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Minimum Airports Spacing

NO Type of airport Minimum
spacing in (km)
1 Serving small general aviation aircrafts under 3.2
VFR(visual flight rules) conditions
2 | Serving bigger aircrafts of say tow piston engine under 6.4
VFR conditions
3| Serving piston engine aircrafts under IFR(instrument 25.6
flight rules) conditions
4 Serving jet engine aircrafts under IFR conditions 160

3 5 o8 ) 4Sad 4 ol law (ol s8 o5 3 4S 150l characteristics =l ;& (S 2
Ay ARG L Jas asd k03583 B ) (e glie b A8 (Jlase () 98 3 (GA) ) (oS (S Caad 4y 4xa
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Class A Runway lengths

Temperature Elevation
Sea level 304m 610m 1524m 1828m
15C° 1615m 1676m 1768m 2042m 2164m
30C° 1707m 1798m 1890m 2286m 2438m
40 C° 1798m 1890m 2042m 2469m 2682 m

Olie (98 3 (2 405,558 aga 052 428 |58 Meteorological condition &Yl alsa 2
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Approach surface .i
Conical surface .ii
Horizontal surface .iii
Take off surface .iv
Transitional surface .v

‘SSJS.&LSA&\X'A\.;\ASJ

LEGEND

o O W >

F

PRIMARY SURFACE

CLEAR ZONE SURFACE (NOT SHOWN)

APROACH-DEPARTURE CLEARANCE SURFACE (SLOP 40H: 1V RATIO)
APROACH-DEPARTURE CLEARANCE SURFACE (HORIZONTAL)

INNER HORIZONTAL SURFACE (45.72 m ELEVATION)

CONICAL SURFACE (20H: 1V)
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G OUTER HORIZONTAL SURFACE (152.40 m ELEVATION)
H TRANSITIONAL SURFACE (7H: 1V)

Class A IFR Runway Plan and Profile Airspace Imaginary Surfaces.

4
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N.T.5.
52.4 500 Al
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=0 000
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A PRIMARY SURFACE

B CLEAR ZONE SURFACE (NOT SHOWN)

C APROACH-DEPARTURE CLEARANCE SURFACE (SLOP 40H: 1V RATIO)
D APROACH-DEPARTURE CLEARANCE SURFACE (HORIZONTAL)

E INNER HORIZONTAL SURFACE (45.72 m ELEVATION)

F CONICAL SURFACE (20H: 1V)

G OUTER HORIZONTAL SURFACE (152.40 m ELEVATION)

H TRANSITIONAL SURFACE (7H: 1V)

2,286.00m 2,133.60m 9,144.00m
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1| CRITERIA MAY | p'_ S

300m [1000']
5m
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SEE TABLE 3.8 FOR
TRAVERSE WAY
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e ~_
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SEE NOTE 1 OR PROPERTY LINE
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LEAR ZOME LE )] ']
L MAX, SLOFPE >
o S Be ar U f MIN. SLOPE 2% LeACE
O BE GRADED | e GuRE! =
, | ppPROR— =
e ELE VA TION LT ) & _" o __.'.--"' - ’,.»'l :'
RUNMWAY END OVERRUMN SUR E o .. n?."'- E .""r GRADUAL L'I Y
LMW Pe nes \
ST . n:. S POSSIE . /
v —, ¥,
/“? M/ /F_ r/_L i e
E SURFA B
CE I —SEE NOTE 1
| IL
JE4T(’

OVERRUN FILL PROFILE

ICAO(International civil avaition ol (Aall (2 555 s () 8 2 s Il (adaws (Joa o
&2 b S J 50 Y 44 1581 organization)

Standared by ICAOfor imaginary surfaces

Runway Slde Slop as percentage Of Height of outer or Radius of inner circular
de | . : upper circular edge edge of conical surface
code letter Transitional Conical of conical surface with airport reference
surface surface | above horizontal point as origin (m)
surface (m)

A 14.3 5 100 4000

B 14.3 5 100 4000

C 14.4 5 75 4000

D 20 5 55 2500

E 20 5 35 2000

Approach surface

5 S S Ol ol 4 g AT o Dd g dra ) o5 (S IS4 B350 2 dadan s 4gd
O ahu (60 Gl G4 AWl a ol iy 50581 4 Runway @2l 4adas 480 4y
G4 Dds 4y A 4G 3o ke 50 (o sl 45 runway 4akauly o2 A5 A ) gl e OB

oS Jsp ol e (S Al runway s 2 anhau agy 58]

Conical surface

4.4\.)\&»dﬂAM&J}J&ﬁ\&\Jﬁ&)ﬂ&@}Sd&ﬁ\ J\A.JA;L»»\J
cod Sy N elad (S50 (SAd p AV Ay glplad L)y (SAd p i na s
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Horizontal surface

S Y 3 abu conical 2 gy b 43R A () s Al oahau transitional S 2 asdas 1
S5 G andas B8 s A 5l (5345 55 0k b IS adan (8 Ao ot el )
DO (s om 2 aS (o s)ls ab 4 Al )l glE)) 150 m 438 e Al e ol 0
150 & sS4y (o2 0340 agalsh (adau 88 s A 0Ly (55 40S 432 900 m 4l o Jlailrunway
OHS(outer s s S Gxbe 4 1500 ms) 900 ma2 &)l runway 2 48 S 4y m
Jrunway 48 5 oy S J$h9900 M4y 45 (150 M) g = sas horizontal surface)
4 S aale a4 G S15000 may 45 gla )l OHS 2 55 sl Jsb &b 344X 1500 m

82 e e sislaiale Jso 8 3o gl ) (saes

Take off climb surface

3 Cipa 03 Ld 4 Approach surface 2 4sha 13 s3 (o 483 (S JSG 4 b asha 1o
approach

danhu gl ol 5058 3 5 bk 3 (S AN 4 runway 2 approach o> 2 GUA o e (o o
(SopS Js (S OB e ) a8 48 )50 bk 3 (S g b 4 runway

Transitional surface
A DA dile 4 Fe i (ada 8 Al 5l runway 2 4sda
(8 6sh JSE J s saY 43 1 ANCAOD 2 adas 53 S5 5

Standard by ICAO for imaginary surfaces

NO SURFACE Runway code letter

A B C D E

1 | Approach surface
width in m near the end of runway
when the landing is:

Instrumental 300 300 300 - -
Non-instrumental 150 150 150 80 60
Divergence of the side when the

landing is:

Instrumental 15% | 15% | 15% - -
Non-instrumental 10% | 10%| 10% | 10% | 10%

Length in m of horizontal projection
of approach surface when the
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landing is:

Instrumental 15000 | 15000 | 15000 - -
Non-instrumental 3000 | 3000 | 3000 | 2500 | 1600
Longitudinal up gradient when the

landing is:

Instrumental 2% 2% 2% - -
Non-instrumental 25% | 25% | 33%| 4% | 5%

2 | Take off climb surface:

Width near the end of runway 180 180 180 80 60
Divergence of the sides 12.5% | 12.5% | 12.5% | 10% | 10%
Length of horizontal projection 15000 | 15000 | 15000 | 2500 | 1600
Longitudinal up gradient 2% 2% 2% | 4% | 5%

Objects with actual heights abual o e gl& )l Ads 43 (a

3y U S ki a4y o) ) ol (0 4AR PLE ) 58 JSU D o a2
b sty S k4 Gl a¥ Al (S gl se Jedta 4y s MR (S 4y Sl

B8 S 3 e A (S 2 1 4.5 km 433 Ll 3 Runway 2 o> pus 4xd A e
oS db s gl aile s )l (Sl o s 15 W30 m 438

A2l )l elé ) 30 m s A 438 runway 2 e)Nl 4 45 km 2 2 aun 4xa A e
75m gli)l (o Jsh 4 15km o> &) Jsbi7.5m (S glil 4 o Jsb 4 1.5km
S @l gle o Sl (S35l 2 598

&\éf\)\ 434 ) 44X (150m) &\éﬁ)\ Gal 3 sk o approach 2 > pua o Aol e
(SS @ls shd o ) 5 )bk s an 4ra 5l

Airport Architecture siga (las () 8 2

2 AR 55 60 i gl Jsrans e sl s 5 (S b adin s ST ST g il 3 (Al s Olase ()8
4 bl age R g JsSda sl a plase (Gl e a1 al Ja 4lale 43 Gl 0 ) (cmdige AL
.LSdeJLSJ-.i\B;

3> S g, b ab G’ JFeatures of terminal building o=l & & o
cairline check-ups «_Jilus (2 (52 428 Jize i 4l g0, (5 |l o0 rnb 40 S0 Gl 5 il
aln 4l Lad 3 aa o o5 osh (618 4y gl8 S 4y IS8 uhd 4 435008 00 5) Gl sy A

B9 Gt e (S 4de 8 (S aas gl as
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Cialis 5 _pual Ol o ) G e s International airport las (2l Al o
Aa ol Gl (ol Jed o gy Calie80km? Al Jlawe (ol i g A (52 40 km?
S SR il (a5 (IS A0S 2 3 g ada g e 0 (2 63 UG S

5 DS 4y 43 0 dse Ui Olue 8 o 0 Materials of constructiond se (Slaidlu
Ad ¢ QIS ¢ e e S (S I8 4 Gl ol 2 Dkl o 4 6l Js) aee S SISl )
ng;\n.aﬁm\ ngSJ)unLaA\ GA\J\ J@J‘y JJJG.N\JJ\

S GA A 4 s jymadige haSaals o A4 Gl s 3 Iplants o
b glail o (gl 4S8 25 S s Al

Parts of airport 3 _» Olax () s8 2
S A 05 I (e (ol
Terminal area 4abu & a3 3 ;Y s) Landing area 4alu 5aS 4384 3;)

terminal area ) s 4liie 43X taxiwaysRunway s> o5 4 landing area >
s d (o> 03 & jlie 43X hangerss) automobile parking area <apron <terminal building2
el o da Jgo g2 4948 p

RUNWAY DESIGN

(S S a G 54y sluliS o) AS AT )50 5 ATl (o e dalu b 55

S el sy 3 A0 Goss oalsa Tl Axa 0 03 A dege (e (B 2 )
! ICAO(internation civil avaition organization) . SG axs Sadl 3 olsa 0 el
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4834y (53 5 S a4l Js0 Y 4y A Al Caaslie o e o b 3 5l Jsb a5 2 4 gilan
Gsh Jsd 1,2,3. 35S Gueglia 3 glida 3 55153 50 AB,C... 955 dsh 2 551, 3 (S sy 4aph

NEL
ICAO Classification Based on Runway Length
Airport type Basic runway length (m) | Width of runway Maximum
Maximum Minimum pavement (m) longitudinal
grade (%)
A Over 2100 2100 45 1.5
B 2099 1500 45 1.5
C 1499 900 30 1.5
D 899 750 22.5 2
E 749 600 18 2
ICAO Classification Based on Pavement Strength
Code no Single isolatd wheel load (kg) Tyre pressure (kg/cm?)
1 45000 8.5
2 34000 7
3 27000 7
4 20000 7
5 13000 6
6 7000 5
7 2000 2.5

43X 1500m 2 Runway Olas )98 62 (o> ) Fire 10 9 Gl ()58 B-2 (2 sl 9948 (gl
7kg/cm? 2 438 b e 2 2 O)s o)) 4 34000kg 2 5 s syl s 2099m s
‘5-::: sY S tlu.u\d)a ngA)\j )Lﬁaﬂ o)\m\ 4

(3 el Lk Y (Sl 4 s 2
4ol 23 Sl G s 0 o w0 A SasiRunway orientation (b G ) 2
4 5 G asS A4 5 ab (> 62 alY Jsaslae Al o ju ) (b aglae G 2L 0 (S dap 42

o) Qe 4 2L 3 ) (5 ) sa oy g 3 3L 2 Jsbrunway 2 Leges Sspla o s e juio e A
oS ALl o )] 4y 4kh 5l (550 )5 L oaily 435N Ay a5 Ay pAS AT 3 S sl 3 ASA (5 S JSI5
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runway Js4ead S alea g ¥4l gy )b (S O)pady S A pa ) gpduld
L S A ) (g5 Ad oy JSI alie 4y 0l (2 AUR AL S Ja8 oS 10% b
> GS 4 S jee 4 (S O)ea ga g s Sy dsl)en o bi 5K w06
3 5 s dSde ol ook 3 o S 03] hsee 55 Ay Aisl D50 0 S5 3 (s
4 el (S e e 2 2b 2 (2 62 )Y dsestee 1 s el (S a4y SIS0 0 Qe 2 5

oy a5 b adla 4 a2 aS Cih e S

4 Gea 5 2 :Change in direction of runway Jiwsl ) Osla (S G 4 59 2
oS JSG Gk 4 DA a2 b o (S sV sl

S oA S e 550 A s de Db G 4 58 2 4S Excessive grading (ke
oS B o Dy Ces 552 DAy B s g

) sl 4 ) (25 Sy o dlan (S b4 b3 G 5 s 2 4S T Noiseyss 5l ss
Gl Qg (551 3 ah (S D) gea (034 558 Gl Jeo )l SIS0 (o 4als

S ey Ol S @ das i d o G e (ol Qign 4 68 6 2 4S [obstructions & s
S35 B A OB Yiseaaln g el

SV a4 > sl 4 g5 2Basic runway length syl ubal 6555 3
oS Al (s ) (bl (5505 3 68 JSG (S

oa 400 A G3h ) 4 o)

(S5 G Db dse ebiel 4 Al il e 0 kY

Cs s dal 4 by s a Glas ol Y

S a2 Jae sh o5 B OIS 555 0 F

2315 €0 42 5355 (5 lma ol (i (2l 58 3 (o2 55 0 4R 5058 ka0 Y i 4y 10

bjj‘\d&)j\ }‘Ls‘jkw_il_})‘)u;é‘)gmﬂ\Jm@zﬁdﬁd‘ﬁéé\jdidj\wm‘dﬁ‘)d
4.:1:runway362.4543)):365\.4543\4”64:\545\.4&4.345\3}}\oﬁ@dsenggjsgﬁjajééhﬁ
oS s (S bt adlls 60 gV (S S 4y Lald bl ey a5 aliald an gl o 3 fra

1:Normal landing 2: Normal take off 3: Stopping in emergecy

QAR G0N 3 (g5h ) ey e pu Gpre o 4y Gagly (S 5aS 43 J 59 62 4:Normal landing
Sy Sl 60% 4 650 2 W (> S GIL B 4 Sl gl 415m

(S IS a4y ad
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Runway stop

| 60% of landing distancce

|
landing distance

5

S dh (sl bl 5535 3 oS Alalio jo & (xS

A G b Jsh 115%bald o Lift off 2 4550 (S 538 45 5 J 59 2 42:Normal take off
3 A0S Jsb 115% Lald 2 ift off 2 Job 58y 2 .S A s 10.5m A8 ) 2
(o9 U9 43k 4 aa anhaii o 58 4l 4y clear way 2 S DA 4 s 2 Ll 4 Lalial

L;dswdm‘%g«ij

Nireframe]

Runway

l

115% of lift off distance (LOD) N
Take off distance (TOD)

-

4 > s W 4 clearway LY Wa g Nl 4 X e 2 5 2 Normal take off
Gl ) 438 1.25% A (o (She (SaaS A Al 4g 551, 2 Sl e 150m Jse sl
S JsS )5 s

olh (o 03 aliald 4ra 153 TOD (S iy 43 saul )3 3 adl o 5 2 :Stopping in emergency
(SopS A sy 03l 42 10.5m S

Correction to basic runway length zesai (S Jsb oubal 4 665 2
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) 3 igilae ol J8 o 4R A oS JS05 S dsas 4 sl ol g5 0
a4y skl se 1V (say sl (A (51 2 ASA S sR A5 Osam o pm shal pd Al (JJlsay )
B JSG sl

A oy el gl g ,)al 2 ICAO 2:Correction for elevation gmasal o Ll gl ) 2
345\5_&di}gag)7%djkwu\qdﬁ@hdﬁjq&ub\gmmjﬁMA&@JM
aliald aihy y o jld slu j0g 3 4SS g (gopaS A8 AST ) 4y ) (oS IS T a0 ) gl ) 4y gl )

salhy 4 oM Jsh 3 Jsb 555 2 :Correction for gradient gmawad o Ll (Daa Ak 2
Ssbh 1% & 2 > eh G o)Al s ,lal FAA(Federal aviation administration) 2 8L )
(oS Jow ) 20% Jsha (555 2 0w e

sd 24AX ahual a2 X5 A Correction for temperature goaaal ol A gagh
G502 e sl 4 Assi gl ass A sl S dsb 4 ssi e m 536 4 Olae
o 5y 1 c° o 4 43X Reference temperature 2 Olax ()8 3, S Joi L) Jsha
s 4y 435058 reference Olue 3l 2.6 S dow D) 1% syl el 0 dsba 55 0

LS)—'LAA Jse
Airport reference temperature=Ti+ (T>-T1)/3

T2: Mean of the maximum daily tem... Ti: Mean of the average daily temperature

45 1000M 58 43 (o> S5 Aaslaa 10 (5 paS Ax 9355 92l ) 4y U0 (o 515 b4y Al
(S 4353 596.5 CO s

S ‘;\J.J:)J\ &8s Runway 2 42X glaslaa g a7 Slia -7

bl (5905 ¢ 28C0 43 53¢ reference 2« 100 m 43X @L.m«d BECR &EJ\ Ol (et 2
2395.2m 4kl 4% 5 a5 98.2m adadi 4y 5i 6l a4y (5555 2 600 M (s s)

h
A: Correction for elevation: 7%*100*600/300=14m
Runway length after elevation correction =600+14=614m
B: correction for temperature (standard temperature is 15¢° and 6.5c°is changed
For each 1000m heights) 15-(6.5*100/1000)=14.35c°, 28-14.35=13.65c°
(614*1/100)*13.65=83.81 say 84m

Runway after temperature correction=614+84=698m
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C: correction for gradient grad=(98.2-95.2)/600=3/600 or 0.5%
Correction for gradient= ((20*0.5)/100)*698=69.8 say 70m

Actual runway=698+70=768m

Check: total correction for elevation and temperature =14+84=98m

Its percentage is = (98/600)*100=16.33% should not be more than 35% of basic
runway recommended by ICAO

BJJ‘#‘SLMJGALQ\ (ﬁ“)jjj\ 38C‘514A‘5.3‘5.1Lu‘5\ é)}d@éd& @.ﬂ\dbﬁ‘\:} d‘:\A.z
4 ok d jad las ) laa 48 sIReference temperature Olas () 202 47C (S 4
SUs 2 Flsy ) Sdarunway 2 s adly Al

Ja
Airport reference temperature= T1+ (T2-T1)/3
Ti: mean of the average daily temperature  =38c°
T2: mean of the maximum daily temperature =47c°
Airport reference temperature=38+ (47-38)/3=41c°
Standard atmospheric temperature at mean sea-level =15c°
Rise in temperature=41-15=26°c

bl sy e MNobya Aend an s 58 ga L Ay bl g5 248
A Sobe (sl Ais 650 5 6S GHsh) 1% s

Runway actual length after temperature correction=L+ (1*26/100) L=1.26L

hus ebel o haus oa ) glii)) 400m 433 ahae Al s 0 Glaw ol s dla-3
SReldi )l 3 5igalail 3 5l 1260m Ayl ol 5535 348 (50 44.8°C ) 26.2°C (2 A5
S Aoyd Jal s 50 559 6.3m 2 Dl

tda
S I8 Sl ) 7% Jsb (el 3 Jsb 5555 3 0 sileld )l 300m 52 4
A: correction for elevation (7/100)*(400/300)*1260=117.6 say 118m

Runway length after elevation correction=1260+118=1378m
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B: correction for temperature  airport reference temperature=T1+ (T2-T1)/3
=26.2+ (44.8-26.2)/3=32.4°c

Standard airport temperature =15° rise in temperature=32.4-15=17.4°
Correction for temperature= (1378*1/100)*17.4=239.77 say 240m

Corrected length=1378+240=1618m check: correction for elevation and
temperature should not be more than 35% of basic runway length

118+240=358m percentage=358*100/1260=28.41%<35%........ ok

Correction for gradient  gradient=6.3*100/1260=0.5%
(20/100)*1618*0.5=161.8 say 162m

Actual runway length=1618+162=1780m
oy fi Ao ld g g o) saS 4SS 3 Jsh 558 3 Ui ()98 s v ashan 4y a0 1) sl
a8y S glayl 150m 4438 sl ad 3 Gl ol 548 (sl 2 G 2000m sl 2400m

syl al 553 630.35% =2 O (Ash 5l 25°¢ 4352 58 reference Gl ) 2 L6
2484m : s s S aslaa

sk s by gl 100m 43R jan Al (SOg ol 3 i) 3 Olas (I o 2 4S 12
S8 M die (sh asee 5552 66 sd S0 ds s 4 2 4500

End to end of runway (m) Gradient (%)
0to 200 +1
200 to 600 -1
600 to 1200 +0.8
1200 to 1600 +0.2
0.35%:<) s>

Geometric design of runway (29 (owdid s 68y 2

co il gl pad o e Aok o e gk fige o Mgaysl a2 (Sl owdia 4 i) 0
@:Jldj.;dia\J‘\g@ﬁﬁ@_dj&uﬁubﬁ}\dy@b)sca\jm\éqgjqc@&}éu
35S Aaxdlae o s Juads
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Sslsin 5 5 4d (51 ICAD 2 (o2 Vo) sy pnd g (30 2 (Jss) (bl 585 2 52y
s e gl Qi 4y sl e 5580 Mgyl B 55150 Ol ()8 0 S did ], 434

(5 IS5 a4 s ko

i 2 )sn Al ICAD 2. sl (st S (s 4 5580 2 die skt dae (Asha Sisae
(oS Jsi o )lail W 4y Jie (A shao pu sloni Sabagg sia

Type of airport | Maximum  longitudinal | Maximum effective
gradient (%) gradient (%)
A ,BandC 1.5 1
DandE 2 2

A Al SV S (sasee (ana 5] (5mka 3 e (55103 Dlue s e 3 Oy 3 Jae (Jsha o
IS5 e (dob il o1 5l Gl gy e dy o582 IS Jlgad 4 Fm s 438 SIS
bl 4o W o ol Jse e 2 Alald 30M 4 st Be (A sk o sl [CAO 2 .S

For A and B types airport

And for D and E types airport. .. ... 0.4%

AliRe o al pog 3 S ISy a0 Y S Gagee (S SgA SO0 (Sha oS 49 43K 0.4% 2
Juala 2 galact a3 g g et 3 Jae (s 3 b aliald e 5 gl KG9 S adalii o g 5a (Jha
S ds Y 4o )l lae (s J9 a2 23 4ed (g4 Al AR o pn

(S gl il g9

For C type airport..... 0.2%

s Jse Es) D 250 150m ool Gl (2l sa J 99 C 2 ¢ 300m ool o (2l sa Js9 B SIA 2
(6 S dsa oY 4 (o Claslaa )50 5.pS Js50m okl 5 silae

Longitudinal grad changes

No ltem Small airport Large airport

1| Maximum grade change a or b as 2% 1.2%
shown in figure-1

2 | Length of vertical curve L; or L; for 90m 300m
each 1% grade change

3 Distance (D) between two successive 75*(a+b) m 300*(a+b)
points of grade intersections

Figure -1
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Py

. e

0 AL gl Al (gl FAA 2 s ) s

A8 0.6% 2 (Do SisaS A)y 0.5% 2 fe ssi) ok Jy S 2 (Sl G s 2 1dben]
3 5l sk 5LV S asae 2 plias o OOhe (SIS A )5 0.4% 2 Le sl o Dl (K9S
iy Sl ay Olase (loa gl Al g S g alald Fie g gl st s e

o s 1S 4y 43 JSI S )5y 1da
a=x-y=0.5-(-0.6) =1.1% b=y-z=-0.6-(+0.4) =-1% or 1%
L;=300*1.1=330m L,=300*1=300m  D=300*(1.1+1) =630m
45 0.5% Lus) (SisaS 48% 0.5%¢ S9saS A)s 1.4% > dlis n s s 2 dha 22
S S My alald 7ie 1553 5l Jsha 5LV S Gasee 363 (Sl Ble Sk (SSsas
(R R Sy gs Ul (e aS
Ja
a=x-y=1.4-(-0.5) =1.9% b=y-z=-0.5-(+0.5) =-1% or 1%
L1=90*1.9=171m L,=90*1=90m D=75*(1.9+1)=217.5m

S e Al g o) odsd ¢ oY b oA 2 ankiu ali dae (51 Sdndan 4l giaa
Adeosd b de Bl e s 2 S J5S05 S Sfbl 4 ) 3 sl
300m S Instrumental runway 4 o=_e bsisa 5 )l [CAO 2 .5 p ks 438 51 S s 4
Jss Esl D2 5l 150m ool lawe (2l sa Js9 Cs) B¢ A 2 (S non-instrumental runway 4 )
& 5 60m S sisaladl 4 HhlA 4y Balial 3 2l Jsh g5 2.0 LSG 78m ool Gl s

SIS Y gasd S ds ks
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Runway safety area
60m shoulder 60m

structural pavement /Z

?

extended runway shoulder extended runway
safety area safety area

ag s sl aig adalyopm 5 b2 ) G sty Jad Al 4 i) o 4 Alald A o
3 sk 3 o3l taxiway 4 L ) SV LUl 4 o e 51 Gl 3 SSw e A ) e Sy Alals
(60 S sl s bl 52 (5,1l [CAO 2 o (522,598 Jspd had e aliald aca o 5l glal

3 SoA 4l e gl )l 4 3m e 4y 5990903 (S sigilae () ga J99 Col Be A4y )
(5 asta (S alald o il 4y (ol 3 55

2ab WS Gl WS el 4 2m 3 hdi s e dy 5580933 (S gigilae s Js0 ESID 4 :Y
5 Juls (S ablald o il 4y lasi 2 5 5

odsd 2 A gh oV gl aa 43X Jsaa Al (mge 650 A0 e ) paoe s 2
o el o) (A (A 24AR bl (68 w3 5 3 (> xS JSG a4 1531 ICAO 2 ol
wooe A5 adm e (SAA g sl g (S Olae (e Ay b aidl 55 75m b
e 423 2L (63 (558 S 2.5% 438 (o> 5 Y 43R 5 L5 4l A0 s O ) 4ak Ol

ol

S PG a4 A s Ly ) AAR 5% das

Prepared by : Muhammad Yaqub Page 20



ketabton.com - The Digital Library

Transportation-1

Runway Cross Section In Filling

10.5 L Foo zZasn 2250 L Fo0 10.5 e
P¥—remed pormen + Feurar = t Shoulder § graded porton 3
¥ ¥ = + + )

¥
=+

= ‘Eﬂ-ﬁ 709 2290 2290 F00 . pan
. gra porbon shoulder 7 =i iy * shoulder 7 Qr portron
g ++ + +

Sy By
E

Taxiway

terminal 433 54 4 aJ\:\L = 0ala AA;:LJ ‘_A.a\ D2 (622 02 4Ry dad g3 |anding area 2 1a
S Jsy il G LA sal s area

Geometric standards for taxiway 4y ke A taxiway o
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ARSI U L_A).Lué\jd‘.)_j\ taxiway A5l uasi iy jalie _wois 46) 52 (5 ST 0
A taxiway 2 gase ke bsias gl gu gl 2w (i jealald By 2yt Jwe
uae

sulaly 043 5y ) apron 2 Glsay sl taxiway 2length of taxiway ) s2.s) (6 5SS
A 5l e sS0 (Msayo) Guxe oS taxiway 2 A o) s lald ey gig 343X aa Al
daliald aco oy Hhla 4 (5 5ide 2 43R o jeae Gl )2 90l se SOl 3 A (5 98 JSB g0 43 | A
S sy AaS p2a i (ISl

Cely Caan 3 5l ge Sl 3 Oe s @l ilongitudinal gradient oS sk
(6 695 JSG J e Y 43 OMae A oha Taxiway 2 1530 13 ICAO 2 A8

For Aand B types of airport. ................. 1.5%

For C, D and E types of airport............... 3%

sk 2 4lals 3 xRate of change of longitudinal gradient <l_sd (Sae (J sk o
S8 OBae Ik 0 (S (Y S Gages 02,5 30M S o ilie ddauly 4y il i 3 (Ol
03 (5 9% JSG owld ) 53T (5510 [CAOD 2 (S sisilame (ol 98 gdlise 4y o jil

For A, B and C types of airport...1% For D and E types of airport....1.2%

22 ASA 5 55 oS e sl taxiway 4 o> sSSiisight of distance Alald wo o
Y i Qs Jeo 1Y 4y Lald acn ) Al (5 ) [CAO 2, 82 JBQ A5 50, o alald

195m 4l ab adadi o g3 £ &5 5l 43 2.1m 2 e 4 Taxiway 2 ool sisilae it Ja B 0 A 32D
o Sy adl Lald g )

.2 U2 300m s 3m Al 4ea 6 JU g silae 8 E ol DeC Y
ek g4 e oS Glald s 36l Taxiway 2 S o0l FAA 4 52

=e 4 taxiway ool sfiews 552 el SL 2 itransverse gradient (e (o e
03 (AU uly J8G palae) 4 slal ICAOR o)l Ml a2 3 a8 S5 Jae

For A, Band Ctypes of airport.................. 1.5%

For D and E types of airport. .............. 2%

runway 2 >hb Gl Gea taxiway 2 S Gl a8 4 4SiTurning radius glad su gl o
634 oo e g sl g o bk (2 DR 45 60 55 S I taxiway ok Ji 4 43R
SV S
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L;):\Sml;.adﬁdm‘ﬁ@tumq‘ﬁd)ﬁdﬁJJtuaﬁﬁ@a‘ﬁﬁwG.UJLS\JGS
R=V?/ (125f)

oS Js 013 dsvple 4 (2 2 i

KAk A N
L 4 AXIWAYT
KA

o~ ) o, T — o
| " K
2
[ \ =
[ (i) ~
| | b RUNWAY ¢

sl Y J e Y 443X e 3 Horonjeff 2 glad (Y S a6 )l 34l supersonic 2

R=(0.388W?)/ (0.5T-S) . .o oo veeeenns HORONJEFF’S EQUATION

o o2 aliald Zia j 5 L ) A 3 ool a We glad (Y S B8 O R (S Jse)ld 5 4y
» Main gear spacing > o3 4lald bl o &xia iy (UG 2 Sealy 455 aawheel base
L) L 180m b o S la plad gigdge i 050 43 )0 4,53 Lase Taxiway 2 T S Jb
(S sigllie oY 4y asd sl AT Cual ) gyl y 50 A o (A
533 bl 3 ¢ wheel base=30m bk 348 5 S oy glad a5l 3 taxiway s o (Jbe-1
u=e taxiway 25! 50kmph <o e (S Y€ 4 ¢ g5 bm (2 Adald Jla e Al sl
(5 f=0.13 .5522.5m
Ja
R1=V?/ (125f) =50%/ (125*0.13)=2500/16.25=153.85m
R,= (0.388W?2)/ (0.5T-S) = (0.388*30?) / (0.5*22.5-6) =349.2/2.25=155.2m
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R3=180m
.95 A%) R=180m 43X slsi a4l &

Ce g 50 3 2 (S Gjpa 4 4 o S ddae plad 00 0 taxiway e 2 (Jbe-2
3 UJ9 B Ol 2l 51 9.6m (2 Alald Sla e ol 2 cwheel base=30m « 60kmph

Ja
R=V?/ (125*f) =60%/ (125*0.13) =221.54m
R=(0.388*W?) / (0.5T-S) = (0.388*30?) / (0.5*22.5-9.6) =211.64m
R=180m
oS Joi laas plad Y S 245K 5552 221.54m 22 4 (S dsia

G )R 62 .S Uae taxiway 2 4l 4 s awidth of taxiway o=_e taxiway 2
Yo ek aa il e Y4 gy o) (62 oS e g )bk 2 AL taxiwaya o>
oS Jai oS n04ll 4 runway 2 e taxiway 2 4SS 55 S5 ES ja daa 4y R )

L~ | ]

le—c—>] ¢ le—c—>
Tm

I: W >

(6 s S o Y 4 Al g 530 Glaw (4 3 e Taxiway 2 13 s ICAO 2

For A and B types of airport . ........ 22.5m
For Ctypeofairport............... 15.0m
For Dtype ofairport............... 9.9m
For Etype ofairport............... 7.5m

203 (5 3 Ja g ahalla oiaje Aa g e g taxiway 2 S G Y 4y
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Taxiway Cross

Section In Filling

154

—_—

=

Airport Pavement Design ! Jsd 938k 3 (laua ) 98 2

ATl o (62 S A8 Al oadan Adidy el 5 gy 3 Caaa 43R () o 4l Slaaka 3 lase (lga 2
LGl 3 Dbl 4y shati a0 Cliiha Glase () 0 A8 6 b oS A sl

Dhdia 4l 5l S iy 3 subgrade 2 o S Ju Jb s 4 dse el 4 b S e (o)
b )4aas

i oAl Jhabis e s 2 i dsalsde e ab gen Wb 4d e sl Y
(o JSU 5 0 1l S 4y Al Cadliia ik 5 8 0

(SS Al s sl 4 S sl s (o e Y Wae s o s bk Y

4 4z ) 550y dadan s 5 (S anse 8 4 dS 20 )L sad Sl oS 43S 3 g bk o F
) Gl Ol (2l 4 s 4 S Ay bk o s L

oy il e sl & Gald Gl e ol Jadan ol gpronse taxiwaye runway 2 Olae (ol 2
2,03 (5 pd 4isay 48R 55 0 Al (o S e pu i sk R4 (e Sl 3 Olae () 2 S
6 50 090 4 Ol lawe (8 3 Al gale Sladals

Rigid Pavement <au :Flexible Pavement 2 elai)l i1

DJ\d)}i}j})}jﬁddﬁy%@ZJ};‘FQ@J\A\SQM@J‘H&\Qﬂ\‘}gg‘}d’u:\bdo‘dﬁ.ﬂ‘sj\}ﬁ.J

SA

o 3l gy 558 aa s 3 43 Dlue () 2

3 o sa (5 pinda (il 35l 53150 3 ¢ 93 50 (Hlaiala 5

G s Landing area Olaw (2l sd 2 (o U2l A osla aa 2

05 e e il Gl 5l ¢ Al ga g8 o oatl aSd Loyl i a8l (sl& ada gy je
83 g Jlaxinl 2

Sl (e (8 4 (> 0l JLa b o

(e ) g ) Jada o

o 5l g ol s Sl 5l sh o
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Design factors 435 358 (pl 39 2

@%MJ:‘U&JQ‘)L_\Q@G‘)Sc“g\c;‘)ﬁjjj‘))ﬁa‘).ﬁgiyJQA&'A}SG,\LJQ\J:\A@\}A &)
AAA L (sl oy slA S dpal 5 53 5a

) Slials aicharacteristics of construction materials oals$s g3l Aladdlu 3
&P}\sa.ﬂa\ GJ\J@J\AJML}J\}A@MMd}aﬁ;\%&@a@y@kdw\};
Plate bearing testsl CBR 2 sx 43 438 Jlaaiul 3 (SAa 2wl 68 (S dlie 4y gl 1

S )

S 3l ) pee S sl 4 Qi y glh a oA i subgrade soil ouss ey 2
o a Cpald Al sl sl 3 opm e sl Ceslie g 0 (S dlie 4y 550 A B 20, 4A
3 S ) dnan) )l Gl o s)slA 3 S 3 (S ol 4y sl el o sl

AN Js)Glbye pes Cuald acs 65l 3 (S slsil a4y flada gA

20 e 2 adl SOl A a8 ) (b o Dk Gl ol sa wheel load Uk b 2
L 80 5 (55 (s i o 15N silite 4y (b 5 lda 3 5 AS )l s At 4 Ll
oS Jai Db 1aes (Sl e Ay (S a3 6l JusS) aad g Jabaa

Design of flexible pavements ¢pl s silisda elas ) o

) AghaS Joena gt DL g o> o abise am o g ol e Slida e lad )y Gl ol a 2
43 48 )l CBR (California Bearing Ratio) 2 .2 J¥5 25t 4 CBR 2 () s elad )
base: Sub-base 2 s> (& Y S i 39 o Jlaaiul 4y CBR 2.0 68 43 &l ) JIS (533w 1928
CBR 2. Sy 433 48 Jiaie 998 5 s g by 4dgllium culia o)W glak base course !
oy i (S sl Y 4y g 42, (SU a0l Shearing strength Gosls s 2 Gad

REETS

4uld Subgrade 2.5 U5 5%-10% (= 2315 CBR 2 (o> (o5 S Sae€ 4 Al A yin 3
2 .65 6o 20%-50% b (2 531 CBR 2 .S sl ol 4l 4 sub-based o 4iuk 4l
24 5l 65 s 80%-90% 2l 2 03l CBR 2 (o .S Jsa) 4tida Base 2 auly 4l LGk (50
wearing 2 > oS dsal b oo g SO Gllanl 3 (g2l )5 Culda 49 5210 cm 2 4w s
L EN| RO 4 ol a }.’Jj\}):} ‘;\E NP s b > 5l CBR ..ol 4l 4 course
1) FAA (Federal Aviation Administration) 2 > 433 I8 Jiaie g2V 3 Culdia gilaa

oS JSE 52 G el Al

binder course 2 > .S sl (S layers o 52 4 4k wearing course 2 > s s b 4 ab
asphalt wearing 2 4<¥la ple ¢e Jaa & binder course 2 . o2 & e 432 gsphalt !
S ha 4y adanly 4 tack coat 2 Bk o )5 ol ) Jxs (10mm) ube sawe 4adka course

. plleinl emulsified asphalts) cut-backetar S 48k 43 wearing course 2..pla s
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GALIFORNIA BEARING RATIO (CBR)
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CALIFORNIA BEARING RATIO {CBR)
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4 a0l wearing course 2 455l (5 43 4aS 43X 15 cm 4l AlSa Al 4k base 2
3 dala oS Gldin e e 432 design chart 2 4S8 6 .S s 10 em Jse (edac)
S P e Y 43 A, 0 (Y S 5 3 sub-base 2 35 Y S oy bl 4 8 glalAia 0l ) g

& 3ana 5k 348 (5 S (el Gl o gena il 3 Glae (ol ga 3 il o glA b g 4y 1]
SIS Sl 5 e 3 Glae (s 4y ) 55 10% o) CBR 2 A 2 Jiww 3 ¢ 90 tons (s
.55 3000 o)l

3 Qi s Total thickness of flexible layers=21 inches =21*%2.54 ¢cm=53.34cm
10% 95 (2 Al a oot GL ) (1-11) % Cxaldia (5 95 oy LhalA 4 safety 2 Ol usdl corps
53.34*1.1=58.674 cm say 60 cm . gt L)

asphalt wearing course

binder course X}/;//f//?////;//// /;,////;// 4

il

VNV VVVVVVVVVVVYVYY

'vvvvvvvvvvvvvvvvvv 20 6o
VVVVVVVVVVVVVYVYVVVVY _l
1

base course

[(VVVVVVVVVVVVVVVVVYV

sub-base ! C‘?}@%Q@Q@Q@Q@Q W
[ [ L e Tt

sub-grade
fig 5-1 flexible pavement

ol Culdiin (o od a3 (S 4 4y sigaed 2ol ik 3 gpron ) taxiway ¢ s 2
.65 0.7%60=42 cm & .s9S Js85 07T

Design of Rigid Pavements () 3 sl gid o

) Ceglie Gl ali 4y gl elad )l o s e 43R 5 SO RCC A lida J g0 420
428 4 o) 6.8 s sub-base b Sub grade 4 s ool lida Jso0 RCC 2. G gl
4y 45, pllaninl 45 4da base course 3 S sk Js3 62 4 S Jeal Al g SAS Al o
4aS 43432 10cm A Al D) g Fan 4y a8 Lu (5940 a8 Gy e ol sub-base 2 (S gls o
Aanlae o ED o 4 > 0D 2 el S Glow 4 sl a0 8 4 Jlesdul bl
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@u\;aé\)ﬁ@aé@h&dﬁﬁﬁwdhd}i\Jﬁaﬁ\d}gé\.ﬁdqﬁ‘)}diﬁ
.68
Y gl el 3 )y (b A S A il adanl g 4y slal e Y 2 Glaids S Gl
3 dreaid 3 adan Jgm o) By ol o o) JSE e ala o i 4y QDA & A sagi 0 A
62 Cobe sl e il Jgg aea adail g4y 58yl (g0 Wy | JSG et i o i 4y DA
- a4l

1: FAA (federal aviation administration) method

2: Method based on Westergaard’s analysis

3: PCA (Portland Cement Association) method
J g FAA 2

S Al 0 g0 (5 9d sl s elal 4 s a3 21 5A1 5 ) Federal aviation organization 2
3 sis)ls A 2 ) Cwlaa o sileda 3 ¢ CBR ¢ subgrade modulus 2«05 sobh (Js 2
iaie dbsi e 3 (L6 Gsd e S Faie sl A8 S AAR gl ) sdga ge 3 e 8 5l
S sl Y Qi o sane b SAu 2438

0.125 s adag pe (2 slsa))s4n (o2 020l LS L (5 88 (53 e 428 3 Subgrade modulus 2
K=P/0.125 (Kg/cm3) s s P )L asae 4S8 | 5 uS Jagd o4 K 2. Sy S i cm
Jsa) cu SO w4l sub-base 2 5l .S Jsal 43 4da base 3 (S lida Jgo 483 45,548
S Ml ) 45000 (2 Fe s ) S Gl o S16S )5 4 Gl a3 QSIS (o A A S
O0? SWisbs b jointconstruction 43 clu g ySAS 3 Hhald 4y (5 gaide 3 539550 £ 248K 5
S9S JS )5 (S alald o jlail 43 15-25 feeta H0 48 (508 Jasin pald 4

Slhas o golleinl (S 4 Glas (#3-#6) > 65 6in s ol 4 Guldia Gl (B SAK o
sl adl S S urigid pavement4s (= ) e

35Sy Culaia 6 SUS PCC 2 )5 (2 4l

oy Jpadl 4y (S AR 4y S o 3 Yl Sl 4 Jobl 30 sl g s ik g )4 e 4y
F e e ol Jaos 4 ik Glawe (lsa o Sowa a5l b g al sl
R i R R PR SRRt LT AT B RN

23 Jg0 1Y 4y (aie FAA 2
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5100000 Ib (s b s 52 2 4S sasubgrade modulus 100 1b./in® Goss 65 2 :JGa
a5 S aslae Culiia B (A3 Glase ()2 0 5565 6000 45550 SIS Olase ()8 4y )
S Jlaninl (5 ) Sl 350 (o cu NS

2 Sl 350 Jsl tensile strength=7.5(F c)Y2ea 558 law Cuaglia Q088 i SIS o Jghida
958 )y Cuaglia (JEES 3 (ug) 350/0.07=5000psi 55 4mia 4lpsi

= 3 ) Tensile strength=7.5(F'c) /2 =7.5%(5000)*?=7.5*70.71=530 psi
total thickness=11linches 2. 555 Iy Culain 48 3433 6l S 43 )5 243 4368l S gl H g

a sub-base o)l 4 15cm 2 4l subgrade 211%*2.54=27.94cm say 30cm >
S IR 2 4 asd g eal dids g OIS 0 Al 2 saily 4xa 4 Ly ) g slleatil

Rigid wearing course

/ N
30

L //

PO ZOZOFOTOTOTOSTOS

:%%%T ||;|||

sub grade

base course

fig 5-2 Rigid pavement

QAR $ S A Eel ) (S Aais) 5l S Rkl (S A g4y a0 G SIS s )l s
S Gl e 2em (25580 45000 St 4 5 ablald 6m
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l-—  s00 Alk 5 00 alkb_ug T ) T ) Alk 5D
4 ]
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311

Design of overlay pavements Ol e slsllenio) i Laauld ada 5600

Al aly Al aa 3 5 Al A S L s 4 A ol Glaw lea 3 Ak sdgase o aS
G S YA a4 J S )5 e A ahha 635 e 59 L pllenial

G agibba @b bl S hasalpe il cdy modibh sh)gnacon S o
oS dsa) e Hsi b A a4y B Gh Al A (SO pad oS

S Copady by 2 Ll s ol sy s gsn o) Db asle s (e lp 54S e
Ui B 40 ahu edsnge aa (S s g3 4y gy Gy a8 bk (S, b
oS dsS)s

Aisds 4l ad a5 5343 6 UG JS B dakan (a2 Hhla 4 Ll giac 0 4lSaS e
(S o lie Cualiia (ka3 G168 55 Gy 3 OV A oS I (S ki 4

Cldcn ol @

Gopls Ol I 4 Ol e

Culld By 3 subgrade 2 @

A s saY 4oso o rigid overlay sl flexible overlay s o2 493 553 43 4ida (5 g3 2
Design of flexible overlayo) s (s o3 ) 2

@M\p}dﬁdgﬁd\&m\Lgmgmscgsjgaﬁgqm%@u&@qﬁs&laaa
j\7_5cmmts..auﬁgac;}n\jsjd)\a\aFAAqu)jusgﬁGcL;zJ\u@Lu‘scL;s)\dﬁ
236 S Jod Jg9 sl 4 10 cm Cxldam 423 6 yiadl corps 2

Design of rigid overlay ¢ s (s Sdow

o34y (s Odn aS (g€ Jaal daul dabh ol ) ag by o) Al atii aly 4y alS aa gy CA
4125 cm Celaia o siliadl CORPS 2 5l ol FAA 258 sgpd )y e sl adha clad )
©2 S Jsd Js0 sl

Ay Jgo a¥ 4 o Gudia o geals ol alda add Al 4y (i Cdw s o s ) 5 4AS
hc=(h1'4-C*he1'4)1/1'4 or hc={h2'C*(he)2}1/2}JJ\J

Hc- thickness of overlay slab
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He-thickness of existing rigid pavement
h- Computed rigid thickness based on modified loading and subgrade condition

C-coefficient depending on condition of existing pavement. the value of C is taken
1 for existing pavement thickness in good condition, 0.75 for existing pavement
with initial corner cracks due to loading but no progressive cracks

And 0.35 for existing pavement badly cracked or crushed.

25 Do 434S 0 IS i Gk s 20em 4as 4 sl o sS85 ) s o -l
Gy 480 Al Qi s e i 4 50 gsal 5 e )5 sl G Culaia 10em o Ui (2
S Glls s 4y aih o (21 Ges B8 (S S s 050 4y Qi 42 (25 Jleriil

(S5 B o S (S b)) Sy @lla )5S 4 aih s e (ah At 50 5

oS st c=1 s Alla as g abh s sase a2 Jsl ida
He={h?%-C*(he)?}*? ={20%-1(10)3}"?=..... ... 14.23cm
he=(h'4-C*hel4)=(20%4-1*%10%4) Y2 4=, . ... ...... 17.32 say 18cm
The maximum is chosen so required overlay is = 18cm

S D a (6249 S o Sl (S 4y 450 o S 5l (55 s 4al s o o Ak 00 g e (5 4S
$ S Js0 C=0.35

He={h?-C*(he)?}*/? ={20%-0.35(10)3}*?=........ 18.07cm
he=(h4-C*hel4)Y14=(202-0.35%10%4)Y4=, ... ....... 19.1 say 20cm
Airport drainage 4w s 2 433 (laa o 5A 2

AL e se ) (380 Glae (2l sr 3 (> A 63 age o ol Ul (ol s i) SIDL 2
_Ls‘.):_\n.Aaiu\bJ@M&dMYWJ@L&Jﬁ}‘MQﬁJG&

G A 48y 5 (55 40 maia i Ty sl AV (adaw 0 Glae (e 3 5 aS )
2 5l S settlement A&k i o (S Aaili 4y g5 odal 4ra 5l gopldla 43 Bda g 3 law
o> adie Al (Soagenldy ol oS o0 il & 5 sege 3 Olase ol s

Qﬁéﬁﬁj\ﬁéﬂ‘\;’taXiwayj‘ runwayJﬁgjﬁmjdeﬁuy@he}ﬁj\@kuadﬁé:Y
CsS i (S S A o) ala 4 )b o s (A S s saS

) o e Glase (ol s 3 i 4 STl g a9l 3T

(69 pge 3 pln 483 o)l 1 oS IS Ja ghae gl A 5 bk o F
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(638 Lo pan Gl je ) Jada 0 lase (o 58 3 Al 42370

J%M\J}J%J@d%bﬁ)}&ijmﬁd}d)ﬁ‘gﬁawdﬁ@ﬂeﬁ:}uﬁdﬂ\s:?

S S os 4o Jal (S 4
Functions of Airport Drainage <alia 5 (said iy sl 3 Olae () 98 2
S dow S DB e al o sila s (550 Y 2 e Sl s sl

S8l 4 Ole 80 o sl g ) Ao ) adau Sl 1A LS S Glae ol 2 e
SRR G ) (S

Gosm e olae JhA gl oV (Sl 3 b b Jile b water level Ol (lsp 2 e
(A0 A 4AR gl Al Qb dad o) Y (Sl 0 ey il

Add abubaed e s 3 dS 6 sl Sboemsitia e

Sl s (bl a3 (Hhan g sa9) 3 Olase (2l 8 2
Basic requirements of airport drainage system
S Ao 3V 4 (2 60 Tl s b g ) (enlsl ) SIR Gl 3 (s sl 3 Glae () 8 2

o> A8 by o)l (Sl el il o s o) 3438 (e ol 8 2icapacity <)k -)
e Lol 5 )50 sl siSad ) (Lo

2 b adesw iy gl o iFuture Expansion <sLiSSl (law (lea 2 (S Sdy ol )l Y
4 5200 D sigiyg e dAlug g D .69 G (el el 4 (g 0 g glald ol Sl
e 40 Y Adie e gl g 0l 3 (S G sa

b > ke ol Al Ads g 3 g6l 2'Rapid Drainage Jiws ss) 2 6w (5 308 4=V
S JUE g ) (048R Gl (ol 3 ) 5 S A1) H5 4

G s S b s se ol b ) s Caelie SIS Al Gl sl s o gl 5 iStrength e slie-¥
i i Al bl oy s )l Jba bbby 2

K

Surface drainage Jiws s (a3

D> o Pl sl aes (SRS 0y gl e d SR 2G4 GIL Ll A
S aps ool (B Gl 65 2 Vsama s ysls 5l Ok (63 G yige) Jiu) (2 43R Hlae (ol e
Jpr b A o5 0L eyl Judiae ol el o 3 (o (min oS a0 (ol S sy W
A Ok dubise Celuo 2 (o il 0 o) sl g 3 sas) 428 3 aligs sl s 515l 3 Olase (o 5

Nl aily 45530 sie ady s ol sl g 0 gl (oadan 3 4R (lae (ol a0 AT AV 43K 00 )
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Al s sl sk 3:Objectives of surface drainage 458 slicng 3 gl Ao 2
c e S ey bl d Y Al

s sl JSS (sale 43438 Glae () 8 0 (S puge 8 4 Al alen STl i) (eadan )

AS 5y ailyaas e alielal gl 5ed sl el sl 3 o (S D) s 4y siglgh oY
s i 8l 3 a2 jea Ay ald b Al 480 anl A Glae ol 6 )il Al gk o
(S0 oS Dl Ll 55l 5k

G > b Aa sk il Al (ol Al 480 (o o)L Sl o) Gy sl (S0 Y
o alls d ol A s oS oy Sl S

s Y2 505 LA a0 s (Sl 4y (S (Sl 4y o 65 sl 4a sk uly Al s 42 ¥
(63 OB &S ) (2 il jard

A (S by 4y aam a5 25 Ok > A5 Time of concentration <ay gulgi 3 g9l 2
3l 0 A ALy Gy A s abie) Cdy g ) sl ded A 4y ) (S S e S
44l 4 time of flow ' time of entry o> 2 g9 033 43 Gd g sl gd 3 (6l 4l 49 O3 g

BT

DR A ey s S 4 AT b sl s 34l G A o 3 a5 4381 Time of entry
Lioyd-.sd AU Jgo a4 gslale sl Gdgaca sl o) o Gy anb 4 (S
Metcalf and Eddy¢ (23 883 2-5 G g 465 Hornere (o 883 1-3 <A g 420 davies
4 A AU e 88 7-15 Giag 42 Applebys) 2 SU o 883 3-20 Gd g 4aed

23 55 Jagh 48B3 0 9y (S Jsb 6m 2 4 o)l Gl o9l disy 0 0 a5 423 J 50 (Jsane

F b e den ) 0L S 04 e > ¢ @i 4aa b Time of flow
S ebel 4204y 5 G J ebie) 4 (S Al 5l S8 sl sl Gk o e 4lS @ le
dalae aa oo iV 44 Gl g aed 40 a5 b 4l 4 time of flow 2 i sugr o 5

s Y S

Time of flow= distance to be traveled / velocity of flow
b 44l 43 time of concentration 2 4c gense gigiag 9 )90 €33 o

3 b 3 4 ass La oL aadau o 40 (> 4 iestimating runoff (sedS gug 2
oﬁs..gd\_u\ u\)\.ﬁ.JL;;‘\.;.L:MA.GJG;dﬂﬁ\Jéﬁbeoﬁ@wdm‘gP@@\ﬂ
Ay A2 e g gl ) o s b 4l 4 catchment area @ S ) &

oS sl Ay Jga gai¥ 4 (S Oa

Q=KAIR
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Jhad i by oper Sl 4 Cdg 0 e o)l gl 55l el ) 2 QS Jse b A 4
GoS Uasaia on 4 (2 4l (o 60 Calue alu G 3 A G m¥fsec @ s > S
B e 2 Al adag e 3| g2 Y8 o aaly s ()543 )5 a8 Catchment area b i )
Gl 5 K sl oS ol aal s 40 mm/h 2 o3 62 @l 53553 O AR (62 i 5 s

C oS daulae uld a3 2

Q=10000A*1*(1/1000)*(1/3600)*R=AIR/360. . . ... (m3/sec)
958 oaldin) 43X J ga 38 Q=AIR/360 2 o)L 1S Jam 3 Hlaie 3 o 55 1/360 S k D 5

438 Joan oy o (Sl a4y o9y oadan 3 a6 Gupa s g8 QB (g e 2
g@%\pdﬁ)gsﬁﬁéa}\aﬁam@g&}sﬁ)ﬂ:g}'saﬁucﬁédiﬁwb

N B TR T L BT DN WL P SU R U R S OR PYR L N a3¢ @2¢ ap oy b )
=5 ai/A 955 an

R=(25.4a)/(t+b) 2 <l R 2,08 o)l aal s 4 (mm/h)2 a 02 ol Cad ol )b AKX 2R
Lsd‘_ésudj.gtsdj\}[dﬁ&)\jju_ab mal&ﬁf\qﬁj@b}\aqébm‘y&dﬁjé

$1a=30 ool t=(5-20)min 2 > w2 2l Gl b sl gyl 6 DAy su sl 2 OIL D Gl t 0
82 655 s b=20 3 a=40 W t=(20-100)min 2 s <2 b=10

oS st (S o4y s oW (S ol o4 e 210l 329 sewer 2
G s Ak (Sdale ara 4y (o2 4e S Jy e ASadio sy s 28 30 sewers 2 1)

gl Cmpa g (A R gia (Sl 3 b g5 ol )L d ¢ Gy sy 530 )0 sewer Y
oS danlaa gl )5

423 (63 s 9 J g 0.75m/secie pu 4xa 2. J S A5 Fal ) Cie o clie o 3 3 S sewer 43V
Culia 093 3 (o (bl 4 Jgald 2 Sl 0 (2 6ol a8 4ali 4y Ce s self cleaning © e
self a8 (o> 2 4l 4 jia 0.7-0.9 2 Ce ju 420 (58S 43 Fal )y opm SIS )5 4 dwe Jsh

2 non scouring & slcleaning

Soplala 43 Jga )8 g2 3 Cialisa C'L‘s‘s"")“ 2 sewer ¥
Quantity of sewage= area of sewer* velocity of flow

65 10min 2 35 5252 Ok 2 > S Glwe oW Calis10 hectares 2 sewer s :Jbe
S8 e Syl ahada 5900 sewer 55 0.75 (2 i s A L Al )
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R=25.4*%a/ (t+b) for t=10min a=30 b=10 R=25.4*30/(10+10)=38.1mm/h
Q=AIR/360=10*0.75*38.1 /360 =0.79375 say 0.8m>/sec

A=Q*V=0.8*0.75=0.6m? let radius or sewer should be R A=Mr?> R=0.5047m
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