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ABSTRACT

The transportation sector is specialized in roads and highways, among others. Alsarethere
manysportscarson the streetwhich lead to speeding. This may cause accidents andfoss
life in same cases. To prevent these things, a suitable pesd¢o be available. Therefore, a

race track circuit is provided for that, with the best racing criteria in light of local conditions.

Data were collected and analyzed. TPadestinian Motor Spb and Motorcycle Federation
(PMSMF) was the main source dfet local informationSearching for different criteria and
specifications and the best regulations, tRederation International Automobile (FIA) was
used.Few tracks around the world were revexd to make the optimum track in Palestine.

The data were clacted through various possible ways; visits, calls, emails, searching in the
federation sites and asking the owners of local tracks or arenas, including race car drivers.
Then the analysis beginto umlerstand the idea and the method of design. The ablail
alternative was studied well to select the Jericho land with a1200 dunums, which is about
10km from alKarama Bridge. Then the racetrack layouts were placed on the land ahea by
AutoCAD program.But an issue arises, which is the so many shapes sbudlied. Therefore,

many alternatives were made and studied, leading to an inner struggle. Of course, this was
overcome by comparing alternativeswvith each other and coming to a consen3gt was

obvious in a project with freedom or allowance frarfiew points.

In the second phase of the graduation project, more details were explored. This starts with the:
design, then the length and width choices, as it has to be decided accordingal nedhe

nearby roads. After that, there was the shapbetfrack, entrance, exit, parking lot, the VIP

lots, and the buildingnanagementThe design details include the superelevation and the
curves, with the minimum radiughis is envisioned to ba carnial piece of land, as it is

more fun and more inter@sy to visitors. For safety, there are three barrietsotdingthe car

or any pieces to reach tla@dience and to prevent any persai the audience to reach the

track or even near it. In thease ofaccidents, there are allocations for an ambulance and
fremenon t he track. In addition, there are the
the speeding turns or friction with other cars, so the pit lane was designed to provide for their
safety. A detailed 3D model was developed using the Race TrAokders and the Asseto

Corsa programs showing race track detailssawingtime for the designer.
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| INTRODUCTION

1.1 General Background

There are remains of the race track in civilizationade fo horses and carts, in London 1174
to 1780. In the la 19th and early 20th centuries, race tracks were designed to suit the nature

of mechanical engines (Wikipedia, Race Track, 2022).

The first track was modified from horsacing to automobile$1i1896 &Rhode Island, USA.

The Indianapolis Motor Speedwayas opened in 1909. In the early 1900s, motorcycle races
were run on high, banked wooden race tracks named board tracks. During the 1920s, the
speedway race was created to be a yearly event. tAtigin the 70s, and 60s, people started
using a new kindfdkarting vehicle in a close circular round (Wikipedia, Karting, 2022).

Each car circuit differs from the others according to the category of participating cars and the
type of car, taking in awsideraibn the type of activity they will be doing. For exaepthere

is the speed racing, drifting and rallgcing, each requires standards that must be met to
ensure safety and the best experience for the riders

There aremajor auto racing companiearound he world, such as (arhelmet, DoveDowns
Entertainmat, Inc, Hulman & Company, NASCAR3uch companies run races all around the

world, here are some of the most famous races
1. Monaco Grand Prix

The Formula One Monaco Grand Prix is held annuatlytheCircuit de Monaco since 1929.
the Monaco Grand Prix @ne of the most challenging courses on tour and happens during the

last weekend of May.
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2. Indianapolis 500

MAr guably the fastest racing seri esekend, Amer i c
the naugural race was held in 1911. This race consf260 laps counterclockwise around

the Indianapolis Motor Speedway
3. 24 Hours of Le Mans

Often called the AGrand Prix of Endurance an
held in ©23. Ths, dong with the Indy 500 and Monaco Grand Prix makpsthe Triple
Crown of Motorsport. In order to keep the drivers safe, and due to its uB#heur

competition, the rules and regulations have changed over the year

Looking outside theicture, suchproject gets conducted by major companies eberti®
in sports,advertisementmarketing, cacompaniesengineeringand contractingmaking this
type of sport as industry that includes huge investment and can bring enq@moiitusround

theworld

Over the past years in the West Bank, it was noticed tivete is more interest in motor

sports morepeople are attending races and more race events are being made. This came als>
along with car modifications as a habit, yards and spaces exibe ikVestBank where

people haveracticed this sport. These garcan be used but not called race tracks, and they

are notdesigned as one. This creates the need to have a better space for people to practice this
hobby.

Designing a racing circuit that nthies thetrend in Palestine is the goal of this project,
makingsur e i todés saf e, enjoyabl e, andThdpogecta goo
included a research process devoted to finding the basic principles that must be followed in

designing aacingtradk according to clear international standards

1.2 Study Area

Severalcriteria were set to follow through choosing thecuit location andsite investigation
helped to cultivate thoughts and ideas about the arena. Choosing the arenaibeatnapr
factor in determining how the arena will look likend what needs to be provided in the

selected land.
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These will be further investigated and evaluated in the subsequent sections of the report. The
best alternativesvere chosen be few ingredien like locaion, slopes, and areanitial
investigation shoed that potential sites are to be in Jericho and Jenin areasiwo
alternatives were discussea@ full comparison was made between the two sites in

Methodology ChapteiThe final location washoserto be in Jericho.

1.3 Objectives ofthe Project

Throudh siteinvestigationof several places in Palestine, the presence of spaces and car yards
was noticed in Ramallah, Jericho, and Nablus, which tells that people were trying to create the
place wlere theycanpractice thishobbyNone of t heseg yaradKk so M wiarsa d
to fulfill the needs of people, and none was designed according to standards, which created

the need for a dedicated place for this sport.

Therefore, there is a need have acar racing circuitdesigned according to standards and
specifications, to give a better racing experience for racers in much safer conditions, and for a

variety of activities grojdctthatds the major p

At first, the projectwas tagetedmainly towardscollecting information aboutacing cicuits.
Then the work shifted to conductirggfull design for a racetrack in detail, along with needed
structures and facilities. The design meets international standards for this industryvesd ser
a raing event at its full potentialln addition, it intudes presenting a -® model and a

simulation of a car driving on the track.

1.4 Significance of theProject

The project gets the importance from sevdnalensions Fi r st , i ttofeelfreehe s af
while drifting or doing the racing sport, asig designed for that. Second, there is an
investment potentialor the investor, as there are growing interests in this field. Third, the
nature ofthe land is close and near to the border, scam bea plce for holidays and

weekends.

Furthermore, it Wi courage the young generation to becameers drift drivers, andspeed

up safely.
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1.5Approach

The approach of this part of the project is to design a racetrack according to the FIA
regulatiols and equrements. Using the data collected from the pnevipart and this part in
the following process:

1 Gathering information about Palestine's racing industry and the trend within it.
1 Analyzing the data collected through various research methods

1 A collection d information about racetracks around the wonhdl dhe requirements
for designing them.

1 Analyzing all data collected and choosing the type of circuit to be designed, usually,
the ownerof the funding party is to be asked about what they want, whats © be
included in the circuit, this plays a majaie in the planning, collecting of the data
andanalyzingit.

1 Selecting a site for the study, and respecting the existence of archaeological sites,
environment and humans to avoid harm and tioklu

1 Plannnhg and designing the circuit according to the RAid ASSTHO requirements
and standards.

1 Creating a 3D model for the circuit using RTB. simulation for the track on AC

1.6 Project Constraints

A lot of constraints faced the project during plemgnanddesgn. In Palestine, the major
racetracks were desigd according to international standards by the FIA. The availability of
such standards at the local level is lacking. This constraint forced the researchers to turn
exclusively to online sourcder thdr research. The availability of previous design doeats

for racetracks is a major constraint. There aren't any free documents for a racetrack project ir
the online sources, and the university library doesn't include any. Palestine isn't vieay fam
with this industry, the amount of expertise in thiddiés very limited, and the engineering
offices in the country lack information about this industry. This made the references for
information and calculations in this project mainly from onlireurses ad based on

reviewing tracks in other countries.

1.7 Report Structure

This report consists @fix chapters as follows
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1 Chapter 1:
A general idea about the project, objectives, and nature.
1 Chapter 2:
Includes the methodology to be applied duriigs tprogct. Furthermore, a detailed
illustration of the formlas and methods will be used later irstfeport.
1 Chapter 3:
Embraces the literature reviewR&ce Trackgases and theghape, lengthdimensions
1 Chapter 4:
The requirement, anctiteriaof the design The used appendiandresourceso complete
the design stage.
1 Chapter5:
The data collected, relevant sources, and authorities. In addition to some
definitions.
1 Chapter 6:
The outputs andesultsof the calculations from the design stage.
1 Chapter 7:
Conclusions and recommendations are set in this chapter.
1 Chapter 8:

ReferencesndSources
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| METHODOLOGY

2.1 Project process

The project was based tmo stages of the data collection. The first stage isitterstad the
Palestinian market and its needs in this regard. Then was defining trends in race events in the
country. The second stage is picking standards to consider. The Federation Intdrnationa
Automobile (FIA) regulations and requirements for thecuir were takenas the design
criteria for this kind of sport. Taking into consideration that some standards from AASHTO

can also be used for particular parts through the design process

Data was ollected from multiple sources. Through visiting racing rgvectities,
competitors in drifting, and public gkarting sport. Interviews with some members in the
PMSMF,and visitingt he current Aracetrackso were condu
mostimportant factoraffecting the motorsport facilitylheir opnion is considered about the

location andthe preferredtype of racing. The major source of information are the online
websites, such sport is more popular, more developed outside diriRatesl the Arab world

aswhole.

Roadsare rae tracls, but not all race tracks are roads. Data was collected to develop a circuit
design, in accordance with the AASHTO specifications for roads and highways. THdA the

cameand made it comfortable to be considered as a raketra

A consideable pation o the consists of specifications provided by tRéA, these
specificationsvere detailecand addressewd shorten the research process for anyone willing

to continue thisvork.

Trip generation ratéor the circuit wasalculatel from iceskating rink in Rrovo, Utah studied
for a trip generation rateand San Diegdrip GenerationRate Manual. The study was

completed by Brigham Young University, to predict the parking slots needed and the number
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of audience seats, which gave aodocestimationfor the land aea dedicated for parking
facilities. The affiliate buildingsrequired serve theircuit were determined based on the

expected numbef participants

Understanding how each race vary in accordance to the circuit grade amdhittie kacings
crudal, such information sets up the processdesign.knowing the design car leads to
knowing the possible races the garticipatesn, thus the grade of the circuit éetermined,

in analyzing the data such process was explainedeaotv lead tthe othe

Through theresearchjt was important to know how marpeople (circuitstaff, spectators,
drivers, press) can be in the circuit, and with what they traveled (bus, taxi, privat€htsr)
allows the engineer to translate these narslio transprtationconcep. These numbers after

analyzing were translated to parking spaces and modifications to the road on circuit

The following steps were followed in this project:

1. Selecting a site for the study, and respectthe existnce ofarchaetogical and

environmental sites to avoid harm and pollution.

2. Data analysis taking into consideration the trend in the racing industry in Palestine.

The type of race that will be held tells the kind of cars that will race ekample,
selecting the typeof car, and determining the grade of the circuit.

3. The Grade of the circuit identifies values related to the track length, the minimum

length, and the maximum length of the track can be determined.

4. Drawing a layout for the tracis a fundametal andfirst step in the planning stage,

taking into consideration the various kinds of curves to be included. The inner service
roads, structures, and infrastructures affect the shape of the circuit and should be taker

into consideration.

. Choosing the loations of grardstands, main structures, parking area, an

advertisement, and calculating the approximate area required for them.
Designing the corners and estimating the offrareas.
Simulation for the track using an Asset Corsa game engineé recordig speed

valuesaccording to parameters.
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8. Constructing a racing line using numerical methods, and comparing speed values to

the simulator results

2.2 Obligatory Circuit Dossier

Getting the FIA approval for a circuit requires a fully detailedbrsission ofthe progct

doauments and inspection after the construction of the circuit.
The circuit dossier should include information as follows (FIA, Appendix O, 2021)
1. cover letter introducing the circuit project.

2. Circuit | ayout uno, wighcan indcatitn: of ddightior{, piti entriy, m
and exit roads, turn numbers, race direction, buildings, installations, access roads,
spectator areas, safety barriers, (walls/guardrails), debris fencing, atterieatioes,
race control, timing room,ipbuildings and garage area, paddock and ParcFermé,
ambulances, medical center, firefighting vehicles, medical intervention vebhicles,
marshal posts, light panels (if applicable), video surveillance cameras and circuit
floodlighting (if applicable). The @wing should also indicate the distance measured
in 50m increments from the start line along the track cdmierin the driving
direction.

3. Construction specifications. Fdransportation like curbstone, and guardraih
structure like concrete wallspnpermanent concrete walls, energy dissipating devices,
pit wall debris fences, opening barriers including hinges and locking devices, debris
fences, spectator control fences, drainage, manhole covenmsednods of fkation.

4. Location of start line andomtrol line.

5. The estimated location of pit entry and pit exit speed limit lines, Safetjir@ad
(SC1) and Safety Cdine 2 (SC2), the precise location of these lines is to be
confirmed with the inspector esite.

6. The precise GPS latitude and longiudoordinates in decimal degrees of the

intersection point between the track centerline and the control line.

7. Pl an of pits and paddock area and medical
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8. Detailed plan of all buildings (iheding medical center and helipad)y scale

1: 200 mini mum.

9. Profile of the 3D track centdine, track edges, and the first line of protectionsdale
1:2000 (length)/1:200 (altitude) minimum.

10.Crosssecti ons of track andoneachsde &dm the pazic e
edge), at the start line, the center of principal corners, points of minimum and
maximum width of the track, bridgesand other singular points, to scale

1: 200 mini mum.

11.Questionnaire provided by the FIA concerning the mediealter and the referral
hospital(s),duly completed. This questionnaire is availablevatw.fia.cam/circuit-
safety(FIA, 2019)

Circuit dossiers should be submitted electronically. The electronic gtahsomply with
theFIA circuit drawirg standardAutocross and ralkgross circuits are exempt from this
requirementThey should be revised and sdan the FIA regularlyThe course has been
modified and will be an essential reference for FIA inspectammd the issuing of circuit
licenseqFIA, FIA regulations, 2019)

Projects for new circuits or major alterations to existing circuits should barded, through
the ASN, to the Secretary of the Commission for initial technical comment.

These requirementpass the scope of the project, ag ftlirst step to introducing this
knowledge In this project, the outcomes are @3model of the circuit usindRace Track
Builder (RTB) along with a detailed-R2 view for the track using AutoCAD softwaranda
simulaton for the track using Asseto Corsad sections for the track aakso prepared.

2.3 Specifications and Criteria

Design guidelines of the Americ#&ssociation of State Highway and Transportation Officials
(AASHTO, 2011)will be followed to design the reiyements of the entrance road and th

bus lane. This includes the selection of the design speed, grade, elements of the road,
alignments, and theequirements of pavement and drainage design. Furthermore, marking,

guidelines will be followed to design thequirements of the track.
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The FIA is: Fédération Internationale de [|'Automobile or International Automobile
Federation is an association formed 1904 to represent the interests of motoring
organizations and motor car users. To the general publidihes mostly known as the
governingbody for many autos racing events, such as thekmeNvn Formula One. The FIA

also promotes road safety arouhd world. (FIA,Wikipedia 2022)

In this project, thé=l1A's standards were followedhe FIA has severaleleases, it is updated
every year, ath the releases are reliable for two years. A variety of H, M, and O releases are

included in the scope of thisoject, as will be detailed later.

2.4 Location Alternative

For best design, an over look has been tokedlfaf West Bank lands. From nortt south

and from east to west, just to have an idea of available region. From 5860 km?2, two spots were
found gpropriate. First one in Jericho, at the middle of the West Bank. Second one is in
Jenin, the far north ofhe West Bank. Two alternative siteen® investigated. These are

presentedn (Table2.1). Thesiteswere evaluated based on the following criteria.

1- Terrains: it was recognized that we need a level terrain to make a reasonable design to be

implementedand to have a loweost excavation wa.

2- Location in the West Bank: it should not be far from people from different areas;

preferably in the midle region of the West Bank.

3- Climate: rain can lower the friction between the car wheels and the asphih may
cause the cars to cragir, not to perform as well. Dry weather can help in a longer season

duration, and would facilitate the schedgliof events.

4- Accessibility to nearby road network: this is a very important to determine, the number of
audiences is huge with high accedgyi which requires to take in consideration in design

phase, and also, estimating the revenue the facilityreke.

5- The location has to be far from residential areas, due to gas emissions and noise the racz

eventhas

In (Table2.1) as shown, a sim@ comparison of the two lands were done. Multiple points

were important to consider at choosing a locatiooh s the accessibility and near main road

11
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network. Other viewing point were the large area to have a fiiéxibor the design and
layout. Acco di ng to the table, Jericho was much be
the land, weather, and undrurface soitype. In (Figures 2.1 and 2.2) of takernatives, they

show the difference and reasons lebasing one ovexnother Government2021).

Table 2.1: Location Alternative Comparizone

Accepted Perfect

Location Jericho Jenin
Area n? 409000 A10.000
Elevations -230 -244 318 _ 360
Land Currently use MNon — used

Temgperature varkation A8-100 A6

Sa1l type
Whether case
Accessibility Wery good
Region Classification C, bow agrscultural

12
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Figure 2.1: Location 1 Photo

Figure 2.2: L ocation 2 Photo

About640m distance is the distance betwedntuit and the nearest urban area as Q.6
shows.
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Figure 2.3: Topography Photol

Thechoserlocationis anadive spot nearbyAl-Karama Bridgd-igure 24.
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Figure 2.4: Topography Photo 2
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| LITERATURE REVIEW

3.1Racing Circuits and Their Geometric DesignCharacteristics

This research was submitted to tR®A to show the capability of Croatia to host an
intermational racing event for Formula 1 and to submit a conceptual design for the hosting
track. It shows the basic understanding of the conceptual design of racetracks and the major
components of circuifsshowing real examples of existing circuits licensedhgyFIA. The

details are presented in Tables3.1and3Rar i gi |, 2019)
Table 3.1: Circuits Dimensions for Croatia Study( Bar i gi |, 2019)
FIA regulation FIM regulation
License grade 1,2,3,4,6 A B CDE
Maximum sfraight section length 2 km 1 km
Circuit length 7 km 42 -45km
Track width 12m 12m
Starting grid width 15m 14m
Track width change gradient 1:20 1:20
Transversal inclination along straights 15%-3% 15%-3%
Transversal inclinaion in corners 10 % 5%
Track verges widt 1Tm-5m 2m
Run-off area slope 3 % downwards; 25 % upwards 3 % downwards; 10 % upwards
Distance fto first corner 250 m 250 m
Table 3.2: Racing Circuits and Geometric Characteristics for Croatia Study( Bar i §gi | , 2C19
Number 19, Year 2019 Page 98-107
Racing circuits and their geometric design characteristics 'f
Circuit Yas Marina  Bahrain BIC  Barcelona Monza Interlagos Korea Monaco  Sochi Spa Suzuka
Lap length [km] 5.554 5411 4655 5.793 4.309 5615 3.337 5.848 T.004 5.807
Race laps 55 57 66 53 71 55 T8 53 44 53
R““[:;fqt"““ 305.355 308238 307104 30672 305909 30896 200286 309745 308052  307.471
Turns 21 15 16 1" 15 18 19 18 19 18
M“‘“E:rmpm 339 121 37 337 32 33 290 3 320 328
Distancs to tum 305 25 730 638 334 250 11 10295 27 405
one [m]
Fullthrottle [%] 59 66 56 76 50 62 43 50 70 66
Langestfiat-out 1223 1208 1310 1520 1384 1125 669 073 2015 994
section [m]

Table 2 Characteristics of existing racing circuits [10]
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In Table 3.1, the documentshowcaseshe main aspects that set characteristics for the
conceptual design for the track itseMithout its surroundingsThese regulations and

standadsrefer to Appendix O released by the HAA, Appendix O, 2021)

Table 3.2 shows theharacteristics of current racetracksese numbersdicatethe design

values this project will have.

Figure 3.1 compares the number of inhabitants for internatiéfial licensed racing circuits

of some European countries according to the data on pmpuldt can be seen that the
population of Croatia (4,255,374 inhabitants) is well suited to the ratio of pigouénd the
number ofthe racing circuitin other countes. Hence, Croatia can optimally accompany one

internationally licensed racing circitBa r i gi |, 2019)
9000000
8000000 -
7000000 -
6000000 -
5000000 -
4000000 -
3000000 .
5000000 I Inhabitants per race track
1000000 - I Croatia
0
SE05sREREE8 8%
Et* el £y 2o 3 S ESR
o (T § 3 8 25 § £ 5
w G} & T R -
£Z
& 2%
a
Figure 3.1: Circuits Licensed in European @untries (source:Bar i gi)i , 2019

3.2Racing Circuits asa Project Study

The document shows numbers of the sizeeéstmentsn this industry ad visibility studies
that should be made before beginning such a project. Such studies will focus on thetgopul
of the sport in the country, and predict the atsend for these races in the regiorBar i §gi | ,

2019)

Investing inthe construction of racetracks repretsea major project even for countries larger
than the Republic of Croatia. The cost of suchegtments must be justified and should be
sustainable for a wider community and not just erava circle of users of such facilities.
When designing and constring, detailed analysis, estimation, and optimization with-cost
benefit analysis have to be domehich can only be achieved by a good engineering approach

to the project. Unlike road degi, access to the design of track lanes is unclear and undefined
16
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andcan be reduced by adapting access to public roads. However, in an environment where
human livescan be vulnerable, it must not only be good enough, thatssceptabléBar i gi | |,
2019)

In the process of developing design approaches, test courses and driving simsitetidds
be included to carry out mulevel analysis ensuring maximum driver esgfon the track.
Driverd safety in such extreme conditions is at the agjHevel that must be medncerning

the set criteria (the fastest vehicle to use the track anHatscteristics) Bar i gi [, 201 9)

Personal cars are increasingly becoming autang vehicles, and the need to conth@m

by humans willshortly. With this, the need to enjoy driving action itself will be shifted to
racing tracks that are currently not sufficient to redd future needs. This fact opens the
possibility of developinga new market that would be focused on small (local or regional)
competitims as well as opetioor days on racing tracks. Additionally, along with the
infrastructure that follows such a routee possibility of inviting a variety of companies such

as autanobile mechanics, ref@car companies, retail outlets, gas stations aectrét fillers,

and catering establishments would open. When there are no cars and motorcycles, cyclists and
runnerscould take the track, as it would be possible to organize dsnaed similar large

openair events on the premisesBar i gi [, 2019)
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| FIA REGULATIONS AND REQUIREMENTS

Creating a great racing circuit depends on the track lagondtonthe level of competition

thetrackdeliversa racing circuit 1 snot alhregittvep me st
far from being like that, throughout thisproject, the concept of planning and designing a

racing track will besubmitted, with its essential needetheasures,requrements and
regulations according to tiildA andAASHTO (MOTOR, 2018)

4.1 Planning Stage

There are searal factorghataffect the final shape of the racingcuit and itslayout, such as,
protective measures, needed level of competition, circuit bgsddand insulations, trackside

advertisingand structures and standards.

1. Protecive measures for a racingircuit: The FIA regulationfor motorsports puts
safety as its priority, the FIA releases documents that insien@ges,spectators and
circuit staff safety. the international code by the FIA restricts and wellesefome
rulese.g, drainageand for some e.g. track shape, its left for the designer to take the
choice with a space of freedom to be creatakhaugh, the FIA still gives its
recommendations arahy changes the FIA thinks they are essential to be doring
thedesig stage(FIA, Appendix O, 2021) (MOTOR, 2018).

2. The categories need to determine the protective measures for are: spectators, drivers,
race officials and service personnel during competitions. The characteristics of the
course should be s taken in onsiceration, such as, typography, layout and profile,
racing trajectories, and adjacent ar@d#, Appendix O, 2021jWTF1, n.d.)

3. To provide smooth driving, conditions to regain control of the car and absorb its
momentum energy, various dderation syems, energydissipating and stopping

barriers maybe installed to constitute a first line of protectuch insulations
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4.

include: grass osealed surface ruoff areas, deceleration beds filled with appropriate
aggregate, stopping barrierspjeegy-absorbng bariers or a combination of these
measuregFIA, Appendix O, 2021JCHAINBEARF1, n.d.)

As a general concept, speeddaimpact angel &fct the typeof protective to be
installed. If the estimated impact angel is low continuous, vert@aldos ared be
installed If a high impact angel is estimated, enedissipating devices and/or
stopping barriershould be usedWhere provided, mtoff areas will be principally
situated on the exterior of the corners and may typically have dejtimsairound
3 0ntol O O(FlA Appendix O, 2021)

Around a corner, the car is likely to fly off the road and hit a barrier at a steep angel as
in Figure4.1(FIA, Appendix O, 2021JCHAINBEARF1, n.d.)

Figure 4.1: Angle is a Trajectory, Not Car-Pointing Angle

On a straighsection a car is more likely to hit at a shallow anglesaswnin Figure 4.2
(FIA, Appendix O, 2021)
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Angle of impact

Figure 4.2: Straight Line Trajectory

In both cases, how much speed is the car carrying perpendicular to the barrier, car energy gets
carried by 2 components, parallel and perpendicidathe barrier as in Figure 4(FIA,
Appendix O, 2021).

Angle of impact

Mgjor perpendicular
component of energy

Figure 4.3: The SteepCrash Perpendicular Trajectory

In a steep crash angle, most of the speed will be carried perpendicular to the barrier. In a
shallow angle, as Figure 4.4 shows, most of the energy is carried parallel to the barrier with
only smallcomponent into the barri€CHAINBEARF1, n.d.)
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Angle of impact

Mgjor pardllel
component of energy

Figure 4.4: The SteepCrash Parallel Trajectory

In swch a case, the energy needs to be absorbed in parallel direction by minimizing the
deformation of barriers, slow the car down with fiction by forcing it to slide along the wall,

Figure 4.5.

Angle of impact

Figure 4.5: Angle of Impact
Along straights,increasing the chances of shallow crash angle by bringing the walls closer to
the trackedge taking in mind that a car lost control, needs tim&gawel through a curve that
will transfer its trajectory from parallel to penpdicular (FIA, Appendix O, 2021)
(CHAINBEARF1, n.d.)
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Concrete walls

Figure 4.6: Concretewalls

4.12 BARRIERS CLEARNESS OF THE TRACK :

Bringing the barrier closer to the track edges servesimell

There i sndét mu-offs(FEArAppendix O, 202%) ECHAINBEARF1, n.d.)
Around startingstraight bringing the grandstand closer might be a.need

Concretewalls Figure 4.7 GuardrailsFigure 4.8 tire barriersFigure 4.9and tecprdarriers

Figure 4.10all those are used in shallow impact angle case to absorb car energy.
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Figure 4.7: Concrete walls

25’ swing gate @
DGD Racimg

Missoun'\

Figure 4.8: Guardrails
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Figure 4.10: Techpro barriers

Protecting the public areas are also to be taken in consideration; supplementary measures
should beplaced at the same level as or higher thantrdiek edge, may be requir€BIA,
Appendix O, 2021)

4.2 Location

The location ofa racing circuit plays a major role in the planning stage. The location of the
circuit should be far from residential areas, due to its noise and emissions. The circuit has the

~

ability to be extended for future projects such as trainirait (WTF1, nd)( Bar i gi | , 2 01
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Figure 4.11: Topography to the Land and NearUrban Area

The Figure 4.11shows that the circuit location is 640 m from the nearest uabea The
location also affects how theattk will look like, thearea the terrains ar&ey, trying to adopt

the terrains is recommended which reduces the construction cost.

4.3 Conceptual Design Considerations
4.3.1THE LENGTH DETERMINATION

The plan: the FIA specifies the minimum length basedtba duration of an international
racing event and the recommended maximum length based on experience. The length o°

racing circuits gets measured by the center line offrtud.
The minimum length for an international racing event based on the folldale(4.1).

Table 4.1: Minimum Circuit Length

Cars Minimum circuit length based on event duration (km)
2h45min 6h 12h
F3 2.0 - -
Touring car 3 3.2 4
GT 3.5 3.7 4.7
F1 35 - -
Sports car 3.5 3.7 4.7
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1 7 km is the maximum circuit length recommended by the FIA for any new
circutsal so putting in consideration that a

length.

1 The following points summazes the back thoughts of limiting the circuit length

straightsection lengths

V Exceeding the 7 km of racing circuit makes it less safe, expensive, more
complicated and incredibly longMore length requires more marshal posts,
camerasand ti ming equi pmentds alMedidahe way
interventian in a serious crash event on far end will be more difficult because it
has to travel all the way around the circuit until it reaches the crash point
Although this problem can be tempered by putting emergency inroads inside
the track that closed for theulplic during active sessions, or by distributing
medical cars around the circuit in various inter¢@&lBIAINBEARF1, n.d.)

V Also, with the track being too long, it seems to be too sparse, with spectators
seeing the cars less frequently compared if theék twas shorter with shorter
lap times(CHAINBEARF1, n.d.)

V For Touring cars, having a track less than 3 km will result of the track being
crowded and cars will constantly start tripping each ofR&k, Appendix O,
2021)

Circuit Width: For any new racing circuit the foreseen width should be at least; 1Rem
change in width should be done as smooth as pos3ieFIA specifies that the change in
wi dth shoul dnét ac Eigudsel.l1ltahde4d.12hawt e of 1/ 20 m as
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Figure4.12: Minimum Width

1 The starting grid is specified differently, the minimum width should be at least 15
m Figure 4.12, and it should be obtained until the exit of the first c§Fiay

Appendix O, 2021)

Figure 4.13: The Rate of Taper
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Figure 4.14: Minimum width of Start Line
4.3.3T RANSVERSAL INCLINATION & DRAINAGE
| The grid should line in gradient noesper than 1.1 degrees, so the dsve d o n 6 t

have to hold the car at the clutch biting point or pull the hand break to keep the car stable
asFigure4.15 shows(FIA, Appendix O, 2021)

Figure 4.15: The Longitudinal Slope

1 In straights, the transversal inclination for drainage purposes strictly requires to have
Il i mited chamber, that 6s i s t B@®andls7 dedjriees,n t ac
measured from edge to edge or from center line to the &tgeis to ensure drains from
the middle of the track and it doesnot p
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aguaplaning, also not being too absurdly chambered in a way the cars sit on the track
properly or struggle to drivesigure 4.16 shows the piciples (FIA, Appendix O, 2021)
(CHAINBEARF1, n.d.).

B P

Figure 4.16: Drainage Banking

T I'n curves, the banking on cHyaredhls measuted ul ¢ n 6
downwards from the outside to theside of the track The adverse inclination out
chamberFigures 4.17 and 4.18is to be done under special circumstanaad to be
spectated by the FIA. The chamber helps the driver to round the corner, and it pulls the car
to the bend by shifting some diet weight to point insideThe adverse inclination does
completely the opposite, in which it pulls the car outside the bend, encouraging instability
in cornergFIA, Appendix O, 2021JCHAINBEARF1, n.d.)

29



The Palestinian Race Track Design for Safety& Convenience

On-camber

Figure 4.17: Direction of Force On-Chamber

Off-camber

Figure 4.18: Direction of Force Off-Chamber

T Longitudinal profil e: the gradient from st
dore using vertical radii, ensuring its suitable for the racing cars performiangeneral,
in high-speed breaking sections and curves gradient should be avoided as much as
possible(FIA, Appendix O, 2021JCHAINBEARF1, n.d.)
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4.3.4TRACK EDGES, VERGES AND RUN-OFF AREAS

The track itself should be permanently marked, a minimum 10 cm wide line (painted with
anti-skid paint) should be applied of the whole length of the circuit on both sides, followed by
verge between-b m wide that follows the profile of ¢htrack surface with even surface with
thetrackThus, the | evel or the sl op(EA, ApgpendixxCe t r ac
2021)(CHAINBEARF1, n.d.)

Kerbsare safety installations added at the side of the tiaaths helpsto define the edgesf

the track. Alsokerbsare there to restrict drivers from using runoff areas to cross corners with
ease, some corners are designed to be hard. Thetééobsjs needed from competition view
Figure 4.19FIA, Appendix O, 2021JCHAINBEARF1, n.d.)

Figure 4.19: Kerbs

Run off areas lie between the verge and the first line of protection. Any run off area has to
follow the verge smoothly and not to slope more than 14 degrees upwards or 1.7 degrees
downwardgqFIA, Appendix O, 2021)
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Figure 4.21: Runoff Area 2
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Figure 4.23: Track Side Marking

As discussed before, impact angle prediction helps in controlling accidents, and provide
insulations the helps the driver to regain control of the car by absorbingy etheogigh
barriers Runi off areas are another part of controlling the accidents and absorbing the car
energy(CHAINBEARF1, n.d.)

The point of a Ruioff area is to increase the distance between the track and anything the car
might hit at a high speed, thiistance helps the car in slowing down, so it hits the barrier
with a | ow speed, or it doesnot hi t(FIAj t at

Appendix O, 2021JCHAINBEARF1, n.d.)
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Figure 4.24: Runoff DeepLength 1

Figure 4.25: Runoff Deep Length2
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60 m

Figure 4.26. Runoff Deep Length3

Materials like grass werased in run off areas, but later on, because of its low friction

coefficient specially when its wet, grass started to be used in areas where cars are not likely to

ent er

Wi

t h

hi gh speeds

and high ski

d

nde s i

inside of cornersGravel inrun off was used and still used until today ana inhstalled when

the car is expected to fly out from the track in a high spealle (4.2) shows the friction for

some materials including grass and grg@AINBEARF1, nd.).

Table 4.2: Coefficients of Friction (Noon,1994)

.

Table 1: Coefficients of Friction of Various Roadway Surfaces (Noon, 1994)

Gravel traps are to be installed wiif25 m depth, and a grain size not less than 1 cm and not

1

T T T T T T I T T 9T T 9 7 v T v vy 7 v v 7" vy yyvyvvyYyYyY vTTYZTTTTvTT™Tt

Surface Type Coefficient of Friction (i)
Gravel and dirt road 0.35
Wet, grassy field 0.20
Dry asphaltic concrete 0.65
Wet asphaltic concrete 0.50
Dry concrete 0.75
Wet concrete 0.60
Snow 0.20-0.25
Ice 0.10-0.15
Loose moist dirt that allows tyre to

sink about 5 cm 0.60-0.65

greater than 2 cmGravel traps are allowed to beome steeply inclined, in relation to the

35

St a



The Palestinian Race Tracki Design for Safety& Convenience

lateral projection of the track surfadégures4.26:4.28 helps to understand how gravel beds
work in a simple concegFIA, Appendix O, 2021JCHAINBEARF1, n.d.)

S J——

G‘r;"yel_—Traps“-“”“f

= _———:‘_7>r o S !

Figure 4.27: Gravel Traps

U~I cm

Figure 4.28: Gravel Size andDepth

36



The Palestinian Race Tracki Design for Safety& Convenience

Figure 4.29: Load Action on Gravel

Still gravel and grass has less grip than the actuek sarface, and skid resistance for car
having interring the rwoff area is still low, and can skip the whole area of nfhand hit the

barrier in high speed.

To improve the resistance car momentum gravel traps, tend to be raked perpendicularly to the:
expected direction of car travel, which adds some undulation to the gravel, and can push back
against the car and absorb its forward ene@avel traps are very effective when the car
starts to spin or pitch slightly as the figure sh¢@slAINBEARF1, nd.).

Figure 4.30: Sand Wave Caused byCars 1
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Figure 4.31: SandWave Causedby Cars 2

Tormac (Asphalt) Run 1 off areas the safest form of runff areas; hey are grippy, stable,

and predictable as they are essentially made of exactly the same material of the track.
However, drivers can treat those +offi areas like an extra part of the track, which can give

an advantage of leaving the track to these rdihareas, in which drivers can take the corner
wider and go faster. These roff areas are safety feature, and to prevent drivers from using

it, Sausage Kerbs are usgZHAINBEARF1, n.d.)
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Figure 4.32: Tormac Runoff 1

Figure 4.33: Tormac Runoff 2

4.3.5THE STARTING LINE .
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Starting straight: a minimum width of 15 m should be carried along the starting grid until the
exit of the first corner. For the standing st#inere has to be at least 6 m grid per car, Formula
1 as special case 8(fIA, Appendix O, 2021)

W

Figure 4.34: Starting Line Width

Figure 4.35: Starting Line Forming

The starting straight needs to have at least 250 m before reaching the first corner, with a
change in direction with more 45 degrees and curve radius less than(BO®, iAppendix O,
2021)
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Figure 4.36: Starting Line Minimum Length

Figure 4.37: Starting Line Minimum Change ofAngle andMaximum Radius

4.3.6CIRCUIT BUILDINGS AND INSTALLATIONS

Here are various requirements for racing control, Timing Room, Marshal Posts, Pits, Paddock
area, Medical Centers, garage area, Parc Fermé, light panels, pit entry and exit roads, ani
attenuation devices. Those requirements vary according the plannedaccer@ect should

be established by collaboration between the circuit management, théNsSbihal Sporting
Authorities)and the FIA.
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4.4Pit Lane

Pit lane: pit lane should bat leastl2 m wide; it should be foreseen adjacent to starting
straight,with garages and racing contrfalculties,and separated by pit lane and signaling
platformFigure 4.38dWTF1, n.d.) (FIA, Appendix O, 2021)

i /j 11.

Figure 4.38: Pit Lane

The pitlane is divided into 2 lanes, the lane close to the pit wall is called Fast Lane, and the
other that is close to the garages is called Inner Eagwees,4.39 and 4.40. In the inner lane,

there are Pit Boxes, such as showninFigur&é 4.4 | t 6s a mar ked area »2n
pit stops can be carried WTF1, n.d.)
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Figure 4.40: Pit Lane FastLane
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Figure 4.41: Pit Lane the box

Adequate pit entry and pit exianes shouldeave and join the track at points avoiding

interference with the racing linevith a proper merge to the racingad (FIA, Appendix O,
2021)

Emergency services and trucks must be able to pass in and out the track. This step should ke
carefdly examined in planning stages, because it can influence the track layout in a high rate.
For such approach, bridges and/or tunnels are to be installed and specified in planning stag:
(FIA, Appendix O, 2021)

If pit lane is used in practice or in racing,t s speed | i mit s(RlA,ul dnot
Appendix O, 2021)
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PP ey

Figure 4.42: Ambulance in the Track

4.5Race Management

Radng control room is thecenter of race supervision and direction and must peothe

clerk of thecourse Figure 3.43 Race control should normally be located in the pit building
Figure 4.44 at the pit entry end and no more than one floor above ground level. There should
be an independent exit to the track or pit IFI&, AppendixO, 2021)

Figure 4.43. Control Room Interior
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PYNIEE  &Santar
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Figure 4.44: Control Room Exterior

Timing room: The timing room should be on the first or second level (not the ground floor)
of the race contidouilding and provide a clear and unobstructed view of the pit lane, track,
the Control Line and the start/finish signgiBIA, Appendix O, 2021)

Marshal posts: Surveillance of the track and its immediate surroundings is provided by
marshal post staffigure 4.45 For each circuit, the number and location of marshal posts vary
according to the circuit characteristiegjure 4.46Eac h mar s h al post shoul
more than 500 m from other, taking in consideration ti@section on road can esep
observation, also marshals should be able to communicate with the preceding and following
marshalgFIA, Appendix O, 2021)
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Figure 4.45; FIA Marshal

© Copyright Peter Tattersall, 2022

Figure 4.46. Marshal Positions

Pitlanemarshal:i t 6s of ten that organizers provide m
with one more each 10 garages. This in ofdewarn drivers of any incidents that have
occurred in the pit lan@-IA, Appendix 0,2021)

Signaling: In the supervision of the road, the Clerk of the Course (or his deputy) and the

mar shal posts rely |l argely on the use of sig
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the regulations. Signals are given in daylight by differeolored flags, which may be
supplemented or replaced by ligfdA, Appendix H, 2021) (FIA, Appendix M, 2021)

Figure 4.47: RefereelLast lap flag

Service roads: The emergency service requires an adegumaimber of vehicles holding

areas and service roads behind the first line of protection and access points to the track, to
enable the emergency vehicles to reach, unimpea®dpoint of the track and the medical
cener and the exits from the circuit qliy (FIA, Appendix O, 2021)
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Figure 4.48: Servi cesRoad

4.5Measurement ofCircuit Length

The length of a circuit for the calculation k@fce distances, race recqgrdad classifications

are considered to be that of ttenterline of the track.

The centerline of the trackis the median lindetween the left and right edges of the asphalt
of the track as delimited by the required whines (FIA, Appendix O, 2021).

There are 2 approaches to measure the length of the racing circuit described as following:

1. In filed measuring (preferred) on site measurements are taken in average from left

and right edges.

If this method fails, the FIA describes in detaty@metricapproach to measure the
length of the track by combining the longitudipabfile with the horiontal track with
accuracy upto 1 m.
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The geometrical form of the layout shall thefined in terms of plan and longitudinal
profile along the track centerline, and ttagout shall be used in the calculation of the

official circuit length

The plan definiobn shall include the horizontaenterline length of all straights and
curves the radius of all circular curves and the mathematdasscription of all

transitioncurves .

The longitudinal profile shall be defined termsof either vertical circular cues or a

seriesbcenterl ine |l evels at i ntervals of not
2. Trackside advertising and structures

No advertising or decoration objects are allowed on the track surface, any surface
installed decoration or advertising on pdveurto f f area mustnot r e
resistance value. Any advertising object
officials, or produce a misleading optical effect, with its location or characteristics

(FIA, Appendix O, 2021).

Figure 4.49: Allowed Advertising on Runoff

No form of advertising is allowed between the first line of protection barrier and the track.
The only expectation is advertising panels for competition, which must be approved by the
clerk of the course.
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