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Abstract Road bumps play a crucial role in enforcing speed l i d s ,  thereby preventing overspeadiag of vehich. It 
rigni6mtIy contri'butes to the overall road safety objeciive though the preventim of accidents that lead to deaths of 
pedcsirh and damage of vehicles. Despite he importame of mad bumps, very lirtle research bas been done to in- 
ti* into their de9ign. While documenfation exism on quantitative descriptions of road bumps, they offer little pi& 
ance fo decision making. This work presents a unique approach to salving road bumps design p b b ~ m .  The results of 
our study meal three important road bumps variables tbat influence the contml of vehicle speeds The key variabk are 
bump height, bump width, and ~MYB d i s m  between two consecutive mad bumps. Since vehicle speed control is 
the ulhatc aim of this mdy  the dationship between vehicle speed and other &biw earlier mentioned is emb- 
fished. Vehicle speed is &&ad as the product of fresuen~y at which a vebide is moving over mad bumps and tbe sum 
of &he  dixtance between two c ~ l s c c u t i ~ ~  road b i m p ~  In ihc, det&tion of bump heighr we assume a conid 
shapad c w a  for analysis as rr matter of research strategy. Basad on this, two stag= of  motion were analysed. The first 
concans the motion ova the bump itself while the m n d  relates to tlu motion between two consecutive road bumps. 
Fourier series was then used to b d a t e  a halisric equation tbat combines b e  two ma. We used higonomehit 
firnetions to model the behaviour of the hrst stage while with t6e second stage giving a h t i o n a l  value of m s h c t  no 
chaw= m height are observed. We canid out vibration anatysis to detwmint the efki of rod bumps on a vetucular 
system. Ariging h m  this a model cornponeat is referred to as an isolation fam~ This offers guidance to the safc 
fi.Sue~:y at which vehicles couid travel o v a  mad bumps. The work apptars to contribute to knowledge in mad bump 
m h  through the development of a novel hpproach ta the c o m l  of vehicle speeds. Significant research p r o p s  
could be made if engineering and academic commrmitics at large appreciate our viewpoints. With this work it is appar- 
ent that varying of the assumptions made in mms of b m p  shape m y  pbduce high prolilration of beneficial A S E ~ ~ C ~  

stud=. Although this work may reveal a new way of investgation into road bump mearch, no claim is made for the 
work camprebensiveness. We mpecr experts to challenge some of our thoughts and ideas presented in this work. 
Keywords: vehicle system dynamics, vehicle tccbology, human Bafety, effective distance, road bumps, s p a  limit. 

Research into traffic safety has steadily increased 
over thepast several decades (seefl4D. Work in the feld 
during the b t  century bas evolved from three basic 
firms: critical reviews (articles which survey the fiekl), 
theoretical frameworks (dcles  which propose a theory), 
and application-based artitla (wbich emphasize the prac- 
tical s-cmce of a theory). Trdiic safety is an impor- 
tant phenomenon with a wide range of studies in land, 
water, and at mmsporration. Land tiansportation covers 
two main means: road and rail. Water transportation re- 
fers to movements on seas or oceiurs. On the other hand, 
air ~ o ~ o f l  referg to airline o p t i o n s .  Each of 
h e  means of hawportation has a distinguished heri- 
tage. 

With an increasing significant proportion of the 
world population hve lhg  by road, a more vigourous 
understanding of pad traffic safety becomes critical. 
Consequently, road traffic safety research has assumed 
strategic importance in the safety literature. Research 
documentation on road traffic safety bas therefore as- 
sumed an increasing h e a s i o n  in the last three M e s ,  
particularly in the developmg countries. Governments, 
research institutions, and some international research 
agencies have contributed an immense amount of hu- 
man intelligence and research resources in traffic is- 
sues. M t c  engineering smdies, enforcing existing 
laws and ordinances regarding speed limits, educating 
drivers a d  residents on causes and solutions of traffic 
problems, instding traffic control devices, all form a 
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part of the M y  ini&ment3 of human efforts and re- 
search mmma iato road traffic research. 

In dl ppartg of the world v u c k  midenfa present 
a very serioos threat w haman lives andsurvival. In ttre 
dev&pd camtries of ?he world where sfeetymles and 
policies are made and e n f d  the problem ofrisks of 
human lives ta the vehicle aceidem and death is con- 
trolted. Unfoxtmatcly, the case fbr developing cow- 
tries appears d i h t t  There is, therefore, the need for 
a closer look at the way of cecntrolhg pedestrian in; 
jury and &talitie8 dw to vehicle accidents on ow r o d  
IS, 6 1. One of the solutions to this problem is pmmnted 
in the work. 

The need to control ckcwsive speeds of motorids 
has isem strased and treated in the world ssfety 'litem- 
m. Nume~ua oontml mmum 8re W 1 y  imposed 
on motorists with .the &n of preventing accidents on 
our roads. One traditional approach is the use of well- 
Wed personnel to m d t o r  mads. Trained m e  of- 
fim and government agencies on trt&o monitoring 
mads usd l y  stay by the d s i h  to emhi  vehicle 
oyef-speeding [7,8]. Unfortrmately, the cost usociated 
with mahbining this level of manpower and tbe rel- 
evant resources utilhed by the monitoring mew is mu- 
aliy prohibitive. Apart, humaa beings arc diBrmlt to 
eontroIadm~ry~fOreconstitute amisatwetowads 
this goal achievement [9]. ' 

A second alternative is the use af rumble bars 
across the edgeways to alert matorb& on the change 
in driving aaditiom over a distance of say, 200 metres 
prior to tDe h ~ e r  site. While -He bars can be ef- 
fk&~e,  k n 0 k  p~~dUCed thek Usage !OW- 

tiom oufsidk mas that are Smsitiye to sound [10,11]. 
A third, perhaps, the most M v e  option is the 

use of rod bumps. It is one very effective way ofen: 
swing that dssW speed limitti are not om& b a d  
bumps therefore pentaninbrdngfeseanhareathat 
has a W e d  the attenth of m y  &bhn in various 
discipliues worldwide. Scholars in civil engin-, 
h i w a y ,  and safety engineering hare contributed a 
wealth of hawledge and data concerning mad b~mps. 
Despite t6e immense cgatribution of professionals and 
SehOZars in road bump research, a Wing gap is the 
scimtifir: design of mad bumps. This work attempts to 
fill the gap. Specifically, the following research qw- 
tions are answered: (i) guided by theory, what are the 

C .  

effective distances bemeen road lnniqs for different 
sped limits7 C.) how can pwdtimers wrtablish im- 
provements bf mad bump remu&? To address these 
problems, the focus of this ~ e r  was ta develop a math- 
matical model for dekmhhg the d%tive distanm 

d .  b ~ m  raad bumps for different sped limits in such a 
to have low bnmkibility ratio between road 

d ~ e h i e u l a c  spbm Themqdel is based onthe con- 

cept o; isolation factor (I-l?) &st -ncy Ratio 
CRR.). 

2. LiteratUte review 

The likture review on road bumps eacorrrpasr~es 
awidemay ofenqlljriegmthedevelopmentofspeed 
bump systems tbat can q o n d  ~ e o w l y  to Id- 
fiG conditions. AnbthmYiewpomt is the wmmctim of 
full or paaial scale prototype remoteanhlled speed 
humps and the of their abilities to m e t  specifica- 
tions. h m h  attention has also h a  fomsed on effac- 
live use of spced humps for t d i ~  coBtro1 with specific 
minimum criteria tbat must be met before installation 
1121- 

Inthis paper, bumps and humps are iatedmqjeably 
used Spsedhumps have geometric roadway daignfba- 
tuns with the, purpose of slowing traffic in residential 
mighbomhaods. (Wy are self-- and offen d e d  
sleepingpotice *a). Speed humps are three to h r  
inches high and 12-22 feet h g .  They are found on pub- 
lic midential rodwap Ti, be effective, speed humps 
shouldbe phcedm&& at20U00 fh t  iatervats. Speecl 
bumgs will reduce whic1.e speed to 15-20 mph at the 
humps and 2%30 mph between humps in a d m .  

Af&w I131 talres an aplmtory view of s p d  
canbvl in Moping cowries. The issues, c h a m s ,  
and opporhmitiea of miuchg soad *fit trjraies are 
urplored Vehicle speed is wmi&red as a factor in the 
causation of road traffic ctashas using Ghana as a m e  
study. The e f f d v e ~ ~ ~  of various speed control mea- 
e m s  was exminad on speed codrol mashes m Qh 
d published works on speed control measures in both 
industrialined and be lop ing  c m b i a  were examiaed. 
T h e ~ s B o w ~ p ~ w e r e t h e m a i a v i e t i m s  
ofroad~ch~.Therkominaatdriveremrrassigned 
by trafh police includes the Iom of control aa r mult of 
t x c e s s i v e r e c ~  sp&. Thespdfmor alone counted 
f'ormorethau 50% of aI1 Gbaaaiaamad t d i c  mi- 
dm& between 1998 and 2000. While the enfommmt of 
speed limits by l d i C  police may not he aEordab1e for 
most developing ewntries, rumble stripe and speed 
humps were fwnd tci be useful altmaiva. 

H M  d Sdth [14] evaluatd the impact of 
tempmy speed humps and speed tables on vehicle 
speeds, vehick speed pflq and fraffic volumes along 
local d o r  couector streets in the USA. Speed volume 
and fesident opinion data were Ih ca11ectd and d u -  
ated In general, the d- were s h m  to be eB&ha 
with the Pempomq speed table performing as well or 
better than the speed hump. Both the s p e d  hnmp axrd 
the speed table were e t i w  in redwing mean spds 
at the device and immediately downstream wbile speeds 
immediately upmem and faaher downsman wae less 
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Zikely to be a£kted. The speed hump and speed table 
a h  reduced the number of vehicles exceeding the speed 
limit in the immediate vicinity of the devices. However, 
the analysis of the volume &a collected did not indicate 
any duction in traf6c. 

'Cbe r a u h  of the reaident surveyed ia this study 
w m  rnmhnt  with thosereporbdinotherj~ictions. 
Overall more xespondents were supportive of fbe use of 
the temporary speed humphble than opposql. However 
t h e ~ £ i o m r h e ~ ~ s u r v e y m l a o e d t o t h e p r e f -  
erenc~of~orarydevice werenotconhive. Thetan- 
poca~ysp"dhumpandtemporaryspd~ableustdin 
the study were easily installed and removed w i h  little 
damage to the p n t .  These trmporary de- 
vices may also Be ideaI for jurisdictions that have con- 
cam of snow removal mtbosa that experience unwanted 
traffic c b a r a c W b  during certain time of a year only 
[e.g, recreational a m } .  

Smith and Gtse 1151 studied the impacts of high 
iraffic volumes on the qualify of life in residential 
~ ~ O O ~ S .  S p d  hump am him for miden- 
tiilI roadways that have two 1- or less a! aposted speed 
l i i to f  30mphorlesa, an885tbpmentile speed of31- 
34 mph Rodways that carry m c  v o h m  of 600- 
SOOOvehicbgerday are goodd*forspdhump 
affer  tio on. 

Ia a study by the h Vegas Neighbouhood com- 
munity in 2003, a t d i c  management policy on sped 
bumps was- discussd. The &n was to d l l y  man- . .  * 
age the m~nlmlsatirm of aoaesdlential vehicular traffic 
on residential stmi& and enwlre &at vehicles use the 
stmts at an appropriate rate of sped. The documenta- 
tion discussed admiaistrative p r o d w e *  m;nimum cri- 
teria, p l ~ c m n d  of sper4 hump &to& and wab- 
tion, as well as liability mncems. 

The paper by Beckman and Kuch [I61 investigated ' 

how the effects ofroad bumps vary with speed Researeh 
qu&im that define their study inchlde (I) could hump 
be th4 limiting factor in concerning speed? (2) in an a m -  
dynamic car, could a bump c m e  sudden and catastrophic 
loss of downforce and adhesion? To analyse these ques- 
tions the rescfsm q l m e d  tba variation ofbump vio- 
lence withspeed. 

F i s h  [f w u c c d  the concept of w&c calm- 
ing employed to improve the cnadhns on a roadway 
for pdestrks ,  bicyclists, aud neighbowhood MC 
calming techniques alter the appkame or geometry of 
a roadway to reduce W c  volume or speed The tech- 
niqw is self-enforcing malring drivers seek alternate 
r o u t e s . O t h e r b y ~ a s a o f ~ s p a c t h t w e e n  
the driver and resident, make drivers want to slow dorm 
on local roads. 

The ~ l w i o n s  from the literature am highlighted 
in the following points. l m e  is a s i p h d  interest in 

W i g  highIy effective means of controlling tPaffic 
speeds h order to improve the mnditicms on roadways 
for pedestrians, a major accident coatrolling factor an 
our road A number of other control memires emerged 
from research invdgatiws and practice. These are ?he 
we of mEc calming, fibre reinforad plastic @RP) 
showcases, and e t c, There is a body of w m h  emerg- 
ing on the control ofroadbumps instablion. Criticshave 
defected mad bumps in the following points (i) speed 
bumpss alow down emergency vehicles (ii) speed I m p s  
increase air pollution and fuel usage (iii) speed bumps 
ham the did314 and those with physical *$hen& (iv) 
speed bumps haease ve.hicIe wear and tear, and (v) speed 
bumps iacrease noise. 

3. Road bumps modellfng 

Road bumps theory d y  reflects hqoshut pa- 
rameters, including an effective distance between bumps 
for different speed Simits, shape, and aesthetic character- 
istic of bumps. To &sign mad bumps, cansideration must 
be gaven to the ~~ of road h q s  -height, length, 
width, and distance apart. Hem, the width of a bump is 
&o the width of a road. As a matter of research stmtegy 
and for computational ease, the road bump design con- 
s i M  here is of semi-cirmk shape. (Fig 1). A close 
observation of Fig 1 suggests d~ possibility of model- 
ling the problem using any periodk M a n  that can be 
represented by a = r i a  of shwids of suitable frequen- 
cies, ampliiudes, and phases. A useful function that could 
bc used for these is Fouriw series. 

3.1. Assumptions 
 he fo~owing assumptions an made in ihe madel- 

ling of rod bumps discussed in this paper (1) v&dw 
hve variable speed with maximum speed between road 
bumps (when approaching rod bumps, the vehicle needs 
ta slow down and &I crossing it accdmtes}. (2) road 
bumps angle of iaclmation with the road should be h 
than PO0 (to prevent impact clue to collision or to low 
unewy ride over road bumps). (3) road bumps angel of 
inclination with mad shodd n6t be q s t l  ?o zero. (if it Is 
equal to z m ,  no road bump again). (4) vehicle is as- 
sumed not to decelerate in betmeen road bumps beyond 
mmmendad d u e s  (to prevent accident due to over 
qesding). (5) there is an indication for a w a m w i ~  of mad 
bumps ahead (to prevent d m  application of brake due 
to late awareaess of roadbumps ahead). (6) vehich have 
s e l f ~ i o n  system (provision of both smooth ride 
and g o d  hmdbg ehammistics). (7) its entire wheel is 
in contact with road all the time ( t ~  prevent resonance of 
a vehicle). (8) the weight of a vehicle is stored on dl its 
wheels (so, when a vehicle hits a bump, the effect on its 
wheels will be the same). 
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The following notations used in thb paper 

comnnts 
maximum emstant spwd over humps (m/%) 
&cai amplitude (N) 

(91 
p h c  angle or phase difference (rad.) 
vcbiele rM$s (kg) 
damping factor 
timeto ~velownbulrrps(m) 
distance bawatn two successive points on 
madwithbumps 
amplitude of vibration of vthicft (m) 
Wlatim kctor 

--CY (m) 
bumps height with respect to time (m) 
Fauriet's £Uis constan% 
1- of bump in road direction (m) 
forccacirmlar~*IHz) 
damping wtio 
imencyratio 
period of vehicle modm (s) 
damping m-eBciant Wdm) 
natural circular &equ#~ey o t swpsion  spridb 
( raw 
& e E t i v e d i s ~ b c t w e m m a d b ~ ( m )  
susptnaion spring a- constant (Nh) 
amplihrdt of n i o n  of gupperting part (m) 
no of mica m the Fourier's s m b  
~ ~ u ~ o f ~  

33. The road bump model 

The anceptual madelling oftbe mad bump prob- 
lem (shown in Pig I) reveals some interesting wri&les 
on the road bump problem that am the tools for model- 
h g  aud empirical invesiigalions. AmIysing Fig 1 be- 
low, theprincip1e.s embedded inFourier sex& w m  adop 
ted to u d a s b d  the mathematical relationship between 
various component variables of the road bump problem 
The motivation for applying Fourier's series liss in h 
c- repeated series ofeven@. Fourier anal* 
is based on the fact that any paiodic function can be 
"presented by a series of sinwoids of suitable hqwn- 
cies, ampHmde, and phrtsex. 

We consider tbe function y(t) which is periodic in 
time T, and representing the motion of vehicle wer the 
road bumps. If t represen& the time taken to complete 
each cycle of movement on the road trump, and v is tbe 
uniform velocity at which vales are travelling over 
r o d  bumps, thea: 

FIg 1. Co11ical4h@ oad bump 
8 

Where 

It should be noted hat a, a, and b, are Fourier 
series constants. But d &at 

If the vdue of Yt) is substituted in the equations 
containing a,, %z and bn, then we have new vaIum for a,, 
a, and b, as follows: 

bn =g(L+A)&(pati) T A B  

Where 

and B =(;-p). 

Having obtained expressions that indim& lhe time 
tab to complete a c h  cycle of movement bn the mad 
bump, the conceptual framework of vibration analysis 
c o u l d b e i n c o ~ i n t o ~ r o d b u m p ~ h g p r o b -  
lem. Fig 2 representF the anaIyticd model based on vi- 
bration mlysis. . 

F'q 2. h d y b l  model of road bumpvehicle interaction 
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Frea-body diagmn'of ~i~ 2 is illustrated in Fig 3. 

Fig 3. Free-body d i m  of the rod bump-vehicle 
htmction 

From Fig 3, a new expression, referred to as equa- 
tion (10) wolves 

mjl+d+kw=cjr+b, 

but 

by su- the value of y(t) in quation (12) above, 
we have a new eqression that reduces to 

The equation above is it second order differential 
quation with a constaut GO-efficient. The solution of the 
equation is the addition of the wmplemenky and pat- 
ticular ~oIutions. The compiemmtary aspect of the equ- 
iian L obtained as: 

X, = Re+ cos (qf - a). 
Where 

The generalsolution for this particular eqution then 
becomes: 

x(t)=Reacos(qt-a)+x,cos(pnt+~). (16) 

Now, to d h  an expression for isolation factor, 
we consider the ratio of system displacement to rhai of 
the support. 

1.F = 
systemdisplacement x(t) =-= 

displacement of support y ( t )  

Our analysis from the above equation finally led us 
to the expression for Isolation fictor. The graph of bola- 
tion factor can be plotted agaiast hqueney by getting 
values for other variables in the isolation factor equation 
finm boundary conditions with initial conditions of the 
model hcmpmted. A Fortran p r o m  was written (see 
appendix) fur isolation factor equation and the result is 
then plotted to show gmpbic variations belween h l a -  
tion factor and other parmeters as indicated in the graphs 
disp1ayed in the appendix. 

Another area of interest could be the determination 
of the e f f i v e  distance between two rod bumps. As 
such the wavaqationmay be adopted. Fig 4 shows the 
diagram representkg the effective disf ance between two 
road bumps. 

where: 
v = f i g  

f can be determined b m  the safe kquency obiained 
(I4' fmm the graph of isolation faotor against frequency (see 

The particular solution which was determined by Fig 3). 
superposition principle is: 

Fig 4. Effective distance between two consecutive road bump 
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Thus, effective distance = I - s = vlf- s, (20) 

4. R d t n  and &cussions 

The mathematical analysis of the road bump prob- 
lem using Fourier series shows &at the motion of a V& 
hicle can be repmenxed in a sinusoidat form with tbe 
expression of amplitude of the motion, Xn, and that phase 
aagle is using a second ordm derihve equation with a 
constant u r a e n t .  The solution, having both compI8- 
m d n g  and paaicular aspects, was also obtained Tbe 
roots of the auxiliary equation, r, may be real and dis- 
tinct, ml and qd, or eomplex conjugata depnding 
on the magnitude of w and r. If w is bss, the values of r 
are real and negative. Thwefore, no &ory motion is 
possible h m  tht compiementay solution of the equa- 
tion of mation regardless of the initial conditions im- 
posed wtheqstum Ifw is equal ta g, themotionis 
again not oscibtory, and its ql i i tude will eveatually 
diminisb to zsro. If w is greater than g, the values r are 
complex mjuptes. 

An automobile suspension system is meant to pm- 
vide both safw and comfort for the occupants. 

When a vehicle eacounters mad surface irreguh- 
ity, the tyre defom and suspension system riisplwes. 
Qns, asuspension springs, suspension bushings, a d  itb 
tion damping in the suspension systems absorb these vi- 
brations. Ride b b s  isohtion above 30 % is consid- 
ered good, between 41 % and 60 % is considered fair, 
andunder40%isconsidwedto bepoor.Lowernum- 
bers indicate stiffer tyres W o r  excessive friction in the 
suspension system, and smalIer sprung mass. 

Graphically the results are presented in Fig 5. and 
Fig 6. 

5. Summary and conclugions 

The focus oftbis paperwas to develop a mathemati- 
calmode1 for detsrmining the effective djstauces between 
roadbumpsfwdiff~maximumspedlimitsinsuch 
a way as to have a low transmissl%ilily ratio betwean a 
road and a vehicular system. Witb this, the passenger's 
s e d o n  of dkomfoit does not exceed a certain lev4 

Fig 5. Matlonship chart between road bump parameters 
~ ~ ~ F a e t w o n t h e x - a x i s )  

FIg 6. Relatianship cbari bemen mad @ param- 
( ~ u t n c y R a t i o o n ~ x - ~ )  

corresponding effective height and bump height. The 
paper furthered our better undmhdng of the various 
paramaten inberent m bump design and impiemenhtions. 

To this an4 the study focused on important vari- 
ables of bump-kghf width and e&ctive minimum die 
tame between two bumps. As it can be obswved, high 
&qwmy input ratio can be efhctively isolated through 
the d n  of the suspension spring due to the low natural 
frequency of the spring mass. Low hquency excitation 
mu howma be bmmitfed to the vehicle M y .  

The graph of effective distance i s  directly propor- 
tional to the maximum speed. It can be observed that the 
graph ofbumps maximum height a g a i n s t h  sped 
Iimit h p m b ~ l i e  in natute. It is therefore recommended 
that the frequency d o  to choos~ must be greatm than 
the crossover 6xquency d o  thereby making excitation 
hguency to be greater than the suspension n a n d  fie- 
quency. In no case should the &um posted speed on 
any rod exceed the design speed of the mold To make 
road bumps visible ta a motorist especially at night it 
should be painted with white road pamt or mastic as- 
phalt and sprinkled with white glass beads. Also, road 
mmhction companies are advised to involve Werts 
in the design of d bumps. 

The position taken in this paper is that tdk safety 
research is an established fimction in most developing 
eomtrie~,yetitisanareathat~komkeyresearch. 
Instead, some toy problems are investigated with toy re 
s m h  methodologies. For the present study, the impor- 
m t q u e s t i o n o f w h o l t q p m ~ ~ b e t w e e n b u m p s  
rids to be considered hr various bump shapes and de- 
signs. It is a andidate for fume research. 

Some other ~~ for further synth~ising fu- 
ture wearch include: (1) evaluating alternative designs 
of bumps hat cause the lwt negative e£fects on a motor 
vebicle; thus, optimisation studies on the mad bump 
modelling problem presemts an important area of immense 
benefits to researcher5 and practitioners, (2) developing 
a mathematical relatiomhip on the distance between 
bumps and the forces generakd as a result of the speed 
of a motor vehicle on mads; 8ad f3) alternative mseach 
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mddlogies to bs explod Emg integration 
of our d l  with established concepts in road bump 
d in order to have a new wave of researchable 
topics. 

The study 4 s  for the reputability of the present 
study under &rent environmental conditions to study 
the eEat o f e ~ ~  changes wtbe d t s  of some 
key variables in the system. Givm the popularity of prior 
d along the minimum distance d imdon ,  the fu- 
tweholdsmuCapromis~interrnsofgmatimprovements 
in the quality of research into road bump research 
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