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ABSTRACT :-

In tins research. analysis and modelling ol accident records collected on Upper FEgypt rural roads was
performed. Accidenis medels are calibrated using the application of MATLADB computer program Version
(6.1}, The models are calibrated using accidents recards collected during the stady ol "Salely and PProtection of
Public Transport ou The Rural Roads v Ceypt” that was provided by the "Development rescarch and
Technological Planning Center” (DRTPC). Fow dillerent types of road scebons, nanmely: "stinght road section
in both residential areas and unoccupied arcas”, "curved toud section m both or residential areas and unoceupicd
areas” were considered withi this research. Simgle, Stepwise, and multiple regression analysis have been used
o Nl the effect of cach parameter on the seaident viue value, Correlation values Tor diflerent mathematical
lformulatiens; hnear, logarithmic, power, and exponentinl regression models were examined. Multple segression
analysis has shown that power model represents the highest corretation {for stimght and curved road sections in
residential arcas. While. the linear model presents the bighest correlation for siraight road section and curved
seclion  in unoccupied areas. In general, the resulls incheated that accident rate is inversely correlated (o
shoulder wicth and is propurtionally corrclaed o mimber of cinrances (e the road, and percentage of trucks.,

Key words: traffic accidents, accidents rvate, human factors, road lactors. environmenlal
factors.

Accepled June 13, 2006



C.2

1- INTRODUCTION

Trollic aceidents are woong the najor ik mosl
dangerous problems all over the world, which couse
loss ol ife, health dumage ol properties, and
psychological effect on viclims and thew Tanulies.
Rural road accidenis cost the Egyptian economy
sboul 700 nullien L. as estimated for 1he Tinancial
year 2001 [ 1], Decision nikers and highway ollicials
need accurate wlormanion about the relationships
between  accidents  and  i1s couses.  Therelore,
rescarches all over the world study walTicaceidents o
demonstrate their causes and reduce their harnful
cllccls.

Developing accident models can help in predicting
accidents clfectively and allow decision makers (o
provide roamd safely measures. Most  sialistical
wechrique vsed in accident modeling s the snktiple
inear repression models that give simple nodels
wlich present the correlidion between aceident yviles
and 1he factors aflectng . Yousry [2] studicd the
clfeet of geometric desien and fraflic characieristics
o luglway salely on Curo-Alexandrin agricelwral
road. Yousry developed lincar rezression inode! using

simple  regression analysis to deternune e
coriclaion between the selected Gactors and  the
cquivalent  property  damage-only rate. I was

concluded  that as the  wallic volume  per lane
increases, the eguivalent properly damage-anly raie
increases, 10 was also concluded that ilw rale off
accidents inercases when the surrounding, fand use

clinges from cultivated area o built-up area land use,

Lee vt aly 3] developed a0 model 10 deseribe the
nature of the relationship between selecied precursors
and frequency ol erashes adjnsted by 1he appropriate
level of exposure. They use ihree precucsors. These
precursers were uscd namely: the average variation of
specd on each June, the walfic density in {vch./ km)
and the average specd dilference belween upstream
aud downstream ends of road section measurcd n
{knvhr). A direct comparison of different roads with
respect o tie absolute number ol accidents must give
wrong resulls because of the wide verity ol roads
scchions whiclh having dilflerent lengths, horizontal
and vertical alignments and difTering in ihe {ralMic
volume and its composition as number of irucks il
buses[4]. Therefore, 10 compare between dilferen
rouds scclions accident rale measme s used. The
main faciors ihat are mainly responsible for tralfic
ageidents  are bwuan lactors,  vehicular  Taclors,
roadway lactors, and enviconmental faclors. Babkov,
5] stawel that an analysis ol data for a number ol
couniries showed that a widih ol a two-lane read way
ol 7.5 meter and with provision ol surfaced shoulders
is substantiated from (the view point of traflic safcly.
Babkov concluded that the accident rale increases as
the wihth of the roadway decreases.  Zegeer ¢ I
Stewarl, . Council [6] concluded thar for roadways
having volumes less than 2000 vehicles per day
(VPD), a lane widih of 3.1 meters (10 1) and
shoulder width of at least 1.5 weters (5 1) providde
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signilicant reduction in ceashes, The  insulTicient
wilily of shoalders causes an merease in the number
olaccidenty [7, 8,

Proper design of horizonal corves s a very fimportain
Fictor o enhancing fraffic sulety. Statistics  have
consisiently shown that both the risk of collision ainl
collision rates are mach higher on curved scetion than
on straight segment [9). Abou Ll-Naga [10] stated
that e raral areas, accidents iend 1o cluster on bends
and accidents have pencrally been shown 1o inerense
i frequency with degree ol horizontal curvatore.
Zegeer, et al [H] stared thar fixed objects (trees.
lightmg poles, guard-rails. signs, and  siructures)
obstructing road visibility increase ihe probability of
accidents occurienee.” Trees and highting pules are
considered road side lixed obsiacles. But, lighting
poles are the obstacles most frequently siruck on roid
ways with higher volimes. Yousry [2] siated (hat the
exislence ol enirances on the road  mereases the
nuaiber ol conliicl points, ingreases tw
possibility of accident ocewrrence. e alse concludded
Uil the inctease ol the pereentage ol trucks and buses
thy probability ol accident occurrence inercases. e
environmental Faetors have no significant smpact on
the aecident rate, s nol surprised that about 94% of
aal accident oceurred during dry weather and dry
surlace conditions [8]. In this research. an ellort was
made - model highway trafllic accidents Yor Upper
Ceypt rural roads. The studied roads were dhvided
mte Tour different types based on their geometnie
design cliaraetenstics wind praperties ol surrounding
arcas. The Tour sudicd road types inchide: straight
amd  corved  sections in buoih
unoccupicd areas.

Tins

restdential annd

2 METHODOLOGY
2.1 Veluele Exposyre and  Accident Rate (AR)

VYehicle eaposure as shown in Equation (1), is
defined as the number of times vehicles are exposed
or open to the paths af others [7].

AADTx3065x N x L

Expostres — (N
1000,000
Where:
AADT = Aol average daly tralTic
N = Nuinber of years consudered
L = Section lengtlin kilometers,

Acerdent rdes are delined as given in Laguation (2) as
the accident number divided by the veliele exposure.
The accident rate 1s expressed as accident per million
vehicles kilometers Tfor voad section [12],

Number ol acculents
Accident {ARY = (2)
Expusure

Using Equations (1 and (2) . Acadent rate would be
delined as;
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Number ol accidents x 10"
Accident rate (AR) = . {3)
AADT x 303 x N L

2.2 Simple Regression Analysis

The cerrelation between averape accident rales al all
accident locations aind vach of the stuchicd paranicters
18 invesligated using dilTereni mathematical furins:
lincar, lagazithmic, power, and exponential regression
models. to find the most significant relationship
correlatmg  the  average  accident rare and 1w
considered parameter. Madels {4, 5. 6, und 7) are
suggested as a lincar, logarithmic, power,  wd
exponcntial sSimple regression models respecuvely.

Y=8,+8 *X - {4)
Y= B, 4B *LuX (5)
Y =8 X" (6)
Y = B xe™ (7

Where:
Y s the average accdent rale
X s the stuclied parameter (pavement width, carth
shoulder widih, nuimber of entrances. . .ctc)
Bis are e
estunated by the model,

cocllicients  to  be

2.3 Slepwise Regression Analysis

Stepwise regression analysis consider a few imporiant
paramclers out ol a large sel of parameiers (o
construct a mudtipie regression function [13).

2.4 Multiple Regression Models

Many of paramcters contribute together 1o cause
accidens, therelore simple regression analysis may
give improper resulis. The combmed efTect ol these
parameters on accident rates nmst be 1aken into
consideration.

Equations (8, 9, 10 and, I1) show the formulas of

lincar, logaritbmic, power, and cxpouential multiple
regression models respectively.

Y=B<I+B| *-'YI+UJ*“Y2+ ..... +‘,}‘:*/\/' {8]

V=B AL MLk 4 B LN A BELIX (9)
Y =8, + XI-‘H + X:m orren L X"

Y = et BN e,

Where:

Y s the average accident rate

Xis are the studicd parametors
{pavemient width, curth
shoulder widtl,
number of enirances. . .cle)

HBis we the coelhcents w be estimaied
by the model.

The previeus sieps are camicd oul isimg
the computer program (Matlab 6.1) for
linear,  logavithmic,  power,  and
exponentiad nwltiple regression models

3. DATA COLLECTION AND SPLITTING
Jo Characteristies ol Study Area

Recently a consulerable eltort s placed wowards
wproving and developing upper Lgypt. Based on
ihat, this rescarch Tocus on modeling aflie accident
in upper Egsypt rural roads. The selecied roads Tor
accident modelng are Aswan-Koum Ombo {(AKO)
wilh lengih about 45 km. and Koum Ombo - Ediu
(KOLE) road wiath Tength 50 km. both have pavenent
widil about 10 meters. The studicd area has selected
fer its unique charactenstics which includes

- Geographic location: Duc o s umigue geogrsphic
location, upper Egypt rural roads are relanvely long
which increase vehicles trip length and this in turn
can have o remarksble  offcct on accidents
VCCUITENCE.

- Eowiconmental Condinons: The  extrenwely ot
weather i upper Egypl can increase the probabilny
of tire burst which can have a great cifect on the
accidents occurrence. The hot weather also can have
an altect on the driver habits and conceniralion.

- Cuolwral Charactenistics: The percent of education
is relatvely low uoupper Epypt arcas, [Uis believed
that this can have a considerable effect vn the driver
behavior and abeying the raffic low.,

- Economical Conditions: Yhe standard of living is
refatively low in upper Laypt which s rellecied on
ithe physical condition ol the driver as well as 1he
peneral condition of (he vehicles.

3.2 Source of Data

Accident data used i this studying were oblaned
from recorded data in the  “Ggyplisn General
Authority Tor Romds, Bridges, and Land Transpost.
(GARBLT)" the siudy of "Safety and Protection ol
Public Transport un The Rural Roads in LEgyp™ that
was provided by the "Development rescarch and
Technalogical  Plnimg Center”  (DRTPC) [ 14]).
Accidents were classificd and ranked according 1o its
types (Fatal | ugures, and probably damagge), location,
ralfic characteristics (% ol lrucks),  resndway
geometric, shoulder concdhition, and the condition ol
surroursling land use,

Second Llype ol dala were collected within Nickd
swrveying [15]. To classily the recorded accident data
. its location must be characienzed. So. efforl has
been done in fickd surveying 10 collect the cliective
road  charactenstics.  trallic vperational  conditions
and, envirenmemal conditions at the locations of the
accident. The special field survey farm is designed as
shown i Table (1).
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........... ToKm ...

Table (1)
Ficld Survey Collecting Dita Form
Road name ..., Front Km
IFactor

Value o description

|l Pavemeni width
R
2 Earth shoulder width
L
R
3 Number of entrances to the road
i
Straight
4 Road curvalure
Curved
Residential
A Surrounding land Agricularal
Unoccupicd
) Existing
6 Pedestrian er animal at-grade crossing _
Not existing
Good
7 Lighting Bad
Not cxisling
8 IPercentage ol trucks and buses
100
2 80
c
]
T 80
O
Q
< 40
[T
O 15 %
X 20
5 22% 1.8 %
O 1 1 T
Human - Vehicle Road Environment

Fig. (1) Mercentages ol Accidents Causing Factors
on the Upper Egypl Rineal Roads
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$ANALYSIES OF ACCIDENTS DATA

To ikl the Mghly alfected factors lead 10 the
occwrence of (ralfic accidems, all probable faclors
should be considered  and  wnalyzed.  Readway
characieristics  traflic compositions, cnvironmental
conditions i addinon 1o hwman faclors must be
considered.

4.1 Analysis According 1o Accudent Causcs

The occurrence ol accident results from complex
nlegration amonyg a driver . vehicle roadway, and
environment. Accident data analysis shows thal 1he
most affected lactor in accidenl occurrence is human
facior, which involved n aboul 1% of all accidents
occurred on the selecied roads. In Upper Egypl miral
roads; wvehicle roadway, and cnvirppment were
responsible of accident occurrence by the percentages
of 15 %, 2.2 %, and 1.8 % respectively. Tig. (1)
shows the percentages of invelving these fuctors m
accidents necurrence 1o 1he total number of accidents
veeurred on upper Egypt rural roads.

4.1.1 Human Factors

Accident data analysis shows that the main factor of
accident  occurrence is human  factor  wlueh s
responsible of 1% of accidents. This linding agrees
0 a greal extent with previous study macde by Hassan
[16]. Human factors include drivers and pedestrians
behavior. Accidenmts data analysis mdicates that at
grade crossing of pedestrions  and animls increase
accidents prebability. About 62.3% 10 65 % of all
accidents occurred e sections have “pedestrian “awd
animal crossing. Where analyzed data shows that
about 57% 10 62% of all accidents occurred were due
o aver speeding. Also accidents data analysis shows
hat about 8 % 10 24 % ol all accidents occurred in
study arca were wrong overiaking hat may be

because  drver needs  an addinenal  width  for
overlaking, Wider lanes, and shoulder width provide
space for overlaking. So, the behavior of (the drivers
in controlling his speed and overtaking the fronl
vchicle carcfully have wood impact in reducing {AR}.

4.1.2 Vehicle Faclor

The sccond highly aifected facior in accidenl
occusrence afler bunamn factor is vehicular Tactors,
which represent about 15 % ol all accidents vccurred
on the sclected youds. Vehicle types and  tires
condition have the nwmin considerable lactors in
accidence oceurrences. In this study analysis shows
that trucks present aboul 36 % of all  velicles
involved in accidents occurred on the selected roads,
48 % of which are fatal accidents. This due (o the
relatively large size and heavy loads of hese vehicles
which reduces the level ol service on the road and
resirnicts the frecdom of drivers [or maneuvermg.
Also tire burst has cansiderable lactors in accidenis
Anothe stuched areas, about 9% 10 18 % ol all
accidents occurred were due 1o worn-oul tire.
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41,3 Roadway faclors

In spite of roadway lactors have only aboul 2.2% i
responsibility of accidents within this siudy. one
would  reveal most o human fctors 1o road
condilions.  Narrow roads, poor alignment, pouw
maintenance ol pavement, objects beside road, non-
funchional signals and  signs, patches, msuilicient
sight distance, and pouor lighting were the mos
imporiant deliciency ol road characteristics causes
accidents, The analysis indicated 1hat the increasing
o pavenent width, and  carth shoulder  width
decreases accident rate, Wade pavement. and shoulder
provides; a  spacc for overtaking, allow moving
vchicles 0 pass velieles m the wailic lane and
stopped  wehicles, and  recovery  distance,  which
decrcase roadside hazard. Gn the other hand, os
number of entrances to 1the road increase accident re
(AR increases, This due 10 1he increase of conllict
points between the main road and feeder roads wineh
increase accident probability.

4.1.4 Environmemat Factors.

Lavirotmental condilions shared about 1§ % ot all
accudents occurred in the selecied  roads. Lund
Strrounding the road may be residental, agricultural,
mclusirial areas, desert,  ctle. Surrounding  Jand
affecting acendent rates where it «lescribing e
existence of any entrances 1o the road amd pedesirian
or animal crogsing it.

5- DEVELOPING OF ACCIDENTS MODCLLS.
Accidenis models developed and colibrated using 1he
appheation of Uscel and Matlab (Version 0.1}
computer programs. The models are used for Tenr
different road sections, |- sieaight road scciion in
agricultural or residential arcas, 2- siraight road
section m unoccupivd areas, 3- curved road section in
agricullural or residential arcas, and 4- cuived road
sectivn i unoccupivd areas,

The selected roads for accident modeling are Aswun-
Kom Ombe (AKQO) will: length about 45 km. and
Kum Ombo - Cdiu (KOT) read with Yength 50 km,
botli bave pavement width about 10 mclers Simple
tegression analysis ol lincar, logarithmic. power, aixl
cxponential regression models for the Tour road
seettons are examined. Table (2) through Table (5)
shows the results o simple  regression analysis
where, linear, logaritimic, power, and cxponential
regression models lor cach group of accident daia s
analyzed using Exeel computer program.

Stepwise regression analysis was also, carried out 1o
develop multiple regression madels, The resulied
multiple regréssion models are given m Table (6).

6. ANALYSIS AND DISCUTION

Multiple regression analysis represents the best it lor
the correlation between accident rate and allecling
factors on siraight road section in "apriculiural or
residential™ areas, The model given m equaton (12)
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shows the besl correlation. where (he square at’ 1he

correlation factor { R*=0.874 ).

AR=012+ ST 4 oY L@t

[n case of straight road scction in ungecupied
arcas. The model given in equation {13) shows

that corrclation wlhere the  square | ol the
cotrelation Tactor ¢ RE=0.873 ).
AR=034-0085TV+0003VEL212TR . (13)

For curved rowd scchion i “agricularal ur
residential” areas, power model gives the best
correlation.. The model given i equation (14)
shows that correlation where the square ol the
correlation factors RY= 0.873

AR =116 ¢ S 79070 4o OMY gt
..................................................... {14)
The model pgiven m equation  shows  (hal

corrclation between AR aind alfecting lactors for

curved roxl sccnion i Cunoccupicd  areas”

exponenhial nodel was considered where Ui
. - . b '

square ol correlation lactor R = 0.824.

AR=0.14 +SW 3 1M (15

The Tinding models show that accident rate is
mversely correlated 1o carth shoulder width. As

Hassan Y. Ahmed, Ayman M. Othman & Anir M. Wahaballa,

ihe  width

ol carth shoulder mcreases  the
accident ruse {ARY decreases. This because earth
shoulder width provides an arca Tor crrnt
vehicles  and  allows o certain amount ol
fexibility,  Accident Tate is propurtionally
correlated to mumber of entrances 1o the road.
and  pereentdge of trucks. lis lound that as
number ol entriuces (o the road mcreases the
acculent rate increase. That s because of
mcreasing ol conllict points between the mam
and secondary waflic flow. Also, the acciden
rale increases as  the percentage ol trucks
increase This is altributed to 1he relatively large
stze, and heavy loads of these vebicles which
reduces the level ol service on the road.

7 - Madel Validity

The developed  models give  cstimation for
average  accident e, These  volues  are
comparced with the actual values of the same
scgmienis at the same tme mtervals. Figs. (2,34,
and 5) presem the actual average accident rates
which drawn versus the lieorenical average
acculent rales developed on ihe same chart for
straight  road  section in  agriculural  or
residential  arcas™. "stright road section m
unoccapicd  areas”, "vived road section
agricultural or residential areas”, and “curved
road section i.n unvccupicd areas”,

Table (2) : Simple Regression Analysis Models for
"straight road sechiou nagricullural or residential arcas™

Model Model R? Madel Modet R?
lype lypc
_ | AR=3.55-1.02%5I 0.26 S| AR =4.08% ¢ | 031
_% AR =1.66+0.4 *NE 0.45 g AR = 1.0 % ¢ MVTNE 0.36
AR =9.65 *TR 0.37 G | AR =045% TR | 043
T o [AR=252-1.4 *Lu SV |0.27 5| AR=241% s 032
-%DE AR =532+2.63 *La TR | 037 & Ak =1006c 1™ | o4
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Table (3): Simple Regression Apalysis Models lor
"straight read section in unoccupied arcas”
Modl Model g | Model Model R’
lype type
AR =1.83-0.29 *SW 03 | = |[AR=192%79223 | g3
§ AR =1.34+0.04 *NE 031 E: AR =133 % SN 0.31
- =]
3
AR =0.66+2.38*TR 086 | & |AR=08%c T 0.36
Eo |[AR=155-038 *LnSW 028 | 5 |gR=155%pw """ |04
ab £ 3 .
S< | AR=2.194067 *Ln TR |08a| & | 4p=251*TR"™ 0.28
Table (4): Simple Regression Analysis Models for
“curved road section in agricultural or residential areas”
Model Model Rt | Model Modcl R?
lype type
AR =2.76-0.66*S¥ 036 | .8 AR =283 7034 | 537
— =
S [AR=1.46+0.12 *NE 022 | £— |AR=138%"Y | 043
S| o =
AR =1.02+28 *TR 001 | o AR =12% R 0.09
Zo [AR=21T-L12*LnSW | 043 5 | AR =208 s 043
o E z
SE AR =274+07 *Lu TR |on9 | & | jp=27* TR 0.08
Table (5): Simple Regression Analysis Modcls for
“curved road section in unoccupied arcas”
Model todel R? Model Model R’
type Lype
AR =2.59-0.79 *SIV 041 | @ AR = 2.9 % g~ 03 0.45
= g -
k- AR =126+ 0.19*NL 06t | E— | AR =127 | 053
- o =
AR =123+0.89 *TR 0.007 | & | AR=1.11*P ™ | 003
= AR =19-120 *Lu SW | 047 5 | AR=1.87* sw 9 ost
o E z
SE | AR=1.77+4023 *Ln TR | 0007 | € | qjp=203*7R° " | 003
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Table (6 ¢ The developed models and the best selected mudel for dillerent road sections.
Case Model R’
AR=28-1.06SW+038NLE+1.72 TR 0.766
= 0
= [ ] Ty
S % S AR =2 —1.54 Ln SV + *#™ +0.57 Ln TR 0.851
3 2 = —
2 3 E  |AR=0.2 + SW 22 4 o OMNE LR 2061 |1y 874
I =i = _
g 9 8 10-05951F +0.17 NE+13TR
0 AR= e ' ‘ 0.814
j AR=0.84-0.0851¥+0.003NE+2.12 TR 0.873
8 & AR = 112011 *Lo SV + " M L 0S8* LaTR  |0.859
o
8 = -0.2 .75
= 5 AR =0.102+ S " +0.02* NE + TR" 0.809
oG
vl o
= — - I M y
& g ARze 0.13-0.04 PIV+0.002 NE+1.63TR 0.869
- . AR=2.16-047SIV +0.17NE 0.636
E 8 8 . NRINY <
2 s = AR=072-070 *Ln 51V 407 0.705
g 2 = , . . = :
- 3 & AR'= 1116+ S 192 o OHNE g1 ) 0.863
E -E "U { ¥ =
eh A
g & O AR = 083703381V +0.00 NE 0.737
AR=184-037 SW+0.15NE 0.673
) -
o fﬁ AR =1.38 =026 *Ln S+ M £0.68 *Ln TR |0.761
o
= g _ o —
3 & AR =0.14 +SW 732 + 92N - 10.824
QJ 8 . X < e tx - s —
E g AR = =0.01-0.14 $S1¥+0.12 NE+1.Y8TR 0.758
O =

& . SUMMARY AND CONCLUSIONS

The main goal of this research is to analyze and
model accident on Upper Egypt rural roads. Accident
data is analyzed to delermine the main [(actors
affecting accidents that used for developing models
for straight aid curved road sections and surrounded
by agricultural or residential areas or desert abutting
road section. The models are developed ysing simple
regression,  stepwise  regression,  and  nmltiple
regression analyses using linear, logarithmic, power,
and exponential models 1o select the best models that
have thie highest cocfficient of determination (RY.

The main findings from the anaiysis ol accident data
are summarized in the following itcms:

1-  1luman factors ace responsible of 81 % ol all
accidenis occurred on the selecicd roads for
1his study.

2- Random crossing of pedesirians and animal
increases the accidents probabidity (65% of
accidents occurred in pedestrians and animal
Crossing urea).

3-  Speed Jlimit violation represents 41 % of all
accidents occurred,
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4-  Tire burst is the main couse of accidents in 7- Accidenl rate is propertienally related 10
about 11 % of all accidenis occurred in ihgse mumber of entrances (o the road, and
roads, percentage ol (rucks. Aecident rale increases

as mumber of entrances (o the voad increase
duc 1o the increase of conllict points
between the main and secondary flow.

5- Multiple regression analysis showed  that
power model  represents  the  highest
correlation between accident rate and faclors
affecting it. 8- The result of regression  analysis show What

accident rate is inversely related 1o carth
shouldes  width.  This s increase  carth
shoulder width provides an arca for errant
vehicles and  allows  certain amount  of
flexibilily.

6- Percentage of trucks in the traflic volume
increases accident rate. 1t is recomiended
that percentage of trucks sheuld be reduced
ithis can be provided by using alternative
roads to accommodate heavy trallic vehicle
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