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AIRPORT ENGINECRING

AIRPORT

-3t is an area which is to be
teqularly wsed for landing and +ake
off of aircraft.

"3t is provided with all +he pueilities
for shelfer, wepair of airemft and for
passengers ard cargo.

“These can be classified as follows—

which can handle
more +han 10000 Passqum.

Which can handle

Less +han 10000 pascerigers.

This clagsification is on the
basis of length of Yorway, where Atype
airport has the longest Yunway and € type
has +he shortest.

“This clagsification is
on the basis eswL (ie equivalent Single
wheel load) and tyre pressvre when
airport 1tepresents maximom eswL and
ytepresswe and # teprente winimum €5t
and pressure.

03
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() Flewp LeNGTH

e

—An_aircraft is rcquired o damcifé
the field Length vequired for following
cses ;-

()70 Complele o toke off & l0-5m
altitude with all ergines operaling.

()0 Complete o toke off to l0sm
altitvde with an engine failure at a
entical point.

iri) To Stop alter aborting o toke off
with an engine failure at the same
cHitical point.

(V) To stop alter landing from a Lit of

18m.

() WINGS

The purpose of aircraft wing is o Support
the aivcraft in the aiv.

FL=£\H— 1'Dm = F‘R (oS

(¢) THRee CONTROLS : Koling, PITCHING,
YAWNING.
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~Tomin the aircraft about
Longitudinal axis is termed as

ROLLING MOTION.
-9t is controlled LSirg AILERON.

=Torning of +he aitcraft aboot
laleral axis is tenvied as
ATCHING  MOTION.

-3t is controlled vsing elevator.

“Toming of the aircraft about
g/vehical axis is fermed as
YAMONING MOTION.

=9t is conlolled sing Ruooer

TThe wain bocly of w’rcraf |
which consist of fuel, passenger
tockpit, Largo ele. is bermed B

fustloge.

taxiway,
Loadl'qj’ POS
kurnifig radive is chuirecl.

-for dea‘dn;gg the radivs of
ifon of aircraft ok
ron and hangay, min

~The min radivs with which
the qireraft can take tum in

space.

-3t depends on type of aincraft, air
traffic volume a.ndofweaHnagr

Condition.

(i) Grovnd Speed [crusing Speed @ 3t
Ls aircraft speed wrt ground when
airuoft is in aiv at I& maximum

Epud.
(ii) PR Speep - 3t is airraft Speecl

wrl wind. e

(a) Empty operating weight © 3t is
the cofmyfc?npt wc?j hte%(» cu'rcmft.

w)z;;p fuel w}:n,‘_qht.' Jt is emply
opuraling weight + Maximum
i or.

L08



(¢) Maximum take Off eight @ It
(s emply Opurahing weight -+ combin-
ation o payload and fuel.

(d) Maximum Landlpg weight - 3t is
maximum tnke off weight - weight
of fuel burned dun’tjg fb’jht.

(€) Maximum ramp weight : b 1s
moximvm take Off weight + weight

Of fud l’equf\’ed for taxing,
¥ AIRPORT PLANNING

i) Aivport use - Gullian or wilitary
vse.

Lii) proximidy to other airports * Mo
inferfeence in landing and take
Off -

lii) Topography  Raised grovnd.

(iv) Obstruckion and visibility . 3
Should be leadt and maxinmum

e
B
3 & e

18 .'vdy.

(v) Wind ¢ Ronway s oviented
duch that landing and Yake off
is done by heading info the wind.

(vi) Noise - 3t mugt be Yom
vesidential c\oudoy:rwf:nt(']fm'H f

(vii? Drainade and SO\l properties
Natural drainage wi hn’ghly
permmblz 3oil .

wiii) Future development Stope
for additional Yonway and
fmflih'es.

4 AIRPORT OBSTRUCTION AND

to prevent future development
Obstvuctiong &Um vidnill?/P of aj?;f?o-

+t and +umigg and ‘take otf

1) rporf. 05



-Obshvuction o saft air navigation
are broadly divided inbo 4wo

(a) Object protudu'rg above certain
imoginary durface.

7 Dbleu“ exceeding their limiting
height above the"ground Surface
in"appreach gpne and tomimg zor

—following are the different omp-
onenfe Of imaginary Surface.

9t is established beyond end of
twnway O dearway for each s
~ unway direchion.

5t is establiched from the smaller
end of the runway strip for each
wrway direckion.

—over this area, the aiveraft can
safely loose or gain alilbude.

—The whole of this area has o
be kept free of obgtruction using
3oni_ry Lawe.

Runisay T K Wa
W,

Type of Runway |,

Tndrvmental
Runway

300m [ 525 | 4S0m)

Non-Inghvumenlal| 1Isom |230m | 600m
Kumwo,y

Small Ingtrwmen-| 1M 195 (300 m
tal yunway

Nole 1.° Here inghrumental vonway
is equipped with devices permitting
the landing vnder condikions of
poor visibility.

Nofe2: Hexe, the Saner Mot portion
of approath 3pne, which is the
wiod” Crikical Porkion form obghruckion

poirt of view is Known as CLeaR
ZONE.

% is the surface lowded in o
horigontal plane above on AERODROME
and its Surrovnding.

3t exdende vpwards and ovbwardg
from the periphery of MS. o




It is a gurface along the soil of the
Stip and port o the Side of appre-
ach svrface Fhat slopes vpwards
and ovkwards 1o the (us.

% is a drelar Surface in plan
with centre locafe at e and

Wwith hgighf of ISowm.

4 RUNwAY DESIGN

~9n order o design the runway, iks
first fixed. J ay

- Rumoay (s vsvally onenled in

the dirzchion of prewiling wind
i« the direchon of wind opposite
to the direchion of landing and

s

ke i —

“The head wind provide greafer
Ut foree on the wing of aireraft
when it is toKing off and also
provides breaking”efect to the
airraft $o that waway length
tequired s ess.

-3t is nol possible to oblaih the
diveckion of centval line of Yonway

«H'motyh ot the ‘year.

-% the direckion of wind is at an
le (& o the rumway cenfire, ifs
tofmponerit alorg the  direcHon of
tonuay (veose) i fermed  Mead wino
COMPONENT and i€ component normal

‘o the cerilval \ine of ronway (v oss)

is fermied CROSS WIND componen T, Which
intrupt in Safe landfgg and Yake off
opcrah'om.

—de permissiable limit are as follows

Small Rircrapt \S
Mixed Pircraft 95
B1g Aircraft 33

Rk

~ Heae the /- Of line in a h
dvring which cross wind component

i within permissible Limit ag Specis




pied above is called WIND COVERAGE.

~“Actording to FAA, Tunway landing
mixed air traffic shovld be planned
that wind coverage is 957 and
permisgible cross wind Component Should

ot exceed ZSkab.

2 LWIND_ROSE

“The graphical vepresentation of
wind dakd ic DIRECTION, DVRATION,
TuTeNSITY 18 called winp ROSE .

~The wind dala of alleast five yeas
and preftrable of l0years Shovld be
considered while designing the ajrport.

~Wind roge is wsed for ovientakion
~of ronway.

- Wind voee can be plamred in dwo
woyg

—Here the vadical lines indicdle the
wind direckion and each circle

Tepresents the dvrdtion of wind.

—The beet direckion of runway is
alorg the direction of longest Line
on wind Yose.

~Cach cirde represents the wind
infensity, vadical Unes veprensents
the direction ond the valves enexed
in each Seqment repregerite the
putentage of +ime in a yeor durin
which cgind blows. J &

4F BASIC RUNWAY LENGTH

~St s the length of Yonway under
the following assumed Condition.

() Airport altitude is at sea level
(A Sea, leve) T=1ST, P-360mm of

hg, fair =1.225 kg/wm” 08
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(b) Tempcmlwc af airport is Standaxd
Lis).

Le) Runway is levelled in longitudinal
divecHon.

(d) No wind is blowiﬁg on TUWaY.
(&) Airport is loaded ils pol capacily.

(f) There is no wind blowing enrouvte

to deglingtion. S

-
o

lg) ¢rvovte Tempurature is Shandard
(15¢),

~The busic ronway Ienjlin is deler-
mined in three following case.

(i) NORMAL LANDING CASE !

— 9 this tase, aircraft shoold come
o Slop within 607 of landing diskance]|
Yunway Ica:glh

(i) NoRMAL TAKE OFF CASE .

—In this case mininum clearw
width shovld be 1SOm and s
be free from obstruetion.

~In this case, basic Tnway le@Hﬂ ﬂ
may congidder clearway or Shopway
or both.

~Sfopway is the area beyond the

27

'runwm/.

28

— 9t i8 mainly vsed to dectlerale
the aiveaft and bring it 1o slop
dun‘gg aborled toke off .

“The Slwyv‘h of Sropway should be

SUHH'U'MT bo carry Weight of airevaft
without” Standard dam%go[fo aircmft.

- the engine. hae folled at speed

less Hhan The designaled engine
failure Speed, airraft is deaccelardted

with 4he use of Stopway.
1570 o digh 45 105 m height (12K olf dich)
: Clecaoy € V3 of Wis digh.

i "osn et

; Lift o} dist:

{f 1S % o GF off dict.
" Dist. 1210-5 height

Longl tudina) Secton

=~

RW\MV Cle Q’Y»ﬂ\/ : Min. (50 m

Plan

Runiay %*P ,,,,,,

T T I T NN FFEFEYN,
60% of londing digtonce
La!\dl'wg das(ﬁllt’&

h

Thug diaamm

i will be above point

iii) Engine {—aiLwc

, Cleownay Should nek be malte
© thon hally tis dighence.

Rmuqy l _‘,.--""—””“/lor.ns }

| e 77777 )
" &hsSkmr

LOD o p C,teama’y >

S
>

Accdevaled Siop Didonce

pa
A

TOD
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—Tn his cage, basic ronway Sang)rh

Moy consider dau/waﬂ Or Blopway
or both.

~Slopway is the area ba/orm)@@e
Koy
—Jt i wainly used to declevale Hhe
aircraft and bring it to stop during
aborfed toke off.

~The Skcngm of ;&J’DFWLL\/ should
be suffidienit o carry weight of
aireraft without Shuttural damaﬂe
to aimm{’d:.

~J the engine has failed of gpeed Jese
than than the de&ijnaTecl engine foilure
Speed, aivernft (s dectleraled with the
_use of Sopway.

¥ CORRECTION ON PASIC RUNWAY
LENGTH

- PAs the elevation increases air
densiby reduces.

—Lift teduee on the wing of aircraft
aircraft vequires grealer grovnd

Speed.

~To achive greater ground gpeed,
longer lmj)h of runway is Yuluired.
(BRL)
~Henee basic rumway length ghould
increase of rake of ¥ per 300m vise
_in elevakion from mqL.

~As airport lemperakure rise, Same ffect
as the vise In elevation of tonway [
Observed -

~ Here airport reftrence lEmperature
(ART) =TH-L(T,T) . Eye

[=]
T, Monthly mean of C\Vf.l;e,:ﬂc chaily
kmperakure of the holiesk month

of ear (0.

To.= Monthly wean of moximum daily
hmpenkore for dhe Same wonth (0).

~tompole the dandard Trpuralive of

. given elevakion (s7e)

" Hee &TE=Tmpcmivn al MSL+ yak
of t\'mﬂc of MPCVLLWV@ x e\evation

Rale of thange of Heighit
kmycmmj J

-6.5C|km <\ km

Longlant” at-56-St 11-20 km
+1C \Icm 20-%). Kk

STE = ART-8TE

~Increase buasic Yonwoy length by 1%
for L'c rise in ART abovee?'(e.

“This cormedion is owplied r BRL
18 been covredled fo?fpglwaf?fﬂt 10



(heel © CombinaHon of correcion
dve 4o elevation and lanpu'a)vn
must ot exceed 3ST. .

—In deeper gradient, to attain the
desired j\’ound Speed \onger length
of ronway i8 mluiw.cl.

~Alter elevalion and Tuszem}we
Corvechion are apph’ed, &RL mugth
be irereased by vate of 201 for every

\ '/ e.@(cﬂive 3md|‘e_n1".
Nofe * &ffedlive gm.clim’r is defined

ad Maximum o\jffmnce in elevation
] behween hijhcsf and lowest boint™ on

womony diided by Yolal length of
‘runway.

Q Length of vunway under
mg:rd Oﬁoncutéoc:zys s 1620m.
The alvpost Sile has an elevation
of 280m. 3f the yequived tempevature
e 32.94C and yurway is to e
consboueled  with effective gradient
of 0Lt “Then detexmine the
covvected Hunuly Length.

Solution — (i)

Covvection fow elevation = #/100 x 1/300
X 220X 1620 = 86.94 m. e

covvected Hunwosy hﬂﬁﬁt =

1620 +86-94 =1306 - F4m.

(i) STE =15-0.0065 x 230 = 13-5C
Increase of ART Over STE=3294-13-5
=19.44¢
Covvection for temperature -
1706.94 X 19.44/100 =33|.82 w.
Convection for length = 1706.94+
23].82.=20%8-76 m
theck, combined covvection 7 <

2038.78-1620 X |0D = 25.85/ <35 /.
1620

35(i|'i) Covpection for Sva.chlcnt =

20 4 0.2 % 2038.F6=81.54 M .
Joo 1

=2120-22 m.

of Year is o.mLyso:cl ag . mean
of moximum claiL\/ l:em]ocmbun

L8 4372, mean of average {

temperotvie 2032, 4ind ART.

Jolitton — ART =Ta+(m-Ta)/3 =20.32
+(43.72-20.32) /3 = 28.12'C.

“Apaxt faom stunwny length Lereval

360th6'b’ PMNVICtCY $ a.L(D -{-oznm& the 11



part of aeometric d.esiﬂn of FUNRY.

() RUNWAY WIDTH

-ICRO Aecommends -the %unwa# width

n nange of I0-45m.
-3t is on the basis of foct +hat

outer engine ghould ot damage
by dut of the Shoulders of soruway.

N
R

D —

37

(b) Width and length of Safety

aea

“width of safely axea is Mol
plus shoulder on either Side of

sunwaly plue the axea that is clemved
qaded and chvained.

-3t is used for eme m
abevaft opemtbonsw.gmy 4

~Fox non- instruament SN0y width
of \S&f&ty/ areq is minimum 150m for

ABC Type of aivcrmft and
D,€ 'bﬂ)&.

[E] A
~“For insbrumental WAy
minimum width is of 300w.

'Lenaﬂ’) of Sa,fcttj aren, is 60m
beyond vunway at both end.

Note :Airpoat clagsification A€
18 on the basis of Wnway Lcrgth

as fouows —

Rixport type A Haxing Lor:gast

Tunway
_ Rivport Type € Howing Showtest
XUﬂh)Ctlj
A%g;.:er Basic Ranpoy fengf () Fondey m}em
Sggis
Makmum | Minimum
A — K100 4s 1-5
2 2099 |56D 45 |5
C (499 96D 50 )} 5
D 899 SO0 | 24| R
£ 49 66D (8 a




(¢) LoNGIDUNAL G-RADIENT
~Move (s the l.onaitudf,ml aicnt
MOYC 18 the wequivement of
FUNWOY lcnjz‘h

For A,B,C Type of CLLYFOb’t 2 197 (may)
D,E Type Of aixport L/ (max)

(p) RATE OF CHANGE. OF LONGITUDINAL
GRADIENT

Fox .8 Type of aixpmt : 017 bex 30m
length.

C type of ajuer*t +0.2/. pex 30m. length
D.E type of avrport 1047 pex 30m length

_,ﬂox A,B,C ‘typc of aiport Mytwo
points which axe *3m” above the
Lugtace of yunway should be
mutually visible fwm a dustance

equal o half of wiway length.

~foy DE tyoe of aL)’POYt any point
3m above yunway and 21 m aboe

unway, shovld be mutially visible
rom distance equol to half o

~Nombex of ‘movements of aixcraft
which an awcwft can handle
Safely within onit time () i
teymed as *AIRPORT CAPACITY
(Hexe movement means La,nchry O¥
take off OP&m:twn)

~Auport opevating capaa"cy
g UPOT)
(o) Number of Tnway, confguw—
atior Of sUNWay and taxinay.
(&) Weather (onditions
(c) Obshvuction neaxby aivpost

(d) Apon/ pazkmg
© Navgwtwn

Nore~5wna factors also vegulates
the ca,paut}/ of wunuay

X¥ (GATE CAPACITY

I

~9t is defined as a p mrkuzq K¢
acyaxzent o the texmi mut

building for leacling and
unloading of passengess, Liggage

or caxgo, mail
~The capacily of gate depends
on —
(a)Type of cu’zrcmft.
(&) Number of passengess, baggage,
mail.

13



() Type of flight (oviginating ox
thvough)

-Gale ca,};auty is qiven by

GC=Min (%"Fr)

6i-Numbexs of gales that can
aecomodade a Pavt:'cular -l:ype

of aixcm{ft.

T -avenge gale Occuparcy time
of an atnft

M; - baction of alscvaft type
aqw‘@g Lexvice.

Tolal mtau'rcmcnt of future gates
ie given b)/=
(Present-2) % tutuve pagsenger o
gafes  Pesent passenger
=[(4x5-2)x3]+2 = (8x3+2

=56

@ find the capacity of 15 gates Hhat
Sexve thvee class of aiveraft

Aivc 7 Miniomom | Averege Oceup-
Class ation time (rm'n)
A 40 25
b 25 L5
C 35 60

Sowmnon — Asuming each 92&5
ic awailable for all avraft

Capacity of all gale:-

0-4x25 + 025 x45+035X60
-0.355 At Min-2.13
=2 Qivenaft / hovr.

H TAXIWAY DESIGN

—Toxiway provides acess to the anveraft
fvom the yunwey T the loading
apron os Seavice hangex and

) back.

Taxiway Lhould be o arvanged
that landed aivernaft, Avring
toing towards apron shovld
not interfere with alveraft

toxing fov take off. .

~Roufe of toxiwey shovkl be
Showlest fsom apwon to VoY

~Taxiway Shovld be located at
vaious points so that landing
auvcvaft leaves e Wnway as
eaxly as possible.

~Thexe should be 1o intexsection
bebween yurway and toxiway.

14



¥ Geomebric design of taxiway

=Since +he peed of aivevaft at
toxiway 1 Much lower than Speed

at yunuuy the design Slandavds
of taxivway axe much Lowex than

aney. .

(o) Lang#v of taxiwgﬂ-' NO
Specipication, but it Shovld as shovt
a< possible.

(b) Width of taxiway © No
&Pﬁu"fu"mbbr), but is in vange of
(#5-22.5)m.

_ ) logitudinal gradient ! for A BC

ype of aiwport}l-ﬁ /.
for C.DE Hype of ausport X 7.

(d) Kafe of change of longitidinal
ient

fov ABC type of angort ‘17 pex Zom.

fox DE dype of aupost 1L pex 3om.

(e) Transverse gmdicnt ‘fox ABXI5.

({)Sight disTance  for ABC Hype of
a’w/;ort, \fuzface Df Taxinay should
be Vigible fxom 2\m haght ab 250
m dichance.

50(3) 'fTJmU;Ig vadivs

~fox tharging the divection of
toxiway hosgontal cone is vequivd.
Radius B is given by,

|

— 2

Rt s
R= Radive (m)
v-sped(kmph)  F-0.

f - Laforal transvere friction
—for lage Subsonic. avevaft

minimvm R=120m.

Svpexgonic AL Minimum K= 80m
—Radiug of taxiway should also be
provided such that the distance of
the main gear exbeme tyse is not
less than 6'm fvom the pavement
edge and can be compuled as

[

K=0.58 W*

0.
=9

w=wheel bage of aim*aft (m)
T=Width of ‘taxiwcy (w)
$=Distance between” mic point 45




O{ the wain gear and c@c
of tax:wouy

~Radivs of taxiway me'clecl i¢
geealer of AB and min specified
valve.

R. A taxiway 1s t be designed for

opevabing aivevaft having following
Chaxacterstics

wheel base =18m
Tocad of main landing gear=6-62m

TToming speed =40 Kmph
-{— =013

T=22.5
Solution— R=v* -(40)" =9846m

125f 125%0-13 —(R)

= 0.888x)8"
22.5 -(6+6_6_)

R=¢48m —®)
also min R=120m —(¢)
R=Mow (48.46 M, 64-8m, 120m) = 120 M.

4 EXIT TaxiwaY

—At buy aivpot, tax:wa\,y afhould
be loaated at vawiovs poinie
along he vunway, So that aiv-
eft lkaves the yunway as soon
a poesible.

~These taxigx are teymed as
EXIT TAXIWAY.
— Location Of the exist -t'ax:way

dafmd& on following factors.

(a) 'progm,Fh:c featvves . h:j/')

altitude o deep o¥

Obstsuetibn veduces -the visibility

which Moy a.h‘wt the lanalugg

SPeed and location of ex:LL
tuxway

‘h"-‘

(b) Weather Condition : Wind,
tempeatvve ,fog, ele. affect the
Lcwb_r@ Speed hence location o

. exit taxinay -

() Numbexr of exit ‘thiway f
theve ase only hwo exit toxway
then %cy@hould be at end of the
yunwoy and if theve axe mowe hwo,
then they ane distsibuted along he
TUMWOY unj{h.

(d Exit Speed * Loeation of exit

toxiway Should be such that
mft have Suffient

where alxc

16



X Design o'{l extst {axiw_ag Conr)caﬁ'g

wonway il
—Hexe most dgm‘ffcwrt fadix i exit
&Peed that governs the vadiys.

-&b:zjhtty widlen enfeyance which
Twlua,lty r b the novmal

width 0{L taxiv\my ig pﬂ,ﬁ»ued

~Total angle of tvm of 36-45¢ tan
be megolialed, Laticfactory.

~length of the Ia@er vadivg (R)
tan be computed ampen'mllf as

C=Co cf(fcimt =0.39

3
L, =(0-28v
CR,

# SEFERATION CLEARANCE

“The distarce betuween povallel

taxiway fov mfc movement of

m‘nmft is tevmed as SeperRATION
CLEARANCE.

\/n d&pcndﬁ on—
(a) Naw,'qwi'on aichs

(b Wirg ¢ airea;
(¢) '17}? omv;v]:ft ﬁ

¥F APRON

3 is a,/med area farﬁmrk/gg of
] d/rszf loading and bptomﬂq the
Pa&ffyer and cavgo.

“This avea (¢ near to the tevminal.

It dhould have adequated gradient
fov dvainage. (+17) s

)Lacl’om.

(0) AIKLKAFT PARKING SYSTEM

It is very gimple
ard economical and it vsed fov small
aj'r/?mf.

17



TERMINAL BUILDING

O O000O0

- Py
11

(i1) OPEN AREA SYSTeM

“TEeRMINAL BUILDING

“Here aivevaft ave

pavked in row.
~facergers have to (O O O O

walk or vehicles (O (O (O O
ave vequived in this case.

~fassengers are exposed to weather ond
hot blast of— gﬂt averaft.

61

(iii) Finger Syslzm

~3t provides protection to the passerger
from weather, noie, jeb Pt

62

63

TERMINAL BUILDING

O O
O O
O O —I_-Shdfe
O O
O O
TeRMINAL BUILDING
O] 1O
O] | O
O

18



~future expansion is easiey.
-Aireaft vemaing cloe o the termi-
nal builclay.

Lalellites ave small building located

on apron.

~Aireraft are Péu’kcd Tear the
Latelle building and this connect

to the terminal building by tunnels.

~&% has high constvuetional cost, but
it vequires less tur@.

(8) SIZE OF LoRDING AREA

P

~Size of Load:g area di‘matly
governs the Lige of a,fwon.

-9t (s also Known as GATe FsITION.
~Sige of Loadﬂg area/ gate position
depends Upon the type of ainft,
tum/;ry radivs eke.

(c) NvmPER_OF GATE MsITION

~Numbers of gate positions dependl
upon the peak hovrly adveraft
_movement and. time duving which

each airevaft vemain in a gate

Poxn’ti on.
=This time 8 also Known as " Ramp
Time” which vavies from ftw mins to
an hovr depending upon the type of

aireraft.

~ Number of gale pusitions is given
by
Gale position number =
Cafacfty Of YUIWAY X HveV%e gal’e
60%2 Occupancy time.

A VISURL RIDS_AND DRAINAGE
SZSTéM S

~Pilot meeds visval aids fov

prespedive view of yunway duving
landing and take off Opevalion.

~Runuay cclf’es and Tonway cenbral
line e amongst the things which

Shovlel be clearly visible to the
pilot.

~In day time vmbilfl)'/ is enhanced
by mayku‘_ry ttre Line and numbering
having maximom constrask with the

Luswoundings  under alt cordibons. 19



~Fn night time, aalalualé Lu_gh‘bf_vg
& wa'd.ea( far soume.

(R) AIRPORT MARKINE

~Ruway marking consist the mark-
ing of ceitral line, edge gip
touch down gone/ landing z0ne.

~Al ”rmwk[nj Ls dore i Yellow
colovy paint vaving width of- 0.9 m.

“Taxiway mavking is done In yellow
colovr paint having width of 0.15m.
axiway marking should start at
min 60m before the exit taxiway.

“ Runway shoulder axking is dlone

in vellow paint and has d&ﬂonaL
Line having width of 09m.  msm

~Taxiway shovlder and apron holding
Shovlder are mavked perperdiculary.

—Blast pad at the end of- vorway
18 mavked with yellow paint
hcwmj cheron pritlevn.

- Apvon rvm’kiry is done by yaﬂow
Pcu'nt.

~Since fvel is ke to spill over, qu'nt
Shouldl Le fuel vesistant .

~Some guide lines ave pairited on

apron to help pilot in opcmi«'rzg
the aimmfl; on 1he apron. S

wind core that must be plcueA

awey fvom builob‘rg inside a civele
with diameter of 30m (dniernal) anc
panel width of 0.9m-2.4m.

-9t should have colovr which
In contvast with bcwkgmund.
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09m
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———
B

L

30 m MIN

RUNWAY END
LIGHTS

esccsscscccsssece
.

=

IWAY EDGE
LIGHTS

Approach
(vary in length
& intensity)
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d AT LEAST 60 m

500 FTROLL ¢
R
EXTENDED|
WN ! )

CENTRELIN
LIGHTS

Edge lights
= (Last 600m)
Touchdownzone lights
(900m)

. & > Runway edge lights
(30m or 60m apart)

Runway threshold

ation lights




Laxdmg divection indicator is
n form of T-Shape and is at
the cnlve of .sqmenl'ed civile.

IEIEI

~3t’s purpose is o indicate
pilot civection of active yunway.

A AIRPORT UGHTING

~In the night duvdtion, aivpost
lighting providdes betler visibilﬂy
Lancbrg and lZlklry 0“’ ard ‘taxuy
oywal'wn

“Colovr and general pattern of

] lighls wed. in w’vporl's are Slandavd,- ]

siggd fov all civil aivpors.

“Thaesholel Ughh'r)g is provided 60
m ahead of runway, where & pilot
makes decisions wheather & Land 07
not . i

“Taxway Lght $hovld be clearly
idenlified and different with
swwely to avoid confusion.

Al ‘taxfwa,y Side Ughli are blye
colowved and cenlre l{?hlz are
green.

~exit taxiwoy should be Ughled

560m=450m ahead of-turn off.

~Runway edge b;hls’ are spaced
60m and centre Lghﬁ are Spaced
al 12.5-18m and are uwall)/ while

~Apvon and hwzr area should
have ﬂood L ight having ab least
12m height abow pavement B

- land:’nj diveclion incb‘cal’vr ls
properly lighted. fov night opevalion
Nolz - Apart from ws:b:b’ly aids, Aiv

traffic contvol aids also helps in }Wofcr
opcmtwn



~Air traffic contyol aids amEfv
f o tppec -

rther

Fl

—VFR pewial when the weather

condition s _good arel yplift can
manage with visval aids during
operabaon.

~IFR pewvails when the vm'bility
I wuwlvcc.l’e dvring night time
or dve to bad weather:

¥ AIRPORT _DRAINAGE
pmfar dvainage is essenliol

-A dma‘naﬂa \sy.dzm in aivfield
normau)l SLyves follow:bﬁ func‘b'on —

(a) Removal ofdurfuw Ton Off-.

() 9ntu’cefb'on and divexqion of
,&urfaw and gvound waler flow
owmah‘»y from lands add'accn

t to
the aivfickd area . O

(¢) Lowering of Sub-Surface waley
; Level (n cu';fidd ,

—The clmin{lﬂe S)(ﬂZM of aiv field
coneisls o -

(o) SURFACE DrRAINAGE (b)) SuB-—
SVRFACE DRAINAGE

4F HEeLIPORT

“Hb&’pad&/HcUPorL? (s the desijnafed
area where fadblics are provided
for take off and lambrg of helicoplexs.

‘wap&m have following advanbyu
Over w‘mmft -

] (a) % can Lft of gvound ina
mar[y verlical civection.

(B It can be wsed in winferw and in
m’ry Seasons. i

(¢) 3t is guilable Short hauld distances

() It can be used a¢ ambvlence and
for military purpoes

~followlny points are considered.
for Selection Of heli Fox‘t location -

(@) 3t ghould be located in close
proximity T ‘t’vaffn'c jencmiuy Qyeas.
23



(B It $hovld have a convinient areag

by jyound tmnspozrlbi’fon le woadwey

(O Sile ghovld be least Objectionable
f‘D"f noKe.

(d) As per icAo vecommondation

the obstyuction cleavance Line
ghovlel have Slope of 1:6 upio 250m,
beyond. Hhis 1:40 u,'ﬂb 925 and then

followed. by &/evpa of I:8.

(e) In transverse divection the slope
of obstrvetion Cleararnce Line is 1:2.

85

Teamina | Landing
E) Am / Areo,
L [
A\’t”l‘bﬂdﬂ M 60m
2 | Appraach
A LA ol
< |20m
—>b
\2 112
60 m
b-B

1:8

—)2om _)f—?SDm—)(—&é\Sm

':.:?I‘t"-‘
e
A-A | Ofio

~Site. of landing area ag per h&lfwffer
fype s as follows —

86

Type of helicopter | Size of landi'nj
ovea
'.Gf)&ﬁylc ﬁ.(gined
i) 2400 Kg wt. 225 mx 225 )
(ii) €800 kg W. 30 x 30m
(b Multy £ayinecl 60mx 120M)

= 1CRO ~vecommands the minimvm width
which s equal to twice the diameter
of main ofor of larger beb‘wpiér
popaked o v the helipter, S5

FTUNNel ENGINECRING

~A Hunnel ks an engeneering Svuctire,

} arl?ﬁu'al jallcvy o Pawﬁa constrveterd

beneath the 3~mund uncler the bed Of
Stveam o hill ov mouvntain.

=3t provicles passage fov tangpoting
pasengere, {rmﬂht , wafer,w or gas,
ol

—Tonnels oﬁ—eyx followinj advan@as—
(a) Tt is economical
() Tt avoids dangerous et nearby
o the Structure.
(¢) Tt can be used during wavefare.

*Cw&m’,ﬁ’wﬁon o'F tunnels

*da&riﬁ'mﬁbn Of tunnels can be done as

| foltowe— 24



() ON THE BASIS OF TRAEFIC

- Raiuway TUNNeL
* HGEHWAY TUNNEL
* PeDBSTRAIN TuNNEL

() on TME BASIS OF CONVEYANCE
* WATeR SUPPLY TUNNeL

*SewAk Tunvel
* Powek Tunmvel

(¢) ON THe BASK Of QualLiITY OF MATERIAL
*HARD Rock Tumnvel
* Looge A | Quick SAanvp TumveL

* oPeN) VT TuNNEL

89

(d) on Tie BAYS OF Fosrmon | ASieNIMENT
" SADDLE | BASE TUMVEL
" SPIRAL TUNNEL
*OFF gPUR TUNNEL

W SHAPE OF TUMNELS

~“The Shape of the Sectional profike of
a tunnel ghovld be guch that the
lining ie able lo vesist the pressure
wered by the uncupported. woalls of
tunnel excavation.

~commonly adopled Shapes are —

() CIReULAR (best fox vesisting exdernal
Loads)

90

92

“Size of ghaft i« governed by-the

(b) PoLy cenTrIc

() HORSE SHOE SHAPED (jmcmtly wed for
Traffre (9famin'on)

() et Sarped (fov Sewere)
(&) ELLIPTICAL

() RecTAnGULAR | SQUARE

#_SHAPTS

~These are verbeal walke
or pastange unk along
the cenlve line of
tunnel, to permit the tunnel zxcavai:on

-3t also Frow‘da opau’fgf for nemoval

of the excavaled malerinlk

-9t also ,bfrowﬂu adaluail veritilation
dun'ﬁg congbruetion of tunnel.

following fastore—

(o) Amount of muck bo be hoisled..

k) Hoicting Ay&i’zm to be adgled .

1) Sige of muek car.

m
*‘/SMH\ <

3 2 b

25



td) No- of workmen vequived.
(&) Type of court equipment to be wged.

(p Sige of [;lfc and Wiring nzluived.

X DRILLING OF SHAPT

~Bore excavabing vocks, they are
loosened by drilling holeg, }illing therv
with explogive ard fiving them.

~The dvrll hole normal to the Fau
when exploded with Prv,ber ch
will break out fhe vock lﬂfDUDle
)aaﬂZrn

=3 tivo Similar holes are ktft Side by
Stde and fined bj&fh&r ‘fﬁty will
break Ahe 3mund in fhe tv%m’da[

patlern.

SR N LR

.4_50 e -A K ‘,“ 1’(50

A DRILLING _EQUIPMENTS

“The Tﬂoc of drilling equipmenls d»fend«
wpon the nature of 4he turrain, he
Kind of woek, the dcf#h and Sige of
holes, ete.

(R) PERCUSSION _DRILLS
“This Arill breaks He ~wock by

imya.ct from dhe wrcfmi’eal blowss.

(8) ABRASION DRILLS
—hie dill grind ok into gmall Par‘h‘da
though abrasive ffect of bit Hhat olates

in holes.

-9t s used to drill holss vpto 100m

deptn

(¢) FusioN PieRcING

=This dnlll pmde buming mixfore f

Oxygen and f—l.ux bamnj )ﬂud Queh a
kexosene at the and the blow jal?a,

which increases U6 effectiveness

26



A DRIVING TUMVELS
—for clriving Tunnele In yocke Hhe follnwing
opusulions are adopled —
(o) Setting yp and dn'lb‘iy
() Loading holec and Shorting Hhe
explosives.
(&) Vesitilakion and. ~vemoving dugt of
wxplosion.
(d) Loading and ha,u.Unﬂ muek
() flacing Hhe einfoveement dlzel.
(g Concrele  Lining.

-’anncl\ig in wocke con be done byany
0[» fol(»voi’rﬂ —

(a)_Fou face MTD

-In this Mo whole gection of te
tunnel i¢ attacked at same tinve.
0t L5 wwitable for Tonmels of small

Crogs Seetion fox shost gpang (3m)

“Hue -hmnewfg is conkinows and muek-
i@ Fack could be laid ]wojuuvdy
along with Hhe tunnel.

-9t wquire hwuy machina:y.

-3t i not wilable for welable yocks.

(b) HeppinJe AND BENCH MTD
=This mid involves

Top

Heading
#he d‘n’whj of the
lon i | Boto
top portion in advm o Q;Lng
of the bottom }xﬂbon.

~3t is weed when tnnel Leetion ie very
lovge and quala'ly of bed vock is not
very Jat‘sffcaibxy ov undlable.
~Simvltaneow dailling and mucking i
possible in this case.

~Here power vequiverment & less Hhan
fwll face mbd.

(¢) DRIFT MTPD

=9 thic miel. tunreling i carried ovt
ftmt in smaller Section of the propased
tvnnel and then it is widened.

=3t helps veritilation of- tunnel .
~Drift may be done as -

*Lenbve deH’

*Side dvift

"TbP dvift

 Botbor dlvift

Cenbre

Daift Side dmft 57



2 1
To R .
Mla Botiora Drift

A DRIVING TUNNELE IN SOFT_GROUND

~The walerial which can be excavaled
with tools Like picks, shavel andl no
heavy ccluipmmt axe termed as sofpt
3round.

~ 3t can be dore b/a.ry of following
mid —

* Fore Pab’n? mid

"Needle Beam mid, ~ [These mid

* Belgian mtd wqwire uee

* English miel of timber

g mey midl

‘Goman mbd

‘Linear plade mid

*Shield witd These mitd clo

'Compvcmccl v ot vequive
tunneling timber.

Frevious Year Questions
Runway Planning

Q. The radivs o hoviontal civevlay
curve is 4som and design Speed
therein 70 Kmph. What will be the
equilibrivm svperelevation for the
pressures on the Threr and the
ovter wheels t be equal ©

(W 67
(d) 87

(a) 57
()+?/

SoLUTION —(d) e=v*
127R

z

= % = 81'
123 X480

Ies-20195

@ Wind-tose diagram is vseful

in decicling on the orientation
Off :

(o) Taxiway
() Apron

(b) Harger

() Ruch;,y

JorvTioN [ () Tn wind tose
diagram, direction, ‘m're.ns»‘ty,
cdwration of wind data are
tepresented. This diggram is use-
ful in deciding +he orientation
Of tunway for take off and
landing Opcmtl'on.s.
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Q. For &afc landing and take Oﬁ,
the following factors need to be
Cw’cfully considered :

1. Cross-winel
2. Rumoay ' grade

8. Runway width and side Clearance
4. Obstruetions

(1,2 and 3 onLy
(b)1,2.,3 and A.

(¢) 1,3 and 4 only
(d) 2,3 and 4 only

SoLuTiON © For Safe landing and
take off Operations cvoss wine
Component, width of vunway and
obstruetions on yvnway playe
imporl—ant Tole.

Also, abrupt thange of longitucli-
ral gmcb'cnt restricls the height
distance and may also cause pre-

makure Uft off of the aircraft
duning the taking off operation.

®@- Which one of the following
ingtaunees of performance of
aiveraft is not condidered for

deberming basic sunway length ¥

(a) Normal landing case

(b) Normal take-opf case

(¢) Engine fmwm case

(d) Emergency landing case

SOLUTION :(d) Bagte vwnway length
(s delzrmined by 3 cases

(i) Normal landing case

(i) Normal take Off case

iii) Engine faiLvrc case

@.7The runway lcrgHﬂ for an

airpovt localed at 460m above
MSL, correctéd. for elevation, is
3610m “The monthly meang of«
waximum and mean daily +tmp-
eratvres for the hollest month of
the year are 23t and 1B, vespect-
ively. what will be the final correc -
led legth of the sunway with
correckion incorporaked also dve to
fcrw/?emi’vre zﬁﬂed? r

(40001
()AU00 v

(a) 4500m
()3350m

29



SoLuTioN : Stardard Jcem,v at
elevation = 15°¢-0.0065
X460 =12..01¢C

Airport Teference Tem)? -
72"’(‘5{?&)

=|8+(?L?—>L& =24

Corvection for tzmpamture

= 3670 (2a-12.00
\00 < )

=299.93%
Correcled Leg9+h =3610+324.93%
=4000m

Q.As the elevation increases, the
TUNWaY kl:)g’l‘h has to be Chan-
3ed at what vale?

(0) Decrensed @ 5. per 300 m Fise
in elevation above MSL.

(b) Increased @ #per 300m ise
in elevation above M.S.L.

(¢) Decrensed. @ A’ per 300m e in
elewation above M.S.-L.

() Inereaced @ 157. per 300w rise
in elevalion above M-S-L.

| SoLTION : Pasic Tunway lmgw%

has to be corvected for elevation,
tuwpernture and 9mdimt.

TCAD tecommends that the basie
Yunway lug#o Shoulel be inerea-
Sed af 4he rale of?'/.msom
rise in elevation above the mean
Jea level.

TES 200%

Q. The lowest: height above the
ronway where the pilote Make
the decision T tontinue the

landing manoeurve or To cut
it short is called the

() ?\\)nwo,y hefght

(b) Decision height

(o) Teshold. height
(d) Runmy visval tange

JowutioN ; (b) Decision heiqht

30



Q. The magneh'c azimuth of one
end of o Ynway is 30 measurec
tlockwize fvom the Maﬁnd:ic
morthThe other end of the
Yunway will ke numbered s

la) 16
(b) 24
(¢) 26
(d) 8

SoLution © (C)

Given end.

8o°

260

As magnebie ozimuth of other
end s 260, Yherefore iz num
ber Should be 2¢.

I

. Match List-1 (unit) with List-
1 (Porpase) and. Select the ¢o-
rrect angwer wing the code
given below the Lists

A. Width and
Len‘qu 0[» airport.

B. éngine failure
case.

C. Location of exist
taxiway.

D.6rading of odr-
port gige.

1.Basic YNwWay

Length.

2.. Runway geo-
mebric design.

8. Airport drain-
aﬁ e

4. Runway cap-
acity.
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Codes '

A B C D
@2 4 1 3
B 3 1 4 2
(2 1 4 3
d) 3 4 1 2

SoLuion : (¢) For design of vunwoy
width and lcn/_c]-/’h of Safd’y areq (S
considered . for determination of basic
wway length engine failure case

(s congidered.

Faclors affecting vonway capacily
ts number, location and design of exist
toxiways.

Enlive airport area (s properly

graded to enable the quick drainage
of storm walker.

QR.In an aiport,if 4 grovps of gafes
each lowalec well-seperaled are congi-
dered for traffic and the future- to-
present Uaffic valio is 3, then the
total tequived of future gafes will be
(a) 32 (k) 36

(c) 44 (d) 68

| SoruTion - (d)

A per Stafford,,
future gales =
D?)’csmt afes [Sq

x,ﬁurura Pamnger

present passanger

= ({Uxs)-2.Fx3]+2
= 56

As oph’ons are not machin
(b is betler G opt more ﬂaﬁsj

+2

Q wWhich one Of* the ('Ouowm
grves the number of gate Pawl’-
lon In an curporti’

(a) Cewauh'/ off YUNWOAY average

* 2 Ocepan -
cy time

(b) Camutv OP Qron number
GOX2 of aireraft
movements

(¢) Lapacity of tmwcw x average
60x9_ gaié oceup -
arcy time.
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(d) Cappeity of holding aprony ave-
Z tage gaJZ
Omupancy

time.

SoruTion . (a) Number of gale
positions dqamdx upon the peak
hourly aireraft movemente and
the time during which each
dirtraft vemaing In o gal'e po-
Sikon .

Jt can be found out vsing
frollo we’Frg ’Ydah'onghu"[)

.. Nomber of 9atcg =
Capacity of vunway

c0X2
X verage gaié oLevpancy time

Q. Jf M= froportion of ith type of
wicraft In the mix, T ='Gofe oeew-
pancy time” of the ith type of
aireraft. 6= Number of gafe (Consid -
ering that” all +he available gam
can be using by oll airerafts)

Wwhich ore Of» the f'ollowfﬂg eq_uat-
Llons gives the vltimale _gat capa-
uly ¢ ?

(a) ¢ =F£*™ (b) ¢ = &%60
=T Zn_ M
i1 iza
(Oc-3 (M)n W&
=1 iZth;x’l'e

JOLUTION *© =G
LUTION (CL)C%

i=1

. Caslor argle is denfined as
the angle
(a) Formed by the Longitudinal
_axis of the aircraft and the

direchon of movemenk of the
Tose gear.

(b) Belween the direction of
wind and the longitvdinal axis
0/’ the yunway.

(¢) Belween Hhe trve Spcal of
the aircmft and the crosswind
wmponeﬂb.

(d) Between the hosizonlal and
the fu&elqge AXiS.
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SoLumoN - (@) Cador angle is
the angle formed belween the
izmgent to the centre line and
the lonﬂi}udfml axis of the air-
cmﬂ'.

&P = Castor cuyle

%

Q. Which of the fo“owigg factors
Are o be taken into consideration
while d&s«ﬁm’gg the taxiway Systern?

L. Volvme of oy -t:mﬁfc
2. Runway  configuralion
3. Localion of hanga,m

Seleck the correct answer
Using the codes givern below °

(a) 1,2 and 3.
(b) 2 and 3
(¢) L avd 4
(d) 1,2,3and 4

(d) 3

SowvTion . (d) The des‘gn of
taxiways syslem is jovm'lecl by
the volume of aircraft movement,
the wwnway configuralion ard the
Location of the terminal wildirg
and other ground  faciliies Like
hangar Location. exit i wayg are
Providec/ al” guitable locations along
the lenghh of vnway o cear -the
the vumoaye of the landed afreraft,

Q. Makch List-1 ( Component) voith
Lisk -2, (Dcsfﬂn fealure) and Aelect
the corrcet answer using the code
given below the Lisls

Lisk 1 Lst 2
A. Taxiways |1.large span Str-
uckures
B. (ontrol tower | 2. \/isi’bi’uq all
rovnd ard Sound
Proof.
¢. Hangar |3 Turning raclivs
D- Apron 4. Waibing capaci+
ty for aireraft.
Codes .
A B ¢ D
@1l 4 3 2
w3 2 1 4
1 2 3 4
4 1 3



SotvTion - (b) The main fonetion
of taxiway is to Fmviale QLCCLss
o the aircrafts from the sunways
(o the Load:ﬁg apron or Stviee
hangar ard back. Hangar provides
an enclosure for servicing ard doing
Feparrt of cu‘rcmfa. Apron I a
paved area for parking of aircrafls
and loading and vrlbading of passa-
ngers and cargo.

Cortrol tower is nerve
Cenlee of an airpovt In order [o
Conivol tower (s so localed as to
command a clear view of the
_airfield.

Q. What shall be +he tadive of
An exit taxiway with design exit
peed of 4OKmph and coeffient of
friction 0137

() 550 m (b) 500m
(c) 435 m (d) 449 m
SoLuTioN - (b) R=V*
125§
R=__90*
125% 013

K= 498.46 =~ 500m

| Q. Consider the followi’gg dala fO"

designing a taxiway for operat -
ing Boeing 107 -820 aeroplare

Wheel bage =17-70m
Tiead of main Loadjgg gear =
6.62m

Turning Syeed = 40kmlhr
Coefficient of friction between
tyres and pavement Surface =0.18
The turning radive of the taxiwa/
will e

(a) 48-5m
(¢) 84:5m

(b) 94-5m
(¢) 86:5m

SoLuTion .'(a)‘lDrnqu vadivg (K)
of tam‘way

() R=v*™ - 40*
125F  125X0-13

=q85m

(iv) As per Horerj eff. ecluab'on
K=_0-388 W=

T_
ZS

‘o’ Ls wheel base =177 m
‘T’ is width of taniway = 25m (0s¢-
umiﬁg)

|

.. S’wzu‘ +6

H‘- Main landing gear

| S I-'—»tow’w
Pavermien
6.62m
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Cewm is the mininum cdgc
didtance /

=662 .6 =9-3Im
2

. K=0.388 X1#+3 = 38108 M
_27._5-4.31

Hence, maximum of these hwo
will be considered as turning
tadivg DF l:aximy.
.« R=985m

®.Tre longitudinal ection of a
tunway Frow‘dcs the «followigg dala :

End - b end vunway (m)

Gradierit|

O b 200 t4.2

300 to 600 -0.%

600 [o 1100 +0:6

1100 to 1400 —0-8

1400 & 1700 -1.0 |
The effechive gradient of the

unway (in 7 vound Off +o 4wo
decimal places) is

SoLuTION © (0-82)

Agsuming RL of slart of
tunway 0g datvm(i.e KL =Owm)

Chainage 0—3od300—£odroo-uoo 1100-1400]14:00 - 100
(m)

Gradient[+4.27 -0.7.'/,\ +0.67.[-087 | -1.07
LT

Kige or |00 |-Z\m|+3m |-24m |—8.0m
300=

Fall [+3-6m

CuVMU-|+36M+ -5 M |+4.5m|+2-Am |-0.9M

Llative

4.5m

%L: \FH0Om
i 300M 600m \W\OOwm 1400w \
-0.9m
CHedlive gradiert =|Maximm di |
ve qradient =|Maximum di
ﬁu ! g in teduced level
Tolal Yunway
th AN
:EA--S—(—O-CI) y 'O‘ﬂ "
| 700

= 0-3176 ", ~0.32%.

Q. for the hotlest onth of the
year ab +the propased airport sile.
The mondhly mean of the average
da:’Ly Tempem:ture is 39°C. The mon-
thly mean of the miaximom alaiLy
temperature is 48C for the same
month of the year from Ahe given

135”(01’“45.“0”,%)6 Calcvb';i" ﬁfY}?Ot’l' 36



Kafu@nce %myamium (inc), is
(a) 36 (b)42

(b)48 (d) 24

Sorunon . (b) Hi:;yoﬂ“ Teference
—I'Cr_wrpcmturc
T g
T~ Avernge dwly termperature
. = Maximym aku‘ly t&mpcmivrc
Given, Ta=34C
Tm = 48C
Aimort 1efererce temperature
" ‘ﬂ: 54+ ﬂi};i 42C

Q. An aircraft approaches the

threshold of a Tunw Strip at
a tale of 164 mfs" and takes 8
to exist the Tunway ghip. Jf the
declerdlion affer exigking the von-
way is Lm|d; then the distance

(in w, up 4o one decimal Place) of
+the galz wah‘on from -the location

of exist on the vunway (s

SoLuTion » (312.5)
Given
Speed before deceleration =
200 km)h
=95.55 m‘.«

Speed at rnway exist = v(leh)

=V=0+ak
= V=55.55—1.64% x\8
=25 m|S
Diskance covered
= VvEUE. (2505555 _125.09m
2a 2x-1.64%F

Distance till Siping - o=(25)"
2x4

= 312.5m
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