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ABSTRACT

The physical transport of fresh produce such as tomatoes is
characterized by a lot of transportation problems. Fresh produce such
as tomatoes are susceptible to spoilage during transportation
“especially over along distances. There is no doubt that this problems
encountered are due to the Irregularities on the Roads, such as
potholes, bumps etc which produces excitation input to vehicles
hauling fresh products. This project carried assessment on some
selected Nigerian Roads (inter state, intra state and rural roads) with a
view to quantify the irregularitics on such Roads. Profiles survey and
pothole counts and their dimensions were carried out. The data
obtained from the survey were used to compute the expected velocity
and the acceleration input into the wheels of the vehicles traversing
such roads. The dynamic load onto the vehicle traversing over such
potholes also computed. The results showed that the average number
of potholes over a distance of 6km on these three roads were 102,
129, and 7 for inter, intra and rural roads respectively. The average
ripples (depths) of these potholes were 0.08m, 0.053m and 0.37
respectively, acceleration and dynamic load that usually tresults from
these potholes showed that as the velocity of the vehicles increases,
the excitation from these irregularities also increases ittespective of
the vehicle used. The acceleration was greatest for the data obtained

from the rural road compared to the other two. This was clearly shown

vi



from the ANOVA and Duncan multiple range test carried out on these
data to ascertain any significant differences between the mean values
of these data computed for the three types of roads. There were
however no significant differences between the measure of the data
computed for the vehicle type. The information obtain hence could be
emphasized in the selection of appropriate travel speed that will

results in minimal excitation in to the vehicle hauling fresh produce

over these roads.
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CHAPTER ONE

1.0 GENERAL:

Fruits and vegetables are produced in large quantities in Nigeria.
Their production are however location specific while some are
prominent in the Northern parts, others are dominant in the South.
The consumers are however found scattered all over the country.
There is therefore the general need to equitably distribute these
commodities all over the country, moving them from the area of
production to that of consumption. These distributions are done over
roads and rails generally in Nigeria.

The physical distribution of fresh produceé in Nigeria is
characterized by a lot of transportation problems resulting in heavy
mechanical damage during the process. Most of these physical and

mechanical damages are caused by vibration and the impact resulting

from vehicle. The sources of this vibration are the road irregularities.

1.1 INTRODUCTION

Assessment of Road Irregularities as sources of excitation input

to vehicle hauling Fresh tomatoes.



1.2 ROAD

Road can be defined as a specially prepared way, publicly or
privately owned, linking places and made for the use of pedestrians,
riders, vehicles e.t.c. (Osemenans 1994)

Road can also be defined as the travel way on which people,
animals or wheel vehicles move. (Encyclopaedia Britannica 2002). In
modern usage, the term road discusses a rural lesser traveled way,
while the word strect denotes an urban roadway. High way on the
other hand refers to a major rural traveled way but more recent word
road is derived from the old English word raid (“to ride”) and the
middle. English word roads or rade (a mounted journey) and is now

used to include all vehicle ways.

1.3 ROAD TYPES IN NIGERIA

There are basically two types of roads in Nigeria. They are paved
and unpaved roads. (Abdullahi, 2000). Paved roads are furthet
classified in to flexible and rigid pavements. The flexible types consists
of relatively thin surface built over a base course and sub base course.

They usually rest upon the compacted sub grade while rigid
pavement are made up of cement concrete and may not have a base
course between the pavement and sub grade.

The essential difference between the two types of pavement is

the manner in which they distribute the load over the sub grade. The



rigid pavement because of its rigidity and high modulus of eclasticity

tends to distribute the load over a relatively wide area of soil. Thus a

major portion of the structural capacity is supplied by the slab itself,

hence the structural strength of the concrete is crucial in the
pavement design.

Unpaved roads are those constructed by removal of top soil and

filling with suitable carth or gravel materials and which are
mechanically stabilized to carry traffic loadings. These atre further
classified in to earth and gravel roads.
Rarth roads have no added pavement and layers are therefore not
structurally designed. Their performance therefore depends on their
cross sectional shape, material properties location in the terrain and
drainage facilities.

Gravel roads are those that are surfaced with gravel to provide

traction for vehicles in wet weather at relatively low cost.

Surfacing with gravel also retards the increase in deformation of the
surface. It is worthy to note that the structural damages stiffered by
these roads, where traffic loads are high and are influenced by the
type of materials used in the construction and hence the need to

review and know the various types of roads.

1.3.1 ROAD ADMINISTRATIO IN NIGERIA
Over the years the responsibility for the development of roads in

Nigetria, has been shated by the federal (or central), state and local



Governments. Roads in Nigeria therefore fall into three main
categories. First there are the Federal trunk roads which link the
major parts in the country, the main urban centres (including the
states capital), the major centres of Economic activity and the major
border crossings to neighbouring countries, next, are the roads which
feed the federal trunk roads and the farm to market roads for which
the various state government are responsible.
The thitd category consists of rural roads and city streets (with the
exceptiort of aerial routes), which are the responsibility of the local
government. (Osemenam 1994),
1.3.2ROAD PLANNING, DESIGN AND CONSTRUCTION
- Pre-independence period.
- Before the advent of the motor car, all that was required for the
limited communication between communities was the foot path. Along
it went the traders in their journeys to and from the markets and it
also served the need of the traveler paying visits to relatives and
friends when the ubiquitous bicycle arrived on the scene, very little
improvement was necessary for the foot path to cater for the new
comer. As for pack-animals the foot path served just as well.
Nevertheless, records show that by 1914 that is just before the
first world war, there were about 3,200km of motorable roads in
Nigeria. These roads come in to being, as in other already populated

cotintries, usually as a result of an improvement to the foot path or



track. This was found to be cheap and readily available method, as
the improvement could be undertaken by unskilled village labour
working with local materials.

By 1926, the kilometrage of roads had increased to 4,750 and all
these were open to traffic throughout the year as long as the bridges
stood. There is no doubt that other roads did exist which were
perhaps motorable during the dry season. In 1934, the recorded
kilometrage of roads maintained by Governments stood at 6,040 and
this increased to 8,280 by 1938.

By 1939, that is just before the out break of the second world

war, the recorded kilometrage of roads maintain by Government stood
at 9,480. (Osemenam 1994).
The first bituminous su'rfacing done out side on that section of the
Lagos. Abeokuta road which lie within the then colohy province. By
1946, there had been a classification of the road system in to trunk A,
trunk B, and local government. The trunk road being maintained by
the central and regional Government. The kilometrage of trunk roads
‘A’ and ‘B’ at the time stood at 13,240. By 1953, the total kilometrage
of the road system had gone up to 46,000. Out of this only about
1,782 were surfaced with bitumen.

By 1960, the nations road network had incteased to a total
letigth of 65, 704 out of which 8,694 km were surfaced with bitumen.

This phenomenal growth in the length of roads surfaced with bitutien



occurred in the roads under the responsibility of the central

Government and those under the responsibility of the then western

region which was then enjoying self Government between 1957 and
1960.

From the on set, the standard of construction of the roads varied
. with its classification. Those for which Government was responsible
had to comply with a minimum standard laid down on the official
manual of Road construction and maintenance. The quality of the
others depended very much on how much effort the villagers were
willing to put into it. The drainage in almost all cases was stib-
standard and in many cases non — existent. The same applied to the
bridges and culverts which were mostly lightly built and constructed
out of matetials obtained near by. If the bridges were swept away in

the rains which was not uncommon, they could be re-built when the
water subsided.
The following design standard were in used at this time.

TABLE 1.0 Design Standard Table

(S/No [Design [ Design Standard
Information
1 Design speed 30 - 40 miles per hotr.
(50 — 65 kilometre/hout.
2 Carriage way | Mostly 12 feet (3.7 mette)
width occasionally 22 feet (6.7
metres) |




Shoulders | 5ft (1.5 metres)

10% CBR (California
Bearing Ratio). At 100%
B.S.(British ~ Standard).
Compaction (soaked).

Sub - grade

Sub - base 30% CBR (Soaked at
100% W.A.S.C.(West
African Standards

Compaction.)

Basc ' |1 80% CBR (unsoaked) at
100% W.A.S.

compaction.

(Osemenam 1994)

Post — independent period (1960 to date). There is little doubt as to the
. fact that between 1960 anc‘l 1977, the nations road network recorded
an impfessive growth.

By 1972, Nigeria ﬁad a Network of about 96,000 Kilometres out
of which 77,266km were unpaved and 18,109 were paved. And as at
1992, the total kilometrage of the road network is as shown in Table
below.
 Table 1.1 Table showing the total kilometrage of the road network in

Nigeria as at 1992,

Type of Road Paved Km Unpaved Km Total Km

Federal 23,000 5,600 28,600




i DT TN, T — .
State 10,430 20,070 130,500

Tocal Govt | 870 84,130 85,000

Total 34.300 109,800 | 144,100

1.4 IRREGURALARITIES OF TRANSPORT ROADS.

The driver and the passenger of a vehicle are affected by the
vibrations which are excited by the irregularities of the road and this
causes damage to the produce. (Singh and Singh 1992, Jones et al,
1991, Ogut et al 1999). These vibrations transferred through the
wheels and through the chassis to the seats. It is thus believed that
one of the most important elements in high way design is consistency,
that is making every element of the pavement design to conform to the
vehicle expectation and by avoiding abrupt and premature changes in
the pavement (Ogaga 2000). It has also been asserted that the life of
the vehicle component could be reduced to about 80%. If the vehicles
traverse high ways with 4 to 5 potholes per square metre of the
carriage way width at a minimum speed of 60 km/hr are capable of
reducing the life of vehicle components by about 80% (Ogaga 2000).
This is attributed to the severe terrain loads encountered, and which
is caused by the highway irregularities inform of potholes and bumps
resulting from localized pavement failures due to the poor design and

maintenance which has characterized Nigetian roads.



It is noted that a vehicle loaded with fruit or vegetable traveling
along smooth road at constant speed may be considered to be in a
vertical static equilibrium. The forces between the various system
clements are constant and there is no transformation of energy.
However, when the vehicle encounters discontinuity in the road
surface, a bump for example, some of the kinetic energy of the vehicle
is dissipated in deforming the road, the tyres suspension (Jones et al,
1991). Damage to the produce is the direct result of the description of
the energy in the produce. Road irregularities are therefore crucial in
the investigation of the effects of roads-vehicle - packaging
interactions in fresh product transportation.

Failure on the road could be structutral or functional (Abdullahi
2000). Structural fai]ure‘ includes the collapse of pavement structure
or break down of one or more of the pavement. Components in such a
magnitude that renders the pavements incapable of sustaining the
loads running on them.

The causes include the following:
(i) Faulty materials of construction.

(i) Faulty construction and improper quality control durihg
construction.
(iii) In adequate surface and sub-surface drainage of the road

structure and the vicinity.

(iv) Increase in value of wheel load.



(v) Increase in traffic volume.

(vi) Settlement of foundation of embankment of fill material.
(viij Environmental factors like rainfall, soil erosion, high water
Table, frost action. (Gurcha Ran Singh- 1991)

Roads and fresh tomato handling. Transportation is the act of
| carrying people and goods from one place to another. Transportation
generally involves two basic elements, the route and the device (Adeoti
1998 and Ogaga, 200). The route refers to the course or way stich as
road, watet way, railway, tracks or air. ‘

Damage during transport is a major distribution of farm produce
(fresh fruit and vegetables) O. Brien et all (1963) as reported in (Jopies
et al (1991) shows in loads of cling peaches on a road journey of
260km up to 40% of the fruits was damaged. It is important to assess
the source from which the excitation that usually lead to the damage.

Hence the need to assess the irregularities of the Nigerian roads on

which the fresh produce are transported.

1.5 OBJECTIVES

1 To quantify the irregularities (potholes bumps) on the various
road type in Nigeria.

2. To compute velocity and acceleration inputs from these
irregularities on to the vehicle suspension system tising khown

vehicles parameters.



3 To tecommend based on 1 and 2 specific conditions that will

gives optimum vibrations and hence reduce mechanical damage

in fresh produce.

1.5.1 JUSTIFICATION:

-Fruits and vegetable contain high moisture content ranging from 75 to
900/0 (singn and singh 1992). Fresh commodities such as tomatoes
are therefore susceptible to spoilage during transportation especially
over lohg distances. Tomatoes are largely produced under irrigation in
Northern part of Nigeria and had to be transported after harvest to
urban areas and markets for sells. The vibration caused to the
cominodity due to truck transport on Nigeria roads constitute serious
 quality deterioration losses due to transportation is extremely high.
There is need to find possible solution to minimize produce losses
between grower and consumer. One way of achieving this is to identity
sources from which the factors responsible for the damage come from

and try to find a way of avoiding conditions that will generate such

factors, hence the essence of the present assessment.

I



CHAPTER TWO

2.0 LITRARATURE REVIEW

2.1 FRESH TOMATOES AND TRANSPORTATION

Tomatoes are transported over long distances resulting in significant
spoilage due to vibrations. Based data in respect of magnitude of
vibration are not available (singh and singh, 1992).

Transportation of fresh produce such as tomatoes are mostly carried
out using the road as the route in Nigeria (Idah et al 1996) It is thus
desitable to review the road transport system and the problems
inherent in them as far as handling of fresh produce is concerned with
the view to reduce the attendant quality det.crioratién in the fresh
produce.

Transportation of fruits and vegetables must be carried as
quickly as possible to get them to their destinations before they spoil.
Tomatoes and other fruits are sensitive to the quality of roads and the
mode of transport facilitics (Robema and Husserin 1996). It is noted
that a vehicle loaded with fruit or vegetables traveling along a smooth
road at constant speed may be considered to be ih a vertical static
Equilibrium. The forces between the various system elements are
cotistant and there in no transformation of energy.

However, when the vehicle encounters discontinitity it the road
surface bump for example, some of the kinetic energy of the vehicle is

dissipated in deforming the road, the types, suspension, chassis,

12



package, cushioning and the produce. (Jones et al 1991) Damage to

produce is the direct result of the dissipation of the energy in the
produce. Road irregularities are therefore crucial in the investigation
of the effects of road-vehicle-packaging inter-actions in fresh produce
transportation.

2.1.1 Properties of ground surfaces. As noted earlier, vibrations in
the vehicle and the subsequent damages that result in the produce
are caused by road irregularities. In order to evaluate the vibrations
properties of an existing vehicle or to analyse the same for a vehicle
still in the design stage, two complex factors have to be evaluated by
the critical means, the properties of the ground surface and the
vibration characters of the vehicle.

Any access roads for vehicles require smooth surface free of potholes
and which is passable in wet weather or immediately after rain storm
conditions. The particular type of surface used is designed to meet the
normal anticipated loading from vehicles (Habib 2001). Underneath
any road are the compacted solid which is to distribute the vehicle
loads. If the soil is saturated with excess water, their beating capacity
will be drastically reduced and could even eventually lead to failute of
road surface. Geometric design data for the roads should therefore be
consistent with the traffic design speed and access control compaction
and drainage are two most important factors in the construction of

toads. The information on the properties of ground surface is

13



important because it has been shown that a constant smooth highway
surface is important for the safe and long life operation of vehicles and
their suspensions (Ogaga 2000). Such smooth rides will also minimize
the incidences of mechanical damages in the fresh produce duting
transportation and hence reduce the incidence of post harvest losses

in these produce.

2.1.2 ASSESMENT OF ROAD PROFILES

Several methods are known for the establishment of the terrain
profile. It is revealed that most of these methods usually yield a
contihuous signal to the instantaneous height of the terrain profile.
(Wendehborn 1966). Spectral density of the profile is then obtained by
means of a frequency n.nnl___vzcr. The properties of the surface are
usually represented by the spectral density of the ground profile. The
mean square of the profile height is plotted as functions of the
frequency of the road profile thus establishing the analysis of the
ground profile(Ogaga 2000). These methods require complex
measuring apparatus such as frequency analyzers.

Another method of measuring the road profile is the use of tape
to measure the length and point heights of a path profile. The tape is
laid over the ground and marked at equal distances and the relative
profile height is measured at the marks. A surveyor’s staff scaled in

2min units is used. The staff which is equipped with a sphetical base

14



is placed next to the tape mark. The distance between the points on
the ground and the optical axis of the telescope (cross hairs) which is
set horizontally will be observed on the staff and recorded. The
procedure is repeated for each mark so that the ground profiles along
the line can be reproduced fairly well from the data sheet (Ogaga

2000).

High way profiles arc noted to fit into the general category of
broad — band random signals and hence can be fully analysed by the
profile itself or the statistical properties, the power spectral density
(PSD) (Ogaga, 2000). Thus like any other random signal, the elevation
profile measured over the length of the highway can be analysed by
Fourier transform process into series of waves of different wavelength.
The sine waves vary in their amplitude and sphere. The power spectral
density (P.S.D) or the profile elevation is a plot of these amplitudes
versus spatial frequency thus displaying the amplitude content as
functions of frequency. (Ogaga 2000).

For a typical vehicle traversing rough roads the spatial frequency is
examined as the wave humber with units of cycles/metre, and is the
reciprocal of the wavelength of the sine wave on which it is based.
This parameter can be derived from the vehicle wheel base and speed
of travel. It is therefore important to have an insight into such
assessment which can influence the choice of vehicle with the

optimutn suspension system that will fit into such irregulatities on the

15



road. This will help in minimizing the vibrations resulting from such

encounters and hence leads to subsequent reduction in produce

damage.

2.1.3 MEASUREMENT OF VIBRATION DURING TRANSPORT.

To transport tomatoes to distant places, gcnerally grecnish
tomatoes are packed in either basket packs of 10 — 12kg or in wooden
Boxes of capacity 18 - 20kg after sorting out good tomatoes from the
lot as picked from the fields. In a study to measure the vibrations, on
actual road conditions a vibration pick up instrumentation system
was designed and developed for the purpose. The instrument was
used to measure vibration between boxes and the ‘vt,ruck bed and
within tomatoes. Box to box vibration measurement were made by
fixing the instrument to the base of the box and then the box packed
with tomatoes. A single layer of news print paper was placed in boxes
before filling in tomatoes. The second unit of the instrument was
placed within the tomatoes in separate boxes to measure the vibration
among tomatoes packed in the boxes.

Boxes thus packed with fresh tomatoes were placed on truck
and transported to a distance of about 200km on National High way
1A. The second set of vibration data was obtained while transporting
tomatoes to a similar distance on National High way 1. Ahother variety
of tomatoes harvested manually from farm were graded and packed in

the boxes with the same instrument installed in the same mannet as

16



in the first case. The data on vibration were then recorded on the

cassettes and produced on the spectrum analyzer in processed form.
[Singh and singh 1992]. Analysis of the data was carried out on
spectrum analyzer and storage oscilloscope. Result obtained on the
screen of storage oscilloscope was noted visually as well as
photogtaphically. Photographs were taken with the help of
sophisticated camera, attached to the screen of the storage
oscilloscope. One decision on horizontal scale represents 50Hz and
one vertical division represents 1MV of amplitudes. The result showed
that the road conditions determine the magnitude of vibrations
acceleration ‘g’ to the fruits. These accelerations generated at the road
surface are transmitted to the fruit through truck chassis and
suspension system. The values of ‘g’ at various frequencies have been
plotted for both routes. As evident from these figures getierally the
boxes experienced higher ‘g’ than the tomatoes. As a result of the
tomatoes within the container rececived lesser shock than the
container itself.

(Singh and Singh 1992)

The effect of vibration on the quality of tomatoes was seet from the
firtnhess values obtained on the Instron universal testing machine
(Singh and Singh 1992) It was found that firmness of tomatoes
decreased as the storage period increased. The result are in closed

agreement with the findings of ‘O’ Brien et al (1963).According to ‘O’

17



Brien the damage to pear-shaped tomatoes; is sight as in the case of
Punjab Chhuhara and standard round variety only in Punjab kasseri.
it is noted that Punjab kasseri suffer considerable damage during
simulated transit treatment and storage. (Singh and sigh 1992).

2.1.4 Vibration characteristics of vehicles. The potholes in highway
are the deviation in elevation seen by vehicle as its moves along it. The
potholes therefore acts as vertical displacement input to the wheels
thus exciting ride vibrations (Ogaga 2000). The characteristics values
and the properties of the vehicle are taken in to account by the
amplification factors. That factor gives the radio of the amplitude
meastred on the vehicle and the exciting amplitude frequency. This
can be established by subjecting the vehicle to vibrations at various
definite frequencies usiﬁg a vibrator table for the experiment. A review
of the vibration taking place is necessary because damage to the fresh
produce is a direct result of the dissipation of the energy in the

produce which is also influenced by the energy dissipative
characteristic of the constituents elements of the vehicle-load system
and the way the elements are linked determined the overall response
and the amount of damage to the produce. (Jones et al 1991, singh
and singh 1992)

2.1.5 Vehicle-Road inter action.

The produce in the vehicle are affected by the vibrations which are

excited by the irregularities of the road. The irregulatities of the toad

18



catise various kinds of vibrations (Jones et al 1991, Ogut et al 1999).
Damage during transport is a major cause of quality deterioration
during the distribution of the fresh fruits and vegetables. The basic
mechanisms involved seem to be impact of vibration experienced by
individual items of the produce as the vehicle traverse abrust changes
in road profile. The damage it is noted takes place when the road
conditions are bad and the suspension system of the trucks are either
too soft or too hard. For multi layered energy absorbing load such as
horticultural produce, the road- vehicle load inter action determine
the energy dissipated within the load and hence the mechanical
damage to the produce (Jones, et al 1991).

It is noted that such damages to the fruits and vegetable during
transportation are grcatést on the top layer of the fruit and that under
severe transport condition may extend down to other layers. (Ogut et
al 1999). Evaluation of the vibrational properties of the vehicle
requires evaluating two complex factors, the ground surface and the
vibration chatacteristics of the vehicle. A review of these interactions
and the attendant problems as far as the fresh produce transportation
is concerned is very necessary especially in the country like Nigeria
where the roads conditions are in deplorable states. It is stated that
the damage resulting from this situation can be reduced by avoiding

tesohance vibration. This condition can be avoided by getting the
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natural frequency of the excitation force while in transit [Ogut et

wwal, 1999] .

2.1.6 Types and volumes of transport vehicles is the most
important components in the marketing system of fresh produces that
requires great attention is the physical distribution system.
Transportation problems stand in the way of efficiently distributing
these products, thus forcing the production of bulky perishable goods
to be located near the market or in consuming areas because of high
transportation cost (Boligor and Lidasan, 1996) several type of
vehicles are involved in the transportation of fresh produce. In the
rural areas bicycle and motorcycles are the predominant types being
used to transport farm produce (Adeoti; 1998). The inter state
movement however, inw.)lvcs the use of 4 wheel vehicles of various
kinds. These include Mercedes, 911 lorry, fuel tankers, canter, pick-
up and articulated vehicles (Idah et al, 1996). The transportation cost
of goods depends on the nature of the commodity to be hauled. In the
case of perishables such as fruits, vegetables and other products,
there must be moved quickly to get them to their destinations before
they spoil. The distance, time and the mode of conveyahce thus
becomes the important factors.

Delay due to non availability of transport vehicles when needed is one
of the contributing factors to produce deterioration in the Nigerian

fresh produce distribution. It is because of this that the transporters
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make use of any kind of vehicle even including fuel tankers to haul
their produce. It is thus necessary to have a well co-ordinated system
that will help the people to involve in this business to have better
return for their produce because effective deliverance of the fresh
produce will command better prices and this will go a long way in
encouraging more production and hence improve in economy of the
country.

2.1.7 Vehicle suspension system. The suspension is in an
assemblage of devices that provide connection between the load
carrying system and axles or wheels of the auto mobile, decrease
dynamic loads on the load carrying system and wheels and damp
their vibrations. In other words the primary function of the
suspension system is to isolate the structure, so far as practicable
from shock loading and vibration due to irregularities of the road
surface [Newton et al 1996].The suspension system is made up of
elastic elements containing lateral stabilizer, guide and damper [shock
absorber] of which combined to execute the above function [Stockel et
al, 1996, Hillier and Pituck, 1990, Ogaga 2000]. In a study to
investigate the effect of suspension and road profile on bruising in
multi layered apple packs, Holt and schoorl, 1985) model the vehicle
suspenision system response.

2.2 Road construction and maintenance. Nigeria has sothe

32,000km of roads as far back as in the 1970’s and motre than fouir
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fifth were paved. Thus there was enough money to build roads and
pave existing ones thus creating a well developed system.
(Encyclopaedia Britannica, 2002). However since then the situation
has greatly altered as most of these roads and those constructed after
are not properly maintained and most have become very dangerous to
“use. This terrible state of affairs is actively hampering many activities
especially those related to agriculture. For instance, agricultural
extension workers find it difficult to reach the rural farming families
so as to ddvice them on new farming technologies and improved
methods because of lack of all weather roads and this is militating

against agricultural development in the country. (Habib .2()01, Adeoti,

1998).

Similarly transporl:ilion of Harvested crops to the markets
becomes difficult and tedious with attendant produce losses in the
process (Ogut et al 1999).

But since most goods and services are transported by the use of

toads, it is necessary to sustain these roads to ensure the desired

smooth ride (Abdullahi, 2000).

The delay in transit resulting from the poorly maintained roads

constitute major factors in fresh produce deterioration during

handling.
It can be seen from this review therefore that the tole of the road

ih transporting fresh tomatoes and other fresh produce in Nigeria is
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very crucial. Since the vibrations and impacts which eventually lead to
the damage in the produce actually stems from excitation produced by
the irregularities of the roads. Reduction in the excitation through
smooth ride could as well provide the desired reduction in produce
damage thus enhancing produce quality.
2.3 Road maintenance over the years

More often than not people are unaware of the basic fact that
building roads alone is not enough. They have to be maintained.
Roads like any other structures built by man deteriorate over time.
Cracking occurs in bituminous pavements which together with rain
water ingress, result in rapid formation of ruts and potholes
(Osemenam 1994) The bitumen in the wearing course gradually loses
its binding quality and pa'vcmcm. becomes brittle.

Thus roads have to be built to standard, commensurate with
climatic conditions and expected traffic and then they must be
adequately maintained to prevent deterioration. It is necessaty at this
poitit to make mention of the procedure for maintaining the various
classes of roads in Nigeria. The local councils or the local Government
maintained their roads with their staff. The state Government do the
same when the Federal ministry responsible for roads could tot carty
out the direct maintenance of federal roads. Consequently the states
do uhdertake the direct maintenance of federal roads within their

tetritories and the funds are provided by the federal Government. The
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state government are paid Agency fee which is an agreed percentage of
the federal funds spent by the state or region for maintenance of

federal roads. (Osemenam 1994).
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CHAPTER THREE

3.0 THEORY, INSTRUMENTATION AND METHODOLOGY
3.1 THEORETICAL ANALYSIS

Potholes the greatest factor of pavement failure are viewed as
_ displacement input factor to the wheels which generates: (Ogaga
2000).

a)  Vertical “Velocity” and “acceleration” inputs to the wheels and
excite vehicle ride vibration, with resonance (g) and force
frequency ().

b)  Roll excitation input to the vehicle

) Factors leading to loss of wheel contact with the troad
surfaces.

Potholes, a factor in highway roughness can be absorbed by the
elevation profile of the wheel tracks along which the vehicle travels.
Highway profiles fit the general category of “broadband random

sighals and hence can be fully analysed by the profile itself or its

statistical properties; the power spectral density (PSD).

Like any random signal, the elevation profile measured over the
length of the highway can be decomposed by the Fourtiet transform
process ihto a series of waves of different wavelengths. The waves vary
in their amplitude and phase relationships. The PSD or profile

elevation is a plot ideally an instrument that coulld produce a
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continuous signal providing a recording proportion to  the
instantaneous height of the terrain profile is usually preferred. The
spectral density of the profile is then obtained by means of frequency
analyzer.

The power density for a continuous spectrum is given as

where

&)= power spectral density relative to road frequency.

X = length of curve,

x = limits of integration, y = relative profile height,

Q= profile frequcncy:

Here the value of the function, y(l) is related to the frequency
considered. All the values obtained for a given frequency summarized.
The square of the sum gives the power density of the infinite function
of the given frequency.

However because of lack of the desired equipment (frequency
and spectrum analyzer) and the vigours of using equation (1) the
cohtinuous profile is sometimes evaluated step by step as if it were
discontinuous and the finiteness of the length of the test course is
conisidered. | |

The running average of the profile is given by
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where

ym = running average, | = number of terms

for averaging, y = relative profile height.

X = length of course.

The profile hcight is established as the instantancous from

P(x) = p(x) = pm(x) === === m— — = 33

The function which is now distributed is squared by using the

correlation factor

‘ n=r

R,=——=Y ylx=phlx=p+r) ----mmmommmmmmeeee 3.4

n=r,,

where r = 0, 1,2,...{11
k, p, r-serial numbers in series, m= number of correlation
factors; Rr = auto correlation factor, n = number of profile points
measured. Y = corrected profile height.
The mean square deviation of the average obtained from equation

(3.4). for the value r = 0 as follows:

Where standard deviation or mean square deviation.
The series of these correlation factors represent the needed

periodic function for which the Fourier analysis can be carried otit.
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In this aspect of the study the clevation profiles of the route
(road) commonly used for the haulage of the fresh produce will be
assessed. A survey of the occurrence of these irregularities (pot holes,
bumps and the surface clevation) will be conducted on these roads.
The data obtained will be used to establish the effects of vibration

frequency distribution and duration the quality of the produce.

3.2 INSTRUMENTATION.

in order to successfully carry out this task, the following equipment
and materials will be needed:

Engineer’s level, leveling staff/rod, measuring, tape, spectral and

frequency analyzer (optical), personal computer with televant soft

wave.

Engineer’s level

This is an instrument used for direct measurement of vertical
distances. This is the most precise method of determining elevation. It
has a line of sight and spirit level tube. The level tube is so motnted

that its axis is parallel to the line of sight engineer’s level as shown in

the fig. 3.0
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Figure 3.0

it consists of the telescope A mounted upon the level bar B which is
rigidly fastened to the spindle C. Attached to the telescope or the level
band parallel to the telescope is the level tube D. The spindles fits into
a cone shaped bearing of the leveling head E, so that the level is free
to revolve about the spindle C as an axis. The leveling head is
attached to a tripod F. In the tube of the telescope ate cross hairs of
G, which appear on the image viewed through the telescope. The
bubble of the level is centered by means of the leveling screws H. Two
distinct types of engineer’s level are:

1 The dumpy level for which the telescope tube is permanently

fastened to the level bar and

2 Self - leveling or automatic levels.
Leveling rods (staff).
These are graduated wooden rods of rectangular cross section by
means of which difference in elevation is measured. The lower end of
thé rod is stood with metal to protect it from wear and is usually the

point of zero measurement from which the graduation are the teading
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of the tod as indicated by the horizontal cross hair of the level is
measure of the vertical distance between the point on which the rod is

held as the line of sight the type include single process.

3.3 METHODOLOGY.

‘ The road system is used in hauling the fresh tomatoes. The
essential factors contributing to the deterioration of the fresh produce
as far as the road system is concerned are the irregularities (i.e
failures resulting in potholes, bump and other surface profiles). The
excitation from these failures especially the pot holes result in ride
vibrations on the vehicle which subsequently result in produce
damage. Therefore the pot hole as a “displacement input” was
considered and the clevat.'ion profiles was measured.

Ideally, an instrument that could produce a continuous signal

providing recording proportions to the instantaneous height of the

terrain profile would have been preferred.

This requires instrument such as spectrum and frequency
analyzer which was not available. Therefore, an alternative method
that uses a step by step procedure was used. The elevation profile was
measured by performing a close interval rod and level surveys.

The experiment was conducted in the following sequence.

Assessment of potholes and bumps

- Measurement of surface profiles
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- Determination of wave length.

3.4 ASSESSMENT OF POT HOLES AND BUMPS.
This involve counting and taking necessary measurements of the

dimensions of the pot holes and bumps.

Procedure:

. Since there are different types of road surfaces (tarred, untarred,
conicrete and gravel/graded), a representative of these road trunks
were selected. Thus the exercise was carried out on the following.
Inter-state (for long distance movement), intra-state (for short
distance) and rural or farm roads (for short duration). On each of
these troads distances (2.km cach) in three replicates was marked.

Within these distances, the number of potholes, their width and their

depth were measured. The selected roads are:
- Tegina-Kagara Road (Inter State — road)
- Minna-Bida Road (Intra State Road)
- Tungar Yashi-Jukuchi (Rural Road)

Along the selected roads there were no identified bumps only the

potholes were counted and measured.
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3.4.1 MEASUREMENT OF SURFACE PROFILES:

Using the roads sclected earlier, the deviation profile of the
distances selected were measured as follows.

A measuring tape was laid over the ground. A selected length of
100m was used as chainages marked out at equal intervals along the
meastred distances. The relative profile height was meastured along
the marked distances.

A surveyor’s leveling staff graduated was used with its base
placed on the track next to the tape mark. The distance between the
points on the ground and the optical axis of the telescope (cross hair
in the theodolite) which was set horizontally was observed on the staff
and recorded. The procedure was repeated for each mark so that the
ground profile along the li.nc could be reproduced fairly well from the
data sheet. The process was repeated along the 3 distances of 2 Km

set out on each road type (a total of 6Km was covered on each road).

3.4.2 Determination of the wave length and wave number (of
frequency) for a typical vehicle of known dimension (Peugeot
pickup van and Mercedes 911 Lorry)

On both vehicles the distances from the front wheel to the centre
of gravity (CG) of the vehicle were measured and represented by letter

‘@’ and that from the rear wheel to the centre of gravity (CG) élso

detioted by ‘b’ are all known.
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The wavelength was then computed from

T ) U S 3.10 for pitch motion, n = 1,3,5,
n
while WI, = . L) S-S 3.11 for bounce motion, n =
n
0,1.2,3.

a, b as stated above are the distances from front wheel and rear wheel
respectively to the centre of gravity of the vehicle.

The wave number (W) is given by the relationship

Similarly, knowing profile elevation along with the total number
of potholes, number of potholes per square metre Iof the road, the
average ripple amplitude for the road and travel time, then the
following pothole input loadings to the vehicle wheels can be
computed, from the following relationship:

1. A speed was assumed such that the elevation profile of the road
with potholes could be transformed into displacement as a
function of time.

2. The value of the elevation profile was then transformed to

(a) Velocity by the first differentiation

(b) Acceleration by the second differentiation. (Ogaga 2000)

Ep = A sin(2 7 Wx)

Ep = Elevation profile
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A = Sine wave aptitude (ripple)

W = spatial frequency

X = distance along the road.

r =3.142

Two vehicles (Meriedes 911 lorry and pick up van) with the

following parameters were selected.

Mercedes 911 Lorry:

a = diétance from front wheel to the centre of gravity of the lorty =
2.6m

b = distance from the rear wheel to the centre of gravity of the lorty
= 2.4m.

Petigeot pickup van:

a = distance from front wheel to the centre = 1.6m,

b = distance from rear wheel to the centre = 1.24m.

911-lorry has a total of 5m wheel base,

Peugeot pickup has 2.84m wheel base

Distance covered during the survey = 6000m

Total no. of potholes for inter State - troad within the 6000m

covered = 102
Using the Data obtained from the ficld

Average ripple/amplitude = 0.08m for inter state road
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Carriage way width = 7.5m

26424
Wave length WL = b s

n n
For pitch motion, n =1, 3,5

2(2.6+2.4)
3

WL =

= @ =3.33m
3
-
W[I

W = ——1—— =0.3003m
3.33

w

Wv = 2mvv[ A cos(2mvt ]

Wa = —(2mrv)’| Asin 2meve |
)
r

-
.

.

~

i
\4

Using the data obtain from the field,

the following input loadings to the vehicle wheels were computed.
(1) Wheel velocity input (Wv)
(2) Wheel Acceleration input(Wa)
(3) Wheel peak dynamic loading (Wg)

(4) Wheel effective frequency (WH)

(1)  For velocity input
Wv = 2mv[Asin(2awvi]m / 82
(2) For Acceleration input.

Wa = (22wv)’[Acos2awvt]m /2

36




(3) For peak dynamic input
Wf = W(a)/9.81N

(4)  For effective frequency in Hz

W = ':—] or [(v) (w)]Hz

Where

W = wave number (cycles/metre)

WL = wave length (m)

V = vehicle velocity m/s

t = Travel time

Detail of calculation can be found in the Appendices.
3.4.3 Techniques of Analysis

The data collected on the potholes and the computed loadings to

the vehicle were subjected to statistical analysis. The statistics used
was the completely randomized detail was used to analyse the data.
ANOVA of the data was carried out to hereby whether, there are any

significant differences between the mean values of the data from the

different roads.
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4.1 Pothole.

three roads.

CHAPTER FOUR

AD TYPE “A” INTER-STATE ROAD

PSR

ROAD TYPE “B™ INTRA STATE

4.0 RESULTS AND DISCUSSION

of the different roads are presented in Table 4.1.

The results of the pothole parameters obtained from the survey

TABLE 4.1 Measured parameters of the potholes along the selected

ROAD TYPE “C” RURAL ROAD OR
FARM ROAD. RAFIN YASHI TO

TEGINA KAGARA MINNA BIDA ROAD Suktct
RIPPLES | DIAMETER/ —— DIAMETER/ \- kibbLES DIAMETER/
(depth) WIDTH(m) ’ WIDTH WIDTH
0.04 0.9 0.018 1.42 Repl 0.54 1.54
L 2km
Repl distasice |- 039 1.2
, 2k
0.025 0.85 distal:ce 0.02 0.98 Tgtsaé= Tgt;l;
Average= Ave;ﬂge=
0.44 1.39
0.64 1.1 0.022 0.96 ';‘fg: 0.34 1.4
distanhce |
0.441 0.64 0.024 1.15 0.24 0.75
BN 02 1.24
0.042 0.76 0.03 1.32 Total= Total=
0.78 3.39
Average= | Average=
0.26 1.13
0.63 0.8 0.026 1.42
Repd | 0.54 - 092 - -
2km
distnace
0.026 0.56 0.034 0.76 0.4 0.56
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0.5 0.96 0.4 0.87
’ ,, Average Average
0.076 1.2 0.02 - 0.58
=0.47m =0.74m
0.096 0.84 0.028 0.74
0.24 0.9 0.038 0.64
0.042 0.7 0.018 0.66
0.038 0.6 0.06 0.98
0.029 0.8 o 0.4 0.85
0.018 1.3 0.07 0.78
0.016 1.23 | 0.023 1.2
0.44 1.45 0.014 1.32
0.088 1.00 0.078 1.0
0.008 1.45 | 0024 0.52
0.029 0.87 0.032 1.14
0.090 0.78 0.021 1.21
0.081 0.64 0.019 0.82
0.022 0.54 0.68 0.72
0.026 1.21 0.08 0.88
0.027 1.68 0.062 0.92
0.020 1.18 0.087 0.72
0.040 1.20 0.003 1.1
0.041 1.31 . 0017 | 1.32
0.042 0.80 - 0.48 1.24
0.038 0.72 0.012 0.98
0.041 1.45 0.022 0.78
0.045 1.3 0.432 0.76
0.03 092 | - 0.028 0.92
0.028 3.1 0.024 0.83
0.032 1.32 0.082 0.85
0.036 1.22 0.028 0.94
0.033 0.85 0.024 0.98
0.03 0.88 0.02 1.2
0.04 0.67 0.018 1.18
0.04 0.79 0.0167 1.56
0.038 0.98 0.024 0.94
0.039 0.85 0.028 0.84
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0.039 1.23
Total=4.452 | Total=
_ 47.48 0.035 1.46
fivetages= Average=
0.104 ione
0.02 1.2 0.04 1.34
0.028 0.98 0.041 1.23
0.04 1.13 - 0.0182 1.52
0.034 0.68 . 0.017 1.28
0.026 0.45 ) - | 0.019 0.7
0.03 0.76 - 0.022 1.12
0.018 0.78 0.038 1.0
0.0176 0.9 034 | 08
0.041 0.86 | 0028 0.67
0.097 0.72
0.028 0.8 Total= Total=
4.3719 52.82
Average= Average=
0.0825 0.9966
0.032 0.87 0.078 1.3
Rep?2
2km |
0.016 0.96 distance | 0-026 1.4
0.019 0.88 0.03 1.4
0.015 1.14 0.02 1.1
0.021 1.16 B 0.02 0.9
0.023 1.23 0.022 0.76
0.027 1.18 0.028 1.5
0.035 1.24 0.019 0.5
0.038 1.11 0.02 0.65
0.17 0.7 0.02 0.76
0.022 0.66 0.098 0.84
0.020 0.69 0.077 0.95
0.028 0.77 0.016 0.64
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0.023 0.52 0.14 0.68
0.024 051 R 0.02 1.2 -
0.027 0.62 - 0.022 1.32
0.017 0.89 0.024 1.1
0.02 0.8 0.014 1.32
0.024 1.14 0.012 1.46
0.019 1.19 0.017 1.28
0.023 1.4 0.076 1.46
0.03 0.98
Total= Total= 0.09 0.55
0.9556 20.18
Average= Average=
0.030 . aeie -
0.024 1.62 0.028 0.54
0.03 1.32 1 0.017 0.68
0.04 0.96 0.024 0.7
0.038 0.83 0.022 0.8
0.037 1.17 0.028 0.86
0.030 0.78
0.022 1.47 Total= Total=
1.038 27.43
Average= Average=
0.0371 0.9796
0.028 0.68 B 0.014 0.34
ep3
2km
0.018 0.72 distance | 9012 0.56
0.023 0.89 0.2 1.4
0.026 1.2 | 0.092 1.3
0.021 1.34 0.038 1.46
0.54 1.42 0.029 0.8
0.4 1.12 0.05 0.76
0.042 0.9 0.043 0.89
0.041 0.82 0.024 05
0.62 0.95 0.03 0.92
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0.098

0.087

0.078
0.048

0.039

e

Total=
3.185
Average
=0.1180
=~ 0.12

0.73

m—

0.87
1.32
1.4

1.38

006

Total=
28.05
Average
=1.039m

——_————_—_—__.

0.04 0.77
0.012 0.4
0.038 0.96
0.017 1.4
0.082 0.42
0.021 08
0.018 048

0.4 0.44
0.022 0.92
0.021 1.3
0.012 1.45
0.074 i,? 1.0

1
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| o002 1.35
. 0024 | 03 |
0027 | 0.36
0.031 0.8
0.038 0.94
0.024 1.12
| 0029 | 0.6
0.038 0.67
0.041 0.48 )
| Total- | Tolai
Average = | Average =
0.04279 0.85500 ‘
~0.043m 0.856m i

The results showed that along the inter-state road, within a distance

of 6km, we have 102 number of potholes with an average ripple of

0.08m and average width of 0.969m.

On the intra-state road however, within the same distance th

average number of potholes is 128 with average ripple of 0.5298m And

width of 0.926.
Along the rural road the average number of pothole per 6km is 7

aumber while the average ripple is 0.37m and the average width is

1.09m.

The elevation profiles within the selected distances are presented

b
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in figures 4.1 to 4.3. The width of the roads were 9m, 7.5m and 5m for

he inter, intra and rural roads respectively.
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4.2 Velocity and Acceleration inputs.
The results of the computed velocities, acceleration inputs and
dynamic loading in to vehicle wheels resulting from the potholes on

the various roads are presented in Tables 4.2 to 4.7.

TABLE 4.2
COMPUTED WHEEL VELOCITY, ACCELERATION, PEAK DYNAMIC

LOADING AND FREQUENCY OF POTHOLE INPUT TO 911

MERCEDES LORRY OF 5 METRE WHEEIL BASE TRAVELLING AT 20,

40, 60, 80 AND 100 KM/H ON TEGINA KAGARA ROAD.

S/No V/S/speed | V T WL | w* W(v) W@ Wi(g) | W(f) Ep
km/h (Sec.) | (Sec.) | (m) (m) m/s? | m/s? N Hz | m?/cm
1 20 5.599 1081 3.3310.3003 0.2 8.270 |0.843 | 1.67 | 0.754
2 40 11.11]| 545 [3.330.3003 | 0.336 33 3.36 | 3.3 | 0.78
3 60 16.67 | 361 |3.33/0.3003| 0.33 77 7.849 (4908 | 0.79
4 80 22.2 | 270 [3.330.3003 | 0.587 | 138.2 | 14.08 | 6.67 | 0.787
5 100 27.78 222 3.3310.300310.7134 | 204.47 | 20.8 | 8.1 | 0.787
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TABLE 4.3

COMPUTED WHEEL VELOCITY, ACCELERATION, PEAK DYNAMIC

LOADING AND FREQUENCY

OF  POT

HOLE

INPUT

TO

911MERCEDES LORRY OF 5 METRE WHEEL BASE TRAVELLING AT

20, 40, 60, 80, 100 Km /11 ON MINNA BIDA ROAD

V/S/speed | Vv T |[WLlw**[ W) | W(a) wH | Ep
S/No W(g) N
km/h (Sec.) | (Sec.) [ (m) | (m) | m/s? | m/s? Hz | m?/cm
1 20 555 | 1081 | 5 [ oo | 0.206 | 2.43 {0.2477 | 1.11| 0.403
2 40 11.11| 545 | 5 | 02 |0.6896|7.865| 0.8 [2.22]| 0.43
3 | 60 | 166|361 | 5 |po]| 0495 |19.15] 1.95 [3.32] 0.44
4 80 | 222|270 | 5 |go| 0.589 |33.73| 3.438 |4.44 | 0.433
5 100 27.78 | 222 | 5 | 9o | 0.847 [49.89| 508 | 5.4 | 0.433
TABLE 4.4
COMPUTED WHEEL VELOCITY, ACCELERATION, PEAK DYNAMIC
LOADING AND FREQUENCY OF POTHOLE INPUT TO ALL
MERCEDES LORRY OF 5 METERS WHEEL BASE TRAVELLING AT
20, 40, 60, 80, AND 100Km/H ON RAFIN YASHI JUKUCHI ROAD.
\% I | WL | W* | W(v) W(a) w(f) Ep
S/No i‘r’rfjeg Sec) | (Sec)| m) | (m) | m/s2 | mys2 | WEIN| Hr | m2jem
1 20 5.55 | 1081 | 1671059 5.9 99.27 | 10.11 | 3.23 | 0.234
2 40 11 | 545 | 167|059 13.77| 251.68 | 25.65 | 6.586 | 0.15
3 60 16.6 | 361 |167]0.50| 21.9 | 389.40 | 39.69 | 9.940 |0.1028
4 80 | 222|270 |167|059| 28.4 | 890.23 |90.747 | 13.29 |0.1313
5 100 [27.78] 222 | 167]059]| 34.6 | 1316.572 [ 134.70 | 16.167 | 0.1313
45
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TABLE 4.5

COMPUTED WHEEL VELOCITY, ACCELEATION, PEAK DYNAMIC

LOADING AND FREQUENCY OF POTHOLE INPUT TO PEUGEOT

PICKUP TRAVELLING ALONG TEGINA ROAD

S V/S/speed | V T [ wL [w | W) | W(a) w(g) wih [ Ep

km/h (Sec.) | (Sec.) | (m) | (m) | m/s? | m/s? N Hz |m?/cm
1 20 555 | 1081 |2.84[0.35[0.974|11.89|1.211|1.95| 0.799
2 40 11 | 545 |2.84|0.35|1.884| 5.35 |0.544 |3.87| 0.18
3 60 16.6 | 361 |2.84|0.35| 2.78 |32.75| 3.33 | 5.8 | 0.245
4 80 222 | 270 |2.84(035| 3.77 |49.73|5.069 | 7.8 | 0.208
5 100 27 | 222 |2.84]035| 459 |73.57| 7.49 | 9.5 | 0.208
TABLE 4.6

COMPUTE WHEEL VELOCITY, ACCELEATION, PEAK DYNAMIC
LOADING AND FREQUENCY OF POTHOLE INPUT TO PEUGEOT

PICKUP VAN ALONG MINNA BIDA ROAD

Bine V/S/speed| Vv | T | WL [wW*] W) | Wa [ Wg |[WDH]| Ep
km/h (Sec.) | (Sec.)| (m) | (m) | m/s? | m/s? N Hz | m2?2/ctm
1 20 5.55 | 1081 | 2.840.35|0.608 | 7.449 | 0.75 | 1.95| 0.36
v 40 11 545 | 2.8410.35] 1.18 6.65 |0.677|3.87| 0.114
3 60 16,6 | 361 [2.84|0.35| 1.74 | 20.47 |2.086 | 5.8 [0.1535
4 80 222 | 270 |2.84(0.35| 2.36 [31.086|3.168| 7.8 |0.1304
5 100 27.78 | 222 |2.84(0.35| 2.87 | 45.98 |[4.687 | 9.5 |0.1304
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TABLE 4.7

COMPUTED WHEEL VELOCITY, ACCELEATION, PEAK DYNAMIC

LOADING AND FREQUENCY OF POTHOLE INPUT TO PEUGEOT

PICKUP VAN TRAVELLING ALONG RAFIN YASHI JUCHUKU ROAD

(RURAL ROAD) AT 20, 40, 60, 80, AND 100 Km /H.

V/S/speed | V T | WL W[ W) w(a) [W |[win| Ep
km/h (Sec.) | (Sec.) | (m) | (m) m/s? m/s? N Hz | m?/cm
20 5.55 | 1081 | 2.84 |0.35| 4.45 397 |04 |[195] 03
40 i1 | 545 |2.84|0.35| 8717 | 49 |4.99|3.87| 0.263
60 16.6 | 361 |2.84[0.35| 12.856 |151.40|15.4| 5.8 | 0.238
80 | 222 270 |2.84(035|17.4419| 230 [23.4| 7.8 | 0.36
100 27 | 222 [2.84(035| 21.212 | 340 [34.7] 95 | 0.36

The results generally showed that as the velocity of the vehicles

increases the acceleration input in to the vehicle wheels and the

dyhamic loads increases. The increase is greater in the case of the

vehicle plying the rural roads. Tables 4.4 and 4.7.

The results of the analysis of variance ANOVA and Duncan

multiple range test for these data are prescribed in Table 4.8 — 4.13.
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Table 4.8 ANOVA for the depth (ripples) of the potholes assessed on

the three road types

Analysis of
Variance

Sum of Mean
Source D.F Squares Squares F Ratio F Prob.
Between Groups 2 0.659 0.3295 21.6582 0
Within Groups 235 3.575 0.0152
Total 237 4.234

Standard  Standard 95 Pct Conf Int for
Group Count Mean Deviation  Error Mean
Grp 1 102 0.0842 0.1469 0.0145 .0554 TO .1131
Grp 2 129 0.0579 0.1004 0.0088 0.0404 TO .0753
Grp 3 7 0.3714 0.1331 0.0503 0.2483 TO .4945
Total 238 0.0784 0.1337 0.0087 .0613 TO .0945

GROUP MINIMUM  MAXIMUM
Grp 1 0.0150 0.6400
Grp 2 0.0120 0.6800
Gtp 3 0.2000 0.5400
TOTAL 0.0120 0.6800

Table 4.9 Results of Duncan Multiples Ranges test to ascertain the differences between
means of potholes’ ripples obtained from the roads.

Multiple Range Tests: Duncan test with significance level 0.5
The difference between two means is significant if

MEAN (J) - MEAN (I) >= .0872 * RANGE * SQRT (1/N(I) + 1/N(J))
- with the following value(s) for RANGE:
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Step 2 3

RANGE 2.79 2.94
(*) Indicates significant difference which are shown in the lower triangle
G QGG
Fr ¥
pPpPDPp
21 3
Mean ROADS
0.0579 Grp 2
0.0842 Grp |
0.3714 Gip3 * &
Subset 1
Group arp 2 Grp 1
Mean 22.4700 63.4230
. Subset 2
' Group - Grp3
Mean 372.1610
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Table 4.10 Results of the ANOVA for the computed velocity input into

vehicles on different roads.

Analysis of Variance for Wy

Source DF S MS F P
Vehicle 1 16.32 16.32 0.49 0.492
Road 2 1610.42 805.21  24.02 0.000
Ertor 26 871.71 33.53

Total 29 2498.45

Table 4.11 Results of ANOVA for the computed acceleration inputs into vehicle on
different roads

Analysis of Variance for Wa .
Source DE SS MS F P
* Vehicle 1 202011 202011 3.76  0.063
Road ‘ 2 730935 365467 6.80 0.004
 Error < 26 1397025 53732
Total 29 2329971
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Table 4.12(a) Results of ANOVA for the computed velocities on the

different roads.

Sum of Mean
Source D.F. Squares Squares F Ratio F Prob.
Between Groups 2 1610.4209 805.2105 24.4818 0.0000
Within Groups 27 888.0330 32.8901
Total 29 2498.4539

Standard Standard 95 Pct Conf Int for
Group Count Mean Deviation  Error Mean
Grp 1 10 1.6164 1.5809 0.4999 .4855 TO 2.7474
Grp 2 10 1.1585 0.8821 0.279 .5274 TO 1.7895
Gtp 3 10 16.9247 9.7669 3.0886 9.9379 TO 23.911!
Total 30 6.5665 9.2819 1.6946 3.1006 TO 10.032¢
GROUP MINIMUM MAXIMUM
Grp 1 0.2000 4.5900
Gtp 2 0.2060 2.8700
Gtp 3 4.4500 34.6000
TOTAL 0.2000 34.6000
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Table 4.12(b) Results of the Duncan Multiple range test to ascertain the differences

between means of the computed velocities under roads.

Step
RANGE

Mean
1.1585
1.6164
16.9247

Subset 1
Grou
Mean

Subset 2
Gtotip
Mean

ROADS
Grp 2
Grp 1
Grp 3

Grp 2
1.1585

Grp 3
16.9247

Multiple Range Tests: Duncan test with significance level 0.05

The difference between two means is significant if

MEAN (J) - MEAN (I) >= 4.0553 * RANGE * SQRT (1/N(I) + 1/N(J))

with the following value(s) for RANGI:
2

2.90

3
3.05

(*) Indicates sighificant difference which are shown in the lower triangle

G G G
r r r
pp D |
21 3

*

Homogeneous subset (highest and lowest means are not significantly different)

Grp 1
1.6164

52



Table 4.13(a) Results of ANOVA for the computed accelerated on

different roads.

Source

Between Groups
Within Groups
Total

Group
Grp 1
Grp 2
Total

GROUP
"Grp 1
Grp 2

Grp 3
TOTAL

D.F.

27
29

Count
10
10
30

MINIMUM
5.3500

2.4300 -

3.9700
2.4300

Sum of

Squares
730933.6544
1599032.2520
2329965.906

Mean
63.4230
22.4700
152.6847

MAXIMUM
204.4700
49.8900
1316.5700
1316.5700

53

Mean

Squares

365466.8272
59223.4167

Standard

Deviation
64.0287
17.0347
283.4496

F F
Ratio Prob.
6.1710 0.0062

Standard 95 Pct Conf Int
Error for Mean
20.2476 17.6197 TO 109.226.
5.3868 10.2841 TO 34.655
51.7506 74.3798 TO 258.526



Table 4.13(b) Results of the Duncan Multiple Range test to ascertain

the differences between means of the computed acceleration under

- different roads.
Multiple Range Tests: Duncan test with significance level 0.05

The difference between two means is significant if
MEAN (J) - MEAN (1) >= 172.0805 * RANGE * SQRT (1/N(I) + 1/N(J))
With the following value(s) for RANGE:

Step 2 3
RANGE 2.90 3.05

(*) Indicates significant difference which are shown in the lower triangle

G G G
r r
ppp
21 3
‘Mean ROADS

22.4700 Grp 2

63.4230 Grp 1

372.1610 Grp 3 * %

Homogeneous subsets (highest and lowest means are not significantly different)

KEY
Road 1 stands for Road A
Road 2 stands for Road B.

Road 3 stands for Road C.
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4.3 DISCUSSION

One major problem in the physical distribution of fresh produce
is the mechanical damage resulting from impact and vibration. The
soutces of this vibration are the irregularities on the road. In this
study an assessment of the road irregularities (such as potholes and
pumps) were carried out to ascertain the extent of excitation resulting
from these roads. The result in Table 4.1 showed that an average of
102 and 128 of potholes can be found within a distance of about 6km
on a tarred road in Nigeria especially during the period of this study
which marks the beginning of the rainy scason.

The results of the computation using the average depth of these
potholes to determine the vertical displacement input to the vehicles
traversing these irregulai‘ities showed that as the average velocity of
the vehicle increases, the acceleration input into the vehicle wheels
and the dynamic load also increases. This increase is however more in
the case of rural road. It has been noted that it is this vertical
displacement resulting in bounce and pitch motion that usually cause
vibration. It is this vibration which is transmitted from the wheel to
the chassis and then to the produce package in the container (Ogut et,
1999, Sighn and Singh, 1991, Ogaga, 2000).

The data obtained were subjected to some statistical analysis
with the view to ascertain the effects of the different roads and the

vehicle types used.



Table 4.8 showed that the average ripples (depth) of the potholes
differed significantly between the tvll1rce types of road studied in this
work. The Duncan multiple range test (Table 4.9) initiates that there is
a significant difference (p<0.05) between the average potholes ripple
along the rural road and other two thus conforming the fact that the
acceleration inputs along the rural road are greater than those of the
other two, irrespective of the vehicle used.

A similar trend can be observed in the results of the velocity
input and acceleration inputs shown in Table 4.10 and 4.11. The
ANOVA showed that the velocity and acceleration inputs differed
significantly (p<0.05) between the three road types.

The velocity and acceleration inputs of the vchi;:les plying the
rural road are far greater than those plying the intra state and intra
state (Tables 4.12b and 4.13b).

The increase in velocity and acceleration inputs to the vehicles
which eventually result in the vibration that cause mechanical
damage to the fresh produce is of great importance in the selection of
appropriate vehicles.

The damage to the produce usually results from the absorbed
energy which is dependent on the impact force. Since force is
dependent on man and the acceleration. The information revealed

from this study can be used to select vehicles with suspension

systems that can cushion and reduce the impact loads into the wheels
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before it reaches the produce. 1t can also be used to select appropriate
speed at which this produce will be transported knowing the

conditions of the roads.

The frequencies obtained in the study which ranges from about
2 - 17Hz (Tables 4.2 — 4.7) also could be employed (if the fresh
. produce values of frequency is known) to vary them during
transportation, because it is noted that greater damage result when
the frequency of vibration of the vehicle coincides with that of the
produce resulting in resonance. It is when this resonance results that
the produce will accelerate extremely resulting in produce damage

(Ogut et al 1999 and O’brien et, 1965).
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS
5.1 CONCLUSION

An assessment of the road irregularities as sources of excitation
ihput to vehicle hauling fresh produce was cartied out. It can be seen
from the results obtained that irrespective of the type of vehicle used,
the acceleration input (which is a vertical displacement) in to the
vehicle and the dynamic load doubles as the velocity increases. Since
it is this acceleration which eventually is transmitted through the
suspension system of the vehicle to the produce and which causes
produce damage through impact; it can be concluded J_hat under such
roads as assessed here, the velocity of such vehicle can be
appropriétely selected such that the vertical displacement can be
minimized. The quantification of these excitation inputs as carried out
in this work can provide relevant information for developing models

that can predict such vertical displacement on vehicles under given

sets of conditions of roads.
5.2 RECOMMENDATIONS
The following recommendations are hereby made.
(1)  Further research work should be carried out on the

assessment of road irregularities selecting another different
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(3)

(4)

types of vehicles other than the ones sclected on  this

assessment.

Government should give more attention on the repairs and
rehabilitation of roads.

Automobiles Engineers should think of designing new
suspension system of vehicles to suit Nigerian roads.

New packaging system of tomatoes should be introduced
while hauling tomatoes from production area (farm) to the

markets to reduce damages due to vibration during transit,
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APPENDIX

For time t in seconds.

t= 60007 _ 1081sec for travel of 20km /hr
S0 355m /s

6000m
T 1im/s

= 545 secs for 40km /hr

1= 8000M _ 361 secs for travel of 60km /hr
16.6m/s

U, o 270 secs for travel of 80km /hr
22.2m/s
6000m " .
Tyl 222 secs for vehicle traveling at 100km/hr
3

(1

(2)

545)]

Wv = 27 Wv[Acos(2 7 Wvt)]
=2 x 3.142 x 0.3003 x 5.55[0.008 cos(2 x 3.142 x 0.3003 x 5.55
x 108km

10.47 [0.08 cos (2 x 3.142 x 0.3003 x 5.55 x 108 secs)]

I

10.47 [0.08 x 0.3343003794]

0.2m /sec?

Wv = 2 rwv|A cos (2 7 wvt)]

=2 x 3.142 x 0.3003 x 11{0.08 cos(2 x 3.142 x 0.3003 x 11 x
545 secs)]

= 2 x 3.142 x 0.3003 x 11[0.08 cos(2 x 3.142 x 0.3003 x 11 x



= 20.75[0.08(0.2027872954)]
= 20.75 x [0.01622298363]

=0.336

(3) Wv=2 rwv|A cos (27 wvt]
=9 x 3.142 x 0.3003 x 16.6]0.08 cos(2 x 3.142 x 0.3003 x 16.6 x 361)]

= 31.3(0.08 cos (11308.5)]
= 31.3(0.01064971)
=0.33m/s
(4) Wy =272 Wv|A cos(27 Wvi)]
=2 x3.142 x 0.3003 x 22.2 [0.08 cos (2 x 3.142 x 0.3003 x 22.2 x 27)]
= 41.89 [0.08 cos (11311.2)]
= 0.587.
(5) Wv=27xWv[A cos (27 Wvt)]
=2 x 3.142 x 0.3003 x 27 [0.08 cos (2 x 3.142 x 0.3003 x 27 x 222)]
= 50.95 [0.08 cos (11311.2)]
= 50.95 [0.08 0.17502306]
=0.7134.
for Wa
(1) Wa= (22 Wv)? |A sin (27 Wvt)]
- (2 x 3.142 x 0.3003 x 5.55)2 [0.08 sin(2 x 3.142 x 0.3003 x 5.55 x
1081)]
= 109.69 [0.08 sin(11321.7)]
= 109.69 [0.075397]

I



= 8.270m /s?

(2) Wa=- (27 Wv)? A sin (2 7 Wvt)]

= (2 x3.142 x 0.3003 x 11)2 [0.08 sin(2 x 3.142 x 0.3003 x 11 x 545)]
= 430.9 [0.08 sin(11313.1)]

=430.9 x 0.07831224521

= 33m/s?

(3) Wa = (27 Wv)? [A sin (27 Wut)]

- (2 x 3.142 x 0.3003 x 16.6) [0.08 sin(2 x 3.142 x 0.3003 x 16.6 x
361)]

=981 [0.08 sin(11308.5)]

=981 x 0.07928798

=77m/s?

(4) Wa= (27 Wv)2[A sin (27 Wvt)]

= (2 x 3.142 x 0.3003 x 22.2) [0.08 sin(2 x 3.142 x 0.3003 x 22.2 x
270)]

= 1755.05 [0.08 sin(11311.2)]

= 138.2m/s?

(5) Wa=(22Wv)?2 |A sin (27 Wvt)]

=(2x 3.142 x 0.3003 x 27)2 [0.08 sin(2 x 3.142 x 0.3003 x 22 x 222)]

= 2596 [0.08 sin(11311.2)]

=204.47m/s?
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For peak Dynamic load
Wg = W(a)/9.81N

1) wg- 222 - 0.843N

981
(2) Wg= 981 = 3.36
(3) Wg= 5-5 - 7.849N

_ 1382 _
(4)‘ wg= - = 14.08N

204.47
9.81

(5) Wg-= = 20.8N

For Effective Input Frequency

it
Wi,
i W= 292 =
(1) e 1.67Hz
11
9 W= 1L =
(2) f T 3.3Hz
- 166 _
() W= %0 = 4.98H7
_ 222 _
(4 Wf= 222 =6.67Hz
- 27
(5) Wf= 333 8.1Hz.
For Elevation Profile

(1)  Ep = [ASiIn(2 7 Wx)|

v



ip = [0.08 sin(2 x 3.142 x 0.3003 x 5.55 x 1081 sec.)]

= [0.08 sin (11321.7)]
= 0.075
(2)  Ep=[ASIn(2 7 Wx)]
Ep = [0.08 sin(2 x 3. 142 x 0.3003 x 11 x 545)]
= [0.08 sin (11313.1)]

= 0.078

(3)  Ep = [ASin(2 7 Wx)]
Ep = [0.08 sin(2 x 3.142 x 0.3003 x 16.6 x 36)]
- [0.08 sin (11308.5)]
= 0.079
(4)  Ep = |ASin(2 7 Wx)]
 Ep = [0.08 sin(2 x 3.142 x 0.3003 x 22.2 x 270)|
= [0.08 sin (11311.2)]
= (0.0787
(5)  Ep = [A(Sin(2 7 Wx)|
Ep = [0.08 sin(2 x 3.142 x 0.3003 x 27 x 222)]
- [0.08 sin (11311.18869)]

=0.0787



ROAD TYPE B MINNA BIDDA ROAD

Distance covered = 6000m

Total number of potholes for intra state road within the 6000m

covered = 129
Average ripple amplitude = 0.053
Carriage way width = 9m.

Wavelength wi, = 27

n
Dimension (wheel base distance of the selected lorry (all Mercedes

lorry) = 2.6m for (n) and 2.4m for (b) Total length = 5m

n

26+24 L
7

=

5

W =

3|

A W==0.2m

N —

Wv= 27 Wvy(A cos 27 Wyt)
Wa = (27 Wv)2 [A sin (27 Wet)]
v="5

1
g ta S

v
- Assumed speed are 20, 40, 60, 80, and 100 km/h.

(1) = 6000

v

\%|




for Wv
(1)  Wy= (22 Wv) [A cos(2 7 Wvt)]
-9 x 3.142 x 0.2 x 5.55 [0.05 cos (2 x 3.142 x 0.2 550 %

1081)]

= 6.97524 [0.05 cos (7540.23444)]

= 0.206
(2)  Wv= (27 Wv) [A cos(2 7 Wvt)]

- 2x3.142x0.2x 11.11 x [0.05 cos (2 x 3.142x 0.2 x 11.11 x
545)]

= 13.96 [0.05 cos (7509.86 116)]

= 0.6896
(3)  Wv= (27 Wv) [A cos(27 Wyt)]

-2 x3.142 x 0.2 x 16.6 x [0.05 cos (2 x 3.142 % 0.2 x 16.6 %
361)]

= 20.86288 [0.05 cos (7531.49968)]

= 0.495
(4 Wv= (272 Wv) [A cos(27 Wvt)]

=2x3.142 x 0.2 x 22.2 x [0.05 cos (2 x 3.142 x 0.2 x 22.2 x
361)]

= 27.90096 [0.05 cos (10072.24656)]

- 0.589
(5) Wv=(22Wv)[A cos(é;ert)]

=2x3.142x0.2x27 x[0.05 cos (2x 3.142 x 0.2 x 27 x 222]
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= 33.9336 [0.05 cos (7533.2592)]

= 0.847

For Wa

(1

Wa= (27 Wv)? [A sin(2 7 Wvt)]
= (2 x 3.142 x 0.2 x 5.55)? x [0.05 sin(2 x 3.142 x 0.2 x 5.55 x

1081)]
= 48.65 [0.05 sin (37701.1722)]

= 2.43

Wa= (27 Wv)? [A sin(2 7 Wvt)]

=(2x3.142x 0.2 x 11.11)2 x [0.05 sin(2 x 3.142 x 0.2 x 5.55 x
1081)]

= 194.9667 [0.05 sin (7540.23444)]
- 7.865 |

’Wa= (27 Wv)2 [A sin(2 7 Wvt)]

= (2x3.142 x 0.2 x 16.6)2 x [0.05 sin(2 x 3.142 x 0.2 x 16.6 x
361)] |

= 435.25976 [0.05 sin (7531.49968)]

=19.15

Wa= (27 Wv)? [A sin(2 7 Wvt)]

= (2 x3.142 x 0.2 x 22.2)2 x [0.05 sin(2 x 3.142 x 0.2 x 22.2 x
270)]

= 778.46 [0.05 sin (7533.2592)]

= 33.73
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(5) Wa= (272 Wv)? |A sin(2x Wvt)]
(2x3.142x 0.2 x 27)? x [0.05 sin(2 x 3.142 x 0.2 x 27 x 222)]

1151.489 [0.05 sin (7533.2592)]

i

= 49.89
For Peak Dynamic Load.
Wg = W(a)/9.81N

243

() wg= == 0.2477N

(2) Wg-= %675 = 0.8N

@) wg= 20 195N

(4 Wg-= 193;7,3 = 3.438N |
() Wg= —‘39353 = 5..O8N
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(5) Wf= % - 5.4117

For Elevation Profile |

(1)  Ep=[A(sin(27 Wx)]

Ep = [0.05 sin(2 x 3.142 x 0.2 x 5.55 X 108 1sec)]
- [0.05 sin(7540.23444)]

=0.0403

(2)  Ep = |A (sin(27 Wx)|

Ep = [0.05 sin(2 x 3.142 x 0.2 x 11 x 545)]

- {0.05 sin(7534.516)|

=0.0428

~0.043

(3)  Ep=[A (sin(27 Wx)|

Ep = [0.05 sin(2 x 3.142 x 0.2 x 16.6 x 361)]
= 0.05 sin(7531.49968)]

- 0.044

(4  Ep=|[A (sin(27 Wx)]

Ep = [0.05 sin(2 x 3.142 x 0.2 x 22.2 x 270)]
= [0.05 sin(7533.2592)]

=0.0433

(5)  Ep = [A (sin(2 7 Wx)]

Ep = [0.05 sin(2 x 3.142 x 0.2 x 27 x 222)]

= [0.05 sin(7533.2592)|



=0.0433
ROAD TYPE C. RURAL ROAD
RAFIN YASHI JUKUCHI ROAD.
Distance covered 6000m
Number of Pot holes 7.
Average Ripple 0.37m
Carriage way width 5 metres

Dimension (wheel base of the selected vehicles Sm.

Wv = 27 Wv[A cos(2 7 Wvt)]

(1) Wv=2x3.142x0.59 x 5.55 x |A cos(2 x 3.142 x 0.59 % 5.55 x
1081)]

= 20.576958(0.37 c0s(22243.6916

= 5.8897

~5.9

(2) Wv=2x3.142x0.59x 11x|Acos(2x3.142 x 0.59 x 11 x 545)]
= 40.78316 x [0.37 cos(22226.8222)]
= 13.77

(3) Wv=2x3.142 x 0.59 x 16.67 x [0.37 cos(2 x 3.142 x 0.59 x
16.6 x 361)]



(4)

()

(1)

(2)

(3)

For Wa

=61.80 x [0.37 c0s(22217.922406)]

=21.966
Wy = 2 x 3.142 x 0.50 x 22.2 x [0.37 cos(2 x 3.142 x 0.59 x 22.2

x 270)]

- 82.3078 x [0.37 cos(22223.11)]

= 28.46

Wv = 2 x 3.142 x 0.59 x 27 x [0.37 cos(2 x 3.142 x 0.59 x 27 x
222)] |

= 100.10 x [0.37 cos(22223.11)]

= 34.62

Wa = (272 Wv)2 |A sin(2 7 Wvt)]

Wa = (2 x 3.142 x 0.59 x 5.55)2 x [0.37 sin(2 x 3.142 x 0.59 x

 5.55 % 1081)]

= 423.4 [0.37 sin(22243.6916)]

= 09,27

Wa =(2x3.142 x 0.59 x 11)2 x [0.37 sin(2 x 3.142 x0.59 x 11 x
545)]

- 1663.26614 [0.37 sin(22226.8222)]
- 25168

Wa = (2 x 3.142 x 0.59 x 16.6)2 x [0.37 sin(2 x 3.142 x 0.59 x

16.6 x 361)]

= 3787.84 [0.37 sin(22217.92406)]
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= 389.40
(4)  Wa = (2 x 3.142 x 0.59 x 22.2)” x [0.37 sin(2 x 3.142 x 0.59 x
22.2 x 270)]

=6774.579 [0.37 sin(22223.11464)]

= 890.23
(5) Wa=(2x3.142 x 0.59 x 27)2 x [0.37 sin(2 x 3.142 x 0.59 x 27 x
222)]

= 10020.83 [0.37 sin(22223.11)]

= 1316.572
For Peak Dynamic Load.
Wg = W(a)/9.81N |

LW
() wg= o 19.11N

(2) Wg-= 2;';8 - 25.65N

389.40
3 W = - s .
(3) 4 981 = 39.69N

(4 wg-= 8?‘;? - 90.747N

1316.572
9.81

(5 Wwg-= = 134.20N

For Effective Input Frequency

(1)  wf= ]5% = 3.323Hz

Xin




(2) Wf=_— =06.586Hz
(3) Wf= 2 =9.940Hz
4 wi= 22 = 13.29Hz

(5) Wf= 2L =16.167Hz

For Ele\:ation Proﬁle
Ep = [A (sin(2 7 Wx)]
(1) Ep = [0.37 sin(2 x 3.142 x 0.59 x 5.55 x 1081sec)] .
=[0.37 sin(22243.6916)]
- 0.234 ik
(2) Ep =[0.37 sin(2 x 3.142 x 0.59 x 11 x 545)]
- [0.37 sin(22226.5222‘)] |
=0.15
(3)  Ep=10.37 sin(2 x 3.142 x 0.59 x 16.6 x 361)|
= 10.37 sin(22217.92406)]
=0.1028
(4)  Ep=1[0.37 sin(2 x 3.142 x 0.59 x 22.2 x 270)|
= [0.37 sin(22223.11)]
= O..1313
(50 Ep=[0.37 sin(2 x 3.142 x 0.59 x 27 x 222)]
- [0.37 sin(22223.11)]
=0.1313
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For Peugeot pick up van traveling along Minna Bida Road.
Road Distance covered = 6000m
Total Number of potholes found within the 6000 metres of Minna Bida
Road = 129
Average ripple amplitude = 0.05m
Carriage way width = 9m

_16+1.24

1

ok ——]——=o.3'5

WL 284

WL =2.84

For Wv calculation
Wv = 27 Wv[A cos(2z Wvt)]
(1) Wv=2x3.142x0.35x5.55x[0.05 cos(2 x 3.142 x 0.35 x 5.55
x 1081)]
= 12.20667(0.05 cos(13195.41027)]

=0.6087

(2) Wv= 2x3.142x0.35x 11 x[0.05 cos(2 x 3.142 x 0.35 x 11 x
545)]

= 24.1934]0.05 cos(13185.403)]

= 1.1780
(3) Wv=2x3.142x0.35x 16.6 x [0.05 cos(2 x 3.142 x 0.35 x 16.6
x 361))
= 36.51004[0.05 cos(13180.12444)|
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= 1.737
(4) Wv= 2x3.142 x 0.35 x 22.2 x [0.05 cos(2 x 3.142 x 0.35 x 22.2
x 270)]

= 48.82[0.05 cos(13183.2036)]

= 2.356
(5) Wv = 2x3.142 x 0.35 x 27 x [0.05 cos(2 x 3.142 x 0.35 x 27 x
222)]

= 59.4[0.05 cos(13183.2036)]

= 2.867m/s?
For Wa

Wa = (27 Wv)? [A sin(2 7 Wvt)]
(1) Wa =(2x3.142 x 0.35 x 5.55)2 x [0.05 sin(2 x 3.142 x 0.35 x
5.55 x 1081)] '

= 149.00 [0.05 sin(2099.8425)]

=7.449 |
(2) Wa=(2x3.142x0.35x 11)2x[0.05 sin(2x 3.142x0.35x 11 x
545)]

= 585.32 [0.05 sin(113185.403)]

=6.65
(3) Wa = (2 x 3.142 x 0.35 x 16.6)? x [0.05 sifi(2 x 3.142 x 0.35 x
16.6 x 361)]
=1332.98 [0.05 sin(13180.12444)]

= 20.47
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(4) Wa = (2 x 3.142 x 0.35 x 22.2)? x [0.05 sin(2 x 3.142 x 0.35 x

22.2 x 270)]

= 2384.044 [0.05 sin(13183.2020)]

= 31.086
(5) Wa=(2x3.142 x 0.35 x 27)2 x [0.05 sin(2 x 3.142 x 0.35 x 27 x
222)]

= 3526.43 [0.05 sin(13183.2036)]

= 45,98

For Peak Dynamic Load.

Wg = g%a]z,-
() wg-= %’1]3 = 0.75N
| (2) . Wg = g—g—':l - 0.677N
3 Wwg= %%Z = 2.086N
@ wg- 3;:‘;‘:6 - 3.168N
(5) | Wg = 5'558—915 = 4.687N

For Effective Input Frequency of Peugeot Pick Up




() W= =387

28
16.6
= — = . l;
(3) Wf= 2 =5.8H7
(4 wf= 222 - 7.38H;
2.86
27
=™l o . BH
(5) WE= - =9.5Hz
For Elevation Profile

Ep = [A (sin(2 7 Wx)]
(1)  Ep=0.05 sin (2 x 3.142 x 0.35 x 5.55 x 1081sec)]
= [0.05 sin(13195.41027)] |
= 0.0036 m2/s \
(2) Ep=[0.05sin(2 x 3.142 x 0.35 x 11 x 545)|
- [0.05 sin(13185.403)|
=0.011364 m2/s
(3) Ep=10.05sin(2 x 3.142 x 0.35 x 16.6 x 361)]
= [0.05 sin(13180.12444)]
= 0.01535 m?/s
(4)  Ep=[0.05 sin(2 x 3.142 x 0.35 x 22.2 x 270)]
= 10.05 sin(13183.2036)]
= 0.01304 m2/s
(50 Ep=[0.05 sin(2 x 3.142 x 0.35 x 27 x 222)]
= [0.05 sin(13183.2036)]
=0.0130393 m2/s
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fFor Peugeot pick-up travelling along Rafin Yashi Jukuchi Road (Rural
Roads)

Total Number of potholes = 7

Average Ripples = 0.37m

WL = M =2 84m

W = 1, 1 0.35

i
For Wv computation
Wv = 27 Wy[A cos(2 7 Wvl)]
() Wv= 2x3.142x0.35x5.55 x [0.37 cos(2 x 3.142 x 0.35 x 5.55
x 1081)]

= 12.20667(0.37 cos(13195.41027)|

- 4.453m?/s |
(2) Wv= 2x3.142x0.35x 11 x [0.37 cos(2 x 3.142 % 0.35 x 11 %
545)]

= 24.1934[0.37 cos(13185.403)]

- 8.717 m /s
3) Wv=2x3.142x0.35x 16.6 x [0.37 cos(2 x 3.142 x 0.35 x 16.6
x 361)]

= 36.51004[0.37 cos(13180.12444)]

= 12.856 m/s?
(4 Wv= 2x3.142x0.35%22.2 x[0.37 cos(2 x 3.142 x 0.35 x 22.2

x 270)]
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- 48.82]0.37 cos(13183.2036)]
- 17.4419 m/s?

(5) Wv= 2x3.142 x 0.35 x 27 x [0.37 cos(2 x 3.142 x 0.35 x 27 x
222)]

= 59.4[0.37 cos(13183.2036)]

- 21.212m/s?
For Wa = (27 Wv)? |A sin(2 7 Wvt)]
(1) Wa = (2 x 3.142 x 0.35 x 5.55)2 x [0.37 sin(2 x 3.142 x 0.35 x
5.55 x 1081)]

= 149.00 [0.37 sin(13195.41027)]

=3.97 m/s? :
(2) Wa=(2x3.142x0.35x 11)2x[0.37 sin(2 x 3.142x0.35x 11 x
545)]

- 585.32 [0.37 sin(13185.403)]

=49 m/s?
(3) Wa=(2x3.142 x 0.35 x 16.6)2 x [0.37 sin(2 x 3.142 x 0.35 x
16.6 x 361)] |

= 1332.98 [0.37 sin (13180.12444)]

= 151.4908 m/s?
(4 Wa=-(2x3.142 x0.35x 22.2)2 x [0.37 sin (2 x 3.142 x 0.35 x
22.2 x 270)]

= 2384.044 |0.37 sin(13183.2026)]
=230.03 m/s?
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(5) Wa =(2x3.142 x 0.35 x 27)2 x [0.37 sin(2 x 3.142 x 0.35 x 27 x

222)|

= 3526.43 [0.37 sin(13183.2036)]
= 340m /s

For Peak Dynamic Load.

_ W)
Wg 981N
(1) Wg-= 39—3-?— = 0.4N
; 6 .

151.4908
3) Wg-= = 15,
(3) g Py 15.4N

4 We = 23003 _
(4) B* oo 23,4N
340
w . RS | A
(5) == 34.7N

For Effective Input Frequency of Peugeot Pick Up Along Rural Road

wf=
Wl
. 253 -
(1) Wf= 55l 1.95Hz
o A o
@ wi- - 387,

(3  wi= 155 .5 814,

(4 Wf= 222 _ 5 8z




27 _
= — = ).5"7,
(5 WE= o

For Elevation Profile
Ep = |A (sin(2 7 Wx)]
(1) Ep=1[0.37 sin(2 x 3.142 x 0.35 x 5.55 x 1081sec)]
=[0.37 sin(13195.41027)]
= 0.3 m?/s
(2)  Ep=[0.37 sin(2 x 3.142 x 0.35 x 11 x 545)]
=10.37 sin(13185.403)]
=(0.263 m?/s
(3) Ep=10.37sin(2 x 3.142 x 0.35 x 16.6 x 361)]
= [0.37 sin(13180.12444)]
=0.238 m?/s
(4)  Ep=0.37 sin(2 x 3.142 x 0.35 x 22.2 x 270)]
= [0.37 sin(13183.2036)]
=0.36 m2?/s
(5) Ep=1[0.37 sin(2 x 3.142 x 0.35 x 27 x 222)]
=10.37 sin(13183.2036)]
=0.36 m2/s
PEUGEOT PICK UP TRAVELLING ALONG TEGINA ROAD
For Peugeot Pick up Van
Distance from front wheel to the centre of gravity of the vehicle = 1.6m

, from rear wheel to the centre of gravity = 1.24m
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Total wheel base = 2.84.

Road Distance covered = 6000m

Total No of potholes found within the 6000 metres of Tegina Kagara
Road = 102 potholes.

Average ripple amplitude = 0.08m

Carriage way width = 9m.

wr,=9+8
n
Wi = 16+124 ¢4
W = __‘_._4-: _!__z()-‘s
Wi 284

For Wv calculations

Wv = 27 Wv|[A cos(27 Wvt)]

(1) Wv= 2x3.142 x.0.35 x 5.55 x [0.08 cos(2 x 3.142 x 0.35 x 5.55

x 1081)]

=12.20667(0.08 cos(13195.41027)]

=0.9739m?2/s

(2) Wv= 2x3.142x0.35x 11 x [0.08 cos(2 x 3.142 x 0.35 x 11 x
545)]

= 24.1934[0.08 cos(13185.403)]

= 1.884 m/s?

(3) Wv= 2x3.142 x 0.35 x 16.6 x [0.08 cos(2 x 3.142 x 0.35 x 16.6
x 361)] |

= 36.51004(0.08 cos(13180.12444)]

XX




= 2.77960 m/s?

(4 Wv= 2x3.142x 0.35 x 22.2 x [0.08 cos(2 x 3.142 x 0.35 x 22.2
x 270)]

= 48.82668[0.08 cos(13183.2036)]

=3.77 m/s?
(5) Wv= 2x3.142 x 0.35 x 27 x [0.08 cos(2 x 3.142 x 0.35 x 27 x
222)]

- 59.3838(0.08 cos(13183.2036)]

= 4.586m/s?
For Wa= (27 Wv)? [A sin(27 Wvl)]
(1) Wa = (2 x 3.142 x 0.35 x 5.55)2 x [0.08 sin(2 x 3.142 x 0.35 x
5.55 x 1081)]

= 149.00 [0.08 sin(13195.41027)]

=11.889 m/s?
(2) Wa=(2x3.142 x 0.35 x 11)2 x [0.08 sin(2 x 3.142 x 0.35 x 11 x
545)) :

= 585.32 [0.08 sin(6592.7015)]

-~ 5.354m/s?
(3) Wa= (2x3.142 x 0.35 x 16.6)2 x [0.08 sin(2 x 3.142 x 0.35 x
16.6 x 361)]

= 1332.98 [0.08 sin(13180.12444))

- 32.75 m/s?
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(4 Wa= (2x3.142 x 0.35 x 22.2)2 x [0.08 sin(2 x 3.142 x 0.35 x
22.2 x 270)]

= 2384.04468 [0.08 sin(13183.2026)]

=49.73 m/s?
(5) Wa= (2x3.142x0.35x 27)2x [0.08 sin(2 x 3.142 x 0.35 x 27 x
222)|

=3526.435702 [0.08 sin(13183.2036)]

= 73.57m/s?

For Peak Dynamic Load.

(1) Wg= ”9:2*:9 = 1.211N |
(2) Wwg- “5‘5%4  0.5437N

(3) Wg-= %’_‘? - 3.33N

(4 Wg-= 1‘9—95713 = 5.069N

(5) wg-= g%’ ~ 7.49N

For Effective Input Frequency of Peugeot Pick Up

.
(1) wf . 1.95Hz

XXV



11

= ol =387THz
() Wi= . =387l
16.6
= 9% -5 8H
3) Wf 28 5.8Hz
(4)  Wr= 222 = 7.8H;7
2.84
27
w 2l @ BH
(5) Wf= o =9.5Hy

For Elevation Profile for pick up

Ep = [A (sin(2 7 Wx)]

(1) Ep=10.08sin(2 x 3.142 x 0.35 x 5.55 x 1081sec)]
=10.08 sin(37701.1722)]
=0.07999 m?/s

(2) Ep=[0.08 sin(2 x 3.142 x 0.35 x 11 x 545)]
= 0.08 sin(13185.403)]
=0.018 m2/m

(3) Ep=1]0.08 sin(2 x 3.142 x 0.35 x 16.6 x 361)]
=10.08 sin(13180.12444)]
=0.0245 m2/m

(4 Ep=1[0.08 sin(2 x 3.142 x 0.35 x 22.2 x 270)]
= 10.08 sin(13183.2036)]
= 0.0208 m2/m

(5) Ep =[0.08 sin(2 x 3.142 x 0.35 x 27 x 222)]
= [0.08 sin(13183.2036)]
=0.0208 m2/m
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ROWS: Vehicle COLUMS: Road
|
1 0.200
0.336
0.330
0.587
0.713
0.433
2 0.974
1.884
2.780
3.770
4.590
2.800
ALL =
1.616
CELL CONTENTS --
Wv: DATA
MEAN

ROWS: Vehicle COLUMNS: Road
1
1 8.27
33.00
77.00
138.20
204.47
92.19
2 11.89
5.35
32.75
49,73
73.57
34.66
ALL s
: 63.42
CELL CONTENTS --
Wa: DATA
MEAN

2
0.206
0.690
0.495
0.589
0.847
0.565
0.608

1.180
1.740
2.360
2.870
1.752

1.158

2.43
7.86
19.15
J3.73
49.89
2261
7.45
6.65
20.47
31.09
45.98
22.33

22.47

XXV

3 ALL

5.900 --

13.770

21.900

28.400

34.600

20914 7.304
4.450 --

8.717

12.856

17.442

21.212

12.935 5.829

16.925 6.567

3 ALL
99.27 --
251.68
- 389.40
890.23
1316.57
589.43 234.74

397 --
49.00
151.49
230.00
340.00
154.89 70.63

372.16 152.68



