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ABSTRACT

The objective of this research is to study the airport runway designs and to
optimize the design by selecting different available materials used in Thailand.
Currently, government has been trying to expand projects of all three mode of
transport (i.e. road, air and water). Air transportation is one of the modes that needs
many fields of engineering. To construct runway, as pavement engineer considers
functional performance and cost of pavement desien, an optimum material and
thickness for each layer are needed. The method of designing airport runway is in
accordance with Federal Aviation Administration Method (FAA). Using KENPAVE
program to determine strain in each model was adopted. Results show that four
models with the same CBR values of each layer and different material types can show
different strain values despite thicknesses for each layer were optimized by FAA

program.
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A157991 2.1 NSTWUNAURNINTS Unified System ieldfiusuaanuuuneadisauiuiy

MAJOR DIVISIONS Groups symbols
Coarse-grained Soil more Gravels 50% or more of coarse fraction | Clean GW
than 50% retained on retained on No.4 sieve Gravels GP
NQ.200 sieve Gravels with GM
Fines GC
Sand less than 50% of course fraction Clean SwW
retained on No.4 sieve Sand SP
Sand with SM
Fines SC
Fine-grained Soils 50% or | Silts and Clays Liquid Limit 50% or less
less retained on No. 200 ML
sieve’ CL
oL
Silts and Clays Liquid Limit Greater than 50%
MH
CH
OH

Highly Organic Soil
PT
‘Based on the material passing the 3-in (75-mm) sieve.

=2

nguiy Auwdseanilungudesdn 15 ngu dydnvalvenguuazmaduiedu 9

Le

YDIAATYDIZLAIL
1. GW Well-graded gravels and gravel-sand mixtures, little or no fines

. GP Poorly graded gravels and gravel-sand mixtures, little or no fines.

GM Silty gravels, gravel-sand-silt mixtures.

GC Clayey gravels, gravel-sand-clay mixtures.

SW  Well-graded sands and gravelly sands, little or no fines.

SP Poorly graded sands and gravelly sands, little or no tines.

. SM Silty sands, sand-silt mixtures.

.SC Clayey sands, sand-clay mixtures.

VO NL AW N

ML Inorganic silts, very fine sands, rock flour, silty or clayey fine sands.

10. CL Inorganic clays of low to medium plasticity, gravelly clays, silty clays,
lean clays.

11. 0L Organic sil:s and organic silty clays of low plasticity.

12. MH Inorganic silts, micaceous or diatomaceous fine sands or silts, plastic

silts.



13. CH Inorganic clays or high plasticity, fat clays.
14. OH Organic clays of medium to high plasticity.
15. PT Peat, muck and other highly oreanic soils.

nsnaaeuauauURlunisSuuinidneesdiu 1435 BR Alunisnaaeulu
woaUdiinns 1435umsgiu ASTM D-1883 dudunismeaeuluaun 1938umsgruves
Asphalt Institute (MS-10)

=

dmiinveaaiesiuiildimunsenuuy lidhwiinusmngeanunzeiessiudy
(Max.take off weight) Tneruualsl 95% veaimiiniavunansa main Gear uagtmingn
5% asfinamii(Nose Gear) AouynseenLUUAISANY YD RNTINEITEBEIIvD DU
wanvasaiosiuldaunudunas fvuausetuasludasening 75-200 Yaus/as.49 (0.52-

1.38 MPa)

USumun1595193 Anwiivdeyauiinansesluedin Jagdulazaiaaziufivouinn
vounsesfuusazuuuinldauudy Fuilvunm drminussynlaiviniy iileflaziiunae
fvuaviianazuuvreaissduiildeanuuy (Design Aircraft) LaZAIUIUAIIUNAUIVDS
lassainig

n13fIMuA Equivalent Annual departure vas4A3sduiildoanuuy 1iasan
USinanisesasrinldauutuivaneyssanuasvatsiuy %ﬁLLﬁiﬁxLLUUﬁJWﬁﬁﬂUﬁsnﬂLLas
Srurumaldwhfudsiuadnsaeildesnuuusuanseiuly Sssnd udesivuad e
wmsguieAsuFeuiisuiueiesiildeaniuy fansef 2.2



= v el P 8 v W a8 o = a | W
M99 2.2 Lwlmma%’lsuLﬂiﬂumaummmmnaamamwumwawaamiawuu:uumaf] T
] = W v
WulAsaanltaanwuy

To convert from To Multiply departures

by

single wheel dual wheel 0.8
single wheel dual tandem 1.5
dual wheel dual tandem 0.6
double dual tandem dual tandem 1.0
dual tandem single wheel 2.0
dual tandem dual wheel 1.7
dual wheel single wheel 13
double dual tandem dual wheel 1.7

w30eTuUsELANETINAY Ly Boing 747,0C-10 Airbus 300 Aa4Ra15 WD UTLAY
\osandnumzees landing gear waranwuzn1SINYAAE LLG]ﬂm"NﬁJ’mLﬂ%@ﬂﬁuﬂ‘ixmwsuq
Tnoimusliadesduddaninedidmin 300,000 Youd(136,000 nn.) dual tandem

Lfiamﬁ'auﬁ'lﬁwﬁﬂﬁaiﬁﬁmg’lummgwuasimﬁmﬁ’uué’a fustolulsin Equivalent
Annual departures mmm"?laaﬁuﬁ'mumaamwumﬂqm

L
)
logRi=logRz | =
S\

Aua A

Ri= Equivalent Annual departures by design aircraft

Rz= Annual departures expressed in design aircraft landing gear
Wi=Wheel load of the design aircraft

W:z= Wheel load of the aircraft in question
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: = = d  a
Traffic Model - Gear Naming Convene (3Uuuunsisgniayainsestiu)

0 00 000 0000

Single Dual Triple Quadruple
S D £ Q

0 00 000 0000
0 00 000 0000

2 Singles in Tandem 2 Duals in Tandem 2 Triplesin Tandem 2 Quadruples in Tandem
25 2D 2T 2Q

0 00 000 0000
0 00 000 0000
0 00 000 0000

3 Singles in Tandem 3 Duals in Tandem 3 Triples in Tandem 3 Quadruples in Tandem
3S 3D 3T 3Q
00 00
| 5 00 | 00
S D 2D
Single Wheel Dual Wheel Dual Tandem
00 00 05
00 | 0O
00-+--00 00 . 00 00 op 00
00 00 00 00 00 00 §9 00
3D 2D/D1 2D/2D1
B777 DC-10 A340-600

00 00 0000
00 . 00 00 . 00 00 80

0000 00 00 (o0 0606
00100 89 | 89 00 96
0000 00 60 0006~ 0000

2D/2D2 2D/3D2 cs
B747 A380 Lockheed C5

SUN 2.1 sUnuunsisenteveamsasiulunisoanuuumeiy
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2.3 N1592NLUUAMINRUIVDIRININAINYS

annsaldunugiilumsesnuuu munmil 2.1-29 Tnefinnsanaind CBR vosiy
Fumauagitunie diminesnissdueanuuy $munssvonaiesduiused (annual
departures) agnslda1u 20 Y Avaamumniidnaildanusugiosnuuy Wuarumunsay
ANIYBIRINIUEE AN (T) awdloRufumnsluuiing Critical area uaswiiy 0.9T Tu
Uhal non-critical area Al 2.10 T mvunAumuIgstuium1991nA1 CBR auady
ynvadlassadianieiionn

CBR

3 4 5 678910 15 20 30 40 50

| T g
SINGLE WHEEL GEAR il

E"!H- ::
iin oo
20 e 20, A0y
l % %@%_* wr
; 2 :
% ;
Hi HEH
fm 3 R '
1 in = 264 mm TR
11b » 0.454 kg -+

4
.

he &

3 4 5 B 78910 15 20 30 40 50
e ]
THICKNESS, IN.

JUN 2.2 unugiildeanuuuvnainens critical areas, single wheel gear (FAA)



CBR

3 4 5678910 15 20 30 40 50
} : |
R et L T
T _ BUAL w}iﬁ:gL GEAR

ORI 0L 1 5 225 8 NIRRT

ikl

3,000 1 111 N !

el . ey it i
bk J§15,000 A | R R
A | e ———— T L) DI

! - (Il  ASPHALT SURFACES i *
(]l 6~ IN. CRITICAL AREAS TTTUROTETS
19-IN. NONCRITICAL aREAsTTTTTHIRITRTT
1y L i

%mé 5 6 78910 15 20 30 40 &0
THICKNESS, IN.

E‘U 723 LLNUﬂu’L‘UaaﬂLLUUVI’Nmm&m critical areas, dual wheel gear (FAA)



CBR
3 4 5 6 78910 15 20 30 40 50

IMERERRERREREY

TIIMIEEE DUAL TANDEM GEAR [[{HimiTIO

-

o¥
i
ol
3.1
&l
A
=
i

EE S ey
+

3 4 5 6 78910 15 20 30 40 50
o THICKNESS, IN.

= a s
JUN 2.4 unugifildaanuuunieenne critical areas, dual tandem gear (FAA)
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CBR
3 4 5678910 15 20 30 40 50

WL Lo s HitHHi
{liB—747-100, SR, 200 B, C, F

 CONTACT AREA =~ 245 5 IN. -
4 4oy DUAL SPACING = 44 IN
SEREE TANDEM SPACING =~ o8 IN

| Hzn;mm;

a4 5 s?ﬂm 15 20 30 40 50
| THICKNESS, IN.

E‘U'ﬁ' 2.5 Lqunuﬁ'l"ifaamemqammq critical areas, ey B 747-100, SR, 200 B, C,F
(FAA)
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CBR

3 4 5 6 78810 15 20 30 40 50
T — m bbbk
WIS B-747-sp
[T} CONTACT AREA = 210 SQ IN I

- DUAL SPACING  » 43285 IN
TANDEM SPACING « 54 IN.

dod bad ddelt

¥ =
Es
;

| ! ST NN TR ,ﬂ it

f | | 3

304 5678910 15 20 30 40 50
THICKNESS, IN.

P i " 4 a
JUT 2.6 ununiildeanuuuneannens critical areas, 13030 B 747-SP (FAA)
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CBR
3 4 5 678910 15 20 30 40 50

- S
i

IR pe 10-10, 10CF

CONTACT AKKA = 294 SQ IN ||
i : DUAL SPACING = 54 IN.
LTI TANDEM SPACING = 64 IN.

16,00¢
000 THICKNESS HOT MIX
T ASPHALT SURFACES

- 6~IN CRITICAL AREAS
4-IN. NONCRITICAL AREAS (i

- ifllli%!i”i%i

3 4 5 6 78910 15 20 30 40 50
nres
THICKNESS, IN.

s B R

gﬂﬁ 2.7 wnuiildannuuunaaines critical areas, \3890u DC 10-10, 10CF (FAA)
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CBR
3 4 5 6 78910 15 20 30 40 50
1 : . : _ , & 4 &

DC 10-30, 30CF, 40, 40CF
CONTACT AREA w 3N SN
DUAL SPACING - 54 IN
TANDEN SPACING = 84 IN. diEiis
ﬁm*m m Wm = 315 m ¥

!

i : ﬁﬁ?"’

N

MENRRRRRTTIINNEI h.
! L i

:%m 4 5 6 78910 15 20 30 40 50
THICKNESS, IN.

JU7 2.8 unugiildeenuuuneanens critical areas, w3asiiu DC 10-30, 30CF, 40, 40CF
(FAA)
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CBR
3 4 58?891{) 15 20 30 40 50

| &wi&iimi 100

: 4 m o TR S
i, o G e S 4
. O

=

i 00 it THICKNESS HOT MIX
R Y , SURFACES
it } 5-IN CRITICAL AREAS

I o N NONCRITICAL ARmAs LTI
gL D T

3.4 50678910 15 2 30 40 50
: THICKNESS, IN

gﬂﬁ 2.9 unupiildeanuuunainen critical areas, \ASeadu L-1011, 100 (FAA)
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CBR
3 4 5 678910 15 20 30 40 50

il;

| L-1011-100, 200
s ' CONTACT AREA = 337 SQ. IN.
: _ ' DUAL SPACING = 52 IN
‘iL il TANDEM SPACING = 70 IN.

[T

THICKNESS HOT MIX
it ASPHALT SURFACES  Hi: TR
Il -1 NoNcrricar Areas [1] mi
ST RN R i i

£

3 4 53‘?&91{3 16 20 30 40 50
THICKNESS, IN.

g‘U‘f/’i 2.10 urugiildoanuuunieainens critical areas, 1A3090u L-1011-100, 200 (FAA)
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MINIMUM BASE COURSE THICKNESS,IN.

U7 2.11 uwnugildimunanununtuivesiunisneenlild (FAA)

AN DN LUUNNRINIINUIZAD9LAT CBR U999UAUNIY,AICBR UDITUTDY
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N150UUsEIUMAY 2500001 ANMUNUIALANTUSIRISIN 2.4 LazAIsilus 19l nDENEL
Fou ; NMSHLANLNUITNE DTUAITIUUARAIUALI NI UN UM LA S TUTBINUNNG

AN5799 2.3 AUUNTUAIYDITUNUNS

Design Design Load Range Minimum Base
Aircraft Course Thickness
lbs. (kg) In. (mm)
Single Wheel | 30,000 - 50,000 | (13600 - 22 700) a4 (100)
50,000 - 75,000 | (22700 - 34 000) 6 (150)
Dual 50,000 - | (22700 - 45 000) 6 (150)
Wheel 100,000 (45 000 - 90 8 (200)
100,000- 700)
200,000
Dual 100,000~ (45000 - 113 6 (150)
Tandem 250,000 400) 8 (200)
250,000- (113400-181
400,000 000)
5% 200,000- (90700 - 6 (150)
767 400,000 181000)
DC-10 400,000- (181 000 - 8 (200)
L1CkK & 600,000 272000)
B-747 400,000- (181 000 - 6 (150)
600,000 272000) 8 (200)
600,000 - (272 000 - 385
850,000 700)
c-130 75,000 - (34 000 - 56 a4 (100)
125,000 700) 6 (150)
125,000- | (56700 - 79 400)
175,000

Note: The calculated base course thicknesses should be compared with the
minimum base course thicknesses listed above. The greater thickness, calculated or

minimum, should be specified in the design section.
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“Luﬁumﬁuﬁﬁﬂ'%mmim%qq 19n51N150UTUYRAATRINAL 25000 ASY/D AED9
WAMUTIY84lATIA5 199N ILARN Desien Curve MRS 2.4 LWAZANLWUITDY
HIN9ANAEN99EADWNLEN 3w,

= ¢ ¢ o a da &
AN 2.4 L‘LJa'ﬁwju@ﬂ’lcjL'Wllﬂ’lqﬂ“uﬁluﬁu’]ﬂiﬁu%uu3ﬂi"lm"ﬂiqgﬂiﬁjq

= = =
U3uaun150urIuAl % UDIATUAUIMNLIUIINUTUIINTUY
X y
U 25,000 A5IA

50,000 104
100,000 108
150.000 110
200,000 112

N15MY Stabilized Sub-base wag Base

aurnduiioanuuulviiadesduminuinunldvneds wu tn3sevtindaus 100,000 Uaus
(45350 nn.) uly ﬁumaLLa“iaaﬁumaﬁml%’amﬁﬁﬂmmwﬁmn \u iuegn I CBR
100%(Soaked) ’l'ﬁmwummavaam CBR 35% (Soaked) 71589713 ma’l‘mamﬂ‘ﬁw'ﬁa
AN (Stabilized Soil) ‘N‘-\] "U’JEJLﬁ'iﬂJIMN’m’NNﬂ’NﬂJV]UW]uiﬂﬂ‘HU u@ﬂmnu FAA A9UA
amqmu’lﬂmﬂiaumaULUaaummwuwamaﬂﬂsaaniwqaammwnma@au‘] MIURITIY
#i 2.5 Uag 2.6 AUMUIVEIRIMN ARty 10 oy, Wissoatumsidemevasiania
ilesninuavessasuAnagiouaIniiumng (Reflection cracking) (osmnmsldtumsUsziam
UFuusenmnn

A51992.5 wrlnmesldiuieuifisuianusulnunmldvisosiiunie (Stabilized Sub-base)

eh) unnimasldiuseuliieu

Bituminous surface course 1.7-2.3
Bituminous base course 1.7-2.3
Cold laid bituminous base course 1.5-1.7
Mixed in-place base course 1.541.7
Cement treated base course 1.6-2.3
Soil cement base course 1.5-2.0
Crushed aggregate base course 1.4-2.0
Gravel sub-base course 1.0

A1 CBR 994767709 uUN19AA1sNR 10.12 1 Avunliuszum 20%

19



M1319912.6 unninasldssumisuianuivupnunwldviriunng (Stabilized base)

369 winmasldlisuiiou
Bituminous surface course 1.2-1.6
Bituminous base course 1.2-1.6
Cold laid bituminous base course 1.0-1.2
Mixed in-place base course 1.0-1.2
Cement treated base course 1.2-1.6
Soil cement base course N/A
Crushed aggregate base course 1.0
Gravel sub-base course 7 N/A

A1 CBR U89WUNI4ANINAISUA 10.13 U ninualwuszanm 80%

2.4 4aNUANITEINLUUNNAIUIAINTINYINBNIABIY

2.4 109N MNUAKAZIYININITOBARUUNIAIUIAINTTNINBINAEIU

Fofmunluniseenuuundisvesyineaniseius Tisesusinidely Aerodrome
Reference Code 2 ILUU Non-Precision Approach Runway @& Aerodrome Reference
Code 3 WU Non-Instrument Runway a1u98MLA3890ua1150900 LA3DITuTLIA LAY
80 fhishitanndn 2 &1 wiendeiivenisdnouined wuu 212/UHINGN 2 Silewdeluiian
ey

LUINNNTEDNILUUTIBAZBEANIINLIFINTININEINIABIU 81989M1ULINSE1UTBT
93ANIMstunaliouseninelseineg (Intemnational Civil Aviation Organization: ICAO) A1y
Annex 14 Wlafinwunasiuasdarvunsiigg udrnnnesnuuudnvneme Menmyeeva
2N Ilanutanivun Aerodrome Reference Code uag Class of Runway

2.4.2 N153UNUSLANNIEAINUD1Y1D1N1ABT1UATIN Aerodrome Reference
Code a1u ICAO

N1311MUA Aerodrome Reference Code A111105§1U ICAO Fauszneudie 2
duusznauAs Code element 1 I‘I’fﬂﬂﬁJEﬂ’J%Wﬁﬁﬁﬁ‘ﬁﬁEJBW]x‘]iJ"IﬂﬁEjG]‘UEN i3nsdud azvh
nMsutuanvie naeudusasmun Code number uay Code element 2 19 au1aTes
\A3esDuTifivuIAWing span wazOuter main gear wheel span ’Lmyj‘ﬁlﬁjﬂﬁ% ¥mstu-as 7
Yo magnudusifivun Code letter uanaannsnadi 2.7
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M191991 2.7 Aerodrome reference code AUUMTFIU ICAO

Code element 1 Code element 2
Code Aeroplane reference Code Wing span Outer main gear
number field length Letter (4) wheel span
(1) (2) (3) (5)
1 Less than 800 m A Up to but not Up to but not
Including 15 m Including 4.5 m
2 800 m up to but not 15 muptobutnot | 4.5m up to but not
Including 1200 m B including 24 m including 6 m
3 1200 m up to but not 24 m up to but not 6 m up to but not
Including 1800 m G including 36 m including 9 m
4 1800 m and over 36 m up to but not 9 m up to but not
D including 52 m including 14 m
52 m up to but not 9 m up to but not
E including 65 m including 14 m
E 6 m up to but not
including 9 m

ﬁm : International Standards and Recommended Practices Aerodrome; Annex
14

2.4.3 n1sAuuUnUsEnnineInadeu Class of Runway a1 ICAO

N13fi1MuA Class of Runway m1asnasgiuaad ICAO Tu Annex 14 Iéfmundures
GRVRPIRTY: %wsﬁuﬁuéﬁ’mzwLﬂ%"aﬁ%qﬁwmﬂﬁumnw LaELATIYIENITHONAY 10
vinfu Seduysznauiiddyldun

Runway Visual Range (RVR) ﬁaiwBmﬁaﬁfﬂ@uﬁaQUULﬂgaqﬁuﬁas‘JjLLuﬁdnaw
93 M98 amrsnuedfiudydnuaiuuiunigis vie neadiutadliuunisds vie aunen
AmuanwIfnaImeisla”

Decision Height fia augsiitnTudeadndula sewinanisinaiosdudaunsg
auwdu vie snidnnisiieTesdusouasgauimdu Tas Class of Runway m1uanAsgIu
ICAO uuaitlu 2 Uselm fe

(1) Non-Instrument Runway winefis vdiswasauniuiidalidmsunisiuiiasg
auudumeaisn

(2) Instrument Runway el Melsvesaunduiidalidmsunistuildnsasd
aundudeindostn Fauudlesail

- Non-Precision Approach Runway e 11e3svasaunuiuiisnlss indoshe
Tunisueaiiu vegunsalfianunsaveniiemddunisiiedesuasg ausls
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- Precision Approach Runway Category | w8 n193sgasauiuduiiilszuy
\A3D9TIBNSRUBINA ILS uie MLS uaziadeswaslunisueadiuyesindu iiielinisii
insesiiuasgaunuiu InefiDecision Height &1 60 wms s weadiuldlaitfosndn 800 wns
w38 RVR laitlosnin 550 wns

- Precision Approach Runway Category Il 318 n193svasaurnduidszuy
\ATEITIBNISANBNTA ILS w30 MLS waviadesdielunisusadiuvesindu welinist
isesduasgaundu Taedl Decision Height g1 60 wms wiilal wounda 30 wms RVR Tl
UpEN1 350 LIRS

- Precision Approach Runway Category Ill ¥anafia m193aiilszuuiaiestas N3
{Ae1MA ILS W30 MLS uasiadasitlunsusaiiuvaesindu (el inTesasgau
Tnsuvadu 3 Useiaweisdl

* Category IIl A @ w3u Decision Height §1n71 30 as3ufe 0 LWms uaz RVR lu
WounI1 200 1A

* Category Il B @ w3y Decision Height §7n41 15 Wn3auda 0 Wwns waz RVR oy
31 200 wasualidasnda 50 wms Category Il C Taglaidl Decision Height #3awinAu 0
WAS Waz RVR IMINU 0 Lmg
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2.5 doyailowiuvasauinduiung

RUNWAY
3000
ANV
300 | 7.50 15.00 15.00 750 | 300 |
| wavm | wawwe | |
PROFILE GRADE
PRIME COAT 6% ELO&\\ . ~FRIME COAT
_--f"'"’"_"_ﬂ_’_ £ :
2% f%’,////,,{%’/y x
/ //% {/////I/ "o'.‘.". o /W /
‘;!'g /Z/:/{{/./‘gé::::..': 5 i * . 'n """ﬂ /::{/%W/W
g :~:-::::~:v:::v:v:v:«:n~:«,«,v:,~,v.~,m e

-: % **”:,..,,*:f,.:.};:};.:.j -
: _“*-t.“*n .f'f"y ‘

EnssmsupsEwaRsRauniawul o0 1.

fudreturanarhigadrBian@nds)

WENTU CEMENTWL 0,25 N, WILAB.CBR > BOX
URSALUUANTATANU  SPECIFICATIONS

FusooRumomna 0.45 3. (ABCER » 25%
undRuuuR LT lu  SPECIFICATIONS
THRAMBANWUY 0.25 M. LABCBR > 5%
REALUUIILAS ]l SPECIFICATIONS
Fudunren Las.cer » 3%
usdRuuuAn iU SPECIFICATIONS

JUN 2.12 uanalasaainadunieamaie (Runway)

Joyailewunldluniseenwuvawiudulaeldisniseanuuy FAA Method lunis

sanuuuauudunvazgdavinlasanuldsenuuy Iaefsuteyainn vitmnganw toudidess
AoudaLAUY 3110
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&’ = l:it:l = 1
2.6 FLEXIBLE PAVEMENT DESIGN (n1seenuuuiiuiiafifiaaudane)
Typical Flexible Pavement vilnaaslassasnanuu

SURFACE COURSE

BASE COURSE

!f"-e oo
h_ ms.fams.m

U 2.13 FulATIASI9UBINITARNLU

mﬂgﬂ'ﬁ' 2.13 {utulpsiadewosauudssenoude quianie fufiune fusesitu
9 LaztuRuANuRlunsoRNUU UM IEuN TuaETiAMuAG B AUNITBNLULALY Wadu
Tnssadanrilogdusosiunie 2 B 3du Juagivauinvesaumuduuazanimindausiieg
uagn1seanuuunsianfuanansaUiuusriulasaiaielildmalsdimngausunisld
nunuluiaitldlunisieadimalfimunsaudisuazainnisaed 2.8 Wumisiauans
yilnvastulaseadie und vdurinvosiulassadeunsrinonsliiuas sl ssmalne

= a 1 v ) ) Y
A15719912.8 viinvestulassaiananasusuljarulaseasng

Surface BASE SUBBASE SUBGRADE
P-401 P-209 P-154 P-152
P-403 P-208 P-210 P-155*

P-211 P-212 P-157*
P-304* P-213 P-158*
P-306* P-301*

P-401* P-304*
P-403*

* Chemically Stabilized Materials

N & N =% o & v oA o 4
MNE1TNN 2.8 L'U‘LJG]’1i’]\‘lVILLEWNEN‘UUWUBQ‘UMIF]‘NEITNLLﬁlag’UUﬂﬂﬂlﬂ’iﬂﬂiUU?ﬂ’UU

lassas1alvivsednSamiindu Sausazdulassaiafaeiiniguiuysemeiinsuasnisiente

24



Aunnsneiu Tnvanunsasenldsne vlafunnneiy Fasfudiedias vasusazsin
Fasioluil

(1) Iltem P-208 - Aggregate Base Course

(2) Item P-209 - Crushed Aggregate Base Course

(3) Item P-211 - Lime Rock Base Course

(4) Item P-304 - Cement Treated Base Course

(5) Item P-306 - Econocrete Subbase Course

(6) Item P-401 - Plant Mix Bituminous Pavements

(7) Item P-154 - Subbase Course

(8) Item P-210 - Caliche Base Course

(9) Item P-212 - Shell Base Course

(10) Item P-213 - Sand Clay Base Course
(

11) Item P-301 - Soil Cement Base Course

Fe¥anuivussqunmnanil foglulszwalneifioswdurseiia lunsdnwinig
aammumﬁwaaaumﬁuﬁaLﬁaﬂ'i:?j’t,ﬁaﬁa@ﬁﬁaq”’l,uﬂs::mﬁlwa fufia P-208 - Acgregate
Base Course (Huiiupgniiiiunisundnaainlselaiiiu waztfuiueaniidnunimnansiius
57A19N, P-209 - Crushed Aggregate Base Course ﬁUﬂqﬂﬁlﬁhuﬂﬁSUQUﬂﬁUﬂﬁﬂﬁﬂﬂIiﬂﬂj
#u iitelvldfupqniifnunmuaygusnsiiands udlsimfiunendn, P-301 - Soil Cement
Base Course @IUNANTEVINAUGNTINANTLIUG LAy P-304 - Cement Treated Base Course
AUNANTEN I AUANNANTIUS
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3.8 3Lﬂ5ﬂ3ﬁ‘é‘l’a§aua$aammu Model 1ael4 Excel Airfield Flexible Pavement Design

MnnmsTvsmteyarnaifedilunisessnuuuluina luduneurald sudunini
foyaanunTiamsivaramuresauuduildhnseonuuuuazsuiiuniseenuuusiy
SnquszasAniesnisainw Tneldlusunsa Excel Airfield Flexible Pavement Design Lite
ATz tiwesiilasEdazA T YA

® ¢agrniTeenuuutulATIETIMIAsEwINTY Model 1 fiagud 3.1

Dual Wheel 150,000 ibs. (Boing737)

—» Annual Departures 1460 times/year

SURFACE PAVEMENT

BASE CBR=80%

Crushed aggregate base course

SUBBASE 1 CBR=25%

SUBBASE 2 CBR=5%

SUBGRADE CBR=3%

R,

X
Q& NN
NN

s 1

JU7 3.1 shegnseenuuuniisuesauindu Model 1

MsoBnLUUNEIsEuIndy model 1 3nmsihdeyaiildun vimsesnuuuluieaiiie
WIANN LI ITULATIAT LA A TUTIN U B IMIA LN UM LATD 1T UL ATIS DR nLUULAe
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auuduluaiiimsusugsamamuesduiu du Sub-Basal Taaldiu P-301 Soil cement
base course Wudrunauszwindugnimanduud warldfiuagniiudu Baselnsldiiungn
wiln Crushed Aggregate base coursenns39 FE';\iLﬁuﬁuﬂqﬂﬁmunismumsumé’nﬂmﬂhﬂﬁ
Au Lﬁ@iﬂﬁﬁuﬂanﬁﬁﬂmmwuaviﬂéwﬁaﬂ’h Feluniseenuuuldiadesdy wdn boing737
LLaJLﬁjamwmi‘uuaamaﬂ 1460 aSe/D wazlden CBR Lgmavwmuamﬂusﬂw 3.1 Wethdeya
fldvirniseanuuuaslulusunsy Excel Airfield Flexible Pavernent Design muamﬂuaﬂw
3.2 Lwafsmmvwm'}wm’uawuimaaiwLLmavwLLavmmwmmmm‘ummaaaammuwm
N1590ALUY

mnmﬁLﬂsqsﬁﬁauaﬁlﬁmmnLma'wiwf] mseenwuuiundaunuiuiivuzaulay
ﬂ"liLUiEI‘UL'V}EJ‘UﬂJaﬂﬂﬂ']'iﬂE]ﬁiNWN‘tjmvN%ﬂV}ﬁ)”W}ﬂﬁaaﬂLLUULLa"?Lﬂ?’] Wdeyanien 13y
lUsunsu Excel Airfield Flexible Pavement Design mg‘dw 3.2

FAA Flexible Pavement Design AC 150/5320-6D

“ Enter Airport Name and Data

Pavement Surface layer

L Enter Subgrade CBR & Frost Code | y
, aseLayer Typical
Enter Subbase Information I b ~ Subbases] I.ayer | Pavement
| Subbase#2Layer | Structure

Select Default Aggregate Base l Subbase #3 Layer
Subgrade

Calculate Frost Penetration Depth

r

To Assure Proper Answers.
Complete Each Step in Numerical Order

Enter Aircraft Mix (steps 6-8)

Compute for Stabilized layers '

Go To Design Summary I Light Aircraft Design

(30,000 Ibs or less)

This software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Design and Evaluation

E‘Uﬁ 3.2 TWsunsu Excel Airfield Flexible Pavement Design
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Tngaglitoyavodlueail 1 lumsuansiiedne vasnsiiamesitoyauazeaniuy
luma

3.8.1 ﬁau%auazﬁagmaaaumﬁu

- Uoudleaunudu : KMITL Airport

- ﬂaw’ﬁmﬁaumzﬂixmﬂ : Bangkok, Thailand

- Uoununeiaa AIP Project : 00-000-000

- YeuTedmng : Civil Kmitl

e 514:1:1'11

Airport Data X

Enter_the Airport name
| KMITL Airport

Enter the City, State for the airport

f Bangkok, Thailand

Enter the AIP Project Number

[ 00-000-000

Enter the engineer firm and engineer
g Civil KMITL

( Enter Comments

- j Enter Comments

= o a
JU% 3.3 vayavesauiniy
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3.8.2 UauACBRYBIYUsUbgradenazldnvpsfrost

- {JouAICBR T03TUAUNY Favinfu 3%

[FAA Flexible Pavement Design AC 150/5320-6D |

Enter Airport Name and Data I

] Subgrade CBR Value X
Enter Subgrade CBR & Frost Code | g Enter the Subgrade CBR Value
Enter Subbase Information I
Select Default Aggregate Base i [
Wlkuhte Frost Penetration Depth ]
. - To Assure Proper Answers,
mw Complete Each Step in Numerical Order
Compute for Stabilized layers I
m Go To Design Summary _I Light Aircraft Design
(30,000 Ibs or less)
!Th:s software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Design and Evaluation
dl 1 5 of
U 3.4 ANCBR U9TUAUNIY
v 1 L4
< v 1 o [ 1 = o o
= Lﬁﬂﬂiﬂﬂ‘ﬂﬂﬂﬂ’]uq LU ‘IN\liJiJﬂ'ﬁLﬂﬁm’)LL‘N
[FAA Flexible Pavement Design AC 150/5320-6D
I Subgrade Soil X

Enter Airport Name and Data I

Enter Subgrade CBR & Frost Code |

W Enter Subbase Information '

Select Default Aggregate Base '
—

W' late Frost P ion Depth |

Enter Aircraft Mix (steps 6-8)

|

Compute for Stabilized layers I

Step 10

Go To Design Summary I

To Assure Proper
Complete Each Step in

Subgrade Soil Frost Condition

( fion Frost Conditons!
" F-1Frost Code
" F-2Frost Code
" F-3Frost Code

" F-4Frost Code

0K

Light Aircraft Design
(30,000 Ibs or less)

'ms software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Desiga and Evaluation

JUN 3.5 AL TIUDITUAUNN
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L &
3.8.3 Uaudayavusasinunig
- UpuduiuduYestuseeumIe fa 294

FAA Flexible Pavement Design AC 150/5320-6D I

Determine Number of Subbases

‘ Enter Airport Name and Data I

Enter Subgrade CBR & Frost Code I Pavemen
Bal Enter number of subbases (1, 2, or3)

[ Step 3 Enter Subbase Information |

Select Default Aggregate Base |

Calculate Frost Penetration Depth ]
|

To Assure Proper Answers,

| Steps

: Enter Aircraft Mix (steps 6-8) | Complete Each Step in Numerical Order
Compute for Stabilized layers _I

| Go To Design Summary I Light Aircraft Design

‘ (30,000 Ibs or less)

| [This software may be used as noted in Appendix 5 to AC 150/5320.6D, Airport Pavement Desiga and Evaluation 1

|

JUN 3.6 TMUIUVBITUTDIRUNI

- UauANCBR 99U SRINUNIIHT VAU 25%

Flexible Pavement Design AC 150/5320-6D

|

| W Enter Airport Name and Damj
[

[ Enter Subgrade CBR & Frost Cod-_l
% m Enter Subbase Information I

Step 4 Select Default Aggregate Base |

Calculate Frost P ion Depth |

Enter Aircraft Mix (steps 6-8)

e Proper Answers,
Complete Each Step in Numerical Order

|

Compute for Stabilized layers _I

Step 10 Go To Design Summary I L}g‘m”ﬁ D”i)l“
X s or less

This software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Design and Evaluation

JUTl 3.7 ACBRuBITUTDIHUYNA#1
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Ean AUt LT o N uvNeE ] Teladl

E

Flexible Pavement Desi

b

Step 2 E

nter Subgrade CBR & Frost Code |

Enter Subbase Information |

Select Default Aggregate Base |

Calculate Frost Penetration Depth '

Enter Aircraft Mix (steps 6-8)

|

Compute for Stabilized layers l

m— Go To Design Summary |

gn AC 150/5320-6D

Enter Airport Name and Data I

Subbase #1 Frost Code

Subbase #2 Layer (" F-1Frost Code
Subbase #3 Layer " F-2Frost Code
" F-3Frost Code
" F-4Frost Code

To Assure Proper Ans)

Complete Each Step in Num¢ oK

Subbase #1 Frost Code X

Light Aircraft Design
(30,000 Ibs or less)

"nm software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Design and Evaluation —J

<l S < <
UM 3.8 A uTwostusoaNuNNeH

- UauAICBR Y99TUTaINUNI9#2 AU 5%

Flexible Pavement Design AC 150/5320-6D l
o

WEMD[ Airport Name and Data —l

Enter Subgrade CBR & Frost Code |

Enter Subbase Information |

Select Default Aggregate Base |

Calculate Frost Penetration Depth [

Enter Aircraft Mix (steps 6-8)

|

Step 9

Compute for Stabilized layers l

Go To Design Summary |

InputBox Demo X
= Blsa L 8 Enter CBR value for Subbase #2
Subbase #1 Lal C |
Subbase #2 L
e i
Subgrade [E ]

To Assure Proper Answers,

Complete Each Step in Numerical Order

Light Aircraft Design
(30,000 Ibs or less)

|T‘hls software may be used as noted in Appendix 5 to AC 150/5320-6D, Asrport Pavement Design and Evaluation

3UM 3.9 ANCBRYBITUTOS M2

53




- GenlAntwiuestuTe s uneE2 el

[AA Flexible Pavement Design AC 150/5320-6D

Enter Airport Name and Data I

Subbase #2 Frost Code X

Subbase #2 Frost Code
Mﬂter Subgrade CBR & Frost Code | i
Enter Subbase Information f € F-1Frost Code
“Seloct Default Aggregate Base I " F-2Frost Code
Subgrade A
Calculate Frost Penetration Depth | Fratrouttnde
To Assure Proper A " F-4Frost Code

“ Enter Aircraft Mix (steps 6-8) |
Compute for Stabilized layers I
w Go To Design Summary I Light Aircraft Design

(30,000 Ibs or less)

Complete Each Step in Nt

OK

‘Thu software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Design and Evaluation [

‘d 1 gﬂ‘ :p” ‘;J
EUW 3.10 ﬂ"IU’ILL‘ﬁQ‘UEN‘UU'iENWUVI'N#Z

y
3.8.4 LH2NUIATIUVDITUNUNG
- Fenumnasiuundn P-209

—H-) ¢ ). ©
FAA Flexible Pavement Design AC 150/5320-6D

NON Stabilized Granular Base x

Enter Airport Name and Data —I
e FAA standard for granular base is Item P-209. In some

Enter Subgrade CBR & Frost Code I F Rl s tances it may be advantageous to uthize other nonstablized
o A pranular material as base course, Other acceptable materials

jare listed below.

bstitution of P-208 is permissible only if the gross weight of

the design arcraft is 60,000 bbs or less, In addition, if P-208 is

gubstituted for P209, the required thidness of hot mix asphalt

acing should be increased by 1inch)

Step 3 Enter Subbase Information ]

miect Default Aggregate Base

Calculate Frost Penetration Depth |

To A

! (¥ |p-209, Crushed Aggregate Base Course |
Complete Ez

Enter Aircraft Mix (steps 6-8)

|

(" P-208 Aggregate Base Course
Step 9 Compute tabilized layers
- pUtk fogS yors_| (" P-211, Lime Rodk Base Course

Go To Design Summary ] Light Aircraft

(30,000 Ibs or
| OK

’Th:s software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement Desigss l

JUT 3.11 nsuSuugenmnmduiunig
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o ' = 3 =
3.8.5 AUIUAIAMUANVDINTTEINS UL

! u‘i 1 o 1 ) ‘:;‘.u A J A o ulj
- Uaumn 0 VINENTBUNDVIUTUADUL LU%"U']ﬂIUWUVWW]’]ﬂ'?'E@E]ﬂLL‘U‘Uuu1

Enter Airport Name and Data I
Enter Subgrade CBR & Frost Cnd?l
Enter Subbase Information ’
Select Default Aggregate Base I
unlcumn Frost Penetration Depth

“ Enter Aircraft Mix (steps 6-8) |
Compute for Stabilized layers l
m—Go To Design Summary I

[PAA Flexible Pavement Design AC 150/5320-6D [

Frost Design X

Enter the Air Freezing Index ( Degree Days 9F)
Value must be between 200 and 4500

Sul
Sul I 0
Sub
Enter the Dry Unit Weight of the Solil (Ib/cf)
Value must be between 100 and 150
] 0
Calcuated Frost Depth Enter zero in both boxes
[ Hopata p ity ol
Light Aird
(30,0001

ox

I:Ins software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Paveme]

Due to economic considerations, the masimum practical depth of frost
protection that should be provided is normally 72 inches.

d =
3.8.6 Uautayansosdy
A a Y = a a w s
= m'iaauuﬁ'[maamLUU%LfJuLﬂ'imwwm Dual wheel %1Jn150,000 Uaua wail

gﬂﬁ 3.12 Frost Design

Turusaulunlwinnu 1,460

Find Required Thickness Accept Critical Aircraft
For Each Aircraft (Return)
Enter up to 21 mrcraft (in any order) also enter Max weight & Annual Departures
B i g z
3 S NS £ I -1
8 Y p = 42 _Eliz4
5 H =2 BBl 52
< 3 s 5(2/| EE |2
] = 2§ | EE | 2T
Clear All - 4 o 23 | <o |F
5 :ucrm DUAL150-150,0001bs | 150000| 1,460
NONE v 0 0
| NONE ¥ 0| 0
NONE - 0 0
NONE [ 0 9
NONE > 0 9
NOKE > 0 0
NONEV IV & | 0 0
NONE v 0 0
NONE - 0 ]
NONE ¥ 0 0
NONE > 0 0
NONE *; 0 0

3.8.7 manunuisndudwmiuniosduudazan
- WeAdnd step 7 WUsunsuivzAnamAANIuIm muafidaslddmiy

ir3osluatinuy 39ala 44.70 97 vIeUszum 45 TtiuLed
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Step 6 ENTER ATRCRAT Find Required Thi s Accept Critical Ai
For Each Aircraft

Enter up to 21 aircraft (in any order) also enter Max weight & Annual Departures };’,’-ﬁ"‘a CBR Subgrade
= v
5 = 3 z E
S £ 1 %8 s g g | B
E 5% pas 2 |32 | _E|E3s
SEED b E 2 |35 [ESETH
RELa EZ8Eg E ¥s |BR|EETE
| Clear All >< 5 s < Bbo 2 = 2 x 20 |[Evm<a
. mrcok DUALIS0-150,0001bs | w | 150.000] 1460 14.70|R Critieal Aireraft
| HONE - 0 0 26.88
NoWE b= 0 0 000
| NOHE h 0 0 0.00
NONE bd 0 0) 0.00
NOME - ] 9 0.00
| | NONE_ JES 0 0 000
| NONE - 0 0 0.00|
| NONE - 0 0 0.00|
| MNONE_ - 0 0 0.00)
MNONE - 0| 0 0.00
NONE - 0 0 0.00
NONE - 0 0 0.00]
NONE - 0 0) 0.00
HNONE v 0] 0 0.00]

- [ Y v
EUW 3.14 IUELmﬁJLLEWQNE!F]’]F]’J'I:J‘MU’MWEN'],“U

o o ° o = = 3 o
3.8.8 gu&luﬂ AMUNUINT I.{‘J‘I.Jﬂ']WiU LATRIUULLAAZAN

< [ a v o ] a d & o ow )
5 LaJalﬂﬂﬁﬁ’.l’lu‘lﬂu’mma\‘m’mm’a QqﬂUUﬁF"Iaﬂ step 8 LW@UUU‘U‘U@Ha LA Naud

Y

PUIUAN

Step 7 arep 8

Step 6 ENTER AIRCRAT Find Required Thickness Accept Critical Aircraft
DATA For Each Aircraft (Return)

‘- Enter up to 2| awcraft (in any order) also enter Max weight & Annual D wes r‘, A CBR Subgrade
{ - -
= = = ¥
‘ £l S <27 § e 5%
= +-1 3 -< s &l = s >
‘ B 53 da-1d = 5= Elizs
5 3 R 2 -2 |BEg |E£E3
§ii 32 5/ |svlEgliEEi
Clear All o2& 2RsE B 23|23 |Fedas
_‘:’“‘ﬁ DUAL150-150,0001bs | »{ 1350000] 1 .460] 44.70|R: ritical Aireraft
HOMNE he 0 0 26,88
~ 28 i NONE ) 0 0 000
‘ NONE - 0 0 000
| NONE v 0 0) 0.00
| NONE v 0 0 000
| NONE - o 0 0,00
| NONE = 0 0 000
NONE > 0 0 0.00]
NONE = 0 o) 0.00}
NONE . d 0 0 0.00
NONE. b2 0 0 0.00
NONE L e 0] 9 0.00)
| NONE _ e 0 0 0.00|
| NONE A [ 0 000

ai I < @ s 1 LY
JUN 3.15 uamududuuagnduguiimen
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E]AA Ilexible Pavement Design AC 150/5320-6D

Wntor Airport Name and Data I

Enter Subgrade CBR & Frost Code |

Stablized Base Conversion X

Base Course

Select the stabilized material to be substituted for
the un-stabilized Base course
(Assuming P209 with CBR = 80+)

Step 3 Enter Subbase Information J

" P-304, Cement Treated Base Course 1.2 - 1.6
" P-306, Econocrete subbase course 1.2- 1,6
" P-401, Plant Mix Bituminous Pavements 1.2 - 1.6

Step 4 Select Default Aggregate Base l

Calculate Frost Penetration Depth I

PUP-REICRIN  ~ [Stabiizaton not Desred|
Enter Aircraft Mix (steps 6-8) ~ *anh ©
u Complete Each Step AT A S
WMpuse for Stabilized layers I 0
Go To Design Summary I Light Aircra
(30,000 Ibs
OK
‘T‘ms software may be used as noted in Appendix 5 to AC 150/5320-6D, Airport Pavement ]

< & T a ¥ &
JU7 3.16 \@enldusuusananwautuiuma

- dwdutusesituns AlifnsuSudgnunimiiu uwimninmadenldfazldnisua
9P128594 P-209 Tuunemas 1.2

= - b
FAA Flexible Pavement Design AC 150/5320-6D |

Enter Airport Name and Data I

Stabilized Subbase Equivalency Factaors X

Enter Subgrade CBR & Frost Code |
B ertcr susbese information |
“Sthﬂ Default Aggregate Brl
Calculate Frost Penetration Depth |
mmr Aircraft Mix (steps 6-8) I
mpma for Stabilized layers I
Go To Design Summary _I

lfs software may be used as noted in Appendix 5 to AC 14

Subbase Course

Select the desired stabilized material to be used to
replace the un-stablized subbase. (assuming P154
with CBR = 20)

" P-301, Sol Cement Base Course 1.0 - 1.5

€ P-304, Cement Treated Base Course 1.6 - 2.3
 P-306, Econocrete Subbase Course 1.6 - 2.3

€ p-401, Plant Mix Btumnous Pavements  1.7- 2.3
@ No Stabiization Desred

Enter the Equivalency Factor

High Quality Granuiar Subbase

In some Instances it may be
dvantag to utilize non

granular material of higher quality then

P-154 as subbase course.

This may not be used as a substitute for

the required stabilization when gross

weights exceed 100,000 pounds.

hilizad

© P-208, Aggregate Base Course (1.0 - 1.5)
(%' P-209, Crushed Agg. Base Course (1.2 - 1.8)
" P-211, Lime Rock Base Course (1.0 - 1.5)

i

OK
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FLEXIBLE PAVEMENT DESIGN FOR
KMITL Airport

Bangkok, Thailand

Engineer - Civil EMITL

Enter Comments

101312005

AC Mathod

AIP No. 00-000-000

45" Total Thickness Required (inches)
No thicknezs adjustments required

Stabilized Baze/Subbase 4re Roquired

Initial Pavement Cross Section

Stabilized or Modified Cross Section

Factors|

4" Pavement Surface Layer (P-401) 4 P-401 Plant Mix Binmminous Pavements
8" (6.76) Base Layer (P-209) 8" Not stabilized 1
n" Subbase #1 (P-154) CBR=15 2" Not stabilized — P-154 1
u- Subbase #2 CBR=5 11" Matenal as defined by user
o Subbase #3 CBR=0 o Matenial as defined by user
() = Submiminal base thickness calculation
Frost Considerations
Om/cf  Dry Unit Weight of Soil
] Degree Days °F
No Data Provide< Frost Penetration Depth
3 Ongmal CBR value of subgrade Soil
3 CBR Value used for the Subgrade Soil Non-Frost Code for Subgrade Soil
5 CBFR. Value used for subbase #1 Noo-Frost code for Subbase #1
5 CBR Value used for subbase #2 Non-Frost code for Subbase #2
0 CBR Value used for subbase #3 No frost selection made for Subbase #3
| Design Aircraft Information
The Design Aircraftis a DUALIS0 - 150,000 Ibs — ()
150000 Ibs  Gross Weight 20 Design Life (years)
1460 Equivalent Annual Deparnires
Subgrade Compaction Requirements for Design Aircraft
Non-Cohesive Soils Cohesive Soils
Compaction _ Depth Required Conpaction Depth Required
100% 0-19 95% o-7
95% 19-327 90% 7-14"
00% 32-46" 85% 14-21"
85% 46 - 60" 80% 21-28"

Sea Appendix 5 to AC 150/5320-6D, Airport Design and Evaluation for application of this software.
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3.10.1 Uauvouazanauiff1aquaInIsinsizi
A a o 1 - = v a
WalUaluswnsy Tvinadnin LAYERINP WAUMUFUT 3.22 990t Nl File udrasa

v ] %) ) a v = P
Inaludsenisng New ntulvinsendeyafivieanisasiiasis

[ Main Screen X
Data Path:  [C:AKENPAVE\ =] Filename:  [LAYIDAT  +]
KENPAVE

A Computer Package for
Pavement Analysis and Design

Developed by Dr Yang H. Huang. P.E
Asohat Professor Emeritus of Civil Engineering Concrate

University of Kentucky
Lexington KY 40606-0281 SLABSINP
KENLAYER KENSLABS ‘

LGRAPH ’ ﬂubl Emrun‘ pos I E}sl'[l lﬁ'}"‘ass'-a:ﬁ' r.unmunl SGRAPH ‘

< )
UM 3.21 whusnveldsunsy

Main Menu of LAYERINP

File General Zcoord Layer Inteface Moduli Load Nonlinear Viscoelastic Damage
nput  input  defaul  rput  default input  input  default default  default

* DataSet 1 DalaSet2( DataSetd  DataSetd  DataSetS gaue s“,a,i Exit l
Yes No No No No

(1) This is the Main Menu of LAYERINP for ciealing and editing data file. This menu appears when
the LAYERINP button on the Main Scieen of KENPAVE is clicked. The data is divided into groups and
can be found by clicking the appropriate menu. Always start from the left menu to the right because
data entered in the left menu may affect the type of form to be used in the right menu. When you finish
reading this page. you can use the scrollbar or the PgDn key to read down the page.

(2) Below each menu is a label showing ‘input’ in red or ‘default’ in blue. The red label indicates that
you must click the menu to supply some of the data, while the blue label implies that the default values
have been provided 0, if you want o use the i need 1
you can always click the menu to see what the defaults are and make the necessaiy changes. if
-g!uiod,Nuemqa?_necnbrcoduuewfm-bhnlotd.mdvicevun.ilhemewmﬁng

i in 1 tod SanGa oK 4

(3] For a longer description of each menu. you can point the atrow to the comesponding label below
the menu. Except for the ‘file’ label, you can also click the label, instead of the menu. to obtain the
data entry form.

(4) Below the menus and labels are the following buttons:

Data Set = Data Set 1 is active aulomatically. Click Data Set 2 to 5 if there are 2 lo 5 sets of data. If a
data set iz No in blue, you should not click it unless you want lo cieate a new data set.

Save = Click "Save' for an old file with no change of filename.

Save As = Click *Save As' to rename the new ‘Untitled’ file or change the name of an old file.

Exit = Click ‘Exit’ after the file has been saved by clicking *Save' or ‘Save As’.

Below the five data set buttons are labels with "Yes' in red and ‘No' in blue. The red yes label o

SUT 3.22 Main menu
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General Information of LAYERINP for Set No. 1
[TITLE] [Hodel 1
[Type of material (1=hinear, 2 = ) Tt — MATL) [1
Damage analysis (0=no, 1=yes with :uwuury only, 2-,0: with detatiled printout) (NDAMAJ)| 0
[Number of periods per year [NPY]| 1
|Number of load groups (NLG)| |1
Tolerance for numerical integration (DEL) [0.001
lumber of layers [NL)| [5 oK |
umber of Z coordinates for analysis NZ)| 1
aximum cycles of numerical integration (ICL)| |80
Type of resp (1=displ only, S5=plus :lrnuel s-plul strains) [NSTD)| |9
All layer interfaces bonded (1=yes. D=if some are fricti (NBOND]) 11
umber of layers for bottom tension (NLBT)| 11
umber of layers for top compression [NLTCi 1
ystem of units (0=English, 1=51) [NUNIT) 1]
m 'I'hu form appeais -hon the 'General’ on the Main Menu of LAYERINP is clicked. You can ~
any of the def vdw:bnyanmamvmYoucmuselher:kqtn-nvnlhccu:u
from one lmhoa to the next or just click on the textbox before typing. The use of click has the
advantage that you don't have to delete the default before typing in the data you want. If you want to
read the remaining text. you can use the sciollbar. You can also use the PgDn key after clicking this
textbox to make it active.
[2] TITLE (tﬂadlmthwlﬂlemcnmﬂcmbelmdmmhm The titie should not be longer
than 68 cl If you make a mistake in lyping. use the Del key to erase any
Iypowaphcalmu: Wlnﬂﬂutoldhnﬂhlud\elss nnadtilmalchuacloucanbeadded. No
{comma should be used in TITLE. Use colon or semicolon ins
[3) MATL [types of material): 1 whmallayouuelmeuelmhc 2 when some layers are nonlinear

o Y £ o w = ¢
UM 3.23 Yayanaludmsunisinsizi
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3.10.2 Jousunisuadiniifaansinsie

¢

- o @ P - e a v a
LanA Zcoord MUY Main menu IWWaNIMUAIANABINTTAATIEY Wuseey (cm)

“ L d g = 14 1 1 5 - ﬂ!:’ A’
PINAINNNENAWN &l N "U-‘iW'i]'l‘SEU’W]NQﬂﬂL‘fJu‘i@EJﬂﬂigﬂ’J'N?mN?VIN LAZUYUNUNI

[ Z Coordinates of Response Points for Data Set No. 1 = O X

Unat cn

[1) This form appears when the "Zcoord' menu on the A
Main Menu of LAYERINP is clicked. The number of Z
coordinates on this form is equal lo NZ, as specified in the
‘General’ menu. This form is different from the one used for
General Information in that a dotted rectangle, instead of the
|cursor, is used to indicate the active cell. If the dotted &
rectangle is not the location for input, you can use the arow
key to move the dotted rectangle to the cell you want to !
input, or more conveniently by clicking the cell you want.
Mtsfyoulypumﬂndumlhodﬂladreeim-ibe

into a three dimensional box and you must press
lheEmuta,lnnakeudfm You can also use the up
and down arow keys to make the entry effective. You
should not click the other cell before pressing the Enter key,
:tsl:ktmu&oddamhwntypodﬂmtalhc-lm
(2) ZC [vertical di: dinate, of each
response point): \Hhonlhopoﬂwlnca!eduactl,althe
interface between two lapers. the results are at the bottom of
uppei layer. If the results at the top of lowes layer are
desired, a slightly larger z coordinate, say 0.0001 larger,
should be used.
(3) After typing in the data in the first cell, move to the
next cell by pressing the Enter or arrow down key. v

Use <Ctri>-<Del> to delete a line, <Ctrl>-<Ins> to insert a line, and <Del> to clear a cell.
nk_|

A ° ' Y a
U7 3.24 Jewshumiswesgaiisioanisazinnsan
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3.10.3 Uaudayandnuvurvestuiu
@ . D o W A 2/ 2
nduguiin Main menu udadenmds Layer wedeuteyamumuvedlaseaiimia

uAazTY WaLAT poisson’s ratio YRILAAYTU

B3 Layer Thickness, Poisson's Ratio and Unit Weight for Data Set No. 1 - ] X

After typing the value in a cell, be sure to press the Enter key to make it effective.

Unit cm kN/mn"3
Layer No. TH PR

1 1016 0.35

2 2032 035

3 55.88 0.45

4f2734 045

5] 500000004 0.45

Use <Ctri>-<Del> to delete a line, <Ctrl>-<Ins> to insert a line, and <Del> 1o clear a cell,

(1) This form appears when the "Layer’ menu on the Main Menu of LAYERINP is clicked. The number A
of layers on this form is equal to NL. as specified in the ‘General' menu. This form is different from the
one used for General Information in that a dotted rectangle. instead ol the cursor, is used to indicate the
active cell. If the dotted rectangle is not the locati for inpul. you can use the arrow key to move the
dotted rectangle to the cell you want to input, or more conveniently by clicking the cell you want, After
you type in the data, the dotted rectangle will be changed into a thiee dimensional box and you must
press the Enter key to make it effective. You can also use the up and down arrow keys to make the
enliy effective. Note that the dotted rectangle is now in the upper left cell, o you can type in the data
tinh!uuy.llywmtoludhm:muduum?wnlq.imtudullb-:cmlur.m o

o |

< v o ' . 3 r
3Un 3.25 {1aummmwawuimiaasmt,aa:mposson s ratio

3.10.4 Jaua Elastic modulus
a ) % - v =l o q.'f 5 A‘J v 1 %
NAYENUET Main menu kallaanA1d@s Moduli Lwaﬂawazﬁlam Elastic Modulus w94

2/
s

WAALYU

B3 Layer Moduli for Period No. 1 and Data Set No. 1 - a X

Unit kPa
Layer No.

1) This form appears when the period button on the ~
Layer Modulus of Each Period is clicked. The number of
layess on this form is equal to NL, as specified in the
"General' menu.

[2) E [elastic modulus of each layer): Use as the assumed
modulus for the first iteration when the layer is nonlinear. If
more convenient, you can enter the modulus in i
Iq--a.u:hu‘l.m& Assign 0 or any value for

[3]) After typing the data in the first cell. move to the next
cell by pressing the Enter or arrow down key. After the last
cell is filled, be zure to click the Enter key.

(4) You can delete a line, or one layer, by first clicking

on the line to make it active and then press the
<Cti>-<Del> keys. The NL in the ‘general’ menu will be
|reduced automatically by 1.

(5] You can add a new line. or one more layer, above any
given line by fist clicking the cell in the given line lo make it
active and then press the <Ctil>-<Ins>. A blank line will
appeart for you to enter the necessary data. The NL in the
‘General' menu will increase automatically by 1. If you want
to add a line alter the last line, you can change NL in the
‘General’ menu by adding 1 and a blank fine will appear as
the last line. Remember that always use the <Ctib-<Ins> v

Use <Ctrl>-<Del> to delete a line, <Ctrl>-<Ins> to insert a line, and <Del> to clear a cell.
ng_ |
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3.10.5 Yaudayanissuuminainiaiosdu
LY T 7 . = o W o o 3 s < a
naugnil Main menu wdadenAds Load ieteudayanssudminainiasesiu

3w & ¥ g u o X
Falutunauilazdesoudoya il
v ' w v w ' v v
1. LOAD : Tvitlouan 0 dwilu daiden , 1 audu d0f Way 2 filaude
o ol d‘( Atv 7 v (¥} n’l’ q‘
CR : SANYDINUNFUAVD AR TUN UGS
| Y] I = a
CP : Aussnuludavaunseedu

i 4 a v al
YW : {]@Uﬂ'] 0 LWi’]SL‘T‘JuLﬂ‘iadUMLLUUE}aLﬂEJ’J

1 4 a v A
XW - ﬂﬂu‘a’] 0 LWiquﬂuLﬂia\?UULLUua@Lﬂﬂ?

S LA

o o v a va ¥ o a ¢ a a
NR : "ﬂ’i“u’}'u‘Qﬂﬂﬂﬁﬂﬁﬂ']'i'ﬂﬂ‘i']i‘ﬁﬂﬂﬁ?ﬁﬂ %Q?LﬂiqﬁﬁLWE\?ﬂiﬂLﬂU?

B3 Load Information for Data Set No. 1 - a X

Double click anywhere on a line to get auxiliary form for NR or NPT.

Unit ch kPa cm (=
Load Group No[LOAD |cr P [vw |xw _|NR or NPT
1[0 10 1380 0 0 1

Use <Ctrl>-<Del> to delete a line, <Ctrl><Ins> to insert a line, and <Del> to clear a cell.

(1) This form appears when the Load’ menu on the Main Menu of LAYERINP is clicked. The number -
of lines. or load gioups, is equal to NLG. as specified in the ‘General’ menu. Please refer to Figure 3.8
for wheel and axle anangements. ]

(2] LOAD (type of loading): Assign O for single axle with single tire, 1 for single axle with dual tires, 2
for tandem axles. and 3 for tridem axles.

(3) CR (contact radius of circular loaded ares).

(4) CP [contact pressure on circular loaded ares).

[5) YW [center to center spacing between two dual wheels along the y axis): Assign 0 if there is only
one wheel or LOAD = 0.

(6) XW [center to center spacing between two axles along the x axis): Assign 0 if only one axle
exists, i.e. LOAD =0 or 1.

(7) NR [numbes of radial di to be analyzed under a single wheel, maximum 25): A single ®

nx |
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il model 1 - Notepad - O X
File Edit Format View Help

MATL = 1 FOR LINEAR ELASTIC LAYERED SYSTEM
NDAMA = 0, SO DAMAGE ANALYSIS WILL NOT BE PERFORMED
NUMBER OF PERIODS PER YEAR (NPY) = 1

NUMBER OF LOAD GROUPS (NLG) = 1

TOLERANCE FOR INTEGRATION (DEL) - = 0.001

NUMBER OF LAYERS (NL)-—----—-— = 5
NUMBER OF Z COORDINATES (NZ)—- = 1
LIMIT OF INTEGRATION CYCLES (ICL)- = 80
COMPUTING CODE (NSTD)--—------————= 9
SYSTEM OF UNITS (NUNIT) =1

Length and displacement in cm, stress and modulus in kPa
unit weight in kN/m~3, and temperature in C

THICKNESSES OF LAYERS (TH) ARE : 10.16 20.32 55.88 27.94
POISSON'S RATIOS OF LAYERS (PR) ARE : 0.35 0.35 0.45 0.45 0.45
VERTICAL COORDINATES OF POINTS (ZC) ARE: 10.16

ALL INTERFACES ARE FULLY BONDED

FOR PERIOD NO. 1 LAYER NO. AND MODULUS ARE : 1 2.000E+03 2 2.000E+05
3 1.120E+05 4 5.009E+04 5 3.495E+04

LOAD GROUP NO. 1 HAS 1 CONTACT AREA
CONTACT RADIUS (CR)-—-— = 10

CONTACT PRESSURE (CP)————— = 1380

RADIAL COORDINATES OF 1 POINT(S) (RC) ARE : 0

PERIOD NO. 1 LOAD GROUP NO. 1

RADIAL § TANGENTIAL SHEAR
STRESS STRESS STRESS

RADIAL VERTICAL VERTICAL  VERTICAL
COORDINATE COORDINATE DISPLACEMENT STRESS
(STRAIN)  (STRAIN) (STRAIN)
0.00000 10.16000 0.14374 1126.283 . 603.971 0.000
(STRAIN) 3.518E-01  -8.088E-04 §-8.088E-04F .000E+00

U 3.28 YoyaasunanIsiIAIz Strain
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4.3 N1929vadauutunoanwuuluwma 1
Dual Wheel 150,000 bs. (Boing737)

Soag,

— Annual Departures 1460 times/year

SURFACE PAVEMENT

BASE CBR=80%
Crushed aggregate base course

SUBBASE 1 CBR=25%

P-301 Soil cement base course

SUBBASE 2 CBR=5%

SUBGRADE CBR=3%

JUN 4.1 Mseenuuunisvesaundy Model 1

nseenuuuMIEEUInTY model 1 9nn1sihdeyaiiléin inmsesnuuuluaiie
wmmuvesdilasaiudazdunylufmnamuiaaeesiiulasihilesnuuulas
audulaeatifinsuiulgsguninesiufu fu sub-Basal TneldiAu P-301 Soil cement
base course udunanszuIndugnimandiuusd waliungniiutu Baselnglddunan
¥1lm Crushed Aggregate base course "B;\‘]L‘fluﬁ‘l.!ﬂfqﬂﬁiﬂiﬂuﬂ‘SSU’Juﬂ’l‘iUﬂﬁﬂWﬂWﬂiidiﬂ‘ﬁu
Lﬁa’lmﬁﬁumﬂﬁﬁ@mmwuasgu%wﬁﬁﬂdﬂ giluniseenuuuldiadesdu ¥fia boine737 uax
T48nannstiuasiodl 1460 aSe/A) ualde CBR ustazdudauandluguil 4.1

91ANNTPONUUUANINTARAAINANITIATIHIAT NN TUA A LT ULAY AT AR
veamdsaundulinatfuanduzud 4.2 anduideyaemumunitldudasdundouiv
foyadauanslugud 4.1 miAmnuaIeafiinduseninetu surface futu base Tngld
lUsunsu KENPAVE LLa::a']m'snmemamﬁmﬂ:ﬁmmLﬂ%ﬂﬂﬁ;ﬁmﬁuﬁqgﬂﬁ 4.3

uaranMseRnuUUNITtELsTulieg lannsaagUnamsinseivanunsasluis
msmsTesiufuiazdulazsaiammrestuiiuiuandunss 4.1
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FLEXIBLE PAVEMENT DESIGN FOR 10/31/2005

Ladkrabang International Airport AC Method
Bangkok
Engineer- By Civil Enginerring KMITL AIP No.

45" Total Thickness Required (inches)
No thickness adpistments reguived
Stabilized Base Subbase 4re Reguired

Initial Pavement Cross Section Stabilized or Modified Cross Section Facters
4" Pavement Surface Layer (P-401) 4" P-401 Plant Mix Bituminous Pavements
8" {6.76) BaseLayer{(P-209) 8"  Not stabilized i
22 Subbase #{ (P-154) CBR=25 32" P-301, Soil Cement Base Course i
5 Subbase #2 CBR=3 11" MMaterial as defined by user
4" Subbase 23 CBR=10 0"  Miatenal as defined by user

{ ) = Submiminal base thickness calculation
Frost Considerations
G Ihicf Dry Unit Weight of Soil

] Degree Days °F
No Data Provide: Frost Penetration Depth
3 Original CER value of subgrade Soil
3 CBR Value used for the Subgrade Soil Non-Frost Code for Subgrade Soil
25 CER Value used for subbase =1 Non-Frost code for Subbase #1
5 CEBR Value used for subbase =2 Non-Frost code for Subbase 22
0 CBR Value used for subbase =3 No frost selection made for Subbase £3

Besign Aircraft Information
The Design Aireraft is a DUAL1S0 - 158,000 Ibs — ()
150800 1bs Gross Weight 20 Design Life {vears)
1,460 Equivalent Annual Departures

Subgrade Compaction Requirements for Design Aircraft

Non-Cohesive Soils Cohesive Soils
Compaction  Depth Required Compaction Depth Required
190% $-19 93% g-7"
95% 19.52" 90% 7- 14"
9% 32- 46" 85% i4-21%
85% 44 - 60" 80% 2i-28"

See Appendix 5 to AC 130:3320-6D. Airport Desizn and Evaluation, for application of this software.
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HANITILATIEY Strain MNATUVDIMITNAUINUUNDDNLUU 1 i)’lﬂI‘lJ'ﬁLLﬂii,l KENPAVE

) model 1- Notepad
File Edit Format View Help

MATL = 1 FOR LINEAR ELASTIC LAYERED SYSTEM

NDAMA = 0, SO DAMAGE ANALYSIS WILL NOT BE PERFORMED
NUMBER OF PERIODS PER YEAR (NPY) = 1

NUMBER OF LOAD GROUPS (NLG) = 1

TOLERANCE FOR INTEGRATION (DEL) - = 0.001
NUMBER OF LAYERS (NL) =5

NUMBER OF Z COORDINATES (NZ)— = 1
LIMIT OF INTEGRATION CYCLES (ICL)- = 80

COMPUTING CODE (NSTD)---—————

9
SYSTEM OF UNITS (NUNIT ) 1

Length and displacement in cm, stress and modulus in kPa
unit weight n kN/m~3, and temperature in C

THICKNESSES OF LAYERS (TH) ARE : 10.16 20.32 55.88 27.94
POISSON'S RATIOS OF LAYERS (PR) ARE : 0.35 0.35 0.45 0.45 0.45
VERTICAL COORDINATES OF POINTS (ZC) ARE: 10.16

ALL INTERFACES ARE FULLY BONDED

FOR PERIOD NO. 1 LAYER NOQ. AND MODULUS ARE :
3 1.120E+05 4 5.009E+04 5 3.495E+04

LOAD GROUP NO. 1 HAS 1 CONTACT AREA
CONTACT RADIUS (CR)—————— = 10

CONTACT PRESSURE (CP) 1380

RADIAL COORDINATES OF 1 POINT(S) (RC) ARE : 0

PERIOD NO. 1 LOAD GROUP NO. 1

RADIAL VERTICAL VERTICAL  VERTICAL

m}

1 2.000E+03 2 2.000E+05

RADIAL '\ TANGENTIAL SHEAR

COORDINATE COORDINATE DISPLACEMENT  STRESS STRESS STRESS %‘{

(STRAIN)  (STRAIN) (STRAIN) !
0.00000 10.16000 0.14374 1126.283 603.971 0.000
(STRAIN) 3.518E-01  -8.088E-04 §-8.088E-04f .000E+00

X

i

v

A =, =l H v q' =
SUN 4.3 man1sinsigianuaieailavesmsisaunudy Model 1

A15190 4.1 MsagusanIsiAsIzinIwesEumduioenuuy 1

ANuATERTIANTY (—8.088 x 107%)
Fupu CBR anuvun | ellaves | Swwaududl | s1adu de 31A1
(%) (Luns) Al T4lunns au.u (v)
QRLERM (v m)
(au.u)
u subgrade 3% fLA - - -
H 5% 0.2794 Rugy 13,087.6 30333 | 4,493,365.708
subbase2
‘Z‘?u 25% 0.5588 AuOU P- 20,175.2 578 17,441,265.60
subbasel 301
Hu base 80% 0.2032 | #uman P- | 10,972.8 410 4,498,848.00
209
u surface - 01016 | ueailavi | 54864 25359 | 13,912,961.76
R 1.143 994 | 41,033,101.07
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4.4 Y19299989aUNTUNDINULUY 2
Dual Wheel 150,000 lbs {(Boing737)

Annual Departures 1460 times/year

SURFACE PAVEMENT

BASE CBR=80%

Crushed aggregate base course

SUBBASE 1 CBR=25%

P-304 Cement treated base course

SUBBASE 2 CBR=5%

SUBGRADE CBR=3%

gﬂﬁ 4.4 N159BNLUUNITINVDIFUIN UL Model 2

mMssenuuUNIsIswetaLndy model 2 a'mm*iﬂ'vﬂ'a;gaﬁlﬁm Mn1seeniuuluLag
\oyanumunvestulasatiausasdusaluionmimuimuaredulasedaiieanuuy
Tnvauuduluneifinsuiuupauanvestufu §u Sub-Basal Tneldfu P-304 Cement
treated base course iudunausywirsiiungnaaufisns warldiuagniduty ase lagly
#umgnyiln Crushed Aggregate base course *’z’?qLﬂuﬁuﬂqﬂﬁw"mﬂs::mumiumé'ﬂmmn’liq
Tuifiu ielwldfungniifinuainuazgusniangy ddlumseenuuuliieiesdu vila
boing737 uarldansimstuassal 1460 ase/A uarlde1 CBR LLdaz%uﬁaLLﬁﬂalugﬂﬁ 4.4
21NNNTEDNLULANNSILAAINANITIATIERAITMULA AL T LA S AT
vessuduliing 2 Muandluguil 4.5 vnduhdoyaaumnilldudardunieusudeyads
wanaluguil 4.4 wiaauasafiintussuitedy suface AUty base Tneldlusunsy
KENPAVE LLﬁSﬂ’]ﬂJ’]iﬂLLﬁmwﬂm‘ﬁLﬂi’l3ﬁﬂ’}’lmﬂ%ﬂﬂﬁkﬁﬂ§uﬁﬂgﬂ‘ﬁl 4.6
LLa:ﬁmm‘saammuamuﬁu‘luma1mmmaqﬂmam‘ﬁLﬂiﬂsﬁﬁgwumwlﬂﬁqmi
It uRuLasTuLaE A vave st RS wans Tunsne 4.2
NaNTIATIEINswesauInduioonuuu 2 9nTUsunsa Excel Airfield Flexible
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FLEXIBLE PAVEMENT DESIGN FOR 10/3172005

Ladkrabang International Airport AC Method
Bangkok
Engineer- By Civil Engineming KMITL AIP No.

45" Total Thickness Required {inches)
No thickness adjustinents reguired
Stabilized Base Subbase Ave Required

Initial Pavement Cross Section Stabilized or Modified Cross Section Factors
| § 4" Pavement Surface Layer (P-401) 4" P-0! Plant Mix Biftuminous Pavements
8" (6.76) Base Layer (P-209) 8"  Not stabilized 1
22" Subbase #1 (P-154) CBR=25 14" P-304, Cement Treated Base Course 16
£ & Ly Subbase #2 CBR=3 11" Matenal as defined by user
o Subbase 23 CBR=0 8" Material as defined by user
¢ ) = Submininal base thickness calculation
Frost Considerations
@Ib/cf  Dry Unit Weight of Soil
0 Degree Days °F
Ne Data Provides Frost Penetration Depth
3 Original CBR value of subgrade Soil
3 CBR Value used for the Subgrade Soil Non-Frost Code for Subgrade Soil
25 CER Value used for subbase £1 Non-Frost code for Subbase #1
5 CBR Value used for subbase 22 Non-Frost code for Subbase 2
0 CBR Vahie used for subbase #3 No frost selection made for Subbase £3

Besign Aircraft Information
The Design Aircraft is a DUALIS0 - 150,000 Ivs — {)
156000 Ibs Gross Weight 20 Design Life (years)
1460 Equivalent Annual Departures

Subgrade Compaction Requirements for Design Aircraft

Non-Cohesive Soils Cohesive Soils
Compaction Depth Required Compaction Depth Required
100% 0-1% 5% g-7"
95% 19-32" 9% 7-14"
890% 32-46" 85% 14 -21"
8§5% 46 - 60" 80% 21.-28"

¥

See Appendix 5 to AC 130/3320-6D, Airport Design and Evaluation. for a:

plication of this software.
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A0 4.2 NMsasuranITinTIginResauniuiisenuuy 2

) model 2 - Notepad
File Edit Format View Help

MATL = 1 FOR LINEAR ELASTIC LAYERED SYSTEM

NDAMA = 0, SO DAMAGE ANALYSIS WILL NOT BE PERFORMED
NUMBER OF PERIODS PER YEAR (NPY) = 1

NUMBER OF LOAD GROUPS (NLG) = 1

TOLERANCE FOR INTEGRATION (DEL) ~ = 0.001

NUMBER OF LAYERS (NL)———— = 5
NUMBER OF Z COORDINATES (NZ)——
LIMIT OF INTEGRATION CYCLES (ICL)-
COMPUTING CODE (NSTD) -
SYSTEM OF UNITS (NUNIT )=

1
80

=awg N

Length and displacement in cm, stress and modulus in kP3l
unit weight in kN/m~3, and temperature in C

THICKNESSES OF LAYERS (TH) ARE : 10.16 20.32 35.56 27.94
POISSON'S RATIOS OF LAYERS (PR) ARE : 0.35 0.35 0.45 0.45 0.45
VERTICAL COORDINATES OF POINTS (ZC) ARE: 10.16

ALL INTERFACES ARE FULLY BONDED

FOR PERIOD NO. 1 LAYER NO. AND MODULUS ARE :
3 1.381E+05 4 4.930E+04 5 3.555E+04

LOAD GROUP NO. 1 HAS 1 CONTACT AREA
CONTACT RADIUS (CR)———— = 9.69

CONTACT PRESSURE (CP)-———r- 1380

RADIAL COORDINATES OF 1 POINT(S) (RC) ARE : 0

PERIOD NO. 1 LOAD GROUP NO. 1

o

1 2.500E+05 2 2.907E+05

RADIAL VERTICAL  VERTICAL  VERTICAL //RADIAL \ANGENTIAL SHEAR

COORDINATE COORDINATE DISPLACEMENT STRESS GTRESS ~ STRESS
(STRAIN)  (STRAIN)f (STRAIN) KSTRAIN)

0.00000 10.16000 0.10218 868.067 176.336  0.000

(STRAIN) 2.979E-03  -7.568E-04\ -7.568E-04f .000E+00

X

P a ¢ Al v a o
EUW 4.6 Naﬂ'l'i'lLﬂ‘ﬂgqﬁﬂjWNLﬂgﬂmﬂlﬁ‘Uﬂdwqd’Nauquuu Model 2

= =3 3
AATEATIAATY (—7.568 x 107%)

Fuiu CBR Ay | wilaves | Swaududl | ety de 31A1
(%) (bun3) Audild T9Tunns GITRY ()
QRGERT (vm)
(av.u)
Fu subgrade 3% UL - - -
u 5% 0.2794 Aunu 15,087.6 34333 | 5,180,025.708
subbase2
u 25% 0.3556 Auny P- 19,202.4 672.2 12,907,853.28
subbasel 304
#u base 80% 02032 | #upan P- | 10,9728 410 4,498,848.00
209
Fu surface . 01016 | ueadlav | 54864 25359 | 13,912,961.76
39 | 09398 59U | 36,499,688.75
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4.5 NM1999Y09FUNNTUNDBNLUY 3
Dual Wheel 150,000 lbs (Boing737)

——* Annual Departures 1460 times/year

SURFACE PAVEMENT

BASE CBR=80%
Aggregate base course

SUBBASE 1 CBR=25%
P-301 Soil cement base course

SUBBASE 2 CBR=5%

UL suscnwoe cones

A al -y
gﬂw 4.7 A1990NLUUNISNUDNEUINUY Model 3

MIpBNWUUNIRasaundy model 3 mnmiﬁﬁaz&amﬁm Mmmsoanuuuluing
Wemanumuvesiilasaindasunludmnanumntammasestulasideiteenuuy
Tngaunuduluinaiiinisudulgsnuameestuiu u sub-Basal Taslédu P-301 Soll
cement base course tHudunanseninsdugnmandiaud wasldiunqnifiutu sase Tny
liumgnulin Ageregate base course ‘-gdLﬁuﬁﬁﬂ@ﬂﬁﬂh‘uﬂ’l‘iUﬂéJﬂﬂiﬂﬂINIﬂﬁu wazidu
fungniiiiauaininsadiudsiaganitviinCrushed #slunseonwuuldiaiesdu wiln
boing737 warl¥smsnnstuasded 1460 ade/l uarlden CBR Ltﬁaz%uﬁfquamlugﬂﬁ 4.7

NNITEBNKUUAILISOUARINANITIATIERAIUN LA AL S ULALAL VU IR
vosaumuluina tduanduguil 4.8 mnduhioyammmunitlfudasdunioutudoyas
LLame'[,ug‘Uﬁ 4.7 WiAAaLAT AT ARTUIENINaTY surface fUtu base lagldTusunsy
KENPAVE LLazanammLamwamﬁmﬂzﬁm’mm'%'ﬂnﬁl.ﬁm%yuﬁ’agﬂﬁ 4.9

WarIINNseaNLUUNIesEunuluna3 mmmaqﬂwamﬁmiwﬁ“ﬁwmﬂu
Tufamsmsmavestuiuuiasfularsaiauavestuiusuandunse 4.3

NANITIATIENNI9UREUINTURDBNLUY 3 9nTUTUNTL Excel Airfield Flexible
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FLEXIBLE PAVEMENT BESIGN FOR 10/31°2005

Ladkrabang International Airport AC Method
Bangkok
Evgineer-  Bv Civil Enginming KMITL ATP No.

45" Teotal Thickness Required {inches}
No thickness adjustments reguired
Stabiliced Base Subbase Are Required

Initial Pavement Cross Section Stabilized or Modified Cross Section Factors
S Pavement Surface Layer {P-401) 5" P-401 Plant Mix Bifuminous Pavements
8" (5.76} Base Laver(P-208) 8"  Not stabilized 1
22 Subbase #1 {(P-154} CBR=23 22" P-301, Soil Cement Base Course i
g" Subbase #2 CBR=13 10"  DMMaterial as defined by user
8" Subbase 23 CBR=9 §"  Material as defined by user

¢ ) = Submiming! base thickress calculation
Frost Considerations
OIb/ef  Dry Unit Weight of Soil

g Degree Days °F
No Data Provide: Frost Penetration Depth
3 Onginal CBR value of subgrade Soil
3 CER Value used for the Subgrade Soil Non-Frost Code for Subgrade Soil
25 CBR Value used for subbase 51 Non-Frost code for Subbase #1
5 CBR Value used for subbase #2 Non-Frost code for Subbase #2
L] CBR. Value used for subbase 3 No frost selection made for Subbase #3

Besign Aircraft Information
The Design Aircraft is a DUAL1S0 - 150,000 Ibs — ()
150600 bs Gross Weight 20 Design Life (vears}
1.460 Equivalent Annual Departures

Subgrade Compaction Reqnirements for Design Aircraft

Non-Cohesive Soils Cohesive Soils
Compaction  Depth Required Compaction Depth Required
100% 0-i9 95% g-7"
93 il 90% 7-14"
90%% 32-46" 85% 14-21"
85% 46 - 60" 80% 21-28"

See Appendix 3 to AC 130/5320-6D, Airport Design and Evaluation. for application of this software.
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KaNITILATIZY Strain MNATUYRWMINAaLINTURDaNLUY 3 91nTUSUNSN KENPAVE

T model 3 - Notepad
File Edit Format View Help

MATL = 1 FOR LINEAR ELASTIC LAYERED SYSTEM

NDAMA = 0, SO DAMAGE ANALYSIS WILL NOT BE PERFORMED
NUMBER OF PERIODS PER YEAR (NPY) = 1

NUMBER OF LOAD GROUPS (NLG) = 1

TOLERANCE FOR INTEGRATION (DEL) — = 0.001
NUMBER OF LAYERS (NL)--——— = 5

NUMBER OF Z COORDINATES (NZ)-— = 1
LIMIT OF INTEGRATION CYCLES (ICL)- = 80

g g Il

COMPUTING CODE (NSTD)-——— =
SYSTEM OF UNITS (NUNIT )-——-—=

Length and displacement in cm, stress and modulus n kPa
unit weight n kN/m~3, and temperature in C

THICKNESSES OF LAYERS (TH) ARE : 12.7 20.32 55.88 25.4
POISSON'S RATIOS OF LAYERS (PR) ARE : 0.35 0.35 0.45 0.45 0.45
VERTICAL COORDINATES OF POINTS (ZC) ARE: 12.7

ALL INTERFACES ARE FULLY BONDED

FOR PERIOD NO. 1 LAYER NO. AND MODULUS ARE :
3 1.120E+05 4 5.009E+04 S 3.495E+04

LOAD GROUP NO. 1 HAS 1 CONTACT AREA
CONTACT RADIUS (CR)-——- = 10

CONTACT PRESSURE (CP)——--— = 1380

RADIAL COORDINATES OF 1 POINT(S) (RC) ARE : 0

PERIOD NO. 1 LOAD GROUP NO. 1

1 2.000E+03 2 2.004E+05

RADIAL VERTICAL ~ VERTICAL  VERTICAL TANGENTIAL SHEAR

COORDINATE COORDINATE DISPLACEMENT  STRESS STRESS  STRESS |
(STRAIN)  (STRAIN) (STRAIN)

0.00000 12.70000 0.13355 948.263 508.082  0.000

(STRAIN) 2.963E-01  -8.193E-04 \ -8.1936-04f .000E+00 !

v

-l a ¢ al v v = a
E‘Uﬂ 4.9 Naﬂ'ﬁ’JLﬂﬁqg'ﬂﬂ'ﬂﬂJLﬂ3Uﬂw1ﬂ‘UaQWWQUQaUWNUU Model 3

=i a ¢ a a a
M19199 4.3 ﬂ']'i?ﬁ"uwﬁﬂ'ﬁ’lLﬂi'ﬁ:ﬁ’ﬂWWQQQ‘UQQHUWNUuwa@ﬂLLUU 3

AMuATEATIRATY (—8.193 x 10™%)
Fudy CBR Ay | wfiaves | swaudufl | s1endu se 31A7
(%) (1un9) Auiild T4Tunns au.u (un)
GGERH! (U )
(au.u)
u subgrade 3% Ayl - - -
%"’u 5% 0.254 funw 13,716 343.33 4,709,114.28
subbase?
u 25% 0.5588 Aunu P- 30,175.2 578 17,441,265.60
subbasel 301
T base 80% 0.2032 | fiumgn P- | 10,9728 350 3,840,480.00
208
%u surface - 0.127 ueadan 6,858 25359 17,391,202.20
374 1.143 3794 | 43,382,062.08
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4.6 NN919VDIEUINTUNDDNLUY 4
Dual Wheel 150,000 lbs (Boing737)

—  Annual Departures 1460 times/year

SURFACE PAVEMENT

BASE CBR=80%
Aggregate base course

SUBBASE 1 CBR=25%
P-304 Cement treated base course

SUBBASE 2 CBR=5%

SUBGRADE CBR=3%

A :ll ]
UM 4.10 Mseenuuun1sisvesauuiy Model 4

mssenuuUNIasauiy model 4 :nmsihdeyadléin shmseanuuuluiea
iiemmnunuwesdilassaiudariuslumemmniaavesfulasdeiieenuuy
Tngaudulasatiiinisusuupnmamussiuiu $u Sub-Basal tasldAu P-304 Cement
treated base course WudunansEninsiiungnimandund uasliuagniduty Base loy
T47umanuiin Aggregate base course Faiduungniiiiunisuadnasinisdlsliu wasdu
ﬁuﬂqﬂﬁﬁﬂmmwLﬂwﬁ"mﬁiiwmgﬂnfiwﬁmCrushed dluniseonuuulfiadesdu viia
boing737 warlidsn1stuawial 1460 ASy/A uavlddn CBR usazdufuanduguil 4.10
91NNTIBNUUVANNIIUARANANTIIATIERA IV ARz TULAE AT A
vosauudulnaliuandusuil 4.11 mintnideyamsmuildusasdundontudeyads
wansluzuil 4.10 mArmmeTeaiintuseninedu surface fudu base Tneldlusunsu
KENPAVE LLﬁL’?I’m’ﬁﬂLLE‘iﬁNNﬁﬂ’}‘ﬁmi’wﬁﬂ’l’lmﬂ?ﬂﬂﬁLﬁﬁ}“ﬁuﬁﬂ‘éﬁJﬁ 4.12
kazaINMsERNUUUYIIsvesaumdulung 1anusnagUnan1Tingininun s
lfmsmsneesiuiurazduiazsaitomevesiuiuduandums 4.4
namsitsIziisvesauuiufisanuuu 4 91nTusunsu Excel Airfield Flexible
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FLEXIBLE PAVEMENT DESIGN FOR 10/3172005
Ladkrabang International Airport AC Methed
Bangkek
Engineer- By Civil Enginming KMNITL AP No.

45" Total Thickness Reguired (inches}

No rhickness adiustments reguired

Stabilized Base/Subbase Are Required

Initial Pavement Cross Section Stabilized or Modified Cross Section Factors
5" Pavement Surface Laver (P401} 5" P-401 Plant Mix Bituminous Pavements
8" (5.76) Base Laver (P-208} 8"  Not stabilized i
22 Subbase 51 (P-154) CBR=25 14" P-304, Cement Treated Base Course 16
" Subbase #2 CBR=3 10"  Matenal as defined by user
8" Subbase =3 CBR=0 8" Matenal as defined by user

( ) = Submiminal base thickness calculation

Frost Considerations

0 Io/ef
g

3
3

[
th

<

Dry Unit Weight of Soil

Degree Days °F

No Data Providei Frost Penetration Depth

Original CBR value of subgrade Soil
CBR Value used for the Subgrade Soil
CBR Value used for subbase #1

CBR Value used for subbase 52

CBR Value used for subbase #3

Non-Frost Code for Subgrade Soil
Non-Frost code for Subbase 51
Non-Frost code for Subbase 52

No frost selection made for Subbase 23

Besign Aircraft Information

1,460

The Design Aiveraft is a DUAL1IS0 - 150,600 Ibs — ()
150600 Ibs Gross Weight

Equivalent Annual Departures

20 Design Life {vears}

Subgrade Compaction Requirements for Design Aircraft

Non-Cgohesive Soils

Cohesive Soils

Compaction  Depth Required Compaction Depth Required
100% 0-18 25% O
5% 19 -32" 90% 7-14"
90% 32-46" §5% 4-21
85% 46 - 60" 80% 21-28"

See Api

pendix 3 to AC 130:3320-6D, Airport Design and Evaluation, for &

pplicaticn of this software.
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| model - Notepad
File Edit Format View Help

MATL = 1 FOR LINEAR ELASTIC LAYERED SYSTEM
NDAMA = 0, SO DAMAGE ANALYSIS WILL NOT BE PERFORMED
NUMBER OF PERIODS PER YEAR (NPY) = 1

NUMBER OF LOAD GROUPS (NLG) = 1

TOLERANCE FOR INTEGRATION (DEL) - = 0.001
NUMBER OF LAYERS (NL)————= 5

NUMBER OF Z COORDINATES (NZ)—-- = 1
LIMIT OF INTEGRATION CYCLES (ICL)- = 80

COMPUTING CODE (NSTD)-————-- =
SYSTEM OF UNITS (NUNIT )———=

=g

Length and displacement in cm, stress and modulus in kPa
unit weight in kN/m~3, and temperature in C

THICKNESSES OF LAYERS (TH) ARE : 12.7 20.32 35.56 25.4
POISSON'S RATIOS OF LAYERS (PR) ARE : 0.35 0.35 0.45 0.45 0.45
VERTICAL COORDINATES OF POINTS (2C) ARE: 12.7

ALL INTERFACES ARE FULLY BONDED

FOR PERIOD NO. 1 LAYER NO. AND MODULUS ARE :
3 1.120E+05 4 5.009E+04 5 3.495E+04

LOAD GROUP NO. 1 HAS 1 CONTACT AREA
CONTACT RADIUS (CR)-————— = 10

CONTACT PRESSURE (CP)————— = 1380

RADIAL COORDINATES OF 1 POINT(S) (RC) ARE : 0

PERIOD NO. 1 LOAD GROUP NO. 1

RADIAL VERTICAL VERTICAL  VERTICAL RADIAL
COORDINATE COORDINATE DISPLACEMENT  STRESS

(STRAIN) (STRAIN) (
0.00000 12.70000 0.14253 948.239
(STRAIN) 2.963E-01 -7.792E-04 '\, -7.792E-04

<

1 2.000E+03 2 2.004E+05

TANGENTIAL SHEAR

STRESS  STRESS
STRAIN)

508.192 0.000 |
.000E+00

>

v

a a - i v a a
g‘tJ'Vl 4.12 HaN13IATIEAAMUATIAT IAUDINIIsauILdU Model 4

= a ¢ a a A
M990 4.4 ﬂ”liﬁ?UNam‘5')LF}‘S’]B‘lﬂ?’l’]ﬂx‘l‘ﬂi)dau’luuuwaammu 4

AuASeafiinty (—7.792 x 1074

Yy CBR ANVl | wiinvas | Swaududl | 5100 de 1A
(%) (Ch) Auild T#Tunns au.u (um)
ICGERN (un)
(au.)
Hu subgrade 3% fuLAL - - -
Hu 5% 0.254 Auny 13,716 34333 | 4,709,114.28
subbase2
u 25% 0.3556 Aunu P- 19,202.4 672.2 12,907,853.28
subbasel 304
1 base 80% 02032 | fuegn | 10,9728 350 | 3,80,480.00
P208
Fu surface - 0.127 woatas 6,858 25359 | 17,391,202.20
EREY 0.9398 374 | 38,848,649.76
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TOTAL THICKNESS FOR DUAL150, 150000 Ibs LIFE =20 yrs CBR =3
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