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Abstract

This development of a computer program for highway geometric design is
an application of a computer software to assist design and calculation of geometric
quantities in road construction projects. The program could be employed to replace
previous conventional manual method.

The program developed is suitable for the design of 2 — lane undivided
highways according to the standards of the Department of Highway (DOH ), the
Public Work Department ( PWD ) and the Accelerated Rural Development ( ARD )
Office. Microsoft Visual Basic ( Version 5) has been chosen as a programming
tool because of its case of use in developing graphical user interface applications.

Testing of the program using geomettic survey data from actual recently

constructed roads shows that most results ( superelevation, widening, carthwork etc.)

agree with those computed manually, but require Iess time. VOOV, the—Tesuit

format has been designed to comply with DOH. official requirements.
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P =  Point of Intersection
A = Deflection Angle
PC =  Point of Curve

PT = Point of Tangent

D =  Degree of curve

= Radius of cutve

T =  Tangent Distance of curve

L = Length of curve

LS = Length of Spiral curve

E = External Distance

Ls =  Length of Spiral

Os =  Spiral Angle

S = Angle of Deflection of the chord
TS =  Tangent to circular

SC =  Spiral of citcular

CS = Circular to Spiral

ST =  Spiral To Tangent

Sta. = Station

ADT = Average Daily Traffic
AASHTO = Amencan Assocnatlon of State nghway and Transportation Oﬁ'lcwﬂs
SSD = Stopping Sight Distance

PSD =  Passing Sight Distance

PVI = Point of Vertical Intersection
PVC =  Point of Vertical Curve

.{15)




PVT

SE.
NC
HC
FC
FS
MHD

OHD

Point of Vertical Tangent
Velocity

Superelevation

Normal Crown

Half Crown

Full Crown

Full Superelevation
Mass — Haul Diagram
Free Haul Distance

Over Haul Distance
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474 AI.5+000.00 - NN.6+000.00

a1 A1 raagthiFuanufuyen e Nmomy 414

W
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Sta. Dist Curt FILL
Area Volume Area Volume
54000 0,000 12.124
54025 25.00 0.000 0.000 16.012 339.200
54050 25.00 0.000 0.000 13.655 358.338
54075 25.00 0.000 0.000 17.757 392.650
54100 25.00 0.000 0.000 14.269 400.325
5+125 25,00 0.000 0.000 15.154 367.788
5+150 25.00 0.000 0.000 16.357 393.888
5+175 25.00 0.000 0.000 18.917 440.925
54200 25.00 0.000 0.000 21625 506.775
5+p25 25.00 0,000 0.000 22,450 550.938
54250 26.00 0.000 0.000 22.437 561.025
5+275 25.00 0.000 0.000 19.064 518.700
5+300 25.00 0.000 0.000 21,279 504.288
5+325 25.00 0.000 0.000 20.351 520.375
54350 25.00 0.000 0.000 16572 490.038
5+375 25.00 0.000 0.000 20,906 505.975
5+400 25,00 0.000 -~ 0.000 23739 568,063
54425 25.00 0.000 0.000 24,376 601.438
54450 25.00 0.000 0.000 23613 509.863
5+475 25.00 0.000 0.000 23.706 501,488
5+500 25.00 0.000 0.000 25.521 615.338
54525 25,00 0.000 0.000 24.122 620.536
54550 25.00 0.000 0.000 20.777 551.238
54575 25.00 0,000 0.000 21.786 532.038
5+600 25.00 0.000 0.000 23.443 565.363
54625 25.00 0.000 0.000 21.602 563.063
54550 26.00 0.000 0.000 21.054 533.200
54675 25.00 0.000 0.000 19.769 510,288
5+700 26,00 0.000 0.000 15755 150556
54725 25.00 1.762 22,025 5,983 284,225
54750 25.00 9.390 130.400 0.486 80.863
T er775 ). 2500 . ). . ..13861] 286763 . 0288 9.675
54800 25.00 5.065 o700l 2423| 33888
5+825 25.00 1.858 86.538 4072 81.188
5+850 25.00 0.509 29,688 4421 102.413
5+875 25.00 0.499 12.600 5.480 120.013
54900 25.00 0.509 12600 4321 122513
54625 25.00 0.809 16.475 7.322 145,538
54950 25.00 0.347 14.450 6472 172.425
5+975 25.00 0.157 6.300 6.081 156,913
T BH0D0. | 2500 - 0.694 10.638 3.203 116.050
s ' B70.075 T 16,50439°
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A A ) ﬂ. 9 o
'Hl.“ﬁ?]!.“tlﬂuLLWu{]uﬂ'ﬁlﬂﬁﬂﬂU'}ﬂhﬂﬂﬂu

Sta. Area Cut {Volume Cut] Area Fill 1 Volurne Fill | loose Factar Balance | Accumulale
1 Volume
2+200 110.192 0.000 0.600 0.600 0.000
24225 109.549 2746.763 2746.763 2746.763 2746,763
2+250 112.352 2773.763 2773.763 2773.763 56520525
2+275 109.622 2774.675 2774675 2774.675 8285.2G0
24300 101.048 2633.375 2633.375 2633.375 10928.575
24325 82.841 2208613 2208.613 2208.613 13227188
2+350 76.005 1973.075 1973.075 1973.075 165200.263
24375 54 686 1621.138 1621.138 1621.138 16821.400
24400 28974 1045.750 1045.750 1045.750 17867150,
2+425 7.092 450.913 450013 450.913 18318.063
2+450 1.414 106.413 2,344 26.363 106.413 77.050 18385113
2+475 1.010 30,300 1.240 44.863 30.300 -14.563 18380.550
24500 12.625 18.390 245375 12.625 232,750 18147800
24625 0.0C0 19.453 473.038 0.000 -473.038 17674.763
24550 21928 517.263 0.000 517.263 17467.500
24675 27.336 615.800 0.000 -615.800 16541,700
24600 28.071 692.588 0.000 -502 688 15849113
24625 27.021 688.650 0.000 -688.650 15160.483
24650 25.883 661.300 0.000 -£561.300 14499,163
2+675 28.333 877.700 0.000 -677.700 13821.463
24700 29.530 723.288 0.000 -723.288 13098.175
24725 30.845 764688 0,000 -754.688 12343.488
24750 31.034 773.488 0.000 -773.488 14570.000
24775 33.000 800.425 0.060 -800.425 10759575
2+800 36.246 865.575 0.000 -865.575 6904000
2+825 38,116 g24.525 0.000 -929.525 3574.475
24850 38.3565 955,888 0.000 -955.888 8048.588
24875 38.307 958,275 0.000 -G58.276 7 OGb.S 13
24 G000 35.818 926,563 0.000 026,563 65133.750
24925 36,433 830638 0.000 -gY90.635 i o k)
2+950 20.052 806.063 0.000 -805.063 4437.050
24975 26.022 688.425 0.000 -688.425 374R.625
BHO00 | e L o238 605250 0.000 605250  3143.375
34025 25.055 593.163 Toe00l he3163] o 2ss02i3
3+050 24,686 6521.763 0.000 £21.763 1028.4G0
34075 26.926 546,150 0.000 -645.150 1283.300
3+100 29.203 701.613 0.000 -701.613 581,688
3+125 24575 672225 0.000 £572.225 £ 537
U
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Es = (Re+P) (sec—li U200 | [ o SO (14)
Ts . (Re+P) tan—;—As+k ................................. (15)
ANSUIRL LB fluzﬂhlm Series 1835 Calculus 9z 13
dy = 0OLsing
Cox = 9Lcosd
~ A £
PIFUNTN 2) [HBINUA
3
wld y = SO Y7 LT VR o PO (16)
6Rcls
fgascuaz €Sy = Yo
L = Ls




Yo = TABUTZHID oo (17)
6Rce

A X ax =  dLcosd
1 9 w ¢
HNHAN O UA7 Integrate 9% 1A

r
X = L s 18)
(40Rc® Ls*) (
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(9991 x =~ L (lavidszaina)
fgasclt o = Os
b = 45
L = Ls
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X
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y : ¢ 6RcLs
9 =1 vy L2 =
& ¢ @i azla ¢ = 151AYU
2Rcl.s
LZ
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Awiilszney 4.2 Transition Spiral Curve

Circular Curve

| b
131 : Thomas F. Hickerson. Route Surveys and Design. 4' Ed.,

__(Tokyo : Kogakusha .) pp. 152.
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3, JAang (Vertical Curve)}

3.1 Symmetrical Vertical Curve

Symmetrical Vertical Curve Lﬂﬂi%ﬂ‘ﬁ‘ﬁi:ﬁﬂz

whailszezr ¢ Wi ewnmalszney 4.4

Amuald  PVC (A)
y
A
X
AM 42z MB
g, Loy g,
1
e
0
I4
MO

€

il

96 Origin

Vertical offset 1 |

g, — g (Algebric difference Grade)
522510 1A 9

Wududia GEunIa)

Percent Grade (Gradient)
anmusIddaana = VC
Vertical Offset

ganenateIhs

L/2

ON

MN/2

= o 1 or '
HYIUNTHIR € ’t’)‘%l’i'lﬂTi’Q@ﬂﬂu’ﬂﬂlﬁu Tangent MC LG MB

9 " o
15T URINY £

(g, - g,)/100

(g, - &)/100% ¢
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Tangent Line HAUAS 2 119

BC

: i 9
e asnde 1 1@

2¢

=1
Hio ¢

(gz ﬁgl)/IOO* £

T
1/2%(g, - g,)/100%¢
1/2%(g, —g,)/100%¢

(&2 —gl)/400*e

(g _gl)/SOO*L

’ AL’/SOO'...'.'..'.'...'-..‘..'.'.'.-.-..-.--.--. ------------------------- (1) O
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ailseneu 9.4 Symmetrical Vertical Curve
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H 1 ar ar =t o ar e
Slope ig@ PVC LAz PVT 200U g, Ha2 £, SasnsalasuysauaNHe
T?’lj\'! Parabola "ilﬁ‘,ﬂ\‘i‘ﬁ 919015 Differentiate tTUN1I Parabola

General Equation Y9393 Parabola

y = ax'+bxtc
:lﬁ’y:\/,x:H,Za = m
1NNG differentiate
dv/dH = MH F Dot (A)
j;i = m = B smsalasu Slope

uaziile =0, dV/dH = g /100 taz H=L, dV/dH = g, /100
Suaorzvindy Slope veudududaiiyn PVC uaz PVT
2
#30 b = g /100
unuaa q luaunis (A)

mL+g, /100

I

g,/100

it

CORTS VA LU L0 A S—— (B)

(81 (B) unuATIY (A)
(g, - &) % HI(100* L)+ g /100 ....(C)

H

dv 1di
Integrate (C)  V = (g,—g)*H*/(100*L)+g, *H /100 +C .. (D) -

ua “C” azilan = 0 waz V=0 e H=0

70 v+ H = g *H/{100*H)
V+y)/H = g(100
- Vo o= g FHTI00= Y i (B)
b e
g *H/100-y = (g,—g)/100*H*/2+g *H/100+0
H=x,y= L 172%(g, — ) 100F X7 s (F)

' 4 = A uy
UrHATH |38 x l,m‘.?:L‘ﬂﬁﬂutﬂ‘iﬁ)x’i'?ﬁl"lﬂa“lj!,ﬁ‘lqlil’aﬂﬁ]% l,ﬂ
y = (g, — 8 ) X H200% L) o )
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w3991 (F) y = 1/2%mx’ .............................. 3)
/(D) yle = (g, —g)*x /(ZOO*L)}/{gz*g,)ISOO*L}
yle = 4*x°/L
y = (x/L)*4%e = (de/ L) *x?
y R €70 L R (4)

311 msfuammasednn TAeds
fiauﬁﬂzﬁmamméﬁzﬁuuuiﬁqﬁa zdpaA Iy Grade
ars ar L] 1 o Qr 1 ) d e ]
Elevation M dUFUAEYD Station A1¢ <) 1FUABY Lasduee luAdunaty o
1 . o = A +o1 d 1 oo !
el Station @B ATMANNTTN (2) Y58 (4) BYN l58a135A1 & HRIAT + Azl -
c& ] :; g ar 1 1 c; us; gt c; gqf ¢
Faarve 2 1 adudwenndim e S+ TdeRaTuzdiu TAsden uazoa e
g A o
Fuaufaziiuifedant

= 9 o 1 ar
gash iFlunsdnnamanszay

y = 1/2%(g,—g)x ((100%L)
Wi oy = (x/0)7*e
dmrduuuldy = ssz@nnudududs 1y
P |
nwis Ex = L xV
asedunulgs = A15EAUYesYA origin + gx/100+y
1se EBx = Fatgx/100+y

3.2 Unsymmetrical Vertical Curve

Unsymmetrical Vertical Curve 1137809 Vertical Curve ‘ﬁﬁi SHE 7 T
éqluﬁfﬁwmﬁzﬁﬁu ¢l waz 2 was Gradient 1L g UAY g, AWM
o

Aol e

elev B _ elev A+ g, *€,/100 (BF =g, *¢£,/100)

It

elev C elev A+ g, *{,/100—g, *£,/100
5202 AC = £+,
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ARG == Horizontal Line
cG _  wan1eusd elev A gz C

= (g, %€, /100)—(g, *¢,/100)

uiuea@edu AFAG = FECG
FE - el/(ﬁl—’rfz)*{(gl*ﬂ]/lOO)’(gz*52/100)}
BE - BF-FE

— (g, *e,/100)—£, /(¢ +£,)*{(g:£,/100)
(g, *{,/100)}
i e = BE/2 _ (g, *£,/200)—£, {200% (£, + £5)}"
(g, *£, +£, /100)—(g, *£, /100)}
= (g,*€!2+g;€182fg[*£,2+g2€ 2/
(200%(2, +€,))
= 0%, (g, +8,)/ (2005, +2))

General form ¢ = (g, +g)0¢, /(200%(¢, +£,))

amsynew 4.5 Unsymmetrical Vertical Curve
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sdnaseduuuife  Unsymmettical - Curve LM UALVDI
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M5 RATY x 1211199070 origin NINDY gash lFideil
B ST (xllgl)z*e
Yo = (xz/ﬂz)l*e
E, = [a-+t(ge/100)
Fx = Ea+(ge/100)+y
a = ﬁiisﬁﬁ%ﬂ&ﬂﬂ origin
ETRINE 18 slazianitlilon 1§ lumseenuy  Crest Vertical  Curve
Av g A =Y &y a o/ = o o Y e e f 9
asemsildeinramasiming  silnToEumIngen Fnlifag A e
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4. O15UNEVRUMAIAY (Widening)

= = o {] v =

fanveanguilumsvongrenmla wlilauseazdsaaunwilsznoy

1.6 draumwlsznen 47 L‘f]uqmﬁﬂﬁumwmaﬁm'l‘l%‘luﬂw@ammuinﬂmm
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k4 kY 1’:_"’ a3 4 1 1
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YN I UANAENU

) = o
museneil 4.6 mmmawqugmwmmavmqIﬂq
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mwalszaey 4.7 MsvesveUne IAIAIINATIIU AASHTO

SU DESIGN
W W -Wq 9% VEHICLE
Wor2{U+C)+F, 2 A
W« WIDENING FOR 2-LANE PAVEMENT GN CLRVE,FT,
WC-WIDTH OF 2-LANE PAVEMENT ON CURVE, FT.
War WIOTH OF 2-LANE PAVEMENT ON TANGENT, F1,
U + TRACK WIDTH OF VEHICLE{QUT-TQ-OUT TIRESLFT,
C «LATERAL CLEARANCE PER VEHICLE; ASSUMED 2,2.5

B 3FT,FOR W, OF 20,22 8 24 FT, RESPEGTIVELY,
Fp s WIDTH OF FRONT OVERHANG, FT,

Z «EXTRA WIOTH ALLOWANGCE FOR DIFFICULTY OF
DRIVING ON CURVES, FT,

ELEMENTS OF PAVEMENT WIDENING

! '_\ K| 3
w 2 \‘ - + 1 1 .OF
fe-) t
S WARE]
D 1
D, _\ . \ T \ h $70 : l
u A _\r AN N Ne—wso )
o8 \ 1 D a
G o8 ) \ YA A
o 10 - ‘\ \S \Lb [
& 1o ¥ N
(] . .P A
—Hi- O [
20 \ N L'i
N\ N L %
308 I i -
9 0 0 02 04 O 10 2.0 i
U-FEET Fa—-FEET Z -FEET uy
Usu+R-VRE- 2 - Reas -vRE a0 W
For VRTAGRL A - R-VRE 1176 -R

TR

W « TRACK WIDTH ON TANGENT {QUT - TO -QUT) 8.5 FT, FOR SU
R « RADIUS ON CENTERLINE OF 2-LANE PAVEMENT, FT,

L +WHEELBASE, 20 FT. FOR SU

A+ FRONT OVERMANG, 4 F Y. FOR SU
"V '+ DESIGH "SPEED UF HIGHWAY, MPH "

PAVEMENT WIDENING ON CURVES
BASIS OF DERIVATION

; ) th
iy : AASHO. A Policy on Geometric Design of Rural Highways. 4 Ed,,
1967. pp 184.
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6. SETMIHBUTY (Sight Distance)
¥ o = ar dy
Foyariten1seenUUDTZUEMTUBINU ALY
o ¥ ar U 1 = F=y maa ° ]
. SrozAYEINTTUUeInU laui lieufgiifasonsziimsedula
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A = ' c?'n R . . = 3/
50 B93UALIA9HI1 Perception Reaction Time Tagilndnis19z l4aat 2.5
U nafe SegEa M an133u3 (Perception Time) 1 3u#l uagszoziaal
noUauad (Reaction Time) 1.5 i
14
s ar ar ar 9}
. ATIUPIVOLEHAIANIY @agise hluazdusoany 19 1.15 s
o aymigevesiag 1§ 0.20 uas
LY 3 Wo1L
. anmyssnuuidlon uazenasn lia
. AAWEINTEA LAZLEITIAHEE
IMSTIUVES AASHTO Aefal Sight Distance uiseenily 3 dszaning 9
) ,
Ao

Gr

. . = < o W o
1) Sight Distance 4Btz AUNUANATINE IO UUNFIUTOFINTNUDY lqlna

=9
figa
. . . o { : @
2) Stopping Sight Distance A asuuziauivgasn lhlasany
. . . & 4 o ar W ¥ w
3) Passing Sight Distance ABITIZUAUNUNTOAWNINAIUAY lalagilaeany
6.1 Stopping Sight Distance

. « . i { H ar 9 .
Stopping Sight Distance (SSD) B ﬁﬂ’;ﬂa’,ﬁﬁﬁﬂ‘ﬁqwﬁﬂuﬁm‘iﬂﬂ’w Design

L P o 1 [ 2 ey 5l =
Speed AMUY aasangar lfunouRits i ingyINegu I GIANITS

dnalAangas
Taile yoo= anuEuedso
; = Perception and Reaction Time (311'1‘?1)
f = m'im?rﬂﬂ‘muszw’ilaé’@smmzﬁ’muu

I's o o
~  @efiuanaa1arHYsInuy




122

A e uad (Down Grade) sianudhy -
a1 a1aF¥ Y (Up Grade) faudly +

Y ¥ a o 4 ar 1Y ar
A1 Stopping Distance m‘lﬂﬂ‘szgﬂﬁi%lﬁﬂﬂ’smﬂaaﬂﬂmmé’mmm‘lu
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amwilseney 4.11 nTMdmSuNIA1 Stopping Sight Distance

MPH

80
Minimum

/
o P 7 / Desirable

40

30
300 400 500 600 700 800 900 1000

Stopping Sight Distance - Feel

199 4.2 TTOLMINYATHUVUOUUNWITTY SmSnauuRIaag I BRIABLATA

-

Mﬁ/jﬂf—ﬂ
Design Speed Stopping Distance Stopping Distance daily :ﬁﬁ‘iﬁ("ﬂatﬂ
KPH IANITATHIN (11AT) Fuuzih 1Y quas) AT YA
40 40 40 0.52
50 55 60 0.50
60 73 80 0.47
IR YO IO - DA 100 0.45
90 142 150 0.41
100 172 180 0.39
120 249 250 037
B 130 297 300 0.33
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awlgzney 412 sazidaT Y A1THe (Passing Sight Distance)

First Phase
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TR AASHTO. A Policy ot Geometric Design of Rural Highways. 1990. pp.130
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6.2 N34 (Passing Sight Distance, PSD)
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mmmi‘l’ﬁusmmﬁumfia@gajwﬁm LL’i“’ﬂﬁ‘UHﬂﬁ‘ﬂ@\‘l’Nﬂﬂﬁ & Tavlaeant el
solugesasafuduTE U

9t v I = ar
PSD UTznesUAIvTTYZAN amnUsEney 112 uaziTuasiouan
k4
o halis
ar P ol o
d, 5EBYMIANTDAUNITLN Graaa vl
d, TeuEnsuss (1/3%d,) Lo s RS due eIz Au
ARUYBIITINGIAY (2/3%d,) Bruansa v,
d, suﬂ“ﬂaaﬂﬂﬂmmmﬂmmu (35-90 LiJﬁ‘S‘il‘uﬂ‘U V) g
d, smvmammasjﬂu%mwm

(N EATMNERY ﬁ?ﬂ?ﬂ!’i$ﬂ$‘ﬂ']\‘i‘ﬂﬂ'ﬂ‘ﬂuﬁﬂﬂ ﬂ’)'ﬂ]i’i’)LLﬁ“’L’JﬁW lﬂ ﬂ\‘l‘u
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2 2 2 2 2
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=1 W 97
alsenedl 4.16 sepzypativalanaiolulnesy

Rezction time 2.5 secs.

Sight disiznce S {m) measured

along this Jne

\ ‘ ight i.15
% Eye (Height i.13)

{Height 0.20 m) Object

Obstruction of cut batter R

M

il

o]
sl (")

Formula applies only when S is equal 1o or Less than the length of the curve
Graph applies only when the grade line is straight.

il

Horizontal stopping sight distance circular curves

-
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awalszney €20 Chart Uszneunaeontiy Intermediate Sight Distance Hd®

Passing Sight Distance Uuiﬁﬁaﬁ

Sight distan (S)
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e = — ForL>5 L = 22 = KA
920.0
5 L
Where K = ——2 =
e 500 A
920.0

LS L = 25-——
A

Where S = lntermediate (or Overtaking) Sight Distance as appropriate

z e
g —
o —
5 -
= -l
e

3
E .
O \ _ -]
=] e
B
2 ]
(5] 0 S e
n ] ,..____,__——‘____.—<
< PR

; R

0 00 W 30 40 S0 600 0 B0 %0 00 10 00 130 o0 1500 16X

Design speed Intermediate Overtaking

{knt/h)

FEHT-distante sightdistance

{metyres) (melres)




136

=] A
74 sueuiiuuuIdefmel

¢ @ M a ) ) Y A & A
ﬁgﬂﬂﬁﬁ.‘:ﬁ\‘lﬂﬂ@\‘im‘i‘ﬂﬂ“lﬁ@mﬂuﬁ Sight Distance Yu TAIRINININIHD

9/ 9t o 3 o o 1Y 1 & o
m&mi@@mmuhmsz 3‘;31’1’3\‘1&‘1’7141,‘1‘!8\‘11"!@‘!’1?:1’ILLE’Nﬂ'\ﬂ?’iu'l'iﬂf’fﬁ}\'iil’él%‘l*iu’l'ﬂqiu

A WY A o A4 v ooy ' . .
GIAAINAN  LAZEINTONYATD LATY 2 setivzded litlesna Stopping Sight

Distance

A) Asd L>S (amlszneu 4.21)

amlszney .21 ﬂuuﬁﬁm'mmﬂﬁ’qawawmﬂﬂfh Sight Distance

y = AI100%L/2
Y 1@]“1 = kL
ko= ylL
g e R e e
= (S/LY*y
. (S/L)**A/100%L/2
= S A/(200%L)
up  z = h+Stanl




137

S* A/(200%L) = h+n*S/180
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aalszne 423 Chart Usenoun1ssaniill Sight Distance U Vertical Sag

Curve
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Ardseney .28 Dimensions of Design Vehicle
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A1519 9.4 Dimensions of Design Vehicle

1. Major Trunk Road and major roads should be designed for semi

Type of Vehicle Length| Width | Height Front
Over — hang
Small sized motor 47 1.7 2.0 0.5
Vehicle
Vehicle 12 2.5 2.8 1.5
Semi - Trailer 16.5 2.5 3.8 1.3
[

~traifers and large size motor.

Whereas, other roads should be designed for large motor vehicles and smallsize motor vehicles.

2. The dimensions of design vehicles are shown in the table below and in the figure.

Wheel Rear
base Over — hang
2.7 1.2
6.5 4.0
Front 4.0 2.2
Rear 9.0

= 1 g/
1371 ; NMGHDIY, DT, ﬂﬁﬂ@@ﬂuﬁﬂ‘ﬂ’lﬂ. ﬂiq\ﬂ“i’n’i"l. 2539 HU 15

Minimum

turning radius
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