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ABS1'RACT 

The physicaJ tnmsport. of fresh produce such as tomatoes is 

characterized by a lot of tra nsportation problelus. Fresh produce such 

as tomatoes are susceptible to spoilage during transpottation 

especially over aJong distances. There is no doUbt that this ptoblems 

encountered are due to the Irregularities on the Roads, such as 

pothoies, bumps elc which produces excitation input to vehicles 

haulirtg fresh products. This project CArried assessment on some 

selected Ni~(~ riAn Ronds (inler sInk, intrn stnte nnd rutHI roads) wilth a 

view to quantify the irregu l~lfities on such Roads. Profiles sUrvey and 

pothole counts and their diJnensions were carried out. The data. 

obtained from the survey were used to compute the expected velocity 

and the acceleration input inlo the wheels of the vehicles traversing 

such roads. The dynamic load onto lhe vehicle traversing over such 

potholes aJso 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 Hnd rurn) romh respectively. The average 

ripp1es (depths) of these potholes were 0.08m, 0.OS3m and 0.37 

tespectively, a.cceleration and dynamic load that usually tesults frotti 

these potholes showed that as the velocity of the vehicles increases, 

the excitation from lhese irregularities also increases ittespective df 

the vehicle used. The acceleration was greatest for the data obtained 

frOtr1 the tUtal road compared to the other lwo. This was clearly Showh 

vi 



from th~ ANOVA nnd I>IIIW:1fl mlllfipk rntlg~ te~t cnrrkd out on t.hese 

data to ascerlain any significfl lll differences belw en lhe mean values 

of these data comput.ed 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 sclectiotl of Appropriate travel speed that. will 

results in minimnl exci tation in to the vehicle hauHng fresh produce 

over these romJs. 
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CHAPTER ONE 

1.0 GENERAL: 

f'ruits and vegetahles nrc produced ill Jarge quantities in Nigetia. 

Their production are however location specific while Sbm,e are 

prominent in the Norlhern parts, others ru'e dominant in the South. 

The consumers are however found scattered all over the country. 

There is therefore the general need to eqUitably disttibute these 

comnlodities allover the country, moving them from the area of 

prodllction to thnt .of cOl1sumption, Thcs~ distributions nre clone over 

roads and rails generally in Nigerin. 

The physical dist ribulion of fresh produc~ in Nigeria is 

characterized by a lot. of transportation problems tesulting in heavy 

mechanical damage during the process. Most of these physical arld 

mechanical damages are caused by vibration and the impact resulting 

froni vehicle. The sources of lhis vibration are the road irregulatities. 

1.1 INTRODUCTION 

Assessment of Road IrrcguJarilies as sources of excitation input 

to vehicle haUling Fresh tomatoes, 



1.2 ROAD 

Road can be defined as a ~pecially preparcd way, publicly or 

privately owned, linking places and made for the Use of pedestrians, 

riders, vehicles e.l.c. (Osemcnans 1994) 

Road can aJso be defined as tJle travel way ort which tJeopie, 

animals or wheel vehicles rnovc. (Encyclopaedia Britannica 2002). Irt 

tnodern usage, t.he term road discusses a turaJ lesser traveled way, 

while the word st.reet denotes an urbaJ1 roadway. High way on the 

ot her hAnd refers to a m~jor rurnl t raveled way but more recent word 

road is derivcd from the old Engli~h word raid ("to ride") (md the 

middle. English word roads or rmJe (a mounted joutrtey) and is how 

Used to include all vehicle ways. 

1.3 ROAD TYPES IN NIGERIA 

There are basically two types of roads ill Nigeria. They are paved 

and unpaved roads. (/\bdullahi, 2000). Paved toads are futthet 

classified in to flexible and tigid pavements. The flexible types cOhsists 

of telatively thih surface built over a base course and sub base coutse. 

They usually rest upon the compacted sub grade white tigid 

pavetnent are made up of cement concrete and may not have abuse 

coUtse between he pavement and sub grade. 

The essential difference between the two types of pavement is 

Ule n1anher in which they dislriLu te t.he load over the sub J~ade. the 
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rigid pavement hecnu~c of it.~ rigidity and high modulus of elasticity 

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

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

hertce the structural strength of the concrete is crucial in the 

pavement design. 

Unpaved road~ Arc lho~c const.rucled by removal of top soil and 

fillihg with suitable CHrlh or grnvel malerials ::lnd which are 

mechankally stabilizcd t.o carry t.raffic loadings. These ate further 

classified in to earth and gravel ronds. 

EarUl roads have 110 added pavement and layers are therefore not 

structurally designed. Their performance therefore depends on their 
I 

cross sectional shape, material propcrHes location in the terrain and 

drainage facilities. 

Gravel roads are those t.hat. nrc surfaced with gravel to provide 

traction for vchicles in wet wentJler at relatively low cost. 

Surfacing with gravel a]so retards the increase in defortnatioh of the 

surface. It is worthy to note that the structutal datIlages sllffered by 

iliese roads, where traffic loads are high and are ih11ueneed 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 tesponsibility fot the development of rOElds in 

Nigeria, has bceh shared by the fedctai (or centrai), statle and local 
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Government.s. Romls Jt1 Nigeria therefore fall into three main 

categories. Firsl Ulere fUC the ,. ederal trunk toads which lihk the 

major parts in the country, the main urban centres (including the 

stales capital), the mnjor centres of Econornic activity and the major 

border crossings to neighhouring countries, next, Are the roads which 

feed the federal tru nk rOAds and t.he fArm to market toads fot '~hich 

the various state government are re~ponsible. 

the third category consists of rural roads and city streets (with the 

extepHori of aerial tou t.es) , wh ich are the responsibility of the 10cal 

government. (Oscmcnam 1991). 

1.3.2 ~OAD PLANNING, DESIGN AND CONSTRUCTtON 

Pre-independence period . 

Before the advent of the motor car, aU that was required for the 

limited communication between communities was the foot path. Along 

it went the traders in their journeys t.o and from the matkets and it 

a1so setved the need of the traveler paying visits to relatives artd 

friends when the Ubiquitous bicycle arrived on the scene, very little 

improvement was necessary for the foot path to cater ror the new 

cotner. As for pack-animals the foot path served just as well. 

Nevertheless, records show that by 1914 that is just before the 

rrrst world war, there were about 3,200km of motorable toads in 

Nigeria. These toads come in to being, as in other alteady popUlated 

cbtlhtties, usually as a result of an improvement to the foot path or 
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tratk. This wns found to he ChCHP nnd readily available method, as 

the improvement could be undertaken by unskilled village labour 

wotkjng with Jocal JTIRtertn)s. 

By 1926, the kilometrage of roads hRd increased to 4,750 and all 

these were open to lraffic throughout the year as long as the bridges 

stood. There is no dou bt 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 6,04'0 atld 

this increased to 8,280 hy 1938. 

By 1939, that is just before the oul break of the second wotld 

war, the recorded kilomet.rage of roads maintain by Govetntrtet11: stood. , 

at 9,480. (Osemenam 1994). 

The fitst bituminous sl1~facing done out side on that section of the 

Lago~. Abeoku ta road which lie within the theh co10ny Ptovirllce. By 

1946, there had been a classification of the road system in ttl trunk A, 

trunk B, and local government. The trunk road being maintained by 

the cehtral and regional Government. 1he kilometrage of trunk toads 

'A' and 'B' at the lime slood at 13,240. By 1953, the total kilotnetrage 

of the road system had gone up to 46,000. out ot this only about 

1j 782 were surfaced with bitumen. 

t3y 1960, the nations road network had incteased to a total 

letlgfu of 65, 704 out of whith 8,694 Jan wete surlaeed with bitumen. 

'thh; phendtlietta.1 growth in the lehgth of toa.ds surtaced with hitttttleh 
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occurred In the ronds under the responsibility ot the central 

Goverhment and U'lose under the rcsponsibility of the then westettl 

region which was thcn enjoying self Government between 1957 arid 

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 shlndard laid down on the official 

manuai of Road construction and maintenance. The quality of the 

othets depended very much on how much effort the vil1ttgetS were 

willing to put into it. The drrunage in almost all caseS was sub-

standard and in many cases non - existent. The satne applied to the 
I 

bridges and culverts which were mostly lightly built and constructed 

out of materials obtained' near by. If the bridges were swept away in 

the rains which was not uncommon, lhey could be re-built when the 

water subsided. 

The following design standard were in used at this time. 

fASt!; 1.0 Design standard Table 

r----,-------------
SINo Design Design Standard 

1 

2 

Information 

Design speed 

Carriage 

width 

30 - 40 tniles per hour. 

(50 - 65 kilometre/hom. 

way Mostly 12 feet (3.7 IDette) 

occasiotlally 22 feet (6.7 

metres) 
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3 

4 

5 

6 

--

Shoulders 5ft (1.5 mctre~) 

... ---- 10% CBR (California c 
-'-"-

Sub - grad 

Bearing Ratio). At 100% 

B.S.(British Standard). 

Compaction (soaked). 
.---_. -- -3-0-oA-o- C-' B- R--(-S-oak---=--e-:d:---at:-1 

e Sub - bas 

Base 

._------ - ----

African 

W.A.S.C.(West 

Standards 

CompAction.) 

----- '80('l'0 CBR (uhsoaked) at 

100% W.A.S. 

com paction . 
. _- . .. ._- _._-_._---- ----' 

(Osemenam 1994) 

Post - independent period (1960 to date). There is little doubt as to the 

fact that between 1960 and t 977, the nat ions road network tecorded 

an imptessive growth. 

By 1972, Nigeria had a Network of about 96,000 Kilonteties out 

of which 77,266knt wete unpaved and 18,109 wete paved. And as at 

1992, the total kiiometrage of the toad network is as shoWt1 in table 

below. 

Table 1.1 Tab1e showing the total kilometrage of the road netwotk in 

Nigeria as at 1992. 

Type of Road Paved Km Unpaved Km TotallUrt 

Fedetal 23,000 5,600 28,600 
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, state 10,430 20,070 30,500 

" ----- - -- ----- --_ .. _ -- ---

Local 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 irr gulariHes ot the roa.d 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 

) orte of the most important elements in high way design l,s tohsistency, 

t that is making every element of the pavement design to confortn to the 
'.~ ; 

:; vehicle expectation nnd 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 reuuced to about 80%. If the vehicles 

.• traverse high ways with 4 to 5 potholes per square metre IOf the 

carriage way width at a minitnum speed of 60 kmjht 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 

tesulti.tIg from localized pavement failures due to the poor desigh and 

-, ttlaihtehMce which has charEtcterized Nigerian toads. 
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It is noted that. a vehicle loaded with fruit or vegetable travdit1g 

aiOhg smooth toad at constant speed may be considered to be ill a. 

vertical static equiljbrium. The forces between the various system 

eiements are constant. and there is no transformatiotl of energy. 

However, whetl the vehicle encount.ers discontinuity in the road 

surface, a bump for example, some of the lcinetic energy of the vehicle 

is dissipated in deforming the road, the tyres stlspehsion (Jortes et al, 

1991). Damage to the produce is the direct result of the descriptiort of 

the energy in the produce. Road irregularities are therefote crucial in 

the investigation of the effect s of roads-vehicle - packaging 

interactions in fresh product transtJortation. 

Failure on the road cou ld be structutal or furtetional (Abdullnhi 

2000). Struch1ral failure inc1udes t.he coJtapse of pavettlertt shUcttite 

or break down of one or more of the pavement. Components in such a 

magnihtde that renders the pavements incapable of sustaitiing the 

loads tunrting on 1hem. 

The causes include the following: 

(i) Faulty materials of construcUon. 

(ii) Faulty constructioT1 and improper quality control during 

consttuction. 

(ill) 1n adequate surface and sub-surface drainage of the tottd 

structure and the vicinity. 

(itT) trtctease in value of wheel load. 
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(v) Increase in traffic volume. 

(vi) Settlement of foundation of embanknlent of fill material. 

(vii) Environmental factors like rainra]], 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 anothet. ttansportation 

getletaliy involves two basic elements, the toute and the device (Adeoti 

1998 ahd Ogaga, 200). The route refers to the coutse ot way stich as 

road, watet way, raj1way, tracks or air. 

DatI1age during transport IS n major distribution of fatm ptoduce 

(fresh fruit and vegctHhle~) O. Brien t an (] 963) a.s reported ih (J"opies 

et at (1991) shows in loads of cling peaches on a road jotirney of 

260km up to 400/0 of the fruits was damaged. It is impottant to assesS 

the source from which the excitation that usually 1ead to the damage. 

Hence the heed to assess the irregularities of the Nigeriatl toads oh 

which the fresh produce are transported. 

1.5 OBJECTIVES 

1 To quantify the irregularities (potholes bUmps) on the varioUs 

toad type in Nigeria. 

2. To compute velocity atl,d a celetation inputs ftottl theSe 

ittegulatities on to Ute vehic1e suspehsion system usitlg khoWh 

vehic1es parametets. 
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3 To tecommend bascd on 1 and 2 specific conditions that wilt 

gives optimum vibrations flnd hen 'c reduce mechanical damage 

in fresh produce . 

1.5.1 JUSTIFtCATION: 

FtUits and vegetable contain hjgh moisture content tanging frtlm 75 to 

900/0 (sihgn and singh 1992). Fresh commodities such a.s tomatoes 

ate therefore susceptible to spoilage during transportation especially 

over lohg distances. Tomatoes are largely produced under irrigatio:h in 

Northern part of Nigeria nnd had to be transported aftet harve~Jt to 

utbart area s and m arkels for sclls. The vibration cau sed to the 

commodity due to truck transport on Nigeria roads constitute serious 

ttlla1ity deterioration losse~ due to trahsportation is extremely high. 

There is need to fmd possible solution to minimize ptoduce losses 

between grower and consUmer. One way of achieving this is ttl id-ehtity 

soUrtes from which the factors responsible for the damage cottle from 

ahd try to fmd a way of avoiding conditions that wilt genernte sUch 

factors, hence the essence of t.he present. assessment. 
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CHAPTER TWO 

2.0 LITRAAATURE REVIEW 

2.1 FRESH TOMATOES AND TRANSPORTATION 

Tomatoes ar e transport cd over long distances resutting irt significant 

spoilage due to vibrations. Based data it1 tespect of nHlgnihlde of 

vibtation are not available (singh and singh, 1992). 

Transportation of fresh produce such as tomatoes ate mostly carried 

out using the road as the route in Nigeria (Idah et a1 1996) It is thus 

dcsitnhlc to rcvkw the tond trnnsport. system ahd t.ht problems 

inherent in them as far as handling of fresh produce is cortcerned with 
I 

the view to reduce the attendant quality deteriotati6n i.rt the fresh 

produce. 

Transportation of fruits and vegetables m list be carried as 

qUickly as possible to get them to their destinations befote they spoi1. 

Tomatoes and other fruits are sensiHve to the quality of roads and the 

mode of transport f~ldlitics ('~ohcma ana Husserin 1996). tt 11s hoted 

that a vehic1c loaded wit.h fruit. or vcgct.ahJcs traveling along a smooth 

toad at constant speed may be considered to be ih a vettical static 

Equilibtium. The forces between the various systetn e1etnehts Me 

cohstant and there in no lrahsformation of energy. 

However, when the vehicle encounters discohtltiuity itt t.h~ toad 

surtace bUmp for example, some of the kinetic enetgy tjf the ;,rehide is 

dissip~ted in detorming the toad, the types, suspehsion, chasms, 
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package, cushioning nnd the prodttce. (.Jones ct 01 1991) Orurtage to 

produce is the direct result of the dissipation of the ehergy ih the 

produce. Road irteguhuities are therefore crucial in the investigation 

of the effects of road-vehicle-packaging hItet-actions in fresh ptodUce 

transporta tion. 

2.1.1 Properties of grourtd surfaces. As noted earliet, vibratiohs in 

the vehicle and Ule suhsequent damages that result in the produce 

ate caused by roarl irregularities. In order to evaluat.e the vibtatlohs 

ptoperties of an existing vehicle or to analyse the satr1e fot a vehicle 

still in the design stage, two complex factors have to be evaluated by 

the critical means, the properties of the ground sutface artd the 
I 

vibration characters of the vehicle. 

Arty access roads for v~hicles require stnooth surface free of 'potholes 

and which is passable in wet weather or immediate1y aftet tam stotm 

conditiohs. The particu lar type of surface used is designed to meet the 

rtbttrlal anticipated loading from vehicles (Habib 2001). Underneath 

any toad are the compacted soHd 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 tailute of 

toad stttface. Geotnetric design data fot the roa.ds should thj~tefdte be 

cohsisteht with the traffic design speed attd access cOhtid1 totti pact:iort 

and dtainage are two most important factots in t.he cohsttUctibn of 

toa.ds. The i11fotmaHon on the ptoperties of gtbUbd ~~utface is 
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import.ant hecausc it hns heen shown thnt a const.ant smooth highway 

surface is important for the safe Hnd long life operation of vehicles and 

their suspensions (Ogaga 2000). Such smooth rides will also tninitnize 

the incidences of mechanical clanlages in Ule fresh produce during 

transportation and hence reduce the incidence of post harvest losses 

in these produce. 

2.1.2 ASSESMENT OF ROAD PROFILES 

Several methods are known rot the establishment of the terrain 

ptofl1e. It is revealed t.hat most of t.hese methods usually yield a 

cOhtinuous sighal to the instantaneous height of the terrain ptofile. 

(Wel1dehborn 1966). Spectral density of the profi1e is then obtaitl.ed by 

means of a frequency anAlyzer. The properties of the surface ate 

uSUlltly represented by the spectntl density of t.he ground prottle. The 

mean square of the profile height is plotted as functiohs of the 

freqUency of the road profile thus establishing the Ma1ysis of the 

gtound prottlc(Ogaga 20(0). These methods require complex 

measuring appatatus sUch as frequency anaJyzers. 

Another method of measuring the road proftle is the use of tape 

to measUre the length and point heights of a path profi1e. the tape is 

laid over the ground and marked at equal distances ahd the relative 

t1tbfiie height is measured at the tnarks. A surveyor's staff scated in 

2tlittl uhits is used. The staff which is equipped with a ~phetita1 base 
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is placed next to the tope mark. The distance between the point.s on 

the ground and the oplical axis of Lhe t.elescope (cross hairs) which is 

set horizontally will be observed on the staff and recotded. the 

procedure is repeated for each mark so that the ground ptofI1es alohg 

the line can be reproduced fairly well from the data sheet (Ogaga 

2000). 

t ligh way profiles nrc tloted to fit into the genetst category of 

broad - hand random signals and hence can be ful1y analysed by the 

profile itself or the statistical properties, the powet spectral density 

(PSD) (Ogaga, 2000). Thus like any other random signal, the eieva.tibn 

profile tneasured over the lenglh of the highway can '
l 
be atialysed by 

Foutiet transform process into series of waves of diffetent wave1ertgth. 

The sine waves vary in their am plilude and sphere. The power spectral 

density (P.S.D) or the profile elevation is a plot of these attlplltud.es 

versUs spa~ial frequency thus dispJaying the amplitude cotlteht as 

functions of frequency. (Ogaga 2000). 

For a typical vehicle traversing rough roads the spatial fteqUehcy is 

exammed as the wave humber wilh units of cycles/mette, aJ1d is the 

reciptocal of the wavelength of the sine wave ort which it its ba.sed. 

This patatneter can be derived frotn the vehicle wheel base ::thd speed 

of ltavel. It is therefore importAnt to have art ibsight unto stich 

assessmeht which can inflUence llie choice of vehit1e with the 

bptitI1ut11 suspertsiort system that will fit itlto such ittegttlatities otl the 
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road. This will help in minimizing t.he vibrations resulting from such 

encouhlers and hence lends to subsequent reduction in pro<luce 

damage. 

:2.1.3 MEAsUREMENT OF VIBRATION DURING TRANsPORT. 

to transport tomaloes to distant places, gehera11y gre1enish 

tomatoes are packed in eithet basket packs of 10 - 12kg or in wooden 

t30xes of capacity ] 8 - 20kg after sorting out good tomatoes from the 

lot as lJicked from the fields. In a study to measure the vibrations, on 

actual toad conditions n vibration pick up instrutnentation ~~ystetl1 

was designed and developed for t.he purpose. The instrume twas 

used to measure vibration bet ween boxes and the ,truck bed and 
\ 

within tomatoes. Box to box vibration measurement were m.ade by 

fi.xihg the instrument to 'the base of the box and then the box packed 

. 
willi toniatoes. A single layer of news print paper was placed in boxes 

belore filling in tomatoes . The second unit of the msttutnent was 

placed within the tomatoes ih separate boxes to measUre the vibration 

among tomatoes packed in the boxes. 

Boxes thus packed with fre~h t.omaloes were pfaced on truck 

and ttansported to a distance of about 200km on National High way 

lA. the second set of vibration data was obtained white uaJnsportittg 

toma.toes to a similar distance on Nationa1 High way 1. Mot.her variety 

of tomatoes hatvested manttally from fattn were graded and packed in 

the bbxe~ with the sru:ne instrument installed in the Mrtle iJrlahtiet as 
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in the first case. The dnln on vihrnlion were then recorded on the 

cassettes and produced on the sp~ctrum analyzer in processed fortIi. 

[Singh and singh 1992]. "nnty~js of the data was carried (jut on 

spectrum analyzer and st.ornge oscilJo~cope. Result obtairted on the 

screen of storage oscilloscope was noted visually as well a.s 

photogtaphically. Photographs were taken with the heip or 

sophisticated camera, attached to the scteen of the stota.ge 

oscilloscope. One decision on horizontal scale tepresehts 50Hz atld 

one vertical division r~prcscnt~ 1 MV of flmp1it.udc~. The result showed 

that the road conditions determine the magnitude of vibrations 

acceleration Ig' to the fruil s. These accelerations generated at the tOEtd 

surface are transmitted to the fruit through truck chassis and 

suspertsion system. The values of Ig' at various frequencies have been 

p10tted for both routes. As evident from these figUtes gertetally the 

boxes expetienced higher 'g' than the tomatoes. As a resuH of the 

toniatoes within the container received Jesser shock thatl the 

container itself. 

(Singh and Singh 1992) 

The effect of vibration on the quaJity of tomatoes was seen from the 

fittritiess va1ues obtained on the Instron universal testihg fIiachitie 

(Sittgh find Singh 1992) It was found that fltIilrtess ot t 'omatoes 

dectettsed as the storage period increased. The result are Lti c1dged 

ti~eetrH~ht With the findings of '0' Brien et a1 (1963) .AtcotdiJrtg to '0' 
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Btich the damflge to pear-shaped t.omAt.oes; is sight AS in the case of 

punjab Chhuhara and standard round variety only in Punjab kasseri. 

it is noted that Punjab kasseri sufTer considerable damage dutihg 

simulated transit treatment and storage. (Singh and sigh 1992). 

2~ 1.4 Vibration characteristics of vehicle~. The potholes in highway 

are the deviation in clevn tion seen hy vehicle as its moves ruohg it. The 

potholes therefore act s AS vert icn1 displacement inpUt to the wheels 

thus exciting ride vibrations (Ogaga 2000). The characteristics values 

and the properties of t.he vehicle are taken in to accbuht by the 

atnplification faclors. That faclor gives the radio of the atlJlplihtde 

measured on the vehicle and the exciting amplitude \frequency. This 

ca.t1 be established by subjecting the vehicle to vibrations at various 

definite frequencies using a vibrator table for the experiment. A review 

of the vibration taking place is neces~ary because damage to the fresh 

produce is a direct result of the dissipation of the ehetgy in the 

produce which IS also influenced by the ehergy dissipative 

characteristic ot the constituents elements of the vehicle-logd system 

atld the way the clements ate linked determined the ovetall response 

and the amount of damage to the produce. (Jones et at 1991, sihgh 

ahd singh 1992) 

2.1.5 trehlc1e-Road Inter action. 

The produce irt the vehicle are affected by the vibtations which ate 

excited by the irregu1arit.ies of the road. The irtegulatities of the toad 
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caUse various kit1(t~ of vibrations (.Jones el al 1991, Og1.1t et a1 1999). 

Damage during transport is a major cause of quality deterioration 

dUrmg the distribution of the fresh fruils and vegetables. The basic 

mechanisms involved seem to be impact of vibration experiehced by 

individual ilems of the produce as t.he vehicle traverse abrust chahges 

in t'oad profile. The drunage it is noted takes place when the toad 

conditions arc bad and t he suspension system of the trucks ru-e either 

too soft or too hard. For multi layered energy absorbing load such as 

horHtultural produce, the road - vehicle load inter actioh det,ettt1irte 

the ehergy dissipated within lhe load and hence the mechanical 

da.tI1age to the proouce (Jones, ct at 1991). 

It is noted tilat such damages to the fruits and vegetable during 

transportation are greatest on the top Jayer of the fruit. and that lihder 

seve~e transport condition may extend dOWll to other layets. j;Ogtit et 

al 1999). Evaluation of the vibrational properties of the vehic1e 

tequires evaluating two complex factors, the ground surface IDld. the 

vibration charactetistics of the vehicle. A review of these itltetactidtis 

ahd the attendant problems as fat as the fresh prod.uce transportation 

is cbricerned is very necessary especially in the cOUhti'y llke Nigeria 

where the roads conditions are in deplorable states. It is sbited that 

the damage tesulling from this sit.uation can be reduced by avoidmg 

tesohartce vibration. This condition cart be avoided by gettltig the 
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natural frequency of the excitation force while in transit (Ogut et 

wwal,1999) . 

2.1.6 Types Ilnd volumes of transport vehlc1e8 is the ttlost 

itnportant components in the marketing system of fresh produces that 

requires great altentjon J~ the physical distribution systen1. 

Transportation prohlem ~ ~tand in the way of efficiently distribl.1litig 

t.hese products, thUR forcing the production of bulky perishab1e goods 

to be located near Ule market or in consuming areas becaUse df high 

transporHttion cost (Ooligor And UrlnsH11, 1996) sevetal type of 

vehitles ate involved in lhe trnnsportation of fresh produce. In the 

tura1 areas bicycle and motorcycles are the predominant types beihg 

used to transport farm produce (J\deoti; 1 g98). The it1ter state 

movement however, involves lhe use of 4 wheel vehicles of various 

kinds. These include Mercedes, 911 lorry, fuel tankers, canter, pick­

up and articuJated vehicles ((dah et aI, 1996). The transpottatioh cost 

of goods depends on the nalure of the commodity to be haU1ed" In the 

case of perishables such as fruits, vegetables and other ptoducts, 

there mUst be moved quickly lo gel them to their destinatiohs befote 

they spoil. The distance, time and the tnode of conveyahce thUs 

becomes the itIiportant factors. 

belay due to non availabWty of transport v hides when heeded is ohe 

of the conttibltting factors to produce deterioration in the Nigerian 

ttesh produce distributioh. It is because of this that the tlanst10riers 
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tnake use of any kind of vehicle even including fuel tankers to haul 

their produce. It is thus nece~sary to have a well co-otdinated syst.cth 

that will help the people to involve in this business to have bettet 

retutn for their produce because effective deliverance of the fresh 

produce win command better prices find this will go a long way in 

encouraging more production and hence improve in econdnty of the 

countty. 

2.1.7 Vehicle suspension system. The suspension is in art 

assemblage of devices that provide connectioh between the load 

carrying system and axles or wheels of HIe auto mobile, dectease 

dynantic loads on the load carrying systelu and wheels and darnp 

their vibrations. Tn other words the primary function of the 

suspension system is to isolate the structure, so far as ptacticable 

from shock loading and vibration due to irregularities of the toad 

surface [Newton et a1 ] 996J .The suspension system is mad.e tip of 

elastic elements containing lateral stabilizer, guide and damper (shock 

absotberl of which combined to execute the above functioh (Stocke1 et 

ai, 1996, Hillier and Pituck, 1990, Ogaga 2000). tn a study to 

itlvestigate tile effect of su spension and road profile on btUisihg in 

mu1ti layered apple packs, Holt and schoorl, 1985) ttlode1llie vehic1e 

sUspetision system respohse. 

2.~ Rtuut ~btiltt'11cHoit ttttd triairtt:eiUttice. Nigetil1 h~m sollie 

j2,btloktti of toads as fat back as in the 1970's ahd ttlbte thatt rutH 
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ftf"th were paved. Thus there was cnough money to build roads a11d 

pave existing ones thus creating R well developed system .. 

(Encyclopaedia Britannica, 2002). 110wever since then the situation 

has greatly altered as most. of these roads and those COtlstructed aftet 

ate not properly mRint.ajncd and most hAve become vety dangerous to 

Use . This terrible state of affairs is actively hampering many activities 

especially those relRted to agriculture. For in statlce , agricultural 

extension wotkers fInd it difficult to reach the rural tartnirtg families 

so as to advice them on new farming tcchnologies atld imptoved 

methods because of lack of all weather foaus and this is militating 

against agricultural development in the country . (Habib ,2001, Acieoti, 
\ 

1998). 

Sitnilarly transportation of Harvested crops to the tnatrkets 

becom~s difficult and tedious with attendant produce losses ih the 

ptocess (Ogut et al 1999). 

But since most goods anu services are transported by the Use of 

toads, it is necessary to sustain these roads to etlsute the dlesited 

smooth tide (Abdullahi, 2(00). 

The delay in transit resulting from the poorly tnaintaihed! road.s 

COhstitute major factors in fresh prodUce deterioratidtl durirtg 

hgrtdlihg. 

1t cah be seen frorri this review therefote that the t()ie t>f the ttHid 

1tl thitispdrting fresh tomatoes and other fresh ptoduce in Nigeria is 
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vety crucial. Since the vihrntions find impActs which eventually lead to 

the damage in the produce aclually stems from excitation produced by 

the irregularities of the roads. Reduction in t.he excitation through 

smooth ride could RS well provide the desired reduction in prodUce 

damage thus enhancing produce qunlity. 

2.3 Road maintenance over the years 

Mote often than not people are Unaware of the basic fact that 

building roads alone is not enough. They have to be maihtaihed. 

Roads like any other st.ructures huilt hy man deteriotate ovet tin1e. 

Cracking occurs in bituminous pnvemenls which together with rain 

watet ingress, tesult in rapid formRtion of ruts and potho1es 

(Osemenam 1994) The hitumen. in the wearing course gradually loses 

its binding quality and pavement becomes brittle. 
, 

Thus roads have to be built to standatd, cotr1met1sUtatc~ with 

c1imatic conditions and expected traffic and theh they must be 

adequately maintained to prevent. deterioration. It is necessary at this 

point to make mehtion of the procedure for maintaitting the ,ratioils 

classes of roads in Nigeria. The local councils or the loca1 Govetntnehl 

ttlaihtaihed theit roads with their statT. The state Governtrteht do the 

same when the Federal ministry tesponsible fot roads could tiot catty 

out the ditect tuaihtenartce of federal toads. Consequertt1y t:.h4~ states 

do titldettake the direct maintehance of fedetal roads withih their 

tettitoties ahd the funds are provided by the federal GovernttH~ht. The 
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state government Hrc rmid Agency fcc which is an agreed percentage of 

the federal funds spent by the state or region for maintenance of 

federal roads. (Osemenmn 1994) . 
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CHAPTER THREE 

3.0 THEORY, INSTRUMENTATION AND METHODOLO(]Y 

3.1 THEORETICAL ANALYSIS 

Poth01es the greatest factor of pavement failure ate viewed as 

displacetnent input factor to the wheels which genetates: (Oga.ga 

2000). 

a) Vertical "Velocity" anti "acceleration" inputs to the wheel8 and 

excite vehicle ride vibrFltion, with resohat1Ce (g) and force 

frequency (f) . 

b) Roll excitation input to the vehicle 

c) Factors leading to 10ss of wheel contact With the toad 

surfaces. 

Potholes, a factor in highway roughness can be absorbed by the 

elevation profile of the wheel tracks a10ng which the vehic1e tra.vels. 

Highway profiles fit t.he general category of "broadbartd rartdotn 

signals and hence can be fuUy 8halysed by the ptofile itself ot its 

st:atistica.t properties; the power spectral density (PSD). 

Like any random signal, the elevation profile measured ovet the 

lehgth of the highway cM be decomposed by the FdUtiet tiansfottt1 

ptocess ihto a seties of waves of different wavelengths. the \VarveS vttty 

ih theit atrI.plihtde and pha.se relationshlps. The PSt) ot ptdfile 

elevntioh is a plot ideally an instrument that could pt'oduce a 
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t 'rlU U "'I'gnn) pr()vI'(ll'tl" "1 "(~( ~ ()r(tt't'lg pr()pottl'Otl lo Ute con J 0 S ," ( h <: •• 

instantaneous height of U1.C tcrrain profile is tistlaJly ptefetred, the 

spectral density of the profile is then obtained by means of frequency 

analyzer, 

The power density for a continuous spectrum is given ns 

¢fJ. = lim _'_[Jx 

y (x)f ;n\ d'(] ~ - - - - - - - - - 3.1 
.t '"' 21TX - x _ 

where 

¢lJ = power speet ral density relative to road frequency, 

x = length of curve, 

x = limits of integralion, y = relalive prortle height, 

Q = profile frequency. 

Here the value of t.he fUllction, y(L) is rda.ted to the frequency 

considered, All the valucs obtaincd fo r fl. given frequency summarized, 

The square of the sum gives the powet density of the irtf1I1ite fUhction 

of the given frequency, 

However because of lack of the desited equipment (rretruency 

and specttum analyzct) and the vigours of tisihg cqtlntiotl (1) the 

cbht.ihuoUs profile is sometimes evaluated step by step tiS if it wete 

discontinuous f1tld the finiteness of th length of the test course is 

cortsid.eted. 

the tuhbirtg avetage of the profile is given by 
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· ~ I I t /7 
y~;(x) = --- IJ(x + kL\x) - - - -- - - - - - - - - J .2 

1+1 .. _ - 11 
• - ' 2 

where 

ym = running aver~ge, 1 = number of terms 

for averaging, y = reh'ltive profile height. 

x = length of course. 

The proftle height is estahlished as the instantaneous froID 

Y(.t') = y(x) - ym(x) - - - - - - - - - - - - - - - 3.3 

The function which is now dist.ributed is squared by using the 

correlation factor 

1 n- r 

R, = - I y(x = (J )){r = fJ + r) --- -- ----- --- -- -- ----3.4 
11 - r p=1 

where r = 0, 1,2, ... m 

k, p, r- sedal numbers in senes, m = nutnber of correlation 

[aetots; Rr == auto correlation factor, n == numbet of ptofile 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: 

1 n - 2 
Ro == (J 2 = - LY P ---------- 3.5 

n p= 1 

Where standard deviation or mean square deviatioh. 

The series of these correlation factors represent t.he heeded. 

petiodic ntnction for which the Fourier analysis celli be carried out. 
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In this aspect of the st.udy the elevation profiles of the toHte 

(roa.d) commonly used for the haulage of the fresh produce will be 

assessed. 1\ survey of the occurrence of these irregularities (pot holes, 

bumps and t.he surrflce elevation) will be conducted 011 these roads. 

The data obtained will be used to st.nblish tJle effect.s of vibration 

tteqtiency distribution and duration the quality of the produce. 

3.2 INSTRUMENTATION. 

in order to successfully carry out this task, the following equiptneht 

and materials will be needed: 

Engineer's level, leveling staff/rod, measurmg, tape, ~ spectral and 

frequency atlalyzer (op tical), personal computer with televant: soft 

wave. 

Etlgiheer's level 

This is an instrument used [or direct measutemellt of vertical 

distances. This is the most precise method of detetminihg elevation. 1t 

has a. line of sight and spirit level lube. The level tube is so mounted 

that its axis is parallel to the line of sight engineer's level a.s shown itt 

the fig. 3.0 
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Figure 3.0 

C G 

tt cor1sists of the telescope A. mounted upon the level bat B which is 

rigidly fastened to the spindJc C. I\ttached to the telescope or the level 

hand pnhl11c1 to thr. tdcs('opr. is the lcvd tllhe D. The spindles fits into 

a cone shaped bearing of the leveling head E, so that the level is free 

t.o revolve about the spindle C as an axis. The l~veling 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 levelihg sctews H. Two 

distinct types ot engineer's level ate: 

1 The dumpy level for which the telescope tu be is petnlanentiy 

fasteneo t.o the kvel hnr nod 

2 Self - leveling or aulomatic levels. 

Levelihg tods (staff) . 

These are graduated wooden rods of rectangulat crosS ~edlon by 

means of which difference in elevation is measured. the lower end of 

the tod is stood willi metal to protect it from weat rutd is usua11y the 

poilit of zeto rtleasutement from which the gtaduation ate the tending 
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of t.he rod as indicntcd hy the horizontnl 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 

eSSerttial factors contributing to the deterioration of the fresh produce 

as far as the road system is concerned are the irregularities (i.e 

failutes resulting in potholes, bump And other surface prottles). The 

excitation from these failures especially the pol holes result in ride 

vibtations on the vehicle which sUbsequently testi~t itt ptoduce 

damage. Therefore the pot ho1e as a "displacement input" was 

considered and the elevation proftlcs was measured. 

Ideally, an instrument that could produce a continuous signal 

providing recording proportions to the instantaneous height of the 

terraih profile would have been preferred. 

This teqUires instrument such as spectrum and frequency 

ahalyzer which was not available. Therefore, ah alternative lttlethod 

that uses a step by step procedute was used. The elevation ptottie was 

measured by performing a close interval tod and 1evel SUrveys. 

the experiment was conducted in the following seqUence. 

Assessment. of pothotes and bum ps 

Measurement of surface proflies 
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Det.erminntion of wnvc length. 

3.4 ASSESSMENT OF POT HOLES AND BUMPS. 

This involve counting and taking necessary measutements of the 

dimensions of the pot holes and bumps. 

Procedure: 

. Since there are difTeren l types of road surfaces (tarred, untarred, 

cotlcrete and gravel/ graded), a representative of these toad trunks 

wete selected. Thus the exercise was carried out on the fol1owitig. 

Intet-state (for long distance movement), intra- st~te (fot shott 

distance) ahd rural or farm roads (for short duration). On each of 

these toads distances (2km each) in thr e replicates was marked. 

Within Lhese dist.ances, 1 he num her of pot holes, t.heir width and their 

depth were measured. The selecteu roads are: 

Tegina-Kagara Road (Inter State - road) 

Minna-Bida Rond (Intra Sf at.e Road) 

Tungar Yashi-Jukuchi (Rural Road) 

Aiong the selected roads there were no identified bumps /Jnly the 

potholes were counted and measured. 
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3.4.1 MEASUREMENT OF SURl"ACE PROFILES: 

Using the roads selected earlier, the deviation profi1e of tJ:1e 

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 intetvals along the 

measured distances. The rcl::ttive profile height was measured along 

the marked distances. 

/\. surveyor's 1eveling slarr gradua.ted was used with its base 

placed on the lrack nexl to t.he tApe mnrk . The distance between the 

points on the ground and the optical axis of the telescope (ctoss hait 

in the theodolite) which was set horizontally was obsetv~d on the staff 

and recorded. The procedure was repeated for each tnatk so that the 

ground profile along the line could be reproduced fairly well from the 

data sheet. The process w::ts repealed along the 3 distahces of :2 KID 

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

3.4.2 Determination of the wave length and wave number (ot 

frequency) for a typical vehicle of known dimension (Peugeot 

pickup van and Mercedes 911 Lorty) 

On both vehicles the distances from the front wheel to the centre 

of gravity (CO) of the vehic1e were measured ahd represented by lettet 

la' ahd that froni the rear wheel to the centre of gravity (CO) also 

tletioted by 1>' are all knoWl1. 
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The wavelengt.h was then computed from 

WL == (a+b) ------ ---- ------- ------3.10 for pitch motion, n == 1,3,5, 
II 

while WL = 2(a + b) -----------------------3. t 1 for bounce motion, n = 
11 

0,1,2,3. 

a, b as stated above Arc t.he dist.An es from froht wheel ahd rear wheel 

respectively to the centre of gravity of the vehicle. 

The wave nurnber (W) is given by the relationship 

w == _I ---------------------3.2 
WI, 

Similarly, knowing profile elevation along with the total number 

of potholes, number of potho1es per square metre of the road, the 

average ripple am plitHde for the rond and travel time, then the 

following pothole input loadings to the vehicle wheels can be 

computed, from the following relationship: 

1. A speed was assu med such that the elevation profile of the toad 

with potholes could be transformed into displacement as a 

function of time. 

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

(a) Velocity by the first differentiation 

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

Ep = A sin(27r Wx) 

Bp = Elevation ptofile 
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/\ = Sine wave apUtude (ripple) 

W = spatial frequency 

X = distance along the road. 

1(=3.142 

Two vehicles (Mericrles 911 10rry Hnd pick up va.ti) with the 

tollowing param elers were select.ed. 

Mercedes 911 Lorry: 

a = distance from front wheel to the centre of gtavity of the latty = 

2.6m 

b = distance from the rear wheel to the centre of gravity of tile 10tty 

= 2.4m. 

PeUgeot pickup van: 

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

b = distance from rear wheel to the centre = 1. 24II1. 

911 -1orry has a t.otal of Sm wheel base, 

PeUgeot pickup has 2.84m wheel base 

Distance covered during the survey = 6000m 

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

coveted = 102 

Using the Data obtained ftom the field 

Average tipple/amplitude = O.08m fot intet state ttlad 
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CarriAge way widt.h == 7 .5 rn 

a+h 2 .6+2 .4 
Wave length WL = ---- = ----

II 11 

For piteh motion, n = 1, 3, 5 

2(2.6 + 2.4) 
WL = ---'-- --

3 

= 2(5) = 3.33m 
3 

w= -'-wr , 
w = - = 0.3003111 

3.33 

W" = 2Jzwv[A cOS(27l1tTf J 

Wa = - (2Jl\t ' \') ~ l /l sill 2 Jl\ 1'1'1 I 

v=s 
( 

S 
:. t = ­

v 

Using the data obtain from the field, 

the following input loadings to the vehicle wheels wete computed. 

(1) Wheel velocity input (Wv) 

(2) Wheel Acceleration input(Wa) 

(3) Wheel peak dynamic loading (Wg) 

(4) Whee] clTcctivc frequency (Wf) 

(1) For velocity input 

W v = 21lll'v[ A sin( 21lWVf] m /82 

(2) For Acce1eration input. 

Wa = (2mvv)2[Acos21lwvl]m/s2 
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(3) fi'or penk dynnm ic inp" t 

Wf = W(n)/9.8JN 

(4) For effective frequency in lIz 

v 
Wf = - or [(v) (w)JJIz 

WI, 

Where 

W = wave num ber (cyc1es/metre) 

WL = wave length (m) 

v = vehicle velocity m / s 

t = Trnvet time 

betail of calculation can he found in the Appendices. 

3.4.3 Techniques of Analysis 

The data collected, on the potholes and the computed loadings to 

the vehic1e 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 tnean values of the data from the 

different ronds. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 Pothole. 

lbe results of the pothole pnnuncters out'ained from the sUrvey 

of the dillerent roads are presented in Table 4.1. 

tAJ3LE 4.1 Measured parruneters of the potholes along the selected 

three roads. 

----~ -------- _. ------
TYPE ·C" RU ROAD OR 

TYPE "A" INTER-STI\TE ROl\D ROI\U TYPE uo" INTRA STATE 
FARM ROAD. Rt\FIN YASHI TO 

TEGINA KAGARA MINNA nll)A ROAD 
JukUCHI 

RIPPLES DIAMETER/ DIAMETER/ ER/ 

(depth) 
RIPPLES RIPPLES 

WIDTH(m) WIDTH WIDTH 

0.04 0 .9 0 .018 1.42 
Repl 

O. 

2km 
0.34 1. 

Repl distance 

0.0'25 2km 
0.85 distance 0 .02 0 .98 To Total= 

b.88 2.77 
Average= Avetage= 

0.44 1.39 

0.64 1.1 0.022 0.96 Rep2 0.3,4 1.4 
2km 

distance 
0.44 0.64 0 .024 1.1 o.~! 0.75 

._----- - -----
0 .2 

0 .042 0 .76 
_._---_. 

0.03 1.32 
0 .78 3.39 

Average= Average= 
0 .26 1.13 

0 .63 0.8 0 .026 1.42 

Rep3 . 0.54 - ._. 0,92 
2km 

distr1ace 
0.026 0.56 0.03 0 .76 O. 0.56 
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r-.------ - -
0 .87 0.5 0 .96 0 .'1 

i\vetflge 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 

- - 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 
. ------ - - ------- - _ . 1--. 

0 .098 1.45 0 .024 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 
I 
I 

0.022 0 .54 0 .68 0 .72 

0.026 1.21 0 .08 0.88 
I 0.027 1.68 0 .062 0 .92 

0 .020 1.13 0.087 0 .72 

0.040 1.20 0 .OQ3 1.1 
- ---- --.- .- -

0 .041 1.31 - 0.017- 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 0.4~2 0.76 
._- -- '.- - --_. - -- ... -

0 .03 0 .92 0 .028 0 .92 

0 .028 1.1 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 O.OUl 1.18 
---

0.04 0 .79 0 .0157 1.56 

0.038 0.98 0.024 0.94 

0.039 0 .85 0 .028 0 .84 
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,..., 

n , 

0 .039 1.23 ... 

Total=4 .452 
Totl'l}::: 

42.48 0 .035 1.46 
Average::: 

Average::: 
0 .104 

0.988 

Rep2 
0.02 1.2 0 .04 1.34 

2km 
~stance 

0.028 0.98 0 .041 1.23 

0.04 1.1 3 
1-

0 .01R2 1.52 
._- --_._--

0 .0 34 0 .68 0 .017 1.28 

- _0- _ -.---- -. f-
0 .026 0 .45 0 .019 0 .7 

1 
0.03 0 .76 0.022 1.12 

0 .018 0 .78 0 .03 8 1.0 .., . -- -- ------
0.0176 0 .9 - --0 :3" --- 0 .8 

'. 
.- - ~-.. . -- --- - - --

0 .041 0 .86 0 .0 28 0 .67 

0.097 0 .72 

0.028 0 .8 
r-

Total Total= 
4.3719 52.82 

Averl'lge::: Average= 
0 .0825 0 .9966 

0.032 0 .87 
Rep2 

0 .078 1.3 

21<rn -- --
0.Ot6 0 .96 

distRl1('C 
0 .026 1.4 

0.019 0 .88 0 .03 1.4 

0.015 1.14 0 .02 1.t 

0.021 1.16 
1-

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 

-.- - - - - ... _- - .- -- -- --------_. f---
0 .024 0 .5) o .()? 1.2 

---_.-
0.027 0 .62 0 .022 1.32 

---.---
0.017 0 .89 0 .024 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 29 .18 

Average= Average= 
0.030 0 .912 
0.024 

._. --'- TG2 -- - - - - -----
i~ep3 

O.02R C) .54 

.---
ist$'lnC"f> 0 .03 1.32 --0 .017 0 .68 

0 .04 0 .96 0.024 0 .7 

0 .038 0.83 0 .022 0 .8 

r 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 Rep3 
0 .014 0 .34 

0.018 0.72 
2 Inn 

0 .012 0~5() 
distance 

0.023 0 .89 0.2 1.4 

------ -----
0 .026 1.2 0 .092 13 

0.021 1.34 0 .038 1.46 

I 0.54 1.42 0 .029 0.8 

I 0.4 1.12 0.05 0 .76 

0 .042 0 .9 -0]543 0.89 
.. 

0.041 0 .82 0 .024 0.5 

0.62 0 .95 0 .03 0 .92 
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r-----.-

0 .6 1 
0 .67 

0 .0 28 1.0 
____ M' .- ~-. --

0 .029 0 .98 

0.024 
0 .62 

.- 0 :026 
1.0 

0.086 1.1 . 
-- - 0 .019 1.2 

0.098 0 .85 

0 .03 1.5 

0.087 
0 .74 

0 .037 0.4 

0 .091 
0 .73 

0 .035 0~4 

0 .078 0 .87 

0 .034 
Q.34-

0 .048 1.32 

0 .022 1.0 

0 .042 1.4 

0.032 D B 
-- -- "- 0.021 --

- -
1.2 

------" 0:029 -- 1 .3 

0~639 0 .96 

- -- -- . ().OIP. 
-- 1.3 

1'O~ -' TotAl'" 
3 .185 28.05 

- - -
O. Otl 

-0.48-' 

Average I\v e rage 
"'0 .1180 "' 1.039m 0 .02 0.5 I 

I 

~ 0.12 "" 1.04m 
0 .015 0.75 

I 0.04 0 .92 

I I 

0.05 0.74 

1 0 .04 0 .77 

-

0 .012 0.4 

0.038 0 .96 

0 .017 1.4 

I 0.082 0.42 

r 0 .021 O.B 

0 .018 0 .48 

r 
0.4 (i.44 

, 0 .022 0.92 

~ 
1-- -

0 .021 1.3 

I-- -
0 .012 1.45 

J 

-

-..J I 
0.074 

i1 
1.0 

/ 

I 
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~l 

----- -,-- - -
0 .02 i r--1 11.3lt:5- -'---"--- ,,--,------

-.----- -_~ ~ __________ _ O.0_?' l1__ _ 6,3 . '--- ------ I------~~ 
0 .0 2 7 --(OJ..J;365--j~--+--.Jl'~.I~~-----1 

---- -·- 0-.0- 3- )-- f-----O-. 8---I----i--+!ll'l-~----~ 

rI--~--~--j---- \ 
0 .0 38 0 .94 1 

.-----:---t-- ---+.----. ---- - --- -
0 .0 2 4 1.1 2 

- ---0 -.0-29- - -n-,;---t---+---llll-l---- --1 0 .6 

\~-r----+-----J----1(~-r~~-+---+---~--~ 0 .0 38 0 .67 

r -jr--·--t---- ----- --. 

0 .0 4 J 0.48 

TotAl= 
2 .0 54 

Total 
41 .04 

Average = Average = 
0 .01 279 0 .85500 
"" O.O"':1m O.85Grn j 

_----' _____ .L-________________ . ________ ---L-__ ---1---.J!-I~------l 

\11, 

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

of 6km, we have 1.02 number of potholes with an average ripple of 

0.08m and average width of 0 .969m . 

On the intra-stale road however, wit.hin the satne distance the 

average number of polholes is 128 with average rippie of a.5298m And 

width of 0.926. 

Along the rurAl rOrld t.he average number of pothole per 6ktn is 7 

number while the average ripple is a.37m and the average width is 

l.09m. 

The e1evation profiles within the selected distahces ate presehted 

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

·.he inter, ihtta and rural roads respectively. 

43 

1 
I 

r 

i 
'. 
i , , 
I 
I 
G , 
\ 
~ , 

r 

1 

1 

-



4.2 Velocity and AcceteraUon Inputs. 

The results of the computed velociLies, acceleration inputs and 

dynamic loading in to vehicle wheels resulting from the potholes on 

the various roads are presented in Tahles 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 WHEEL BASE TRAVELLING AT 20, 

40,60, 80 AND 100 KM/I1 ON TEGINA KI\GARA ROAD. 

V T WL W** v IS/speed W{v) W(a) W(g) W{f) 
SINo 

km/h (Sec.) (Sec. ) (m) (m) m/s2 tn/S2 N Hz 

1 20 5.55 1081 3.33 0 .3003 0 .2 8 .270 0 .843 1.67 . 
2 40 11.11 545 3.33 0.3003 0.336 33 3.36 3.3 

3 60 16.67 361 3 .33 0 .3003 0.33 77 7 .849 4.98 

4 80 22.2 270 3 .33 0.3003 0.587 138.2 14.08 6.67 

5 100 27.78 222 3.33 0.3003 0.7134 204.47 20.8 8 .1 
-~.---.-----
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Ep 

tn1/ctn 

0 .754 

0.78 

0.79 

0.787 

0.'787 



TABLE 4.3 

COMPUTED WHEEL VELOCI'TY, ACCELERATION, PEAK DYNAMIC 

LOADING AND FREQUENCY or POT HoLE INPUT TO 

911MERCEDES LORRY OF 5 METRE WHEEL BASE TRAVELLiNG AT 

20, 40, 60, 80, 100 Km I" ON MINNA BIDA ROJ\D 

------ ---
v IS/speed v T WL W** W{v) W{a) W(f) 

SINo W(g) N 
km/h (Sec. ) (Sec. ) (m) (m) rn/s7. m/s2 Hz 

1 20 5.55 108] 5 0 .2 0.206 2.43 0.2477 1.11 

2 40 11.11 5'15 5 0.2 0 .6896 7 .865 0.8 2.22 
- - .- - - -- - .- - - --- ---

3 60 16.6 361 5 0.2 0.495 19.15 1.95 -:L32 
- --- -.- - _. ---

4 80 22.2 270 5 0 .2 0 .589 33.73 3.438 4.44 

5 100 27.78 222 5 0 .2 0.847 49.89 5.08 5.4 

TABLE 4.4 

COMPUtED WHEEL VELOCITY, ACCELERATION, PEJ\K 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 JUKucHt ROAD. 

Ep 
m2/cm 

0.403 

0.43 

0.44 

0.433 

0.433 

t----y--~----r---____,----- ---- .,.-----r-------r-------y----...--.--,----, 
VIS 

SINo speed 
km h 

V T WL W** W(v) 
(Sec.) (Sec.) (m) (rn) ml S2 

1 20 5.55 1081 1.67 0.59 5.9 

W(a) 
mjs2 

99.27 

W(g) N 

10.11 3.23 0.234 
t---+---~~-~--I--+_--~--~--~+---~-~~-~~ 

2 40 11 545 1.67 0.59 13.77 251.68 25.65 6.586 0.15 
3 60 16.6 361 1.67 0 .59 ~2-1.-9-1--3-8-9-.4-0-+-3-9-:-.5-9~·-9 . .....,9,.-:-40~-0--,.1;--0-2-::-i8 

4 80 22.2 270 1.67 0.59 28.4 890.23 90.747 13.29 0.1313 

5 100 27.78 222 1.67 0.59 34.6 1316.572 134.70 16.167 0.131,3 
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TABLE 4.5 

COMPUTED WHEEL VELOCITY, I\CCELEATION, PEAl< DYNAMIC 

LOADING AND FREQUENCY OF POTHOLE INPUt TO PEUGBOT 

PICKUP TRAVELLING ALONG TEGINA ROAD 

- - -- -
V IS/speed V ' I."' WL W** W(v) W(a) W(g) W(f) Ep 

SINo 
km/h (Sec. ) (Sec. ) (m) (m) m/s2 m/s2 N Hz tn2 /cm 

--
1 20 5.55 1081 2 .84 0.35 0 .974 11.89 1.211 1.95 0.799 

~ ~----- --- ---
2 40 1 1 515 2.8-1 0 .35 1.884 5.35 0.544 3.87 0.18 

_. __ .- -.--.,--- ---
3 60 16.6 3f> 1 2.84 0.35 2.78 32 .75 3.33 5.8 0.245 

-
4 80 22.2 270 2.84 0 .35 3.77 49.73 5.069 7.8 0.208 

5 100 27 222 2.84 0.35 4.59 73.57 7.49 9.5 0.208 
-- .----_. _-- ... - ----

TABLE 4.6 

" 

COMPUTE WHEEL VELOCITY, ACCELEA'rION PEAK DYNAMIC ~ , I 

LOADING AND FREQUENCY OF POTHOLE INPUT TO PEUGEOT 

PICi{Up VAN ALONG MINNA BIDA ROAD 

--- ----- ---- - ---- .--
V IS/speed V T WI., W** W(v) W(a) W(g) W(f) Ep 

SINo 
km/h (Sec. ) (Sec .) (m) (m) m/s2 m/s2 N Hz tn2 /ctn 

1 20 5.55 1081 2.84 0 .35 0.608 7.449 0.7~; 1.95 0.36 

2 40 11 545 2.84 0.35 1.18 6.65 0.677 3.87 0.114 

3 60 16.6 36t 2.84 0.35 1.74 20.47 2.086 5.8 0.1535 
- -

4 80 22.2 270 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 POTIIOLE INPUT TO PEUGEOT 

PICKUP VAN TRAVELLING ALONG RAFIN YASHI .JUCHUKU ROAD 

(RURAL ROAD) AT 20, 40, 60, 80, J\ND 100 Km/H. 

V IS/speed v T WL W** W(v) W(a) W(g) W(f) Ep 
/No 

km/h (Sec.) (Sec.) (m) (m) m/s2 m/s2 N Hz m2 /ctn 

1 20 5.55 1081 2.84 0.35 4.45 3.97 0.4 1.95 0.3 

2 40 J 1 545 2.84 0.35 8.717 49 4.99 3.87 0.263 

3 60 16.6 361 2.84 0.35 12.856 5.4 5.8 0.238 
--- --,--- ----

4 80 22.2 270 2.811 0.15 17 .111119 230 23.4 7.8 0.36 

5 100 27 222 2.84 0.35 21.212 340 34.7 9.5 0.36 

The results generally showed that as the velocity of the vehicles 

increases the acceleration input in to the vehicle wheels and the 

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

vehicle plying the rural roads. Tabks 4.4 and 4.7. 

The tesu1ts of the mlalysis of variance ANOVA and Duncah 

rutdtiple range test for these data are prescribed in Table 4.8 - 4.13. 
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Table 4.8 J\NOVA for the depfh (ripplc~) of the potholes assessed o'h 

the three road types 

Analysis of 

Variance 

Sum of Mean 

Source D.r SqURres Sqmues F Ratio F Prob. 

Between Groups 2 0 .65<) 0 .3295 21.6582 0 

Within Groups 235 3.575 0 .0152 

Total 237 4 .2311 

Standard Standard 95 Pet Conf Int for 

Group Count MC~ln Devin Han Errot Mea-h 

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 O. l331 0.b503 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 

Grp 3 0.2000 0.5400 

TOTAL 0.0120 0.6800 

Table 4.9 Results of Duncan Multiples Ranges test to ascertain the cliffe ences betweeh 

means of potholes' ripples obtained from the roads . 

Multiple Range Tests: Duncan test with significance level 0.5 

the differehce between two means is signincant if 

MEAN (J) - MEAN (1) >= .0872 * Rt\NGE * SQRT (ljN(J) + IjN(J)) 

. with the following value(s) for RANGE: 
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Step 

RANGE 

2 

2 .79 

3 

2.94 

(*) Ihdicates significant difference which ~re shown in the lower triangle 

Mean 

Subset. .1 

Group 

Mean 

Subset 2 

Group 

Mean 

0.0579 

0.0842 

0.3714 

ROADS 

Grp 2 

Grp 1 

Ot"p 3 

G G G 

r r r 

p p P 

2 1 3 

* * 

Orp 2 (;rp I 

22.4700 63.4230 

Orp 3 

372.1610 

49 



Tab1e 4.10 Rc~ull.~ of the /\NOV/\ for the comptltr.d velocity input into 

vehicles on dilTerenl roaus. 

Analysis of Variance for Wv 

SoUrce OF SS MS F P 

Vehicle ] 16.32 16.32 0.49 0.492 

Road 2 ]610.42 805.21 24.02 0.000 

'Error 26 871.7 ] 33.53 

total 29 2498.15 

Table 4.11 Result.s of /\NOV/\ fo r the com puted ace lcration input.s into vehicle on 

different roads 

Analysis of Variance for Wa 

SoUtce DF SS MS F P 

Vehic1e 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) Rcsu 1t.s of "NOV J\ for the com put.ed velocities on th e 

differen t roads. 

Sum of 

Source D.F. SquRrcs 

Between Grou ps 2 1610.4209 

Within Groups 27 888 .0330 

Tota1 29 2498.4539 

Gtoup Count Mean 

Gtp 1 10 1.6164 

Grp 2 10 1. 1 SRS 

Orp 3 10 16.9247 

Total 30 6 .5665 

GROUp MINIMUM MAXIMUM 

Gtp 1 0.2000 4.5900 

IGtp 2 0.2060 2 .8700 

Gtp 3 4.4500 34 .6000 

TOTAL 0.2000 34.6000 
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MCRn 

Squares 

805.2105 

32.8901 

Standard 

Deviation 

1.5809 

0 .8821 

9.7669 

9.2819 

F R.atio 

24.4818 

Standard 

Error 

0.4999 

0.279 

3 .0886 

1.6946 

F Prob. 

0.0000 

95 Pet Conf Int for 

Mean 

.48 55 TO 2.7474 

.S274 TO 1.7895 

9 ~ 9379 TO 23.911! 

3.1006 TO 10.032' 



Tnblc 4.12(h) Results of the DUllcan Multiple range tcst to nscertnin the differences 

between means of the computed velocities under roads. 

Multiple Range Tests: Duncan t.est with significance level 0 .05 

The difference between two me~l11S is s ignificant if 

MEAN (J) - MEAN (I) > = 4.0553 * RI\NG E * SQRT (1. /N(I) + 1. /N(J)) 

with the followingvaJuc( s) for RI\N(H:;:: 

Step 2 3 

RANGE 2 .90 3 .05 

(*) Indicates sighificant difference which Arc shown in the lower ttiangle 

(l U (1 

r r r 

p p P 

2 1. 3 

Meart ROADS 

1.1585 Grp 2 

1.6164 Orp 1 

16.9247 Orp 3 * * 

Homogeneous subset (highest and lowest meAn Rre not signifi antly different) 

Subset 1 

Group 

Mean 

Grp 2 

1.1585 

Orp 1 

1.6164 

--------------------------------------------------------

subset 2 

GtoUt:> 

Mean 

Grp 3 

16.9247 

--------------------------------------
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Table 4.13(a) Results of ANOV A for the computed accelerated on 

diITerent roads. 

Su IT1 of 

Source D.p. S<1u~rcs 

Between Grou ps 2 730933.6544 

Within Grou ps 27 1599032.2520 

Total 29 2329965.906 

Group Count Mean 

Gtp 1 10 63.4230 

Grt> 2 10 22.4700 

Total 30 152.6847 

GROUP MINIMUM MAXIMUM 

Grp 1 5.3500 204.4700 

,Grp 2 2.4300 49.8900 

Grp 3 3.9700 1316.5700 

TOTAL 2.4300 1316.5700 
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Mcnl1 F 

Squ~res Ratio 

365466.8272 6.1710 

59223.4167 

Standard Standard 

Deviation Error 

64 .0287 20.2476 

17.0347 5.3868 

283.4496 51.7506 

F 

Prob. 

0.0062 

95 Pet Conf Int 

for Mean 

17.6197 TO 109.226. 

10.2841 TO 34.655 

1'4.3798 TO 258.526 



Table 4.13(b) Results of the f)uncFln Multiple Range test to ascerta.in 

the difTerences bet.ween menns of the computed Acceleration under 

different roatis. 

Multiple Range Tests: Duncan tcst with signific::mce levcl 0.05 

The difference between two means is significant if 

MEAN (J) - MEAN (I) >= 172.0805 * RANGE * SQRT (l/N(I) + l/N(J)) 

With the following value(s) for RANGE: 

Step 2 3 

RANGE 2.90 3.05 

.(*) Indicates significAnt difTcrrnce which ::lrc shown in t.he lower triangle 

(1 G G 

r r r 

p p P 

2 1 3 

,Mean ROADS 

22.4700 Grp 2 

63.4230 Grp 1 

372.1610 Grr 3 * * 

Homogeneous su bsets (highest [-lI1d lowcst mCRns are not significantly diffetent) 

KEY 

Road 1 stands for Road 1\ 

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 ptoduce 

is the mechanical dmrlAgc resulting from impAct and vibration. The 

sources of this vibrAtion Arc the irregulFlriUes on the road. In this 

study an assessment of the rOAd irregularities (such as potholes and 

pumps) were carried ou t 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 CAD be found within a distance of about 6km 

on a tarrerl rOArl in NigeriA especiAlly rluring the period of this study 

which marks the beginning of the rainy season. 

The result.s of the computation using the average depth of these 

potholes to detennine the verLical displAcement input to the vehic1es 

traversing these irregulArities showed that as the average velocity of 

llie vehicle increases, the acceleration input into the vehicle wheels 

ahd the dynan:lic load also increases. This increase is howevet ttl ore in 

the case of tural road. I t has been noted that it is this vertica1 

disp1acement reSUlting it1 bounce and pitch moHon that usually caUse 

vibration. It is this vibration which is transmitted from the wheel to 

the chassis and then to the produce package in t.he container (Ogut et; 

1999, Sighn and Singh, 199], Ogaga, 2000). 

The data obtained were subjected to some statistic~ :analysis 

with the view to ascertain the effects of the different roads and the 

vehicle types used. 
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Table 4.8 showed thnt the avernge ripples (depth) of the potholes 

differed significanlly bctw~cn lh~ three types of road studied in this 

work. The Duncan multiple rnnge test. (TAble 4.9) initiates that there is 

a significant difference (p~O . ()5) het.ween the average potholes ripple 

along the rural road and ot.her two 1 hus conforming t11e fact that the 

acceleration inputs along the rural road are greater than tllose of the 

other two, irrespective of the vehicle used. 

A similar trend can be observed in the results of the velocity 

input and acce1er::ltion inputs shown in Table 4.10 and 4.11. The 

ANOVA showed that the velocit.y nnd acceleration inputs differed 

significantly (p~O.05) bctwecn the three road types. 

The velocity and Acceleration inputs of the vehicles p1ying the 

rural road are far greater t.han t.hose plying the intra state and intra 

state (Tables 4.12h 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 absotbed 

enetgy which is dependent on the impact force. Since force is 

dependent on man and the acceleration. The informatidn revealed 

from this study can be used to select vehicles with suspensioh 

systems that catl cushion and reduce the impact loads into the wheels 
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before it reaches the produce. It. f:Fln Htso be used to select appropriate 

speed at which this produce will be transported knowing the 

conditions of the roads. 

The frequencies outained in the study which ranges from about 

2 - 17Hz (Tables 4.2 - 4.7) ahm cou ld 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 resonFlflCC. It is whcn this resonance results that 

the ptoduce will rtccclcr(lte extremely resulting in produce da.mage 

(Ogut et al 1999 aJ)(1 O'brien ef, ] 965) . 
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CHAPTER FIVE 

5.0 CONCLUSION AND tmCoMMENDATIONS 

5.1 CONCLUSION 

An assessment of the road irregularities as sources of excitation 

input to vehic1e hauling fresh produce was carried out. It can be seen 

from the resu1ts obtained that irrespective of the type of vehicle used, 

the acce1eration input (which is a vertical displacement) in to the 

vehicle and the dynamic load doubles as the velocity increases. Since 

U is this nccc1crntion which cvcntunlly is trAnsmitted thtough the 

suspension system of the vehicle t.o the produce and which causes 

produce damage through im pact; it can be concluded ihat under such 

roads as assessed ht;re, the velocity of such vehicle can be 

a.ppropriate1y selected such that the vertical displacement cah be 

minimized. The quantification of these excitation inputs as carried out 

in this work can provide relevant informatioh for deVeloping models 

that can ptedict such vertical displAcement on vehicles under given 

sets of conditiohs of roads. 

5.2 REcoMMENDATIONS 

The following recommendations are hereby made. 

(1) Futthet research work should be carried out on the 

assessment of road irtegularities selecting anothet diffetent 
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t t> f 1 . 1 ()t 11('1" t h'l11 1 he ones selected 011 this .y es 0 VC 1 Ie C~ . < 

assessrnenL 

(2) Government should gIve more atlehtion on the repairs atld 

rehabilitation of roads. 

(3) Automobiles Engineers should think of designing new 

suspension system of vehicles to suit Nigeriatl toads. 

(4) New packaging system of tomatoes shottld be introduced 

while hauUng tomH1ocs from production area (farm) to the 

markets to reduce dHmHgc~ due to vibration dUrihg transit. 
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APPENDIX 

For time t in seconds. 

S 
f = -

t 

t= 6000nl = 1081see for travel of 20krn/hr 
5.551/11.'1 

6000111 r 4{)·k /h t = = 545 sees lor \. m r 
11,;,/.'1 

( = 60bOn! = 361 sees for trAvel of 60km / hr 
t6 .6mls 

6000111 1 r 8)k /1 · 1 = - = 270 sec~ for t rnvc 0 ( rn H 
22.2m I s 

f = 6000m = 222 sees for vehicle traveling at 100km/hr 
27111 Is 

I (1) Wv = 2 7( Wv[Aeos(2 7( ~vt)J 

=, 2 x 3.142 x 0.3003 x 5.55[0.008 eos(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 sees)) 

= 10.47 lO.08 x 0.3343003794) 

= O.2m/see2 

(2) Wv = 2 7( wv[A cos (2 7( wvt)J 

545)1 

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

545 sees)) 

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

I 



= 20.75(0.08(0.2027872954)) 

= 20.75 x [0.0 16222983()3) 

= 0.336 

(3) Wv = 2 ff wv[/\ cos (2 Jr wvtJ 

= 2 x 3.142 x 0.3003 x 16.610.08 c03(2 x 3.142 x 0.3003 x 16.6 x 3(1)] 

= 31.3 [0 .08 cos (1] 308.5)\ 

= 31.3{0.0 1064971) 

= 0.33m/s 

(4) Wv = 2 ff WvrJ\ cos(21t Wvt)l 

= 2 x 3.142 x 0.3003 x 22.2 [0 .08 cos (2 x 3.142 x 0.3003 x 22.2 )( 27)] 

= 41.89 [0.08 cos (11311. 2)1 

= 0.587. 

(5) Wv = 2 ff Wv [A cos (2 7r 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 .1 7502306) 

=0.71.34. 

for Wa 

(1) Wa = (2ffWV)2 [J\sjn (2ffWvt)) 

- (2 x 3.142 x 0.3003 x 5.55)2 [0.08 8in(2 x 3.1.42 x 0.3003 x 5.55 x 

l081)] 

= 109.69 [0.08 sin(11321.7)) 

= 109.69 to.075397] 

II 



= 8.270m/s2 

(2) Wa = - (2 7r Wv)2 {i\ sin (27r Wvt)) 

= (2 x 3.142 x 0.3003 x t 1)2 (0.08 sin(2 x 3.142 x 0.3003 x 11 x 545)] 

= 430.9 {0.08 ~in( 11313.1)1 

= 430.9 x 0.07831224521 

= 33m/52 

(3) Wa = (2 7r Wv)2 [/\ sin (2 7r Wvt.)l 

= (2 x 3.142 x 0.3003 x 16.6)2 10.08 sin(2 x 3.142 x 0.3003 x 16.6 x 

361)] 

= 981 [0.08 sin( 11308.5)1 

= 981 x 0.07928798 

= 77m/s2 

(4) Wa = (27r Wv)2 [1\ ~i~l (27r Wvt)) 

= (2 x 3.142 x 0 .3003 x 22.2)2 [0.08 sio(2 x 3.142 x 0.3003 x 22.2 x 

270)] 

= 1755.05 [0.08 sih(11311.2)J 

= 138.2n1/s2 

(5) Wa = (27r WV)2 [1\ sin (27r Wvt)J 

= (2 x 3.142 x 0.3003 x 27)2 [0.08 s10(2 x 3.142 x 0.3003 x 22 x 222)] 

= 2596 [0.08 sin(11311.2)J 

= 204.47m/82 

III 



For peak Dynamic load 

Wg = W(a)/9 .81N 

( 1) 

(2) 

(3) 

(4) 

(5) 

Wg = 8.270 = O.843N 
9.81 

33 
Wg= - == 3.36 

9.81 

77 
Wg = - = 7.849N 

9.81 

Wg = 138.2 = 14.08N 
9.81 

W = 204.47 == 20 .8N 
g 9.81 

For Effective Input Frequency 

v 
Wf= -

WI, 

( 1) 

(2) 

(3) 

(4) 

(5) 

Wf = 5.55 == 1.67Hz 
3.33 

t I 
Wf= - = 3.3Hz 

3.33 

Wf = 16.6 == 4.98Hz 
3.33 

Wf = 22.2 = 6.67Hz 
3.33 

27 Wf= - = 8.1Hz. 
3.33 

For Elevatio11 Ptofile 

(1) Ep = {A(Sih(27tWx)] 

IV 



Ep == [0.08 ~in(2 x 3.112 x 0 .300:1 x 5.55 x 1081 sec.)] 

= {0.08 sin (1l32 1.7)1 

= 0.075 

(2) Ep := [i\(Sin(27r Wx) I 

Ep = {0.08 sin(2 x 3.142 x 0 .3003 x 11 x 545)1 

= [0 .08 sin (11313 .1)] 

= 0.078 

(3) Ep = rA(Sin{21r 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 = rA(Sih(27r Wx)J 

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(27r Wx)l 

Ep = [0.08 sin(2 x 3. J 42 x 0.3003 x 27 x 222)] 

= (0.08 sin (11311.18869)] 

= 0.0787 
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ROAD TYPE B MINNA BIDDA ROAD 

Distance covered = 6000m 

Total number of potholes for intra stale toad within the 6000m 

covered = 129 

Averag rippJc amplit.ude == 0.053 

Carriage way wid th = 9 m. 

W a+h avelength WL = -
11 

Dimension (wheel base distance of the selected lorry (all Metcedes 

lorry) = 2 .6m for (n) nnd 2.'1m for (1)) Totnllenglh = Sm 

WL = a+b 
11 

= 2.6+2.4 =5 
l' 

W -= _1_ 
WL 

1 :. W= - O.2m 
5 

'Nv= 21l Wv(A cos 21l Wvt) 

Wa = (21t Wv)2 rA Rin (27r Wvt)J 

S V= -
t 

s 
.'. t = -

V 

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

( 1) t = 6000 
V 

VI 



for Wv 

(1) Wv= (27rWv) fA cos(27rWvllJ 

= 2 x 3.142 x 0.2 x 5.55 10.05 cos (2 x 3.142 x 0.2 x 5.55 x 

1081)) 

= 6 .97524 (0.05 cos (7 540.23444)] 

"" 0.206 

(2) Wv= (2 7r Wv) [A COS(21T Wvt)] 

545)1 

= 2 x 3.142 x 0.2 x 11.11 x (0.05 cos (2 x 3.142 x 0.2 x 11.11 x 

= 13.96 {0.05 cos (7509.86116)] 

== 0.6896 

(3) Wv= (21T Wv) rA cos(2 7r Wvt)] 

361)J 

= 2 x 3.142 x 0.2 x 16 .6 x [0 .05 cos (2 x 3.142 x 0.2 x 16.6 x 

= 20.86288 [0.05 cos (7531.49968)J 

= 0.495 

(4) Wv== (27r Wv) [1\ cos(2 7r Wvt)] 

361)1 

= 1 x 3.142 x 0.2 x 22.2 x lO.05 cos (2 x 3.142 x 0.2 x 22.2 x 

= 27.90096 [0.05 cos (10072.24656)] 

... 0.589 

(5) Wv= (21r Wv) [A cos(21r Wvt)J 

= 2 x 3.142 x 0.2 x 27 x [0.05 cos (2 x 3.142 x 0.2 x 27 jt 222) 

vtt 



\':: 33.9336 (O.OS cos (7S33.2S<J2)j 

= 0 .847 

For Wa 

(1) . Wa= (2trWv)2 (/\ sin(2JrWvt)1 

= (2 x 3.142 x 0.2 x 5.55)2 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 

(2) Wa= (2trWv)2 rA sin(2trWvt)1 

= (2 x 3.142 x 0.2 x 11.1 t)? x [0.05 s1n(2 x 3.142 x 0.2 x 5.55 x 

1081)] 

= 194.9667 [0.05 sin (7540.23444)J 

= 7.865 

(3) Wa= (2tr Wv)2 [A sin(2tr Wvt)] 

= (2 x 3.142 x 0.2 x 16.6)2 x fO .05 sln(2 x 3.142 x 0.2 x 16.6 x 

361)) 

= 435.25976 [0.05 sin (7531.49968)J 

= 19.15 

Wa= (2trWv)2 rA sin(21rWvt)J 

= (2 x 3.142 x 0.2 x 22.2)2 x [0.05 sin(2 x 3.142 x 0.2 X 22.2 x 

270)J 

= 778.46 [0.05 sin (7533.2592)] 

= 33.73 

VIIT 



(5) Wn -=' (27r Wv)? 1/\ ~in(~ Jr Wvt)1 

= (2 x 3.142 x 0.2 x 27)2 x rO .05 sin(2 x 3.142 x 0.2 x 27 x 222)] 

== 1151.489 [0.05 sin (7533.2592)] 

= 49.89 

For Peak Dynamic Load. 

Wg = W(a)j9.81N 

(1 ) 

(2) 

(3) 

(4) 

(5) 

Wg = 2.43 = 0 .2477N 
9.81 

W = 7.865 = 0.8N 
g 9.81 

Wg = 19.15 = 1.95N 
9.81 

33 .73 
Wg = - = 3.438N 

9.81 

Wg = 49.89 = 5.08N 
9.81 

For Effective Input Frequency 

Wf= ~ 
w/, 

(1) Wf = 5.55 = 1.1 1 Hz 
5 

(2) Wf= ~ = 2.222Hz 
5 

(3) Wf = 16.6 =3.32Hz 
5 

(4) Wf = 22.2 = 4.44Hz 
5 

IX 



(5) 
27 

Wf = - = 5.4Hz 
5 

For Elevation Profile 

(1) Ep = (A (sin(2 7r Wx)} 

Ep = (0 .05 sin(2 x 3. ] 42 x 0.2 x 5.55 x ] 081sec)) 

= (0.05 sin(7540.234411)1 

= 0.0403 

(2) Ep = {A (sin(2 7r Wx)l 

Bp = [0.05 sin(2 x 3.142 x 0 .2 x 11 x 545)] 

I 

= [0 .05 sin(75Jtl.51u)1 

= 0.0428 

= 0.043 

(3) Ep = [A (sin(2 tr W~)1 

Ep = [0.05 sin(2 x 3.142 x 0.2 x ] 6 .6 x 361)] 

= [0.05 sin(7531.49968)] 

= 0.044 

(4) Ep = [/\ (sin(2 7r Wx)] 

Ep = [0.05 sin(2 x J . 142 x 0 .2 x 22.2 x 270)] 

= [0.05 sin(7533.2592)) 

= 0.0433 

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

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

= [0.05 sin(7533.2592)J 

x 



= 0.0433 

ttoAt> TYPE C. RURAL RoAn 

RAFIN YASHI JukUCHI ROAD. 

Distance covered 6000m 

Number of Pot holes 7. 

Average Ripple 0 .37m 

Carriage way width 5 metres 

Dimehsion (wheel base of tile selected vehicles 5m. 

WL = a+b 
11 

WI, = ~.6+ 2.4 = ~ = 1.666 "" 1.67 
3 3 

W = _1_ = _ 1_ = 0.59 
WL 1.67 

Wv = 2tr Wv[/\ cos(2tr Wvt)1 

(1) Wv = 2 x 3.] 42 x 0.59 x 5 .55 x 1/\ cos(2 x 3.142 x 0.59 :x 5.55 x 

1081)] 

= 20.576958(0.37 cos(22243.6916 

= 5.8897 

",, 5.9 

Wv = 2 x 3.142 x 0.59 x 11 x fA cos{2 x 3.142 x 0.59 x 11 x 545)1 

= 40.78316 x (0.37 cos(22226.8222)J 

= 13.77 

Wv = 2 x 3.142 x 0.59 x 16.67 x [0.37 cos(2 x 3.142 x 0.59 x 

16.6 x 361)] 

Xl 



= 61.80 x [0.37 co~(22? 17. Q2210611 

= 21.966 

(4) Wv = 2 x 3.142 x 0.59 x 22.2 x 10.37 cos(2 x 3.] 42 x 0.59 x 22.2 

x 270)) 

= 82.3078 x (0.37 cos(22223.1111 

= 28.46 

(5) 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)] 

= lbo.] 0 x [0.37 cos(22223. 11)1 

= 34.62 

ForWa 

Wa == (2 Jr Wv)2 [1\ sin(2 Jr Wvt)J 

(1) 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 x 1081)J 

== 423.4 [0.37 sin(22243.69] 6)] 

== 99.27 

(2) Wa = (2 x 3.142 x 0.59 x 11)2 x [0.37 sin(2 x 3.142 x 0.59 x 11 x 

545)) 

= 1663.26614 [0.37 sin(22226.8222)] 

= 251.68 

(3) Wa = (2 x 3.142 x 0.59 x 16.6)2 x [0.37 sih(2 x 3.142 x 0.59 x 

16.6 x 361)] 

== 3787.84 [0.37 sin(22217.92406)] 
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= ~3R9.110 

(4) Wa == (2 x 3.142 x 0 .59 x 22.2) · x fO .37 81n(2 x 3.142 x 0.59 x 

22.2 x 270)J 

= 6774.579 [0 .37 sin(22223. 11464)) 

= 890.23 

(5) Wa = (2 x 3.142 x 0 .59 x 27)2 x 10.37 sin(2 x 3.142 x 0.59 x 27 x 

222)] 

= 10020.83 10.37 ~in(22223. J 1)1 

= 1316.572 

Fot Peak Dynamic Load. 

Wg = W(a)j9.81N 

( 1) 

(2) 

(3) 

(4) 

(5) 

Wg = 99.27 = 10.1JN 
9.81 

W = 251.68 == 25.65N 
g 9.81 

W = 389.40 = 39.69N 
g 9.81 

w = 890.23 = 90.747N 
g 9.81 

w = 1316.572 = 134.20N 
g 9.81 

Fot Effective Ihput Frequency 

V Wf= -
WL 

( 1) WE = 5.55 = 3.323Hz 
1.67 
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(2) 

(3) 

(4) 

(5) 

t t Wf = - = 6.586117; 
1.67 

Wf = 16.6 =9.940I1z 
1.67 

Wf = 22.2 = 13.29Hz 
. 1.67 

27 I Wf= - = 16.167l- z 
1.67 

For Elevation Profile 
• 

Ep = [A (sin(2 1f 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 

(2) Ep = 10.37 sin(2 x 3.142 x 0.59 x 11 x 545)) 

= (0.37 sin(22226 .8222)} 

= 0.15 

(3) Ep = [0.37 sin(2 x 3.142 x 0.59 x 16.6 x 361)1 

= [0.37 sm(22217.92406)] 

= 0.1028 

(4) Ep = [0.37 sin(2 x 3.142 x 0.59 x 22.2 x 270)) 

= [0 .37 sin(22223.11)] 

= 0.1313 

(5) Ep ,.. [0.37' sin(2 x 3.142 x 0.59 x 27 x 222)] 

= lO.37 sin(22223.11)) 

= 0.1313 
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For Peug~ot. pick up vnn trnvding nlong Minna Bida Road. 

Road Distance covered = 6000m 

Total Number of potho1es found within the 6000 metres of Minna Bida 

Road = 129 

Average ripple amplitude = 0 .05m 

Carriage way width = 9m 

WL = 1.6 + 1.24 = 2.84 
1 

It . 
W =-= - = O.35 

WL 2.84 

For Wv calculation 

Wv = 21l' Wv[A cos(21l' Wvt)J 

(1) Wv = 2 x 3.142 x 0.35 x 5.55 x [0.05 cos(2 x 3.141 x 0.35 x 5.55 

x 1081)1 

= 12.20667(0.05 cos( 13195.41027)] 

= 0.6087 

(2) Wv = 2 x 3.142 x 0.35 x 11 x [0 .05 cos(2 x 3.142 x 0.31:; x 11 x 

545)1 

= 24.1934[0.05 cos( 13185.403)] 

= 1.1780 

(3) Wv = 2 x 3.142 x 0.35 x 16.6 x (0.05 cos(2 x 3.141 x 0.215 x 16.6 

x ·361)) 

= 36.51004(0.05 cos( 13180.12444)) 
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= 1.737 

(4) Wv = 2 x 3.142 x 0.35 x 22.2 x (0 .05 cos(2 x 3.142 x 0.35 x 22.2 

x 270)1 

= 48.82[0.05 cos( 13183.2036)) 

= 2.356 

(5) Wv = 2 x 3.142 x 0.35 x 27 x (0.05 cos(2 x 3.142 x 0.35 x 27 x 

222)] 

=: 59.4[0.05 cost 13183.2036)1 

= 2.867m/s2 

ForWa 

Wa = (2tr Wv)2 [A sin(2tr Wvt)] 

(1) wa ~ (2 x 3.142 x 0.35 x 5.55)2 x [0.05 sin(2 x J.142 x 0.35 x 

5.55 x 1081)) 

= 149.00 [0.05 sin(2099.8425)1 

= 7.449 

(2) Wa = (2 x 3.142 x 0.35 x 11)2 x [0.05 sin(2 x 3.142 x 0.35 x 11 x 

545}) 

::i: 585.32 (0.05 sin( 13 185.403)] 

~ 6.65 

(3) Wa = (2 x 3.142 x 0.35 x 16.6)2 x [0.05 sif1(2 it 3.142 X 0.35 x 

16.6 x 361)) 

= 1332.98 [0.05 siri(13 180. i2444)J 

= 20.47 
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(4) Wa = (2 x 3.142 x 0.35 x 22.2)2 x 10.OS sin(2 x 3.142 x 0I.3S x 

22.2 x 270)) 

= 2384.044 [O.OS sin( 13183.2026)] 

= 31.086 

(S) Wa = (2 x 3.142 x 0.3S x 27)2 x [O .OS sin(2 x 3.142 x 0.35 x 27 x 

222)J 

== 3526.43 [0.05 sin( 13183.2036)1 

== 45.98 

For Peak Dynamic Load . 

W - W(a) 
g - 9.81N 

( 1) 

(2) 

(3) 

(4) 

(5) 

Wg = 7.449 = 0 .7SN 
9.81 

Wg = 6.65 = 0.677N 
9.81 

Wg = 20.47 = 2.086N 
9.8 t 

W = 31.086 = 3.168N 
g 9.81 

Wg = 45.98 = 4.687N 
9.81 

For Effective Input Frequency of PeUgeot Pick Up 

wt= ~ 
IVL 

( 1) Wf = 5.55 = 1.9SHz 
2.86 
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(2) 

(3) 

(4) 

(5) 

Wf = ~_1 = 3.B71 {7-
2.86 

Wf = 16.6 =5.8Hz 
2.86 

Wf = 22.2 = 7.8Hz 
2.86 

27 
Wf= - = 9.5Hz 

2.86 

For Elevation Profile 

Ep = tA (sin(2 1r Wx)) 

(l) Ep = [0.05 sin (2 x 3.142 x 0.35 x 5.55 x 1081sec)) 

= [0.05 sin( 13195.41 (27)J 

= 0.0036 m2 / s 

(2) Ep = [0.05 sin(2 x 3.142 x 0.35 x 11 x 545}) 

= [0.05 sin(13185.403)J 

= 0.011364 m 2 /s 

(3) Ep = [0.05 sin(2 x 3.142 x 0.35 x 16.6 x 361)J 

= [0.05 sin( 13180.12444)) 

= 0 .01535 In2/ s 

(4) Ep = [0.05 sin(2 x 3.142 x 0.35 x 22.2 x 270)] 

= [0.05 sin(13183.2036)] 

= 0.01304 m 2 /s 

(5) Ep = [0.05 sin(2 x 3.142 x 0.35 x 27 x 222)1 

= [0.05 sin( 13183.2036)] 

= 0.0130393 m2/ s 
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For Peugeot. pick-up truvc11ing nlollg Rolin Ynshi Jukuchi Road (RuraJ 

Roads) 

Total Nurnber of potholes :::: 7 

Average Ripples = 0.37m 

WL = 1.6m + 1.2411; = 2.84m 
1 

1 I 
W = -=-=0.35 

WL 2.84 

For Wv computation 

Wv = 21l' Wv[l\ cos(21l' Wvt)] 

(1) Wv = 2 x 3.142 x 0 .35 x 5 .55 x [0 .37 cos(2 x 3.142 x 0 .35 x 5.55 

x 1081)] 

= 12.20667(0.37 cos( 13195.41027)] 

= 4.453m2 /s 

(2) Wv = 2 x 3.142 x 0 .35 x 11 x [0 .37 cos(2 x 3.142 x 0.35 x 11 x 

545)) 

= 24.1934(0 .37 cos( 13185.403)] 

= 8.717 m/s2 

(3) Wv = 2 x 3.142 x 0 .35 x l6.6 x (0.37 cos(2 x 3.142 x 0.35 x 16.6 

x 361)1 

= 36.51004[0.37 cos( 13180.12444)] 

= 12.856 m/s2 

(4) Wv = 2 x 3.142 x 0 .35 x 22.2 x [0.37 cos(2 x 3.141 x tl.3!5 x 21.2 

x 270)1 
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= 48.8210.37 cos( 13183.2(36)1 

= 17.4419 m / 5 2 

(5) Wv = 2 x 3.142 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)] 

= 2 1. 212m / S2 

For Wa = (2 Jr Wv)2 [A sin(2 Jr 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)1 

= 149.00 [0 .37 sin(13 195.41027)] 

= 3.97 m/s2 

(2) Wa = (2 x 3.142 x 0.35 x 11)2 x [0.37 sin(2 x 3.142 x 0.35 x 11 x 

545)] 

= 585.32 to.37 sin(13J85.403)) 

= 49 m/s2 

(3) Wa = (2 x 3.142 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 sih (13180.12444)] 

= 151.4908 m/ S2 

(4) Wa = - (2 x 3.142 x 0 .35 x 22.2)2 x [0.37 sin (2 x 3.142 x 0.35 x 

22.2 x 270)) 

= 2384.044 [0.37 s1n(13183.2026)) 

::: 230.03 tn/S2 
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(5) Wa = (2 x 3.] 42 x 0.:35 x 27)2 x rO.37 sin(2 x 3. 142 x 0.35 x 27 x 

222)) 

= 3526.43 [0.37 sin( 13183.2036)] 

= 340m/s2 

For Peak Dynamic Load. 

W - W(a) 
g - 9.81N 

( 1) 

(2) 

(3) 

(4) 

(5) 

Wg = 3.97 = O.4N 
9.81 

6 . 
Wg = 

9 . 81 
= t1.99N 

W = 151.4908 = 15.4N 
g 9.81 

W = 230.03 = 23 4N 
g 9.81 I 

340 
Wg = - = 34.7N 

9.81 

For Effective Input Frequency of Peugeot Pick Up Along Rural Road 

v 
Wf = -

WL 

( 1) 

(2) 

(3) 

(4) 

Wf = 5.55 = 1.95Hz 
2.84 

It 
Wf = - = 3.87Hz 

2.84 

Wf = 16.6 =5.Bt-tz 
2.84 

Wf = 22.2 = 7.8Hz 
2.84 . 
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(5) Wf = ]2_ = <).5"z 
2.801 

For Elevation Profile 

Ep = (A (sin(2 Ji Wx)) 

(1.) Ep = (0.37 sin(2 x 3.142 x 0 .35 x 5.55 x 1081secl1 

= {0.37 sin(13195.41027)1 

= 0 .3 m 2 /s 

(2) Ep = (0 .37 sin(2 x 3.142 x 0.35 x 11 x 545)) 

= [0.37 sin( 13185.403)) 

= 0.263 m2 /s 

(3) Ep = [0.37 sin(2 x 3.142 x 0 .35 x 16.6 x 361)] 

= (0.37 sin( 13180.12444)1 

= 0 .238 m 2 /s 

(4) Ep = [0.37 sin(2 x 3. ] 42 x 0.35 x 22.2 x 270)] 

= (0.37 sin(13183.2036)] 

= 0.36 m 2 /s 

(5) Ep = [0.37 sin(2 x 3.142 x 0.35 x 27 x 222)] 

= [0.37 sin( 13183.2036)J 

= 0.36 m 2 /s 

PEUUEOT PICK UP TRAVELLING ALONG TEGINA ROAb 

For Peugeot Pick up Van 

Distance from front wheel to the centre of gravity of the vehiltle = 1.6tt1 

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

Road Distance 'overed = 6UUUm 

Total No of potholes found within the 6000 metres of Tegina Kagara 

Road = 102 potholes. 

Average ripple amplitude = 0 .08m 

Carriage way width = 9m. 

WL= a+b 
11 

WL = .1.6+ 1.24 = 2.84 
1 
1 1 

:. W = --- = -'- == 0 .15 w" 2 .84 

For Wv calculations 

Wv = 21l" Wv[A cos(21l" Wvt.)J 

(1) Wv = 2 x 3.142 x .0.35 x 5.55 x [0.08 cos(2 x 3.142 x 0. 2'5 x 5.55 

x 1081)} 

= 12.20667(0.08 cos( 13195.41027)] 

= 0.9739m2/s 

(2) Wv = 2 x 3.142 x U~35 x 11 x (0.08 cos(2 x 3.142 x 0.:35 x 11 x 

545)1 

= 24.1934[0.08 cos( 13185.403)) 

= 1.884 m/s2 

(3) Wv = 2 x 3.142 x 0 .35 x 16.6 x [0.08 cos(2 x 3.142 x 01.35 x 16.6 

x 361)) 

= 36.51004(0.08 cos( 13180.12444)] 
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= 2.77960 m j ~2 

(4) Wv = 2 x 3.142 x 0.35 x 22.2 x 10.08 cos(2 x 3.142 x 0.35 x 22.2 

x 270)] 

= 48.8266810.08 co~( 13183.2036)] 

= 3.77 m/s2 

(5) Wv = 2 x 3.142 x 0.35 x 27 x 10.08 cos(2 x 3.142 x 0.35 x 27 x 

222)] 

= 59.3838(0.08 cos( 13183.2036)1 

= 4.586mjs2 

For Wa = (27l"Wv)2 (1\ sin(27l"Wvl}1 

(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 mj S2 

(2) Wa = (2 x 3 .142 x 0.35 x 11)2 x [0.08 sin(2 x 3.142 x 0.3:5 x 11 x 

545)] 

= 585.32 (0.08 sin(6592. 7015)1 

= 5.354mjs2 

(3) Wa = (2 x 3.142 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 s in(13l80. 12444)] 

= 32.75 tn/S2 

XXIV 



(4) Wa = (2 x 3.142 x 0 .35 x 22.2)2 x 10.08 sin(2 x 3.142 x 0.35 x 

22.2 x 270)) 

= 2384.04468 (0.08 sin{ 13 J 83.2026)] 

= 49.73 m/s2 

(5) Wa == (2 x 3.142 x 0.35 x 27)2 x [0.08 sin(2 x 3.142 x 0.35 x 27 x 

222)) 

== 3526.435702 [0.08 sin{ 13183.2036)] 

== 73.57IU/ S2 

For Peak Dynamic Load . 

W _ W(a) 
g - 9.81N 

(1) 

(2) 

(3) 

(4) 

(5) 

W == 1 I. 889 == 1. 2 11 N 
g 9.81 

Wg == 5.334 == O.S437N 
9.81 

Wg == 32.75 == 3 .33N 
9.81 

Wg == 49.73 = 5.069N 
9.81 

73 .57 Wg == - _. = 7.49N 
9.81 

For Effective Input Frequency of Peugeot Pick Up 

v Wf= -
WL 

( 1) Wf == 5.55 = 1.9SHz 
2.84 
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(2) 

(3) 

(4) 

(5) 

t t 
Wf = -- = 3.8711z 

2.84 

Wf = 16.6 =5.8Hz 
2.84 

Wf = 22.2 = 7.8Hz 
2.84 

27 
Wf = - = 9.5Hz 

2.84 

For Elevation Proftle for pick up 

Ep = {A (sin(2n Wx)] 

(1) Ep = (0.08 sin(2 x 3. ] 12 x 0.35 x 5.55 x 1081sec)J 

= [0.08 sin(3770 1. 1722)) 

= 0.07999 m 2 /s 

(2) Ep = [0.08 sin(2 x 3.142 x 0.35 x 11 x 545)] 

= [0.08 sin( 13185.403)1 

= 0.018 m 2/m 

(3) Ep = [0.08 sin(2 x 3.142 x 0.35 x 16.6 x 361)] 

= [0.08 sin{ 13180.12444)] 

= 0.0245 m2/m 

(4) Ep = [0.08 sin(2 x 3.142 x 0 .35 x 22.2 x 270)J 

= [0.08 sin(13183.2036)) 

= 0.0208 m2/m 

(5) Ep = [0.08 sin(2 x 3.142 x 0.35 x 27 x 222)) 

= to.08 sitt( 13183.2036)1 

= 0.0208 tn2 /m 
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ROWS: Vehicle COLUMS: Rond 
1 2 3 ALL 

1 0.200 0.206 5.900 --
0.336 0 .690 13.770 
0 .330 0.495 21.900 
0 .587 0.589 28.400 
0 .713 0.847 34.600 
0.433 0.565 20.914 7.304 

2 0.974 0 .608 4.450 --
1.884 1.180 8.717 
2.780 1.740 12.856 
3.770 2.360 17.442 
4.590 2.870 21.212 
2.800 1.752 12.935 5.829 

ALL 
1.616 1.158 16.925 6.567 

CELL CONTENTS --
Wv: DJ\T/\ 
ME/\N 

ROWS: Vehicle COLUMNS: I<o8d 
1 2 3 ALL 

1 8.27 2.43 99.27 --
33 .00 7.86 251.68 
77.00 19.15 ' 389.40 

138.20 33.73 890 .23 
204.47 49.89 1316.57 

92 . 19 22.61 589.4j 234.74 
2 11.89 7.45 3.97 

5.35 6.65 49.00 
32.75 20.47 151.49 
49.73 31.09 230.00 
73.57 45 .98 340.00 
34.66 22.33 154.89 70.63 

ALL 
63.42 22.47 372.16 lS2.68 

CELL CONTENTS --
Wa: OAT/\ 
MEAN 
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