VNN 2

ngy3

2.1 dnyazmsinaglmguedselagmsvinalauudumaniugan
@ a O 1A 1 z A g &£~
anyuzManagliamgvetso lagansvina lngnnulesasauunentlugmidai
a A A 9 <3 a 1 Y I o [V dy
sinpulumsifagidmeiosainmsldanus aiuawnsonsesn Il 3 dnva Al

(Gillespie T.D., 1994)

2.1.1 sawana
a o & w 2 A4 ysy A A Y
ﬂﬁwaﬂﬂ’ﬂlﬂuﬁﬂBszIJENﬂﬁm’ﬁlﬂﬁﬂﬁﬂﬂuiﬂmmﬂlﬂﬂﬂ NﬁHWﬁ]LHENlIﬁnﬂa@

) ) v &£ A A 0o q ¥ A o A ) a
aululnsessoendyumieiuauy s lisanandirsoazunieenueon Inalunga

2.1.2 50l9ae0nuening
= ¥ 3w = A Y sy dAaw o~
msise loaeenuenlde  iludnvazvesmadomsairugus oo IAan el
Y <3 o Y Y o [l 9 = o v A
uauAreaNusIguIuilidesoilavazdinaldsadendn lnasenuenldali/ unga
2.1.3 30UHDIAg
A Y 1< o a o 1 v o 1% Y dy
msnsounnlde  dudnwagiauiu liawnsatuwandsIdsaden Tuaw
Y Y 2 o 9 A 2 Y o dyo.: 1 a
Tadld e ldsongeeenuenouuluiige  damsuvnldeanyuziinisoerveg lumams

a o & 9
wanain la

D-

a2 Y v

22 wanmsnaznguNineITeINUaN YU MINAYLIAINA
k4 1
gliAAINATUINBIDITENITAIUAN (Loss of control) HAY NIDINAMITY N13TY
a d? ] c?;} 1 A A =} a Y = =) '
mImugusanaIulesasilugeIdeisol Tomaazesnuenniadelaieg  die1nrunse 1
v o Y Y Y 1 =t o Ao qy o A | da & Ny 1 o
sunuingdanen1d uamsidenaniildsoni nieazunseguunieninadiulamunu
P4 v
MSIEIMIAILANTOUAZ MIFUTWNTDNATUIINANHUL NI IALANHUSUYDIA
50 1dun msnanad (Rollover) mshsalaasenuenife (Sliding out of curve) agmsi

I 9 v
songalAs  wivesnuenouu iHeeninga ldaunsaderuuldensadiuan’ld  (Fail  to
negotiate curve)
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2.2.1 mawanadi (Rollover)
A A v ~ A Y v A a °
1o3029luldes1u satilonmanasz loasendiuusnlde 50019 NanaN
[} H d 1 g 31 [y a 4 a c'
Tagmwizsaminiigaguinisedgeniniiumaziihminun Tlumsnsizinmsnanaiives
4 A g9 o A ' . . = o A
50OUA T1U1TNTUAUINUVUT1a09N418 15U Quasi-Static  model Tilaudwvusiansh
a 4 = 4? = 70 Y o 1 A A
Wnsana lnmelusnoudazideaiu (msanulszgnd lFauunniteduaIugiaman

msvudaazas ey eth llgmsuUgia, 2552)

. - al I .o
Quasi-Static Model : auua 0111 Rigid body
4 A A (Y 1 1 { [ 1
Lﬁ@iﬂﬁlu@lﬂMﬂJ’JmWWﬂ‘U m ﬂﬂﬂuﬂﬂﬁﬁiﬂ@gq@ﬁﬂﬂﬁulﬂ1ﬂﬂ /NG A EAA NN
VY 9 v 9 9 "o o w A Y Ady AsY 1o Y 3
‘i%ﬁ?Nﬁ@ﬂWUiHﬂUﬁ@ﬂWHUﬂﬂlﬂmﬂ‘U t ﬂWQQUQELUIﬂQWNiﬁﬂJIﬂQWHﬂ‘U R AYNITULIN

- A o 1 Y 4 2 1 A o w
WAL v soezlidasusanggudnan (a,) =v? /R 31 2.2-1 naausanen inseinuse

ma., ' W

Fy Fz

g 2.2-1 wanaTe e inszihifusovazdalu /ey
(Gillespie T.D., 1994, p. 310)
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Taeh F_ uaz F, ussdfnsenlununasindediulunazdeduuen awdauy

I aan A o w
F,uaz F, dwlgnsnlunsuided i lurazdedunen amdiay
Y
mg =1 miingn
= 4
ma, = usaniguinang

11031 2.2-1 was e Tumudngadudaszinendudediuuen =0
h+F =0
ma,h+ Ft —mg Y, (1)

A a o 2 Yy v & S o \
LUDIDNAITNANAIN Lﬁ\‘lcl,uuuﬂ]ﬂ\iﬂuaﬂﬂ'luj,u inﬂglﬂu 0 NIITRTUU BATUII

[
o

Yy v ” {o 99 a Yo o ' = T
A419 (Lateral  acceleration) #%i1lviwanat JanfuunIvaleIndlual “Rollover
threshold”

—=— 2)

Tagn
A o 19 4
ay 1) ﬁ)ﬁ'ﬁnﬁﬂlﬂﬂq@uﬂﬂﬁ%‘l
A 1 v Yy 9 9 Yy 9
t A9 YLV INITUINADAIUTBIULAS ADATUUIN

A d = tﬂy
h a9 ANNUFININYAFUIDNUDITOIINU

Rollover threshold Ai® 8a31134N9A U4 (Lateral acceleration) A lnsaEu

[ E4
wana (Gillespie T.D., 1994, p. 311) Tagdasusagegail Jalalumitevesnnusudng
} ' . . X A { o
AudnaraifosninuseTinaasveslan (Acceleration of gravity, g) uiluaniudunili

1NaNsNana alee19ved Rollover threshold aduaadlunisg 2.1

A13192.1 uaaan1nildves “Rollover threshold” vossotlseanaien

] ' Yy 9
D (O anwgaves | IzesrieszvdNaed il | Rofover
| ] L |+ v 22 = | threshold
AAUYNIG, U NUADATUUDN (thread), Ul

4

soadosa 18-20 50-60 1.2-1.7¢g
I v

708UAUY (Compact car) 20-23 50-60 1.1-1.5g

s0eUATangHT (Luxury car) 20-24 60-65 1.2-1.6¢
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A1519 2.1 uaaea1na lilved “Rollover threshold” vessaiszinnaias (ae)

1 ' Yy 9
T awgaves | IsesrisEvINaed Iy | Rofover
v PRS- S AR = | threshold
gaAudng, W | NUasn1uuen (thread), 17

INNISVUL 30-35 65-70 0.9-1.1g
504 Ingd13 30-40 65-70 0.8-1.1g
FOUTINAVUIANAN 45-55 65-75 0.6-0.8¢
s0uUTINAUIIA Ing 60-85 70-73 0.4-0.6g

(Gillespie T.D., 1994, p. 312)

91nauMIN 1 A1 Rollover threshold v1'1d Tae

t
a, = (Z_h]g 3)

A @ ' 1

9 4
a, 1o ammmmqquﬂﬂaw
A ' ' Yy 9 9 Yy 9
A9 TTYTUNWNITUINADAIUKIYLASADATUUIN
A g = dy
h 09 mmqamﬂi}ﬂquEqusummmwu
Y Ao

< 1 = 1 ! { a o
R UNT0eUATATiA Rollover threshold fige msisndnIAsnildinadas

4

[ [ a a ° (] o I
1598 1419g90eA Rollover threshold n3omnanmswana it wude 1.1-1.5¢ Wu unudu’ll
"W Y Y 1 1 = 1A A 1 =
118 ms1zsovzloasenuenldudenou  daulunsdisolngitigagudniegs solilemd
Y
wanladevaziaenlulAs
Al I . . o 1 { A
myauuansoidu Rigid body #11#% 1dA1 Rollover threshold Agaiiulyl (Over
. Jd Aa a c; 9}5 Ao v 9 9 ] 122
estimate) uazlugmiumsaiase  saannsonanadlaneandasusedudne  dalidem
v Y
Rollover threshold #uaasldluasie 2.1 duiudez l¥imsyszunamsa Rollover
Y a d? I Y a .
threshold  1nAIABIAINITILINIUAABDINITUINAINTZUY  Suspension  LAZYNUDITD
(Quasi-Static rollover with suspension) W7oy Roll moment of inertia ¥oI5019131
W159198 (Roll Model) (Gillespie, 1994). anluaandSulnidsnanznun 1da
{ 1 Aal 3 . . . .
Rollover threshold iaaasnimsauuansaiilu Rigid body 30 Quasi-Static model (11

M1TN 2.2)
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o ' ™ < )
A1519 2.2 1WSeumeuranisaiuinnl Rollover threshold éummﬂuéfuwummﬂmqllﬂ

10 Tueadsznnaieg
f1 Rollover aaa991n Quasi-
Tuiaa ‘
threshold, g Static Model, %
Quasi-Static 1.25 -
Quasi-Static-suspended 1.19 4.80
Roll model (Step input) 0.92 26.4
Roll model .(Harmonlc ™ 3ED
forcing)

(Stone R. and Ball J.K., 2004, Table 7.2, p. 342)

v Jdo

1 o J oy o
1 Rollover threshold va3309z duiusiUeeRlsznouveINTUIINMIIMIIN
3| Il Y ~ A Y o Ao A A v '
Wued1ann wennndwlsnilsing luaunsi 3 uad dalidwlsougndimansznuaen
Rollover threshold 8ndsldun
£ v
- NNINTINNIHUAYDIAITD
£
- MINTLNGNMUANNE

Y
- MINIZNBIMITNNIE LA

o ] a o Y A a Py
ﬁ’Tﬂ5‘]_1ﬂ"liWﬁﬂﬂ’JWJ’ENfJ’JﬂEHHTJL!‘VINI?NLBEN Lﬂﬂmﬂimﬂ\luﬁ‘mﬂuNﬂiﬂiﬂﬂl!ﬁ\i
= 4 ~ o w d A 1 <Y A A YY)
ﬁuﬁuﬂﬂﬂﬁﬂﬂi%%”lﬂﬂizﬂzﬂ’ﬂllQ’Qﬂ]@ﬂﬂﬂﬁuﬂﬂﬂﬂnﬂ13J1ﬂﬂ’JﬂmiJuG]G]”lu‘V]Lﬂﬂiﬂﬂ{'ﬁ]i]EJE]L!
¥ a A 2 & 3 A 9 sy a aa o
]‘lﬂllﬂ HUATALYININUVUUDINUHDUY ﬂ’JHJLTJ"UE]Q?E]HJE]LGMIﬂ\?LfJEJQ UAZUAAN)UDINITO

[~ 9 1 ~ o @ A Y A
wuau ?j‘l] 2.2-2 LLﬁﬂ\?LLNﬁNG’l‘ﬂﬂiz‘ﬂWﬂUiﬂﬂlm%’NUuIﬂﬁl@Uﬂ
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51222  waawssanginsginusavaz e luldudes

(91ma c'f;aﬁiq, 2551, p. 149)

Taeh F_ uaz F, ussdfnsenluuunasidesiulunazdediunen auddu
[ aaa { o w
F,uaz F,, ifludgasnlusuinviidedmlutazdedmuon awdau
Y
mg =1MUNT0
= J
ma, = usaniguinarg

¢ % v
fl)'lﬂg‘]J 2.2-2 HATINVDL TUINUAAIN = HATINVDL TUUUANIY fﬂzhlﬂ

y12

R (L)) e @

(in + an )h (5 )

;1

|

w
—
N |~
N

[l

Hag
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2
F.+F = (EV—J cos@d—-msind (6)
g R

Wounum F, + F_ asluaumsn 5 az'la

2
(FO—FI.(LJ: 2 Y | cos@—msin@ |h (7
be by 2 g R

2
F -F. = m.h.(gj(v—}cosﬁ —sind (8)
gR

a a .-; qa;} { 4 o 1 g [ 1 09/’
Tumsiansnanadniu ‘U’Lll%ﬁ!,!,ﬁ\‘]L‘Pﬁﬂ\‘iﬂiSﬂ'}WWuﬂﬂﬂUﬂﬂﬁﬁﬂlﬂﬂﬁﬂiﬂﬂguu%@
9 Y 1% A Yy v 9 1= o [ aaa d‘ﬂl 9
ﬂ']ul!’é)ﬂiﬂ\‘ifﬂ$ﬁ‘Uﬂ15811']ﬂ“l/lﬁ;ﬂ%ua@ﬂ'luclujﬂ\illuuﬂﬁZﬂﬁ%“l/n%ullwLﬂﬂllﬁﬂﬂgﬂiﬂ?ﬂﬁ@ﬂ?‘u

b4
Tulds duin F.=0 azla

o gR{(h.tan 9)+ (t/Z)} ©)

h—((z/2)tan )

of & < AW 1o q ¥ a o Y a a Y A
ANUU ﬁilﬂ']ﬁﬂ')']il!j?qx‘]q@‘ﬂllll‘ﬂ"lclﬁﬁﬂWﬁﬂﬂ'J']‘]JUVI’NIﬂQL@fN (Mﬂ']ﬁflﬂiﬂ\‘]) o

h.tan@)+(t/2
. gl{(h—t ((t/;)ta(lné?))} (1o

o d .
msmmmﬂ’ngwmqﬂquadaa (Center of gravity, CG.)

o J < A = @ I @ =
MUIUANUGIVEIAgUInN TngBan oM s ReInNeIdITunan  tazadTl

=2 [ A @ A 19 Y a a o I T Aq Y o
mMsoaszUUNUazineuvedlsaie lulmnamsalseds  manumangdldlumsdam

Y

lannda  msdaiminnszii1dTaelddwmisdenihuessoeguuunuszay  nazumu
o 9 =\ A dy =\ ~ 1 o Y Y v @ dy A A = A X o
izﬂmmmmmqamuawmwmwamz"lwﬂwwmmﬁuWﬁwumammimm o lylumsia
[l o ] 19 o I ' 1 @ 1 = o :/' S o ' 9 dg’
yu mumgmuwmﬂaaaﬂ"lﬂﬂagummuﬁmmwmmﬂu NUUNNMINTINTIUNYIDVY
1 J 9 = ~ ' A d? ' ' o Y
TasATUNOINADIUANUFUNBIND  (WIANI 25 BIFN) ‘mm;u!,wmumnmﬂmﬂzm“lw

1 o o A A d? o = kY 9 A 19 Yo 1
mmLmuﬂﬂumﬁmujmmummwu ﬂ\igﬂ 2.2-2 ﬂ'ﬁilﬂ”li?ﬁg‘l!ﬁ@ﬁlﬂﬂ"l@llllcl'ﬂﬂ'lll'ﬂux‘]



18

Y v Y [ Y
Vo NIMITNNTINADNG 4 AmamARY LaziINTTUNNANNIMITNNTZITINDI99rMTID 84

v o & Yy oy 9 Y o
A28 (IANAINA N NADNIADH UL ADYIQN)

U QEJJ
ANUU

s v W ' o 1 o
Ha s TN duddsnIedeminnuuMusz Ay

Ml ldszezlu

UUITUTERINAeMINDUINYAgUEn NIzt UAITe Asaumsh 11

L — Lt (F3 +F4)
a Mk
A
1o
F, = usalfjnseninszinuded
F, = usaljnserfinsgiiiud
L, = szozlununsiusgningadu
L, = szazlununsnuszningady

WAUIDINTZINAVAITD

Q Y

(1D

1ATILUANAIN 2 Y9I5D

v
=1

ADUNATIULUUNAIN 2 UDITD

gj}ﬁ‘ﬁ v o 9 [

UL RGN

Y =X =4

THIDULUIN

9 =
DUUINITA

Y
a q
Heanao

aaa A o o Y
M, = wasmvoans1lgnsennngziingga 6 ae (P,+ P+ P+ P+

P+P))

o ] Aaan o ] g { o v w
g‘]J 2.2-3 Llﬁﬂ\1G]1!&14‘Ll\151]E’NLLidﬂ;]ﬂimuﬁgﬁs’nuﬂuqm@ﬂﬂﬂﬂuﬂﬂﬂﬂﬁﬂigﬁﬂ”lﬂﬂﬁ’ﬁﬂ

(UN-ECE Regulation 66, 2009, p 14-16)
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2.2.2 mangalAdnIeunnlaiieInIndevessalaasenuenlng (Sliding out of

curve)
A a A 4 y da v
Wenvsana lnmsnasuveseineulunmelasiimsonseauuouauy a1

sU22-4 924

usandlgudnany, F = (12)

0 |

2
Y B
‘R

Y

W ap 1MuNU098IA81U

<
B ANULTIVDIYINYTU

A
f
A
v fl
A

9y

G

&)
N

f
A 1 4‘ 9 1
Ao ANNsAeINLseTuNo9vedlan

R
g
= 4 ~ o 1 £ A 9 o Y = a
!Lﬁ\iﬁﬂﬂ“ﬂﬂﬁ’]\iﬂﬂigﬂ']ﬂaﬂflﬂfJ’]u“]N’Nﬂ’]NV]’NIﬂQ %8%11Wﬂ?ﬂﬂ1uuiﬂﬂ’]ﬁwaﬂ

s A Y A q9 v o g 4 o gy
ﬂ'J’]Wif’)ulﬂﬁ@ﬂﬂu@ﬂIﬂq Gluﬂ1§@ﬂﬂllUULW@1ﬁﬁn\l'ﬁﬂﬂqumﬂlulﬁ\TWUﬂHflﬂfnfiu ‘anlﬂiﬂﬂ

9 2 Y d? A o ya = 9
ﬂ”liEJﬂsU’E)‘]Jfluuﬂ"luu@ﬂiﬂﬁﬂlﬁq\iﬂlu ﬁii’)'ﬂﬂ‘ﬁN'JE]‘L!‘L!L’t’)fNaQﬁﬂﬂﬂli’)ﬂﬂﬂﬂl‘lﬂﬁﬁl’ﬂﬂiu

R

~
N
A

F = fW cos@ = Friction Force

W sin @

5U224  uaawssaeainsgiinusovaz e luldaninmsensgauvounuy
(AASHTO, 2004)
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nn3l 224 0

Y
yusznIeiu luu e uuuIs Y

e tan@ = ﬂ?ﬂllfl"lﬂ!%ENGUfNﬂ”ISEJﬂigﬁ'UEUB‘]JVINIﬁQ

auaavesi Uiz

Wsin@+F =F, cost

(13)
oy
F = fWcosé (14)
Weunua F adluaunsi 14 9218
Wsin@ + fWcos@ = F,.cosd (15)

2
J W A% o 1 {
uaz F, Ao usaniigudnaig Ve ] W ldunumluaumsa 15 0218
g

2

Wsin@ + fW cosf = Wy

cos @ (16)
gR
V2
tanf+ [ =— (17)
gR
V2
e+ f=—— (18)
f R
wazi 17 1daums
V2
R =

19
gle+f) 1
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Taen
R fo Sanldq
A <3
v A0 AN
A [ Y
e 70 9ATINTENIAY
A (Y] a 9 9 ' ) v A
7/ ae mdulszanims laanedudeserinedesanuriouu

A 3 A o =\ ~ a ) Y a ~ [ A
olafamun drsalimanlasuulasnanig ﬂzm“lmﬂﬂuim"luauﬂa lunsainso
A A Y A g A Y = A o Y 1 1 I
waoud lmudumeiiuasnaunionielag fazmgimmﬂmammmammuaguumﬂm
Y& ' ' 4 - 1 o 4
la%asen usegguenay (Centripetal force) uazaeileaiueumiviug lnasenuenlfg
Tumsiiy Side-slope n30iinsen Superelevation Nouy sgshldmuaNNazAINAUIBUNY
o A o v w . A o Yy A =
103 Tasd M uonI1Nsen Superelevation qqum“lw@mmﬁsmﬂﬁmﬂ%zag‘w 12%
1w a = = . P @ <
manlszansusuasaniu (Side friction) zuIAUMUANNGTIVOITUNIHUL

@

& . .. = vy A A S Y
#9A1UD4 Side friction ‘ﬂﬁxﬂjﬂﬁﬂ'mﬁﬂﬁd Uellﬂﬂlﬂillijﬁ'l\j‘r]llﬂﬂﬂu'lllﬁﬂ\‘ﬂu@'ﬁ']\j 2.3

' . . . { { < [
A15192.3 A1 Side friction 114 luMseenuun IAIRANNTIAE

Speed (km/h) Comfortable Side-Friction Factor
40 0.23
50 0.19
55-80 0.14
>110 <0.11

(AASHTO, 2004, Exhibit 3-15, p. 147)

1 Aq Y 09/' [ P o ' 99 9
Tasmnlglumsesnuuiiv aslivlvianuilasansuazazain auieaorly

) @ J ° IS o ' . . e o
soldouy dmsunaalumsesnuuylasmgaiiiumsiiimaves a1 Side friction Hazdns

. a o & o I ¥ 9 Y
N138n Superelevatlon UIANTIUNU “]5\11/]1clﬁulﬂﬂ']§’JTQL!U'JQ’@V]’]?JQJ@QI?N
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U

2.2.3 mswgalansesnnlnuifesninsaiamnsadevulaaisaiinayld (Fail to
negotiate curve)
& = < "o & Y
nalnlums@ervessn Annudage szuandnnunalnlums@ervesss A

3 o A ' Yy v A ) 3 I
ANEIIN L’L!'ENﬂTﬂﬂ'J13JLﬁ\‘l‘ﬂNﬂTH"llNGlﬁL!ﬂlﬂ!gﬂiﬂlﬁﬂﬂﬂﬁﬂﬂQWN!‘i’JQQﬁ]gﬂ'ﬁWElL‘lJulLﬁ\‘i‘VlN

Yy v a 4 0y ) 4 < ) < 4
ATHUN !lagi]gLﬂﬂlqlllllﬂa‘ﬂllﬁaza@iummguuﬂjﬂ G]Nﬂa"lﬂﬂ'lilaﬂj"’ll@\iiﬂﬂjﬂﬂ']']ilﬁjﬁ'mg

i3

UogiU YNLANADNINUDITD (5) TeeeH Iz INdonTNUdenas (L) Saulag (R) uag

U 9

2D,

1 v Jdo

AN (B9F) udauilu radian Taef 1 radian = 180/ 7 = 57.3 G0 FUWUT AUAITUMT 20

a

L
5=573— 20
7 (20)

! y ! d o 1 a . :
Tuymzisomaoud luamTdsdrennuiadne bimayuloa (Slip angle) @3
Vo A A Ay < A Aa Ay ] a
uanANAUMINIAIRARUAIAMGIgUTBIINIzRayY loaidenn (a,) uazifiayx
@ @ 4 ] A 4 Y
loadenas (a,) swhildsalima@eivessanszmumniuanldre dwaadlugl 2.2-5

inag 2.2-6

Sideslip angle

3112.2-5  Sideslip angle Wesnmuaninus i
(Gillespie T.D., 1994, Fig 6.7, p. 207)
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T
Nh of Rear Wheel

. . 4 Y { < . { o
7122-6  Sideslip angle iiiosnideafinING g yu slip angle Ndonth () wazdends

(a,)
(Gillespie T.D., 1994, Fig 6.8, p. 207)

o 4 2 4 . & vy v a
ﬂ’lflblﬁlﬂﬂuhlsueluﬂ’lilﬁEJ'J"]Nﬂ')’lj\lliﬂﬂa’lﬂlﬂullﬁ\ﬁfn\?ﬂ’]uell'l\iilglﬂﬂﬂ'liulﬂaﬂ'l\i

4
o w a

v v v o a ' . . .
AuIveIdess IuvasNduidinas Tasazinayusgrdn Direction of heading oy

Direction of travel vi30i3on113u loa (Slip angle, a ) faudnalugl 2.2-7

800 Direction
B of Travel

600 Slip Angle
= o

400 T
._ § i
200 e > F,

1
0 2 4 6 8 10 12
Slip Angle, a (deg)

Lateral Force, Fy (Ib)

51227 anuduiusIzning Lateral force i Slip angle
(Gillespie T.D., 1994, Fig 6.2, p. 198)

9

o < o { A
usansziimeadng (Lateral force, Fy) 1flunsenszidudeiinaiuaouse

e

=

dy 4 . A g‘ o 9 . A
1ae11A4 (Cornering force) 3aM1IH1INAINIIADE13 Az Cornering force LINVIU 391D
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1 A Y [ . . A A 1 . I A d?
YNITLHINLUINUBIABYNNY Direction of travel 139138021 Slip angle (o ) NasWuvU
9 o v o 1 o Y 9 o @
a1 l1ldne mmﬁﬂﬁwwmmﬁnwumzmmmﬂ3zmmqmwmﬂmgu"laamgﬂ 2.2-7 Yy
A A o "o v o ' o Yy Y o 3|
loan s mmmammmummﬁnwuﬁizﬁanLmﬂizmmqmumqnwuTaaﬂmﬂmm‘u

Y £ a Y I
[AUAI “])'Qﬁ"liﬂiﬂﬁ)‘ﬁ‘ﬂ'lﬂulﬂlﬂuﬁuﬂﬁ 21

F,=C,a 21

A o Y Y
Fy D LIINTEMNNATUYN
C,, s Cornering stiffness
A
fl

a A9 Huulaa (Slip angle)

A1neNves Cornering stiffness, C, Howliusanszimaddng (F) sy o

]
=1

{ A -4 o a I 1
0 0am Tagyuloafmuduszir ldinaus uiumiay (medneiovesdoss) nalnluns
Y L { a o 1 a
@ au19nmsdszgna 1¥amngh 2 vesiiadu (F=Ma) n3eisonaumsisninsialums
dy [ A Aa o 9 a s A Y =3
@) Gaudasnuiton lvvesyn loaimanudesa)Tumsinnzdme 1idauaassineu

< o o o ~ < = dy '
LTJuLLﬂU%Tﬁ@QﬂJ@Qﬁﬂ%ﬂiﬂ’]u@qzﬂ 2.2-8 NAIULIIFITANNITLAYIVSNINNIGTSYL

~

' Y Y u Yo v & a & g Ay
Wheelbase (538211932 1I1909H1INNUdONAY) ¥Y8I3011N Aariuyuinavuazitiuyunles
4 19 Y a [
U Lﬁaﬂawuazﬂaﬂ@aawuwmmmmimmmymmmimwwmaﬂ (Steer angle, o)
vy Y A & o o y ~ "o Y o 299 o
1 udeiden 1tloea1nusinszvesnadesdovz ivuiamiinu uazdenanlgmannis
=S A, v = A Ay (v Y Y s < 0
wuRganunudenih Tuvazhsomaoud lldenidiennusa (v) wasimvesiingzih
9 9 9 1 [ = A A 1 1 4 .
NIIAIUVIIVDIAD VSININVUIUNIININAIINANNLIIFHFUINAN (Centripetal

acceleration) vaizsamaundoui sl laaunms 22
L § | B 2
SF,=F, +F, =M /R (22)

A o 9 9 9
F,, Ao usansgimuamudveamnaimi

A o 9 9 [
F,, Ao u54n3gmeduinaveama1va
M @9 172U0930
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51 2.2-8  M3@e1v09 Bicycle model
(Gillespie T.D, 1994, Fig 6.4, p. 201)

4 d 1 @ g o
Nﬁi?ﬂJIﬂJLﬁJuﬁiﬂUﬂﬂﬂuEJQ’NGU'EN@')iﬂIﬂﬂi'JllT?JLll‘Ll@ﬁ]"lﬂLLﬁ\‘iﬂi%VﬂVlNéI}"IHEfJJN

y 9 Y o 2o 9 Y
mamwumazawmmmug{uﬂmﬂw"l@ﬁumi

F/b—F,c=0 (23)

F, =Fyrc/b (24)

Lﬁmmuﬁmﬂuaumiﬁ 24 ilzulg])
Mv’/R=F, (c/b+1)=F, (b+c)/b=F,L/b  (25)

F, =(Mb/L)(v*/R) (26)
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1 A =3 1 d' [ ' QaJJ [ 09/'
ug Mb/ L Asuravesginenuiiesuadiuiaunaimduniiy aauiuluauns
~ o 14 Y A o w [ ng I [ 1
1 26 usanszimududnnszdnumaas a naniveznmeilu w7, /g quoasusa
Y 9 A & oA o 0 Yy 9 A o w £ <
audeigaiunaziufendu usansgihmeddiainssidumami (F,) wnanedu
W, /g queasusadudimansomys laaiidemhuazdendeldnnusanszims

Frusha snaumsd 21 02 1@
a, =Wv/ (Cang) @7
oy
a, =Wy /(C, gR) (28)

wennsannngl 2.2-8 i ldyudandenih (5) asaums

q

O0=573L/R+ a,—a (29)

I3

wazliom a, uag a, NNANMIN 27 wazaumsi 28 Wunua adluaums

129 9214

2

L Wy oy

0=573—+ (30)
R Cang CargR
iy A Ay R
ﬂ\‘]u1!!5Wf;’f'liJ'liﬂﬁ’lﬁgﬂﬂﬂﬂa@ﬂu'ﬂﬂiﬂﬂﬁﬂﬂ'ﬁ
W, w X
5:57.3(5} falts |1V 31)
R qu C, |gR

Taen

= A Ay 9

A9 YUUANADNUIUDITH, B3I

A ' £ Y o 9 o
A9 ITYSTISHINADUINVABYION
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A <3
v A9 ATULGITD
A :’ o Y 9
Wf A0 UINUNINADYIUN
= g’ o Y [
Wr 10 UINUNIINABDN AN
C, o A1 Cornering stiffness YoIdpNIN
C, Ao A1 Cornering stiffness Y99301 a4

R Ao Sanlda

1 . . Q' d? g’ % t:; o 1 9
A1 Cornering stiffness NNIUIZIU 16-17% VBIIHINNNTENIN000819
1 [ Y
ﬂamimmgu"laaﬁmﬁu 1 8371 (McHenry R. R., 2009)
o A s dy 4 o o v v v S0
Salimsaennvesngavessona lldmuannuuivesdenthduuengaiuay
Y Y A 2 o A9y o o Y v W o & 9
aunuaduInuiieanuisidige taziidosnadiena lnnnmsisduwiundesns Faomn
=1 9 < o Yy Y k) A ) Y 2 A
imslganuiwnnaziInaengaoennnuuadulnwazi ldsounneenuonlng1d
Y Y
aulsngnueese 1wy NWinYeIAITn MINTENIMUIIEY ANANYULYDY
[ [ 3 = ~ < v dy A 3 o ] 3 Y '
FTUVFWNANHY Funumieaantioslunsi@eiNanusdng 1 anusitesndn 16
a 1 o‘/ g o'./ v 1 v A dy [
nlamasaed T [10 ludaosa Tua] Tuilagiiusmwesving uazsalimatervessous luay

Uszinnuuzin i ldan AASHTO Fa'ldenuuaasluasne 2.4
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M5 2.4 A1 Minimum turning radii vessalFesnuuy 390 AASHTO 1 2004

1 a
UUIYLUATD
Design Pas- Single Inter-city Bus City Conve | Large2 | Artic] Interm | Intermed
Vehicle senge Unit (Motor Coach) Transit n- School u- | ed-iate -iate
Type r Truck Bus tional Bus lated] Semi- Semi-
Car School (84 Bus | trailer trailer
Bus pass.)
Symbol P SuU BUS-12 BUS- CITY-BUS S- S- A- WB-12 WB-15
14 BUSILI BUSI21 BUS
Minimum
Design
Turning 7.3 12.8 13.7 13.7 12.8 11.9 12.0 12.1 12.2 13.7
Radius
(m)
Centerlinel
Turning
Radius 6.4 11.6 12.4 12.4 11.5 10.6 10.8 10.8 11.0 12.5
(CTR)
Minimum
Inside
Radius 4.4 8.6 8.4 7.8 7.5 7.3 7.7 6.5 5.9 5.2
(m)
Design Interstate “Doubl | Triple Turn - Motor Car Car Motor | Farm3
Vehicle Semi-trailer e Semi- pike Home and and Home | Tractor
Type Bottom | Trailer Double Camp- | Boat and w/One
” [Trail - Semi- er Trai Boat Wagon
Combi ers Trailer/ Trailer | -ler Trailer
na- Trailers
Symbol WB- WB- WB- WB- WB-33D* MH P/T P/B MH/B TR/W
19* 20%* 20D 30T
or WB-
20
Minimum
Design
Turning 13.7 13.7 13.7 13.7 18.3 12.2 10.1 7.3 15.2 5.5
Radius
(m)
Centerlinel
Turning
Radius 12.5 12.5 12.5 12.5 17.1 11.0 9.1 6.4 14.0 43
(CTR)
Minimum
Inside
Radius 2.4 1.3 5.9 3.0 4.5 7.9 5.3 2.8 10.7 32
(m)

NOTE: Numbers in table have been rounded to the nearest tenth of a meter.

* = Design vehicle with 14.63 m trailer as adopted in 1982 Surface Transportation Assistance Act (STAA).

** = Design vehicle with 16.16 m trailer as grandfathered in with 1982 Surface Transportation Assistance Act
(STAA).

1 = The turning radius assumed by a designer when investigating possible turning paths and is set at the centerline
of the front

axle of a vehicle. If the minimum turning path is assumed, the CTR approximately equals the minimum design
turning radius

minus one-half the front width of the vehicle.

2 = School buses are manufactured from 42 passenger to 84 passenger sizes. This corresponds to wheelbase
lengths of 3,350

mm to 6,020 mm, respectively. For these different sizes, the minimum design turning radii vary from 8.78 m to
12.01 m and the

minimum inside radii vary from 4.27 m to 7.74 m.

3 = Turning radius is for 150-200 hp tractor with one 5.64 m long wagon attached to hitch point. Front wheel drive
is disengaged

and without brakes being applied.

(AASHTO, 2004, Exhibit 2-2, p. 19)
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dy 1 . . A 3 o 1 an‘ 1 ! . . A
AT WULTAIN Turnlng radius NAMUST IO UNUU AIUAN Turnlng radius M

[

2 A . y S vy 0 A
anuisrganiinanuyw loa (Slip angle) vosdvenariu lannmssanluaunsi 31
o [ U
23 msminarnmilaeasny
@ a v 1 1 a 3 a % {
fhasemainagiidguessalasensdulvaimasinms ldanus iy Funeadeq
Y
o a Aan v o o <
AUITVIAAAVOIOUY  HAZHANTOUUIAVBIGIUNIHUE  UONINUUIIEIITARIUIUANUS)
v o ara J a va o {1 o
Yasadevesinlalas  msmnudengmeildndvesmainagliameg ludnyuz haaiu

oon 11 du'ldun

2.3.1 msmnamesidasananlimldisenannii (Rollover)

a ° o o I { o
%Wﬂﬂavlﬂﬂ'lﬁwaﬂﬂ'ﬂsllﬂﬁﬁﬂcll‘!ﬂ?%}ﬂ 2.2.1 “I/]']“lﬁ!ﬁ1ﬁ']3J'13ﬂ1’ﬂﬂ'313J!§’33J'1ﬂq@Iﬁ1/11
] a a ° Y ' V2 A v AsY A o 1 '
Gl“l/i‘ifllill“l/\lﬁﬂﬂ'ﬂﬂuiﬂxﬁTﬂﬂWﬂﬂW ay ZE e R :‘iﬁllIfN LAaZiuauIN ay LL‘VI’H?]TG\‘]TIJ
Tuaumsn 3 17 ldaums
2
t v
— &= (32)
[2hj R

4
[

o ] @ A 1 o 9 a N 4 4
Ay mansasaanusasaie (v) 1 lim lisenanahuulfesu 14

Tag

y= gR(zt—hj (33)

o < A 1 o 9 a ° Y A
Llﬁg’dhﬂﬁﬂ11!’Jmﬂ’313JLi’J@:Q?£ﬂVllliJVlﬂ1’iiﬂWﬁﬂﬂ’JﬂJu‘WNIﬂ\u’ﬂﬁN (g@un1s 10)

(h.tan @)+ (¢/2)

"o gR{ h—((¢/2)tan 0)}

(34)
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g a 1o Y a °
3] ﬂ’JWNLS'JVIVliJVIﬂWiﬂWﬁﬂﬂ'N

[e2)]
o)
b))
2
o]
Lo

A
fl
A
fl
A 1 ! Y 9 Y Y 9
t A9 ITYTUNISHINADAIUKIYUASADATUUIN
A d = dy
A9 ANFIINIATUIDINUDITOOINY

A

fl

Aa %
9 YuNUMIon g

A g 1 o < o A 1 o 9 a o
meumsasanaeuszrIaummuiIuausasasen i ldsonanai
Y o < o AN 1o 9 a o Y
vuTAII (@ums 33) uazaumsmiudunnusidasadon luiildsonanaiwuldudes
A A Y 1 1 dy A o Yo
NI0UMIBN AT (FUMT 34) NIZHINTRITUMIT qums lamaunzannaziimn ldaun
< v A 1 o Y a N A v o 1
mmmﬂafJﬂnam"lum“lmﬂwaﬂmmmﬂqa ANNIBEN 1) LA 2)
Taoauud 1fsaliserrineserinedodnenudeuin () 1A 2.08 WAT LAZAIY
Pl o & Vo o A a " w
PINNYAFUINNUDITONINY (/) NNV 1.344 LUAT TAUAINUNNIVDITD (R) NNV 50 LUAT

2 { ! °
nazsnunldeniimsen Taadluym 20

o 1 o <3 v A 1 o Y a 4 9 =
1) @]3@EJNﬂTiﬂTL!’Jmﬂ’JﬂJLi?ﬂaﬂﬂﬂﬂ‘l’lvlllﬂﬂ‘ﬁiﬂwaﬂﬂﬂﬂuiﬂﬂﬁﬂ UauNIg

y= gR(ﬁj (35)

unuaadluaums 28 1214

(

v= (9.81)(50{%)

2)(1.344)

v=(19.482)(3.6)

v=70 dlawasaoydlug

9
v W

< v A " o Y a c; 9 LY a [
niuanuisasasen i ldsananahuuldesiumiiu 70 Alawasao

ERETN
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'
= Y a o

o (] o <3 o 1 o Y A Y
2) A19819MIRIUIMANWSIUaoanen 111/]']Gl'ﬂ3ﬂwaﬂﬂ31ﬂu1ﬂ\1l@ﬂﬂﬁﬁﬂjﬂﬂ

A Y = o
T]Nﬂ']ﬁfJﬂTﬂQ UAUMIAIU

(h.tan@)+(¢/2)

— gR{ h—((¢/2)tan 0)}

(36)

unuatadluaums 29 a2l

(1.344tan 20°)+(2.08/2)
" (9'81)(50)(1.344—t((2.08/2)tan20°)j

v=(27.873)3.6)
v =100 Alawmsaoialug
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232 aumshlisnamnusigagaihinlvseleasenuenlas (Sliding out of

curve)
a A = Y A o
nAMsNNTaIna lnmsinasunveseamulumaldsniimsenseauvevauuly

@

) ° <3 M 10 @
Wit 222 Mldawnsoduuanudigegan luildso lnasenuen Tasldasaums
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9 Y

Tasauwaldsalyudatidenth (6) iy 8.12 eern sz8zresznedentiy
doviad (L) 1A 6.02 A3 iminvesdontmiiede (W) w1 3,500 Alansu v
voaRendanilede (,) iy 1,875 Alansu M1 Cornering stiffness fidonth (Cy) iy
258.548 Alanfu/esrn azaA Cornering stiffness MW (Cy) 195U 190.509 Alansw/

[ = A 1" A Y Aa Y I °
DA TAUATUNINNUDITH (R) DU 50 1Ag Llagiﬂﬁﬂﬂuiﬂ\i‘ﬂﬂﬂ']ﬁf]ﬂiﬂ\u‘ﬂulqlll 20

'
A o

o 1 o < [ Y
3)  @egamamuiaaniusidasadseniildsaaansoden ldamTdes §
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aunITaIy

5_[57}{3Lj
V= ——7 gR (39)
v, _w,
L Caf Car |

I 81 [(57.3)(6.02))

50
_ 9.81)50
' ( 3500 1875 j( x50

258548 190.509

v=(12731)3.6)

v=46nlauasney 1ug

4) Fegumssiuaanuiasaseiiltoamsamer a8 smie
fm3enTfa anauns 39 ledaravesnisonTduiugm 0 fnldinniniiasde lunnas
(Vertical Load, W) nsziidunndannfuiiouy gafuihniiniiasdesznaiodiu
Weosd vise W uazm Coaznlaoulailu ¢ uaiile 0 faios cosd a1~ 1.0 nay W fu
W’ @i 911nnTINANNEURUTIE 1319 Normal load 71 C, (Clark S. K. et. al., 1981,
fig.1.27, p.36) vnumann W / Catu W'/ Cy’ nansafiurdosnn ieunuaiasly

quMT 39 92 19
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5_(57;L]
V= gR
W, cost _ W, cosb
Caf Car

- ((57.35)(06.02)j
v= (9.81)(50)
(3,288.924 / 1,761.924)

242.96 179.02

v=(12.731)3.6)

v=46nlamuasaes g
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2.4 MIPONMULMUSNIANANES1MIBANNETAINHMITUTVeIeIneHIUIA
2.4.1 MsuuesEreamsenlng (Superelevation, e) uag side fricthion, f
4 @ A @ Y A o
M3enULUUNN I uUaeran luwanenies  9as1Msen lasnaztin
a 1o <4 § 1 a %
‘wmitmﬂ’m@,ﬂummgiam%@ammu”lum:imu 12 % %9 AASHTO 2004 1au0n300n111)
135 3% 1aun
[ 9 = 1 Y o Aa Q' d? d'
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v 9 9 . a = 1 Y v Aa .
1IN NAIUUN (Lateral acceleration) 3ENANANUFIANIUISHINADNUNIDUU (Side
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friction) ﬂuﬁqmmmzﬁaﬂmuqﬂqﬂ dmsuTAwuAs1e (Sharp curve) a1 Side friction 9
k4 v [
Iigegaue  asiudasimsenldczgiie iiesnEIANganuoaI T In1eAIudg
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[ 9 A d?’ A 9) <3 ~ [ [
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4 v 1]
YouauUIzlimgIgaaue aaiua Side friction azgniiy oSN IANAANUBNT I
NNAUTIUNTEN [ = £
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31/ 2.4-1 9A31M3en IAI00NIUL €,.x = 6% (AASHTO, 2004, Exhibit 3-20, p. 156)
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31 2.4-2 83 IMTON TAsoonILY e, = 8% (AASHTO, 2004, Exhibit 3-21, p. 157)
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11l 2.4-3 §asImTen TRso0nuu e, = 10% (AASHTO, 2004, Exhibit 3-22, p. 158)
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31/ 2.4-4 9A31M3en IAI00NIUL e, = 12% (AASHTO, 2004, Exhibit 3-23, p. 159)

Superslevation, e (%)

i s e, s wetsrefumest 4t s sy e s < 1 o

7/7

l
//

[ o v o J 3 @ o a
AIUITUANUTUNUTISHINANULGITD, ﬁﬁflif’al}\‘], duilszanivosnnudsaniu

nazdasmMsenlag lauaas13luase 2.5

v o J < @ @ a
AT 2.5 UEAIANUAUNUTTIEUINANINLIIGD, iﬁﬁiﬁﬂ, dulseanfvesnnuidsaniu

11azdn3IMTEN 1A
Desion [ Superelevation,
S eedg y Radius, R duilszansanudeaniu S.E.
. _ A1NYNHITOH) 3 '
(KPH.) | Desirable | Min . an3v | Desirable | Max
ADUNIA
40 50 40 0.19 0.14 0.06 0.12
50 90 70 0.17 0.12 0.06 0.12
60 130 105 0.16 0.11 0.06 0.10
80 225 195 0.14 0.10 0.06 0.10
100 440 330 0.12 0.09 0.06 0.10
120 670 495 0.11 0.08 0.06 0.10

Potmuaniun1aras 19191 S.E. gaga luinu 0.10 mwasauas
(www.ntc.ac.th, Accessed: December 17, 2009, p. 7-3)
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2.4.2 Banlag (Method of attainging superelevation)
A o Aa ] ~ < a Y
MIAeUTEAVUDIHINKDINTWNNATIN Cross slope 1Wunuuing (szau
o 1 | Yy A Y o 1 o
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UDNVOINNI (3TAVVOIVDUUBNAIN) LAZ 4) IDUYUTOVVOUUDNVBINNI (UDUNYUYDI
YoUMazganInanwegluuuudedny) 31l 2.4-5 uazgl 2.4-6 vaARTMINYUNINN
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|
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(AASHTO, 2004, Exhibit 3-40, p. 19
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Normal Tangent Length of Full
Crown Runout Runoff Superelevation
Theoreticol € profile
St
o S | Outside edge of
aN Y traveled way
\.\ “‘““"-..
\ ‘\\\ Actual € profile
e Inside edge of
traveled way
NN Profile control
] % % \ outside edge of
N \  traveled woy

CROWNED
TRAVELED WAY REVOLVED ABOUT OUTSIDE EDGE

—C—
Normal Tangent Length of Full
Crown Runout Runoff Superelevation
[ Outside edge of
traveled way
\_‘\
R~
\\ -
.. Inside edge of
traveled way
Profile control
s S E‘:f-b % §§ \ outside edge of

traveled woy
A B c D €
STRAIGHT CROSS SLOPE

TRAVELED WAY REVOLVED ABOUT OUTSIDE EDGE

NOTE: ANGULAR BREAKS TO BE APPROPRIATELY ROUNDED AS SHOWN.
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(AASHTO, 2004, Exhibit 3-40, p. 195)
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2.4.4 M3veneAsIUIAY (Roadway Widening)
& A v "y Yy o o v Yy A o a4 o
Wwosndlulasuuisesasvesderatazigeudiuiniuluveslnuiiedaeuny
a Y 9 qgj v Y (] ' ' ~ o 9 d%l 1
N19299Y99301 11 UONIINUUANTUADINTFBIH195EHNToNa UL Tuma TAsuInIun N
A 9 a 9 = [ Y a
AU luN19ase 31 2.4-7 uaaen1unIeHII 195 U TR () MsunUAINNINIRII1D3
Unalunienss (W,) nFodruve1ei195193 (w) My W, — W, dIUue1eiI5195 (w)

9 v [l
YuagiusaliIAe (R), anunininisdnd (7)), dszaneruwinuzioonuuy (Falu

U

szl 24-7 [¥500TInuYadiaed) uazanuiieenuuy AASHTO(2004) ldausius

ANUAAIVDIHINTIITNILVEFIMTUN AR %DI9T10TNAIN 6.0, 6.6 UAL 7.2 1MAT NT

A o A Y a A " Y 1 421
"llfJ'lfJi]%LiiJ“l/ﬂLiJE]ﬂ’JHJGIE]\‘]ﬂﬁW’Ji]iﬁ]i!,WSJUhJH’EJEJﬂ’N 0.60 mmmu"lﬂ (11319 2.10)

SU DESIGN
VEHICLE

L1 w = We - Wg

(2) We= N(UC) + (N-1)Fp+ 2

N = Number of lanes
w = widening for fraveled way on curve, m.

W= width of traveled way on curve, m.

(3) U=u-+R- YRZ- L2
(4) Fp= YRZ+ A(2L + A) - R
(5) Z = (0.104) (v/y R

Wn= width of fTraveled way on tangent, m.

U = track width of vehicle (out-to-out tires), m

C = lateral clearance per vehicle assumed 0.6, 0.75 &
0.9 m for wn of 6.0, 6.6 & 7.2 m respectively

Fa= width of overhang, m.

7 = extra width allowance for difficulty of driving

on curves, m. ‘ll
= track width on tongent (out-to-out) 2.6 m.
= radius on centertine of 2-lone highway, m. i
wheelbase

= front overhang h
= design speed of highway, km/h

c

< B C T C
"

|

71 2.4-7 msveemeislu IR fugmdmsumsnn
(AASHTO, 2004, Exhibit 3-46, p. 209)
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M13 9 2.10 ﬁwﬁmamuazme@mmuﬁm%’mmaﬁamﬂuiﬁ’qmwmq (Vl'lx‘l‘l‘ia?\iﬁﬂ\i“ﬁ@\i

95199, IAUTONAUATINTOABINI)

Moetric
Radius Roadway width = 7.2 m Roadway width = 6.6 m Roadway width = 6.0 m
of curve Design Speed (km/h) Design Speed (km/h) Design Speed (km/h}
(m) 50 60 70 B8O 90 100[ 5 60 70 80 90 100[ 50 60 70 80 90 100
3000 00 00 00O 0O 0O OO]02 02 03 03 03 03|05 05|06 06 06 06
2500 00 00 0O OO0 OO OO}02 03 03 03 03 030506 06 06 06 06
2000 00 00 00 00 00O O01]03 03 03 03 03 04|08 06 0B 06 06 07
1500 00 00 01 01 01 01|03 03 04 04 04 04|08 06 07 07 07 07
1000 64 01 01 02 02 02|04 04 04 05 05 05|07 07 07 08 08 08
900 01 01 02 02 02 03 K 04 05 05 o05(06 |07 07 08 08 08 09
800 01 02 02 02 03 03 . 05 05 05|06 06|07 08 08 08 089 08
700 02 02 02 03 03 04 d 05 05|06 06 07|08 08 08 09 08 10
600 02 03 03 03 04 04 , 06 06 06 07 0708 09 09 09 10 10
500 03 03 04 04 05 05|06 06 07 07 08 08|09 09 10 1.0 11 11
400 04 04 05 05|06 06|07 07 08 08 09 0910 10 11 11 12 12
300 05|06 06 07 08 0Bl08 09 08 10 11 11 1.1 12 12 13 14 14
250 06 07 08 08 09 09 10 11 11 12 12 13 14 14 15
200 08 09 10 1.0 11 12 13 13 14 15 16 16
150 1.1 12 13 13 14 15 16 186 1.7 18 19 19
140 1.2 1.3 15 1.6 1.8 1.9
130 1.3 14 16 1.7 19 20
120 14 15 1.7 1.8 20 241
110 1.5 186 1.8 1.9 21 22
100 16 1.7 1.9 2.0 22 23
90 1.8 2.1 24 -
80 2.0 2.3 26
70 2.3 2.6 2.9
Notes: Values shown are for WB-15 design vehicle and represent widening in meters. For other design vehicles.

Values less than 0.6 m may be disregarded.
For 3-lane roadways, multiply above values by 1.5.
For 4-lane roadways, multiply above values by 2.

(AASHTO, 2004, Exhibit 3-47, p. 211)

9 = 9 a 1 Y Y & ~ 14
Msvene IAaAIsveeNaziioy  1agisuVIEINUOUDUUSIUY IAIFIHAINAA
a A quw SR Y gy ~ o o Aqu o &
wode Inrasuansoduiu 1A ld Taeligad v ldlumsesnuuy Al
1 Y
- TAem 11 (Simple curve) masveneninveuduluveudumaniiu lums
Y v . ) A o v Vo
ponuUDTAINUY0Y (Spiral curve) Msve18 1791992 ¥e189 1NV TUHTONIADIT AN AU
<
ala
Y 1 Y ~ v Y Y1
- msvenelasmsaesquens  lagluianuerufieanenemsFau  udnms
o @ 1 I d‘g} 1 o Y Y [ o ] A
AsziganamIzlundosms uasziinldveumanavuas uazmsvens 1A liaasiilugend

mMson1aq (Superelevation) Tastlnamsvensnnuninenisez 19nszoen1e 30 04 60 A3
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2.5 nasguTumsdimsumanalsdulszma’lng
2.5.1 Fsanlasdvsulasnan (Circular curve)
Y = Y = ax g v A as a
Msen lasnannnsunarallylumseenuuuouull 5 35A8UAD 1) IBHYUHD
4 @ J { a a [
9519330UFUINAIIN TzAUFUINANNIALN 2) IBnyusouvenluveIneiwioldszay
wyoulu (Inner edge) A9N 3) IFHYUTDVVOLUDAVDINNI (3AVYDIVOLUDNAIN) 4) T
ddy Y = . ad
nyuseUvey luveane nsdiilgeonuuuouuau@el (Single Lane) uag 5) 35nyusol
9
YOUUDNVOINW NIdiH IFoonuuuauwaw@s) (Single Lane) 31 2.5-1 a3l 2.5-3 waaq

ag Q' 9 as oa/’
ABNMITUYUNIINAIYITNITNG S
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ATTAINED STA, TO STA.
|1+ SUPERELEVATION TRANSITION LENGTH |

TANGENT RUNOUT | LENGTH OF RUNOFF (Lg)

RECOMMENDED
06Lg TOOBLs 04 LITOOZLs WHEN DESIGN SPEED <80 KPH,
D.8LY TOLOLY L¢TOO WHEN DESIGN SPEED > BOKPH.

TA

i

|

i ' OUTSIDE_EOGE
| )

|
i ) I € PROFILE GRADE
~ NORMAL i
CROWN |
! 1
i INSIDE__EDGE
| ' OF PAVEMENT
z| x Fa ]
S g g ‘—
8 g o3z s
.
=
L & 4 4
. — — e S EROLE
® ® © O
CROWNED PAVEMENT
REVOLVED ABOUT CENTERLINE
ATTAINED STA. TO STA.
L= SUl TION TRANSITION LENGTH
TANGENT ] LENGTH OF RUNCFF (Ly) g
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ATTAINED STA. . TO STA.
| A = VATI RANSI
| TANGENT RUNOUT, LENGTH OF RUNOFF (L1)
RECOMMENDED

: 0.6L¢ TO 0.8L¢ | 0.4 TO0.2Lt |WHEN DESIGN SPEED<BOKPH,
i [ OBL{TO 1.0Lf | 02TOOOL{ |WHEN DESIGN SPEED>BOKPH
| el . - . THEORETICAL

RORMAL [~ 3 ‘T € PROFILE

““-‘:‘W ~Mig OUTSIDE EDGE

|

OF PAVEMENT

ACTUAL

NORMAL _CROWN
HALF CROWN
SUPERE LMT\ONQ

FULL CROWN
SUPERELEVATION

FULL

OUTSIDE
E CONTROL

@ | R
%

CROWNED PAVEMENT
REVOLVED ABOUT OUTSIDE EDGE

o J @ a ' 4 o 1
sU252  dTdslWanazgdda naaaitmsenTaanisaingaeues uoans g 1as lduan
Tae7F (3) WWUYUTOVVOUUBNVOINNI  (32AVVDIVOUUDNALN) - Tunsdl A

nay

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 2)
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L

SUPERELEVATION

ATTANED STA. TO STA.
TANGENT RNOUT, LENGTH OF RUNOFF(L¢) RECOMMENDED
- 06Lf TOOBLYy 04L¢TO0.2L¢_| WHEN DESIGN SPEED & 80 KPH.
i 08Lf TO 1OLY 0.2L({TOOOL( | WHEN DESIGN SPEED > B0 KPH.
:' 3
i 2 | QUTSIDE_EDGE
! = TOF PAVEMENT
! | -
| U
1 o
1
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! \
| \
| |
| INSIDE__EDGE
NORMAL| | ] ! - OF PANEMENT
CROWN . ‘
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§. !
1
g- |

~ | INSIDE_EDGE

3 3 .

STRAIGHT CROSS SLOPE PAVEMENT
REVOLVED ABOUT INSIDE EDGE ( SINGLE LANE)

ATTANED STA, TO STA.
L L:SUPERELEVATION TRANSITION LENGTH
TANGENT RUNOUT, Lf = LENGTH OF RUNOCFF(Lf)
—' RECOMMENDED
06Lf TOOBLy , O4L¢TOO2L{| WHEN DESIGN SPEEDS 80 KFPH
08 LgTO 1.0Ly ] 0.2L4TOO0OL{ WHEN DESIGN SPEED> 80 KPH.
z|
=
El
[
] w0
| Ul
{ & OUTSIDE EDGE
NORMAL | OF PAVEMENT
CROWN |
|
1]
- /-
| z $
| 3
& 3
| i
é': 5 INSIDE _EDGE
£ -8 2 OF PAVEMENT
= z
: s 3c :
3 uj o Sl H
o I
z 513 S él%
_ " _OUTSIDE EDGE
O © _L__—~PROFILE CONTROL
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o

STRAIGHT CROSS SLOPE PAVEMENT
REVOLVED ABOUT OUTSIOE EDGE (SINGLE LANE)

[ 4 I a [] J 4 1
AeTls Iduazgide naadditmsenIdansaingsuesueans g 1 Iy

an an ddy 9 =
Tasd% 4) 1svyusovvouluveanie nidiildeonuuuounaae) (Single
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TAsnaw (Single Lane) (Kingdom of Thailand Ministry of Transport and
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v o < . @ @ 1
AT N 2.11  HEPNANUAUNUDTUDIANNLIIDDNLLUU (DCSlgH speed) AU BATIFIUVDIAIY

%’uszmnmauauuﬁmcﬁ’awimﬁLmzqﬂﬁmmmuu

Design Speed Maximum Relative Slopes
KPH. 1:S min
30 1:120
35 1:128
40 1:135
45 1:143
50 1:150
55 1:158
60 1:165
65 1:173
70 1:180
75 1:188
80 1:195
85 1:203
90 1:210
95 1:218
100 1:225
105 1:233
110 and over 1:240

wneme - aaeq lumsilslumsesnuuuldenay (Circular Curve) wazldse'lison

(Spiral Curve)
(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 2)
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2.5.2 maldsumilasvesdnsimsenlas uazmsvenadlasasiulasisnan (Circular
curve)
P~ 1y Y Ao T ] a
malasunilasuesdnsimasn Iasndwmieaie Tulae uazmsvensiaegeslu

TAvenay nsumanadelasmuanasgiumseenuuuasgl 2.5-4 wazggil 2.5-5

€ of suavey

THE FIMAL MARWED CENTERLME

5‘?
* / I,'I -+
X % i 3
! & £
4 o §£
\“‘ “ ‘3'. RELEWATION AND FULL WIDENING :;’J & é;?
o) wé.\--—-""w‘_ﬂﬁ_ TN WIDEN __e_;;______h__ih o
-% iom LENET == TRy,
\ P Tiow 3
A /
¥ SUPERELEVATION TRANSITION & PAVEMENT WIDENING PLAN 5y
NOT TOo SCALE

) 1 1 { 4 @ Y a
gU2.5-4  gdutlau uaasdmmrnaange nMslasunladnsinsen1ag tazmsveIeing

95195 lu TAnaw (Circular curve)

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 2)
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- s & » ROADWAY WIOTH + WiDENING =~~~ . -
1 8 e P2 == _P/2 &+ WIDENING e 8 J
]
- AT s __GRADE 51 —
| |
l |
%
B R
{;y/«' TOWHERE PRVEMENT |5 THE SAME SURFACE AMD SLOPE SHOULDER AT MORMAL SECTION
I e et oyl S i e T TR e

SECTION (A) HALF CROWN SUPERELEVATION
NOT ™ SCALE

—_— A ROADWAY ‘.WTN SN .0 & N __1
— L . e _— ——— _ WoewnDEwwGe B
¢ {
52 1 i
—— — 82,

“— WHERE PAVEMENT IS THE SAME SURFACE AND SLOPE AS SHOULDER AT MORSAL SECTION- Rl

TR, e P e o T 1y T = R e PRI~ - - aa
SECTION @ FULL CROWN SUPERELEVATION
NOT ™ SCALE
— e A« ROADWAY [WIOTM 4 WIENBG e o W
|__. LB & L Wi _.I-__._. P2 & WIDENING 8

¢/~ N NOT OVER .07 ML/M.

SECTION (C) FULL SUPERELEVATION
NOT TO SCALE

NOTES .

1. THE MAXIMUM ROLLOVER OF PAVEMENT SLOPE 'N° SHALL NOT EXCEED 0.07 M/M, N IS ALGEBRAIC
DIFFERENCE IN CROSS SLOPE RATES "SE” AND "S4”, WHICH SHALL BE ADJUSTED TO CONFORM TO
THE SUPERELEVATION RATES (SE) WHENEVER 'SE IS GREATER THAN 0.05 M/M

2. THE ROADWAY SHALL BE CONSTRUCTED IN ACCORDANCE WITH DETAILS SHOWN ON THE TYPICAL
CROSS - SECTION , PLAN B PROFILE AND THIS DRAWING.

3. THE REQURED WIDENING (W) AND SUPERELEVATION RATE(SE) ARE GIVEN ON THE ALIGNMENT DRAWINGS.

THE RELATIONSHIP BETWEEN DESIGN SPEED AND MAXIMUM RELATIVE SLOPE ARE SHOWN M THE TABLE.
MINIMUM — DESIGN SUPERELEVATION RUNOFF LENGTH FOR THREE - LANE PAVEMENTS SHOULD BE 1.2 TIMES
THE CORRESPONDING LENGTH FOR TWO - LANE HIGHWANS .

6.  MINIMUM - DESIGN SUPERELEVATION RUNOFF LENGTH FOR FOUR - LANE PWVEMENTS SHOULD BE 1.5 TIMES
THE CORRESPONDING LENGTH FOR TWO — LAMNE HIGHWAYS.

7. MINMUM - DESIGN SUPERELEVATION RUNOFF LENGTH FOR SIX - LANE PAVEMENTS SHOULD BE 2 0 TIMES
THE CORRESPOMDING LENGTH FOR TWO = LANE HIGHWAYS.

(% o 1 1 4 { (% 9
J12.5-5  31Uda A, B uaz C nansdnuaniee nimsnlasuulasdasimssnlng uagns

U

Ye18[195195 W 1Aenaw (Circular curve)

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 2)

2.5.3 Jsanlnssmsulnealisea (Spiral curve)
myenTaea llseannsumavanlslumsesnuuuauull 5 35dreiufe 1) 33
a 4 Y] 4 1 a, A
MYUAIITNTTOUFUINAWNN SZAVFUINANNWAIN 2) F5riyusouvonluveInigimie

Idsgauvonlu (Inner edge) A9 3) ABMYUTOVYOUUDNUYBINIII (FTAVVBIVOUUDNAIN)
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EJ
4) Fuyusovvevluvesnn nsdifildeenuuuouuauifen (Single Lane) uaz 5) 33
ddy 9 ) . =
NYUTDUVBVUBNVDINI NI IFRRNUVUDUMANAY) (Single Lane) 31/ 2.5-6 331/ 2.5-8
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SUPERELEVATION
SUPERELEVATION
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z

3

g e

® © @ o
CROWNED PAVEMENT

REVOLVED ABOUT INSIDE EDGE

s25-6  falsIWauazgdda naasisnmsen Idaneningisuesueamsniing Iaeldun
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(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 3)
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ATTAINED STA, TO STA.
L= TOTAL TRANSITION LENGTH
TANGENT RUNOUT SUPERELEVATION RUNOFF
[ Ls= LENGTH OF SPIRAL CURVE
i THEORETICAL
NORMAL ~~— __ ;> X PROFILE
CROWN “2%min | louTsID!
1 - “_EOF PAVEMENT
| : i
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& S
: £ 9 acroa_
§ o I"§ PROFIL
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w 8
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3 2% iz z
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4 g &
= ¥ o|d
s & &
x il |
$ EH 25 :
———t _OUTSIDE EDGE
— PROFILE CONTROL
® ©

CROWNED PAVEMENT
REVOLVED ABOUT OUTSIDE EDGE

maTys Irlduaggilde naaedsnsonIdanningrsuesueans g Iae v

U

TagdT (3) IBHYUTOVVDVUDAVDINIAN  (FTAVVDIVDLUDNAIN) — NI 1AY

a'lilsea

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 3)
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L= TOTAL TRANSITION LENGTH

TO STA.

TON

ITANGENT RUNOUT,

SUPERELEVATION RUNOFF

T.S.0R ST. STATION

Lg® LENGTH OF SPIRAL CURVE

SC OR C.S STAT
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NORMAL| 1,25 0— |
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STRAIGHT CROSS SLOPE PAVEMENT

@PROHLE CONTROL
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L= TOTAL TRANSITION LENGTH
RUNOUT, SUPERELEVATION RUNOFF s
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:
=
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o e
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ad an ddy 9 =
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Y
Lane) 118 5) A3 nyusouveuuenvein1e nisitl leenuuuouuau@on (Single

STRAIGHT CROSS SLOPE PAVEMENT
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(Kingdom of Thailand Ministry of Transport and Communications
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2.5.4 msnfasunilasvessnsimsenlng uazmsveneizasaslulnealilsea (Spiral
curve)
m3lasulasvesdasimsen Ideandwmsaaian lulne vazmsvensiinges lu

Taserlsoa nsumanansladmuaniasgiumseenuuuasgy 2.5-9 waggal 2.5-10

TosTA MEMOVED g1,
H £ oF suRvEY |
THE FINAL mm: CENTERLINE

4 TR e o, b
L Il S (R e o
i = gt _————+ M T R T TAnge, "
%1; e ﬂ}!’f—'-‘-e:"'l:g-_ ThaNstrig), (engry, T Ry g.‘;’
B Ao g
- SUPERELEVATION TRANSITION & PAVEMENT WIDENING PLAN -
NOT e SCALE

51259  uulau ugasdwmisane dlinaddsunlasdasinsenlds uazmsversin

v5195 I 1dsa'lusea (Spiral curve)

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 3)
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3
—ee ____AvROADWAY WIDTH + WIDENMNG - e

3 Brs =] SR | Pz + WIDEMING S W J—
—_FLAT . e - |

51 . 52

SECTION @ HALF CROWN SUPERELEVATION
NOT To SCALE

£
A A8 + WIDEN J
Piz i Fra + WIDEMING | B [

51,

SECTION (B) FULL CROWN SUPERELEVATION
NOT T SCALE

|
A » ROADWAY WI'D'N"WDENNG

_l_f,—_"a I Pr2 + FULL ! 8
. | |

, /T N NOT OVER 00T M/M

£ .

WHERE SE £ 0.05 W/M.
WHERE SE > 0.03 M/M. OR PAVEMENT IS THE SAME SURFRCE AND SLOPE AS SHOULDER AT NORMAL SECTION ——

S G 1

SECTION (C) FULL SUPERELEVATION

NOTES .

1. THE MAXIMUM ROLLOVER OF PAVEMENT SLOPE 'N” SHALL NOT EXCEED 0.07 M/M., N IS ALGEBRAIC
DIFFERENCE IN CROSS SLOPE RATES SE AND S4', WHICH SHALL BE ADJUSTED TO CONFORM TO
THE SUPERELEVATION RATES (SE) WHENEVER “SE” IS GREATER THAN 0.05 M./M.

2. THE ROADWAY SHALL BE CONSTRUCTED IN ACCORDANCE WITH DETAILS SHOWN ON THE TYPICAL,

CROSS - SECTION , PLAN & PROFILE AND THIS DRAWING.

3. THE REQURED WIDENING (W) AND SUPERELEVATION RATE (SE) ARE GIVEN ON THE ALIGNMENT DRAWINGS.
THE RELATIONSHIP BETWEEN DESIGN SPEED AND MAXIMUM RELATIVE SLOPE ARE SHOWN IN THE TABLE.
MINIMUM - DESIGN SUPERELEVATION RUNOFF LENGTH FOR THREE- LANE PAVEMENTS SHOULD BE 1.2 TIMES
THE CORRESPONDING LENGTH FOR TWO -~ LANE HIGHWAYS.

6. MINIMUM - DESIGN SUPERELEVATION RUNOFF LENGTH FOR FOUR - LANE PAVEMENTS SHOULD BE 1.5 TIMES
THE CORRESPONDING LENGTH FOR TWO = LANE HIGHWAYS.

7.  MINIMUM - DESIGN SUPERELEVATION RUNOFF LENGTH FOR SIX = LANE PAVEMENTS SHOULD BE 2.0 TIMES
THE CORRESPONDING LENGTH FOR TWO - LANE HIGHWAYS,

512510 3Ufa A, B naz C ugasdunisase amaldeunlasdasimsenlfe uazms

vene293193 1 1Aea lsea (Spiral curve)

(Kingdom of Thailand Ministry of Transport and Communications
Department of Highways, 1994, Sheet 3)
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o > 8,000 <300
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Design speed
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Grade (%)
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418 2.50 28191i08
Y A I
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