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https://drive.google.com/drive/u/2/folders/11ThLXHdCVyfQksI4yTRCBXXrpZpN5XZd
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AL TagdoyauafinusmseonuuuNminaInauunaaolwlssinaansgownsn meldidoulanazdormuasiieg
2ovaUssng Jonaliilndaguu wasliasviouanindoamaadvrovussineling dunalilasuasivauualnsuie
ANKLAYNYADHASUMURADIYNSDDALU

A3 TAST N T Uy MlazANEI AR 299N153TULATWEINHIIEN1500NLUULASIES 1 O WHAIALTY
muldidonlanazaninnistdouluusandlng Sewamiuuiniedaridonimuanazisniseanuuulaseadie
ORUANALIANANINWIAGON Taa wazuSuimdasiasvaeUstndalng tielilainseaniuunazidiusif
UFUBIHAIHILATIZWo 0 NLUUZDINSHNIYnalvaIN1sadnluldluniseaniuuneastvnazysaelasaasne
DUHAIALNIADLNUHNIZEN YNFDY LazUaoaNY MTNRANIFINGSH

lasunisiseilanainisueusafildainnisnagoudiowasoaiio Faling Weight Deflectometer (FWD)
wlfoonuuuanunuizoalaseadivaunatnene uwasWwan3sniseanuuulaseadreauuarnenenieléidouls
annadan ae wazusuiadasiasvavdsandlnalidnsagaie

BUREAU OF ROAD RESEARCH AND DEVELOPMENT

04 {rsims3saiiiodamiomuuana:3dmsaaniuuinsiasiinuuaiagignsuls:inalng




2. MIdsnsooniiuu (Design Parameters)

2.1 (NnKUNNs:M

snussnN&uaouns3Iu IngoJljo FWD

Load Pressure FWD = 700 - 800 kPa
Plate Radius FWD = 15 cm

0.4x25 = 10 6%

5 61 5 614

e . %
5

Tire pressure = 690 kPa

Contact radius = 10.74 cm

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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2. A2ndsmsooniuu (Design Parameters) (610)

2.1 EnHUnNs:M (o)

MMSFUMILUAINNSLEREILHDIANNSAUSSINFURONIASFIH MSFUILUATNNSLEREILHDYAINSAUSSNNFURDNIASIH
AuAINsLanelHovanAsaviio FWD Ausninnssygonesoulio FWD TiAlugdaduneldeoaiuniosig
2000 1300 . Truck1  Truck2 Truck3 Truck4 Average
— 1 T 1 e Ay X
, _ e FWD1000 FWD850 FWD800 FWD750 FWD600
—_ 5 i | LU 1200 S o Co—  —A —y— —om
= Y = 0.8404X + 292.28 _ N
3 2 - ! /o/ = RN
= 1500 R*=0.9807 e e € 1100 N
3 RMSE = 182.96 j ; 2 B .
£ FWD = 700 kPa | | T N R
= i - 1000 ~o
© Truck = 690 kPa : 5 A \|\ =~ <
= | i 3 LTS -
L oo A e S Ve oy | B
B | | | 5 Ty s T
® | g _ | 3 o TR ——= %
2 | Y = 0.7354X + 292.39 o n S g - —=——X
S R? = 0.9808 g o0 S . eo———n
X 500l P . RVMSE=99.00 | 2 o, S R AR
~ ; ; FWD = 800 kPa 700 = Sy- -~
= Truck = 690 kPa =) RN
i Il e
600 ~O==—= =
0 . i . i . i . wi . . 0
0 500 1000 1500 2000 200 400 600 800 1000
FWD deflection, dQ,:WD (um) Elastic modulus of base layer, E (MPa)
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2. A2ndsmsooniuu (Design Parameters) (610)

2.1 {nHUNNs:M (o)

FLARYIASIEHAI AN NARLAzANNIASadelUsLnsNAaNALmes (Layered Elastic Analysis, LEA)

frsims3saitio

Truck 1
Truck 2
Truck 3
Truck 4
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2. A2ndsmsooniuu (Design Parameters) (610)

2.2 Insiadunuuanagnana:ncuaudaivoIdaqaun

IAATUNY luaaadanei (MPa) 951831 UIvay
Ranneuagaiadraunsn 10 9. RIMvLadananAaRnNs s 2,500 0.35
‘ﬁumaﬁuﬂaﬂ 350 0.35
590NUMNITaANIATIM 150 0.35
JdARAALRDN 100 0.35
AnLAN Subgrade 40 0.40

CBR > 4%

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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3. msdandusuiuuinsiadunuualagn

NANULUULASIES 190 HHAIA8IATHIB NSO NLUUSHY

1. Full-Depth Asphalt (T,) ANNIS Y9 Al (1970)
2. Structural Number (SN)  @1x385299 AASHTO (1993)
3. Equivalent Thickness (h.) ¢1u38zeov Odemark’s Method of Equivalent Thickness (Ulitdz, 1987)

3.1 Full-Depth Asphalt (T,)

A1 Substitution Ratio (S,) vevidnuiasiieg (AL, 1970)

89 Substitution Ratio
msudaeanuvul T, anuddaee Al (1970) woanasaaunss 1.0
Hot-mix Sand Asphalt Base 1.3
Conventional Flexible Pavement Full-Depth Asphalt (T,) Emulsified Asphalt Base 1.4
AuAgnuanduus (UCS > 24.5 ksc) o+
AC 10 cm - o Pavement Recycling (UCS > 24.5 ksc)
AC10/1.0 =10 cm T, = 10+10 #uaan (CBR > 80%) 2.0
Base 20/2.0 = 10 cm Qi — o0 cm  Jasuiasaw (CBR > 25%) 2.7
JaaAadon n (CBR > 10%) 3.0"
JanAaLdon 9 (CBR > 6%) 3.5%

wauma: Al (1970) flduussnld walduafinsunuralaanidannussaunisad

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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3. msioneju@uuufnsm:%unuumoem (0o)

3.2 Structural Number (SN)

A1SUIAITNNRT SN aMNISyo9 AASHTO (1993) Tne?

Ramuneaiasmoung® (Asphalt Concrete Surface):

A1 Structural Number (SN) 2avlasea31edunig (AASHTO, 1993) a, = 0.44+0.4(log E./3000)

* Sumce COUTS@ } t ‘ﬁum@ﬁuﬂqﬂ (Crushed Rock Base) wazfiunonandiuwg (Cement Stabilized Base):
- L‘v"--l.;'-.,_‘ i ',-.v,_-.','_.-‘ D P L
SN, 3 ) Base course - - t,
e ; S iy _ _
a, = 0.249(log E,.) — 0.977
t3

Subgrade SOUNHNINTEANIasIN (Soil Aggregate Subbase):

a, = 0.227(log E;) — 0.839

SB)

SN = [SN, + SN, + SN.] = [atm + a,tm, + a,t.m.]

g
| = MENUSEANSANNULTILSI209AINY

o o s ao o . % - , = AMANUSEANSAMNULIINS 92D INWNY
Wo a Ao AdnUszAndanuudausaveviangume (Layer Coefficient)

t A9 ANNURIZDITEATHINY

M v ©
1

$ &
3 ﬂ’]ﬂNU‘SZﬁ‘HSﬂ’Zl']NLl,%\?LL‘S\?‘EJ@\?‘SE)\?WH‘V]’]\ﬂ

L . _ Eyr = Alngdadaneuzovfiamenaaiadaounss (psi)
m, Ao AdNUszansmsinauihzoviangumy

Ep = ANQdaEangHooiumMeRuaan wasiumonandunud (psi)

(i = 1 wunedy Ay, | = 2 BKEIEEy AR Was | = 3 UHIEY so9NHNIv)

Ees = Alugdadaneurovsoiumaianguiasin (psi)

N N T = x o = BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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3. ms'ionziuwuuufnsmémuumosm (0o)

3.3 Equivalent Thickness (h_)

MSUUAIANNNNT h A1NISYov Odemark’s Method of Equivalent Thickness (Ulitdz, 1987)

Ei *1—022
Er 1-p)

he =¥l *3

Wo f = AwwnnmasuSuud (Correction Factor ~ 0.8 — 1.0)
h, = ANNUUIYOUIFATUUN
E, = Alugdadaneguzoviagduuu

E, = mlugdadanguyoaianduais
V1= Aoasd@iulngevgouidniuun
V2= AoRs@INTIDDYDITANTUAY

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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3. nws'ionziugU||uuTn5Ja§1Jnuumosm (0o)

NANFULUULASIAS 19O WRAIAYY

Class T, (B3.) SN h, (g4.)
I 14 - 28 2 -4 31 -70
II 29 - 43 5-6 71 - 107
111 44 - 57 7-9 108 — 144
IV 58 — 72 10 - 11 145 — 181

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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4. msua:nsWMsoaniuuinsIasINuUUAaI0en]

) Reliability = 75% Reliability = 85% Reliability = 95%
Traffic (ESALS)
SN TA he dO/dO,DOH SN TA he dO/dO,DOH SN TA He dO/dO,DOH

0.5 — 1 million 3.8 24 52 1.18 4.1 26 57 1.13 4.6 30 67 1.04

1 — 5 million 5.0 32 74 0.98 5.2 34 78 0.96 5.8 38 90 0.88
5 — 10 million 5.1 33 76 0.97 5.3 34 80 0.94 6.4 42 103 0.81
10 — 25 million 6.3 41 101 0.82 6.5 43 105 0.80 7.3 48 121 0.73
25 — 50 million 6.8 45 111 0.77 7.3 48 121 0.73 7.9 52 133 0.68
50 — 75 million 7.3 48 121 0.73 7.6 50 127 0.71 8.1 54 137 0.67

Remark: 1) Subgrade modulus = 35-40 MPa (poor condition according to WSDOT)
2) Shaded areas indicate unlikely combinations of ESALs and reliability for mainline roadways
and 3) WSDOT Flexible Pavement Layer Thicknesses Design Table (https://courses.washington.edu/)

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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https://courses.washington.edu/cee320w/handouts/WSDOT%20Flexible%20Pavement%20Design%20Tables.pdf

4. msua:nswmsaaniuuinsiasinuuarag (¢o)

Minimum Thickness for Asphalt Surface

Traffic (ESALs) ADTT (Veh/Day) Minimum AC Thickness (mm)
< 50,000 <15 25 — 50

50,001 - 150,000 <45 50
150,001 - 500,000 < 150 65
500,001 - 2,000,000 < 600 75
2,000,001 - 7,000,000 < 2,100 90
7,000,001 - 10,000,000 < 3,000 100
> 10,000,000 125

Remarks: 4-lane highway, Growth rate = 4% per year, TF = 1.0 — 1.5, and Design period = 15 years.
Ref. AI (1981) and AASHTO (1986).

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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4. msua:nswmsaaniuuinsiasinuuarag (¢o)

_ _ AMSUaNAIZoIlAsIaSIIRNKaIAENNIoonLuUNa S (d )
Normalized Deflection

AIMsWaNAIzoalAsIaS I uHaIAeTlUZoINSHMYra (d, o)
FWD %0 LWD
FWD %%2 LWD

ﬁiﬂl

A1 Normalized Deflection (d_/d ) Ao 9Rs1dIN AansuaddanAaun3n 10 wu.

0, DOH
20uAINISWINAIZDIlASIES I NHAIAEIY (d ) Buld

AMNNSNAFDUAIBLASOYRD FWD %50 LWD ¢aA1ns
LIHFIYDILASYFSIIAUHAIALIITIUYDINSNNIIRAN

(do,DOH
100 HadLNAs AHNIIARAFAUHT 200 RA&LNAS

) F9USzNOUAIY RINvLaanNadAmowWns AWl

SOINHNITAANIFSINUHY 200 HAFLHAS LazId9

AALADNMNY 200 HARLNAS Yandadan “n” 25 a.
1 CBR > 10%

AUAUNIA
22 RN CBR > 4%
AULAN Subgrade
CBR > 3%
Iﬂslaa%'mﬂuumﬂma Tasvadruaunatasnerialu
NoanLUUNa a5 YDINSHNIKAN

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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4. msula:nsiwnisooniuulnsiasinuuaiasns (do)

iAsIas1IwaNInoalladnoaunsaun) insIas1IwaNINoalladnoaunsaxu
(AC Thickness < 10 cm) (AC Thickness > 10 cm)
2.0 — T — T T —r— x T 1.6 T T T 1 T
d /d é | For thin AC layer Gri)up AC5(Cm) Bas:leo(cm)_ § For thick AC layer Grfl)up AC1E)cm) Basaeo(cm)a
< 18F 2 5 15-30 - S 14 o M
e N SR ROIN =
RPN 5 12 @ ¢ B e
do/dopon VS- SN g \\\\ s '® \:\
S 14 NN 3 1.0 \*\\ ~
0O SN o @ |~ \5.-‘--.777 |
= 12 T~ bl Z 05| ® T
doldqDOH vs. h, I3 ~__ @ % | Group Q\Q L
S 10 — O S 06 \‘“‘:_:___
S Class: | l Il v S f—Class: | I i IV —
%% 20 30 40 50 60 70 T T ——
Full-depth asphalt, T, (cm) Full-depth asphalt, T, (cm)

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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4. msula:nsiwnisooniuulnsiasinuuaiasns (do)

iAsIasmoINuoalladnsunsaul) InsIas1ImoINuoalladnouNsasUN
(AC Thickness < 10 cm) (AC Thickness > 10 cm)
£ For thin AC | s 'AC( I) Bas (cm) e ' ' ’ ' ' :
| For thin ayer roup cm ase (cm)|] 5 | For thick AC | Group AC (cm) Base (cm)| |
dO/dO’DOH vs. T, U§18 \ i g o §14 or thick AC layer o AC (o) e om)
- o 1 2 10 15-30 [
S \\ T ON 3 15 1030 ||
c c ( ) 4 20 10-30
d /d vS. SN % s \\\ S 1202 5 25 10-30 [
o'Yo,00n V- o \ S B NN
“%3 14 \\ “%_’ 1.0 \\
. NN — - 0 @ Ny \E\\
N hy roup N
oL oq2 ™\ = | Y0 \\-...,\“"'-
dO/do,DOH VS. he E \\\ @ EJ | Group \§‘\\-~___
"E 1.0 T~ @ EU 0.6 T
S [+~Class:| I I \Y S |~Class:| I Il V—
0.8 1 : * 0.4 1 l ‘
2 4 6 8 10 2 4 6 8 10
Structural Number, SN Structural Number, SN

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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4. msula:nsiwnisooniuulnsiasinuuaiasns (do)

d/d

0" ~0,DOH

d/d

0" ~0,DOH

d /d

vs. T,

vS. SN

vS. h

o’ “o,DOH - e

18

frsims3saitio

—_ — — —_ — N
o N £ (9] (85] o

Normalized FWD deflection, dy/dy pop

o
®

iAsIasuwonInoailadnounsaull

(AC Thickness < 10 cm)

1 L) T [ ! T T T T T T
| For thin AC layer Group  AC(cm)  Base (cm)]
1 5 10
2 5 15-30 A
\
N
AN \
\ \\
\ \\ Group
S @
S— /2\
--..._k__{__
T ————
Class: | [l [ Vv
| | | |
50 75 100 125 150 175

AaNYyamAuualla

Equivalent thickness, h, (cm)

Normalized FWD deflection, dy/d, pon

InsIas1ImoINuoalladnouNsasUN
(AC Thickness > 10 cm)

—_
(0)]

—
'

—_
N

—_
o

o
o}

o
o)}

o
~

r l T 1 | T 1 1 T
| For thick AC layer Group AC (cm) Base (cm)| |
@F 1 10 10
2 10 15-30 [
\ 3 15 10-30
@ |\ 4 20 10-30 ||
é \\\ 5 25 10-30
~
\\\\
-~ Group —_—
| '-—-._.___._-_.-
Class: | Il 11 Vv
| | | l
50 75 100 125 150 175

:35msooniuuinsiasiinuuainsEHsuUs:INAINg

Equivalent thickness, h, (cm)

BUREAU OF ROAD RESEARCH AND DEVELOPMENT



5. JuOOUNMISEdNIIVUANUKUIIASIaSINUUAINEN

WongUuuulasiasauaIng

\HonsUuulasaas1vauHaIaeg

BHAYDIIAATUY

AMFNURYDIIAATHNY

ANMNARIYDITAATHNY

AananaanadAaunIn 15 Y.

LADNATHIHAIHUHIATNIS 609 Estimated Traffic
® Full-Depth Asphalt (T,): AI (1970) < Design Traffic
®  Structural Number (SN): AASHTO (1993) > Not 0.K.

® Equivalent Thickness (h,): Ulitdz (1987)

Wanns19tazns1nnN1SoanLUU
" y15q1u@1 Estimated Traffic (ESALS)

JanAALRDN “N” 25 YU,

Estimated Traffic > Design Traffic —> OK :
A1 CBR > 10%

ONLUUIHFANY AN AN
" LUUSUARgulASIES I HEAIAYY AuULA Subgrade
. S e
do/d, poy FMSUMSAIUANAMNSEWIADESTY CBR > 3%
" d/d, oy MSUMSATIAFOULAUSELEENE

sepadaldnu

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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5. JUODUMSINIUUANURUWAIIASIaSINUUAI0e1) (do)

WansunuulaseadauuaIaeng o - ad
. LADNATHIKRAITHUARICATHID AN

" 3lazouldndum

" AENURZoIdARTUNg

- ﬂmwmwaﬁa@{?uma Conventional Flexible Pavement Full-Depth Asphalt (T,)
AC10/1.0=10cm T
= . - : . Base 20 cm
LRDNATHITHAITHURHUININISFIN Estimated Traffic Base 20/2.0 = 10 cm A

Full-Depth Asphalt (T,): AI (1970) < Design Traffic
Structural Number (SN): AASHTO (1993) > Not 0.K.
Equivalent Thickness (h,): Ulitdz (1987)

Wanns19tazns1nnN1SoanLUU
" y15q1u@1 Estimated Traffic (ESALS)

Estimated Traffic > Design Traffic —> OK

ONLUUIHFANY
" LUUSUARgulASIES I HEAIAYY

" d/d, oy MSUMSAIUANANMNSEWIINDESY

" d/d, oy MSUMSATIAFOULAUSELEENE

sepadaldnu

>
Il

107 cm

BUREAU OF ROAD RESEARCH AND DEVELOPMENT
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5. JUODUMSINIUUANURUWAIIASIaSINUUAI0e1) (do)

ongUuuulasaasvauaIng
" yfingouTaniume
" auanURveeiantumy
" AnuNNZeeIEREHNNY

Wass19LkasNSINNIS29NLLUU

16 L — T 1 L
é For thick AC layer |Group  AC (cm)  Base (cm)| |
a 1 10 10
2 14 HO) 2 10 15-30
LRONATHIHAIHARIAINIS A0 Estimated Traffic © \ (3 15 10-30 ) |4
c > 4 20 10-30
® Full-Depth Asphalt (T,): AI (1970) < Design Traffic -% 1.2 e \Q\ 5 25 10-30 ]
® Structural Number (SN): AASHTO (1993) —> Not 0.K. 2 @ \.\\ 1
, . . ©
® Equivalent Thickness (h,): Ulitdz (1987) 2 10} @ | .,\\'*-—--.'..__ T
(] I _\\-..,__
Ve &R
o |
[ Group — —
S do/do,DCH =0.8 —1
g 06 ——
a = -‘-_‘—""—-u-._.__"__
WaasataznsInniIsaantluy o TA 43 €M -
, . , = ~—Class: | I 1l v
ns1uAn Estimated Traffic (ESALS) 04 L i ! i ! i
20 30 40 50 60 70
Full-depth asphalt, T, (cm)
Estimated Traffic > Design Traffic —> 0K
o i ( ) Reliability = 75% &iability = 85% Reliability = 95%
2ONLUUIUFATINY Traffic (ESALS) g T b o | N [T ] M ddeow | SN T Mo dosnonn
o > 0.5 — 1 million 3.8 24 52 118 41 _2- 57 113 46 30 67 1.04
" LUUsUSAZRIlASIES IO RHATALNY —
Y 1 - 5 million 50 32 74 0.98 52 3 78 0.96 58 38 90 0.88
- do/do DOH ﬂo'IW%/Uﬂ']‘Sﬂ’JUﬂNQEHﬂ']W‘S?JW'j’IOF]‘E)a%'I\ﬂ 5 — 10 million 5.1 33 76 0.97 5.3 i 80 0.94 6.4 42 103 0.81
Y < = 8 - million |
" d/d, poy SMSUNMSASIATOULAZUSELEUNE (o — 25 mion Jo—s —] o 250 - - - o
© ?’ - . 25 — 50 million 6.8 45 111 0.77 7.3 48 121 0.73 79 52 133 0.68
%zwa’]\jLU@I%\j’]u 50 — 75 million 7.3 48 121 0.73 7.6 50 127 0.71 8.1 54 137 0.67
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5. JUODUMSINIUUANURUWAIIASIaSINUUAI0e1) (do)

ongUuuulasaasvauaIng
" yfingouTaniume
" auanURveeiantumy
" AnuNNZeeIEREHNNY

LADNATHIHAIHUHIATNIS 609
® Full-Depth Asphalt (T,): AI (1970)
®  Structural Number (SN): AASHTO (1993)
® Equivalent Thickness (h,): Ulitdz (1987)

Wanns19tazns1nnN1SoanLUU
" y15q1u@1 Estimated Traffic (ESALS)

Estimated Traffic

< Design Traffic
—> Not 0.K.

Estimated Traffic > Design Traffic —> OK

29NLUUTHFATINY
wuUsUAazeIlASIAS19NNNAIALTY
do/d, oy FMSUMSATUANAMNINSZHININDFSI
do/d, poy FMSUMSASIVFOULASUSHLEWAR
szaaldonm

Anaueadladaaunin 15 .

ARLEaN “n” 25 Wl
A1 CBR > 10%

a
]

SRR S ARXAN
AULAY Subgrade

CBR > 3%
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6. 19Nd1591333 / AndinssuUs:nF

AI (1970), Thickness Design — Full-Depth Asphalt Pavement Structures for Highways and Streets, 8th Edition, Asphalt Institute.
AASHTO (1986), AASHTO Guide for Design of Pavement Structures, AASHTO, Washington, DC.

AASHTO (1993), AASHTO Guide for Design of Pavement Structures, AASHTO, Washington, DC.

Ulitdz, P. (1987), Pavement Analysis, In Developments in Civil Engineering, Vol. 19, Elsevier, Amsterdam.

WSDOT Flexible Pavement Layer Thicknesses Design Table for New or Reconstructed Pavements.
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http://km.doh.go.th/km-web/public/knowledge/Yp8W4Uvhpj
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