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Professor & Director
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Engineering Division
Senior Technical Officer (Mechanical)
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3.1 FRRAME G BTk
(—) #3% 5% : Code Element I : aircraft reference field length & # %
44t 5 Code Element 11 : Wing Span , Outer main Gear wheel
Span -

(=) 38 %7253 © &#48 @ (structural pavement) ~ 14 & (shoulder) ~ %
i 3 % (Runway Strip) & #8 i 3% % 2 ¥ % (Runway End
SafetyArea) » EX EH MBI RAE - WHEI @~ %35

PILFE > BERRLEE -
(Z) 2BERE TR ERERBEEX B TIR . OOAMBIEMLLE M
RARET - REIE - RGLFTRE - KHARKZIHE0E
BMEYCK) FELFER - BE - FREkBEE - BR
AR - EERARMENNBAFERFRBITEARN - B
FHEREERARDER BERE - SRLGEZER
A8 FAA sifutiise - B EE - SRASLEBAZRLE
& &7 FAA A/C150/5325/4A, Runway Length Requirement for
Airport Design. R S n A a AT RRBERE | 24K

AREREET  -HRFHEZ BE BFREZEHWI0REKEZE
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(mw) F¥ERE:
1. Vi : Decision Speed BB B i € s 4E A e K42 b 2 ik B »
2.Vr : Rotation Speed 7% 5 B B4Rk 5869k B »
3. Vier t Lift-of f Speed itk & %28 @ey 2R -
4.V::Take-off Safety Speed #i#k &7 35 R > {2 E 5 S Kk
BIFRIBE > FAEZRARAE
5. Ae e BE &k © Take—off Distance it ®HE & 35 R » 2 54 %
MK BB A IR MUBE S 35 R 2eH
BRI IE I B EAZ 11596754 -
6. A ek : Take-off Run BEEBR KA
B 5 ek Roked
0.5 [Lift-Off Distance)] +0.5 [Take—off distance]
2R MBI
115% [[Lift-0ff Distance) +0.5 [[Distance to 35]

— [Lift-Off Distance]]]

14



7. #mif 45 L 368  Acceleration-Stop Distance
[Accelerate to V1+Decelerate to Stop)
8. 47L& - Stopway AAiitiE VI AR RRMABE X ERBER
B o
[Acceleration-Stop Distance)] — [Take-off Run]
9. %% & : Clearway
[Take-off Distance] — [Take-off Run]
(Z) REFEROSHER - R - RAMERZRA
1% -
RSB BBV EFAFF 50 AR
TR AU AT AL 5 B A M5 8] 5 338 /0. 6
Landing dist = Distend to stop /0.6 (1)
2. AR
(1) BEHHMKEHK

(a) #EAR

T/0 distance = Distance to 35ft height (2)

(b) # FEAR

Field length = “Accelerate-Stop Dist” (3)

(i1) E¥AeR



T/0 distance = 1.15 [Distance to 35ft height]) (4)

*Field length = Max [(1)(2)(3)(4)]
i JErr A 8y T/0 distance 35 % Full strength pavement (FSP)
3. K& (Clear Way, CLW) : A EH# M AMBFZ —EBE
(1) >150m &
(2) #¢ end runway upward 1.25% slope
(3) RTH Fdedh F A
4.4t & (Stop Way STW) : AR FA KX —F®
(1) >=#mER
(2) B ZMMEHATIA
(3) AMFARRMMBELTATE
(X)) 31 ¥ k4 | i 14
(i) g R
A. Piston Engine
Full Strength Pavement = Take off Distance
B. Turbine Engine
FSP = TAKE OFF Dist. - CLW

CLW = 0.5 (Take off Dist - Liftoff Dist)

(i1)#% FA R

16



A. Piston Engine
FSP = Accelerate - Stop Dist
B. Turbine Engine
FSP = Take off run
Take off run = 0.5 [take off distance,f Lift off distance]
STW = (Accelerate - Stop Dist) - (Take off Run)
() EFARRRN :

CLW = 0.5 [take off distance - 1.15 Lift off distance]

1l

FSP = Take Off Dist.- CLW

V1: Decision speed
Vb: balance Field velocity
% V1=Vb Take off distance = Accelerate - stop dist
% V1 <Vb Take off run = accelerate - stop dist
V1>Vb shorter FSP but longer stop way
(A) Climb-limited Weight :
2" segment (steepest) climb-limited weight
Take/off Weight reduced to “obstacle-limited weight”
Net Flight Path higher obstacle 35ft

Actual Flight Path = Net Flight Path + k%

17



k = 1% for 4- engine A/C
() RRREEZK T F Vi REHHM KT > Take-off Distance=
Acceleration-Stop Distance » % #E#t % Balance Field
Length - e EmE F R KA EH 46 AR Balance Field
Length B A# 1159 & % #) #% 4% £ 2 Take-off distance-
(+) BEREZR BEREFHOGANEARKEZR BAEREZRAR
R EREER -
(+—) £ %#35EE  Aero plane Reference Field Length #i% # & At
REE -BFE - -FRERAE FREWAETIER
8 Kk E FE K (Minimum field length
requirement) * T EE G REH FAL & & %
&3 ICAO Aerodrome Design Manual-Partl mt4% — 2,
B RHEHRAH -
(+=) B8 EE KK  Runway actual length
RAL=ARFL % Cs % C: % Cs
Ce=1+(0.07E)/300
Ce=1+40.01% [T- (15-0. 0065E)]
Cs=1+40.1S

S=effective runway slope

18



(+=) mEHRHBEN M ° FHL ICAO 5% 1A % -
(+w) FiTse@ e FEHEMA VIR & IFR o & 4744 B 3038 T B o548 A
Bf 0 4R4% [1CAO Code numberl &2, 3,4 # P47
FIZE & %] & 210,150,120 AR ¢ P47k Banid
T B 0¥ & A 8% 0 4R 3 ICAO Annexl4 - Doc4444 -
Doc8168 » & -F-473:E M IE/E 5 %1 A 1035 R for
independent parallel approach : 915 2 R for
dependent parallel approach ; 760 /- R for
independent parallel departure ; 760 X R for
segregated parallel departure °
(+2) BEE B E=2F OWE+REEHE PL+ b £ Fuel
Fuel=Trip Fuel +Reserve Fuel
& AAREE MTOW
RAM% €3 MW
% & OWE(Operating weight empty)crew and equipment
X & ZFW crew ~ equipment and payload
() FE#%HEE  (Airport Environment)
1. s 846 B

RASHFHE 1-2%



I35 35 4 # & (Average uniform grad)=elevation of runway
ends/Runway length
F #3638 # & =elevation of highest and lowest difference
/Runway length
2. k@B AE -
FBBE A 1'Cail kB 0.7~1. 3%
3. HAE
5 A 3% e 10001t 3838 & & 38 Ao Th
4. & :
J JR I fpo 36,38 & 3 fo
b.raE kWA *
BIMEABKRE
& 7k 24 & & Standing water (hydroplaning) is function of
V, = 9P*°
AR ER A 10mm
7% © Som 3T, Smm K, 25mm FjEE

6.8 :

.
=f

THEAHR

1. 308 B3R

20



8. MEMBE M -
EAN 215308 R
# 1% % %18 undershooting / over running runway
9. "HHIR
MENBERMB RARRF ARG MG
(1) w3 @HE -
L1%<tm# @b B <1.5%
By HER I A
2. £ 3038 WA AT 3m T KA b%

() gl @b E 81t :

X%= 0.01 y%=-0.005 z%= 0.005

/\/

D = n (Ix1+lyl+lyl+lz1l) or 45m which ever is greater
= 5000m-Code 1, 2
15000m-Code3
30000m-Code4
D = 375m

(+A) REFER -

21



CDE code ZA7 3m &% TR Z 0.5 /& ksaid

(=+) BATHE  BATEARBARG M 22

a.

b.

C.

A/C stand taxi lane—#&3pFi ey /BT ZE Myt &
Apron taxiway-324ft F A% IR ey iR 4

Rapid exit taxiway-if &3i8 2 &k FiTE

(=+—) BTEZRA -

(=+=) #

W
—+
n

(a) REB—wE—F7FTHE

(b) H#EBRHEFTE (KD FITIES <Skm)

(c) RHEZHEHAFTRREM

(d) & FMWLEH

(e) REABHGELMAE E A RS

(f) REBET R > & %R B

ATHEAAT | BB RIRERTE P SHMIT > MIFIEABINLIE
BT 4 2 3E8E - ICAO X Code Number 11 & £ 847 3% B R4
BB RRARKEEEFAEIOnARBIY > BEAABHELE

AH 3000m o H 3k BB Ak BAE — Bk 542 £ /KT IERE o

FiTiE WA Taxiway Strip: SEBRERANEITELN > ELA&F

i o Visual Aids ERA T E S E - £ & graded area 7T 4

EsmETAREMR FnzdM#Eak - £F Upward slope of

22



grade area A AARHZFITHEHREAS LRI AKX TS A% -
(=+w )iF 4718 & 2 M #E Separation Distance: £ & Annex 14 & % % Taxiway
/ Runway ; Taxiways ; Taxiway/Object, Taxi lane/Object Z Fi
2 F8E -
(=+&)FiTE%H 1__ICA0 Annex14 R R KFITR EAF/TE FEHBEL -
(=+x) BITEXR  ZRFXBRAFTERRBESZ
(1) R HEERRWE
(2) fa#s - B EFTES KR
(3) mA&s
#BAR(2) R () A fie it Rl A R BAKEE BE R
Fillet fw & 3% 33889 R,3% ICAO Aerodrome Design Manual-Part 2 ;
AC 150/5300-13

e R # T A Software Path Planner % Auto Turn RAZ%E o

(=++€) BaFFE: By mRER RS P RE DB E R 25
BRTHEAERH 2 F CEER AR O RITHEE > MR
FATHATEREF A 180> M 25" <HoFrd v ogmmpy

Pz kA (30° ) <45° -
(=) HoBRTEXMERMEFELE ¢

(a) Distance from threshold to Touchdown

23



(b) Touchdown speed (S1)
(c) Initial exit speed (S2)
(d) Distance from touch down to exit taxiway=
(81) -(82) /2a
(=+A) F##3F Holding Bays : ICAO T & & — B & BAE AL 245 347
ABHFTRAE  AHXBEHMRYG  REZEAMR
BE AABREMAGL ARG EXEHMERE
WA EANRBHZITXRARFE - B EREN
W& S T
(=) #3F Apron: #3F% X # terminal apron - cargo apron * remote parking
apron - service and hanger apron- 4% # %! X, % nose-in-nose-out *
angled nose-in ~ angled nose-out ~ parallel -
BIPRHEFRELRIFE > MBREAE -
(=+— BRI & %M T4 4 hydrant fuelling point; ground rods; electric
power outlet ; preconditioned air supply ; pneumatic air

supply ; potable water supply ; Pax boarding bridges.

(Z+=) s Fa@st 3 :

24



BEHIHE
Pathef _ . ..

tre of '&an}r\d

nose 9ar b
tukn, ’a rﬂ‘/l"“s Q

w«'ng +ip
Mindeam -t'umind radius

32 R4z
(—) XM E : TE % A Coarse-grained(sand, gravel, cobbles, boulders)
& Fine-grained(silt ,clay , colloid)

(D) &BE: SETEAREB > Z 538 B4t %% (well grade soil) £ 3% >
H gradation curve 8-+ %@ £ » Rz # % %4 (pool well grade
soil) 3% » ® gradation curve &4 -

(=) 34K : 5 A round, sub round, angular, sub angular °

(w9 ) X3 %% P Permeability of Soil :

V =discharge velocity = K¥I = permeability coefficient *hydraulic
gradient = K¥h/1 Hydraulic head distance

(R) X324EH BB RHETE

25



v A Rir _Fa a_‘
7 T waterh, M

ve Te

A Sor T A Ms
T ‘2l ma Maae
Moz o \‘
Da=o0 d " phase. d.'ada/mm
Pum | = 5
Ly = 2.7 " Ms.
. Vs
Vo lumetric. Ratin ~W¢.;9Lf~ﬂ4frh
1. void ratio e . waler cartont pv

Vi

y-3 'l 0
. - oA Cda} <
Vs

€ orpansc sool.

M

2. parosity LAY n

N PR
W= ——‘—‘11007,
Vad (3

n= %xwo: Lensitiee
[N o(n‘atlum‘{s’t Lo = %i' :
. dg%u of satwration S *
Y 2 . saturate] densit = M_____-’M“‘
S= ——‘:':-x 00 % Vazo Ve S2r_ -
3, submerged ov bugyant dorsty
L= /Dsoz - S

() ZAERARX Hydraulic fill :

1. Water-solid = 6:1

2. Transport

3. Discharge site selection
4. Raising the Ground level
5. Consider consolidation

() ¥ 245 Site Preparation :

Land Reclamation two ways: dumping & hydraulic fill

Land Clear :

Vegetative Growth ; Job specification ;

Soi1l Condition or

Bearing Capacity ; Topography ; Rainfall & Climate

(AN\) ®EE X :

26



1. Earthwork Constraints-cost
2. Drainage requirement and existing facilities
3. Operational requirement
4. Navi -Aide requirement

(/u) Atterberg limits : BAkA&R#ik fine grained soil 4 A =& MR
(liquid limit) ; #F&(plastic limit) ; % M (Shrinkage limit)
ikt [P=LL-PL : d4E45 % IS=PL-SL; &MH45% [1=_Wn-PL)/LL
=(W¥n-PL)/(LL-PL)
Liquidity Index LI 0< LI <1 LIKO LD

Soil plastic solid Liquid

(F) 58 FFTENENELRARMBTREN - BT 1 BE - RV BE
P B LIEZ RERE > B S FBRZEIETHRRY FRHE - BRE
RAD - BAREREME > HAwiES A Dry Density ; Water Content ;
Compact Effort ; Soil Type - # g &#H B £ T » 4 A Mechanical ,
Chemical, Thermal, Electrical # &% X + % > X ¥ Mechanical
Stabilization & densification &% % - =# % ¥ 5% (1)Standard
Compaction(Proctor)test(2)Modified AASHTO Compaction

test(3)Vibrating Hammer test - &K EZ LIER¥ESF T > §4KE

bl

MRKEBEERER G RBERREER 254 KEXSFRALER
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R‘ARHHE -

Degree of compaction = dry density = p« = Ms/Vt = po / 1+W

Pd AEABEFTEY KRR L P EHKE
1 BIRAFTERARALEE (FRiE)
A = maxi compaction degree = maxi dry density

Time depend

(+—) g # X Compaction ways :

1.Static : roller, pneumatic-tired rollers, sheet-foot roller
2. Impact :10~20m dept.
3. Vibratory : volume as low as possible

(+=) REALE = E &M Vibratory compact effect to different Group

of Soil :

Drug granular soil semi cohesive cohesive soil
State of motion ' \J X
Pressure & shear stress X \J v
Energy v i v

(+=) #2051 M4% - Total Normal Stress=Effective Stress+Pore water

or Neutral Pressure

g =0 +u water pressure

™~

Total normal effective stress pore
BAop=pgh,Roku

(+w) BRERRE M (Consolidation&Consolidation Settlement) : 4

BRagey R B AN LIBBREN > BRENSZKRER  Bfik
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HBRER - LRAEAAFAZAREKFRTRYE & RILAAKHBIE
Bk bREMNTHALHE PHERIRTE  BHEEHL
ol ARG ZBRELORIT AR ERBEN  HIE
FaAREAEN LBFTHAIE > o i BEKS b AFLE S
o) A2 By B A B G B B B B 4% -
1.Soil A deformation (shape, volume) memory
2.5t =81 +Sc +S
immediate consolidate secondary
settlement settlement compression
(o 2 constant ¥ secondary settlement stare)
3. 1% M oedometer R4 L3IE :
%34 soil compression &3t H soil layer settlement
4. Soil permeability # & Settlement occur speed
rigidity of soil sketch % %/ Settlement ¥ °
(+%) # ¥ consolidation :

f# A vertical strain void ratio/effective consolidation stress

Pre consolidation pressure ¢’ o :maximum vertical over burned stress

load pressure & o’ vl

Normal consolidatec’ v0 = ¢’ p OCR= 0" p/o’ vl =1
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Over consolidation ¢’ v0 <o’ p OCR > 1
Under consolidation ¢’ v0 >0’ p OCR < 1

(+5) Settlement Computation :

Ae ¥
--------------------------- ‘
........................... — 177
=H Ae/l+ & Cc = compression Index
(1)Consolidation Theory = Ae
Logo:
g 1'

Cv = consolidation coefficient = K/mwy«

permeability coefficient
Tv = Time factor = Cv/I’ t
0% degree of consolidation = fn(7)

o =0 t+ u
constant o f,a ¢ u=0
water quantity¢ V¢ second day settlement start

(++) 3543 E Site Investigation -
(1)Exploration for preliminary design
At least to a depth of 1.5W of foundation, one borehole to a greater
depth than the rest, complete first soil profile and overall
ground condition
(2)Sampling

For some test (oedometer test) to undisturbed soil
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(3) In-Situ Test
Field van test <— soft clay shear strength by torque
Pressure test «— soil & Rock’ s deformation by probe
(4) Penetration Test
(i)Standard Penetration Test (SPT)
T 0.3m = BiEk$ <4—classify soil strata in all soil type

Relative density

Loose N=10
Medium 10~30
Dense 30

(ii)Ram Sounding Test (DPA and DPB)
EHSEERSE
(iii)Cone Penetration Test (CPT)
(iv)Weight Sounding Test (WST)
(4 /) #¥i%  Geophysical Method
(1)Seismic Method
(ii)Electric Resistively Method
F A KB4, Estimate depth of bedrock, sand & gravel or water

bearing strata to estimate the thickness of strata.
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33 BIGERETH
(—) CCR (Constant Current Regulators) function zh#E :
i. Produce a constant current output

ii. 2 &more output current when dimming of the light’ sare required.

Chip for monitor —¥ T

(=) #®GER EHERR -
1. TR RE4%% Longer cable length
2. —#& & &K uniform lighting intensity for entire CCR
3. % /& For Primary CCR 5KV<no. of lights

4. Secondary CCR<-isolating F¥ ik burn
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34 MG ERAREBRLA K

.88y
Comfort Indoor Air Quality
23-25°C
60%humidity:Particle Organic Microbial

75m/min air

movement Fresh Filter Humidity
ASHARE air control
COesensor 65%
2. A qAEEH

(1) Solar radiation

(2) Heat conduction

Fire Escape

Ventilation

Fan

Pressurization

Fan

Fire Safety

Smoke
free
Lobby
Assist
fireman

(3) Heat interior human, facilitate generation

(4) Fresh air

To outside

"

Condenser
Compression Fair

Smoke Atrium
extract smoke
system distribute
Sprinkle

Fire

screen

Evaporator

v

Cooled air inside warn air

4. KR H

33
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KR B Atmospheric life Ozone

/Global warming Deleting
HCFC 22 Bad Bad
HCFC 1123 Good
HFC 134 Good

5. #2234 % Central air condition System
6.8 A # 1B Mechanical Ventilation : 2 37& 2 & ~ £k RIE
Y& B 5 KIHE
3S5TEREAS
1.0ut bound Baggage Handling System (#B)
(1) =4& BHS : Automated System ; Semi-Automatic System : manually coded ;
Manual System
(2) Sortation System
(a) Manual Sortation
economic, easy maintains, reliable
(b) Automated Sortation System
(i) Tilt-tray System— A tray # baggage % i
(ii) Pusher system— it i % 4§ baggage % i
(iii) Destination Code Vehicle Sortation system &if & &
(3) Output / Make-up Device : Sortation 74 # 4569 o

(i) Make-up loop: need more space, few flight together, equal
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access
(ii) Lateral loop : 1 lateral 1 flight, walk baggage to
container
(iii) Slides : more, manpower, #» % # 4
2. Automatic System Design Consideration
(1) Bar Code tag; Radio Frequency ID
(2) Failure Mode
(3) Cost effective
3. Security Equipment
1. Detecting explosive
ii. False alarm rates
11i. Through put
iv. Person training
4. Inbound Baggage Handling System
(i) flat plate device—simple low cost, friendly

(ii)Inclined Plate device—fast, effective, complex & space, injury

R EHEM - 44 Rotuna, Tunnel, undercarriage, and CAB X & 4% -

4 # PLB #! #& : Pedestal Type—90°% & ; Apron Drive Type— =T % & 3# % > A/C
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&5 % # K42 ; Radial Drive Type— RTaT#4 #8% > BAREHT
swiveling ; Overwing Type— =T ¥5 Atk £
EHAARGEE
(1) #usfe b E
(1) Proximity to building
(ii) Tail limit
(iii) separation to other gates
(iv) fuel outlet
(2) ZAGHAE
< 10%, adjust level of rotunda
(3) "T#:4E 2%\ E Operational Range of the Bridge
sufficient operational range
% ¥ 3¢ 4 # & ' Safety Consideration
(1) Fail Safe Design : Fail then turn to safety Mode
(2) Auto leveler : #FPiF5iE
(3) Limit Switches : Fvitigst4g 2 Set switch, Protect Apron
(4) Fire Protection : NFPA
3.7 k=85 5 4 % ADGS (Aircraft Docking Guidance System )

PRk A G F) A E 4 A #0R Ak azimuth, closing rate, stopping
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Sign N TRTREAERESE > TREBIPLE BRSPS BT
TP RAMENIET L% > BIRMIPRIESEEE o

3.8 BIGHEK %S

— - Estimate of Surface Runoff
(—) Coefficient of Run off, C
run off quantity

C = Total Precipitation < 5%

weighted runoff coefficient C =
CAi + CeAe + -+ +CnAn
A+ At -+ An
(=) Time of Concentration Tc

Tc = Ts + Td
Time of Time of surface flow Time of flow with in
concentration overland flow the drainage system
inlet time 1
T S
Distance, C &% V= t
FAAE R

(=) Rainfall Intensity I
5 FHKE + THHH > F%
(@) Run off rate < Rational Method
Q = run off = m3/s = CxI*A/360 (mm/hr) Chectares ha)
lha = 10,000 o’
— ~ Hydraulic Design of Drain
(—) Manning Formula

Q - A X RZ/S X 81/2 / n
discharge flow area A bed slop drain material
capacity (W+2%0. 85h) roughness

hydraulic radius B & A=R¥P coefficient
(=) V=Q/ A = average velocity
(=) Froude Number need<1l
Fr =V / gy”* Fr<l sub critical condition
= >~ Design Consideration
(—=)1 < VvV < 3 m/sec steady flow
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1. 5m/sec excessive scouring

for earth stream hydraulic jump
(=) subcritical Condition Fr <1

avoid unstable & wary in critical condition

(=) Freeboard : 15%
(m) Transition : 15W
(&) Bend In drain : R > 3W
(#<) Drainage Sump : > 1.5W
(4) Open Drains in critical Area not allowed

39BERBRLZIAKREH
— ~ 7B % #& % Type of Asphalt
Hot mix : Asphalt cement
Cold mix : Cutback asphalt ; asphalt emulsion
— -~ & E B R Ak Component of Asphalt Cement
asphaltenes, resins, oil

ZBERRLES>® A% AC Asphalt Grading system

hard soft
1. Penetration 25°C 40, 50, - 200, 300
2. Viscosity 60°C  AC40, AC10,--- AC2.5
3. Viscosity aging 60°C  AR16000, -- AR3000

4. Performance PG 58-28 «< -28°C < perform < 58°C
g ~ Cutback Asphalt : hazard from fire & toxicity
for curing = reduce viscosity by plus solvent

Rapid curing (Ac + gasoline) ; Medium curing (AC + Kerosene);
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Slow curing (AC + low volatile oils)
Workability, curing time, viscosity after curing

% ~Emulsified Asphalt : asphalt particle in water with emulsion agent
cationic : asphalt particle (+) (good for - aggregate)
anionic : asphalt particle (-)
=] B K

2 ~ Aging & 4 %R A %84 Asphalt cement W44 011 4 AL RA R ER
SPRIBIRF -

+ ~ BEHIFH M - Asphalt Physical Properties

1. Each asphalt exhibits a different temperature susceptibility

Viscosity 4 “\“+““‘-—~%~_ B aging
| i A aging
& ’
| A
25°C  60°C }

If A, B, has same viscosity grade may different in Aging & Penetration
Grades & A & Temperature susceptibility.
2. Durability : moisture damage ; age hardening

3. Adhesion : immersion test ; adhere to aggregate surface

39



4. Cohesion : ductility ; retain its shape
A~ B H & E R ¢ Super pave Advantage
1. Direct related to field performance
2. Wider temperature Range
3.Wider Aging condition Range
4. Low temperature cracking & fatigue cracking test
L~ A - 34t pavement £ & load bearing #9557
(—)# % : sedimentary, igneous, metamorphic
()RR : nature, processed, synthetic
sand crushed rock blast furnace
gravel slag
(Z)#:% K < K4 clay # clean
(w3 ) & # F B
(i) Size:
In Hot mix asphalt < % % well graded aggregate
Coarse
Fine 2.360 mm
Mineral filler 0.600 mm

Dust 0.075 mm
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Aggregate gradation
Pd = ( d / D ) *100%
BB d sieve 8% Wi d sieve “Ti@iB 100%
z & d Z FLAE
5<n<0.6  well grade

n<0.5 densely graded
n>0.6 open graded

(ii.) Aggregate specific gravity : bulk s.g. ; apparent s.g. ;
effective s.g.
(iii.) Clean line
(iv.) Tough ness
(v.) Particle shape
(vi.) Absorption « %k 100 7K Bp 5T & d 50 #9 asphalt
(vii. ) Moisture susceptibility <« %% damage
KB #«limestone desired
KM B #<granite
(viii.)Texture < rought texture <« skid ; affinity rough
(%) Super pave &K FHA
1. gradation limited

2.particle shape « angular in both coarse & fine aggregate
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3. amount of thin or elongate in coarse aggregate

4.clay content in fine aggregate

t+— - BERBRLIHERFF

(L) B : AXHEMEEVES
4% & M &3 angular aggregate, rough texture aggregate, dense
gradation then compaction, sufficient binder

(2.) #HAat . ik AC 48 > IKBLsb oy BREGAE N
&3 A MEE dense gradation aggregate, moisture resistant
aggregate, compaction, thicker asphalt cement

(3.) Flexibility : #F#y Flexibility K open - graded mix, higher -
asphalt content

(4.) Fatigue Resistance : bend repeat without cracking, 48 thick, well
compacted aggregate, low air void

(5.) Skid resistance :%& small and hard aggregate, sufficient air void,
open-grade aggregate, polymer-modified binder for good drainage

(6. ) Impermeability :4& higher binder content, lowair voids, dense-well
graded mix

(7.) Workability :#& % Temperature compaction, less coarse aggregate

+-—-~##mERBLE - Manufacture Asphalt Concrete
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(1.) Batch plant USA use 30% 10sec dry mix;
wet mix ; mix in 163°C
(2.) Continuous mix plant
(3) Drum mix plant 70% production ; rotating drum
Both dry aggregate & mix in drum
Gas in 1370°C, Gas out 150°C
3.10 Z M4t mR3
- RS RER
(1.) Aircraft Path deviation from Center Line
Landing Runway > Take off runway > Taxiway
(2.) Maximum Repetition of Load (Max damage)
Greatest damage occurs for channelzed condition(Taxiway)
Taxiway <« Center of main Gear
Runway < Center line of Runway B % o deviation T
(3.) —#&3+% % wander effect
(i) Portland Cement Association (PCA) Method
> Load Repetition Factor
(ii) FAA Methbd

- Convert traffic to coverage

43
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- Coverage : number of Max stress application occurring within
the pavement due to applied traffic
> One coverage : Each point in traffic lane pavement has
experienced a maximum stress
- Pass-To-Coverage Ratio«— %+ #&
= No. of Departure / Coverage

etk coverage /b 5 KM coverage K
(4.) Highly Channelized traffic on Taxiway, Runway End, Turn off area
=~ Soil ##&

FAA Method # % Partical Gradation (Size), &% Plasticity constant

= ~Flexible Pavement Component

No skid way
Bituminous Impermeable
Surface Provide smooth

Resist shearing stress

Base Distribute load pressure
Resist pressure (consolidation)
Resist volume change
CBRz=80
Subbase
CBR=20

w ~ Equivalency Factor
© B &9L7 4% Stabilized course # R Granular course

© Layer thickness, stabilizing agent type, quality, and location of
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stabilized Layer.
© Minimize Bituminous Surface =10cm critical ; =3in no critical
% ~ Overrun area pavement
=1/2 runway pavement thickness : more stone chip aggregate
7% ~ Aircraft Load
© 95% weight on Main Gear
© Landing gear type & Geometry(Single, dual, dual tandem, wide body)
© Tire pressure : 75—200psi
+ ~ Development of Flexible Pavement design curve
© CBR method
© Develop for single wheel loading (convert all type to single wheel)
© Adjust by load repetition factor (base on annual departure over 20
years)
© Designed A/C: greatest thickness (Type & annual departure)
A ~ Design Equivalent Annual Departure for design aircraft
© Convert different type A/C:
1. Annual departure to designed A/C;
2. Make wheel load (MTOWX0.95) /N

© Each Type annual departure by designed A/C make by Log R1 =,
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W2/v/ W1
© Summation Each type to be Equivalent Annual Departure for design
A/C
© Wide body designed to be 136100 ; dual Tandem
# ~ £ & Flexible Pavement Design Thickness
% % i#4# A Equivalent Annual Departure for design A/C ; MTOW ; CBR for
subbase & subgrad £ 4§ Total pavement thickness ; # & % — % > minimum
base course thickness equipment
+ ~ Overlay & 3|
o &9 A sandwich B % separation granular layer 7R #|HEK
o Overlay &2V & # & & % T5mm
o 7 # Surfacing #, % Base course
o Base course #.% Subbase course equivalency Factor
+— ~ ACN-PCN Method
ACN : Aircraft classification Number : A Number expressing the relative
effect of an A/C on a pavement for a specified standard subgrad
strength
PCN : Pavement Classification Number : A number expressing the bearing

strength of a pavement for unrestricted operations.
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PCN bearing strength /pavement type(R,F) /sub grade category(A, B,C, D, E)
/ Tire pressure(W,X,Y,Z)/ evaluation(T, U)
311 Z 4@ T
&R HHIE
— ~  Subgrade : Compact to dry density 95% : Stqbilized with cement
— - Transition Layer : To prevent migration of fines into sub-base
= - Sub-Base : Better quality on top of sub-base layers (well graded
granular ; more permeable & no-plastic material)Plasticity Index <
6
m -~ Base : Material need tough ; PI<6% +Jv plastic ; Dense gradation ;
High strength
% -~ Wearing Course : High stability ; High skid resistance ; Open-graded
mix 20% ; Air void for wet weather and prove good skid res.
4558 # © Asphalt Paver
(—)Tractor unit :
48 7% : push roller ; hopper ; Auger ; conveyor
y= 4] : Material feed system control by conveyor speed ; screw speed ;
flow gate opening ; control amount of material

(=)Screen Unit :
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AOA control by low point & thickness control cranks
AOA 4 material thickness 4
(=)Automatic Screen Control :
arE AR Pull point f AOA constant
A Pull point ¢ AOA constant
B F st £ E R : Asphalt concrete Rolling (compaction)
(—) =42 B # Steel wheel ; Pneumatic Tire Static Roller;Vibrating steel
wheel roller
(1)Steel wheel : Three-wheel steel Roller ; Tandem Roller275—415 KN/m’
(2)Pneumatic Tire Static Roller : 275-862 KN/m2
(3)Vibrating steel wheel roller : Frequency vibration
(=) 4l 5 F 2% #  Control compacting variables
¥ Magnitude of load : Static weight, dynamic force, Total force
Frequency of Vibration : 2000-2400 Vpm
Roller speed: effects on density, 2.5 mph

% Number of Roller Passes: density 4 uniformly
% Rolling Zone>125C

Roller path: uniform

EBESLT §ER S o
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© Sub grade and embankment fill by all type of roller for granular
aggregate cohesive soil by pneumatic tired
© Base & Subbase : Heavy vibrating drum or steel wheel roller for granular
© Asphalt Surface: 3 stay of rolling; Thinmat not to use vibratory roller
(1)breakdown rolling: T>125Cusing steel wheel roller
(2)Intermediate rolling : T>80°Cusing pneumatic or vibrating roller
(3)finish rolling : T>65°Cusing steel tandem roller
3.12 A4 @k
(—) H|M45d@ 4@ - Component : PCC Slab ; Subbase ; Subgrade
Sub base: No need if no frost hazard ; Its functions are for mud pumping,
frost action, deformation, supporting
Subgrade : Need to be compacted
(=) BEREMEERTREE
(1) Aircraft traffic Volume depend Aircraft departure traffic:
(2) Aircraft load ;

(3)Strength of Subgrade-Subbase or both

(1) subgrade - compact i g% dry density E# ; B4& lower moisture content ;
RE%BE -

K=modulus of subgrade reaction=rate of increase in the compressive
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strength of subgrade=<500 pci (136 MN/m3)FAA recommend
(11) subbase : well grade crushed aggregate

Standard thick= 4 in but now check for > 45400 kg load impermeable

Rk E % E - Concrete Flexible Strength
FAA .45 flexural test # 7,14, 28, 90 X B4k 83K,
Module of rupture(flexural strength, psi)= Elastic Module 8-10 constant

v/ Compressive strength of concrete , psi (MR =K / fc)

B sE@mME S - Wheel load; temperature -~ moisture differential friction
& Stress due to friction
(1)Wheel load : from FAA interior loading ; Edge loading
(3) Temperature & moisture differential : Temperature differential
# g Curling & Warping Stress ; Moisture & s & bend # & Fo

Temperature 48 R 7 Z 48344 °

In summer In winter

Temperature ﬁ w
differential
Moisture M ﬁ
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(4) Stress due to friction
Slab & Subgrade produce due to temperature differential
FBAMTHBER MA@ %A% | FAA Method of Rigid Pavement Design
Westergrad s analysis of edge loaded slab of jointed edge rigid
pavement
%K # Aircraft Annual Departure Volume, N
B4 Concrete Flexural Strength, Subgrade Module, Aircraft Gross weight
W: & FAA % : rigid pavement thickness required
Pavement Joints ZhaE A 4% :
© hit  REMIEAER EN 458 B A Temperature & moisture content
&% slab & foundation fs} &9 23 /1 5 Construction A7 & °
© %% : Construction Joints ; Expansion Joints ; Construction Joints
Construction Joints :
(i) Longitudinal Construction Joints : At edge of each construction lane ;
Keyed & download to provide load transfer ; Tie bar hold slabs together
(ii) Transverse Construction Joins : butt type Joint with dowel 4 A &£
¥eic T AT LM EMY S keyed joint with tie bar # A &£ TAE
4 B 1% Middle Third & -

Expansion Joints : Provide space for expansion ; Not used in rigid airport
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pavement ; =7 B4 #4885 4 % £ Expansion Joints ;
pavements thickness < 10 in # & placed during cold
weather 8% &

Contraction Joints : Predetermined location ; Relieve tensile stress ;

Controlling cracking ; Sawed or formed groove type °

Joints Chart :

Expansion  |Construction [Construction |Contraction |Contraction
Joints Longitudinal {Transverse {Longitudinal |Transverse
Key X \ v X X
Dowel \" \s v X \%
Tie bar X v A\ \4 X

Joints Spacing : % without stabilized subbase 8 width B/t(in) <24, length

L <1.25 B; & stabilized subbase, #7 24 higher warping and curling stress ;

4—6=Joints space/radius of relative stiffness

Jointing Steel :
(1) Tie bar : B £ longitudinal contraction joints & construction
joints s AT ARZHNERAFTHS

(2) Dowels : #.#F transfer load across joint ; prevent relative vertical
displacement of adjacent slab end

Reinforced Rigid Pavement : = #:k A Al § sk e % 4y Bl 84

Log R=log R 2 / w2/wl
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3.13 B 4% | e T
2 ## 1% . Slip - form Method ; Slide-form Method
e T A
(1) Aggregate: course & fine mix
Not more 8% for elongate flat size < bcm
(2) Cement: Ordinary Portland Cement ; Rapid Harden Portland
Cement ; Portland Blast Furnace Cement ; Asphalt Resisting
Portland Cement
(3) Water: Clean
(4) Admixture: 5 type chemical admixture Air Entraining Admixture
function ;¥ & # Workability;Reduce bleeding segregation; Improve
frost resistance
(5) Covering material for curing of concrete
Whit Burlap - polyethylene sheeting
Water proof paper / white polyethylene sheeting
Liquid Membrane Forming Compound
(6) Joint Filler
(7) Joint Sealed / Sealant

(8) Joint Insert
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(9) Steel Reinforcement
(i) Steel wire fabric (welded fabric) reinforcement
(ii) Reinforcing Bars
(10) Tie Bar & dowel Bar
R LRA RS
(1) Minimum Flexural strength of Concrete 600psi
(2) Minimum cement content 500 1bs/cu
(3) Maximum allowable water - cement Ratio 0.5
(4) Workability : Low slump rate (1-2 cm )good to slip - form work
(5) Cementations Material : Fly crash < 25% ; Ground slag < 30%
(6) Air entrainment in concrete mix
# 4  Equipment
(1)Batch Plant : Bins & Hopper ; Scales
(2)Mixer:Central plant Mixer: Truck Mixer and Truck Agitator; Non-agitator
Truck
(3)Finishing Equipment :
(i)Finishing Machine : Oscillating-type transverse ; Screeds
(ii)Vibration :

side-form : surface pan type ; internal type ; Hand vibration
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slip- form : Internal vibration : Vibrating screed

(iii)Paver : Placing, consolidating, finishing the concrete pavement
B ¥ & # subgrade & subbase : accurately trimmed ; proper elevation &
profile ; subgrade & subbase need moister with water without saturate
for slip - form, widen SB & SG , to support paver.
RIZHRAEMH
Aggregate different stockpiled : drainage, dry; secure , no mix
Cement : weight 1 % accuracy
Water : Volume & weight 1 % accuracy

Admixture : 3% accuracy

wAhRE Lt Mixing Time : 50-90 second ; Mix to place: 30 minute - non
agitating ; 90 minute - agitating
Mix limitation : heat aggregate or water in cold water ; >10
°C place cold aggregate or water in hot water ; < 35°C in place.
#* Bkt £ Placing concrete : Placing and spreading ; Strike-off placement
of Reinforcement.
# E Joints: %k Consolidation and Finishing; & 32 Texturing; % # Curing
Slip form Paving #9448 © 1225 R EmiEL HH AN RER] | placing ,

spreading , consolidating , finishing &
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