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1) Introduction ( General ,Transportation systems, Typical air trip, The air age,
World civil air transport, Geographic distribution of world air transport, General avia-
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2) Airport Classification (Community size and airport types, Airport classification
according to types of services, Functional classification of airports, airport classifica-
tion for the purpose of stipulating geometric standards ).
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transport aircrafts , Gear configuration, Static weight on main gears and nose geatr,
Trends size, speed and productivity of transport aircraft, Turning Radii ).
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lytical methods for air travel demand for casting).
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8) Airfield Pavements (Highway and airfield Pavements compared , Design of rigid
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marking , Runway designation marking , Runway center marking , Threshold mark-
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Introduction

According to ICAO (International Civil Aviation Organization) define.

Aerodrome (Airport):-
Is a defined area on land or water including any buildings, installations, and

equipments intended to be used either wholly or in part for arrival, departure and sur-

face movement of aircrafts.
Clilas e s 3aS ) 8 daadiudl Claeall 53 36aY) 5 Sl Gt el gl g ¥ (e 4 2 dalise
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Aerodrome Reference Point:- Dbl (g all) A1Y A Aais
The designated geographical location of an aerodrome . Jdaall coreaill &) jaal) 28 gall
The aerodrome reference point shall be located near the initial or planned geomet-

ric center of the aerodrome and shall normally remain where first establish the posi-

tion of the aerodrome reference points shall be measured and given to the nearest se-

cond latitude and longitude.
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Airport Engineering:-

Involves design and construction of a wide variety of facilities for the landing,
takeoff, movement on the ground, and parking of aircraft, maintenance and repair of
aircraft, fuel storage, and handling of passengers, baggage, and freight.

Transportation Systems:

s AL Jauu gl o) prdaad) crmia sl

1) Classification of transportation systems based on surface of transport:
a) Land transportation system (Highway, Railway,..., other)
JU Jass s (o )Y aadiis ) dadast)
b) Water transportation system (River ways, Cannel ways ...others)
JAU Jas 5 el pading ll dalast)
c) Air transportation system (Airways)
JAU Jas S o) 5l aniiins ) Aadaiy)
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2) Classification of transportation system based on Degree of Freedom:

a) Systems with one degree of freedom (Vehicles are free to move only along line—

Railways, pipeline)

54l S b ghad Jie (el 5 bl Gud 3aa) 54 ja A p0) Jad olaial e AS jaial) Sl
A8l Ja

b) Systems with two degree of freedom (Vehicles can move along the line as well as
laterally highway)
okl LS aal gl e 3 slaia A8 jall adaied LS )

c) Systems with three degree of freedom (Vehicles are free to move in any plane; ve-
hicles are neither laterally nor vertically restrained (Airplanes, vehicles under water).

((lal sadl 5l yilall ) Lagae 5 Luila Jais g culalas¥) g A jall 4 ja Led b al)
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Railway; have their greatest utilization in the transport of large volumes of
heavy and commodities over long distance.
ALy sha Calilisal aaal) 5 a5 ALEN il Jas) Lalasiaad Y1 Al 5l
Roads ; door to door service.
Airport; attains maximum utility where saving of time in transport is of at
most important rather than the money.
Jdl e il (pmiy i ) jLatidl Adlall 5 a8l L]
Water ways; provide facilities for transport of heavy and bulk commodities a
have time may not be of much importance, this is most economic mode of
transport.
5l il g ) Agabai) ST a5 Lago Lo i g1 (5 60 Y (5 Tam ALE ailianll Jadl andius
(Aanlie Hlauly g laa Al sl el AL 5 aaal)



A Typical Air Trip:
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c) Airline leased Areas.
d) Other leased Areas.
e) Others Revenues.

Jad) oo i gia JUaall 98 Larie Xl gad) 9) L ¥12) Non-Operating Revenues
RE\ R )

Expenditures: (“alaxll)
1) Operating Expenditures Jary Jaal) (555 Ladic iy jluaall

a) Maintenances Costs
1) Airport Maintenances
(il S Lpmal) lapudlil ¢ SLaad) (3 ylall) aliale s jUnall 4luall A e A3l oy )
2) Aircraft Maintenances
il Alua A8 e Al Cay jlall
b) Operating Costs 368 gl g ailaad) 5 ISl Jas (Adalall cilileal) 46K) 2)
Non-Operating Expenditures
el elasl e 35 il (e g 8 paud -]
Al ds @l e 84S il ol il b gagll 5 & MEY) Clilee a g ) s -2



Airport Classification

Community Size and Airport Types

@l jdaall g1 53l 5 Sl ana

1. Airport Classification According to Community Size;

Community Size

Airport Types

Small:- up to 25000 population
Ll aae Hah ¥ Al 6 jall Al

Aawi You oo

Local:- airports to serve on local service routs
providing service in the short haul category nor-
mally not exceeding 500 miles.

Adaal) Jaall o gl aaas il <l jlaall o= ddaa) <ol jUadll

d._!_nbnh _}J&y(_fﬁ‘

Medium:- 25000 — 250000 popula-
tion
O Pl 2ae = )i ) Adas giall Al

.w\‘0~~~~_*0~~~

Trunk:- airports to serve on airline trunk routs
and engage in international to long haul normally
not exceeding 1000 miles.
At N Ja gladll 2385 3 <l Ul - Ay Sl <l Ul
(Jae Ve e 55 Y sl ) Al gl Ja gladl) Jadi

Large:- over 250000 population
e LhlSu aae &y 5 Al 5 sl Al
_w YOureann

Continental :- airports serving long non-stop
flights, these airports serve non-stop flights up to
2000 mile.
ALy glall S3la ) aads Al &l jaal) - Ayl @l jdal)
e Yoee 5l Y Adlial g (6 65 (g

Global Centers:-
Laallad) SS1 )

(London, Paris, ...).

2. Airport Classification According to Type of Services;

a) Airport with scheduled service

International (Inter Continental):- airports to
serve the longest range, non-stop flights in the
transcontinental, trans oceanic & international
category's.
o Aallall i amall a2 3l ol jUaall -1 Ayl sall cl aal
Ae s 83l Hl g el Jsda 8ol ) )l 53 ()55 O dal
(&) _yall

i) £ 5 Gas el

Jadit 5 hlaadd) & gaaall s Yl cild ol gl

Passenger, Exports, Low cargo, Air mail, Aerial, Taxi-service.

b) Airport with non-scheduled service.

Jadii g laadll A gana yall O I cld cl jUagl)

Private & business flying, Air training school, Twist & sport, travel, Aerial photogrammet-

ric, Industrial flight, Helicopter.

c) Airport with mixed service (scheduled and non-scheduled)

Glaadd) ddalid oll a1 cnld el jUadl)



3. Airport Classification According to Function of Role; Ak sl s (il

a) Local interest airport.

b) National system airport.

c) Military airports.

The national system airport can be divided according to public serve level classified by en-
plane according to (Annual Operation).

Functional classification
of National Airport
System

Local Interest Airport National Airport System Military Airports

Primary System > Secondary System Feeder System <
1,000,000 50,000 - 1,000,000 50,000

High density > 350000 q—ligh density > 250000 High density >
Annual operation Annual operation 100,000 Annual oper-
ation

o

Medium density Medium density Medium density
250,000 - 350,000 100,000 - 250,000 20,000 - 100,000

[ Low density <250,000 ﬁ.ow density <100,000 Low density <20,000

Functional Classification of Airport according to Annual Operation of Aircrafts




4. Airport Classification for the Purpose of geometric Design standards;
&) jUaall Ay aranail) Gilthia Cus Ciuatil)

For the purpose of design standards for the various sizes of airports and function which
they service, letter and numerical codes or word used to descriptors have been adopted to
classify. The ICAO now used two elements (reference code to classify the geometric design
standard for airport). The code elements consist of (Numerical and Alphabetical).

1) Numerical, the code number (1, 2, 3, 4) classify the length of the runway available.

2) Alphabetical , the code letter (A, B, C, D, E) classify the wing span and outer main
gear wheel span for aircraft for which airport has been design.

Ao 5 G el Gy a5 sisiall oaddl Jsha () el Al )i a0dind Cua gl aranaill Cae @l Ul Caias
sl L sy S il yidal)

Gear span: - is the distance between outside edges of the main wheel gear.

Code Element No.1 Code Element No.2
Code | Ref field length | Cod
ode ererence Tield 'eng Oae Wing Span Outer Main Gear Span
No. for Runway Letter
Up to but not includi
1 Less than 800 m A 15pmo Ht notincluding Up to but not including 4.5 m.
5 800 m — up to but not B 15 m - up to but not 4.5 m - up to but not
including 1200 m including 24 m. including 6 m.
3 1200 m —up to but C 24 m - up to but not 6 m - up to but not including
not including 1800 m including 36 m. 9 m.
36 m - up to but not 9 m - up to but not including
4 1800 m and over D . ,
including 52 m. 14 m.
E .52m -.up fo but not 14 m and over
including 60 m.

Note: - Baghdad International airport can be classify as (4-E) because the runway length= 4
km and runway width= 60 m



Aircraft Characteristic

Aircraft Characteristics Related to Airport Design:

1- Characteristics of Principal Transport Aircraft.

2- Gear Configuration.

3- Static weight on main gears and nose gear.

4- Turning Radii.

1- Characteristics of Principal Transport Aircraft

Principle of aircraft characteristic (Size, Weight, Capacity, Necessary runway length)

Size: - (The wing span, face large length, wheel tread, wheel base, Max. length, .....)
Aircraft size has an effect on:
1) Size of parking aprons which in turn influence the configuration of terminal building.
2) Size also dictates width of runways and taxiways as well as distance between these traffic
way.
3) Hangers.
Weight: - Weight of aircraft is important for determining the thickness of runway, taxiway
and apron pavements.

<l yildall Ca g g dal s 3kl s 2 saall il clas cilua (8 age 35l () 3
Capacity: - the passenger capacity has an important bearing on facilitates within and adja-
cent to the terminal building, aircraft used in airline operations have passenger capacity
ranging from 20 to nearly 500.
Runway Length: - influence a large part of the land area required at an airport.

Max. Max. Operating Zero Number Max HimTae
. . Wheel Wheel Structural | loading empty fuel and _
Aircraft Wingspan Length base N takeoff e “Frn e i payload Ienftm . | Manufacture
weightIb | b Ib Ib engines | P2=5SMEST

DC-9-32 93'p4" 119'04" | 53'02" 1g' 05" 102000 99000 56855 B7000 ITF 115-127 7500 McDonnel -
Douglas

DC-9-50 93' 04" 132'00" | 60" 11" 16'05" 120000 110000 | 63328 98000 2TF 130 7100

B-737- a3' oo 100'0o" | 37 o04" 17 o2t 100500 G3000 50958 85000 2TF 86-125 5e00 Boeing

200

B-727- 108' 00" 153'02" | 63'03" 18'0a" 169000 150000 | 97400 138000 | 3TF 134-163 2600 Boeing

200

B-T47B 195' 09" 229'02" | B4'00" 36" 01" 234300 175000 | 115000 156000 | 4TF 131-149 6100 Boeing

Concorde | B3' 10" 202'03" | 59'08" 25" 04" 389000 240000 | 175000 200000 | 4TI 108-128 11300 British
Aircraft

Runway length at standard conditions (at sea level) [ No wind, standard day and level runway)
MNote; it is impotent to note that it is not valid to assume that the larger weight of aircraft required larger
—p

runway length. 5 plall (5 Bal e ala o el Jsb (o s
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Types of Aircrafts according to Type of Propulsion and Thrust- Generating Medium:

(Adlall 3 58l A 63 )alaD a8l 3 68 bl e ol yildall Cayial
1-Piston Engine Aircraft= applies to all propeller driver aircraft powered by gasoline recip-
rocating engine.

Cranall o 3l Sl Sl SIS jaal) ld il

2- Turbo Propeller Aircraft = refers to propeller driven aircraft powered by a turbo in en-
gine.

3- Turbojet Aircraft = refers to those aircrafts which are not dependent on propellers for
thrust but which obtain the thrust directly from the turbine engine.

4- Turbofan Aircraft = Turbojet engine with a fan added in the front or rear of it most fans
are installed in front of the main engine.

Note: - nearly all airline transport aircrafts are non-powered by turbofan as they are more
economical than turbojet.

Aircraft Fuel Consumption
B-727-200 7000 Ib/hr Asludly gl Ve e ) sl
B-747-A 21000 Ib/hr Aoludu g YV e i

2- Loading Gear Configurations
(Al JLSEYL ¢y 65 <l a0l ALSES Yl jUaY) (e Adeds MR (pa Jaadil) ) Jiy 3 ilal) Jas

single Single Twin Twin Single
| Conventional ] Tricyele m Tricycle ') Tricycle v Tandem
[1nose) (2 nose) Tricycle
Wheel base Mose Gear. 1 Mose Gear . . . . .
H 2 Nose Gear 2 Nose Gear
. Rear Wheel . I . . . .
Rear Wheel base Rear Wheel base Rear Wheel base Rear Wheel base
VI | TwinTandem VIl | Twin Bicycle Vill | Twin Twin X Dual Twin X Double Twin
Tricycle Bicycle Bicycle Tamiem Gear
I 1 37"
00 L o 0
2 Nose Gear T Iss 2.5m o Tre%nd o0 ::
. . Naose
o 0 , 'Y )
00 00 : 00 00 o0 ®
o0 00 ; : _ 0000 : : ®
Rear Wheel base . p . H [ T 0000 . ®
37 ig” @ == [ ] o0
: .
Center to oei'ber ot rigger gear Center to nﬂ1lzro||tlimr gear Rear Wheel
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Data for several Aircraft types according to Yoder

Type of plane Max. gross weight Type of gear Maingearn | Max. load on each Tire pressure pi
(kips) dimension main assembly
Boeing 747-320L | 336 Twin tandem 56 w*34.5L 157 180
Boeing 747 713 Double Twin tandem | 58 w*44 L 166.5 204

3-Static Weight Main Gears and Nose Gear:-
Bilall (A agaBga padg Sl dae o alaie) pada b dlall J& S ja
The distribution of the load between the main gears and the nose gear depends on the type
of aircraft and the location of the center of gravity of the aircraft for design of pavement it's
normally assumed that
1- 5% of the weight supported on the nose gear and 95 % on the main gears for the tri-
cycle configuration.
2- 50% of the weight supported on the nose gear as well as for the main gear for the
bicycle configurations.

Example:-

Take-off weight of an aircraft =300 kips (Twin Tandem Tricycle)
Solution:

- Each main gear support = 0.475 *300=142.5 Kkips

- Load on each tire of the main assembly =142.5/4=35.625 Kkips

- Kips= 1000 Ib

- 00
oo oo

47.5% 47.5%

12



4-Turning Radii:-

1-For determining aircraft positions on the apron adjacent the terminal building and estab-
lishing the paths of aircraft at other locations on the airport , it is important to understand the
geometry of movement of an aircraft.

At agd (5 )9 pall e slaall s AV &l il &l jlie i g Ll 3 ) glaall daliadl 35 il a8 ga 3aai]
Bl 45 Al

2- Turing Radii; are a function of the nose-gear steering angle ( the larger angle , the great
are the radii) from the center of rotation the distances to the various parts of the aircraft such
as the wing- lips . the nose gear or the tail result than number of radii.

O A8laalld (adl) Caiai a3 3y Ay o 31 1 3 Ll ) 3l ol 5 laiuV) A0 ) o adiey () sall ki Cauas
sac o Jianid (50l 0 Ales o) 5 ihal) Cal o) 2 ladl ddla ) 5 paie 065 30 o) Jad s () sl S e
) sl

3- The largest radius is the most critical from the standpoint of clearance to building or ad-
jacent aircraft. The min. turning radius corresponds to the max. nose-gear steering angle
specified by the aircraft manufacture.

ok Caal B (5 shaiall @l il 5 Slall Ldliall daludl ) 7 oaVl (68 Casn sa s phi Caal 580 38U
5_liiu), Max. Steering 3 el Aaiiall) Al i (e 2aaT Al Ay g L (<63l

4- The max. angle varying from (60 — 80°)

5- Determine center of rotation by drawing a line through the axis of the nose gear at what-
ever steering angle is desired .The intersection of this line with a line drown through the ax-
is of 2 main gear ( when more the 2 main gear ( B-747), the axis is drown midway between
the gears.

Note:-

Min. turning radii are not used in practice very often because the maneuver produces exces-
sive tire wear and in some instances results in scuffing of the pavement surface. (According-
ly lesser angles on the order of 50° are more proper).

s e JB1 B platul el Caai aladiul o) cda 3 00 e JE Y A ) ) aadii dale B ) g
Al mlase Cali Y
-0l S @dsa yaal
adazd) 35l Al g ) gy Cuan 45 slhadl) (steering ) 35840l 4y o) 3 3 il il @l el Jae -1
main gear_ s ae adalihy g 45 5llaall 45 6) 310 Jilall nose 33l &l Hsan Jeo sagae bl an i 22

S ol i A0 b
(3l el Adla ¢ Jall Al ¢ ~Ual) Adla) 3 5Uall 32 g gal) Jalil) aag) g Aalil) 338 Jea i -3
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Horizontal Distribution Concepts for Passengers (Parking Apron):

1-Linear Distribution
2-Pier Distribution
3-Stellite Distribution

4-Transporter Distribution

COMBINATIONS

NZ0——rF—405=<

o

PIER SATELLITE LINEAR TRANSPORTER

FIGURE 59.16 Terminal configurations. (From FAA, Planning and Design Guidelines for Airport Terminal Facilities,
Advisory Circular AC150/5360-13, 1988h.)




AIlrport Planning size and Type of Airport

Airport planning: may be defined as the employment of an organized strategy for
the future management of airport operations, facilities designs, airfield configura-
tions, financial allocations and revenues, environmental impacts, and organizational
structures.

500 5 palaii) Aadaie Aadl iy Cada g€ jUaall laadi Calyay My jUaall Jaadd Cilusl 3 (e ddlide g 3 llin
ddlall Glailadl 3 Glanaddl) ¢ el GA Ol ekl cola b 5 ccalandld) a..mbaﬁ Alisiadl HUaall cililee
Anadanl) (KL culadinal i) el sl

There are various types of airport planning studies, including:

sty jlaal) Jaglads bl ja (e Adlida g 6l clllia
Facilities Planning.

dtaxiways ¢ zohaall Jie ladll ol cula el Al clalall e 385 oAl :easd) Jaghasl)
lasse Jie acall Jilas gy b yhall Glasad) dadall Juaty) dakail ¢ selza¥) el il il g oy Cilala
)\ s(—;.cugu (3l ((ilSa cCala HiieS u\)M Aainida ).\ﬂ\ UAJY\ dLAz_\.u\ SIS cc\.})@ﬁj\ Glass ¢4l

BoaY) Gl a8l 5

* Financial Planning.

Crn Fallal) ol Tl 5« pobimall 4 e gy biinall il 5 cliladl o 5 A 53l 5 s Il sl
Cralall aiayl o i) laa) ol criall gl D&

« Economic Planning.

31 Qe 038 (o3 lelinall Jalii 58 a3l Jia ¢ Jlaall (ool LLAN ifiasar gy (530 :galuaY) Jashail
Otaall ilblee Aam pilae e ) dle JSG Sl 5 jUaell A8 2 A

» Environmental Planning.

Gy Sise jUae Tl dagis & el (e Alal) ) da g i) s o 28y e 8 5 o3 ;) Jaylassl)
A0, sladl Lads 5 ) saY) - ain) olia sudall (ol ¢ )l Jlerin] Jagads Sl Jagadl)

*Organizational Planning.

DS ¢ s eS¢ Unall 5 1Y Aandaill JSUgl) 5 Auliinnall Jandl lllaia 313} a3ty (5301 ; andaiill Jayladsl)
W e g ddasi yall Allaall

» Strategic Planning.

Aliad) AplSay) a3l JalSie ga A gAY Lphadll clllin I8 Jeay @) agl yiwy) sl
) il Al aaall Clagn jadll
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The Airport Master Plan:

Airport master plan is a concept of the ultimate development of an airport. The
term development includes the entire airport area, both for aviation and no aviation

uses, and use of land adjacent to the airport.

The overall objective of the airport master plan is to provide guidelines for future
development which will satisfy aviation demand and be compatible with the envi-
ronment, community development, and other modes of transportation. The typical

airport master plan has a planning horizon of 20 years.

The Federal Aviation Administration notes that for a master plan to be considered
valid it must be updated every 20 years or when changes in the airport or surrounding
environment occur, or when moderate and major construction may require federal
funding.

daladl b Sl o) HUaal) elisy Ay ddadaddll jualiall S ey jaall wlud) Jadaadl)
aaad el Jala gz 5laall il se 2an3 ¢ LY a8 5o 2083 ) jUaall eLEY aaraall Lgaling 531 5 jUaall
Aty Jlnall Bldiiall <l shaill s SIS 5 (AN Jall il 5 <l jlse i ¢ g gl Cilalise 1) 5
ypaai] LSl Jilad) JS (g ga G5 laall 4Ly 5 dpunigl) Gilhbaal) slaci 8 i) 138 alac]
taal) 48 g
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Elements of the Master Plan:

An airport master plan typically consists of the following elements:

ol oLy A A1 ki) g dls pall 53 3

Phase |
Airport Inventory
Requirements
Forecasting

S gle r g 1 Akial) 3 sgagald g2 ool Sy dls i3
(cjl_..hﬂ'l Jﬁn&'&.ﬂlj)@n‘uﬂﬁ J'I}q.“ ..‘._Jg.)

gl o o sdl dlel i ) il Bl 3 all e BN Sy dls B 8

Demand - Capacity Analysis el LY o DA lalliial Agt Al yall 838 8

fok giandll ) SLAY) 6 (1A a8 ¢l ) b)) st

Facility Requirements Analysis (AL LY 950 g

Environmental Impact

ttiﬂd}m N;LH dahid u_‘.:. ( ;,I%_HMLJI&,JE) )'Mlaﬁum'l a_‘H_!ﬂ ﬁl)':jlm
g

Phase ll

Site Selection

After airport needs have been established the FAA recommends that there are at
least ten factors which should be considered when analyzing potential airport sites:

1- Convenience to users: If it is to be successful, an airport must be conveniently lo-
cated to those who use it.

2- Availability of land &land cost: Vast acreages are required for major airports and it
Is not uncommon for new airports in large cities to require more than 10000 acres.

18



3- Design and layout of the airport: In considering alternate potential airport sites, the
basic layout and design should essentially be constant.

4- Airspace and obstruction: to meet essential needs for in-flight safety two require-
ments must be met.

a- Adjacent airports must be located so that traffic using one in no way interferes
with traffic using the other.

b- Physical objects such as towers, poles, buildings, mountain ranges,......

5- Engineering factors: an airport site should have fairly level topography and be free
of mountains, hills, further the terrain should have sufficient that adequate drainage
can be provided.

6- Social factor: one of the most difficult social problems associated with airport loca-
tion is that of noise. Airports are not good neighbor and some control in the devel-
opment of land surrounding an airport should be exercised.

7- Availability of utilities: airports must depend upon existing utilities. The site
should be accessible to water, electrical service, telephones, gas lines, etc. and the-
se utilities should be of the proper type and size.

8- Atmospheric conditions: such as fag, smoke, snow, or glare that may rule out the
use of some potential airport site.

9- Hazards due to birds: airport should not be situated near birds on natural preserves
and feeding grounds.

10- Coordination with other airports: heavily populated metropolitan areas indicate
that more than one major airport will be required to meet future air travel needs.

19
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Phase Il
Airport Layout Airport Layout Plans
Plans
Land Use Area Plan
Terminals Area Plan
Airport Access Plans
Phase IV

Al oLy 8 sl il al) 8 dluait bty s

et )l Jals sl Y1 sty Alait LB e
(el g ) abiad) i oyl g ¢ gl il g Y1

) 4 Line 4 e datt A bbits ol

o Jad )y Gk )l 7 A o B st s Sl
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The airport system: it is divided into two major components (air side and land side)
as shown in the figure below.

En route
alrspace
Airport system —\
1
Terminal
alrspace Alrfleld surtace
syslem —,
) Funway &
Holding Exit
o pad taxiway
=
W
!_.=
< Taxiway
systam
Apron-gate
r araa
’ Terminal
- [
g /{.—-}z bulidings “\:- S
2 J,’ i TN
b= { "\\ Viehicular W Y
m - i -
- i ,>-  circulation = '
' / parking * i
/
1 W |
n.\ ) I j.f
- W £ L
s Airport ground - Alrcrait
dccess sislam fow
——== Passenger
flow

Ficure 4-1 Components of the airport system for a large airport.
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Geometric Design

Airport Components:

Building line Hinger

Runiwvay

Terminal

Building

N Y KA L b bl S .-
F
,l
J. L
i

A typical airport, there are terminal buildings and hangars; pavements for aircraft
runways, taxiways, and aprons; roads, bridges, and tunnels for automobiles and walks
for pedestrians; automobile parking areas; drainage structures; and underground
storage tanks. Aircraft include airplanes, helicopters, and the anticipated tilt rotor
aircraft.

Airport engineers have the responsibility of determining the size and arrangement
of these facilities for safe, efficient, low-cost functioning of an airport.

Elements of an Airport;

Runway:- Area for landing and takeoff operations.
LN O Lars LW el (uSe ()5S dagagll g & DY) dulac ) dasaedl 5 ¢ DY) il 4 DU dalisdll
olatl s LgaladiuY Cilalad¥) Al 5 = el e pS) ae 2030508 Sl 3 jaiina 3 ) gocy oladY) 3 jaia

(L

g sl Aaliy = aall (g Joa ) Al
Apron:- Planes parking are next to the building s line in which loading takes place.
) Jpeatd axdiiedl ) dad o8l il Cad g Cilalisa

Taxiway:- Connection between apron and runway.
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Hanger: Building for storage of airplanes al so maintenance ; hangers for repair and
servicing of longer planes will usually be built for a specific air line according to its
specification and most major repairs will be done at a planes home base.

AL shall sl cilasal gt s bl o) dilpall 5 <l il Jaial il

Terminal Building Consists of an administration facility and passenger services
building. (Ticket offices, Rest rooms, waiting rooming).

1-Runway length:

As the first step, a basic length should be selected of a runway adequate to meet
the operation requirement of the airplanes for which the runway is intended.

Jshall aadind dua Aaadiull 5 yilall de ¢ e lalade) & jaall culu¥) Jshall jladl) o (J 9916 shadl)
s olial Jgaal) 8 une LS g Aniiaall A< )3l (J8 (e 2aa% (31 3 jilall oda ililee Ja3Y o 33U
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Table 18.2 Federal Aviation Administration Standards for Airport Design™
Alrposts Serving Alrcraft Approach Alrports Serving Alrceafl Approach Cdbrgurle;
Categonies™ Aand B Cand D
item Airplane Design Group® Airplane Design Group®
TLangth, fit ™ I n m v I n m 147 v Vi
Runway” 2 2,800 3200 4370 5360 6,370 540 6370 729 6586 100 12000
Runway safety area \".fr &00 &0 600 0¢ LO0 100 100 100 1.000 1.0 1.000
fbeyond runway end) >7F 24 240 30 &00 1,000
Runway object-free area <¥f ean &00 &00 0¢ 1000 Lo 1000 1LX0 1.000 1,000 1,000
beyond runway end) =¥ 20 240 300 &S00 1,000
Width, ft.
Rusway <} B 100 10 1W0¢ 150 W0 180 100 150 150 200
=7E & &0 78 100 150
Runway safety area <% 30 300 300 400 500 2O 500 S0 500 200 500
=%f 1@ 120 150 300 500
—_— o - e - 2 AN
Runway otject-free area <% 8o so00 200 00 800 00 800 800 800 200 800
>¥F 2 400 500 300 200
Taxaway P 25 35 50 75 pcl 35 50 75 75 100
Taxiway safety area k3 9 749 115 171 ] 7% 113 171 214 262
Taxiway ohjeci-froa arsa - =5 121 186 259 ] 131 186 259 0 38
Taxilane objpect-free area = 79 115 162 225 9 115 162 225 Z6 3
Minimwm distance bhalwean, it
Center lines of paralkel® See Advisory Circular 150/5300-13, Chapter 2
unways:
Center lines of runwayand <% 200 25¢ 300 350 40 40 00 a0 4w S0 £00
center line of taxiway =3E 190 25 240 300 400 ELY 300 400 400 oo 600
Center line of runwayand <%f 40 400 400 400 50 S0 50 50 500 3% 300
akcraft parking area =% 15 200 250 400 500 40 00 500 500 00 500
Center line of taxiway and £ 3 45 66 93 130 45 66 3 130 Ko 193
arcraft parking d}‘-llll
Center line of parallel & 69 105 152 215 69 105 152 215 x7 324
taxiways
Center line of runway to <% 85 85 85 875 85 &5 85 85 85 K 85
building line or obstruction® = %F &M &00 600 600 00 713 713 713 712 713 713
Center line of laxiway to & 45 66 o2 120 L &ds 93 130 10 162
cstruction
Maximum mnway grades’, %:
Longitudinal 20 2.0 20 20 20 1.5 1.5 15 5 1.5 1.5
Transverse® 20 26 20 20 20 1S 5 15 5 1.5 1.5

Basic Runway:- Lgrw

Is a runway length selected for aerodrome planning purposes which are required for
landing or takeoff under standards atmospheric conditions for; (according to ICAO)

1) Sea level elevation.
2) Standard sea level temperature 59 F (15C°).

3) Zero percent of effective gradient.

Fanl) g Bl oy Lo sugl 5§ SEY1 ililaal w3301y JUall Tl ial 2 il 7yl J5ha
L,?“'“L"“y‘ d)ﬂ\ ‘&@M}.é‘ Ct\;.\ siu.ﬂ’&‘ﬁ}la‘)gcu}ﬁu}#\ 534 u\ﬁz\sgsaj\@ug} TS
@l o) yalall dadaia Ji (e Ba0aal) il o Hlal) s 5 Lgryy
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Factors that influence required runway length:

1- Performance characteristics of aircraft using airport.
2- Landing & takeoff grass weight of the aircratft.

3- Elevation of the airport.

4- Air temp.

5- Runway gradient.

6- Humidity.

7- Wind.

8- Natural & condition of runway surface.

planned or existing field length
F, X F, X F,

reference field length =

F,=007 XE+ 1

where £ = airport elevation (thousands of feet)

F, = 001[T(°C) — (15 — 1981E)] + |

F, = (0.10G + 1)

Correction to Basic Runway length due to;

1) Correction due to Elevation:

Standard lengths must increase by 7% per each 1000 ft of elevation above sea level.

55 ool das (5 slse §58 a2 Ve v v S8 el o (5 e bl (e s oY) ol J sk
00V s

Lrw= Lerw + Lerw™0.07*E
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2) Correction due to Temperature:

Standard lengths must increase by 0.5 % for each 1 F° which the mean temperature at
the site for the no hot month of the year.
Average of over expressed of years exceeds the standard temp. for that elevation.

Standard temperature site is obtained by reducing the standard sea level temp. of 59
F° at the rate of 3.566 F° per 1000 ft elevation.

(5510 ) Culeised 03 b sl rhus e Bl 5 a0 Aa s

ste A @l 5 )1 adl A )3 (g sl el adle (o8 Cgas (531 @ sall 3 Al 3 ) Al A 0 2
28 e JS el 48 3566 4ie ba g e sl

T.=59-3.566 *E ( elevation greater than 1000 (above or down M.S.L))
T Al e sal da 5o Jara s @ sall dpulidl) 3 )) jaldl da 3 G Gl a8 3

AT:Tm'Ts
Jamdl ani g ddly 5ok jal 230

%6 0.5 s jhaia 52l 5 e’ (Caki g 1) o loie 36 IS 4
I—RW: I—RW + LRW*AT*OOOS
C°=5/9*( F° -32)

3) Correction due to Effective Gradient:-

The effective runway gradient is found by dividing the max. different in elevation
by the total length of the runway, should be noted that the developed as the result of
experience with many different types on takeoff and landing .

\ dhie (b gl 2 gie —dihia ol guia ) = G % gawadll 7 oaall daall dnd laie 205 ]
(ol LS Jshall

96Y + la jlase Jghally 3ol ) Ladaas Jre dai 0 Y S 2
I—RW= I—RW+ I—RW* G% *0.2

3)&\2:.“ TS C_m;.aji:}@\ }‘tvéy‘ég‘)dw‘}bu‘}d.\&zhw‘;ﬁ‘)J‘BJC‘)JAXLI‘J.JAX\ Hlaga oy
Guind dazady Al 055 Le die Lia gead Jaal) vie 2 Haally o gaa & gan dllaiald Al 53l Jlee W) Gasesy
Al il Jlee W)
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Example:-

Pre limiting investigation indicates that aircraft to service a particular town will
require a truck line airport with runways 4100 ft long under standard conditions. The
airport site is located 2700 ft above M.S.L, the av. Temp. during the hottest month is
67 F° and the effective gradient is 0.18 % . Find the required length of runways.

Solution:-
I—BRW:4100ﬂ
1) Correction due to Elevation:

Lrw= Lerw + Lerw™0.07*E = Lgrw™*1.07
=4100 +4100* (2700/1000)*0.07= 4875 ft.

2) Correction due to Temperature:
T,=59- 3.566*( 2700/1000)= 49.4 F°
AT=T-Ts=67-49.4=176 F°

Lrw= Lrw + Lrw*AT*0.005

Lrw= 4875 + 4875*17.6*0.005=5304 ft.

3) Correction due to Effective Gradient:

Lrw = Lrw + Lrw™* G% * 0.2

Lrw= 5304 +5304* 0.18 * 0.2= 5495 ft . =5500 ft.

The selected length would normally be multiple of 100 ft

4) % of correction = (planned length-basic length) / basic length *100%
= 5500-4100/4100*100%
= 34% < 35% O.K
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Field runway required based on the
1) Aircraft characterize.

2) Safety regulation.

Stop way;

An area beyond the runway not less in width than the width of the runway and
designed by the airport authorities for use in decelerating the aircraft during on
aborted takeoff to be considered as such the stop way must be capable of supporting
the aircraft without in during structural.

z ol S e alxial e adig g jaall e e (el JEY 5 ealxial o adiy g jaall 5 ) slae daliss
O ey ) Y b gl o & SEY) ol 3 iall dua 3 jUaall Clali Ji (e p230038 Jadliill udl (e g
Sl e (ot gl b Ld AL Qali (o) o s 3alall Gla)l e 1,08 Ll oS

Sosall caliyy

Departure
end of runway

Figure (1) Runway stop way
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Clear way;

An area beyond the runway not less than 500 centrally located about the extended
center line of the runway and under control of the airport authorities.

5).’4,}“&“_\;3&)53}?35°~~ OQL@_"AJQdg_.gYJaJ\.ﬁA\LAséSJCJJAHBJ}@u'AJY\QA:\j:\M:\;M
Bl ilay Y AES e Stop way o sSS ladie g ) plaal) da gedl Alla 8 aodid jUaall Gl

Direction of operations

Departure end of runway

Maximum upward slope 1.25%

Figure (2) Runway clearway
Note:

*The field length includes the runway length plus the stopway and/or clearway lengths, if
provided.
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2-Runway Width:

Ve
Gl O
=
W W T A -
i

e
€ ™ C

Runway width (WR)

WR=TM+2C

Where;

TM= Outer main gear wheel span.

C= Clearance between the outer main gear wheel and the runway edge.

2-1-Runway Width Requirements:

The width of a runway is one of the elements that is affected by several geometrical
characteristics of aeroplanes:

e The distance between the outside edges of the main gear wheels.

e The distance between wing mounted engines and the longitudinal axis of an
aeroplane.
e The wing span.

However, the required runway width is also affected by the operational elements:
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e The approach speed of the aeroplane
e The prevailing meteorological conditions.

Lack of sufficient width will cause constraints on the operations. The minimum
runway width is therefore specified in Annex 14 by interrelating both of the code el-
ements, see Table (2)

Under normal conditions, the width of a runway should ensure that an aeroplane
does run off from the side of the runway during the take-off or landing, even after a
critical engine failure causing the aircraft to yaw towards the failed engine.

Table (2) Minimum runway width

Code Code letter
number A B C D E F
1/% I8 m 18 m 23m - - -
2/X 23 m 23 m 30m - - -
3 30m 30 m 30m 45 m - -
4 - - 45 m 45m 45 m 60 m

¥/ The width of a precision approach runway should be not less than 30 m where the code number

is 1 or 2.

Example : Baghdad International Airport ( WR=60 m)

Runway width |

¢ 3 Taxiway width
3.5 am | —p ; kH
S5Sm
| A 7.5m 3? m 75m
bl i
s 15% | 459
A

The Runway typical cross-section is shown in the figure below:
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2-3 Runway Shoulders:

The runway is a paved load-bearing area that varies in width from about 60 ft
at the smallest general aviation airports to 150 {ft or more at the largest air car-
rier airports. Studies have shown that the distribution of wheel load appli-
cations occurring during landings and takeoffs approximates a normal

1000’
300m

Runway safety area
Blast F/ e Blast
pad DL — _ K&K paa
Shoulder = "\ Structural pavement '

Figure (3) Plane view of runway elements
distribution centered about the runway centerline. Virtually all the load
applications are concentrated in a central width of about 100 ft. The additional
50 ft of width on major runways protects jet aircraft engines from ingestion
of loose material and also provides an added measure of safety for errant
aircraft.

The FAA recommends shoulder widths ranging form 10 ft to 40 ft for
transport airports (4). The ICAO recommends that the overall width of the
runway plus its shoulders be not less than 60 m or approximately 200 ft (1).

Airports serving military aircraft may require runways and runway safety
areas wider than those provided atcivilian airports. Forexample, the Air Force
(5) requires a runway width of 150 ft for runways serving fighter and trainer air-
craft but a width of 300 ft for those serving heavy bombers, A graded area bor-
dering the runway 200 ft in width is uniformly specified for conventional
aircraft. The Navy (6) specifies a 200 ft runway and a 500 ft runway safety
area width.

RWY 1.5% RWY SHOULDER 2.5% RWY STRIP
—_— —_—
ENANAN/ANV
B,
— ASPHALT
— BASE/SUB-BASE

DRAINAGE

Figure (4) Runway with runway shoulder
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Fig. 18.5 Vertical profile around runway center line shows changes in longitudinal grades. (Federal

Aviation Adminiptm“ion. )

Table 18.6 Vertical Curve Data and Maximum Grade Changes for Runways

Runways serving
categories A
and B airplanes

Runways serving
categories C and
D airplanes

Maximum gradient at ends of runaway, such 0to20%
as x grade or z grade (Fig. 18.5)
Maximum gradient in middle portion of 0 to 2.0%
runway, such as y grade (Fig. 18.5)
Maximum grade change, such as A or B 20%
(Fig. 18.5)
Minimum length of vertical curve L, or L, 300 ft*
(Fig. 18.5) for cach 1.0% grade change
Minimum distance between points of 250(A + B) ft'

intersection for vertical curves, D (Fig. 18.5)

0 to 0.8%, first and last
quarter of runway length

0 to 1.5%

1.5%

1000 ft

1000(A + B) ft'

*Vertical curves not required at utility airports for grade changes less than 0.4%.

'A% and B% are successive changes in grade.
3-Taxiways:

3-1 Taxiway Width;
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The taxiway width, WT is based on a formula:

WT=TM + 2C
where:

WT - taxiway width on the straight parts of the taxiway

TM - outer main gear span

C - clearance between the outer main gear wheel and the taxiway edge
The clearance value depends on the taxiway code letter.

In cross-section, a taxiway is similar in appearance to a runway. The dimen-
sions are, of course, much smaller. The taxiway structural pavement is typi-
cally 20 to 60 ft wide at general aviation airports and 50 to 125 ft wide at air
carrier airports. Both the Air Force and the Navy specify a standard taxiway

width of 75 ft.

Table (3) ICAO Recommended Practices-width of Taxiways

Code Letter

Taxiway Width

E

7.5 m*

10.5m
15 m if the taxiway is intended to be used by airplanes with a wheel
base less than 18 m

18 m if the taxiway is intended to be used by airplanes with a wheel
base equal to or greater than 18 m

18 m if the taxiway is intended to be used by airplanes with an outer
main gear wheel span of less than 9 m

23 m if the taxiway is intended to be used by airplanes with an outer
main gear wheel span equal to or greater than 9 m.
' 23 m

* 1 m = 32808 ft.
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3.2 Taxiway System Design:

It is often difficult to design an optimum system of taxiways. The taxiway system
may have a decisive influence on the capacity of the runway system, and thereby
also the overall capacity of the aerodrome.

1- Runway and apron connected with short right angle taxiway:

In those aerodromes where the number of aircraft movements during the peak hour
traffic is relatively small, it is usually sufficient to provide only a short taxiway at
right angles to the runway to connect it to the apron. To cope with larger airplanes, it
is then usually necessary to provide additional pavement at the ends of the runway to
allow the aircraft to turn round. The runway occupancy time is then considerable.

2- System of a parallel taxiway with right angle connections:

If the number of movements during the peak hour traffic exceeds about 12, con-
sideration may have to be given to construction of a taxiway parallel to the runway,
and right angle connecting taxiways at the ends of the runway. In addition, in the
event of a longer runway, several right angle connecting taxiways may be construct-
ed, usually at one third or quarter of the runway length.

The system of a parallel taxiway with right angle connections may be sufficient
for up to 25 movements during the peak hour
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3-System of a parallel taxiway with right angle connections and high-speed exit
taxiway:

To improve the capacity further, it is necessary to construct one or more rapid exit
(high-speed exit) taxiways, usually from the preferred direction of the main runway,
whose parameters and location need to correspond to the type of operation on the
given runway.
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3-3 Taxiway Separation:

The minimum safe separation distance between the centre line of a taxiway and
the centre line of a runway is defined as a standard in Annex 14.

WS 2 WS

Figure (5) Parallel taxiways separation

The formula for the separation distance in this case is:
S=WS+C+Z
Where:
WS - Wing span
C - Clearance between the outer main gear wheel and the taxiway edge (maximum
allowable lateral deviation).
Z - Wing tip clearance.
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Table (4) Taxiway minimum separation distances

Distance between TWY centre line and RWY TWY.
centre line [m] TWY | otherthan  Aircraft
centre aircraft stand
line to stand taxilane
Code TWY taxilane, centre
letter Instrument runways code number centre centre line
line line to to object
[m] object [m]
1 2 3 4 [m]
A 82.5 82.5 - - 23.75 16.25 12
B 87 87 - - 33.5 21.5 16.5
C - - 168 - 44 26 245
D - - 176 176 66.5 40.5 36
E - - - 182.5 80 47.5 42.5
F - - - 190 97.5 57.5 50.5

Note: Data for non-instrument RWYs are not shown.

—~ . . h e
Source: ICAQO Annex 14, Aerodromes, Volume I, Aerodrome Design and Operation 4" edition

4- Aprons:

4-1 Apron Requirements

Aprons are designed for parking airplanes and turning them around between
flights. They should permit the on and off loading of passengers, baggage and cargo,
and the technical servicing of airplanes including refueling.

4-2 Apron Concepts:

The geometric and maneuvering characteristics of airplanes make it practically im-
possible in most cases to locate all the stands required for peak traffic directly adja-
cent to the central processing part of the terminal building. It is therefore necessary to
generate other solutions.

Several basic concepts that have developed over time may be identified, depending
on the total size of the airport. Each concept has its advantages and disadvantages, so
the solution is often a compromise and a combination of the basic concepts discussed
below. Apron design must be consistent with the adjacent terminal. Apron and termi-
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nal design is an iterative process where the optimum combination of apron and termi-

nal concepts are analyzed at the same time.

4.2.1 Simple Concept:

This concept is used normally at very small airports with a few movements of com-

mercial aircraft a day.

Figure (6) Simple concept

4.3.2 Linear Concept

At many airports the simple concept develops gradually to the linear concept. Indi-

vidual stands are located along the terminal building.
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4.3.3 Open Concept:

Figure (7) Linear concept

In this concept, the stands are located on one or more rows in front of the building

Figure (8).
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One of the rows may be close-in, but most will be a long way from the terminal.
The transport of passengers to the distant stands is provided by buses or mobile
lounges, with only a short walk for passengers.

e
=
-

Figure (8) Open concept

4.3.4 Pier Concept:

In many large airports, the introduction or extension of piers was the most conven-
ient way of providing a greater number of contact stands and to increase the capacity
of the airport while providing weather protection for the passengers.

I

L

HHHF
4

FHHHF
HHHY

Figure (9) Pier concept
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4.3.5 Satellite Concept:

In this concept, each of the remote passenger loading satellites is connected with
the terminal building by underground tunnels or by overhead corridors, as in Figure
(10).

Figure (10) Satellite concept

4.3.6 Hybrid Concept:

At many airports combination of two or more above mentioned concepts is usual.
During the summer peak season it is quite common to park some, especially charter
aircraft, on the remote apron and transport passengers by busses or transporters to the
aircraft stands.
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Obstruction Clearance Requirements

Aircraft landing to or taking off from a runway need an area free of obstructions to
safely operate. The Federal Aviation Administration (FAA) defines a series of
imaginary surfaces that define the maximum allowable height of any structures that
may be placed in the vicinity of an active runway.

1-Primary surface: The primary surface is a surface that is longitudinally centered on
the runway, extends 200 feet beyond the threshold in each direction in the case of
paved runways.

2-Approach surface: The approach surface is an inclined plane or combination of
planes of varying width running from the ends of the primary surface (40:1).

3-Horizontal surface: The horizontal surface is a horizontal plane 150 feet above the
established airport elevation. The plane dimensions of the horizontal surface are set
by arcs of specified dimensions from the end of the primary surfaces, which are con-
nected by tangents.

4-Transitional surface: Transitional surface is an inclined plane with slope of (7:1)
extending upward and outward from the primary and approach surfaces terminating
at the horizontal surface where these planes meet.

5-Conical surface: The conical surface is an inclined plane at a slope of (20:1) ex-
tending upward and outward from the periphery of the horizontal surface for a hori-
zontal distance of 4,000 feet.
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Airport Capacity and Configuration

Airport capacity analyses are made for two purposes:

1- To measure the ability of various components of the airport system of heading
passengers and aircraft flow.

2- To estimate the delay experiment in the system at different level of demand.

Capacity analysis is required for:
1- For determining the No. of required runways.
2- To identify potentially suitable configuration.
3- To compare alternative design.
4- To estimate the delay experienced in the system at different levels of demand.

** Delay can results from problems in the airside or landside.

Unacceptable delay

Delay
Acceptable delay
Tolerable Delay

Volume of Aircraft (:

Ultimate Capacity
(living of service)

Practical Capacity

Actual
Operation

per hour

Volume of Aircraft
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Runway Capacity: is the ability of runway system to accommodate aircraft opera-
tions (landing or takeoff) per unit time (op/hr) or (op/yr).

Ultimate or Saturation Capacity of Runway: The max. number of aircraft that can
be handled during a given period under conditions at continuous demand.

Factors Effecting on Runway Capacity

1- Characteristics of demand (Traffic Mix):
Categories of aircraft for determination of airport capacity are generally as follows:
a) Type A ; 4-engine jet and larger .
b) Type B ; 2 to 3 engine jet and 4 engine piston and Turbo prop.
¢) Type C ; Executive jet and transport type twin engine piston.
d) Type D; Light twin engine piston and single —engine piston.
£7Y Va3 Ayl M daggd 305 plall g 58 s e s Sy

Capacity number A% B% C% D%
1 0 0 10 90
2 0 30 30 40
3 20 40 20 20
4 60 20 20 0

2- Aircraft Control:

a) VFR (Operation by Visual Flight Rule).

Or VAW (Visual Airport Weather).

(Shdall &5 U8 el lilaall) SLlall paddl) Ay ) e alaie) 3 iUl ¢ 361 i ba s dalee oo
b) IFR (Operation by Instrument Elight Rule).

Or IAW (Instrument Airport Weather).

47



gk die dala g Lo gagdl 5 o DEY) dlae 8 (L snaaSll g Hlal 51 ) Cilarall 55 3ga ) aladind dlec 4
G2 ) sl 5 luall 3andl) o 4850 (Blaliall 8 duala s Ll 4 sall Cagplall ol B ) Ay 50
(Al oA 8 Led ) 65 L 405 )

VFR ; Operation are made in good weather conditions.

IFR ; Operation are made in the period of bad weather conditions or poor visually
under these conditions positive traffic control is maintained by Radar and others elec-
tronic devices.

z ol e zoae il elliS g Gl J8 il Aday (5558 jeaY) Aol g 3o Al clleal) ()Y
Bohand) 8 jead cp JAINE sy Y Gy e laias Lagas Adlaal) 55 ) ang AN 1S3 glaall
3- Environmental Condition in the airport vicinity

le ol GllAl (Y 3V 3 kA (e lsa #ladl 3T I gag ) adallS Al cl )
o) s all g sind) Jandl (AADT) e i Sl s (Annual Capacity) 4 siudl dxull

According to (FAA) classify the capacity into:
1- PHOCAP ( Practical Hourly Capacity ).
2- PANCAP ( Practical Annual Capacity ).
There are three categories of airports according to its airspace:
a- Unrestricted airspace.
b- Normal.

c- Restricted airspace.

4- Runway Configuration:

iy A Aphaadll Hlaie e adiay zolll dae g zoladl 2e by oby Gledud)
058 O cmd Al DA B sie 0S5 LN o L Lol clalad) e acied 2y La s
;@m\djag\géwmj_w LSzl e 22e cllla
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Runway Configuration PHOCAP
Layout Description Mix  PANCAP IFR  VFR
?

A Single runway 1 215000 53 99
T (arrivals = de- 2 195,000 52 76
partures) 3 180,000 44 54

4 170,000 42} 45

B ﬁ?sow Close parallels (IFR 1 385,000 64 198
e dependent) 2 330,000 63 152

3 295,000 55 108

4 280,000 54 90

C Indeprndent IFR 1 425,000 79 198
3500" to 4999° appioach-departure 2 390,000 79 152
e parallels 3 355,000 79 108

' 4 330,000 74 90

D Independent IFR 1 430,000 106 198
5000° or More arrivals and de- 2 390,000 104 152

partures 3 360,000 88 108

» - | 4 340000 84 90

H P —— Indep zndent parallels 1 770,000 128 396
5000' or morej plu3 two close 2 660,000 126 304

Y N patallels 3 590,000 110 216

- — 4 560,000 108 180

Kj : Open V, dependent, 1 420,000 71 198
o operations away 2 335,000 70 136

. from intersection 3 300,000 63 94

| 4 295000 60 84

K2 Open V, dependent, 1 235,000 57 108
.<— operations toward 2 220,000 56 86
intersection 3 215,000 50 66

4 200,000 50 53

L, Two intersecting at 1 375,000 71 175
near threshold 2 310,000 70 125

, Directian of OPS 3 275,000 63 83
) 4 255,000 60 69
) Two intersecting in 1 220,000 61 99
Bisctian middle /. 195,000 60 76
orors 3 195000 53 58

' 4 190,000 47 52

04 - “Z" configuration and 1 465,000 87 217
Zgggg:ﬁ parallel with both 2 430,000 87 167

- intersecting 3 390,000 87 118

4

365,000 81 99
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Practical capacity is based on the following assumed conditions:
1- Availability of full airport instrumentation AW operations.
2- Existence of sufficient taxiway for airport system.
3- Availability of unrestricted airspace.
4- An annual weather condition of 90% VAW &10% IAW
Example:
Determine the PHOCAP of a single runway used for arrival and departure.
The following conditions are given:
1- Aircraft mix : A=35%, B=45%, C+D+E=20%
2- Radar control.
3- Ratio of arrivals to departure =0.75
4- **Runway rating =56 sec.
5- Airspace is normal.

** Runway rating R.R.: is the average runway occupancy time for a given landing
aircraft on a given runway (4 min.).

Solution:
Mix (A+B) = 80%.

To determine the VAW departure capacity for stated conditions we enter Figure (6.3)
and find the hourly departure capacity.

From Figure (6.3) HDCv =26.
From Figure (6.4) we take the hourly arrival capacity HACv =36.

The arrival / departure ratio is 0.75 which means that there are four departures for
every three arrivals.
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The arrival demand is therefore 26*0.75=19.5 < HACv

Since the arrival demand is less than the hourly arrival capacity.

PHOCAP=26+19.5 =45.5 say 45op/hr for VAW.
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Figure 6.3 Hourly departure capacity nomograph for air carrier airports, single-runway,
mixed operations, VAW conditions. [Source: Reference 8.}
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Using Figure (6.5) the hourly departure capacity under IAW conditions HDCi=23.
From Figure (6.6) the hourly arrival capacity under IAW conditions is HACi=35.
Again taking the arrival / departure ratio into consideration.

The arrival demand is therefore 23*0.75=17.3 <HACI
PHOCAP=23+23*0.75=40.3 say 40 op/hr for IAW.
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Airport Pavement Design

Airfield pavements must be:

1- Able to support loads imposed by aircraft without excessive distortion or

failure.
2- Smooth, firm, and stable.

3- Free from dust or other particles that might be blown or pushed up by

propeller wash or jet blast.

4- Usable in all seasons and in all weather conditions.

A pavem.eﬁt is a structure consisting of one or more layers of processed or
unprocessed materials placed on a prepared subgrade. There are two general
classes of pavements: flexible and rigid.

Thicliness

Asphalt
Base

Sub-base P
suberade ——s// ) J1 AN AT

¥

gy

+— Cement concrete
Separation

w i ole—— Base

o gt T 1 Gt ot s
Rl S e A T e Sub-base

UAVAVATAY

«—— Subgrade

Flexible pavements typically consist of bituminous “surface course,” a
“base course,” and a subbase course.” These courses or layers are carefully
placed and compacted on a prepared subgrade in an embankment or

excavation.

Rigid pavements consist of slab of portland cement concrete that rests on a
prepared subgrade or subbase. Distributed steel or tiebars and dowels are used
in portland concrete pavements to control and minimize the harmful effects
of cracking and to provide for load transfer between adjacentslabs. Relatively
thin subbases (4-6 in.) may be placed under rigid pavements to prevent pump-
ing. Subbases may also be used to improve a low-strength subgrade.
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Variables that influence pavement performance area:

Load Variables
Aircraft gross load
Wheel load
Number and spacing of wheels
Tire contact pressures
Number of applications
Duration of load application
Distribution of lateral placement of loads
Type of load (static or dynamic)
Environmental variables
Amount and distribution of precipitation (especially rainfall)
Ambient temperatures
Aircraft blast and heat
Fuel spillage
Structural design variables
Number, thickness, and type of pavement layers
Strength of materials
Construction variables
Maintenance variables
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1- Rigid airport pavement design:

The FAA method:

This method of design depends on determining the gross aircraft weight of the
design aircraft, the flexural strength of the concrete, the modulus of subgrade
reaction, and the annual equivalent departure.

Concrete Flexural strength. The 28-day flexural strength of concrete is deter-
mined by ASTM Test method C78. A 90-day flexural strength may be used. It
can be taken to be 10% higher than the 28-day strength, except when high ear-
ly strength cement or pozzolanic admixtures are used.

ANNUAL DEPARTURES
1200 3000 6000 15,000 25,000

900 24 +14
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3_|u< S I S ?Q/ T10 11 =
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NOTE:
1inch = 254cm 1psi = 0.0069 MN/m?
11b = 0454kg 1pci = 0.272 MN/m?

Figure (1) Rigid pavement thickness for single- wheel gear.
Note:

High Traffic Volumes. For airports with design traffic exceeding 25,000 annual departures, the FAA
suggests using thicker pavements as follows: 104, 108, 110, and 112% of design thickness for 25,000 annual
departures for annual departure levels of 50,000, 100,000, 150,000, and 200,000, respectively. This sugges-
tion is based on a logarithmic relationship between percent thickness and departures.
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The design procedure is performed using the figures (1, 2, 3) from the left or-
dinate of the figure, representing the flexural strength, a line extended horizontally to
its intersection with the appropriate modulus of subgrade reaction (k) line , vertically
to the aircraft weight line, then horizontally to the annual departure and slab thick-
ness.

ANNUAL DEPARTURES
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Figure (2) Rigid pavement thickness for dual — wheel gear.
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Figure (3) Rigid pavement thickness for dual — tandem gear.

Example (1):-

SLAB THICKNESS, in,

Determine the required thickness of concrete slab to be used for a given runway used

by a design aircraft dual — wheel gear of 110000 Ib gross weight. The 90- day flexur-
al strength of concrete is found to be 815 psi. The modulus of subgrade reaction (K)

is 100 pci, and the annual equivalent departures were expected to be 3000.

Solution:-

From figure (2) rigid pavement thickness for dual — wheel gear. With 90- day flexur-
al strength of concrete is found to be 815 psi on y-axis a line extended horizontally to
its intersection with the appropriate modulus of subgrade reaction (k) line of 100 pci
vertically to the aircraft gross weight line of 110 Ib, then horizontally to the annual

departure 3000.

The slab thickness = 11.5 in
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EQUIVALENT DESIGN DEPARTURES

To account for the effects of all traffic in terms of the design aircraft, convert
all aircraft to the same landing gear type as the design aircraft. This is done by
multiplying the number of departures by a factor selected from Table 12.8.

Annual Departures

Aircraft Type Design Aircraft Conversion Factor F
Single-wheel Dual-wheel 0.8
Single-wheel Dual-tandem 0.5
Dual-wheel Dual-tandem 0.6
Double dual-tandem Dual-tandem 1.0
Dual-tandem Single-wheel 2.0
Dual-tandem Dual-wheel 1.7
Dual-wheel Single-wheel 1.3
Double dual-tandem Dual-wheel 1.7

Note: Multiply the annual departures of given aircraft type by
the conversion factor to obtamn annual departures in design air-
craft landing gear.

Convert the annual departures of all aircraft to equivalent annual departures of the de-
sign aircraft by the following formula:

-=

J. 1-(}.5
|

log R, = log(R;x F;) X { ‘;r

-

Where :

Req = equivalent annual departures by the design aircraft
Ri = annual departures of aircraft type i

Fi = conversion factor obtained from

W = wheel load of the design aircraft

Wi = wheel load of aircraft i
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Example (2):-

An airport pavementis to be designed for the traffic mix tabulated below. Con-
vert the traffic to equivalent DC-8-61 departures.

Aircraft

(Wheel Configuration) Departures, R Load per Wheel, W
CV-880 (Dual-tandem) 3,100 21,800
DC-9-32 (Dual) 11,00 25,200
DC-8-61 (Dual-tandem) 3,000 39,400

Convert the traffic to equivalent Dc-8-61 departures. The flexural strength of the con-
crete is 800 psi, and the modulus of subgrade reaction at the airport site is 200 pci.

Determine the required thickness of concrete runway slab to carry a design aircraft of
150 000 Ib gross weight.

Solution:
For the CV-880 group,
logR; = log(1 X 3,000) (E&S—O—O—)M = 2.5966
39,400
R, = 395

For the DC-9-32 group,

25200 \*
logR, = log(0.6 X 11,000) ( : ) = 3.0547

39.400
Ry = 1134

For the DC-8-61 group, Ry = 3000, and

total equivalent DC-8-61 departures = 395 + 1134 + 3000 = 4529
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Jointing of Concrete Pavements. Variations in temperature and mois-
ture content produce volume changes and warping of pavement slabs and
cause significant stresses to occur. To reduce the effects of these stresses and to
control pavement cracking, joints are installed. By this means, the pavementis
divided into a series of slabs of predetermined dimensions. Various types of
joints are shown in Figure 12.15, typical uses of these joints are described in
Table 12.10.

a- Joint Categories. Pavement joints are categorized according to the func-
tion, which the joint is intended to perform. The categories are expansion,
contraction, and construction joints. All joints regardless of type should be
finished in a manner which permits the joint to be sealed. The various
joints are describes as follows:

1. Expansion joints provide space for the expansion of the pavement and
are most commonly used between intersecting pavements and adjacent
to structures. Two types of expansion joints are used: those that provide
load transfer across the joint (Type A, Figure 12.15), and those that do not
(Type B).

2. Contraction joints provide controlled cracking of the pavement that
occurs because of contraction. The contraction may be caused by a
decrease in moisture content, a drop in temperature, or by the shrinkage
which accompanies the curing process. Contraction joints also reduce
the stresses caused by slab warping. Details for contraction joints are
shown as Types F, G, and H in Figure 12.15.

3. Construction joints are required when two abutting slabs are constructed
atdifferent times, such as the end of a work day, or between paving lanes.
Details for construction joints are shown as Types C, D, and E in Figure
12.15 (8).
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DETAIL 1

ISOLATION JOINT
1/4" (6 mm) RADIUS SEALANT MATERIAL 1/4" - 3/8"
OR CHAMFER |‘ (6 - 10 mm) BELOW SURFACE
|
34" +- 18" T BACKER ROD
(19 +/- 3 mm)
NON-EXTRUDED PREMOLDED COMPRESSIBLE
314" +/- 1/8" MATERIAL ASTM D-1751 OR 1752
(19 +/- 3 mm)
DETAIL 2
CONTRACTION JOINT
SEALANT MATERIAL 1/4" - 3/8"
OPTIONAL CHAMFER

(6 - 10 mm) BELOW SURFACE
w
Ll 4

{1 1/4" (32 mm) MINIMUM

1/4" BY 1/4" (6mm BY 6 mm)

]

| T/4 +/- 1/4" (6 mm)

BACKER ROD i

DETAIL 3
CONSTRUCTION JOINT
SEALANT MATERIAL 1/4" - 3/8"

QOPTIONAL CHAMFER W (6 - 10 mm) BELOW SURFACE
1/4" BY 1/4" (6mm BY 6mm) |

| 1 1/4" (32 mm) MINIMUM

_/I\_ !
BACKER ROD CONSTRUCTION JOINT BETWEEN SLABS
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TABLE (2) PAVEMENT JOINT TYPES

TYPE DESCRIPTION LONGITUDINAL TRANSVERSE
A Thickened Edge Use at intersections where dowels Use at pavement feature
Isolation Joint are not suitable and where intersections when the respective
pavements abut structures. longitudinal axis intersects at an
Consider at locations along a angle. Use at free edge of
pavement edge where future pavements where future
expansion is possible. expansion. using the same
pavement thickness is expected.
B Hinged Contraction For all contraction joints in taxiway | Not used.
Joint slabs < 9 inches (230 mm) thick.
For all other confraction joints in
slabs < 9 inches (230 mm) thick.
where the joint is placed 20 feet (6
m) or less from the pavement edge.
C Doweled Contraction | May be considered for general use. | May be considered for general
Joint Consider for use in confraction use. Use on the last three joints
joints in slabs > 9 inches (230 mm) | from a free edge. and for three
thick, where the joint is placed 20 joints on either side of isolation
feet (6m) or less from the pavement | joints.
edge.
D Dummy Contraction | For all other contraction joints in For all other contraction joints in
Joint pavement. pavement.
E Doweled All construction joints excluding Use for construction joints at all

Construction Joint

isolation joints.

locations separating successive
paving operations (“headers”™).
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2-Flexible airport pavement design:-

Flexible pavements consist of a hot mix asphalt wearing surface placed on a base

course and, a subbase resting on subgrade conditions. The entire flexible pavement
structure is ultimately supported by the subgrade. Definitions of the function of the
various components are given in the following paragraphs.

1-

HOT MIX ASPHALT SURFACING. The hot mix asphalt surface or wearing
course must prevent the penetration of surface water to the base course; provide a
smooth, well-bonded surface free from loose particles which might endanger air-
craft or persons; resist the shearing stresses induced by aircraft loads. To success-
fully fulfill these requirements, the surface must be composed of mixtures of ag-
gregates and bituminous binders which will produce a uniform surface of suitable
texture possessing maximum stability and durability.

BASE COURSE. The base course is the principal structural component of the
flexible pavement. It has the major function of distributing the imposed wheel
loadings to the pavement foundation, the subbase and/or subgrade. The base
course must be of such quality and thickness to prevent failure in the subgrade,
withstand the stresses produced in the base itself, and resist volume changes
caused by fluctuations in its moisture content.

SUBBASE, A subbase is included as an integral part of the flexible pavement
structure in all pavements except those on subgrades with a CBR value of 20 or
greater . The function of the subbase is similar to that of the base course.

SUBGRADE. The subgrade soils are subjected to lower stresses than the surface,
base, and subbase courses. Subgrade stresses attenuate with depth, and the con-
trolling subgrade stress is usually at the top of the subgrade, unless unusual con-
ditions exist. Unusual conditions such as a layered subgrade or sharply varying
water contents or densities can change the location of the controlling stress.

Methods of the flexible pavement design:

1- California Bearing Ratio Method (CBR Method)
2- The FAA Method of Flexible Pavement.

3- The Canadian Department of Transportation.

4- The Asphalt Institute Method.
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FAA Method of Flexible Pavement.
This method of design depends on the:
1- California Bearing Ratio (CBR)
2- The gross weight of the design aircraft.
3- The equivalent annual departures.
4- Design aircraft gear configuration.
The design procedure is performed by using the following figures :
Fig.(3-2) for single wheel gear.
Fig.(3-3) for Dual wheel gear.
Fig.(3-3) for Dual Tandem wheel gear.
The design curves provide the required total thickness of flexible pavement (surface,
base, and subbase) needed to support a given weight of aircraft over a particular sub-
grade. Table (3-4) gives the minimum thickness of base course for various materials
and design loading.

TABLE 3-4. MINIMUM BASE COURSE THICKNESS

Design Design Load Range Minimum Base
Adrcraft Course Thickness
Ibs. {kg) in. {(mm)
Single Wheel 30,000 = 50,000 (13600 - 22 700) 4 (100)
50.000 = 75000 (22700 = 34 000) 6 (150)
Dual 50.000 -  100.000 (22700 - 45 000) 6 (150)
Wheel 100.000 = 200.000 (45000 = 90 700 8 (200}
Dual 100,000 -  250.000 (45 000 - 113 400) 6 (150)
Tandem 250,000 - 400000 | (113400 - 181 000) 8 (200}
757 200,000 - 400.000 (90700 -  181000) 6 (150)
767
DC-10 400.000 = 600,000 | (181 000 -  272000) 8 (200)
L1011
B-747 400.000 = 600,000 | (181 000 -  272000) 6 (150)
600.000 = 850000 | (272 000 - 385 700) g (200)
c-130 75.000 = 125,000 (34 000 = 56 700) 4 (100)
125.000 - 175,000 (56700 - 79 400) 6 (150)

Note: The calculated base course thicknesses should be compared with the
minimum base course thicknesses listed above. The greater thickness,
calculated or minimum, should be specified in the design section.
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DESIGN EXAMPLE:-

Design a flexible pavement for an airport for a dual gear aircraft 727-200 having a
gross weight of 75,000 pounds (34 000 kg). Design CBR values for the subbase and
subgrade are 20 and 6, respectively. The annual equivalent departure of the design
aircraft is 6,000.

Solution :
1- Total Pavement Thickness.

The total pavement thickness required is determined from Figure 3-3. Enter the
upper abscissa with the subgrade CBR value, 6.

Project vertically downward to the gross weight of the design aircraft, 75,000
pounds (34 000 kg). At the point of intersection of the vertical projection and the air-
craft gross weight, make a horizontal projection to the equivalent annual departures,
6000. From the point of intersection of the horizontal projection and the annual de-
parture level, make a vertical projection down to the lower abscissa and read the total
pavement thickness; in this example - 23 inches (584 mm).

2- Thickness of Subbase Course.

The thickness of the subbase course is determined in a manner similar to the total
pavement thickness. Using Figure 3-3, enter the upper abscissa with the design CBR
value for the subbase, 20. The chart is used in the same manner as described in “1”
above, i.e., vertical projection to aircraft gross weight, horizontal projection to annual
departures, and vertical projection to lower abscissa. In this example the thickness
obtained is 9.5 inches (241 mm). This means that the combined thickness of hot mix
asphalt surface and base course needed over a 20 CBR subbase is 9.5 inches (241
mm), thus leaving a subbase thickness of 23 - 9.5 = 13.5 inches (343mm).

3- Thickness of Hot Mix Asphalt Surface.

As indicated by the note in Figure 3-3, the thickness of hot mix asphalt surface for
critical areas is 4 inches (100 mm) and for noncritical, 3 inches (76 mm).

4- Thickness of Base Course.

The thickness of base course can be computed by subtracting the thickness of hot
mix asphalt surface from the combined thickness of surface and base determined in
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“2” above; in this example 9.5 - 4.0 = 5.5 (150 mm) of base course. The thickness of
base course thus calculated should be compared with the minimum base course
thickness required as solve in Table 3-4. Note that the minimum base course thick-
ness is 6inches (150 mm) from Table 3-4. Therefore the minimum base course thick-
ness from Table 3-4, 6 inches (152 mm), would control. If the minimum base course
thickness from Table 3-4 had been less than the calculated thickness, the calculated
thickness would have controlled.

23in

=61In

=13.5in

Subgrade layer

Thickness of Noncritical Areas.
The total pavement thickness for noncritical areas is obtained by taking 0.9 of the

critical pavement base and subbase thicknesses plus the required hot mix asphalt sur-
face thickness given on the design charts. For the thinned edge portion of the critical
and noncritical pavements, the 0.7T factor applies only to the base course because the
subbase should allow for transverse drainage. The transition section and surface
course requirements are as noted in Figure 3- 1.

THICKNESS REQUIREMENTS

Critical Non-Critical Edge
. (mm) in. (mm) . (mm)
Hot Mix Asphalt Surface 4 (100) 3(79) 2 (50)
(P-209 Base)
Base Course 6 (200 5(1°25) 4 (100)
(P-209, or P-21 1)
Subbase Course 14 (353) 13 (330) 10 (235)
(P-154)
Transverse Drainage O (0) 3 (75) 8 (205)
Course
(if needed)

73



Airport Drainage System

00 Calaa Wl aaay) AUl Gl el g oy cann ) jUa ) B Ua ) slie iy s AU
= ) 42 paaly Jley O g <l ) @ el o my gt

1- Safety
skip Jal s 3V 31 ) e e JulEl e palailly @l g L) (i jal el slie iy ot dala] oL a3
2- Efficiency Lelao (88 585 53 (5583 () oy JUnaY) olia iy puat Al
3- Durability (5t Lelee G gan) Lelee 35 e (65 O Cong slaall (o et Al
Important Principle iy el AUt arenat B dagld A )l ) ghal)

1) Estimation Runoff.
2) Design a Base Drainage System for Collection and Disposal of Runoff.
3) Prevision for Adequate Subsurface Drainage.
1) Estimation of Runofi:-
(St 3o B2 Gl 55 58 giall Lflean ) il slal) DA (o Gl 5 1ok i gus (1 U sle TaaS i g1 (0nkS oy Tl 3
gl s Lz
Rational Method
Q=C*I*A
Where
C : Coefficient of runoff: is the ratio between quantity of runoff to the total precipitation area which
falls on the drainage area.
[ : Runoff intensity.
A : Catchment area.
L Jas 2 g e Ll 3 e L giis e Aadld) KN Al (N mdasa) o 5 5a8 I jUaY) slaall £ Aol
el Jalae Jiad Logiy duaild mhaull e g yan g A1 audy
C=(H/Total)
AN Jal gall e 2ty Jaladd) 12
Cda Jualby H e Jiy Mol Jaall By iy pealll e jas (o iy g Sy 508 B ey iy Aski) Jue Slope -
..:_}“5-’-“-.‘_9
Akl 83 g2 sall 4 51l e 58 Soil Condition  -Y
(Cdiis H oo Jlaalall ) s3as pe 5l ke -]
C s H Jay Mg eladl il Aanlc je o) Calaas H i Alllyg olall (et dad) 4 i) Alla
H Oe 8L W 500 5 Leie 55 82 s sl CULA Vegetations -
H ool sae U5 8380 sl Colabiaall 2l 35 sas A000Y1 313 38 LS Cum (45 )Y1 Gilaladind Land use -&
Runoff Intensity:
Is the rate of rain which falls typically expressed by (in/hr)
1- Duration: sl )5 yey J& 5 Alle 502l 5585 jhall do i Aoy A Iaa B Cus pladll 168 jatiug A 430 3005 yal)
2- Frequency: (ol Bage a0 L) laddl ) 856 8
Time of Concentration:
Is the time required for a particle of water to flow from most remote point of drainage area to point of
investigated

iy yoemil) AU 3R LY A ) Al 8 A 2ml (e eyl oLl 8 el LB yacias L Aia 311 5 il
- For design purpose the time of concentration is equal to duration of runoff _al ¥
bl bgin 8 38 = gea sl o 30U e 5l G (2 585 el
1- Time of surface flow (inlet time, time of overload flow)
2- Flow time within structural design system.
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Ao o a5 ol 5l el (ALl gl oy g sad) A s 212 35 (el Jed) ) 40l LD o mhaudl Jie - Land slope -
(i gll 2o 305 Gl ad)

A2 gl e e g8 e e S IN Ll Bl B ol jall de s 3 e 1) el &e 550 Type of surface -Y
(<

Ll (3 pra il 13 Lew S g s 3 S ils 15\) iy peaill Akt 22> : Size and shape of drainage area -V
Baae gl Alas L) 0y oS8 (o geatl) dakaie JS8
Al AB%al) YA e adad) Cis il o U B gl) laka (padd Ka e

1.8 (1.1 — €)= (D)*?
(5;)1-"5
Where: T ; Surface time flow.
C ; Coefficient of runoff.
S ; Slope %.
D ; Distance of most remote point.

1) T=

iength of structurs d."c:n:gr-)
. . - JEb o
welecity of §low (e
EEL

2- Flow time within the structural drainage system =(

2) Gollection and disposal of runoff:
a- layout of the drainage system
1) Design of underground pipe system.
2) Design of open channel.
3) Inlets, Munhall, and others.
Pipes Design as Open Channels Based on Manning's Formula
- Manning Equation

Desiun of Drainage: oy el Al preadl s )l Sllia

1-  Without Ponding :

A8 0 00N etV S iy peaill Al Qa9 LB e inlet A s Aaeat) oluall 40 585 O cang A8 )L o2a
;Ldi uu

2-  With Ponding
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OII t ge SyStel, i of Runo
! aturation

#

G g poadl Bluall dueS
= e v End time of pending
.

5 gl L el i sl Time (sec)
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3- Surface Drainage System

a- Avoid saturation and weakening of pavement foundation layer

b- Ccntrol and prevent of danger of forstheart
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- Sandy clay, sandy silt, clayly silt

- Subsurface drainage system (1- base and subgrade drains, 2- intercepting)
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Railway Engineering
y 4

Introduction

Railway is basically built for three reasons:

i- Economy. 2 Al L) Al AS Jad Ll (e () G sl
ii- Safety. Al ) Jad alaain dsleasil 1 ) 58 i) i dlee ) duobal -
ii- Military. (AN ) il s e i 441 alissy el
] ) Jaill il 5 aoe 435l Blel 81 dgapaall A0l dad alasiuly Jid) dlee ) a1 22
Traffic on railway: (sAY
- i ic = 0, i
1- Fright traffic = 90% ( tons/ mile). (A0 2 Sl sl 55 ) g S 3

2- Passenger traffic = 10% ( passenger / mile ).

Classification of Transport Systems on the basis of :

1- Surface of Transport
a- Land Transport
b- Water Transport
c- Air Transport

78



2- Degree of Freedom
a- System of one degree of freedom.
b- System of Two degree of freedom.
c- System of three degree of freedom.
Water Transport: provide facilities for transport of heavy and bulk commaodities
where time may not be of movement importance.

Air Transport: obtains maximum utility where safely of time is almost importance
rather than the others.
Land Transport: door to door service.

** Railway Transport: have the greatest utilization in the transport of large volumes
of heavy and bulk commodities over long distance.
Revenues & Cost:
e Capital Expenditure:
1- Road & Equipment (R &E ).
2- Additions & Betterment.
3- Depreciation & Renewals.
e Operation Expenditure:
1- Maintenance

a- Way. b- Structure. 20%
b- Equipment 25%
2- Transportation 45%
3- Administration 10%

e Operation Revenues:
Mainly revenues is from fright traffic > 95%
And the other revenues is from passengers < 5%
** Operation ratio = Operation Expenditure / Operation Revenues
The ratio should be in minimum value

Railway Network in lraq:

Baghdad — Mosul 412 km
Mosul — Rabi 112 km
Baghdad — Basrah 542 km
e>n—dAAas_d S S 272 km

Al — 2lasy 576 km

ClilSe — 23l 150 km

Baghdad Line (Istanbul- Baghdad) 2400 km  1903-1940

Capacity:

2009 lrag  passenger per traffic is 187772 plyear.
Fright traffic 708678 ton/year.
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y 4
Railway track elements
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CROSS SECTION

Typical cross-section of a railway track permanent way

Permanent way:

The permanent way or railway track consist generally of two lines of parallel steel
rails which bear and guide the flanged wheel of cars and locomotive and which are
support on tie plates, ties (sleepers), resting on ballast and subgrade.
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1-
a-

RAILS:
General.

Rails are steel girders which provide the hard and smooth surface for movement
of wheels of a locomotive and railway vehicles. They are made of high carbon
steel to withstand wear and tear. Flat — footed rails are mostly used in railway
track.

b-
1-

Functions.

Rails provide a hard smooth and un-
changing surface for passage of heavy
moving loads with a minimum friction
between the steel rails and steel wheels.
Rails bear the stresses developed due to
heavy vertical loads, lateral and braking
forces and thermal stresses. IJI
The rail material is such that it gives
minimum wear to avoid replacement
charges and failures of rails due to wear.
Rails transmit load to sleepers and consequently reduce pressure on ballast and
formation.

Types of rail sections:

Rail head !

TIE PLATE ]

Fimre 7). Ml wear rassrmienn,

1- Double headed rails (D.H. Rails).
2- Bull headed rails (B.H. Rails).

3- Flat footed rails (F.F. Rails).
Selection of rails.

A rail is designated by its weight per unit length. The various important factors
to be considered in deciding the weight of rails to be used are the following:

1- Speed of train.

2- The gauge of the track.

3- The axle load and nature of traffic.

4- Type of rails whether D.H. or B.H. or F.F. rails.
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5- Spacing of sleepers or sleeper density.
6- Maximum permissible wear on top of rails. (5 percent of the weight of rail
is allowed).
** In Iraq use rail 132 RE =132 Ib/yard = 60 kg/m.
e- Length of rails.
The rails of larger length are preferred to smaller length of rails, because they give
more strength and economy for a railway track. The weakest point of track is the
joint between two rails. Lesser the number of joints, lesser would be the number
of fish plates and this would lead to less maintenance cost, smooth running of
trains and comfort to the passengers. Length of rail jointed shall not be less than
15 m long and desirable length is 36m.

2- Tie Plates (Bearing Plates):

Figure §-1. Single shoulder tie plute. Figure 6-2. Double shoulder tie plote.

a- General.
Bearing plates are rectangular plates are used below rails to distribute the
load on a larger area of sleepers.
b- Functions.
1- Provide a large bearing surface on the tie (sleeper) reducing the intensity
of bearing pressure.
2- Protect the rail from the longitudinal defects and lateral movement of the
rail base.
3- Make spike more effective in holding the rail gauge.
4- Better maintenance of gauge, is possible, if bearing plates are used.
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3-

BALLAST:

Ballast is the granular material packed under the sleepers to transport load from
sleepers to subgrade. It helps in providing elasticity to the track. (crashed grav-
el, crashed limestone).

Function of Ballast.

1- Distribute loads uniformly over the subgrade.

2- To hold track structure to line and grade, (prevent or reduce possibility of
buckling).

3- To reduce the excess pore water pressure developed in clay subgrade.

4- To provide good drainage of track structure.

5- To reduce dust.

6- To prevent growth of brash and weeds.

7- Reduce frost heave.

8- Simplify the maintenance operations.
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c- Selection criteria.
1- Size and gradation.
2- Shape (angularity).
3- Weight.
4- Strength.
5- Durability.
6- Cleanliness.
7- Economics.
d- Types of ballast.
1- Crushed stone.
2- Prepared gravel.
3- Sand.
4- Other material.
Ballast subgrade system:-
According toTelbots formula:

hm:.”l -

168E . s
P,

Where:
hmin.= Minimum depth of ballast (and sub ballast if any below the bottom of the tie
and over the subgrade (in).
P; = Allowable bearing pressure over the bearing area of the tie (psi).

Ps = Bearing capacity of subgrade .

Assume:
Ps = 20 psi (average allowable bearing capacity of a normally fine subgrade soil).
P; = 65 psi (maximum desirable unit tie pressure especially for ballast at less that top

quality)
P; = 85 psi for concrete ties is allowable

For P, = 65 psi, Ps = 20 psi then 1,,,;,, = [16;8"65]3 =245in
For P, = 85 psi, P, = 20 psi then h,.;,, = [Foo]s = 30.41 in

&
P (wheel load)

P, =

Tie bearing area

Where:
Pspc = Pressure in pound per square inch under the tie center line.
P: = Uniform distributed pressure over the tie face.
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5- Ties (Sleepers):
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a- General.
Sleepers are members generally laid transverse to the rail, on which the rails are

supported and fixed, to transfer the loads from rails to the ballast and subgrade be-
low.

b- Functions.
1- To hold the rails to proper gauge.
2- To hold the rails in proper level or transverse tilt.
3- To interpose an elastic medium between the ballast and rails.
4- To distribute the load from rails to the ballast underlying it or to the girders in
case of bridges.
5- To support the rails at a proper level in straight tracks and at proper supereleva-
tion on curves.
6- Sleepers also add to the general stability of the permanent track on the whole.
c- Classification of sleepers:
Sleepers can be classified according to the material uses in their construction, in
the following:
1- Wooden sleepers.
2- Metal sleepers.
a- Cast-iron sleepers.
b- Steel sleepers.
3- Concrete sleepers.
a- Reinforced concrete sleepers.
b- Prestressed concrete sleepers.
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1-

Timber or wooden sleepers:

Wooden sleepers are regarded to be best as they fulfill almost all the require-
ments of an ideal sleeper. The life of timber sleepers depends on their ability to
resist wearing, decay, attack by vermin i.e., white ants, and quality of the tim-
ber used. Following are the advantages and disadvantages of using wooden
sleepers.

Advantages:-

1- Fittings for wooden sleepers are few and simple in design.

2- These sleepers are able to resist the shocks and vibrations due to heavy
moving loads and give less noisy track.

3- Wooden sleepers are easy to lay, relay, pack, lift and maintain.

4- These wooden sleepers are suitable for all types of ballast.

5- They are best for track-circuited operations as wooden sleepers are over all
economical.

Disadvantages:-

1- The sleepers are subjected to wear, decay, attack by white ants, cracking
and splitting, rail cutting, etc.

2- It is difficult to maintain the gauge in case of wooden sleepers.

3- Track is easily disturbed i.e., alignment maintenance is difficult.

4- Wooden sleepers have got minimum life (12 to 15 years) as compared to
other types of sleepers.

5- Maintenance cost of wooden sleepers is highest as compared to other sleep-
ers.

Metal sleepers:-

Metal sleepers are either of steel or cast-iron. Cast-iron is in greater use than
steel for sleepers because it is less prone to corrosion.

Advantages:-

1- Metal sleepers are uniform in strength and durability.

2- In metal sleepers, the performance of fitting is better and lesser creep oc-
curs.

3- Metal sleepers are economical, as life is longer and maintenance is easier.

4- Gauge can be easily adjusted and maintained in case of metal sleepers.

Disadvantages:-

1- More ballast are required than other type of sleepers.

2- Fittings are greater in number.

3- Metal, C.I. or steel are liable to rust.

4- Metal being good conductor of electricity interferes with track circuiting.
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5- Metal sleepers are unsuitable for bridges, level crossing and in case of
points and crossings.
6- Metal sleepers are only suitable for stone ballast.

Concrete sleeper:-

These sleepers are mainly of two types

a- Reinforced concrete sleepers.

b- Pre-stressed concrete sleepers.

Experiments have been proved that concrete is an ideal material for the
sleepers for the following reasons:

They are made of a strong homogeneous material, impervious to effect of
moisture, and is unaffected by the chemical attack of atmospheric gases or
sub-soil salts.

Advantages :-

1- These sleepers free from natural decay and attack by insects.

2- They have maximum life compared with the other sleepers. And life under
normal conditions is (40 to 60 years).

3- This is not affected by moisture, chemical action of ballast, and sub-soil
salts.

4- There is no difficulty in the circuiting.

5- The high weight of sleepers helps in minimizing joint maintenance by
providing longer welded lengths, greater stability of the track and better re-
sistance against temperature rise.

6- The sleepers have higher elastic modulus and can resist the stresses intro-
duced by fast and heavy traffic.

Disadvantages:-

1- The weight of concrete sleeper is as high as 2.5 to 3 times of wooden sleep-
er.

2- These sleepers require pads and plugs for spikes.

3- They damage the bottom edge during the packing.
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Gauge in Railway Track:

The gauge of a railway track is defined as
Track gauge is the clear distance between the inside heads of rail 5/8 in below the
top of rail.
The distance between the inner faces of a pair of wheels is called Wheel gauge.
The different gauges types are:

1- Standard gauge = 1435 mm or 1451mm.

2- Broad (wide) gauge = 1676 mm ,1600mm, or 1524mm.

3- Meter gauge = 1000 mm or 1069mm.

4- Narrow gauge = 762mm or 610 mm

Gauge (mm) | % Length of World Network

1000 9

1069 7.8

1435 61.6

1524 8.8

1600 1.3

1676 6.1

21 other 54

> =100%

***Standard Gauge Track on Tangent
Gauge:

a- Track gauge
b- clearance gauge: (structure gage & loading gauge)

Loading gauge is a limit above and to both sides of the track, which no part of rolling
stock or their loads are allowable to encroach upon.

Structure Gauge:

1. Structure Gauge (1).

2. Structure Gauge (11).

3. Structure Gauge ( I11).
Structure gauge is the limit above and to both side of track within which permanent
structure or installation is permitted to be built.

Structure Gauge I: no structure / installation of any type are permitted within this

gauge. This gauge is the exceptional minimum clearance.
First isolated structure like signal in between track where structure gauge.
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Structure Gauge n: recommended minimum clearance for isolated structures such as
signals, columns and posts. It is the exceptional minimum clearance for other struc-
ture.

Structure Gauge m: it is recommended within clearance for all other structures.
Structure Gauge in Tunnels: this shall be determined individually for each case taking

into account all relevant factors such as speeds, No. of tracks, (both present and fu-
ture), length of tunnels, geotechnical features, .... etc.

89



1-

Geometric Design of the track

Gradient and Grade Compensation.

A: Gradient: any departure of the track from the level is known as grade or gradient.
Gradient is measured either

By the extent of rise / fall in 100 units horizontal distance, or

1i- The horizontal distance travelled for a rise / fall in 1 unit.

Gradient are provided on the tracks due to the following reasons:-

I- To provide a uniform rate of rise or fall as far as possible.

Ii- To reach the various stations at different elevations, and

To reduce the cost of earth work.

Various gradients used on railway tracks can be classified under the following heads:

1-

Ruling gradient.

It is the maximum gradient allowed on the track section. Steep gradients neces-
sitate more powerful locomotives, smaller train load, lower speed and costly
haulage. Not only the amount of gradient that will come into play but also the
length of the gradients and its position. (a train is able to climb a rising gradient
more easily if this rising gradient follows a falling gradient).

The extra pull force required by the locomotive to climb a grade = w* sin 6 =
w * tan O = w * gradient

Example: - if a train weighing 500 tons travels a slope of rising 1 m in 100 m,
the additional force required is 1/100 * 500 = 5 tones. If the same height 1 m is
a lined in 200 m, the additional force required is 1/200*500= 2.5 ton.

Momentum gradient.

Those gradients are on a section with values higher than the ruling gradient.
Normally trains need sufficient momentum to climb the momentum grade. For
example, in valleys a falling gradient is usually followed by a rising gradient.
A train while coming down falling gradients acquires sufficient momentum.
This momentum gives additional kinetic energy to the moving train which
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would enable the train to overcome a steeper rising gradient than the ruling
gradient. The rising gradient is called as momentum gradient.

Note: - trains must be not stopped where it acquires the momentum; otherwise
this gradient is changed to be the ruling gradients.

3- Pusher or helper gradient.

If the ruling gradient is sever the train for a large portion of its journey will
have unused capacity for carrying higher loads. But if the grade is concentrated
In a specific section such as mountainous section, instead of limiting the train
load, it may be more economical to run the train on the basis of load that the
engine can carry on other section and use another or assisting engine for the
portion where the gradient is severe. Such gradient is known as pusher or help-
er gradient.

4- Gradients at station yards.
Low gradients are preferable at station due to the following reasons:-

I- To prevent the movement of standing vehicle on the track due to effect of
gravity.

Ii- To prevent additional resistance due to grade on starting vehicles, gradi-
ent of 1 in 1000 m is recommended.

B: Grade Compensation on Curve: if a curve lies on a ruling gradient, the re-
sistance due to gradient is increased by that due to curvature. In order to avoid re-
sistance beyond the allowable limits, the gradients are reduced on curves and this re-
duction in gradients is known as grade compensation for curves. The curve resistance
Is expressed as a percentage per degree of the curve.

Note: - the curve resistance is greater at lower speed.

Compensation for curvature:

B.G. =0.04%  per degree of curve
M.G. =0.03%

N.G. =0.02%
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Ex. 1:- if the ruling gradient is 1 in 150 on a particular section of broad gauge and at
the same time a curve of 4 degrees is situated on this ruling gradient, what should be
the allowable ruling gradient?

Solution: From table of grade compensation of B.G. = 0.04 percent per degree of
curve.

Then compensation for 4 ° curve = 0.04 *4 = 0.16 percent
Ruling gradient 1 in 150 = 1/150*100 = 0.67percent

So allowable gradient or actual gradient to be provided
=0.67-0.16= 0.51 percent

=0.51/100 =1/100/0.51= 1 in 196.

Ex. 2:- what should be the actual ruling gradient

a- If the ruling gradient is 1 in 200 on a B.G.

b- A curve of 3° is superimposed on the above track section of B.G.
Solution:- assume grade compensation on B.G.= 0.04 percent per degree of curve.
Then compensation for 3 ° curve = 0.04 *3 = 0.12 percent
Ruling gradient 1 in 200 = 1/200*100 = 0.5percent
So allowable gradient or actual gradient to be provided
= 0.5-0.12=0.38 percent
=0.38/100 =1/100/0.38= 1 in 264.
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2- Speed of the train.

The speed of the train depends upon the strength of the track and the power of the lo-
comotive.

Safe speed: safe speed for all practical purpose means a speed which is safe from the
danger of overturning and derailment with a certain margin of safety. This speed; to
negotiate curve safely, depends upon the following factors:

I- The gauge of the track.
Ii- The radius of the curve.

Iii- The distance at which the resultant of the weight of vehicle and its centrifuged
force acts from the center of the track.

Iv- Amount of superelevation provided.

v- The existence or absence of transition curves at the ends of the circular curve.
The following formula may be used for the safe speed on curve:-

a- Where transition curves exist.

1- For B.G. & M.G the safe speed V in kmph is given:

V=44vR-70 A

R=m
2- For N.G. the safe speed V in kmph is given:

V=3.65VvR—-60 B

b- Where transition curves are absent.
1- For B.G. & M.G. V= 4/5 th of speed calculated in A above.
2- For N.G. V=4/5 th of speed calculated in B above.
c- For high speeds:-
V=458VR
Where:-

V =speed in (kmph)., R =radius of the curve in (m).
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3- Radius or degree of the curve.

Curves on the railway are generally circular i.e. each curve should have the same ra-
dius on every portion of it.

Degree of curvature is defined as the angle subtended at the center by an arc of 30 m
length

D 360 1720

— |:> = —
30 2w R R
Where:

R: radius of curve in meters.

D: degree of curvature. ; it is also may be defined as the angle subtended at the centre
by a chord of 100 feet or 30.48 meter.

Note: normally curves on railway are not recommended as they may cause speed re-
duction, no heavy locomotive and limitation on train length. Moreover derailment
and accident may occur.

7

=

c
v=12.5—
R

C= chord in meter
R= radius in meter
V= versine in cm
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4- Superelevation or cant.
When a train moves round a curve, it is subjected to a centrifugal force acting hori-
zontally at the centre of gravity of each vehicle radially away from the centre of the
curve. This increases weight on outer rail.

To counteract the effect of centrifugal force, the level of the outer rail is raised above
the inner rail by a certain amount to introduce the centripetal force. This raised eleva-
tion of outer rail above the inner rail at a horizontal curve is called " superelevation " .

GV?
E -
1.27R

Where:

e = cant (superelevation) in (cm)
G =gauge of the track (m)

R = radius of the curve (m)

V= speed (kmph)

G for B.G. = 1.676m

M.G. = 1.000m
N.G. =0.762m
VZ
e=1315—
...................... for B.G
VZ
e=0.8 —
R iiiiinans for M.G
VZ
e=0.6 —
R iiniinnnn, for N.G

Limits of superelevation &cant deficiency.
There are limits to the amount of superelevation which may be provided safely. Nor-
mally, the maximum value of superelevation, according to the railway Board is 1/10"
of gauge to 1/12" of gauge.

e Maximum superelevation for B.G.= 1/10*1.676=0.167m=16.7cm

e Maximum superelevation for M.G.= 1/10*1.000=0.1 m=10 cm

e Maximum superelevation for N.G. = 1/10*0.762=0.0762m=7.62cm
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5- Cant deficiency.

The equilibrium cant is provided on the basis of equilibrium speed (average speed, or
weighted average) of different trains. But this equilibrium cant or superelevation falls
short of that required for the high speed trains. This shortage of cant is called "cant

deficiency ".

In other words, cant deficiency is the difference between the cant necessary for the

maximum permissible speed on a curve and the actual cant provided.
This cant deficiency is limited due to two reasons:-
I- Higher cant deficiency gives rise to higher discomfort to passengers.

Ii- Higher cant deficiency means higher would be the balanced centrifugal forces
and hence extra pressure and lateral forces on outer rails. This will require

strong track and fastenings for stability.
Limits of cant deficiency

Gauge Cant deficiency for | Cant deficiency for speeds
speeds up to 100 kmph | higher than 100 kmph

B.G. 7.6 cm (7.5 cm approx.) | 10.0 cm

M.G. 5.1 cm (5.0 cm approx.) | Not specified

N.G. 3.8¢cm Not specified

Negative superelevation:

When the main line is on a curve and has a turnout of contrary flexture leading lead-
ing to a branch line (as shown in fig. 1) the superelevation necessary for the average

speeds of trains running over the main line can not be provided.
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AC which is the outer rail of the main line curve must be higher than inner rail BD or
in other words, the point A should be higher than point B
For the branch line, however, BF should be higher than AE or the point B should be
higher than point A.
These two contradictory conditions can not met within one layout. So instead of outer
rail BF on branch line being higher, it is kept lower than the inner rail AE. In such
cases, the branch line curve has a negative superelevation and therefore speeds on
both tracks must be restricted, particularly on branch line.
The method, of working out the speeds on main line, branch line and negative super-
elevation on branch line, will be clear from the following steps:-
1- The equilibrium superelevation or cant on branch line is calculated by formula
(e), after assuming a speed on branch line.
2- The permissible cant deficiency deducted from the equilibrium cant as ob-
tained in step (1).
3- The difference obtained (equilibrium cant — permissible cant deficiency) will
give the negative superelevation to be used on the branch line.
4- This negative superelevation is also equal to the maximum superelevation
permitted on the main curved track.
5- The restricted speed on curved track is obtained by adding permissible defi-
ciency to maximum cant on the main track and applying the formula (e).
Example no. 1:
if a 8° curve track diverges from a main curve of 5° in an opposite direction in the
layout of a B.G. yard, calculate the superelevation and the speed on the branch line, if
the maximum speed permitted on the main line is 45 kmph.
Solution:-
1- Equilibrium cant required for speed 45 kmph by equation (e):
GV*>

© T 1.27R
G=1.676 for B.G, V=45 kmph
D=1720/R
R=1720/5

e= 1.676*45*45/1.27*5/1720

e=7.78 cm.

2- For broad gauge the cant deficiency for the main line =7.6cm permitted from
table
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3- So the cant for main track = 7.78 -7.6 = 0.18cm
4- Therefore the cant to be provided for branch track = -0.18 .
5- With cant deficiency of 7.6 cm which is permissible the speed of the train will
be for a cant of 7.6+(-0.18)=7.42cm
Hence permissible speed on branch line can be worked out from formula (e).
7.42=1.676*V*/1.27 * 8/1720
V? = 7.42*1.27*1720/ 8*1.676
=1210
V = 34.7 kmph
This is theoretical speed on branch line, because the maximum speed on branch line
should not be more than 24 kmph.

Example no. 2:
Find the speed for which superelevation is to be maintained if the speeds of several
trains running on a main curve track are as follows:

I- 15 trains at speed of 50 kmph.

Ii- 10 trains at speed of 60 kmph.

Ii- 5 trains at speed of 70 kmph.

Iv- 2 trains at speed of 80 kmph.
Solution:
The " weighted average " of different trains at different speeds is calculated from
equation.

nlvl 4+ n2v2 +n3v3+ ndvd
nl+n2+n3+n4

weighted avg.=

15«50+10=60+5+=70+ 2=*80
15+10+5+2

welghted avg.=

750+ 600 + 350+ 160
32

weighted avg.=

= 58.125 kmph
The average speed = ( 50+60+70+80)/4=65kmph
Example no. 3:
What would be the equilibrium cant on a M.G curved track of 7° for an average speed
of trains 50 kmph ? also calculate the max. Permissible speed after allowing the max-
Imum cant deficiency.(cant deficiency for M.G =5.0 cm).
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Solution:
1- Equilibrium cant for M.G.

e=0.8 —
R

R=1720/7
e= 0.80*50*50*7 /1720
e=8.14 cm.
2- Theoretical cant = actual cant + cant deficiency
=8.14+5.0=13.14cm
3- Therefore, the max. permissible speed when theoretical cant of 13.14cm

||13.l4 « 1720

T 0847

V = 4040
V=63.4 kmph

4- According to railway board speed formula

V=44+vR-70

V' =44+2457-70
V=58.325 kmph

So the maximum speed permissible for the train ( lower of the two values) = 58.325
kmph

Speed from the length of transition curves.

This is the lesser value of the speed given by two following formula:

a- For normal speed up to 100 kmph
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134+ L
€ or

Vmax

L= length of the transition curve in ( m).
e= superelevation in (mm).

134=L
D

Vmax

D= cant deficiency in (mm).
b- For high speed above 100 kmph.

198+ L
€ or

Vmax

198=L
D

Vmax

Example no. 4:

Calculate the maximum permissible speed on curve of high speed B.G. track hav-
ing the following particulars:

i- Degree of the curve =1°

ii- Amount of superelevation = 8.0 cm

iii- Length of transition curve = 130 m

Iv- Max. speed of the section likely to be sanctioned = 165 kmph
Solution:
Radius of the curve = 1720 /1 =1720 m.

i- Safe speed on the curve ( for high speed)

V =4.58VR
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Ii- Speed from superelevation

Actual superelevation = 8.0 cm

Max. cant deficiency for high speed B.G. track = 10.0 cm
Theoretical superelevation = 8.0+10.0=18.0 cm

Max. speed for this superelevation

Lo 1.676* 1?2
1.27 %1720
V=153 kmph

Iii- Speed of the length of transition curve

198 = L
e e=8.0cm=80mm, L=130m

Vmax

V max = 320 kmph or

198 =L
D D=10cm=100mm, L=130m

Vmax

V max = 257 kmph

The max. permissible speed on the curve is the minimum of the following:

1- 190 kmph

2

153 kmph
3

257 kmph
4

165 kmph,
Therefore max. permissible speed =153 kmph say 150 kmph

Curves:-

Thought it is desirable to have a straight track and it is the ideal condition but the use
of curves becomes absolutely necessary for a change in the alignment (through hori-
zontal curve) or gradient (through vertical curves). Simple curves are introduced to
ease off the change.
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Types of curves:-

Broadly speaking, the curves are of two types.

1- Horizontal curves: - these are provided whenever there is change in the align-
ment of the track. They are usually circular with parabolic transition curves at
either end.

Vertical curves:- these are provided whenever there is change in the gradient
I.e. either a rising gradient changes to a falling gradient or vice versa or a rising
gradient or falling gradient is increased or decreased. They are usually parabol-
IC curves.

The curves, in general, are classified under the following heads:-

a-

Simple curves:- a simple curve is an arc of a circle. It is designed by the de-
gree or by its radius. As already discussed D= 1720 / R. This curve may lie
within two transitional curves or within two tangent lengths.

Compound curves:- these are the curves which are composed of two or
more simple curves of different radii arranged in such a way that they are
tangential to each other. They are used when compelled by the topography
to avoid the obstructions like hard rocks, deep cuttings, and soft gradients.

Parabolic curves:- these curves have got the quality of being easily laid by
the offset method. These are exclusively used as vertical curves in railway
and highways. The equation of a parabolic curve is y=k?.

Transitional curves:- transition curve is defined as a curve of parabolic na-
ture which is introduced between a straight and a circular curve or between
two branches of a compound curve. The transition curves are necessary to
provide an easy change from a tangent (having infinite radius) to the radius
selected for a particular curve.

Types of transition curves:-

There are following three types of transition curves,
I- Spiral curve.

1i- Cubic parabola.

iii- Bernoulli's lemniscate.
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Length of transition curves:-

The length of the transition curve is a length along the centre line of the track from its
meeting point with the straight to that with the circular curve. This length is inserted
at the junction half in the straight and half in the curve as show in the Fig.(1).

Lets,

L= length of transition curve in metres.

e= actual cant or superelevation in cm.

D= cant deficiency for max. speed in cm, and

V=Max. speed in kmph.

Railways specify that greatest of the following lengths should be taken as the length
of transition curve.
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1- L=720%€ ccevevninennnnnn a
Where: e = actual superelevation in cm.
This is based on arbitrary gradient ( 1 in 720).
2- L=0.073 *D * VMax .....ccceueenen 2
Where: D = cant deficiency for max. speed in cm.
Vmax = Maximum speed in kmph.
This is based on the rate of change of cant deficiency.
3- L=0.073*e*Vmax ....cccevvuveennns 3
This is based on the rate of change of superelevation.

Example:-
Find out the length of the curve for a B.G. curved track having 4° and a cant of 12

cm. the maximum permissible speed on curve is 85 kmph.

Solution:- the length of curve will be max. out of the following three values:-

1- L=720%¢€ .ccoviiiiiiiiiiiiinienn, (1
=7.20*12
=86.4m
2- L=0.073*D * Vmax ............... (2
=0.073*7.6*85
=47.3m
3-L=0.073*e* Vmax ................ (3
=0.073*12*85
=745m
L=864m=87m max.of(1),(2),(3).
Say 90 m
Now equation of parabola is:
x3 3
V= m =CX
1
€~ 6RL

R=1720/4 =430 m, L = 90

~ 1
 6+90+430

C
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1
€= 232200

Offset at 15 m = 1/ 232200 * (15)° * 100 = 1.45 cm.
Offset at 45 m = 1/ 232200 * (45)° * 100 = 39.24 cm.
Offset at 75 m = 1/ 232200 * (75)* * 100 = 181.63 cm.

Thus the offset at every 15 m are given in the table below:-

Chainage (m) | 15m 30m 45m 60m 75m 90m

Offsets (cm) 1.45 11.63 39.24 93.02 | 181.68 | 313.95

Shift S=L%24R=0.817m

Widening of gauge on curves:-
Due to rigidity of the wheel base, when the outer wheel of the front axle strikes
against the outer rail, the outer wheel of the inner axle bears a gap with the outer rail.
Provision should be made for this gap otherwise there is every possibility of tilting
rails outwards. But this gauge widening should be just adequate, if it is more than re-
quired, the lateral play of the vehicles will be vigorous and may result in derailment.
Extra width of gauge (d) in cm is given by the formula:

q- 13(B+ L)~

R

B=rigid wheel base in meters for B.G.=6m, for M.G.=4.88 m
R= radius of the curve in meters.
L= lap of flange in meters.
L=0.02/h2+D+h
h=depth of wheel flange below rail in cm.

D= diameter of wheel in cm.
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Example:-
If the wheel base of a vehicle moving on a B.G. track is 6m, the diameter of wheel is

1.5m and the depth of flanges below the top of rail is 3.17 cm. determine the extra
width required to be provided on gauge, if the radius of the curve is 160m.

Solution:-
Given h=3.17 cm, D=1.5m =150 cm, B= 6 m, R= 160 m.

L=0.02Jh2+D+h
—0.02,/(3.17)2 + 150 = 3.17
= 0.02+/485.5
=0.44m

Extra width in cm:
d- 13(6 + 0.44)*
160
=3.38cm

Shift:-
Whenever a transition curves is to be fitted between the straight and circular tracks,
the original curve is to be shifted inwards by a certain distance. This distance by
which the circular curve is shifted to a new position is termed as "shift" and in case of
cubic parabola which is mostly used in case of railways this shift is given by the for-
mula:-

S= shift in m.
L= length of transition curve in m.

R= radius of circular curve in m.
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Example:-
Calculate the shift and offsets at every 30 m of a transition curve. The transition

curve of 90 m long is to be used to join the ends of a 4° circular curve within the
straight and circular curve.

Solution:-
R=radius of the curve = 1720/4=430 m.

~ 24R

S=90%90 / 24*430

S

=0.817 m.

_ X3 _ 3
Y=6rL ¥
1
© = 6RL

1- Offset at 30 m = (30)%/(6*90*430) *100
=11.65cm.

2- Offset at 60 m = (60)*/(6*90*430) *100
=93.1cm.

3- Offset at 90 m = (90)*/(6*90*430) *100
=314 cm.
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Vertical curves.

They are of two types:-
I- Crest (Summit) curves.
Ii- Sag (Valley) curves.

As already discussed, whenever there is a change in the gradient of the track, an
angle is formed at the junction of the gradients.

A parabolic curve is set out tangent to the two intersecting grades, with its apex at a
level halfway between the points of intersection of the grade line and the average ele-
vation of the two tangent points.

The length of the vertical curve depends upon the algebraic difference in grades i.e.
as shown in fig (2) and determined by the rate of change at which it is decided to

change the gradient of the line.

Example:-
If a sag curve is introduced between a down grade of 0.9 percent followed by an up-

grade of 0.7 percent, determine the length of the parabolic vertical curve, the offsets
at every 30m and the R.Ls of the various corresponding points on the curves. When
given the R.Ls of the ground at the sag point is 30m and allowable rate of change of

gradient is 0.2 percent.
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Solution:-
Value "g" the algebraic difference of two grades.
9=091-92

=-09-(+0.7)

=-1.6%
As the rate of change of gradient is 0.2%, so the total length of the curve is=1.6 /0.2
= 8 chains.
If each chain is of 30m then,
The total length of the curve will be =8 * 30 = 240 m.
Therefore, 120m on either side of the sag can be used.
R.L. of the ground at T =30 + 120 * 0.9 %

=30+ 1.08 = 31.08m.
R.L. of the ground at T1= 30 + 120 *0.7 %
=30 + 0.84 = 30.84m

R.L.of H=mean of T &T1 =31.08 + 30.84 / 2 = 30.96m
R.L. of M = mean of H & K=30.96 + 30/ 2 = 30.48m
The offset at K = KM = 30.48 — 30 = 0.48m
From the property of parabolic curve, the offset at any point on the curve on the right
of tangent point T or on the left of the tangent point T1, will vary as the square of the
distance from the tangent point i.e. y = x*/L
Where:

y= the offset at any point on the tangent to the curve.

x= the corresponding distance to y along the tangent from tangent point.

L= length of the curve = 120m.
The offset at A, 30m from T= 30% 120° * 0.48 = 0.03m.
The offset at B, 60m from T= 60/ 120° * 0.48 = 0.12m.
The offset at C, 90m from T= 907/ 120° * 0.48 = 0.27m.
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The offset at D = 0.27 m because 90m from T1.

The offset at E = 0.12 m because 60m from T1.

The offset at F = 0.03 m because 30m from T1.

The ground level at T= 31.08m as calculated at A will be

0.27m [1/4 * (1.08)] less 30.81m, at B = 30.54m and at C= 30.27m. Similarly the
ground level at T1 = 30.84m, so the R.Ls at F will be 0.21 [ 1/4 * 0.84 ] less 30.63

and so on the results are provided in tabular form.

Point R.Ls on tangent | Vertical offsets | R.Ls on curve
line (m) (m) (m)
T 31.08m 0.0 31.08
A 30.81m 0.03 30.84
B 30.54m 0.12 30.66
C 30.27m 0.27 30.54
K 30.00m 0.48 30.48
D 30.21m 0.27 30.48
E 30.42m 0.12 30.54
F 30.63m 0.03 30.66
T1 30.84m 0.0 30.84
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