
and sell their products to the processing plant. The truck operator mentioned that the price
of cassava fluctuates. For example, the low price is approximately 500 baht/tonne, the high
price is about 1,250 baht/tonne, and the normal price is 800-900 baht/tonne (approximate
exchange rate is 21.00 baht to $1 Cdn).

Effects on Truck Operators: Because the cassava processing plants usually adjust freight
shipments to match the markets in order to maximize their profits under the fluctuating market
prices, the plant usually has a large capacity to store the products from the processing plants
for long periods of time. This is the main reason for the fluctuation of truck traffic and
transporting price. For example, when there is a large amount of processed cassava product
in storage, and at the same time, the market price of such product is high, the plants will hire
a number of trucks to transport such products to the markets in Bangkok. This is because the
processing plant owners want to sell their products at the highest possible profits. The
transport rate will therefore be high. The same scenario works in reverse. The truck operator
said that the transport rate in October-March is high, approximately 290 bahtftonne as
compared with the normal rate of 160-170 baht/tonne.

Profit Versus Loss: The truck operator stated that he hires one driver per truck at a wage of
6,000 baht/month. In addition, for each Khalasin-Bangkok round trip, the operator has to pay
2,300-2,400 baht/trip to cover the overhead cost, fuel cost, and small maintenance costs (i.e.,
oil, tire repair, etc.). In the back-haul trip, if the truck returns loaded, the truck operator usually
earns approximately 1,600-2,000 baht/trip.

It is assumed that the truck carries 14 tonnes from Khalasin to Bangkok at a rate of 170
baht/ton and also carries commodities for the retum trip (receiving 1,800 baht). The net
revenue will be roughly 1,880 baht/trip ([170 x 14] + 1,800 - 2300). However, if the returning
truck is empty, the net revenue will be 80 baht/trip. In the latter case, it is not worthwhile to
operate a truck under a one-way loading situation. :

In a real situation, it is even worse for both cases, because the following costs must also be
taken into account: driver salary (approximately 6,000 baht/month), maintenance cost, tire
replacement cost, depreciation cost, annual licence fee (6,000 baht/year), insurance cost (12,000
baht/year), and administration cost.

VWD Regulation Considerations: The truck operator explained that a 10-wheel truck plus a
full trailer (vehicle type IV) can provide more benefit than a 10-wheel truck without a trailer.
However, there are a number of difficulties in shifting from a 10-wheel truck to a truck plus full
trailer. These difficulties are as follows: :

0] the stock engine power of the 10-wheel truck (120 hp) is not enough to haul a full
trailer. Therefore, the original engine must be modified in order to raise the power to
170 hp. In addition, the truck operator has to buy a full trailer for each 10-wheel truck.
The initial investment cost is very high:
- engine modification cost = 50,000 baht
- full trailer cost = 150,000 baht
- net payment = 200,000 baht

(i) there is a fluctuation in the amount of commodlty to be transported and high
competition in the trucking industry.

(i) the flexibility in operation of such a combination is less than that of 10-wheel trucks.
For example, it is difficult for the combination to pass on the small roads and to
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negotiate sharp turns in rural planting areas.

2.6.2 Case Study il

Place: The storage office of the Shell Company Ltd., Khon Kaen
Capacity of Storage Tanks:

Premium tank: 500,000 litres
Benzine tank: 500,000 litres
Gasoline tank: 1,700,000 litres

Changwats being served: Khon Kaen, Loei, Sakhol Nakhon, Udon Thani, Nong Khai, Roiet,
Maha Sarakham

Truck Characteristics: As shown in Appendix A-11

The manager of the Shell office explained that there have been three storage offices in the
northeastern region - at Nakhon Ratchasima, Ubon Ratchathani, and Khon Kaen. At the Khon
Kaen storage office, fuel (premium, benzine, and gasoline) is transported from the central
storage tank in Bangkok to Khon Kaen by rail, and then is pumped from the railway station to
separate storage tanks for each type of fuel.

The Shell Company makes an annual contract with a trucking company and the trucks of that
company serve the petrol pump stations in the changwats previously described.

Cost Considerations: In each fuel delivery from storage tank to any pump station, the total
costs including cost of fuel and fuel transportation can be calculated from the following
expression:

COST=S[C-D)xL]+PxT

the unit fuel price (baht/litre) depending on fuel type,

fhe discounted rate (baht/litre) of fuel price depending on fuel type,
amount of fuel to be transported (litres)

maximum fuel carrying capacity of trucks or truck combination (litres)
fuel delivery rate charged (baht/litre)

where:

~“Uvroo
O [ I T

The fuel price (C) is specified by the government. The discounted rate (D) will be applied only
when the pump station owners immediately pay for their bill in cash; this rate is set by Shell,
The delivery rate (T) is established by Shell based on the distance between the storage tank
and the pump station. It can be seen that the total fuel delivery cost consists of fuel cost

(= [(C - D) x L] and delivery cost (P x T). The delivery cost (P x T) is independent of the type
and amount of fuel delivered. This means that no matter which type and how much fuel is

to be transported, the delivery cost is still the same. Therefore, all pump stations try to order
as much fuel as possible in each order. Furthermore, the manager of the Shell office stated
that because the delivery cost is high, many pump stations buy their own trucks to transport
the fuel.
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Truck Operator Opinion on VWD Regulations: The truck operator explained that his trucks
have never violated the governing VWD regulations, because the trucks were designed
according to the regulations. This implies that his trucks were influenced by VWD regulations
only during design and construction. The operator also stated that he preferred not to use
larger truck combinations. His reasons were as follows:

- existing trucks are suitable to handle the amount of fuel to be transported

- if the demand for fuel remains constant and the operator decides to use heavier and
larger truck combinations such as vehicle types Il or IV, the truck operator would have
to dispose of trucks and drivers. This situation is worsened if the demand for fuel
decreases.

- many pump stations buy their own trucks to transport fuel from storage tank to the
stations because the transporting cost is cheaper. This situation would reduce the
demand for fuel delivered by the operator's truck.

- the initial investment cost is quite high for engine improvement, purchasing new full
trailers and/or new semi-trailers.

2.6.3 Case Study lii

Place: Phoenix Pulp & Paper Company Limited, as shown in Figure 2.8, amphoe Nam Pong,
Khon Kaen '

Capaclty of the Company: 350 tonnes per day
Major Raw Materlals: bamboo and kenaf

Sources of Raw Materials: Changwat Kanchanaburi (570 km) and Prachinburi (380 km) for
bamboo, and changwat Khon Kaen, Udon Thani, and adjacent planting areas for kenaf.

Kenaf Transportation: The head of the transportation division of the company explained that
this company is the biggest company producing pulp to supply many paper making companies
in Thailand. The Phoenix company is located in the northeast region because the region
produces the greatest amount of kenaf in the country (based on average kenaf production from
1981 - 1983, 97% of total kenaf products in Thailand are produced in the northeast region).

The company set up many center collection points to purchase kenaf product from farmers
throughout the region. Each center collection point collects that product and then contracts
with trucking companies to transport it to the processing plant at amphoe Nam Pong. The
vehicle types used to transport kenaf product are 10-wheel trucks, 10-wheel trucks with full
trailers, and tractor-semitrailer units. However, the farmers will sometimes hire 6-wheel or 10-
wheel trucks to transport and directly sell their products to the processing plant at Nam Pong.
Figure 2.9 shows kenaf transportation carried by 10-wheel trucks.
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Figure 2.9 Kenaf transportation by a 10-wheel truck
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Bamboo Transportation: Bamboo is another raw material for paper making. The two main
sources of bamboo are in changwat Kanchanaburi and Prachinburi in the central region. Some
is also collected from many places throughout the northeast region.

There are two ways to transport bamboo from Kachanaburi to the processing plant in Nam
Pong: First, bamboo can be hauled from Kanchanaburi to Non Payom train station
(approximately 20 km from the plant) and then transferred to trucks (i.e., 6-wheel trucks, 10-
wheel trucks, 10-wheel trucks with full trailers or tractor-semitrailers). Some of these vehicles
are shown in Figure 2.10. Those trucks will carry that amount of bamboo directly to the
processing plant and drop it off at designated areas. Second, the 10-wheel truck plus full trailer
and tractor-semitrailer combinations used to transport the processed product (bales of pulp)
from the plant to the markets in Bangkok will carry bamboo from Kanchanaburi back to the
plant. Therefore, these truck combinations are loaded for both forehaul and backhaul trips.
For each 10-wheel truck plus full trailer unit, the same facilities, both truck and trailer, are used
for forehaul and backhaul trips. This is because both truck and trailer in that combination are
owned by the same person, and he does not want to leave his own trailer at Bangkok and haul
someone else’s trailer back to the plant. However, for tractor-semitrailers, the operator usually
owns only a tractor, and rents the semitrailer from the plant. Therefore, the truck driver will
drop the semitrailer holding processed product at Bangkok and haul a new semitrailer
containing bamboo back to the plant at Nampong.

It should be noted that the second approach is the main one. The first approach is used only
when the demand for bamboo is high. Although the cost for both approaches is approximately
the same, the first causes longer travel time and the availability of the service and its capacity
cannot be ensured all the time.

Bamboo transportation from Prachinburi to the processing plant can be carried out only by
truck transport. The plant will make a contract with carriers to transport bamboo. The
larger/heavier truck combinations such as truck plus trailer and tractor-semitrailer combinations
have been used. However, in the rainy season the amount of bamboo from Prachinburi
decreases because of the difficulties of getting trucks into the bamboo growing areas.

The Utllization of Larger/Heavler Truck Combinations:

In order to transport bamboo from Kanchanaburi or Prachinburi, the larger/heavier truck
combinations are principally used. This is because those- combinations-can-carry-a larger
amount of bamboo in each trip and the distance between origin and destination is quite far
(570 km for Kanchanaburi and 380 km for Prachinburi). Further, these combinations will carry
commodities for both forehaul and backhaul trips, which in tum increase benefits.

2.7 APPARENT PROBLEMS AND OPPORTUNITIES FOR IMPROVEMENT

According to the previous sections, a number of truck transportation problems related to the
VWD regulations are revealed. These problems and opportunities for improvement are

summarized as follows:
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6-wheel trucks

A 10-wheel truck plus a full trailer combination

Figure 210 Bamboo transportation from Non Payom Railway Station to a pulp producing plant
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2.7.1 VWD Regulatory Problems

There are a number of VWD regulatory problems potentially causing inefficient and therefore
less productive truck transportation. These problems and ways to alleviate them are discussed

below.

The maximum height limit (3.80 m) of truck vehicles operating in Thailand is relatively low.
According to the international freight transportation, there is an increasing trend toward using
standard containers to canry freight between countries. This consideration suggests that it is
necessary to increase height limit up to the value which will facilitate a container on a flat-deck
truck operation. This means that the height limit should be raised to 4.20 m. This considera-
tion will also raise, to some extent, the cubic capacity of trucks for other commodity types
(mainly low density commodities). However, height is still limited by vertical clearance of
bridges and truck stability and control performance (the higher the center of gravity, the lower

the manoeuvring stability).

The maximum width limit (2.50 m) in Thailand is compatible to that in other countries. However,
there is a strong pressure to increase the width limit from 2.50 m to 2.60 m in many countries
(i.e., European countries). This is because the 2.60-m width limit provides more efficient truck
operation such as for refrigerated trucks, trucks handling standard pallets (i.e., 120 x 80 cm)
or other standardized building elements. This consideration is also applicable to the Thailand
situation, and suggests that it is necessary to increase the width limit in Thailand to 2.60 m.
it should be noted that the increase in width limit can also increase stability and control

performance, and cubic capacity of these trucks.

Individual vehicle length limits and overall combination length limits were not appropriately set

up. The first issue is that while individual truck and trailer length limits are restricted to 10.0
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m and 8.0 m, respectively, the overall truck plus full trailer length limit is 18.0 m. This means
that the individual truck and trailer lengths can never simultaneously reach their limits within the
overall combination length limit of 18.0 m because part of the overall length is occupied by
drawbar length. This consideration suggests that the overall truck plus full trailer length limit
should be increased to allow the truck and trailer to operate up to their individual length limits.
The second issue is that while the overall length of tractor-semitrailer is limited to within 18.0
m, the individual semitrailer length is limited to 12.5 m. This means that the actual combination
length never reaches thé limit of 18.0 m whenever the semitrailer length is 125 m. This
consideration suggests that the individual semitrailer length limit should be raised up to the

value allowing the overall combination length of 18.0 m, i

The increases in individual truck vehicle and overall combination length limits will improve truck
operational efficiency and productivity. However, these length limit increases would potentially
cause unacceptable problems involving turning characteristics or associated with highway
geometry requirements in the case of individual vehicle length. For the combination iength, the
length limits should be restricted by highway geometry considerations (i.e., passing sight
distance, turning characteristics, etc.), traffic considerations (i.e., highway capacity, level of
service, etc.), vehicle load distribution on bridges, safety considerations (stability and control).
It should be noted that in many countries including Thailand, these technical bases have never
been clearly used to determine length limits [6, 8]. Truck vehicles operating under "cube-out®
situations require increased length limits, and there is pressure for individual and/or combination
length limit to accommodate standard containers. Therefore, it should be appropriate to
increase the individual and combination length limits at least up to the values facilitating the

handling of containers (the standard lengths of containers are 45 and 48 feet).

The load limit on single steering axles is relatively low. This limit should be increased and

restricted in the same manner as non-steering single-tire single axles. Tandem axles can carry
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more load when the axles are spread out. This suggeéts that the axle spreading regulations
should be established to facilitate this matter, and to control the damaging effects of different
axle types (i.e., tandem and triple axle) on highway paveménts. Triple axle should be allowed
because such axles can carry more load than tandem axles. However, load carrying capacity

of triples must be based on the axle spread and suspension system [6, 9].

GVW limits in Thailand are based on the summation of axle load limits of all axles in the vehicle,
and can be enhanced by increasing axle load limits and/or adding more axles. The addition
of more axles in the vehicle will reduce load bearing on each axle, while increasing GVW of that
vehicie. This will reduce adverse effects on pavements, but possibly increase adverse effects
on bridges. “Therefore, the axle spacing regulations should be established to control the effects
of heavier vehicles (higher GVW) on bridges. For 10-wheel trucks, the GVW limit may be able
to be enhanced by increasing the steering single axle load limit up to the limit of the non-
steering single axle, and by increasing the tandem axie load limit by spreading out the axles.
For tractor-semitrailer combinations, GVW limit can be efficiently increased by changing the
semitrailer axle from tandem to triple axle, as shown in Figure 2.11. The distance between the
tandem axle of the tractor unit and the triple axle of the semitrailer must satisfy the axle spacing
regulation, and axle spread of the triple should be kept within an appropriate range because
the triple axle with wide spread can aggravate dynamic manoeuvres of the combination [8].
For a 10-wheel truck plus full trailer unit, the GYW limit can be efficiently enhanced by changing
the rear axle of the trailer unit from a single to a tandem axle, as shown in Figure 2.12. The

axle spacing limit must also be applied for this consideration.

Although axle spread and spacing regulations can be used to control the damages of load on
pavements and bridges, another type of regulation, namely *Bridge Formula® has been used

in this regard in many countries (i.e., U.S.A.,, Canada (Ontario)). The bridge formula is quite
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Figure 2.11 Semitrailer axle change from tandem to triple axle

O Single Wheel
@ Dual Wheel

Figure 2.12 Full trailer axle change fro two single to one single and one tamdem axle
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complex, but it works well in controliing pavement and bridge damage, and at the same time
furnishe§ a more efficient and productive truck operation. Therefore, it would be more
appropriate for the Thailand government to develop a bridge formula to regulate the trucking

industry in future.

2.7.2 OQverweight Enforcement

It is apparent that approximately one-fourth of both loaded 6- and 10-wheel trucks are operated
under highly overweight situations. This possibly results from inadequate enforcement control.
The overweight circumstance is worse for 10-wheel trucks in particular, because the
overloaded10-wheel trucks are operated at much greater GVW than overloaded 6-wheel trucks,
and the total number of overloaded 10-wheel trucks per day (272) is significantly higher than
the number of overloaded 6-wheel trucks per day (79). Overloaded trucks have an adverse
effect on both highway pavements and bridges. It is recommended that effective enforcement
programs must be increased; as well, the expected cost of fines, coupled with the probability

of being detected, must be greater than the incentive to overload [5].

2.7.3 lLarger/Heavier Truck Utilization

According to discussion with government officers and truck operators, it was found that 6- and
10-wheel trucks have been dominant in the trucking industry in the northeast region. There has
been little increase in number of tractor-semitrailer and truck plus full trailer units, even though
utilization of these combinations will lead to an increase in payload capacity and therefore in

productivity. The following factors are reasons for such circumstances:

- there is very high competition in the trucking industry

- there is as seasonal fluctuation in the amount of freight to be hauled. This factor, coupled
with the highly competitive trucking situation, can force truck operators to stop operation for
some period of a year because of lack of freight to be handled.
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the legal increases in axle load limits, as well as illegal increases (resulting from overloaded
truck operation) encourage truck operators to continue using their existing trucks, because
they can operate their trucks at higher GVW and therefore productivity, without any
investment for new trucks.

truck operators indicated that larger truck combinations such as tractor semitrailers or trucks
with full trailer combinations have difficulties in accessing the farms.

the capital investment for modifying the engines of existing trucks or for purchasing new
trucks such as tractors, semitrailers, or full trailers, is relatively high.

cultural and traditional factors play a part. For example, the operator does not want to shift
from two 10-wheel trucks to a truck plus a full trailer combmatnon because he would have
to lay off one driver.
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CHAPTER 3

TRUCK FLEET AND OPERATING CHARACTERISTICS

AS A FUNCTION OF GOVERNING WEIGHT AND DIMENSION REGULATIONS

3.1 THE PURPOSE OF THE CHAPTER

in Canada, Vehicle Weight and Dimension (VWD) regulations governing the trucking industry
have'had a marked effect on truck fleet and operating characteristics. In examining these
regulations and the trucking industry’s response to them, certain patterns emerge which can
be applied to the situation in Thailand. The purpose of this chapter, then, is to review recent

literature in this area, in order to extract these areas of relevance.

For the purpose of clarity in reviewing the complex literature in this field, the chapter has been

organized to address the following objectives:

(a) to examine general Canadian VWD regulations;

(b) to examine how VWD regulations affect truck fleet selections;

(¢ to examine how VWD regulations affect truck fleet mix;

d to examine how VWD regulations affect actual gross vehicle weight (GVW)
(e) to examine how non-VWD factors affect truck fleet characteristics;

4] to determine the limitations in existing knowledge.

3.2 CANADIAN VWD REGULATIONS

VWD regulations are the governmental tool to protect highway infrastructure such as pavements,
vertical and horizontal roadway geometry, and bridges from rapid deterioration due to operation
of too heavy and large truck configurations. In addition, the effects of truck operating

performances such as offtracking, braking, passing manoeuvres, stopping distance requirement,
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etc. on traffic flow capacity and level of service, accident records, environment (vibration, noise,
air poliution), and public concerns also have some influence on VWD regulatory setting. VWD
regulations generally restrict the maximum size (height, width and length) and maximum weight
(tire load, axle weight and gross vehicle weight) of different types of vehicles. However, in

some cases, the bigger and heavier vehicles are allowed to operate under special permits.

The Canadian VWD regulations are composed of six basic elements [6]. These elements are

- vehicle height

- vehicle width

- vehicle length (for trucks and tractors, trailers, semitrailers, and combinations)
- tire loads

- axle loads (for single-front-steering, other-front-steering, single, tandem triple)
- gross vehicle weights

In addition to these principal elements, there are a number of VWD regulatory elements such
as axle spread, axle spacing, kingpin-to-rear of unit, behind cab-to-rear, etc., interacting and

complicating the six principal elements mentioned above.

For example, GVW limits have been mainly affected by axle load limits, axle spread regulations,
axle spacing regulations, anq axle number Iimitatiqns [6]. GVW limits for a particular vehicle
can be increased by directly increasing GVW limits up to the values equal to sum of existing
axle load limits of all axles in that vehicle, directly increasing axle load limits, allowing higher
axie load limits by spreading out the axles (for tandem and triple axle) and adding more axles
by allowing the use of triple, tri-, and quad axles. As a result of adding more axles in the
truck, axle spacing regulations will be applied to ensure that the allowable GVW of the truck

will not deteriorate bridge structure.

These VWD regulatory elements are established and administered differently among the different
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provinces. This, coupled with the complicated jurisdictional structure (e.g., municipal, territorial,
provincigl, and federal governments) leads to a complex and non-uniform VWD regulatory
structure. The complexity and non-uniformity of the VWD regjulations potentially affect truck fleet
characteristics and their operations. For example, most of the truck transport operated under
| multiple VWD regulations in different regions must conform to the least common reguiatory
denominators, or must reduce the load carried or change the vehicle prior to passing through

the higher restrictive region.

Over time, the Canadian VWD regulations have been changed in the direction of providing the
use of bigger and heavier trucks. For example, the single-axie load, tandem-axle load, and
GVW limits were increased from 18000, 32000, and 74000 pounds to 20000, 35000, and 110000
pounds, respectively, on primary highways in the Prairies according to the Prairie Highway
Strengthening Program (H.S.P.) in 1974. The single-axle load, tandem-axle load, and GVW
limits were réu‘sed to 20000, 40000, and 110000 pounds, respectively, on all major highways in
the Atlantic provinces according to the Atlantic Highway Strengthening Program in 1978. For
primary highways, the GVW limit was increased to 118000 pounds in Alberta and Saskatchewan
and to 124600 pounds in Manitoba, and for secondary highways, the GVW limit was raised from
74000 to 108000 poun(_is in the prairie provinces according to their VWD regulatory changes
in 1981/82 [12]. The main reason for introducing these VWD regulatory changes was to
improve economy and uniformity in truck operations because the utilization of bigger and
heavier trucks operating under the more uniform VWD regulations among several regions would
lead to higher efficiency and productivity in truck transportation. The truck productivity
consideration is even more important when the trucking industry is currently subjected to

recession, rising fuel prices, inflation, etc.
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Table 3.1 summarizes allowable limits on height, width, length, tire load, axle load and GVW for
various truck types in different provinces as of January, 1988 [11] (it should be noted that a

lot of other considerations about VWD regulations have not been included in this table).

3.3 TRUCK CHARACTERISTICS AND YWD REGULATIONS

There are many factors influencing the dimension, shape, weight, and configuration
characteristics of large trucks operating on highway systems. One of the principal factors is
VWD regulations. Lill [13] pointed out that “...Trucks are designed to obtain the most effective
use of what the size and weight laws permit’. The relationship between VWD regulations and
truck-fleet characteristics is important to highway and bridge engineers and planners regarding,
for example, how the configurations (fieet mix) and GVW of large trucks responding to the VWD
regulatory changes affect highway structural capacity (the higher the axle load, the more
deterioration), highway bridge strength (the higher the GVW and the less distributed, the more
deterioration), and highway geometry (the wider and longer the vehicle, the more highway

improving requirements, such as lane-widening at intersections, passing lanes, and so on.
The following subsections discuss the effects of VWD regulations on truck fleet seléctions, fieet
mix, and actual G.V.W. It should be noted that these effects are based on pre-RTAC VWD

regulations (before February 12, 1988).

3.3.1 _The Effects of VWD Regquilations on Truck Fleet Selection

The operator faces three basic options in response to changes in VWD regulations. The first
option is to continue using the old truck configurations. In this situation, the truck operator

can take advantage of the regulatory changes only by directly increasing GVW limits up to the
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Table 3.1 Canadian weight and dimension regulations
ALLOWABLE DIMENSIONS (metres)
height | width | length
combinations
truck full semi
or trailer | trailer | tractor truck + | A-train B-train
tractor -semi l trailer J }
Nfid 4.15 2.6 125 14.65 14.65 20.0 20.0 ® 21.0
NS 4.15 2.6 125 14.65 14.65 210 21.0 * 210
PEl 45 2.6 12.2 none none 20.0 * * ®
NB 4.12 2.6 125 14.65 14.65 210 21.0 * 21.0
Que 4.15 2.6 125 14.65 15.5 230 230 230 230
Ont 4.15 2.6 12.5 12.5 14.65 23.0 23.0 230 23.0
Man 4.15 2.6 125 125 none 20.0 215 230 230
Sask 4.15 2.6 125 125 14.6 20.0 23.0 230 23.0
Alta 4.15 26 12.5 125 none 200 230 230 23.0
8C 4.15 2.6 125 125 14.65 200 230 230 23.0
Yukon 4.2 26 12.5 135 135 225 22.0 b ®
NWT 4.2 3.05 125 125  none 215 215 284 244
ALLOWABLE LOADS * {kg, except tire loads) (3)
tires single axle tandem | triple maximum gvw
kg/mm axle and/or
front non- triaxle truck truck + | tractor train
steer l front J trailer J semi l (2)
Nfld 10 9,000 9,000 18,000 27,000 34,000 52,500 48,500 52,500
PEI 10.7 9.000 9,000 18,000 27,000 26,082 * 53,296 ®
NS rating 9,000 9,000 18,000 27,000 34,000 50,000 48,500 50,000
NB 10.7 9,000 9,000 18,000 27,000 34,000 56,500 48,500 56,500
Que rating 8,500 10,000 20,000 30,000 37,500 57,500 57,500 57.500
Ont " 9,000 10,000 19,100 30,000 47,500 63,500 63,500 63,500
Man 9 8,190 9,100 16,000 16,000 32,000 56,190 40,190 56,500
Sask 9 5,500 9,100 16,000 16,000 27,000 53,500 37.500 53,500
Alta 9 7.300- 9,100 16,800 16,800 30,400 53,500 40,900 53,500
BC 11 9,100 9,100 17,000 26,100 34,000 60,100 52,200 63,500
Yukon 1 9,000 10,000 19,100 28,600 47,500 63,500 63,500 ®
NWT 8 6,500 8,128 16,256 16,256 29,256 54,500 39,012 54,500
Table 1 Weight and Dimension Regulations (1)
NOTES
1) The information is subject to qualifications andior conditions. These regulations apply to most
trucks, on primary highways, in summer driving conditions. Various area, vehicle, commodity or
hauling-type, seasonal, highway, and other exceptions apply (but are not shown).
2) In some cases, lower GVWs apply depending on whether the combination is an A- or B-train.
3) Tolerances have not been included. There are a number of axle-spread and axle-spacing

requirements that must be met.
Special permits required.

(Source: Reference [11], pp. 14)
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values equal to the sum of the existing axle load limits of all axles in that vehicles and by
increasing axle load limits (and therefore GVW limits). A second option is to modify an old
truck configuration to be more productive (e.g., adding more axles, changing axle
position/spreads, adding a trailer). The third option is to adopt a new vehicle for operation
(e.g., purchasing 7-axle double-trailer (A- or B-train)) to replace a 5-axle (8-52) tractor semi-
trailer combinations). It should be noted that the second and third options involve the increases
in size limits (length limits of individual vehicles and combinations) and/or weight limit (axie load

limits (and therefore GVW) or only GVW (by increasing axle numbers)).

The responsive outcome resulting from VWD regulatory changes is also significantly affected
by the operating situations (“weight-out* or *cube-out* operation involving commodity density).
*Weight-out* operation involves the truck reaching the GVW limit, prior to the truck space being
filled. Therefore, *weight-out* operation involves the handling of *high-density commodities®, and
the truck needs more weight rather than space. In contrast, "cube-out* operation involves the
truck being fully filled in cube prior to reaching its GVW limit. This operation involves “low-
density" commodities and the truck needs more space rather than weight. It should be noted
that any truck operated at *weight-out* level is sensitive primarily to the changes of axle load
limits and GVW limits, but the truck operated at *cube-out® level is sensitive primarily to changes

of length limit.

The truck operator operating his own trucks under a single VWD regulatory regime will take the
highest advantage from the governing VWD regulations based on *weight- or cube-out®
operating situations. For example, for *weight-out* situations, the operator will employ the truck
configuration providing the greatest GVW handling capability, but for *cube-out* situations, the
operator will adopt the one which provides the greatest cubic capacity (in practice, usually the

longest configuration). However, whenever those trucks are subject to muttiple VWD regulatory
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regimes, the operator has three basic options to respond to this circumstance: (i) to employ
truck configurations matching the least common regulatory denominators; (i) to employ the
truck configuration which can be modified to operate under several regulations by means of
placing many adjustable devices on that configuration such as sliding fifth wheels, moveable
kingpins, liftable axles, sliding axles, etc.; (jii) or to employ the existing configurations, but the
operator will have to reduce the load carried (less than truckioad operation) or change the
vehicle (i.e., turnpike double combination wiil drop the second trailer off at the border between
different regulatory jurisdictions) prior to passing through the more restrictive region [11, 17].
Each of these responses leads to truck transportation inefficiencies and increase truck operating

costs.

3.3.2 The Effects of VWD Regulations on Truck Fleet Mix

The increases in axle load limits (and therefore GVW limits) or only in GVW limits (by adding
more axles) will potentially stimulate the truck configurations currently operating under *weight-
out® situations to carry more payload by adopting bigger and/or heavier truck configuration
types. As a result of the Prairie VWD regulatory changes in 1974 and in 1981-82, in Manitoba,
double-trailer proportions in the truck fleet mix are gradually increasing over time, while the
proportions of straight trucks and single drive axle tractors and vehicle combinations employing
single drive axle tractors are declining [14]. This is because the maximum GVW limits can be
achieved only by using double trailer combinations, as straight trucks and any other truck
configurations towed by single drive axle tractors cannot even come close to that GVW limit.
It should be noted that A-train combinations are dominant in double-trailer configurations rather
than B-train units because A-train units can carry freight at higher GVW value than B-train units

(maximum GVW of 56,500 kg versus 53,500 kg).
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Other evidence shows that according to the Atlantic Highway Strengthening Program in 1978,
5-axle tractor-semitrailer units (3-52's) have decreased in terms of the total number of trips and
total amount of freight carried, while 6-axle (3-83's) tractdr—semitrailer units have significantly
increased in those two aspects [10]. This is because 6-axle tractor-semitrailers can carry

freight at higher GVW value than 5-axle ones.

However, the use of existing truck configurations to carry more payload due to increases of axle
load limits and therefore GVW limits will possibly have a quicker response than the use of a
new and more productive configuration. The evidence for this is that, in response to the
Western Canadian Provinces Highway Strengthening Program (HSP) in 1974 and in 1981-82
in Manitoba, standard 5-axle tractor-semitrailer combinations rapidly registered at higher GVW
limits (i.e., because of increased limits on axie loads), while the double-trailer combinations

progressively registered at higher GVW limit [15, 16].

This is because the operators can directly obtain benefit from the VWD regulatory changes by
using the old configurations without any concern about the capital investment for a new
configuration, existing useful life of an old configuration, tare weight increase, enough

commodity quantity, or any operational problems.

Although the existing truck configurations will respond to the increases of axle load limits and
therefore GVW limit in a faster manner, the absolute GVW increases are, however, small when
compared to the GVW increased due to using bigger/heavier configurations and the further
increases in axle load limits will be restricted by highway pavement strength. This regard,
coupled with competitive and economic pressures, will force truck operators to employ the
bigger/heavier truck configurations. For example, the operators previously operating straight

trucks and/or single drive axie tractor-semitrailer units (2-S1 or 2-82) have shifted to such a
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larger/heavier configuration as 3-S2 units and, in another case, the operators have changed
from 3-S2 units to double trailer units such as 3-52-2 (A-train) or 3-52-82 (B-train) combinations.

it should be noted that the above considerations deal with *weight-out* situations only.

The increases in individual vehicle length and/or combination length limits will potentially
encourage the truck configurations presently operating at "cube-out* situations to employ the
bigéer truck configurations. In Canada, there are three apparent cases illustrating the response
of those VWD regulatory changes: (i) the use of a longer semitrailer (48 ft versus 45 ft) in a
tractor-semitrailer unit; (ij) the use of a long wheel-base tractor carrying a drome box in a
tractor-semitrailer unit; and (iii) the use of a double-trailer unit (3-S1-2 (A-train) unit) are apparent
evidence. In the second case, in addition to the individual vehicle and combination length
limits, these truck configurations are also affected by restrictions on load-carrying devices
(dromes) on tractors. As regulated by the combination length limit, the double-trailer units are
also subjected to the kingpin-to-rear or behind cab-to-rear length limits in some provinces. In
some cases, while the double-trailer units (28 ft) fit well with the 23-metre combination length
limit, these units have difficulty operating within the 16.75 metre kingpin-to-rear limit [11]. In
order to allow double-trailer units to take advantage of increasing length limits (increase cubic

capacity), the kingpin-to-rear limit should also be increased.

In addition to the VWD regulatory changes, the differences of VWD regulations among various
different regions also affected truck configuration types and fleet mix operating in those regions.
In 1984, Atlantic-provincial truck fleet mix consists of 52.5% of straight trucks, 45.0% of tractor-
semitrailers, and 2.5% of double combinations and, in 1978, the prairie-provincial mix consists
of 16.2% of straight trucks, 72.0% of tractor-semitrailers, and 11.7% of double combinations
[11]. This shows that, in Atlantic provinces, the straight truck is the most important

configuration type and more important than tractor semitrailer units, while the reverse is true for
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the prairie provinces.

It should be noted that the proportion of double trailer cdmbinations in truck fleet mix in the
Prairie provinces is greater than that in the Atlantic provinces. Therefore, double-trailer units
are more important to the trucking industry in the prairies than that in the Atlantic provinces.
there are a number of reasons which might explain this consideration: (i) while it is difficult to
configure double trailer units within a total length limit of 21.0 m in the Atlantic region, there is
no such difficulty in the 23.0 m total length limit in the Prairies; (i) as double trailer (A-train)
units are operated under special permits in the Atlantic region, such units are legally operated
under normal VWD regulations on the Prairies; and (iii) in the Atlantic provinces, the tractor-
semitrailer (3-S3) units can be operated at GVW values close to the maximum GVW limit (48,500
versus 50,000 kg, in Nova Scotia), but this regard is not the case in the Prairies. Here, the
maximum GVW limit allowing for tractor-semitrailer units (3-S2) is 37,500 kg, while that for

double trailer units (3-S2-2 (A-train)) is 56,500 kg [11].

~Another important aspect is that the different VWD regulations for different regions can lead to
the different configuration types actually operating at the governing maximum GVW limits. In
the case of petroleum haulers representing ’weigh’;—out" situations, there were three different
typical truck configurations (3-83-S2 (B-train), 3-52-S2 (B-train), and 3-S4 tractor-semitrailer units)
operated under Ontario VWD regulations. There was only one typical truck configuration (3-
§2-2 (A-rain) double unit and 3-S3 tractor ‘semitrailer units) operated under Manitoba and
Atlantic VWD reguilations, respectively [11]. It should be noted that in Ontario, the VWD
regulations have been based on the Ontario Bridge Formulas (OBF) which have furnished
various truck configuration alternatives under a specific GVW value. This regard will explain the

situation of three different truck types operating under the same regulations.
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3.3.3 The Effects of VWD Regulations on Gross Vehicle Welght (GYW)

All truck configurations operated at *weight-out* and/or "cubé-out‘ will increase their gross weight
in response to the VWD regulatory changes. However, the ones operated at *weight-out* level
have a more critical and sensitive response than *cube-out* ones. This is because the "weight-
out* truck units requiring more weight payload rather than more cubic capacity will possibly
carry their commodities up to the new maximum allowable GVW levels while the *cube-out®
trucks requiring only cubic capacity will increase their GVW due to the weight of added
commodity cube only. For a particular vehicle configuration type, the heavier trucks, implying
"weight-out* operations will have the quicker response to the GVW and/or axle load changes
in comparison to the lighter ones, implying “cube-out®, or less-than-truckioad (LTL) operation.
In Manitoba, for 5-axie (3-S2) tractor-semitrailer units, as the units operated at GVW'’s lower than
the median GVW value have little change in their GVW, the units operated at higher GVW'’s
than the median GVW value illustrate a trend of significantly and progressively higher GVW
operations over time, responding to the Prairie Highway Strengthening Program (HSP) in 1974
[14]. Figure 3.1 illustrates the upper half of the GVYW cumulative frequency distribution curves
(1974-1984) for 3-S2 tractor-semitrailer combinations in responding to VWD regulatory changes
[14]. According to the Prairie HSP in 1974, the 3-S2 units hauling freight at GVW’s above the
median GVW value (approximately 31,700 kg) previous to 1974 were employed to carry freight
at higher GVW levels provided by greater maximum GVW allowance. Consequently, the Gvw
cumulative frequency distribution curves of 3-S2 units operating at greater than the median
GVW value shifted to the right approaching the new GVW limit. The rate of shift to the right
was fast, from 1974 to 1978, and then slowed down but progressed in the years after 1978,
However, the 3-S2 units operating under the average GVW value had little change in their GYW
characteristics because they operated under *cube-out* or "less-than-truckload" (LTL) situations

which were unaffected by GVW limit changes.
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CIayton{et al. [14] found that in Manitoba, 6-axle (A-train) double trailer combinations have been
operated at “cube-out® situations. All of these units were 6perated at GVW levels significantly
lower than their maximum GVW limits. This implies that the extra weight-carrying capacity
provided by their allowable GVW limit is not necessary to them. Therefore, this truck type will
be insensitive to the GVW limit change. However, truck configurations operating at *weight-
out® and "cube-out’ situations at the same time will be affected by both weight and size
regulations. Therefore, any VWD regulatory changes to allow those trucks to operate at more

productive levels must simultaneously relax both size and weight limits.

In truck GVW distribution observations (including all vehicle types) in Canada, ‘Nix et al. [11]
found that the heavier trucks have increased their proportion in truck fleet mix over time in
response to the VWD regulatory changes, while the lighter trucks have decreased in that
regard. Table 3.2 shows that as a result of the Prairie HSP in 1974 and the Atlantic HSP in
1978, the heavier trucks (GVW greater than 38.0 tonnes) in both the Prairie and Atlantic
provinces increased significantly over time, while the lighter trucks declined. However, the
rates of change in for the Prairie and Atlantic provinces were different, and in this case, the rate
for the prairies was higher than that for the Atlantic region. For example, the proportion of
trucks registering at GVW's between 38.0 and 45.0 tonnes increased from 0.0% in 1973 to
61.5% in 1978 for the Prairies, as the trucks registering in the same range of GVW increased
from 37.0% in 1979 to 47.6% in 1981 for the Atlantic provinces. The response of the trucking
industry in both regions to the VWD regulatory changes was similar in terms of directional trend,
but different in terms of rate of change. The main factor contributing to the difference in rate
is the VWD regulatory differences, particularly in maximum allowable GVW limits. This regard
also links to the difference in axle load limits according to axle spreading restrictions and

additional axle allowances. Ervin [18] stated that the two most important factors contributing
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to the differences in allowable GVW limits among many provinces across Canada are: (i)
tandem axle load limits according to axle spread restrictions; and (ii) additional axle allowances

in truck combinations.

Table 3.2 Distribution of registered GVW (RGVW) for all truck types

RGVW (tonnes)

Region Year
0-30 30-38 3845 45-54.5 54.5+
Western 1973 29.7 70.3 0.0 0.0 0.0
Canada 1974 44.4 21.7 33.3 0.7 -
1978 211 6.2 61.5 9.5 0.6
Atlantic 1979 49.3 3.7 37.0 10.1 -
Canada 1980 422 3.1 419 12.6 -
1981 34.1 2.6 47.6 15.7 -

Source: Reference [11]

it should be noted that in the Ontario situation, while the same trend as described above was
observed, no recent VWD regulatory changes were made to encourage such a trend. Nix et
al. [11] suggested that economic forces are the main reason. This consideration meant that
even though there is no change in \{WD regulations, truck operators try to carry more payload
by using the bigger and heavier truck configurations, possibly provided by the governing VWD
regulations. It should be noted that the Ontario VWD regulations permit | various truck

configuration choices to operate under the same or compatible weight-carrying capacities.

In summary, the above explanation clearly shows the influences of VWD regulations on truck
fleet characteristics (truck fleet selection, truck fleet mix, configuration and GVW) which, in tumn,
affect truck operating characteristics. The major changes in truck fleet mix and physical
characteristics of truck combinations result mainly from the VWD regulatory changes. The

differences in truck fleet characteristics among various regions could potentially contribute to



3-15

the different VWD regulatory environments.

In addition to the differences and changes of VWD regulatory limits, the VWD regulatory
enforcement also affects truck fleet characteristics. The inappropriate enforcement programs
will lead to overweight and/or overdimension truck operation. For example, many long wheel-
base tractor pulling 48-foot semitrailer combinations have been used in the Atlantic region,
aithough this combination exceeded the overall length limit (21 metres) [11] and tractor-
semitrailer (3-S2) units are operated at GVW's greater than 37,500 kg (say, 45,000 kg)'on
primary highway networks in Manitoba. In the first example, the legal tractor-semitrailer units
should be short wheel-base tractors with 48-foot semitrailers or long wheel-base tractors with
45-foot semitrailer combinations, and in the second example, the legal combination should be
double trailer combinations such as 3-82-2 units. These simple examples show that under the
same VWD regulatory environment, the differences in degree of VWD regulatory enforcement
will result in different truck fleet characteristics in terms of overall length, axle load, GVW and
truck configuration types. Nix et al. [19] pointed out that “the relationship between VWD
regulations and fleet cannot be fully understood without considering the method and/or vigour

of enforcement practices”.

3.4 THE EFFECTS OF NON-VWD FACTORS ON TRUCK FLEET CHARACTERISTICS

While VWD regulatory factors strongly influence truck fleet characteristics, there are a number
of non-VWD regulatory factors which also affect such characteristics. Some of the non-VWD

regulatory factors will be described as follows:

(@ Freight Characteristics: liquid, dry bulk, and general freight have strong influences on
trailer type. For example, liquid freight will be transported in tanks, dry bulk freight is
generally transported in dumps (for gravel and sand), and in hoppers (for grains and
other crops, wheat, maize, etc.), and general freight is usually transported in vans.
However, the most important freight characteristic is density. Freight density mainly
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affects truck configuration type. For example, under Manitoba VWD regulatory
environments, 6-axle double trailer (3-S1-2) combinations are usually employed to
transport low-density freight under "cube-out® operation. The reverse is true for 7/8-
axie double trailer (3-52-2 or 3-52-3) combinations [14].

Route Characteristics: trip length, highway classification, geometry layout, and
geographic characteristics also affect truck fleet characteristics. For example, for a short
trip length such as pick up and delivery service in urban areas, small truck
configurations such as 3-axle straight trucks versus (3-82) tractor semitrailer units or (3-
S2) tractor-semitrailer units versus double trailer (3-52-2) units are more appropriate
because those smaller trucks can easily negotiate city streets and sharp turns, and
require less time for loading and unloading their carried commodities. In contrast, for
a long haul trip such as the commodity delivery between cities, the bigger and heavier
configurations (i.e., double trailer (3-S2-2) units) are more suitable. One of the reasons
why doubile trailer units are not widely used in the Atlantic provinces is that most of the
major highways in that region are two-lane highways and consist of many steep grades
and sharp curves [20].

Vehicle Operational Characteristics: Some truck configurations are more
advantageous than others in terms of weight and/or space capacity, but not in terms
of operational performance. For example, some carriers prefer A-rain to B-train
doubles, because B-train doubles have some difficulty in backing up the first trailer (with
its protruding fitth wheel) to loading docks [20]. However, some carriers still employ
tractor-semitrailers rather than A-train double trailers because A-train doubles require
more terminal time for hitching/unhitching and loading/unloading [20]. Some carriers
prefer long-wheelbase tractors rather than short ones, because the long wheelbase
tractors provide greater running stability, better riding, and aerodynamic performance

[11].

Terminal and End-Point Characteristics: The capability of equipment and space of
terminals and end-points restricts the utilization of some truck configurations. For
example, some carriers did not use tractor-semitrailer combinations carrying drome on
the tractors because the terminal has to be redesigned to handle dromes, and some
carriers did not shift from tractor-semitrailers to double trailer combinations because the
turning space at terminals could not handle doubles [14].

UMITATIONS IN THE KNOWLEDGE BASE

Although the recent research in Canada and elsewhere has found that VWD regulations have

a strong relationship to truck fleet characteristics, this relationship is very complicated and not

yet fully understood. In this research, there are a number of deficiencies which can lead to

misunderstanding in the relationship between VWD reguilations and truck fleet characteristics.

Such deficiencies are enumerated as follows:
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Most research has been conducted to analyze the relationship between VWD regulations
and truck fleet characteristics in an aggregate manner. This means that such research
did not take into account operational situations (*weight-out* or *cube-out® , commodity
characteristics (general freight - low density, bulk freight - high density), origin-
destination (intra-, extra-, and inter-regional), combination and configuration type, etc.
This consideration is very important, because trucks operating under different situations,
carrying different commodities, and running on different routes have a different response
to VWD regulatory changes.

Some researchers assumed a certain period of time within which a full response to
VWD changes will have occurred, although no research has fully understood the
responsive mechanism of the trucking industry to the VWD regulatory changes. It is
therefore very difficult to predict when truck operators will fully respond to VWD
regulatory changes, and even then whether the full response to VWD changes will occur
or not. Walton et al. [21] stated that “It has been difficult to predict future truck weight
distribution patterns as affected by the alternative legislation that governs truck weight.
Consequently, it has become implausible to try to forecast precisely the benefits and
costs associated with changes in size and weight limits.®

Most research has been based only on weight payload consideration, which is the
higher the allowable GVW, the greater payload. This is appropriate for trucks operated
under the *weight-out® situation, but not for the *cube-out® situation, or the case of the
simultaneous "weight-out* and *cube-out* situation.

Some researchers have assumed particular truck characteristics scenarios responding
to the VWD regulatory changes only. This is too simple, because there are various
factors involved in such considerations, such as multi-layers of governing VWD
regulations (road classes, time of year), nature of truck operation (“‘cube-out® versus
*weight-out*), and so on.

Probably the most important deficiency is that the researchers do not really understand
the structure, interaction, and implications of VWD regulations, the importance of each
element of weight and size restrictions, the complexity of VWD regulations in terms of
multi-layers in single VWD regulatory regimes, and the difference between different
regimes, enforcement levels, and special permits. '

The last deficiency is the quantity and quality of data. It is quite often the case that the
data in hand cannot be used to analyze the current area of interest. This is probably
because the problem and issues are changing over time, resulting in the need for a
more detailed database.
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CHAPTER 4

TRUCK TRANSPORT PAYLOAD PRODUCTIVITY

AS A FUNCTION OF SIZE

4.1 THE PURPOSE OF CHAPTER

The main factor encouraging the use of bigger and heavier truck combinations is productivity
improvement. The bigger and heavier truck combinations are potentially able to carry greater

payload and therefore have higher productivity. The purpose of this chapter is:

@ to examine the indicators of truck productivity;
(b) to illustrate how truck tare weight and commodity density affect truck productivity;

(©) to examine the theoretical truck payload capacity and actual truck payloads as a
function of truck size.

4.2 MEASURING TRUCK PRODUCTIVITY

It is known that large vehicle combinations carry freight more productively than smaller one.
Truck productivity can be measured in many different ways as shown in Clayton t24], Sparks
[22, 23] and Organization for Economic Cooperation and Development (OECD) [7]. One of the
most widely used indicators of truck productivity is total truck operating cost per unit of
outcome received. Such an indicator is quaﬂy measured in terms of cents per payload tonne-

km or for a given truck, in terms of $ per loaded km or $ per traveled km [23].

In some cases, the simple productivity indicators of weight payload capacity and cubic capacity

of any truck vehicle are useful in assessing potential truck productivity of each truck
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combination type.

4.3 TRUCK TARE WEIGHTS

The gross vehicle weight (GVW) of a particular truck combination consists of weight payload
handled by that vehicle plus empty weight of the vehicle combination. It is known that payload
is a principal factor in determining truck productivity. Therefore, truck tare weight or empty

weight of a given vehicle is an important element facilitating truck productivity analysis.

Clayton et al. [14] found that truck tare weight increases as the number of axles increases
and that there were wide variations in the tare weight values of vehicles under thé same classes

and/or the same number of axles, possibly because of the body type differences.

Sparks [22] presented the physical characteristics of typical large vehicle combinations in
Canada as shown in Table 4.1. It is clear that truck tare weight increases as truck size

monitored in terms of combination length or number of axles increases.

4.4  THEORETICAL TRUCK PAYLOAD AS A FUNCTION OF SIZE

4.4.1 Welght

Weight payload is the most important and widely used parameter to monitor truck productivity.
Weight payload capacity for a particular truck combination is equal to the maximum allowable

gross vehicle weight of the truck minus the tare weight of that truck. In general, carriers seek
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Table 4.1 Physical Characteristics of Typical Large Vehicle Combinations.

Over-Lengths

Single Western Rocky Mtn. Turnpike Triples
Trailers Doubles Doubles Doubles
Combination Length (m) 17-19 21-22 27 30-35 31
Number of Axles 5-6 5-7 6-8 7-9 7-9
Total Trailer Length (m) 12-15 16-17 22 24-29 25
(ft)  (40-48) (52-56) (72) (80-96) 81
Cubic Capacity =" 77-92 100-108 139 154-185 156
(x10f%)  (2.7-3.3)  (3.5-3.8) (4.9) (5.4-6.5)  (5.5)
Tare Weight (t) 12-15 13-18 16-20 17-20 17-20

Source: Reference [221, pp. 4)

the vehicle which minimizes costs by maximizing weight payload. It is known that the larger
truck combinations can generally carry freight at higher allowable GVW limit, and have higher
truck tare weights. However, it is found that a larger truck can carry higher payload than a
smaller truck. This is because the rate of increase in the allowable gross vehicle weight limit
is greater than that of an increase in truck tare weight as the size of truck combinations
increase. This is shown in Figure 4.1. it should be noted that weight payload as shown in
Figure 4.1 is the theoretical weight payload achieved from maximum allowable GVW minus
typical tare weight for a particular truck type. it does not represent the actual payload carried

for that particular truck.

The weight payload is principally related to high density commodities because high density
commodities are mainly involved with *weight out* operation in which the truck reaches the GVW
limit before the volume of the trailer is completely filled. Therefore, for a particular truck
combination, an increase in axle load limits and/or in GVW limits (up to the value which is equal

to the sum of axle load limits of all axles in that combination) will directly lead to increase in
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payload capacity and therefore productivity of that truck combination. However, an increase
in GVW limit by employing larger truck combination usually results in a greater increase of

its payload capacity and therefore, productivity.
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Figure 4.1 Weight characteristics by number of axles
(Source: Reference [25], pp. 7.21)

4.4.2 Cube

The cubic capacity is the interior space available in a given truck type. This interior space can
be considered from interior width, height and length of that truck. Cubic capacity is important
to a carrier of low density commodities, who generally experiences a “"cube-out® situation in
which the trailer volume is filled before the truck reaches the GVW limit. The cubic capacities
of truck combinations can be increased by increasing width, height and length of the trailers.
However, it is generally considered impractical to increase truck cubic capacity by enhancing
trailer’s width and/or height [26]. 1t is, therefore, more practical and more efficient to achieve

greater cubic capacity and productivity for low-density commodity carriers by increasing the
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individual vehicle and/or combination lengths. Table 4.1 shows that a longer truck combination
(with Ionger trailer length available) will generally have greater cubic capacity than a shorter
one. The approximate available cubic capacity of variousb commonly used vehicle types and

configurations in the United States expressed in cubic feet is presented below [171.

- 40-ft (12.2-m) Iong trailer - 2,500 cu ft (70.8 cu m)

- 45-ft (13.7-m) long trailer - 2,900 cu ft (82.1 cu m)
- 27t (8.2-m) long trailer - 1,700 cu ft (48.1 cu m)
- twin 27-ft (8.2-m) trailers - 3,400 cu ft (96.3 cu m)

- twin 40 ft (12.2-m) trailers - 5,000 cu ft (141.6 cu m)

- twin 45t (13.7-m) trailers - 5,800 cu ft (164.3 cu m)

- triple 27 ft (8.2-m) trailers - 5,100 cu ft (144.4 cu m)

- 26-ft (7.9-m) truck with 35-ft - 3,400 cu ft (96.3 cu m)

(10.7-m) trailer

The same relationship between the size of truck and the cubic capacity can be observed in
Figure 4.2. Figure 4.2 also shows that the cubic capacity of each truck combination can
be increased by using shorter tractors (using the short cab-over-engine (COE) tractor rather
than the conventional cab-behind-engine (CBE)) and using longer trailers while keeping within

the same length limit. In addition, Figure 4.2 also shows the increases in cubic capacity as a

result of changing trailer width from 96 inches to 102 inches [27].

Finally, it should be noted that the cubic capacity of truck combination used to transport low-
density commodities is mainly related to size limits rather than weight limits. Therefore, an
increase of truck productivity, in this circumstance, can be achieved by increasing length limits

or shifting to use the shorter tractor with the longer trailer length.

4.4.3 Commodity Density

Density is the most important commoadity characteristic relating to truck payload and, therefore,

productivity. In general, carriers try to choose the equipment fitting well to the commodity to
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be carried. Each truck combination is generally designed to carry a particular freight density,

namely *design density" [27]. This means the truck combination will be simuftaneously filled

with loads and reach its maximum GVW limit when employed to carry the commodity having

its design density. Whenever this truck combination is used to transport a commodity density

which is lower than the design density, the truck will be in a "cube-out® situation. The reverse

is true for transporting commodity density higher than the design density, which is called a

"weight-out® situation. Therefore, the design density will be used as the dividing line between

commodities which will be hauled under “cube-out® or *weight-out* situations. However, because

the total space of a trailer is rarely filled with loads, the design density should be emloyed only

as an approximate dividing line between commedities that will cause a *cube-out® or a weight-

out* operation [27].
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Truck prpduétivity is often measured in terms of cents per tonne-km of payload. It is clear that
such a productivity indicator is related to weight payload which is suitable for *weight-out*
circumstances only. Therefore, if the vehicle is operated under "cube-out® situation, a more
useful measure of output may be cents per cubic metre-km of payload based on volume
carried. One of the reasons why truck productivity based on weight consideration is more
widely used than that based on cube is that the actual cube of commodity is very difficult to

measure.

Sparks et al. [22] showed the effects of density of commodity to truck productivity
considerations. Sparks assumed that dry freight is a *cube-out" (low density) commodity and
that bulk commodities are *weight-out® (high density) commodities. Table 4.2 shows the
difference of potential cost productivity between double and single trailer combinations for both
*cube-out* and *weight-out* situations. The key observatiohs are:

First, for the cube-out situation, the double provides cubic payload capacity at

a cost of 1.185 cents/m>-km versus 1.273 cents/m°-km for the 5-axle unit, a

situation saving of 7 percent [22].

Second, for the weight-out situation, the double provides weight payload

capacity at a cost of 2.43-3.56 centsftonne-km versus 4.17 cents/tonne-km for

the 5-axie unit, a saving of 1542 percent, depending on the GVW limit [22].
It is found that for both *weight-out* and "cube-out®, the larger truck combination provides more
productive operation. However, the potential improvement in productivity for the larger truck

combinations are different for °weight-out® and *cube-out' situations. In this case, the

productivity improvement for “weight-out® operation is greater than that for *cube-out".
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Table 4.2 Truck productivity characteristics of 5-axle single
trailer combination and 7/8-axle Western Doubles
combination
5-axle 7/8-axle
Single Trailer Western Double
Combination Combination
Maximum cubic capacity (m°) 88 108
Maximum payload capacity (t) 24 320.47°
Operating cost @ 160,000 km/yr
- dry freight (Cdn ¢/km) 112 128
- bulk freight (Cdn ¢/km) 100 114
= applies to 50.0 t GVW ® applies to 63.5 t GVW

Source: Reference [22], pp. 3.

ACTUAL TRUCK PAYLOAD AS A FUNCTION OF SIZE

Clayton et al. [14] analyzed payload distribution for some of the truck combination types
operated on Manitoba Primary Highways. The payload distributions were achieved from the
differences between the GVW distribution curves and their typical tare weight for each vehicle

type. Figure 4.3 illustrates the distribution of actual weight payload in various vehicle classes.

The key observations summarized from this analysis [14] are presented as follows:

First, for 3-S2 units, the potentially increasing productivity provided by higher
axle weight limits was offset by tare weight increases. Therefore, the average
payload slightly decreased from 16.1 t in earty 1974 to 159 t in 1984.

Second, the 6-axle A trains were obviously operated at a *cube-out* situation.
The largest weight payload observed and the average weight payload handled
in 1981-82 were 26.0 t and 14.8 t, respectively, while the weight payload
capacity was 29.5 t.

Third, both 7-axle A and B-train units were obviously operated at "weight-out"
situations. In 1981-82, more than 50% of these units were being loaded at a
weight payload of 29.6 t or greater, while the weight payload capacity in 1981
was 31.6 5. It should be noted that the payload distributions of both 7-axle A-
and B-train units were very similar. )
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(Source: Reference [14], pp. 26).

It should be noted that the bigger truck combinations (7-axle A- and B-train units) carried higher
average weight payload (29.6t versus 15.9 t) than the smaller units (5-axle tractor-semitrailer
units). The 6-axle A-train units were not considered because those units were operating under

*cube-out® situations which means that weight payload was not an appropriate indicator for

comparison.

Payload distributions on laden trucks operating on primary highways in
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The above observations reveal that the 6-axle A train units mainly handle the low density
commodities, while the 7-axle A and B-train units principally haul the high density commodities.
This implies that the 6-axle A-train units are potentially sensitive to increases in size limits rather

than weight limits, the reverse is true for the 7-axle A- and B-train units.

It can be seen that payload capacity in terms of weight payload capacity and cubic capacity
is a function of vehicle capacity, commodity density, and allowable vehicle weight and
dimension limitations. Therefore, in order to determine truck payload productivity, these three
factors should be considered simultaneously. The implications of these three factors on truck
productivity have to be understood clearly by regulatory authorities to ensure that the direction
of any changes in VWD regulations are suitable for truck operation situations. Sparks et al.
[22] pointed out that “the design of an appropriate regulatory regime for large truck should be

much more sensitive to the realities of the freight flows to be served".
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Chapter 5

TRUCK OPERATING COSTS AS A FUNCTION OF SIZE

51 INTRODUCTION

Truck operating cost is an important component of the total cost of transportation. Therefore,
a reduction in truck operating cost can result in a significant reduction in total transportation
cost. Utilization of bigger and heavier truck combinations can decrease truck operating cost

and contribute to economic improvement in the country.

Several deterministic and stochastic models have been developed in order to .éalculate trudk

operating costs. Such models can also be used to consider the effect of truck size on truck

operating costs. The purpose of this chapter is:

(& to examine a deterministic cost model (the TRIMAC cost model) and a stochastic cost
model;

(b) to consider fuel economy as a function of truck size;

(©) to consider truck operating cost as a function of truck size; and

(o)} to examine the general implications for VWD regulations.

52 A CLASSICAL DETERMINISTIC COST MODEL: THE TRIMAC MODEL

Most truck operating cost models are deterministic. Such models are normally used to
calculate truck operating costs by considering various typical operational situations, and a
number of the most likely parameters. The TRIMAC model [28], developed by TRIMAC

Consulting Services Ltd., has been used to determine Canadian truck operational costs and
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truck rates on a biennial basis. The model is able to consider typical truck operational activities
on a regiona! basis, and to reflect the influences of several truck regulatory and operational
factors across Canada for both dry freight and bulk carrie}s, and for a number of typical truck

configurations.

A number of parameters of common truck operating characteristics for each of the provincial
and territorial regions in Canada are input into the TRIMAC model to assist the regional
comparisons. These parameters are: vehicle configuration (2-axle straight truck, 5-axle tractor-
semitrailer, and 7- or 8-axle tractor train); commodity type (dry freight or bulk); annual
equipment mileage utilization; province or territory of operation; and road surface (paved or
gravel). However, other operational situations are the same for all regions and the resuits
achieved from the model are base-case costs. In addition to base-case analysis, the TRIMAC
model also takes into account variations in some operational situations such as seasonal

variations, payload variations, trip length variations, and annual utilization levels.

5.2.1 Assumptions

The TRIMAC cost model [28] incorporates various detailed assumptions which represent typical

truck operational situations. The most important of these assumptions are:

- for the base-case analysis, an average round trip distance assumed are 100 and 320
km for 2-axle straight trucks and the larger combinatins, respectively.

- for the base-case analysis, all-hauls are evaluated as forehauls only. Therefore, the
costs represent one payload per round trip.

- for the base-case analysis, annual utilization levels assumed for 2-axle straight trucks
are 40,000, 80,000, and 120,000 km. For the larger combinations, annual utilization
levels assumed are 80,000, 160,000, and 240,000 km.



5.2.2 Structure of TRIMAC Cost Model

The TRIMAC cost structure was separated into two componénts-—fixed and variable costs. Fixed
costs are a function of time and are unrelated to the level of utilization, while variable costs are
a function of a utilization level, which is distance travelled. The fixed cost components
determined are depreciation and licence costs. The variable cost components are driver costs,
fuel costs, repair costs, cleaning costs, transport costs, and tire costs. In addition, the model
also considers insurance costs, administration and interest costs, and profit to operators. The

structure of these cost components is shown in Appendix B-1.

5.2.3 Simple Analysis of the TRIMAC Cost Model

The Manitoba bulk-payload base-case costs [28] in 1986 were determined. These base-case
costs represented "truckload® (TL) conditions, and the driver wage costs resulting from driving
activity and pickup and delivery (i.e., loading and unloading). These costs can possibly reflect
a median truck condition in Manitoba. The three typical truck types considered are the 2-axle
single unit truck, the standard 5-axle tractor-semitrailer, and 7-(8-) axle (A-train) double-trailer
units. The characteristics, unit costs, and productivity considerations of these truck types are
given in Table 5.1. The detailed operating costs are illustrated in Appendix B-2, and the results

of this analysis are shown in Table 5.2.

A number of observations can be made:

1. Truck operating costs are dominated by variable costs, accounting for approximately
47-63% of total operating cost. The major variable cost components, in order of their
importance, are driver wages (16-37% of total operating cost), fuel cost (8-19%), and
repair costs (8-15%).

2, As vehicle utilization level increases, the total operating cost (Canadian cents per km)
considerably decreases, as shown in Figure 5.1.  This is because the fixed cost
components are spread over a greater utilization (travelled distance).



Table 5.1

Vehicle characteristics, unit costs and productivity considerations
(referencing the TRIMAC Cost Model)

2-Axle Standard 5-Axde  7/8 Axle Tractor
Dual Rear Wheel Tractor Double-Traller
Straight Truck Semi-Trailer (A-Train)
Combination Combination
VEHICLE CHARACTERISTICS
Maximum Weight on Steering Axle 5500 5500 5500
(ka)
Maximum Weight on Single Axle 9100 9100 9100 ..
(kg)
Maximum Weight on Tandem Axle N/A 16000 16000
(kg)
Maximum Gross Vehicle Weight 14600 37500 56500
(kg)

- Typical Tare Weight (kg) 7300 12300 15800
Typical Payload Capacity (kg) 7300 25200 40700
Maximum Overall Length (m) 125 20.0 23.0
1888 UNIT COSTS ($ Canadian)

New Capital Cost (Diesel- 81620 N/A N/A
Powered Truck)

New Capital Cost (Diesel- N/A 96550 98520
Powered Tractor)

New Capital Cost (Trailer(s)) N/A 52311 101170

Fuel Cost (Cdn $/litre) 0.426 0.426 0.426

PRODUCTIVITY CONSIDERATION

Running Speed (Paved) (km/hr) 40 100 100

Running Speed (Gravel) (km/hp 40 80 80

Average Round-Trip Length (km) 100 320 320

Load/Unload Rate (hr) 0.25 0.75 1.25

Average Fuel Consumption 3.838 2.303 2.230
Rate (km/litre)

Maximum Yearly Mileage (km) 120000 240000 240000

N/A = not applicable
Source: References [25] and [28]
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Table 5.2 TRIMAC cost analysis for paved road (1986)
COMPONENT COSTS AS A PERCENT OF TOTAL OPERATING COST
Vehicle 2-Axle 5-Axle 7/8-Axle
Utilization
(x 1000 km) 40 80 120 80 160 240 80 160 240

Fuel 83 101 109 142 173 187 125 155 169
Depreciation 243 148 107 206 126 9.0 228 142 104
Transport 0.8 0.5 0.4 33 20 1.4, 2.8 1.8 1.2
Repairs 8.0 97 104 110 133 144 107 133 145
Tires 24 29 3.1 35 42 4.5 3.9 4.9 5.3
Sub 438 380 355 526 494 480 527 49.7 483
Driver 278 338 365 164 199 214 159 196 214
Licence/lnsurance 3.9 3.6 3.3 49 4.1 3.8 59 4.8 4.3
Cleaning 0.5 0.6 0.7 21 26 28 1.5 1.9 20"
Sub 322 380 405 234 266 280 233 263 277
Administration/interest 140 140 140 140 140 140 140 140 14.0
Profit 100 100 100 100 100 100 100 10.0 100
Sub 240 240 240 240 240 240 240 240 240
Total Operating Cost 133.1 109.5 101.6 130.4 107.2 99.6 1524 122.9 112.9

(Cdn ¢/km)

VARIABLE AND FIXED COSTS AS PERCENT OF TOTAL OPERATING COST

Vehicle 2-Axle 5-Axle 7/8-Axle
Utilization ’

(x 1000 km) 40 80 120 80 160 240 80 160 240
Variable Costs 47.9 57.7 62.0 50.4 59.3 63.2 47.4 57.0 61.4
Fixed Costs 25.1 153 110 226 137 98 256 160 116
Insurance/Administration27.0 27.0 270 270 270 270 270 270 270

Interest/Profit
Total 1060.0 100.0 100.0 100.0 100.0 100.0

100.0 100.0 100.0
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Figure 5.1 Total operating costs vs. annual utilization
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Figures 5.1 and 5.2 show that at a specific annual utilization level, total operating costs
(Cdn. cents per km) increase as truck sizes and GVW's increase. For example, at the
utilization level of 80,000 km/year, the total operating costs for 2-axle, 5-axle and 7/8-
axle vehicle types operated on gravel roads are 114.2, 144.2, and 167.5 cents/km,
respectively. However, total operating costs per payload tonne-km (Cdn. cents per
payload tonne-km) significantly decreases as truck size and GVW's increase. For
example, at the same level of utilization, the total operating cost per payload tonne-km
for 2-axie, 5-axle and 7/8-axle vehicle types are 17.4, 6.4, and 4.5 cents/tonne-km.

Although the fuel unit cost relatively increased from 41.9 Cdn. cents per litre in 1984
to 42.6 Cdn. cents per litre in 1986, fuel costs (Cdn. cents per km) compared between
1984 and 1986 operations significantly decreased, as shown in Table 5.3. This is a
result of the introduction of significantly enhanced fuel economy technology in Canada’s
trucking industry since the beginning of the 1980's [28].
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Table 5.3 Fuel cost and fuel consumption between 1984 and 1986
Truck Combination
ltem Year
2-axle 5-axle 7/8-axle
Fuel Cost 1984 18.8 23.7 26.3
(Cdn. cents/km) 1986 11.1 18.5 19.1
Fuel Consumption Rate 1984 2.23 1.77 1.59
(kmflitre) 1986 3.84 2.30 2.23
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5.3 A STOCHASTIC COST MODEL

Truck operating costs are generally considered by deterrﬁinistic models. However, the most
important disadvantage of these models is that they cannot simultaneously take into account
a wide range of potential values for several variables. This means that such models are not
able to deal with the c;)mbined effects of uncertainties in several parameters on truck operating
costs. Sparks et al. [23] has developed another operating cost model—a stochastic cost model-

-designed to address this disadvantage of the deterministic model.

5.3.1 The Structure of the Stochastic Cost Model

The Sparks model consists of three phases: (i) a deterministic sensitivity analysis; (i) a
probabilistic model development; and (i) a stochastic sensitivity analysis. The first phase
determines how sensitive truck operating cost is to change in each parameter, based on a
deterministic model having similar structure to the TRIMAC Cost Model. All parameters are
classified with respect to the degree (sensitivity) of their effect on truck operating costs. The
second phase develops a probabilistic model to take into account the combined effects of the
varying values of these sensitive parameters. The truck operating cost distribution will be
achieved at the end of this phase. The last phase determines the effect of varying probability

distributions of any sensitive parameter on truck operating cost distribution.

5.3.2 The Application of the Stochastic Cost Model

The major advantage of the stochastic approach is that the stochastic model can deal with
variations in @ number of potential values of sensitive parameters when such parameters are

considered simultaneously. The combined effects of those simultaneous variations are reflected
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in the characteristics of the stochastic cost distribution achieved from the model.

Sparks et al. [23] applied the stochastic model to show hdw VWD regulatory changes and dif-
ferences affect truck operating costs and therefore, productivity. It was found that utilization of
bigger and heavier vehicles operating under higher GVW limits potentially leads to lower oper-
ating cost and a change in sensitive parameter(s). For example, the expected operating costs
per payload tonne-km will decrease from 2.4 cents/tonne-km to 1.9 cents/tonne-km according .
to the VWD regulatory changes allowing the use of a 7-axle (A-train) flat deck combination at
a GVW of 53,500 kg when only a 5-axle tractor-semitrailer unit is permitted under current VWD
regulations at a GVW of 37,500 kg. One of the three most sensitive parameters (annual
distance, distance wage rate énd vehicle tare weight) was changed because of the VWD

regulatory changes. That is, vehicle tare weight has been replaced by fuel consumption [29].

It was also found that differences in iypical truck characteristics may result from VWD reguiatory
differences. In the case of similar vehicles, the one operating under a higher GVW limit will be
able to achieve lower operating costs. However, in the case of different truck configurations,
truck operating cost is strongly related to payload capacity of these configurations. The greater
the truck configuration (and therefore, its payload capacity), the lower the operating costs. For
example, the expected operating costs per payload tonne-km (approximately 2.4 cents/tonne-
km) of the tractor-semitrailer (3-S3) petroleum haulers operating at GVW's of 50,000 kg in New
Brunswick is higher than that (approximately 2.0 cents/tonne-km) of the same configuratidn
operating at a GVW of 54,203 kg in Quebec [23]. The expected operating cost per payload
tonne-km (approximately 1.9 cents/tonne-km) of double B-train (8-53-82) petroleum haulers
. Operating at 63,500 kg in British Columbia is lower than those of both 3-S3 combinations

operating in New Brunswick and in Quebec, as described above [23].
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5.4 FUEL ECONOMY AS A FUNCTION OF TRUCK SIZE

One of the important components of truck operating cost is fuel cost. As mentioned previously,
fuel cost comprises approximately 8-19% of total operating cost, depending on truck type and
utilization level. Therefore, reduction of fuel cost has a strong effect in decreasing total truck

operating cost.

There are a number of factors affecting fuel consumption rate. Key factors include: road
alignment (gradient, curve, etc.); surface condition (paved versus unpaved road); operating
conditions (operating speed, traffic congestion, etc.); climatic condition (temperature, wind,
humidity, etc.); geographic condition (level, rolling, mountainous); GVW; and driving
performance. However, the following expianation will illustrate how the fuel consumption rate

of a truck changes as its GVW varies, assuming that other factors are constant.

For a particular truck type, more fuel is required to transport its commodity at greater weight
payload and, therefore, greater GVW. However, fuel consumption (gallons per mile - GPM)
increases at a lower rate than the weight does [30]. This means that the amount of fuel
increase required to transport a unit of freight at greater GVW level is less than that at a lower
GVW level. It is logical to use fuel consumption per unit of output to represent fuel productivity.
The most widely used fuel-productivity unit is gallons per ton-mile or litres per tonne-km. Figure
5.3 illustrates the relationship between fuel consumption (gallons) per ton-mile and GVW. It.is
shown that fuel consumption per ton-mile significantly decreases as GVW increases, and that
the rate of decrease at a lower GVW is greater than that at a higher GVW. For a given truck
type, an increase in allowable GVW limit will potentially reduce the fuel consumption of that

truck when used to carry a given amount of freight ton-miles.
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Some operators would choose to employ a bigger and heavier truck type operating at a higher
maximum GVW limit. This also results in lower fuel consumption per payload ton-mile. In the
Western Highway Institute (WHI) study [31], different types of truck combinations were assumed
to carry a specific amount of freight (2,000 tons) over a given distance (400 miles) and those
vehicles were also assumed to carry freight at the maximum GVW limit, based on freight
density. It was found that, as expected, the fuel consumption rate (gallons per mile) for a given
truck configuration increases as freight density and GVW increases. However, the total amount
of fuel consumed and fuel consumption per payload ton-mile decreases as freight density and
GVW increases. It was also found that the total amount of fuel consumed decreases when the

larger truck combination operating at a greater GVW is employed.

Clayton et al. [32] has developed a linear relationship between fuel performance, in terms of
miles per gallon, and GVW for truck combinations actually operating in Canada, and for different
seasons. Figure 5.4 shows such a linear relationship for different seasons. It is clear that
regardless of seasonal differences, the number of miles travelled per gallon of fuel decreases
as the GVW increases. in other words, the amount of fuel required to travel one mile increases
as GVW increases. Clayton et al. [32] also found that the higher the GVW, the lower fuel
consumption per ton-mile (gallon per payload ton-mile), and commented that little fuel saving
would be achieved when the truck combinations are operated at a very high GVW. It should
be noted that the "gallon® appearing in Figure 5.3 is in the U.S. unit, while the *galion®

appearing in Figure 5.4 is in Imperial units. -

Fuel consumption tests for overlength vehicles [34] were conducted in Saskatchewan to
determine fuel savings per payload tonne-km according to utilizing overlength vehicles (twin 45-
foot semitrailers, Rocky Mountain Doubles, and Triples) compared to the legal length

combination unit (27-foot twin doubles) and the 5-axle tractor-(45-foot) semitrailer when carrying
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a low density commodity. The testing results are shown in Table 5.4. It is clear that utilization
of bigger and heavier truck combinations will decrease fuel consumption per payload tonne-

km.

Table 5.4 Percent fuel savings for combination configurations

Percent Fuel Savings
per Tonne-km

Combination Configuration Versus Versus
Semi-Trailer Doubles
Twin 45 28.0 23.2
Rocky Mountain Doubles 24.0 19.2
Triples 19.0 14.2
Doubles 4.8 -

(Source: Reference [34], pp. 12)

5.5 TRUCK OPERATING COSTS AS A FUNCTION OF SIZE

Truck operating costs have two main components: (i) fixed costs as a function of time; and
(ii) variable costs as a function of distance travelled. For example, fixed costs are depreciation
cost, overhead cost, insurance cost, vehicle taxes, etc., and variable costs are drivgr costs, fuel
cost, tire cost, repair cost, etc. Many factors influence truck operating costs, such as road
alignment, surface conditions, dperating conditions, geographic conditions, GVW, and so on.
In this regard, it is assumed that truck operating costs is a function of GVW, and that other

factors are constant.

The relationship between truck operating costs and GVW is similar to that between fuel
consumption and GVW. Truck operating costs, in terms of cost per unit distance (cents per

mile) increase as GVW increases. However, truck operating costs per payload ton-mile (cents
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per payload ton-mile) significantly decrease as GVW increases [17, 24, 26, 31, 35, and 36].
Figure 5.5 [26] shows such a relationship in an aggregate manner in which one curve
represents truck operating cost characteristics for all truck combinations. It should be noted
that the reduction rate of truck operating cost per payload ton-mile corresponding to GVW
increase at lower GVW value is greater than that at higher GVW value, and that truck operating
cost per payload ton-mile for two-way loaded trucks is significantly lower than that for one-way
loaded trucks. Further, the National Cooperative Highway Research Program (NCHRP) Report
198 [17] illustrated truck operating costs per mile (cents per mile) as a function of GVW for
different truck types, as shown in Figure 5.6. For each truck type, truck operating cost per
vehicle-mile increases as GVW increases. Within the certain range of GVW values {from zero
up to approximately 50 tons), the truck operating cost per vehicle-mile of large truck types is
higher than that of smaller truck types. However, beyond this range, the conclusion could not

be given.

The Western Highway Institute (WHI) [31] developed linear equations to calculate truck
operating costs for different truck combination types. Such equations were modiﬁed from the
truck operating cost study in NCHRP 198. In the WHI study [31], truck 6perating costs for
various truck combination types were calculated. It was assumed that those truck types were
employed to haul the 2,000 tons of freight for different density levels over 400-mile distance.
The major finding was that for each truck combination type, truck operating cost in terms of
cost per mile increases as GVW and freight density increase, but the absolute operating cdst
value decreases because travelled distance is reduced according to higher weight-payload
capacity at higher GVW. The bigger and heavier truck combinations operating fully loaded level

at higher GVW have a lower operating cost than the smaller and lighter ones. WHI [31] also
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found that the operating cost savings among different truck combinations operating at lower
GVW and lower freight density are greater than those operating at higher GVW and higher

freight density.

As described in Section 5.2, for each combination unit, the total operating cost in terms of cents
per km decreases as truck utilization (travelled distance) increases. For a specific utilization
level, the total operating cost (cents per km) increases as truck size and weight increases.
However, for the same utilization level, the total operating cost (cents per payload tohne—km)
significantly decreases as truck size and weight increase. It should be noted that while the
TRIMAC cost analysis keeps travelled distance constant and varies amount of freight carried
(the bigger the truck size, the greater the amount of freight to be transported), the WHI [31]
analysis keeps the amount of freight to be carried constant, and varies the travelled distance

(the larger the truck, the less distance travelled).

In case of *weigh-out* operation dealing with high density freight, truck combinations need
greater GVW allowance. Hence, if the maximum allowable GVW limit of a particular truck is
increased andjor the bigger and heavier truck combinations operating at the higher GVW are
employed, an operating cost saving will be achieved. In the case of *cube-out" operation
dealing with low density freight, truck combinations need greater size allowance. By ignoring
height and width changes, if a longer truck combination is employed, operating cost savings
will be realized. However, if the weight increments for *cube-out* and *weight-out* operations
are equal, the operating cost savings for *cube-out® situations will be greater than that for
‘weight-out' situations. This is because operating cost difference per unit GVW increase at

lower GVW is greater than that at higher GVW.
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5.6 GENERAL IMPLICATIONS FOR VWD REGULATIONS

The utilization of bigger and heavier truck combinations Wi(l lead to a reduction in operating
cost. However, there has been a concern that such utilization will bring about higher highway
and bridge costs. VWD regulations are therefore set up to control the size and weight of truck
combinations operating on highway systems. Nevertheless, in many countries, including
Thailand, the VWD regulations have gradually been changed to allow the use of bigger and

heavier truck combinations.

In the case of size limit changes, significant increases in vehicle height and width limits
generally are impractical approaches to raising truck productivity. Significant int[:'r'ease in height
limits could necessitate redesigning warehouses, docks, etc., reducing truck stability as a result
of higher center of gravity, and increasing highway and bridge construction costs from the
increasing vertical clearance of bridge and underpasses, etc. [26]. Significant increase of width
limits could also require modification of the terminal facilities’ existing driveways, alleys,
warehouses, and public alleys, leading to an increase in highway construction costs due to
extra lane width [26]. Consequently, width and height limits have remained relatively constant
for many years. However, it should be noted that the height and width limits are important to
standardization of shipment size (i.e., size of containers) between countries. Therefore, the

change in height and width limits should facilitate the shipment of commodities between

countries by conforming to the world standard size of shipment (i.e., containers).

The most appropriate way to achieve greater truck cubic capacity is to increase the individual
vehicle length and/or combination length. This consideration is very important to trucks
operating under "cube-out® situation and, in some cases, it facilitates the use of bigger (longer)

and heavier truck combinations operating under *weight-out* situations.
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In the case of weight limit changes, increases in GVW limits could be translated into increases
in weight payload capacity and therefore, truck productivity. The GVW limit increases could be

achieved in the three following ways, among others:

@ increasing the number of axles, while keeping allowable axle load limits constant:

(b) increasing the allowable axle load limits while keeping the number of axles constant;
and

(c) increasing both the allowable axle load limits and the number of axles.

These three ways of increasing GVW limits are important only to truck configurations operating
under *weight-out® situations. However, truck configurations operating under “weight-out® and

"cube-out" situations simultaneously need changes in both size and weight limits.

Walton et al. [37] suggested three approaches to increasing size and weight limits:

- First, keeping size limits constant, while increasing axle load and therefore, GVW limits;
- Second, keeping axle load limit constant, while increasing size and GVW limits; and

- Third, increasing the size, axle load, and GVW limit.

Walton et al. [37] also noted that these three approaches would increase truck productivity by
decreasing truck operating costs and fuel consumption, but that they would adversely affect
highway and bridge cost, highway geometric requirements, highway safety, and the
environment. The trade-off of these considerations is a critical matter for the northeastern
region of Thailand, because the regional development depends on the shipment of high weight
(implying high density) and relatively low-valued commodities to the market places. Also there
are severe budget constraints, as well as limited resources available for construction and

maintenance of highway systems.
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Consquently, the most appropriate approach to VWD regulatory changes would be where the
productivity of the existing transport systems can be increas‘ed with minimum capital investment.
This means that the VWD regulations should be relaxed in a way which minimizes adverse
effects on highway systems (pavements and bridges), thereby minimizing requirements of

construction and maintenance while increasing truck productivity.

According to the WHI study [31], it was found that the heavier and longer truck combinations
coupled with GVW distribution over the greater length, and provided a sufficient number of axles
is potentially beneficial to both highway pavements and bridges. In addition, the utilization of
these truck combinations potentially reduces fuel consumption, operating costs, and negative

effects on environmental quality (i.e., noise poliution, air poliution, safety, vibration, etc.).

Therefore, the most appropriate approach to increase VWD regulations is to increase GVW
limits while holding the axie load limits constant, and distributing the GVW over the longer truck
length by providing for enough axles. It should be noted that keeping axle load limits fixed by
adding a number of axles while increasing GVW limits reduces the adverse effect on
pavements. Spreading these axles over the longer truck length is intended to reduce the

adverse effects on bridges.
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Chapter 6

OPERATIONAL PERFORMANCE AND SAFETY CONSIDERATIONS

REGARDING LARGE TRUCKS

61 THE PURPOSE OF THE CHAPTER

There has been an increasing trend toward use of bigger and heavier trucks, primarily for
economic reasons. There is a concern that this can lead to a decrease in highway capacity
and level of service, and in highway safety. The greater sizes and weights of the trucks can
aggravate truck ménoeuvring performance (such as offtracking, passing, splash and spray,
accelerating, etc.) and increase truck accident frequency and severity. The p.urpose of this
chapter is:

@ to examine truck offtracking, passing manoeuvres, passenger-car-equivalence, and

splash and spray as functions of truck sizes, weights, and types;

(o) to examine truck stability and control as a function of vehicle type, weights and sizes;
(© to examine actual truck accident records as a function of truck weights, sizes, and

types.

6.2 OFFTRACKING

Offtracking is defined as the difference between the path of the frontmost inside wheel and the
rearmost inside wheel of a given truck cdnﬁguration when negotiating turns or at-grade
intersections [38]. Offtracking leads to (possibly dangerous) intrusion by the last trailer of a
truck combination into the lane next to the one being negotiated, and can damage roadside
structures such as curbs, traffic signs, guardrails, etc. Offtracking can therefore lead to an

accident involving pedestrians and vehicles in adjacent lanes.



6-2

There are two kinds of offtracking: (i) low speed offtracking in which the rear wheels are pulled
inward relative to the steering wheels, and (i) high speed 6fftracking, in which the rear wheels
track outward relative to the steering wheels. Low speed offtracking is (potentially) much more
hazardous than high speed offtracking, because the magnitude of low speed offtracking is
significantly greater than that of high speed offtracking [49). However, high speed offtracking

can lead to severe collision because of the greater speed involved.

It should be noted that while a given truck combination is negotiating a curve at increasing
speed, the low speed offtracking will decrease and become zero at a certain speed [39]. If the
truck combination increases its speed beyond the speed causing low speed offtracking equal
to zero, high speed offtracking will occur. The magnitude of offtracking is influenced by running
speed, radius and degree of turn, wheel base length, number of trailers, number and position
of articulation point, kingpin offset, the axle-to-pintle hook distance, the towbar length, type of
vehicle configuration, driver skills, inflation and condition of the tires, load on steering axies,
amount of superelevation, pavement condition, etc. [26, 39]. The following descriptions

concentrate on offtracking as a function of size and type of vehicle combination.

The Western Highway Institute (WHI) developed a simple equation to calculate the magnitude

of (low speed) offtracking, as follows [40]:

MOT = R,-4RZ- = (13 (1)
where MOT = maximum offtracking;
R, = turning radius of outside front wheel;
L = distance between centerpoints of axles or tandem axle groups

or between such centerpoints and intermediate points of
articulation
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Table 6.1 shows maximum offtracking of various truck combinations [40]. The offtracking values
are calculated by Equation (1) based on 165-foot curve radius negotiations. It is found that for
the same configuration, the longer the wheelbase length, .the more offtracking. Although the
overall wheelbase of a multiple trailer combination is longer than that of a tractor-semitrailer,
the magnitude of offtracking of such combination may be less. This is because longer
combinations consist of shorter wheelbase tra‘ilers with the additional joints of articulation, and
therefore, when the offtracking effect of each shorter wheelbase trailer is summed up, the total
offtracking magnitude is smaller {31]. In 1974, the Utah Department of Transportation [33]
conducted offtracking tests to compare the calculated values. It was found that the field results

- compared well to the values obtained from Equation (1) as shown in Table 6.2.

In some cases, the magnitude of low speed offtracking is expressed in terms of the maximum
swept path width, which is the maximum distance between the track of the outward wheel of
the steering axle and the track of the inward wheel of the rearmost axle. Figure 6.1 [41]
(developed from computer simulations) shows low speed offtracking (swept path) and high
speed offtracking as a function of trailer length and number of trailers. It can be seen that for
low speed offtracking, the swept path increases as the number and length (wheelbase length)
of trailers increases [41]. Sometimes, the effect of multiple trailers can be offset by the effect
of individual longer trailer length. For example, the swept path of a triple 28-foot trailer unit is
approximately 2 feet less than that of a tractor (48-foot) semitrailer unit when negotiating a 90
degree turn at a 354t radius. For high speed offtracking, the magnitude of offtracking
increases as the number of trailers and travelling speed increases [41]. The high speed
offtracking has a maximum value in a specific range (25 to 30 ft) and then declines as trailer
length increases. It should also be noted that high speed offtracking for the same truck
combination negotiating the same turn or curve is significantly less in terms of magnitude than

slow speed offtracking.



Table 6.1 Maximum offtracking of various truck combinations.

Length

Overall Each Maximum Offtracking
Type Profiles Symbol Length  Trailer 165" Curve Radius (ft)

(Ft) (Fy
Single Unit oD 3 40 33 3.4
Truck .
3-Axle Tractor- ‘H 2-51 40 27 2.3
Semitrailer
4-Axie Tractor- . .H 2-82 50 40 4.0
Semitrailer ) )
5-Axle Tractor- “ 3-82 50 40 4.0
Semitrailer
5-Axle Tractor- “ 382 55 40 4.2
Semitrailer
5-Axle Tractor- ‘_ 3-82 60 45 54
Semitrailer
5-Axle Tractor- M___@ 3-82 65 40 3.4
Semitrailer : : Stinger
5-Axle Truck . 1 32 60 27 2.4
and Trailer
5-Axle Truck S () 32 6 35
and Trailer
5-Axle Doubles M 2.81-2 65 27 3.0
7-Axle Triples m 28122 95 27 45
9-Axle Doubles ‘M 324 100 40 8.1

{Source: Reference [40], pp. 46-47)




Table 6.2. Comparison of measured and calculated offtracking for different types of trucks

MAXIMUM .
OVERALL LENGTH CURVE OFFTRACKING (FT)
TYPE PROFILE SYMBOL LENGTH EACH RADIUS
FT. TRAILER FT. Measured Calculated
Value Value
Five-Axie 3-82 51 40 90.0 7.6 8.5
Tractor- m
Semitrailer ’
Seven-Axle 2-81-2-2 91.6 26 90.0 8.8 7.8
Triplets F—ob—dl—d
Five-Axle
Doubles m 2-81-2 65 26 90.0 6.0 53
Three-Axle
Tractor é:” I 2-S1 35 26 90.0 3.3 2.7
Semitrailer

I

(Source: Reference [33], pp. 34)
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Figure 6.1 Effects of trailer length and truck configuration on offtracking behaviour

(Source: Reference [41], pp. 272)
For vehicle width, even though the wider truck can reduce lateral clearance between turning
vehicles and other vehicles in adjacent lanes, and cause intrusion into the adjacent lane, it does

not, however, involve offtracking performance [41].

6.3 PASSING MANOEUVRES

The impact of large truck combinations on passing manoeuvres is more important to two-lane
undivided highways than to muiltilane divided highways, because on multilane divided highways,
the passing chance of higher speed vehicles is not reduced by sight djstance limitations and
opposing traffic disturbances [41]. It is most appropriate, therefore, to concentrate on the effect

of vehicle size upon two-lane, undivided highways.



The manoeuvre period on two-lane highways is separated into three phases [26]: (i)
perception and reaction time; (i) time the passing vehicle 6ccupies the left lane in passing the
slower vehicle, and (jii) time required to return to the right lane." The passing sight distances
allowed in highway design are considered from the distance travelled during the three previous
phases, and the distance and placement of an opposing vehicle. There are a number of
factors affecting passing manoeuvres. These factors are the flow rate of the traffic mix,
‘presence of opposing traffic, sight distance availability, trafﬁc‘speed distribution, acceleration
capability, grade, and sizes and weights of passing and passed vehicles [41]. The large trucks,
operating on high gradient, two-lane, undivided highways, can potentially reduce level of service
and traffic flow, because those trucks have low manoeuvring performances according to their
greater sizes and weights, low running speed, and low acceleration performance. The following

description will focus on the effects of truck size and weight on passing manoeuvres.

WHI .[42] conducted a full scale acceleration test of diesel trucks having weight-to-horsepower
ratios of 100 to 400 Ib/hp. The passing distance versus weight-to-horsepower ratio and the
passing time versus weight-to-horsepower ratios were plotted and combined to develop the
passing characteristic envelopes as illustrated in Figure 6.2. It was found that passing
distances and times increase as the weight—to—horsepower increases. Therefore, when a given
truck combination carries more payload of freight (thereby increasing weight-to-horsepower

ratio), it needs a greater distance and more time to pass slower vehicles.

It is known that the length of the two vehicles involved in any passing manoeuvre and the
differences of their speeds affect passing time and therefore, passing distance. The relationship
between both vehicle lengths and speed difference on the passing time (T,) on two-lang,

undivided highways [26] is:



Figure 6.2
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The Utah Department of Transportation [33] showed the effects of vehicle lengths and speed

differences on passing time (based on Equation (2)) as illustrated in Table 6.3, and also showed

the effect of various combination lengths, speeds, and speed differences on passing distance

as illustrated in Figure 6.3. It is found that the increase in passed vehicle length leads to the

requirement of the longer passing distance and time. This finding is more pronounced when
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Table 6.3 Passing time requirements as a function of speed differences and truck lengths
for two-lane highways

Speed 55 Ft. 65 Ft. Added Time 95 Ft. Added Time  Added Time
Diff. Comb. Comb. Single to Comb. Single to Double to
{mph) (single) (double) Double (Triple) Triple Triple

5 30.34 31.70 1.36 35.78 5.44 4.08

10 15.17 15.85 0.68 17.89 272 2.04

15 10.11 10.57 0.46 11.93 1.82 1.36

(SOURCE: Reference [33], pp. 35)
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Figure 6.3 Passing distance requirements as a function of speeds, speed differences, and
truck lengths for two-lane highways
(Source: Reference [33], pp. 36)



6-10
the passing manoeuvre occurs either at high speed, or at a lower speed difference. For
examplg, for a speed difference of 5 miles per hour (mph), a car travelling at a speed to 55
mph requires a passing time of 30.34 secs and a passiné distance of 2,448 ft to pass a 55-
foot tractor-semitrailer unit. Under the same running speed and the same speed difference
conditions, the same car needs the additional passing time of 1.36 and 5.44 secs and the
additional passing distance of 110 and 439 ft to pass a 65-foot double-trailer unit and a 95-

foot triple trailer unit, respectively [33].

Alberta Transportation [43] reported that a longer passing time and distance were required for
a car to pass a longer truck combination, and that the additional time and distance were
proportional to the additional length of the longer truck combination. For example, a passing
time of 15 secs and a passing distance of 480 m are required for a car travelling at 115 km/h
to pass a 23-m-long truck combination running at 100 km/h-on a two-lane, undivided highway.
The additional passing times and distances would be 10% more to pass a Rocky Mountain
Double (29 m long), 13% for a triple (34 m long), and 20% for the turnpike (35 m iong). One
study [41] concluded that the truck combination length does have an impact on the passing
time and distance, but the truck configuration type has little or no impact on the passing
performance. This means, the impact of a tractor-semitrailer unit and that of a double-trailer

unit on passing manoeuvres are the same, if both units have the same combination length.

Truck width also has an effect on passing manoeuvres on two-lane undivided highways,
because a wider truck can reduce the sight distance of following vehicles, reduce lateral
clearance between passing and passed vehicles, decrease lateral distance between passing
vehicles and roadway shoulder and edge, and reduce suitable justment of safe or unsafe gaps
to opposing vehicles [41]. However, the widths of various types of truck configurations are

generally constant, and little change in width occurred over time. Therefore, the effect of truck
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width on passing manoeuvres is the same for a number of truck types and is considerably less

important than truck combination length.

6.4 PASSENGER CAR EQUIVALENCE

Trucks can decrease highway capacity and level of service because of their significantly greater
sizes and weights, and therefore, lower operational performance in comparison to passenger
cars [26, 39, 41]. Passenger-car-equivalence (PCE) is used to monitor a truck’s operational
performance compared to that of a passenger car. PCE was defined in the Highway Capacity
Manual [44] as *the number of passenger cars displaced in the traffic flow by a truck or bus,
under the prevailing roadway and traffic conditions.® There are a number of factors influencing
PCE: roadway type, geographic condition, gradient, percent of trucks in the traffic flow, traffic
volume, running speed, weight-to-power ratio, truck characteristics, etc. The situations leading
to lower operational performance of a given truck combination can potentially increase PCE.
Such situations occur when the truck combination is running on two-lane versus multilane
highways, under difficult terrain (mountainous versus level), at a high gradient portion of
highway, and a low running speed. For example, based on its effects on the capacity of
freeway, a truck operating on level terrain has a PCE of 2, but the same truck operating on
extended grades of 6 percent may be over 20 PCE [39]. For a low percentage of trucks (18-
21%), a truck operating on a two-lane upgrade highway is equivalent 10 3.0 PCE at a running

speed of 50 mph, and 32 PCE at a speed of 20 mph [41].

The bigger (higher, wider, and longer) and heavier truck combinations can lead to higher PCE
values because such combinations may have low accelerating and speed maintaining
capabilties [41]. The most important factors affecting the performance of the bigger and

heavier truck combinations is their weight-to-horsepower ratios. The higher weight-to-
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horsépower ratio of a given truck combination can decrease the operational performance and
therefore, increase the PCE of that truck. However, this strongly depends on many other
factors as previously described. For example, for an extendéd four-lane freeway with 15 percent
trucks, a light truck with a weight-to-horsepower ratio of 100 Ib/hp and a heavy truck with a 300
Ib/hp ratio are equally equivalent to 2.0 PCE at 0% grade. However, the light truck is equivalent
to 5.0 PCE, while the heavy truck is equivalent to 18.0 PCE at 6% grade [45]. This example
shows that the effects of weight-to-horsepower on PCE for a given truck are more severe on

high gradient highways.
The degree of greater size and weight of a truck can be represented by number of axles.
Cunagin et al. [46] found that the PCE’s increased as the number of axles on any truck

combination increased, and as the gradient of the highway becomes steeper.

6.5 SPLASH AND SPRAY

Splash and spray can be a safety concern during wet conditions involving water, slush, and
snow. The visibility of passenger cars is reduced by splash and spray from passing and
passed trucks. Weir [47] defined splash and spray as: *Splash tends to be relatively large
droplets which more in ballistic trajectories. Spray is composed of the smaller droplets, which
tend to be suspended in the air and move with the air flow.® Splash and spray vary with a
number of factors, such as weather elements (water, slush, snow, and air), highway
characteristics (surface type, grade, covering of pavement surface, etc.), driver behaviour, truck
running speed, and vehicle characteristics (type of axle, total truck weight, length of truck, type

of configuration, etc.) [31].
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A number of observations concerning the effects of splash and spray produced by trucks can
be noted:
Visibility can be reduced to the point where it is dangerous to pass a truck, and
since it would take longer to pass a longer truck, a motorist would be exposed
to the danger for a greater length of time. [48].
Large trucks create more critical splash and spray conditions than small
vehicles, because they displace more moisture from the road surface ... and
release the moisture cloud at higher elevation above the road surface. [41]
However, the contribution of splash and spray to accidents on highways have been rarely

studied [31]. The major findings relating truck characteristics to splash and spray

considerations are:

€)) Tandem axies usually cause larger and denser spray than single axles [41].

(b) In spite of having longer length and more axles, double and triple trailer combinations
with single axles only create less splash and spray than a tractor-semitrailer does [33,
41].

(© For the same configuration type, the longer unit did increase the splash and spray
effects, but the degree of increment is not significant. For example, "longer tractor-
semitrailers are likely to slightly aggravate the splash and spray problem... However,
these differences are not large and are likely to be inconsequential for the replacement
of 45-ft by 48-ft semitrailers.”" [41].

These points indicate that it would be more rational to concentrate on axle types (single versus

tandem axle) rather than truck combination lengths when considering the effect of splash-spray

on highway safety. The utilization of splash and spray suppression devices can reduce the

problems. Properly designed spray protectors, for example, may reduce the visibility problem

caused by trucks to other road users by 25-30% [7].

6.6 STABILITY AND CONTROL

The most systematic study, examining and testing the stability and control characteristics of
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heavy. truck combinations employed fdr interprovincial freight transport in Canada, was
conductgd by the Vehicle Weight and Dimension study of the Roads and Transportation
Association of Canada (RTAC) [8]. The main purpose of thfs study was to address the stability
and control behaviour of considered vehicles in response to steering and braking manoeuvres,
and to relate those findings expressing operational safety measures to the direction of changes
in VWD regulations in Canada. The study determined a number of different truck combinations
which were classified into six categories, as illustrated in Figure 6.4. Computer simulations and
fuli-scale track tests of baseline vehicles from each of six categories and other configurations

were carried out.

6.6.1 Performance Measures

The seven parametric measures used to compare the manoeuvring performances of all vehicles

were defined according to the definitions in [8, 49, 50] as follows:

0] Static Rollover Threshold is the lateral acceleration at which a vehicle can sustain a
steady turn without rolling over. This measure has strong correlation with truck rollover
accidents.

(i) Dynamic Rollover Stability is the fractional change in tire loads between the left- and the
right-side tire in avoiding an obstacle. This measure, called “load transfer ratio®,
indicates the point at which the vehicle lifts off all of its tires on one side, and starts
rolling over, as shown in Figure 6.5.

iii) Friction Demand in a Tight Turn is the minimum level of pavement friction on which a
vehicle can negotiate a tight turn, such as at an intersection, without suffering from loss
of controlling capability. Whenever the friction between the tires and pavement for a
given vehicle is less than the friction demand, the vehicle will produce a ®jack-knife”
response, as shown in Figure 6.6. This situation is highly critical for semitrailers having
widely spread axles and/or belly axles.

(iv) Braking efficiency is the highest percentage of tire/pavement friction that can be utilized
in an emergency stop without suffering from wheel lockup.

(v) Low Speed Offtracking is the maximum offset in whesel paths between the outside of
the frontmost wheel on the tractor and the inside of the rearmost wheel of the last
trailer at a 90 degree right-hand turn at a 11-m radius intersection, as shown in Figure
6.7.
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Figure 6.4  Vehicle classification framework
(Source: Reference [8], pp. 5)
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Figure 6.5 Dynamic rollover performance
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Friction demand performance
(Source: Reference [50], pp. 15)
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Figure 6.7 Low speed offtracking performance
(Source: Reference [50], pp. 14)

Figure 6.8 High speed offtracking performance
(Source: Reference [50], pp. 13)
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Figure 6.9 Transient high speed offtracking performance
(Source: Reference [50], pp. 14)

(vi) High Speed Offtracking is the lateral offset in wheel paths between the outside of the
frontmost wheel on the tractor and the outside of the rearmost wheel in a moderate
steady turn, as shown in Figure 6.8.

(vii) Transient High-Speed Offtracking is the maximum value of offset in" wheel paths
between the outside of the frontmost wheel on the tractor and the most outward of the
rearmost axle of the last trailer, as shown in Figure 6.9

6.6.2 Major Findings

The following notes summarize the major findings of the R.T.A.C. study concerning stability and

control [8, 49, 50]:

Tractor-Semliraller: The tractor-semitrailer was the most stable vehicle configuration
investigated. it was found that its stability can be improved by reducing the spread of
semitrailer axles (particularly in the case of triple, tri- and quad axles) and increasing semitrailer
length (wheelbase) [8]. However, the maximum semitrailer length (wheelbase) is restricted by
the offtracking consideration. Billing [50] stated that *Maximum wheelbase must be limited to
control offtracking, and minimum wheelbase must be fimited in conjunction with axle spread to
control friction demand."

A-Train Double Trailer Combination: The typical A-train double units up to 23 metres in total
length have a poor stability performance in response to rapid steering manoeuvres [50]. A-
train double trailer units of 28 to 35 metres in total length are recommended to operate under
special permits where there are no geometric problems because the longer combinations can
improve high speed offtracking, dynamic roliover stability, and transient high speed offtracking
performances [8, 50]. It shouid be noted that low speed offtracking must be determined in
the case of lengthening A-train doubles.
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B-Train Double Trailer Combinations: The B-train double unit has the highest stability and
control capability compared to A- and C-train double trailer units.

C-Train Double Trailer Combination: The C-train double unit has better dynamic stability and
control performances than A-train double units. However, the high-speed and transient high-
speed offtracking of C-train double units is slightly worse than A-train doubles because of the
steering characteristics of its dolly axles [50].

Triple Trailer Combination: Both A- and C-train triple trailer combinations have a considerably
lower stability and control performance than doubles and tractor-semitrailers.

Table 6.4 [8] summarizes and compares the payload considerations, stability and control
performances, and offtracking performances of 22 different vehicle configurations, including the
6 baseline vehicles. It should be noted that, based on productivity (volume and weight
payload) considerations, the triple trailer combination is one of the most productive vehicle
configurations. This is not the case when determining stability and control and offtracking
performance. In particular, A-train triple trailer combinations (baseline 8-axle) have the worst
stability and control and offtracking performance when compared to all other vehicles. B-train

double trailer combinations (baseline 8-axle) rank as the 'superior configuration, in terms of

productivity and safety aspects.

8.7 HISTORICAL ON-ROAD SAFETY

Although truck operational and stability and control performances of a number of different truck
configurations have been determined, another important consideration is the examination of on-
road truck accident history. The historical truck accident performance can reflect the effects
of sizes, weights, and types of truck combinations actually operating on highway systems on
their safety characteristics. The truck accident rate (number of accidents per mile or tonne-
mile) and severity (fatality-, injury-, and property-damage-related accidents) are the indication

of truck safety performance.
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Table 6.4 Comparison of payload, stability and control, and offtracking performance for
various types of truck combinations
' : OFFTRACKING
CONFIGURATION PAYLOAD STABILITY AND CONTROL MEASURES MEASURES
Static Dynamic  Friction Braking Low High Transient
Volume Weight Rollover  Rollover  Demand  Efficiency Speed Speed Hgh Spead
Reference Levels 104 m 25t 05g¢g 0.60 0.10 70% 6m 046 m080m
TRACTOR SEMITRAILERS
Baseline 5 Axle - - O O 0] @) O O ©)
Close Spread Tridem - + O O O N/A O O O
Wide Spread Tandem - ++ © O @ N/A O O O
Quad Axle - ++ O L)) @ N/A O O O
Belly Axle with Tandem - ++ O O @ N/A O ®) O
A TRAIN DOUBLES
Baseline 8 Axle + ++ @) @ O O O O O
7 Axle + ++ © @ O O O O ©
6 Axle + + O L O O O © ©
Turnplke Doubles ++ ++ O O O O @ O O
Rocky Mountain ++ ++ O © @] o] @ O @]
C TRAIN DOUBLES
Baseline 8 Axle + ++ O O @ O @] © O
7 Axle + ++ O O O O O Lb) ©
6 Axle + + O O O O O @ O
Rocky Mountain ++ ++ O O O O @ @ O
B TRAIN DOUBLES
Baseline 8 Axle + ++ O O O N/A O @) O
7 Axle + ++ @) O O O O O O
6 Axle + - @) O @) O O O @)
Belly Axie ++ ++ O O O N/A @) <)) O
A TRAIN TRIPLES
Baseline 8 Axle ++ ++ N/A @ O O O @ @
11 Axle ++ ++ N/A @ © O © ]
C TRAIN TRIPLES
Baseline 8 Axle ++ ++ N/A O O O ©
11 Axle ++ ++ N/A O © ) O [ ] ®
LEGEND:
Payload Measures:
- = Equal to Reference
+ = up to 20% better
++ = More than 20% better
Stability, Control & Offtracking Measures:
O = Meets or exceeds reference performance
O = less than 20% below reference performance
© = more than 20% below reference performance

N/A = Performance not available

(Source: Reference [8], pp. 13)
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6.7.1 Effect of GVW on Truck Accldent Characteristics

There is a concern that the use of bigger and heavier truck combinations would cause a
reduction in highway safety and an increase in severity of truck accidents. It is generally known
that truck weight is a significant factor in the severity of accidents, because of the effect of mass

and speed change on any vehicle hit by that truck [52].

In terms of truck accident rate, Vallette et al. [51) conducted a truck accident study based on
exposure and accident data collected on selected roadway segments in six states in the United
States. They found that: (i) for straight trucks, the accident rate (number of accidents per 100
million vehicles miles) increases as GVW increases; (i) for tractor-semitrailers, the accident rate
decreases as GVW increases (the rate of decrease is high at low GVW and then gradually lower
at high GVW); and (jii) for doubles, the accident rate gradually decreases as GVW increases, but
after reaching the minimum accident rate at certain GVW, the accident rate increases moderately
as GVW increases, as shown in Figure 6.10. However, it should be noted that the accident rate

for doubles is higher than that for tractor-semitrailers.

Polus et al. [52] examined the road-accident involvement of various weight groups of trucks in
Israel. The study was based on two sources of information: the police accident records, and
the vehicle registration file. Polus et al. found that there exists a decreasing trend of accident
rate (number of accidents per million vehicle km) as GVW increases, and that the involvemént
rate for trucks in highway accidents is lower than that for passenger cars and buses (Figure

6.11).
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Figure 6.10  Truck accident rates as a function of gross vehicle weight for two states, California
and Nevada
(Source: Reference [51], pp. 413)

35- .
5 PASSENGER CAR
! BUS
wr 3.0
o evw < &9 Tom ()
= ¢ | ovw a1-90 Ton OO
= 251 § cvw 91-160 Ton OJ
- = | evw 11-200 TON (D
2 cvw > 201 ton (33

204
o
~ad
a-

o 157
P
b4
oAl
o 1.0
(™
(& ]
<

o
v
3

N

o
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(Source: Reference [52], pp. 67)
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In terms of severity, Vallette et al. [51] found that for tractor-semitrailer units, severity seems to
be independent of GVW and for doubles, no conclusion could be drawn from the results
obtained. Alassur [53] also found that *Increasing the currént car/truck size disparity and mass
ratio may have no significant adverse effect on the severity of car/truck accidents.* Polus et al.
[52], however, found that there is a tendency of increasing risk of a fatal accident as GVW
increases. This was expressed in terms of percentage, and rate of fatal accidents involving

trucks.

As discussed previously, the truck accident rate, in terms of the number of truck accidents per
vehicle-distance (miles or kilometres), tends to decrease with the increase of GVW. However,
Polus et al. [52] did not classify truck accident data by truck type (straight, ‘single-trailer, or
double-trailer units). This, therefore, could lead to the wrong conclusion, because tractor-
semitrailers, for example, may cause different accident rates from doubles. The conclusion for

truck accident severity relating to GVW is inconclusive.

6.7.2 Effects of the Number of Trallers on Truck Accldent Characteristics

It was shown in Section 6.6 that different truck configurations had different operational
performances which could possibly lead to different accident records actually experienced on
highway operations. The following descriptions focus on the accident characteristics for tractor-

semitrailer and double trailer units, because there is a lack of truck accident records for triples

[41, 54].

In terms of truck accident rate, Carsten [55] conducted a study of truck accidents in the United
States, and found that there is no difference in the rate of either fatality- or injury-related

accidents between tractor-semitrailer and double trailer units. Vallette et al. [51] found that
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doubles experienced a higher accident rate than tractor-semitrailers at the same GVW as shown
in Figure 6.10. Vallette et al. [51] also found that based on truck accident rate per ton-miles,
doubles showed a considerably higher accident rate than tfactor-semitrailers when operating on
rural non-freeways and urban freeways. However, for rural freeways and urban non-freeways, the
differences of that rate between doubles and tractor-semitrailers are not significant. In the TRB
special report entitied "Twin Trailer Trucks® [41] based on a number of reviewed literatures, it was
found that “twins have slightly more accident involvements per mile travelled than tractor-
semitrailers operated under identical conditions at highway speeds.” It should be noted that the
most apparent difference between accidents experienced by doubles and those experienced by
tractor-semitrailers was that a significantly higher proportion of doubles accidents were single

vehicle accidents [41]. This indicates operating difficulties in the control of doubles.

In terms of truck accident severity, Carsten [55] found that doqble accidents showed somewhat
more serious injuries than tractor-semitrailer ones, particularly in the case of noncollision
accidents caused by rollovers and jack-knifing. This can be attributed to handling-related
problems with double trailer combinations. The TRB special report [41] found that under
reasonably similar conditions, the ratios between the accident involvement rate of doubles and
that of tractor-semitrailers for fatal accidents were 0.93, 1.05, and 1.20 in ;he three selected
studies. However, the conclusion was that "differences in the severity of twins and tractor-
semitrailer accidents are small, and neither configuration is consistently associated with a more
severe accident pattern.” [41]. Vallette et al. [51] found that there was no difference in severity

levels for tractor-semitrailers and doubles.

As discussed previously, the truck accident rate experienced by doubles tended to be higher
than that experienced by tractor-semitrailers. It was found that doubles possibly have handling

problems compared to tractor-semitrailers, because doubles showed a higher proportion of
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single-vehicle accidents such as jack-kniﬁng and rollovers. There is no consistent conclusion
for truck accident severity with respect to number of trailers. One should realize that the
following factors can have some impact on the findings obtained:
() data considerations, such as sources of data, data-collection, method, quality and quantity
of data, etc.

(i) differences in definition and classification of accident types, analytical approaches,
interpretation and evaluation approach.

(i) differences in operating environments such as weather (dry, wet), highway type, highway
location, time of day, traffic volume, speed, roadside features, geometric features, etc.
[63].

An appropriate truck accident study should be conducted at a disaggregate level; for example,

truck accident rate and severity should be determined separately for truck configuration types,

truck weights, and truck sizes. Truck accident rate and severity should also be considered

separately by highway types under the acceptably similar operating environments, and by

accident types.
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CHAPTER 7

SUGGESTED RESEARCH PROJECTS
CONCERNING LARGE TRUCK OPERATIONS

IN THE NORTHEAST REGION OF THAILAND

The utilization of large trucks in the Northeast Region of Thailand is increasing due to economic
pressures. This increase has important effects for traffic, highways, and bridges. Although use
of large trucks will result in a reduction in fuel consumption and truck operating cost, leading
to an improvement of the region’s economy, a better standard of living, and various other
benefits, it can also lead to an increase in highway pavement and bridge costs, a reduction in
highway capacity and level of service, and an incréase in the number and severity of accidents

involving those large trucks.

It is known that vehicle weight and dimension (VWD) regulations have an important effect on
truck fleets and their operating characteristics. Highway and bridge engineers therefore require
a clear understanding of the structure of VWD regulations, the influences of those regulations
on the physical and operating characteristics of different truck configurations, and the effect of
proposed changes in these regulations. This understanding would helb those engineers to link
the effects of VWD regulations.to pavement and bridge damage, highway capacity and level

of service reductions, and on-road truck accident performance, etc.

This chapter presents recommendations for relevant research relating to truck weight and
dimension issues of apparent import to regulatory development opportunities conceming large

truck transport in the Northeast region of Thailand.
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The recommendations for relevant research are as follows:

1. In order to develop a clear understanding of the néture of truck transportation systems
in the northeast region, the three main components--activity system relating to truck
transport, truck transportation system, and commodity flow carried by trucks--must be
studied. The activity system relating to truck transport needs is the pattern of social
and economic activities, such as farm population, planted area, agricultural production
and related industry, etc. The truck transportation system consists of roadway networks,
roadway characteristics (i.e., primary, secondary or provincial highways, length of each
highway, number of lanes, characteristics of curves, grades, and turns, etc.), vehicle
characteristics (truck fleet composition, number of axles in each truck type, truck empty
weight, axle load, GVW, truck overall length, etc.), and other elements. Truck transport
flow pattern is determined based on commodity type, truck type, length of trip, origin-
destination consideration, operating characteristics ('cube-out', *weight-out’, overweight
and overdimension operations, rate charged, one- or two-way hauling, etc.), and other

elements.

These three truck transport components are mutually interactive. The characteristics
of truck transportation in the region would be more clearly understood at the end of this
research. The answers for such questions as why the traffic of a given commodity on
a particular highway portion is so heavy, why large trucks are used in long trips rather
than short trips, why the use of large trucks is generally greater than small ones, why
the empty trucks running on highways are so numerous, etc., would be revealed. This
research would mainly be based on case studies, interviews with truck operators and

users and farmers, and field data collection.
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In order to develop a clear understanding of how VWD regulations influence truck fleet

and operating characteristics in the northeast region of Thailand, five studies must be

conducted. They are outlined as follows:

U]

(ii)

(ii)

(v)

v)

To develop an understanding of the structure of VWD regulations, conceptual
criteria (technical, operational or political aspects) in setting each element
included in VWD regulations currently governing in the northeast region. It
would be recommended that the comparison of VWD regulations currently
governing in Thailand to those regulations currently governing in other countries
in Southeast Asia, Europe, and Canada and the U.S.A, etc., should be
considered. The changes in the VWD regulations in these countries should be
compared to those in Thailand as well. The purpose is to discover the effects
of international freight transportation (i.e., container transport) on the VWD
regulatory changes in Northeast Thailand. This research would be based on
interviews with government officers responsible for the setting VWD regulatory
in the Department of Highways and Department of Land Transportation.

To develop an understanding of the effects of VWD regulations on truck fleet
and operating characteristics (truck fleet selection, truck fleet mix, truck tare
weight, truck GVW distribution, axie load distribution, etc.) based on currently
governing VWD regulations and recently passed VWD regulations (VWD
regulatory changes) in the region. The pattern of changes in truck fleet and
operating characteristics over time will represent the influences of VWD
regulatory changes. This research would be based on field data collection
conducted by Khon Kaen University (KKU) staff and truck survey data conducted
by DOH in the northeast region. In addition, truck data collection at weighing
scales in processing plants in the region would be performed mainly to obtain
truck tare weight and GVW distribution data. Truck operators would also be
interviewed. :

To develop an understanding of overweight/overdimension operations, reflecting.
the efficiency of enforcement programs actually performed and enforcement
programs such as fine and penalty structure and overweight/overdimension
detection conducted by government officers and policemen. This research
would be based on interviews with government officers and policemen at
detecting scales, and interviews with truck operators and truck drivers. The true
overweight/overdimension information would also be collected at those scales.

To develop an understanding of the effects of non-VWD regulatory factors (i.e.,
commodity, route, operational, terminal characteristics, etc.) on truck fleet and
operating characteristics. This research would reflect the influences of those
factors on the relationship between VWD regulations and truck fleet and
operating characteristics, and would be based on truck operator and user
interviews, and case studies.

According to the first four researches discussed in this section, another study
should be conducted to develop an understanding of the implications of VWD
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regulations to the range of several truck configuration types potentially and
actually operating in the northeast region. This research should be formulated
at a disaggregate level to take into account commodity differences (i.e., liquid,
bulk dry, general freight, as well as commodity density), route differences (i.e.,
primary highways, unpaved rural roads, etc.), regional differences (i.e., rural,
urban, etc.), and operational differences (*weight-out’, "cube-out®, "empty®, or
"less-than-truckload" (LTL) operations). This research would identify *what went
wrong in governing VWD regulations®, and recommend possible VWD regulatory
improvements.

It is necessary to analyze the theoretical and actual productivity in terms of truck

operating cost per output (baht per tonne-km) with respect to governing VWD

regulations and potential change to those regulations. The theoretical considerations

of this analysis would consider payload-handling capabilities (by freight type), annual

utilization levels, cost structure and energy consumption of a number of feasible truck

types operating in the region. The followihg steps would be performed:

@)

(i)

(i

(iv)

Based on the research described in "2" above, scenarios of VWD regulations
and truck types would be established. Therefore, tare weights, cubic payload
and weight payload capacities for each of those truck types would also be
determined.

The typical range of vehicle utilization (distance travelled) and typical operating
performance (long trips between cities, short trips in urban areas, etc.) for
different vehicle types and different commodities handled would be considered.

Suitable input cost data would be developed based on typical operational

situations by truck types, commodity types, and route types.

The data in (i) would be input into a selected cost model. The results of
theoretical productivity (baht per tonne-km) for each truck and VWD regulation
scenario would then be obtained. It should be noted that the cost model used
in this research should be appropriate to the developing country situation and
should be a deterministic cost model. It is recommended that based on this
deterministic model, the sensitivity analysis would be performed to identify
which input parameters (sensitivity parameters) have strong influences on truck
operating costs.

The actual considerations of this analysis would focus on development of an

understanding of actual payloads handled, operating circumstances, utilization levels,

fuel consumption, and cost experiences. This analysis would be based on case studies
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and interview programs conducted in the northeast region.

An understanding of the effects of VWD regulatiéns and their changes on highway
pavements and bridges in terms of reconstruction and maintenance costs is needed.
The VWD regulation and truck type scenarios providing high theoretical and (possibly)
actual productivity (high truck operating cost saving) would be considered as the VWD
regulation and truck type scenarios input in this research. This would be based on the
study mentioned in "3" above. These scenarios would be considered separately for

commodity types, operation types, and route types.

For pavement costs, the damaging effects of a particular truck type opeérating under a
given VWD regulation scenario would be mainly varied according to axle types, axle
loads, axle spreads, and suspension systems allowed by that VWD regulatory scenario.
The pavement damage caused by a given truck éonﬁgurations is determined by the
increases in the equivalent (18-kip) single axle load applications. Therefore, research
involving the effects of each truck type operating under a given VWD regulation scenario
on highway pavements (both rigid and flexible) in terms of the equivalent (18-kip) single

axlev load would be conducted.

For bridge costs, the damaging effects of a particular truck type operating under a given
VWD regulation scenario on bridges' are varied according to GVW and axle spacing.
The main effect of those trucks on bridges is the magnitude of bending moment created
on those bridges compared to the bending moment caused by design vehicles (i.e., HS-
20). Therefore, the research involving the effects (bending moment) of each truck type
operating under a given VWD regulation scenario on different kinds of bridges (i.e.,

short, medium, or long span bridges) in the northeast region would be conducted.
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.A highway rehabilitation and maintenance cost model would be developed or adapted
from other studies in order to calculate those costé. It should be noted that data input
into the model must be carefully determined because those data will reflect truck
configuration types for each VWD regulation scenario, and also represent highway and
bridge characteristics, and typical truck operational characteristics in the region. This
can lead to more realistic results. The benefit cost ratio analysis should then be

conducted to evaluate the economic feasibility for each VWD regulation scenario.

Developing an understanding of operating performance in terms of stability and control
"characteristics (ie., braking efficiency, offtracking, rollover, jackknife, etc.), of feasible
truck types operating under each VWD regulation scenario and actual truck types
currently operating in the region is essential. This research would be conducted using
computer simulations of all feasible and actual truck types, as well as full-scale tests of
some popular truck types. The computer simulation model would be adapted from one
available from a developed country, such as the model used in the RTAC Study [57]
conducted in Canada. While some truck configuration types are feasible in economic
terms, this research would identify which of them have operating problems on highway
environments in the northeast region. This research is very important, because it would
help to indicate the direction of appropriate, productive and safe changes in VWD

regulations.

Evidence of actual operation problems of truck types operating on highway networks
in the northeast region based on historical on-road truck accident records should be
- collected. This research would attempt to correlate problems with certain truck

configurations indicated in research (5) to problems in actual on-road operation. The
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main source of this research would be police accident records. Although the reliability
of this source is questionable, it is the best of the actual on-road accident data. The
research should be formulated (if possible) to présent accident rate and severity for
different truck characteristics such as GVW, number of trailers, and truck types. It
would also be important to control operating environments such as weather (dry or wet),
highway types (divided or undivided, number of lanes), highway location (turns,
intersection, curves, etc.), driver condition, etc. In addition, the definition and
classification of accident types, analytical approaches, interpretation and evaluation
should be carefully set to match the in-hand data and truck operating conditions in the

region.
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Appendix A-1  Typical cross sections of primary and provincial highways in Northeast Region
(Source: Reference [1])
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Appendix A-6 Location of vehicle gross weight surveys by DOH (1980)

Origin-Destination

Location No. Route Km. Post
1 (D1) 2 Khon Kaen (C) - Udon Thani (C) 479 + 000
2 (02) 2 Udon Thani (C) - Nong Khai (C) 572 + 200
3 (D3) 2 Khon Kaen (C) - Chumphas (A) 8 + 000
4 (D4) 2 Udon Thani (C) - Swang Daen Din (A) 10 + 800
5 (D5) 24 Chok Chai {(A) - Nang Rong (A) 6 + 500
6 (D8} 24 Sangkha (A) - Det Udom (A) 222 + 800
7 (D7) 212 Ubon Ratchathani (C) - Amnat Charoen A) 68 + 800

Note: (C): Changwat, (A): Amphoe
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Appendix A-8 Gross vehicle weight (GVW) distributions for loaded and 10-wheel trucks

6-Wheel 10-Wheel
Gvw GVW Midpoint No. of % Cumulative No. of % Cumulative

(tonnes) {tonnes) Trucks % Trucks %
3.54.5 4 1 0.29 0.29

4555 5 9 2,62 2.92

5.5-6.5 6 17 496 7.87

6.5-7.5 7 30 8.75 16.62

7585 8 41 11.85 28.57 1 0.08 0.08
8.5-9.5 9 43 12.54 41.11 3 0.25 0.33
9.5-10.5 10 54 15,74 56.85 6 0.50 -0.83
10.5-11.5 11 38 11.08 67.93 11 0.92 1.75
11.5-12.5 12 31 9.04 76.97 14 117 2.92
12.5-13.5 13 21 6.12 83.09 17 1.42 4.33
13.5-14.5 14 36 10.50 93.59 20 1.67 6.00
14.5-15.5 15 12 3.50 97.08 29 2.42 8.42
15.5-16.5 16 8 233 99.42 39 3.25 11.67
16.5-17.5 17 2 0.58 100.00 : 73 6.08 17.75
17.5-18.5 18 144 12.00 29.75
18.5-19.5 19 233 19.42 49.17
18.5-20.5 20 238 19.83 69.00
20.5-21.5 21 100 8.33 77.33
21.5-225 22 36 3.00 80.33
22,5-23.5 23 42 3.50 83.83
23.5-24.5 24 37 3.08 86.92
24.5-25.5 25 42 3.50 90.42
25.5-26.5 26 49 4.08 90.50
26.5-27.5 27 35 2.92 97.42
27.5-28.5 28 : . 18 1.50 98.92
28.5-29.5 29 8 0.67 99.58
29.5-30.5 30 . 4 0.33 99.92
30.5-31.5 31 1 0.08 100.00

343 100 1200 100

Source: Reference [3]



Appendix A-9 Small truck, "Eatan®, for rural areas

Because of the improvement of production technology and other factors, the processing plants
require large amounts of raw material from the farms. As a result, the farmers are forced to buy
trucks to transport their product to the plants.

Since the existing trucks, usually manufactured in Japan, are very expensive, the cheaper and
smaller trucks, called "Eatans" are produced and widely used in all regions of Thailand. The
engine of this truck is usually a diesel engine, and has low fuel consumption. In addition, the
engine can be removed for use as a water pump or a power unit for farm machines (a plowing
machine, for example). The engine is quite easy to maintain. These factors make the "Eatan"
a very popular choice for farmers in rural areas of Thailand.

Figure A-9.1 The engine

Figure A-9.2 The suspension system



Maximum payload capacity of 3 tonnes Maximum payload capacity of 4 tonnes

Figure A-9.4 The typical four models of "Eatan" trucks



Appendix A-10 Truck characteristics for Case Study |

All three trucks are the old model of ISUZU, as shown in Figure 2.10.1 below.

Figure A-10.1 3-axle, 10-wheel single unit truck (Vehicle Type Il)

Truck Characteristics:

- fuel type: diesel

- power: 120 horsepower (HP)

- configuration: 3-axle, 10-wheel single unit truck
- tare weight: 7.0-8.0 tonnes

- maximum GVW limit: 21.0 tonnes

- payload capacity: 14.0-14.5 tonnes



Appendix A-11 Truck characteristics for Case Study I

All trucks are the old model of ISUZU as shown in Figure 2.11.1 and 2.11.2 below.

Figure A-11.1 3-axle, 10-wheel single unit truck (Vehicle Type Il)

Figure A-11.2 10-wheel truck, plus 2-axle full-trailer combination (Vehicle Type IV)



Truck Characteristics:

- fuel type: diesel

- power: 120 hp

- configuration: 3-axle, 10-wheel single unit truck
- payload capacity: 12,000 litres

Only one 10-wheel truck plus full-trailer combination (vehicle type IV) is operated. The
combination has a payload capacity of 30,000 litres, and a power of approximately 170 HP.



Appendix B-1

STRUCTURE OF THE TRIMAC TRUCK COST MODEL

"l'ractor Variable Costs:

DRIVER:
FUEL:
~ REPAIRS:

CLEANING:
TRANSPORT:

TIRES:
Tractor Fbted Costs:
DEPRECIATION:

LICENCE:

based on driver wage rates

based on unit price x consumption rate

fleet average costs of parts, lubricants, based on 3-year-old
tractors

fleet average cost experience

fleet average costs of "extra® equipment (i.e., pumps, hoses,
safety equipment, but excluding tarps, refrigeration)

fleet average cost experience

based on new 1986 capital cost straight-line depreciated at
79.21/year for 5 years, and then replaced
annual licence fee varying by registered g.v.w.

Trailer Varlable Costs:

REPAIRS:
CLEANING:
TRANSPORT:

TIRES:

Traller Fixed Costs:
DEPRECIATION:
LICENCE:

Insurance Cosis

same as for tractor, except 5-year old trailer is assumed
same as for tractor, except as experienced with trailers
same as for tractor, except as experienced with trailers
same as for tractor, except-as experienced with trailers

based on new 1986 capital cost straight-line depreciated at
1%/month for 8 years, to scrap value
annual fee

based on 3% of "total cost’, being a fleet average experience

Administration and interest

based on 14% of "total cost', being a fleet average experience

*Profit

successful Canadian trucking operating are expected to achieve an "operating ratio®
(ie., total expense: total revenue) of 0.90, implying an *operating profit" (not a return

on investment) of 10%

(Source: Reference [25], pp. 7.16)



Appendix B-2.

Configuration -~ 2 axlo BEraignt truck (digcel) Manitoba
Commodity =~ Pulk Arnual distence —-  AQOED km.
A, Venhicie muun Paved Road Brav-l Roac
Grons cle unvht 14620 My, AGLO sy,
Rv.ra')o 9 1 6370 kQ. 8370 kg.
Estinatod ll Dulntlty 2628 t s BS28 tonnes
Trip Rumlv\Y 3.1 .1 hro
Arnu, og Hours 1243 hrs. 1283 hra.
B, Driver Coats
Losd - unlood time cost ® 7!& 71
&It:m wago . U. ° 3
ur A o1
e burdén o'2383 o 4229
c. 792.1 Eo.rltan Cosll .
Pav 8ravol foadas
Cont Cont
Total Running c?'n: Total Running c“o-v-.'
u
go't. Mouvz ka. Zoat "rpie g
Tractor variable costs
18,7 3}. Oriver 14, 1}. 7.Q
ar Ag‘; 3.23 Fuel 0!:}4 4.3 ?1. 1
4, 28 3.40 Repairg 5,071 4. 08 2.7
29; ©. 24 ;lnnlnq g.&‘ 0.7
0. ranaport AN .Jg 1.3
1263 1. rog 1,808 1.4 A9
23.47‘ 20,51 Total tractor variable 26,867 21.62 67,1
Tractor fixea costa
12,929 10.40 Botroctatton 12,923 10.40  32.3
. 39 concou A .39 1.2
13,411 10.79 Total tractor fined 13,411 16.79 33l
36,699 3t.30 $7.8 Tractor total 40,278 32,41 100.6
Tratler variabile conts
Repairs
t
Tires
Total trajler veriasle
Tratlor fixed costs
oraciation
L iconce:
Yotal trajler fixed
Trailor total
38, 8959 31,30 97.2 Total vahicle costs 40,270 32.41 100.6
Sse 1.29 4.9 Imsurance costs 53 3 Al
38 560  1a.¢ g?-:i:n. ara“interest 41532 L2l
cf nd ce -
8,327 .29 13.3 eif ° Y 3,517 448 13.8
83,273 42.88 133.1 TYotal operating cost 35,174 44,40 137.0

sesssssesrean

.e 3 . l.".‘l.-llo....ll'
lnn-rlnllqux lent Bveunmary

.

a. al diat led -~ M

frovaltintes travetiee o :

Aversge paylos -- 14,484 .

Estimatod ammoa) Qquantity -- 2,897 tong 4

9. Total Operating Cost ner mile (conte/miler M

.

Paved roags Grevel roadgs .

.

221.8 -

1986 Truck Operating Cost Characteristics: Manitoba-Bulk Commodity

by Annual Truck Utilization (2-axle Straight Truck)

Configuration - 2 axle otraight truck (digsel) “anitaons
Commodity ~- Bulk fArnual cistenco -~  8OGO0 ww.
A. Vehicle unnnnon Daved Roed Grave! Qcad
Gross Vehs 2 Helont 14680 W 14500 ug,
fograge Pag €570 kg.
Estimatog n Quantity t
Trip Runnimn 1m0 3.1
fnnual numYnn Hours 2486 v
B. Drivar Couts
b .g - unloaa tire cont L I:J: s l::lé
188anCe wma
ve ° 23016 o 230148
° B:34 e 5134
roul Qooras t109 | Co-n
Gravel Roaoge
Cont
> Total Rummi D.P‘
vy
Bar &-: W“: u,
Traztor vartable costs
1.8 tver t3. @
1. vol 7] 1.§ f’;
19, Repaire 16, 183 4, 12,
. ;l-lnlm 2’; &N =4
o ANBOOrt & lg ..g
3 Tires :l.&H 3.4 A,
&3 Total tractor veriabla 53, 21,64 65.¢
Troctor fixod couts
16,2 Booreciation 12,929  s.20  16.2
6.6 cences e.g 0.6
16.8 Totsl tractor fixad 13,411 3. 16.8
80.0 Tractor total 68,895 28.83 83. 4
Trailer variable costs
fratin
0!
Trnmo:v"t
ires
Total trailer variatle
Tratler fixed costo
Duworeciation
Licences
Total trailer fiwxca
Tratler total
63, 920 es.72 80.6 TYotal vehicle comts 68,696 26.063 83,
2,627 1.06 3.3 Insurence costa 2,741 1.10 3.4
12,259 4.93 13.3 Admin, and interest 12,791 S.135 16. 0
Blokup and oo ivery
8,736 3. 52 10.9 Profi 2136 3.68 11.4
07,362 38.823 109.5 Tot-l operating cost 91,364 36.76 1la,2
leportal Cavivalonst Surmuory H
fa. Ao distance trnv-nod - ;z."l i, .
ur« venicle waigh - v 3187 1bo, e
@ osyload - 14,484 lbs, °
t-n- ted annual quantity «- . T96 ¢t

b. Yotal Oporsting Cost pur mile (cento/aila)
Paved Gravel

163.8

roadao
176.2 Total Dporating Cost

roada

Total Ovorat 1ng Coat
e

(Source: Reference [28])

Configuration -- 2 axle straignt truce t(Giresal) wanytaona
Commodity «- Bulk Annual distance —=- 120000 \w,
fa. Venicl, ut(lun:on Dnvoc Roag Bravel Roac
Bm- 3 u- oht 600 uo. 1A600 k.
Average O 5 KRG & 6570 k.
Eatimated mwnl Ou-nuty 7604 tonnda 7684 tonnres
Trip lumlr\? 3.1 hra. .4 Mo
Arnual Runnlng Hovﬂl 3728 hre. 3728 nra.
0. Driver Costs
Dong -~ unload ties cout 3 eu‘r L] Q:AZ
iatence wape
Hour o 34324 8 34524
Wage gum.n ° ?5 e 770
c. Total DDC!‘.!I Co‘tl
ﬂnv‘o '\0 Bravel! Roadas
Count Cost
oar Coat r Cost
Total Running r Yglnl Running or
Cost Hour £l N
l 37.e 44,372 11.90 i7.e
lg ll.z 13.371 3.59 1,1
16, 15.218 4,68 12,7
3.7 B g.Rh a7
44 b A4 .18 e, 4
3, 786 3.8 Tiroe 5,417 1.48 4.3
T3, 541 63.@ TYotal tractor variazdble 79,763 21.38 66,4
Tractor fixed costo
12, 3.47 10,0 scmtl(lm 12,929 3.87 10,
0.13 0,4 cances 48, e.13 e, 4
13,411 3. 60 11.2 TYotal troctor finod 13,411 3.60 11.2
68, 932 23.87 74.2 Troctor total 9116 24,98 77.6
Trlll.r varjable costa
irs
Chunh\q
Trlmnov'\
1
Total trluw variable
Trailor fixed costs
orecistion
Licances
Total troilor fimed.
Tratlor totat
s, 932 23.07 74.8 Total vehicle costa 93,116 24,90 17.€
6! .98 3. urance 827 1.83 3.&
13838 438 ga, &:- o Tntoruw 1856 L9 38
Pickup and euum
l!.sa: 3.27 1 ét.m 3. 42 18,6
121,652 32,79 lﬂl.G Total oporating cost 127,557 34,22 106.3
L
: Ilmporiat Equivalont Bumaary :
g R, A al distance travelied ~- 74,36 mo .
. Brous vehic i walght = 320187 1be. .
° Avorage oaylosd - 14,484 1bs, .
M €stimated annusl guantity -- 8,691 tons :
: B. Total Operating Cost per aile t(comte/milel :
: Paved roada Bravel roadas M
b4 163.5 Total Operating Cost 171.1 M




Appendix B-2 (Continued) (5-axle Tractor-Semitrailer unit)

Configuration -~ 3 axie sewi~trailer unit . Maritova Configuration ~= 3 axle semt-trailer unit Fanitosa Configuration «« 3 axle samt-tratler unit “anitona
Commodity -~ Bulk Annual distance -~  BEGRD wm. Commodity ~- Bulk Annual distance —— 166800 km, Commodity == Dulk Annual distance ~« 240000 ww.
fa. vom:l- Utilization Paved Road Gravel Roac vehicle Utali 1 Pavee Rosd Gravel Roaa . vehicl u“ung Paved no;a Bravael floac
ous Venicle taignt 37500 kg, 37500 g, LS 9:“°.° ", ‘é{.'.‘,:‘;':g 375%8 uo. ge A Yeniclg utili Beignt 37500 kg, 37200 wg.
nv-uq. Sy loed 22680 Mg, kg, 80 k. rogo o 22680 g, 22680 wc.
Euti 1 Guantity 3670 tonnes s-n-.:no ‘nnu.l auamny tonnen 11349 tonnaes ot iadton &nnull nu.nu:y 17910 tomnos 170816 tonnea
Tris Momming Time 5.7 hra. Trip Runman .7 hrs. 6.6 nru. Trip Qurnin . ¥ hro. 6.6 hru.
Annual Running Hours 1320 hre. ArnaaltRomning reurs 2841 hro. 3314 Areo. Aront “Renning ours 4261 hreo. 4971 hre.
B, Driver Costs
Load « unload time cost o 1344 5 Priver s:?:.a timo cost °_3068 s 3eea B LT Cort  time cout ® 4633 s A632
a“,“f"c' wag o 12368 Diw wage A 23:2: s otan Distarce wage ¢ 37588 e acasd
urly wage 3068
Wape burabn ° 2962 "°“"‘L}"°’ © 93924 + 7093 e Luvale ° 8866 o 1864¢
C. _ Total Ooerating Costs
P avle d RS 0,CT Gravel Roaudas C.p:o:nl()matingco'ti Bravel Roads C.p:o:.:Oo'r.tinqu-tl Brovel Roaogs
Cost Cout Cont Cout
T I a par Cont Yotel A rr Cont Total R e Cout c:.,." Cout Total A ?Qr Cosnt
ta LN r ota urntng a 143, ™ ota unning Dor
EM; ey =y Cosy uo«E - Sw: v ": ke, Tgral Rumpirs  par Cost " won.
o
Tractor vartable costu cou 1
17,066 12,02 21,3 | Driver 20,435  12.33  23.3 Tractor variadle couts a8 2n: s1.1 12,02 e1.3 THSton.varienle costs 61,303 23,
14611 18:43  18.3  Fuel 141811 8.95 1als Fual | €2 .94 Ml B8 3 wal 441333 785
356 s, 9.4 Repairs 9. 067 B, 47 11.3 Roepatra 18,138 . 47 282,669 3.32 9.4 Reoatro 27,292 1.3
319 1.1 Cloeaning 919 .53 101 Cloening 1,837 .33 756 e!63 101 Claaning 2,736 101
2,488 g. 1 7r. MO pOrt 2,886 é Se 3.1 Tr.mmt 2,488 g , 486 .58 1.0 'n-nn-bor-t 2, 486 i.@
2007 - 3late 186 Al3 &, 825 . ed & 022 1,41 28 T 18,237 a3
A4, 845 31.58 55.9 To:.l tractor variable 31,130 36.63  63.06 Yol.l tractor variabdble 99,774 30.10 129, 563 39,41 s3.8 raxn t.-..ctor variable 148,419 61,7
Tractor fixed costs coste f1inod t
15, 294 10,77 19,1 oreciat lon 9.23  19.1 R e oK 88 18, 294 2.39  g.4 TBSLOT {iyed costs 15,294 .08 6.4
1,983 1.49 2.5 Liconces 1.20 2.5 Licences . . O, 47 g.a Licencea ;.MJ V.40 a8
17,277 12.17  21.6 Total tractor fixed 10,43  21.6 Total tractor fixed S.21 T 33% 4,06 -2 TYotsl troctor fixad 17,277 3. 48 7.2
82,122 43.73  77.3 Tractor total 41.28  et.4 Trector total 3s.3 146,842  34.47 61,0 Trector total 163,696 33,33 66.9
Tratler variable costu 1o cost ! Yratlar varfablo coste
3,897 2.7s 4.3  Aepsirs 2.02 3.8 . Trailer yeriavle ° - 8 -8 1832 278 a3 Baire 18,831 .02 S8
133 Q.95 1. §lasning 0.82 1.7 'T....m. . 3 . A e.93 . loaning 8 .82 i.7
i e.76  ils ranaport olee  : b+ & froanine, . g6 594 oi&3 14 ranaport o 334 ‘g8 o
. . 2, . . . }' > . . rog . . & 1.1 . res . .3
L& 4 82 il heaiser veriavlo &8 i 443 8§ Tolai tratlor variavie 18] 8 33 21,594 5.66 9@ Total tratlor veriable 27,088 348 110Z
Teailor 'ln-e conte T finod counts Tratler finod coota
6,277 ;. :z 7.0 D-mcu § z? 7.8 6,277 2.1 3.9 P(‘):;::et::lon s, 277 1.89 3.9 c.erz 1,47 2.6 anr-cln ion 6, ﬂZ'? 1.26 2.6
. 0 cancea concou .
628 4o s 7.0 1ota{ TRelier finea 3 N 6. 2d? 221 3.9 Totai"TeeTior finea c.2d 1.09 39 6, 267 1.47 2.6 Total tratler fiwed 6. 207 .26 ¢
v 14,148 9.96  17.6 Trailer total 13,380 .63 19.8 21,014 7.39  13.1 Tratler total 24,070 7.46 15,3 27,881 6.53  11.86 Tratler total 33,377 6.7t 13.8
76276 3371 93.1 Total venicle costs 84,367  S0.93 1e3.Z 185,494 44,186 76.3 Total vehiclo coste 141,729 2.7 68,4 174,723 41.60  72.6 Total vomicle coste 199,073 sc.08 827
1134 221 3.9 Insurance costs 3,468 2.9 4.3 nce 824 .7 3 7 1.69 3.0 Inaurance costs a,1a1 1.65 3.
O EEE L Bomin. "ana Tntarest 16. 184 977 eelz en: 883 IR INY o S Uiy s T L SN 2% 15! £ 38 33528 786 13le gmin ana“IntErent 30,170 7,68  15.9
up B alivery tvary ckup a el iver
10, aaB .36 131 t 11.560 §.96 143 17,191 6.03  10.7 3:::‘,"’ and dell 19,413 86 i2.1 23,9 S.62 10,0 Profi 4 27,270 5.49 11,4
104,479 7338 133.8 Total operating cost 115,393 £9077 1aal2 1710910 60.32 1874 Total operating cost 194,149  38.57 1211 AR 28 192 Total oserating cost 272,702  3s.86 113.4

.
.

fmpeoerial Equivalont Bunmary

. lmperial Eaulvalent SBumeasry M fmoerial Eoutvalont Bumwmanry f
— — .
A, Annual du:l:n:. :;r‘\v'“.d = g:ézz ::: E fa, m:lvg't‘r::nc. h'-av-llod - ;E.éis §§é: E fa. hrﬁz'u"s; d\:éir.\cv trcwll.d = lé"::éﬁ :é; :
E!t 1mated annual quantity -- 6,230 ¢ M z.z'f:zna Xv‘\m‘l quantity 12,500 tom 4 : Evtingtes anmeal quantity -- 18,750 tona
B.  Total Dperating Cost per mile ‘“""/-'lﬂ M B.  Total Operating Cost par mile (conte/mile) ° H B.  Total Operating Coot por mile (cente/mtlal
: Peavead roosuvs SBravel roacs : Povod rosds Oravel roags : : Paved rosds Bravol roads
Sereeneens SN stk suating, Sont,, 202, ereenast 172,85  Yotal Operating Cout 1949 : H : 160.3 Total Operating Cost 12,3 .

(Source: Reference [28])



(7/8-axie Double-Trailer Combination)

Appendix B-2 (Continued)

Configuration -~ saui-trailor and oun 7 anles
Commodity -~ Bulk

“anitons

Configuration -~ semi~trasler amd pud 7 axlos

Commodity =~ Bulk

Manitona
8OOV waa,

®anitoba
fnnual distonce —- 160000 ke,

Configuration -- semi=trailer and pus 7 axles

- a diatance —- 248000 b,
énnual distarce -~ Commodity Bulk nnual

A, Vehiclo unnnnon o, R Pavec Road Gravel R«c
a, vmm; uu{xzat ton, ";z'd "°'° Gravel “'>‘= 9”':23 +H 1’9 Welght ‘;.:. :;? Oravel n:;’ A "w'“‘i'\'z “ié%l’:ﬁl:ﬁ gﬁ kg- £ ’.c
ross 1C18 Heiph ac 430 kg, 4%0 g, @vorage Payload . .
B 1 35388 A% wi Entimiteq a1 Ouantit 26088 tonna 20088 Formts
g-::‘::.a. rnusl Ouantity 9383 tonnao 9363 & tonnes lep.’uv.mjn antity ra7. jonnas 1a7. Ez“ E,‘.:: ;z::,é;““'l Quantity 7 e A555 are
- o, .
"°n"33:~:‘\?ng Fours 1320 hrs, 1557 m-.. . o ) unn "° Bours 2841 hra. 3314 nes. Annual Running Hours
g oiyT Costa 2. Driver Costs
o. Driver Cost oad « unlud time cont ° - 1 1 ° 7922 8 7922
Load = wnload time cost o zeel s 2641 Bratence wago o2802 ¢ 3202 Dot anca uang time cow ° 42032 2,8
Dintance wage ® 13 s 1589° Nourlgu £ ° 31782 Hourly wago 0 ¢ s A7 23
Hourly wage o 3355 o'3821 Hape buraen ° 6714 %3788 Wage hurasn ° 10078 8 11673
roge Bureen i ¢ 10381 Qoarating Contu c Total Doerating Costs
c. Total Doarating Costs Paved Ro Gravel caga " Paved Roadas Bravel Roaoos
Paved Roasdos 8ravol Roads . o
Coo Cout Cost
Coet Cost per  Coat par  Cout por  Cont oo Coot
Cout Cost Total Runniny por T - Total Aunning -
Tetal Aunninp  “Sar Tetal Running o t o8 per &ay "umpire Tper Tehal Peeploe B 8?,,.’ v,
T Hour ke, - ° o
° ® Tractor variable costo Tractor variable coste
7, (] 13,33 28.0
19.342 13,62 2h.2 "Brm- vArianle Coste g, az 13:5¢ e 387 32 e e B B e SR8 '3E H
. : : 15, 281 s 78 ' - - 2 43, 8. - o 7 . s.9a  12.3
13,281 18.76 19,4 ol 3843 . 19,655 598 1203 Za) 607 si78  10.3 3 3.2 2.3
8l 202 ¥ 18) Reiies 843 g.ee g)nntng 706 o 1y s S59 g.60 Ly 4% .2 1é
plg TH ] gamsh 353 Ve T he  En I R T SR N B - B
3 - . o . N . t ariable . .
452588 34105 686 TotsiTtrector varieble  S4,630 318 '°"l troctor varisble 106,773 .21 668 140, 124 32,43 38.5 You -:.: or v. :
Tractor fixed couts ractor fined costs
13,606 10.99 19,3 | Beoceciatontt® 13,688 19.3 8E a2 BepraciaiTon 1hees 12,606 186 6.3 orociation 13,688 3% 63
I I R 8 23 oaed T TR 11 Tofal tractor Fixeg wiin 85 52 3135 U8 B TS riveo 19131 3es ala
1 131 . . o . .
' o 113,370 3%.92 71, .8 Tractor total 170,047 35.81  Te.2
£7,496 47.32 84,5 Tractor total 73.763 92.2 'y . 1 :“‘::or total 125, 904 :7.90 70.8 153,255 37.38  66.3 Y"'“]" © ole costa .
railor varioblo coots railor variaole -
Tratlee coriabia coste 148 7.2 745 §.9 pairs STr: - Y 18, 407 338 6.9 Avoeirs "'5“ 3t B
4,002 3.38 6.0 Repaire 783 3 &8 14 P 1. Cleaning 1, e 2,986 8. 70 s. Cleanting o:58 &%
394 878 13 Glsanimy, 994 o.6e 1.2 R $§  Iransoore bt o:30 g3 821 814  Trameoom § %20 &4
g3 . X $:383 -3, HE C 1776 . . " 35 . 18 Total trailer vartasle 3 679 1ald
§3% 838 i roldi™teeitor vartavia 111083 g7 23 17638 621 1ile :ot.l tratler verisble 28343 &8 3, 3 JT Yo :l r:, v '
b railer f1 cost railor ued coste
12, 188 a.55 15.2 | Bapreciasionott® 12,108 7.33  1s.2 12, 140 8.8 e failonomte 12, 140 38 re 12, 140 2,63 3.1 Seoreciation 12, 148 2,48 3.1
g e prec i - . . . conces ceancan
n'xa 83 1me 1obi"TERNier fined 1241 L33 TR 12,160 ALZ8 7.6 Tofal tratler fixed 12, 160 3:87 16 12,168 2.05 5.1 Toval trailer fixed 12,160 2.40 3.1
. o a . . . n .
zx'ur. 15.12 26.8 Traiier total 24,079  1a.53 0.0 29,798 10.49  18.6 Trattor total 33,002 10.%  21.0 33, 123 8.94  15.9 Tratlar total 43,920 9.23 191
. . . . . .
: N 143,176 50.41  89.7 Total veh , 7 46,32 82.4 TYotal venicle cowts 223,973 as.06 933
88, 972 62.64 111.3 Total vehicle costs 97,840 89.04 122.Z . b 7 Total icle coats 160, 906 48,354 100.¢ 197,378 ot PO . - ;a« ros va
N . . T8 con . . .
3.6%¢ 2.57 4.6 lesurance coots 4,021 2,43  s.@ o%:888 187 3 Loagne Sna Taterent 18:843 3 1O | a7 ads £33+ ST S B Uy A interest 420934 8.6% 17.9
0481 12,81 213 gduin. "ang intereat 18)76a 11,32 235 19, 613 . Bickun ong dolivery 3 11,3 bisEYP end celivaery 30,601 6.17 12.0
12,188 8.50 13,2 Brofif ° v 3.403 8.09 16.4 196, 132 5. 83 1.;5:; *nn.f operating cont 2&'?&3 sgg 1.‘1:7"2 z%'gﬁ 6§:2‘5 112:9 TYocal operating coat 306,814 si.70 127.8
125,879 83,80 152.4 Total operating cost 134,020 00.88 167.5 . . . R
. Imboearias1 Eaguivalont Bummanry . 'mperial Eauivalont Bumuanry e 4 impertel Eauivalant Summary
H
. M a. Annval distance 1 - . ° a, Annual distence travelleg -- 149,136 1.
. a. e travelled --— .2‘7‘5 o M rous v.r“c:' ‘;12“ tod = g: ﬁ o M ° rout vt e wwigne -— g;:m g:-
H yenicle weignt 3r 222 {be. yerage oayloed - jou ° ° Average oayload X civy O 82,362 v, M
. G hrrial auentity 16,321 tors €stimated annual quantity - 20,641 tons . 2 stimated annual quantity . .
. N T . Tot o t Cost mile (coanta/milel
B. Total Opwrating Cost per mile {cente/milel B, otal Operating Cost per eale (cente/nmile) : 5 B, otal Operating Cost por m
. Paved roada Sravetl roads Poavad roads Sravel roags . e Paved roads Bravel roadgs
N
Y . T 0 ti Cont 205, 7
M Total Querating Cost _ 269.6 197.8 Yotal Operating Coat 221,08 ° ° 181, 7 otal Operating

(Source: Reference [28])



