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Abstract

The current MOC 600 kN truck loading for design of bridges in Saudi Arabia was adopted
arbitrarily following the configuration of AASHTO HS20 truck loading, ensuing a transition from earlier
lighter truck load models. However, it was not developed on a rational basis from data analysis of the
local traffic.

The primary objective of this work is to develop a load model for design of short span bridges
and to examine the adequacy of the current MOC 600 kN truck loading under the context of the
prevailing truck loadings. A rigorous load survey of the heavy trucks is carried out to obtain informative
data on truck configurations and axle loads. Based on the survey data a proposed bridge loading formula
is adopted using the concept of 'equivalent base length', and from this formula a 650kN Model truck load
is developed for design of short span bridges. A modified uniformly distributed lane load is also
presented as a substitute for the design load. The adequacy of the current MOC 600 kN model is
compared with the proposed 650 kN Truck Model by rigorous analysis of slab and girder-slab type bridge
decks, simple and two span continuous, having different geometric configurations. An overweight truck
of 790 kN found in the truck survey is also included in the comparative study to give an insight into the
extent of the possible over stressing of members and draw attention to the need of development of
appropriate load factors for Load Resistance Factor Design (LRFD).
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Truck Model by rigorous analysis of slab and girder-slab type bridge decks, simple
and two span continuous, having different geometric configurations. An overweight
truck of 790 kN found in the truck survey is also included in the comparative study to
give an insight into the extent of the possible over stressing of members and to draw
attention to the need of development of appropriate load factors for Load Resistance
Factor Design ( LRFD).

MASTER OF SCIENCE DEGREE
KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS
Dhahran, Saudi Arabia
May 1997.
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CHAPTER 1

1. INTRODUCTION

1.1 BACKGROUND

Bridge design is an important field of structural design. A bridge is normally
designed for the following loads and forces when they exist :- dead load, live load.
impact or dynamic effect of the live load, wind loads, and other forces such as
longitudinal forces, centrifugal forces, thermal forces, earth pressure etc (1).

The most significant load considered in the design of a bridge is the live load
from the vehicles. It is the weight of the vehicles on the bridge accompanied by other
loads such as impact or dynamic effect of a moving truck, braking force, centrifugal
force, etc. Live load is a time-varying load with a short duration depending on the
traffic volume. The existence of a variety of vehicles with different lengths, widths.

weights and different number of axles and their spacing, makes the traffic load a
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complex load pattern. A reliable model load has to be derived from the complex load
pattern for use as “design load” in bridges. This model load, a hypothetical
prescription of actual load, is assumed to yield design that would be safe and yet not
excessively estimated to yield design that would lead to an uneconomical design.

Most of the countries like England, France, America and Germany have
developed their own hypothetical vehicular load for design of bridges. The models
specify the axle loads, spacing and the gross weight for design. The first load model
was developed in United States of America, put forth as the AASHO standard
(American Association of State Highway Officials) for design of bridges. This
standard has been used in many countries, such as Canada and Saudi Arabia.

In the Province of Ontario, Canada, a rigorous attempt was made in the late
seventies to develop a bridge design code, specifying the vehicular load that is a truer
representative of the actual load (2). The modeling of the truck load followed an
extensive survey of the existing vehicles and their characteristics.

A large number of highways and bridges were designed and built during the
early phase of the rapid development of the infrastructure in Saudi Arabia. Prior to
1973 bridges were designed using the AASHO H20 truck model (1). This design load
seemed to underestimate the actual loads, which resulted in upgrading the design load
to AASHTO HS20 + 10% (4). The AASHTO HS20 truck and lane loads are shown
in Figs.1.1 and 1.2. This load was replaced by MOC 400 kN design truck as it proved
to be inadequate to represent the heavy truck traffic. This design load remained in

force till 1981 (4).
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Periodic checks revealed that several slab type and slab-on- girder type

bridge decks, suffered damages from extensive cracking due to the high intensity of

loading. The design loads were further increased arbitrarily in 1981 to the current
level of MOC 600 kN Truck and Lane load model (4) as shown in Figs.1.3 and 1.4.

By the end of 1995, the total length of main roads in the Kingdom reached to

36,281 km and the agricultural roads to 95,811 km, bringing the total road length to

132,092 km (5). Additional 50,000 km of roads and a number of bridges are to be

built over the next 15 years at an estimated cost of SR. 44 billion (5). It is obvious

that the current design load was not developed based on a mathematical modeling but

arbitrarily increased to account for the heavy truck loads. Whether the adopted load is

safer or not needs to be checked and this has led to the funding of a research project

AR-15-64 sponsored by King Abdul Aziz City for Science and Technology (44) and

currently under progress in the Department of Civil Engineering at KFUPM.

1.2 TASKS

The general objectives of this study is to develop a vehicular live load model
for design of bridges based on the data collected through traffic survey in Saudi
Arabia. The specific objectives of this research are:

1. To collect large amount of traffic data for heavy vehicles from the existing

sources which include MOC’s data bank and the way-side weighing stations to
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provide information on axle loads and axle spacing. These data will be collected
from a number of strategic corridors in all the provinces of the Kingdom where
flow of heavy trucks are known to be significant, providing a broad spectrum and
coverage of traffic loads across this vast land.

To develop the characteristic dimensions of a design load, using the concept of
‘equivalent base length’.

To compare the adequacy of the proposed vehicular loading and the current MOC
600 kN truck load by comparing the results of maximum design forces with those
obtained from heaviest truck loads selected from the load survey having
statistically meaningful frequencies which cannot be ignored for a safe design.
Comparison will be made on slab type and slab on girder type bridge decks of
different span lengths, both simple and continuous.

To propose a new recommended design load if the current MOC truck loading
appears to be either deficient to reflect adequate safety for short span bridges or

overly conservative.



CHAPTER 2

2. LITERATURE REVIEW

2.1 GENERAL

Highway bridges are designed with a set of prescribed loads, usually in the
form of truck loadings and distributed lane loads, to cater to the worst possible effects
of vehicular loadings on bridges. The prescribed design loads are hypothetical
representation of actual loads which is highly irregular and complex with a variety of
variables, and are intended to produce safe design. Codes and specifications for
various countries, such as USA (3) and U.K. (6) specify these loadings for design.
Different countries have adopted different loadings revealing a divergent load pattern
(7). However, not only little published work is available regarding the technical
background of these model loads, but aiso the available information is too sketchy to

build a sound theoretical basis.
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Generally, two types of loads are prescribed for bridge design: (a) truck load
and (b) lane load consisting mainly of distributed load of uniform intensity. The
former caters to the worst possible truck loading and the latter represents an arbitrary
length of traffic loadings consisting of different vehicle types. Whereas the design of
short span bridges is normally controlled by the truck load, its use may not influence
the design of main girders in long span bridges where a lane load of some intensity
and of arbitrary length may prove to be more critical. This is because a short length
may be filled with heaviest trucks but a long length will not. Furthermore, as the
length of traffic increases, the maximum expected load per unit length decreases, thus
the intensity of uniformly distributed lane loading will decrease with longer spans.

In the absence of a generally agreed-upon boundaries between short, medium
and long span bridges, the criteria proposed in Ref. 8 can be used to identify the
limits. Bridges with spans up to 20 m can be defined as being short span, those with
spans between 20 and 125 m as medium span bridges and bridges spanning more

than125 m can be called as long span bridges.

2.2 LIVE LOAD FOR LONG SPAN BRIDGES

Although this does not explicitly belong to the current study, a brief coverage
is included here to highlight the distinction between the loadings applicable to the

design of long and short span bridges.
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The study of live loads for design of long span bridges has drawn considerable
attention in view of the fact that such loading, usually uniformly distributed, must be
established with a greater degree of reliability and appropriateness. References 9 to
14 can be cited as representative samples of work on the traffic loads for long span
bridges. Findings of these works indicate that a uniformly distributed loading is the
best representation of loading for design of main girder or longitudinal members in
long span bridges. The loaded length can be of any length, continuous or
discontinuous, which would produce the worst effect. Furthermore, as the length of
the load increases, a reduction in the intensity is applicable. The credible load
occurring on a short span bridge is the heaviest truck or trucks that can travel on the
bridge deck, but this is not the case for a long span bridge because this structure will
not be entirely covered by the heaviest possible vehicles. This claim was tested in

Vancouver, British Columbia, Canada (14).

2.3 LIVE LOAD FOR SHORT SPAN BRIDGES

Research work devoted to the development of appropriate truck loads for short
span bridges is markedly scanty compared to long span bridges. This observation can
be well explained by the fact that the truck load which controls the design of short

span bridges must be modeled after the existing or anticipated truck loads, but for the
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design of long span bridges identification of a single truck is not a critical requirement
in general.

The live load constitutes of many parameters including truck weight, axle
loads, axle configuration, span length, position of the vehicle on the bridge
(transverse and longitudinal), number of vehicles on the bridge (multiple presence)
and projected future growth (15). This creates difficulty in the development of design
truck loads.

The structural design of roads and bridges is based upon the traffic which the
structure is expected to carry during its life. An appropriate load model should be
developed based on the actual traffic loading conditions and the projected loading.
Robinson (16) stressed the need to consider local vehicle characteristics in selecting
geometric design standards and Rolt (17) focuses on axle loads for commercial
vehicles in developing countries. Inaccurate estimates may lead to premature failure,
excessive maintenance, or over design of the structure (18).

A design load mode] essentially should meet the following requiremen.ts: (it
should be realistic in prediction of worst load effects on structures, (2) it should be
simple to use, and (3) it should produce safe results for different span lengths and

geometric configuration of bridges without being overly conservative.
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2.3.1 AASHTO LOAD MODEL

The highway bridge loadings prescribed by AASHTO (3) which are used
widely in USA and in some other countries consist of truck loads and lane loads
(Figs. 1.1 and 1.2) and were developed in 1944. No change has been made to these,
although it is widely recognized that these loadings should now be reviewed in the
context of actual traffic pattern (19-20), as vehicles are not full of say AASHTO
HS20 trucks but of vehicles with a myriad of shapes, sizes and weights. Some states,
for example Louisiana and California have proposed revised loads for design taking
into account current load patterns.

A committee report on loads and forces (19) confirmed a decade ago the need
of the development of appropriate loading taking into account significant population
of actual trucks through a survey. It has also been pointed out that AASHTO design
loads are not in close correspondence with the actual traffic and may underestimate

the worst effects from operating trucks moving on the roads (21).

2.3.2 ONTARIO LOAD MODEL

The most significant work in the development of appropriate truck loads
which has received global attention was conducted by the Ministry of Transportation
and Communication. Ontario. Canada to produce the Ontario Highway Bridge Design

Code (OHBDC) (22). The Ontario load model for bridge with spans under 125 m
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(23) is based on extensive surveys of highway fraffic and modeling of the loads (25-
28). A major study was performed in 1975 and covered about 10,000 heavy vehicles
(28).

The modeling work began with the perception that the actual loading of the
different truck configurations must be replaced by a mathematically treatable
continuous function (23). Survey of truck loads included heavily loaded trucks and a
data base was formed (25). Davenport and Harman (26) studied the structural effects
(shears, moments, deflections, axial forces, etc.) caused by highway traffic at the
University of Western Ontario, supported by the Ministry of Communication,
Ontario. As the traffic loading is a random process, the largest live load effects that
occur can be predicted only in a statistical manner. Also, from the results of a vehicle
weight survey, Csagoly and Knobel (27) confirmed that the distribution of heavy
vehicles is indeed nearly normal.

The OHBDC truck loading was modeled by using the concept of ‘equivalent
base length’ which is defined as ‘an imaginary finite length on which the tota} weight
of a given sequential set of concentrated loads is uniformly distributed such that this
uniformly distributed load would cause force effects in a supporting structure not
deviating unreasonably from those caused by the sequence itself ’ (22, 24, 29). The
equivalent base length (Bn) concept was first outlined with an axiomatic approach to
justify its application and then more formal proof of the validity of the concept was

presented (29). Another work which was primarily aimed to appraise the use of
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Ontario’s concept of equivalent base length in modeling truck loads was conducted by

O’Connor (30) on a project funded by Australian Road Research Board.

2.3.3 RELIABILITY BASED MODELING

A major development for structural codes in recent years has been the
introduction of structural reliability concepts to assist code writers to formulate safety
checking models and derive appropriate safety factors. These reliability models
recognize the uncertainties in modeling extreme load events and in analytical
methods, and the uncertainties associated with the variability in material and system
strength capacity. The goal is to establish a reliability or safety index which
incorporates the actual safety margins and the uncertainties or randomness in the
strength, load and analysis procedures. Recent code changes, such as the OHBDC
(22), demonstrated the formal reliability methods that can be used to calibrate safety
factors based on uncertainty levels for all components in the design and evaluation
process.

Nowak (31, 32, 33) provided statistical models which were useful in the
development of load and resistance factors for 1991 edition of OHBDC (22).
Nowak’s load models were developed on the basis of the 1975 Ontario surveys which
covered about 10.000 selected trucks. The maximum 50-year live load was

determined by exponential extrapolation of the extreme values obtained in the survey.
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For each truck, bending moments and shear forces were calculated for a wide range of
simple spans. The resulting cumulative distribution functions of moments and shears
were plotted on normal probability scale. Moments and shears were then determined
by extrapolation of the distributions for various time periods. On the basis of this
analysis, it was recommended that the tandem axle load in the OHBDC (34) be

increased from 140 kN to 160 kN for spans less than 40 m.

2.3.4 AASHTO’s Load Resistance Factor Design

The Load Resistance Factor Design (LRFD) specifications of AASHTO (35)
introduces a new regulation of live loads. The live load model, consisting of either a
truck or a tandem coincident with a uniformly distributed lane load, was developed as
a notional representation of shear and moment produced by a group of vehicles
routinely permitted on highways by various states under the ‘grandfather’ exclusions
to weight limitation. These results were based on a study conducted. by the
Transportation Research Board (TRB) (36) and the load model is called notional
because it is not intended to represent any particular truck. The effects of an axle
sequence and the lane load are superimposed in order to obtain extreme values. This
is a significant departure from the standard AASHTO approach for working stress or
load factor design where either the truck or the lane load with an additional

concentrated load is used for extreme cases. Ref. 37 provides information on the



17

largest and smallest truck configuration observed in truck load survey and proposes

new live load model for design of bridges.

2.4 MODEL LOAD IN SAUDI ARABIA

Most of the earlier bridges were designed with a prescribed design load of
AASHTO HS20-44 + 10% (4). Soon this was replaced by the Ministry of
Communications (MOC), Riyadh to 400 kN vehicle, as HS20 loading plus 10% soon
proved to be far inadequate to represent the heavy truck loadings. The 400 kN vehicle
was geometrically similar to that of HS20. Even the upgraded MOC 400 kN vehicle
failed to serve as an adequate model for design. Uncontrolled, unabated movement of
heavy vehicles over the bridges produced distressing level of cracking of the deck
slabs and girders and, in many cases, produced local failures of the deck slab in the
form of potholes (38, 39). Ref. 40 provides a picture of the truck types and the axle
loads prevailing at that time.

In recognition of the need to upgrade further the design load and to enforce
truck weight limits, MOC sharply increased the loading in 1985 to the currently used
MOC 600 kN vehicle and lane loads as shown in Figs. 1.3 and 1.4. It also
introduced legal load limits for various types of trucks to eliminate or minimize
damages to bridges and roadways. This truck loading is also similar to AASHTO

HS20 (MS18) truck configuration with the exception of heavier axle loads.
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Limited field surveys conducted in mid 80’s indicated that large proportions
(almost 90%) of all the trucks exceeded the legal load limits (40). The national
project (38) sponsored by the MOC and funded by the King Abdulaziz City for
Science and Technology (KACST) documented damages suffered by several bridges,
the causes of which were attributed to heavy truck loadings.

The existence of a considerable number of heavy trucks was also confirmed by
a truck load survey conducted in a project jointly sponsored by King Abdulaziz City
for Science and Technology and MOC (41). The results of this study revealed that the
heavy trucks constituted about 25% of the total traffic on major highways, about 25%
of individual truck axles had loads in excess of 8 metric tons and about 20% of
individual axles were in violation of load limits set by MOC.

In 1985 MOC introduced wayside weighing stations to control the overweight
problem and penalties were imposed in 1986. The effect of this enforcement of legal
weights sharply reduced the number of accidents caused by trucks and also the
amount of overweight above the legal limits was considerably reduced (42). The
effect of truck weight enforcement was recently reviewed by Al-Abdul Wahhab (43)
who asserts that more rigorous enforcement is necessary to curb violation.

A survey of the limited literature available on the development of appropriate
truck loads reveals very little information on the published work which can be cited
and used as references. This is presumable due to the fact that for such a complex
task engineering prudence, conservatism and arbitrariness took precedence over

rationality.
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The conclusion made out of the above discussion is that the current MOC 600
kN truck loading for design of highway bridges in Saudi Arabia was adopted after the
AASHTO HS20 (MS18) truck as the best possible response at a time when highway
structures were facing a devastating consequence of heavy truck loads. However, the
current three-axle design vehicle does not represent the truck types that are widely
prevalent. Further, the truck configurations seen in Saudi Arabia are not similar to
those in the USA and their design load modelled after AASHTO may not be relevant.

This study was therefore conducted to verify the adequacy of the current MOC
loading in the light of extensive data collection of truck weights and to propose an
alternative loading which would be more appropriate for the design of short span

highway bridges.



CHAPTER 3

3. METHODOLOGY FOR THE
DEVELOPMENT OF LOAD MODEL

3.1 APPROACH TO THE PROBLEM

The random loadings of vehicles consisting of different weights and axle
spacings cannot be uniquely represented by a single truck load to produce identical
effects on a bridge structure. In view of the fact that the procedure followed by the
Ministry of Transportation and Communication, Ontario, Canada (29) in developing
the highway bridge loading is highly meritorious, it is proposed that this approach be
pursued for the development of design loadings for the Kingdom in the absence of
any other well documented methodology. The basic approach behind Ontario’s
approach is the concept of Equivalent Base Length (EBL) which allows. within an
acceptable range of error, a conversion of a group of point loads ( e.g. a typical truck)

3

into an equivalent uniform load length ‘B, .” Since maximum bending moment is

20
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often the critical force for design. Bn can be formulated to produce near identical

moment in a simple and continuous beam within an acceptable degree of accuracy.

3.2 EQUIVALENT BASE LENGTH TECHNIQUE

Historically, the axiom of EBL was postulated by assuming the possibility of
distributing the gross weight of the vehicle uniformly over a finite length such that the
distributed load would cause force effects not deviating unreasonably from those
caused by the vehicle itself. To achieve such equivalence, two conditions must be

satisfied:

where W = total truck weight, w = equivalent uniformly distributed load and Bn =

equivalent base length.

2. The absolute sum of moments of the concentrated forces and the absolute
sum of moments of the uniformly distributed load about any point in space be equal in

magnitude.

For a point (A) (Fig.3.1) located at a distance “y” from the center of gravity of

the vehicle. the following moment equation may be obtained:
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Z|Px ] = XI(Boryy+(Bn-y)] (3.1

Hence:

Bn = L{ Z|nx| +y (Z]2x [Py} G:2)

Generally, the point of interest is located at the centre of the gravity of the
vehicle, for which the calculation of By, becomes straightforward.

Substituting y = 0 in Equation 3.2

Bm = % Z|Px,| (3.3)

For a general expression of By, the moment equivalency was established using
the simply supported beam only.

As proposed in Ref. 29, By, for a given set of concentrated loads (Fig.3.1) is
calculated using the following formula derived with reference to simply supported

beams:

_4z|Ax] _ g(zpixi)z

W L

Bm W

(3.4)

where:



(3]
i~

L = spanlength:
x; = distance of axle load P; from axle load Ppn, which is closest to the
centre of gravity of the vehicle;

W = total truck load = w - By;

It has been found that 2/L in the second term can be safely replaced by

2(N-1)

to make EBL independent of the bridge span length, where N = number of

axles of the vehicle and b = base length of the vehicle (29).

The final equation is based on this substitution so that

(3:5)

43 | Px; | 2(./\/-1)(23;:,-)2
B, = -

/4 bN W

3.3 LOAD MODEL POSTULATION

One of the major advantages of EBL is that it can be applied not only to the
vehicle as a whole but also to any subconfiguration thereof (Appendix - A.1 ). Using
a computer program the calculation of By for all possible sequential axle load
configurations of truck loads can be easily performed. A plot of all data points for W
and the corresponding B, can be obtained, considering all survey results. Such a
global plot of survey data would look something like the one shown in Fig.3.2 (24).

This plot can then serve as the basis of developing an equation for Bn which would
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cover all load configurations (i.e.) actual By fdr-a given truck load configuration will
fall below the proposed B, envelope. '

Once the By, equation is developed, the next step would be to develop a truck
configuration by choosing axle loads and axle spacings in a manner which would
closely fit into the By, enevlope.

Limited load surveys conducted in the past (38, 41) have revealed the
existence of a variety of heavy trucks in Saudi Arabia, ranging from a two-axle type to

a longer, articulated six-axle vehicle. Concept of base length seems to be applicable

if a large number of data on different truck types are taken into account.



CHAPTER 4

4. COLLECTION AND ANALYSIS OF
VEHICLE DATA

4.1 GENERAL

Collection of a large volume of truck load data is an essential prerequisite to
the development of the model. Clearly then, the data collection must be achieved in a
broader scale covering all heavy truck cormridors and passages throughout the
Kingdom.

The data used in this study has been collected from two sources: (1) from the
MOC’s data bank and (2) additional load surveys at several chosen locations. The
first source provided voluminous data as all data from weighing stations are stored in
MOC’s Riyadh headquarters. Currently, there are 28 weighing stations operating in

the Kingdom. The locations of these stations are shown in Fig. 4.1. The data are

27
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stored in computer diskettes to provide information on truck weights, axle weights
and the overweights above the legal limits. Apart from these weights, the stored data
provide information on the location of weighing station, vehicle plate number, time
and the imposed fine for overweight.

Data were retrieved from the MOC’s data bank for the last four years namely,
1413H, 1414H, 1415H, and 1416H . The data were available in the ASCII formats
and this was reformatted to a readable form using a program written in Mathematica
2.2. These data from various stations were stored in separate datafiles.

In addition to the data from MOC’s data bank, sample measurements of axle
loads and axle spacings have been carried out at different locations in the Kingdom to
verify the accuracy of the weigh stations and enforcement of weigh regulation
practice. As the data from the weighing stations do not include axle spacings,
measurements were taken for axle spacings both center to center and along the

length, for different types of trucks.

4.2 TRUCK CLASSIFICATION ACCORDING TO MOC -
RIYADH.

For the purpose of enforcement of weight control for trucks, MOC has
classified trucks into 8 basic types, as shown in Fig.4.2 and explained in Table 4.1.
The legal weights of these trucks are also shown in Fig.4.2. As three of these trucks

have identical maximum legal weight of 40 T, for the purpose of recording truck



30

oLl Lgdh ot

LEGAL TRUCK WEIGHTS

WIDTH FOR ALL TRUCKS = 2.5m MAX.
| N |
Itm ]
sl <le
Tetyr -1 E

6T 3 Eur Sr

GROSSWT = 19T S - S

i Rl ]

2m l
=== L I
WY ___ |
1.2 min 2.0 max

6T oo s 0T > 10T >

GROSS WY = 16T T S g
TS .
Im ]

P 3T = 13
GCROSS WT = 32T
-

1tm 1

4m

Q@ _

12 min 2.0 max

P 13T v 10T > 10T >
GROSS WT = 19T T - S

kil LU e e JUI e Jl Lia Siliges O
INFORMATION ON THIS CHART BASED

wﬂc REGULATIONS (1391H.)

A 1,0 = gl LS Sl el

' A ]
18m L
v -1z
of & M~
BT 5w
6T %1 10T 3% 10T 3\
GROSSWT = 39T Fre- Shgm
1 2
itm
U'é'd"-/: U""/
ETV &IvP - ¢ .
Q bt I
Y,
WRE10)O ©)®)
6T ¥ 10733\ 10T 3 0T % 107250

MAX GROSSWT = «0 T o te w JE Gy it

. A ,
18m —l
c;—‘{- -J:‘—— '

TTrP - 4 -z
l -
L/
| (0)10)0)
i
RN
o¥ _» 13T o or TTav T v il e v
MAX GROSS WT = ¢0 T l:-'Jf-__r&l
1 s\ 1
3m l
~3L’§_',/..r;
TP . S S|z
o = M
H 11 Y/ )
CErQ
i S

©)
T\ J

5 10T 5

VT >0 ITSviTov IT oV
MAX GROSS WT = 40 T ot e g e B

YOl e e gt el Iy BV JY
op b Gult 5 e
MAXIMUM ALLOWABLE AXLE LOADS GROSS
WEIGHT NOT TO EXCEED $0 TONS.

Fig. 4.2 Legal Truck Weight Limits in Saudi Arabia.




TABLE 4.1 : MOC Truck Classification and Legal Weights
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MOC Truck Types at Number of Legal
Classification | Weighing Stations Configuration Axles Weight
Class 1 Type 1 Rigid 2 19T
Class 2 Type 2 Rigid 3 26T
Class 3 Type 3 Trailer type 3 32T
Class 4 Type 4 Trailer type 4 39T
Class 5 Type 4 Trailer type 4 39T
Class 6 Type 5 Long Trailer type 5 40T
Class 7 Type 5 Long Trailer type 5 40T
Class 8 Type 5 Long Trailer type 6 40T
Unclassified Type 0 Special >6 40T
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weights at a weighing station, trucks are classified into 5 types, type 1 to type 3, based
on axle configurations, as shown in Fig. 4.3. At a truck weighing station, the truck
weight data are automatically recorded along with the truck type codes. Additionally.

the weighing stations assign a truck classification code of 0 (zero), if the truck

classification is unknown or cannot be related to a known type.

4.3 DATA COLLECTION FROM MOC

4.3.1 MOC’s Data

The truck load data collected at the weighing stations are sent on a monthly
basis to MOC’s headquarters in Riyadh for storage. The data are stored on 3% in.
computer diskettes in the ASCII format. Through MOC’s cooperation, the stored data
were retrieved and then reformatted for analysis.

Although there are 28 weighing stations in the Kingdom, only 19 stations
which are equipped with computerized data storage facilities supply the truck weight
data regularly to MOC. The list of these 19 stations from which data were obtained is
given in Table 4.2 breaking down the stations into four provinces. The truck data for
the Southern Province was not available from MOC’s data bank. Each station has an

area code and station code number for identification.
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TABLE 4.2 : List of Weighing Stations Supplying the Data

34

Area Station
Province Corridor Location Code Code
Eastern Dammam-Riyadh 3 1
Dammam-Abu Hadriyah 3 2
Central Riyadh-Dammam 1 1
Riyadh-Taif 1 2
Riyadh-Qasim 1 3
Taif-Riyadh 6 1
Qasim-Madina 13 I
Ras Dukhna-Bajadiah 13 2
Qasim-Riyadh 13 3
Sulayl-Najran 18 1
Northern Tabuk-Halat Ammar 7 1
Hail-Alula 20 1
Western Jeddah-Rabigh 2 1
Jeddah-Asfan 2 2
Jeddah-Makkah (Old) 2 3
Madina-Makkah 4 I
Madina-Qasim 4 2
Yanbu-Madina 9 1
Khayber-Madina 25 1
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4.3.2 Information from MOC’s Data

Among all the information in the data file, the most useful information was
the total truck weight. axle weights, truck-type codes and truck class codes. These
information was selected from the data file. The MOC data file does not give any
information regarding the truck axle spacings which are essential for calculation of

equivalent base length (EBL) for axle combinations.

4.4 ANALYSIS OF DATA OBTAINED FROM MOC

4.4.1 Yearwise Analysis

The total number of trucks recorded from different weighing stations for the
four vears, namely 1413H, 1414H, 1415H and 1416H was 1.161,951. The
information about the class and loads for the above trucks was obtained from the
filtered data files using a program written in Mathematica 2.2 ( Appendix B.1). The
year wise recorded truck data are presented in Table 4.3. The breakdown of the
trucks into different MOC classes is shown in Table 4.4 and in Fig. 4.4.

The data in Table 4.4 and in Fig.4.4 show that approximately 80% of all

trucks falls into class 4 and 5 with 4 axles ( whose legal weight limit is 39 tons). The



TABLE 4.3 Year wise breakdown of data from MOC.

Year Number of Trucks
1413 H 213,033
1414 H 239,164
1415 H 307,767
1416 H 401,987

Total 1,161,951
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At

next highest population belongs to class 6 and 7 with 5 axles (whose legal weight
limit is 40 tons), representing about nearly 10% of the total. Special trucks with 7 and
8 axles (other types) were also recorded, although their number was small. The most
important observation made in this statistics, is that, the Class 3 type of truck which is
the basis of the MOC Load Model (Fig.1.3) is very scarce. These type of trucks
constituted only 0.1% of the samples.

Table 4.5 and Fig. 4.5 shows the proportions of overweight trucks in each
MOC class for each of the four years considered in the study. The results show that
almost 40-50% of the Class 4 and 5 trucks exceeded the allowable loads. The
phenomenon of overloading exists among all classes of trucks. About 40% of the
trucks are found to be overloaded among all the cases, exception being Class 3
trucks. In the Class 3 category, only 2-3 % of the truck population was found to
exceed the allowable load limit.

As the overweight number was not very meaningful by itself, it was necessary
to quantify the amount of overweights. For this purpose, Tables 4.6 through 4.9 were
prepared to give the breakdown of Overweight Trucks into varying range of excess
loading for the years 1413H, 1414H, 1415H and 1416H, respectively. Most of the
trucks were found to exceed the allowable load limit by only 10-15%. This beneficial
effect was attributed to the current weight regulations imposed by MOC by
instituting wayside weighing stations. The weighing stations permit the truckers to
carry only 10% more than the allowable weight for the carrier. Truck dnivers are

fined for weights exceeding this limit. The percentage of overloaded trucks decreased
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with an increase in the load range. This shows tkie success of the truck weight control
regulations. Figs. 4.6 through 4.13 present the data graphically.

Tables 4.10 through 4.13 compare Legal Weight, Maximum Weight and
Average weight for each class of vehicle for the years 1413H, 1414H, 1415H and
1416H. respectively. These data indicate that under the prevailing weigh control
regulations too, the phenomenon of overloading still exists and may be one of the

cause for the bad condition of roads and bridges in the Kingdom. Figures 4.14

through 4.17 indicate the same graphically.

4.4.2 Province wise analysis

Data analysis for each province, namely East, West, North, and Central was
also carried out as part of the KACST project AR-15-64. Only the statistics
pertaining to the percentage of Overweight trucks in each of the provinces 1s
presented here. The other details of the provincial data analysis can be found in Refs.
44 and 45. Tables 4.14 through 4.17 detail the percentage of Overweight vehicles in
each province for 1413 H, 1414 H, 1415 H, and 1416 H, respectively. Figures 4.18
through 4.21 portray this data graphically.

The province wise study also indicated that the 4-axle trucks (MOC class 4
and 5) dominated the truck population, consisting over 70% to 80% of the volume in

all the provinces. Although the number of trucks counted for the North Province was
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TABLE 4.10 : Comparison of Legal Weight, Maximum Weight and
Average Weight for Each Class: 1413H

Legal Maximum Maximum Average

MOC Class No. of Weight Weight Overweight Weight
Axles (tons) (tons) by Percentage (tons)
1 2 19.0 30.70 61.58 16.50
2 3 26.0 45.12 73.54 23.25
3 3 32.0 39.40 23.12 16.70
4&5 4 39.0 76.04 94.97 37.10
6&7 5 40.0 99.19 148.0 36.80
8 6 40.0 81.25 103.1 37.00
Other 7 40.0 66.19 65.48 44.60
Other 8 40.0 89.61 124.0 34.20
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TABLE 4.11 : Comparison of Legal Weight, Maximum Weight
and Average Weight for Each Class: 1414H

Legal Maximum Maximum Average

MOC Class No. of Weight Weight Overweight Weight
Axles (tons) (tons) by Percentage (tons)
1 2 19.0 31.32 64.84 15.50
2 3 26.0 4431 70.42 22.25
3 3 32.0 36.70 14.69 17.65
4&5 4 39.0 79.22 103.10 35.80
6&7 5 40.0 85.38 113.40 55.45
8 6 40.0 84.95 112.40 35.58
Other 7 40.0 77.82 94.55 37.60
Other 8 40.0 58.72 46.80 37.00




TABLE 4.12 : Comparison of Legal Weight, Maximum Weight
and Average Weight for Each Class: 1415H

T

Legal Maximum Maximum Average

MOC Class No. of Weight Weight Overweight Weight
Axles (tons) (tons) by Percentage (tons)
1 2 19.0 29.84 57.05 16.30
2 3 26.0 46.72 79.69 23.95
3 3 52.0 33.20 3.75 17.55
4&5 4 39.0 73.27 87.87 57.08
6&7 5 40.0 80.98 102.45 36.30
8 6 40.0 38.96 122.24 36.55
Other 7 40.0 87.40 118.50 40.20
Other 8 40.0 45.87 14.68 34.10




TABLE 4.13: Comparison of Legal Weight, Maximum Weight

T ATAN

and Average Weight for Each Class: 1416H

Legal Maximum Maximum Average

MOC Class No. of Weight Weight Overweight Weight
Axles (tons) (tons) by Percentage (tons)
1 2 19.0 26.00 36.84 15.30
2 3 26.0 52.22 100.85 21.90
3 3 32.0 42.00 51.25 19.30
4&5 4 39.0 79.18 103.03 35.50
6&7 5 40.0 86.32 115.80 36.30
8 6 40.0 78.00 95.00 34.55
Other 7 40.0 75.74 89.35 35.20
Other 8 40.0 54.72 36.80 31.00
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TABLE 4.14 : Percentage of Overweight Trucks in the Eastern Province
MOC Class | Year 14153 H | Year 1414 H | Year 1415 H | Year 1416 H

1 33.90 25.46 26.90 8.08

2 50.52 32.08 52.15 19.01

3 0.52 0.00 4.55 6.00

4 and 5 53.83 63.21 62.76 27.55

6 and 7 43.07 54.85 60.32 40.33

8 48.60 62.32 55.10 12.93

Other - 7 Axle 62.07 37.93 46.88 2.86
Other - 8 Axle 6.67 66.67 11.11 28.00
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TABLE 4.15: Percentage of Overweight Trucks in the Western
Province
MOC Class | Year 1413 H | Year 1414 H | Year 1415H | Year 1416 H

1 22.10 22.65 16.57 31.07
2 24.32 23.23 27.78 38.28
3 1.01 1.72 0.00 0.48
4 and 5 37.96 44.20 48.29 43.89
6 and 7 34.52 34.77 29.87 23.58
3 30.86 31.54 30.57 26.28
Other - 7 Axle 40.00 0.00 30.26 33.33
Other - 8 Axle 33.33 66.67 23.08 0.00
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TABLE 4.16 : Percentage of Overweight Trucks in the Northern

Province
MOC Class Year 1413 H | Year 1414 H | Year 1415 H | Year 1416 H

1 68.43 27.05 46.11 26.08

2 55.61 24.11 51.55 41.09

3 50.00 0.00 0.00 0.00

4 and 5 60.88 49.71 57.81 36.64

6 and 7 51.90 44.95 45.43 49.91

8 15.00 2245 31.08 33.01

Other - 7 Axle 0.00 0.00 0.00 0.00
Other - 8 Axle 100.00 0.00 0.00 0.00
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TABLE 4.17 : Percentage of Overweight Trucks in the Central Province

MOC Class | Year 1413 H | Year 1414 H | Year 1415 H | Year 1416 H

1 31.30 23.14 20.75 25.56

2 46.04 41.24 35.89 39.16

3 4.67 5.66 0.00 1.35

4and 5 58.89 42.01 44.98 46.73

6 and 7 47.77 29.74 43.73 36.16

8 40.58 26.62 39.93 32.91

Other - 7 Axle 65.91 45.45 66.67 46.15
Other - 8 Axle 66.67 38.64 17.24 46.67
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considerably less than in the other provinces, however it leads the other provinces in
the number of overweight trucks in most of the classes. The results for the Eastern
Province indicated a sharp decrease in the percentage of overweight trucks in the vear
1416H when compared with the preceding years. There is no plausible explanation to
this as overweight phenomenon depends perhaps on several influencing parameters.
The overweight phenomenon in the Western Province which was mostly
steady in the years 1413H, 1414H and 1415H showed a marked increase in the MOC
class 1 and 2. A marginal decrease in the overweight trucks was noted in other
classes.  The analysis of the Central Province indicated a marginal growth of
overweight trucks in the MOC classes 1, 2, 4 and 5 over the preceding years. A
steady decrease in the overweight truck population was noted in other classes in the
year 1416H. Results indicate that although overloading persists in every province.
the percentage of overloaded trucks along the vears has been consistently decreasing.
This may be the result of rigorous truck load monitoring and weight enforcement by
the authorities concerned.  The other reasons may be that the truckers may be
avoiding the truck weighing stations by using detours and minor roads. The bad
condition of bridges and roads does not really prove that the overloading phenomenon
has really diminished in the Kingdom. To verify the overloading phenomenon and
check for the loop holes if any, in the weight monitoring system, surveys at several
stations, both at weigh scale side and non-weigh scale side of the freeways were

conducted by KFUPM (44 and 45).
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4.5 TRUCK SURVEY CONDUCTED BY THE KFUPM TEAM

4.5.1 Need for the sample load survey

As the secondary source of truck data, sample load surveys were conducted by
the team under Project AR 15-64, at two weighing stations in each of the different
provinces with the primary objective to determine the axle spacings of the various
trucks, an information which is vitally needed in this work. The measured axle
spacings serve as a guide in allocating a fair value of the axle spacings for the truck

data collected from the load survey.

4.5.2 Layout of way-side weighing stations

Layout of all way-side weighing stations is basically the same. A station is
located adjacent to the highway and the trucks are directed by posted signs ahead of
the station to take the designated route leading to the weighing station for weighing.
It is required by traffic regulation that all trucks carrying goods must be weighed at

the station.
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4.5.3 Survey Procedure

The weights of trucks was measured by a computerized weighing scale
manufactured by Intercomp in U.S.A., Model No. PT300, Portable Wheel Load
Weigher having a gross weight of 16.8 kg. The recommended operating temperature
for this equipment is —28° to 65°C. The accuracy of the measured weights is +1%.
The scale is activated simply by turning on the ‘ON’ key.

At a weighing station, the pair of weighing scales is placed about 2.4 m
centres. For a smooth ascending and descending of the wheels, the sloping ramps are
provided on each side of the scale, forming a gradual transition for the height
difference between the roadway and the weighing scale. The pair of scales, known as
master scale and slave scale, is connected to a laptop computer using proper port
connections. The scales send continuous output to the computer which records the
data in a file.

To record the truck weights, the drivers were asked to drive the truck slowly,
placing one axle at a time on the weighing scale to avoid impact from' sudden
stoppage. With the axle on the scales motionless, the static reading was recorded
directly as the axle load. Once a reading is taken, the driver moves the truck to
position the next axle on the scale.

The axle spacings were measured manually by using a hand-held, distance

measuring rolling wheel which measures the distance as the wheel is rolled from one
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axle to the other. The entire procedure of recording loads and spacing of axles for a
truck takes about two minutes.

As the axle spacings have to be recorded manually, a special form (sample

copy shown in Appendix A.2) was designed using MOC’s truck classification and

was used in the sample load surveys.

4.5.4 Survey on the Non-scale side of Freeway.

While the survey was relatively easier to conduct at the weighing station
where all trucks are required to pass through the station, the survey on the opposite
side of the highway was extremely difficult as the trucks have to be halted by flagging
and then slowly directed to the roadside where the weighing scale was installed to
take the measurements. As the task involved stopping and diverting trucks on a busy
highway, the permission of conducting such a survey from the concerned authority
was necessary. The local police extended their full cooperation to the survey.team in
completing their work. Without their active cooperation, the time-taking survey work

could not have been completed.
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4.5.5 Locations

Sample truck load surveys were conducted by the team in three provinces: (a)

West (b) Central and ( ¢ ) East.

4.5.5.1 Survey in theWestern Province

In the Western Province, the following three weighing stations were selected:

)] Jeddah-Makkah (Old) : Station-Code 2-3
(i1) Jeddah-Asfan : Station-Code 2-2
(iii)  Jeddah-Makkah (New) : Station-Code - N/A

The data were measured and recorded at the first two weighing stations,
identified as 2-3 and 2-2, and the data for the Jeddah-Makkah (New) were recorded
continuously by the weighing station itself following the team’s instruction. In total,
3152 trucks were weighed and measured in this survey out of which 475 trucks
exceeded the legal weight limits. Table 4.18 provides the statistics of the survey

work.
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TABLE 4.18 : Sample Survey of Trucks in the Western Province

No. of No. of Percentage of Maximum

MOC No. of Trucks Overweight Overweight Weight
Class Axles Surveyed Trucks Trucks (tons)
1 2 311 44 14.14 25.48

2 3 140 20 14.28 31.87

3 3 2 0 0.0 26.70

4 and 5 4 2516 375 14.90 50.05
6 and 7 5 114 23 20.18 56.50
8 6 44 4 091 109.16
Others 7 28 9 32.14 54.28

TABLE 4.19 : Sample Survey of Trucks in the Central Province

No. of No. of Percentage of Maximum

MOC No. of Trucks Overweight Overweight Weight
Class Axles Surveyed Trucks Trucks (tons)

1 2 32 8 25.00 20.17

2 3 14 3 21.43 28.52

3 3 ~ - - -
4 and 5 4 430 115 26.74 47.03
6 and 7 5 29 8 27.59 43.33

8 6 - - - -
Others 7 3 1 33.33 52.05




4.5.5.2 Survey in the Central Province

In the Central Province, the load survey was conducted for three days at the
two weighing stations:
(1) Riyadh-Taif : Station-Code 1-2

(i) Riyadh-Qasim : Station-Code 1-3

A total of 508 trucks were weighed at these stations and are presented in Table
4.19. About 135 trucks in the survey were found to exceed the weight limit set by

MOC, Riyadh.

4.5.5.3 Survey in the Eastern Province

Sample truck load surveys were conducted by the team at the two weighing
stations in the Eastern Province:
) Dammam-Riyadh Highway . Station: Area Code 1-3

(i1) Dammam Abu Hadriyah Highway : Station: Area Code 2-3

The important aspect of this load survey was to measure the truck loads on the
side of the highway where there is no weighing scale. On the Dammam-Riyadh
highway, the weighing station No. 1 is located on the Riyadh bound route about 50
km from Dammam and on the Dammam-Abu Hadriyah road, the weighing scale 1s

located on the road to Abu Hadriyah, about 170 km from Dammam. The aim was to
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examine the problem of overweights on the uncontrolled route. which is known to
exist at an alarming level.

At Station 1-3 (Dammam-Riyadh), sample load survey was conducted on
both sides of the highway, at the weighing station for trucks travelling towards Riyadh
and on the opposite side of the weighing station for trucks bound for Dammam. The
survey was carried out in mid-July 1996 for six days. A total of 502 trucks were
surveyed on the Dammam-bound roadway with no weighing scale and 202 trucks
were surveyed at the weighing scale. The analysis of data for the no weigh scale side
is presented in Table 4.20. Fig 4.22 shows the intensity of overloaded trucks
currently on the no weigh scale side of the road.

At Station 2 on Dammam-Abu Hadriyah highway, all truck data were
collected on the side with no weighing station, i.e. on the road to Dammam. A total
of 207 trucks were weighed using the portable weighing scale over a period of 3 days
in mid-October 1996. The results are presented in Table 4.21 and Fig.4.23.

On both routes, many trucks traveling back to Dammam carry heavy loads.
mostly in the form of coarse aggregates, sand and other bulk loads, exploiting the
advantage that there is no checkpoint to pass through. Many unscrupulous truck
drivers load their trucks after crossing the Riyadh-bound checkpoint (Station 1-3).
knowing that no checkpoint has to be crossed on their way back to Dammam. Similar
situation exists on the Dammam-Abu Hadriyah road, as heavy trucks transport

aggregates from Abu Hadriyah to Dammam, completely unchecked.
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TABLE 4.20 : Sample Survey of Trucks in the Eastern Province -
Station: Riyadh - Dammam ( No Scale )

No. of No. of Percentage of | Maximum

MOC No. of Trucks Overweight Overweight Weight
Class Axles Surveyed Trucks Trucks (tons)
1 2 18 16 88.89 23.17

2 3 109 87 79.82 46.58

3 3 1 0 0.0 21.26

4 and 5 4 262 217 82.82 69.98
6 and 7 5 104 89 85.58 82.84
8 6 7 7 100 87.46
Others 7 and 8 axle 1 100 55.38

TABLE 4.21: Sample Survey of Trucks in the Eastern Province -
Station: Abu Hadriyah - Dammam ( No Scale )

No. of No. of Percentage of | Maximum
MOC No. of Trucks Overweight Overweight Weight
Class Axles Surveyed Trucks Trucks (tons)
1 2 5 2 40.00 22.23
2 3 36 17 4722 42.96
3 3 0 0 0.00 0
4 and 5 4 114 49 4298 60.42
6 and 7 5 52 16 30.77 58.79
8 6 2 2 100.00 61.81
Others 7 & 8 axle 0 0 0.00 0
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4.6 OBSERVATIONS FROM THE FIELD SURVEY

4.6.1 Axle spacings

The limited sample load survey was carried out to draw attention to the
problem that prevails within the current regulatory controls. It should be emphasized
that the primary objective of the sample load survey was to obtain an idea of the range
of axle spacing for different truck types. Although the axle spacing varies
considerably in some cases, the variation is generally small in majority of the cases.
Table 4.22 shows the range of spacings of axles for different classes of trucks and the

usual spacings noticed in each case.

4.6.2 Other observations

Apart from the measurement of axle loads and axle spacings. the following
observations were made in the limited sample survey work:

(i)  The accuracy of the truck weights recorded at the weighing stations is

about + 2 tons. However, it can vary, depending upon the speed of

trucks entering the wayside dynamic weigh-in scale. Inaccuracy of the

recorded weights increases with speeds exceeding 5 km/hr.
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