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INTRODUCTION 

The Secretary of Tra.nsportation requ~sted thelt the 
National HighwC\j' Traffjc Sa,fety Admir'.ist .:ation (NHTSA) and 
the Feu';~ra1 Highway .'dr;tiniE~·cration (FH\>YA) unde:rtake a 
cooperative research effort tu provid f;; defini'dve infcrma­
tion on cl1~ sa.fety of wide buses. "'{u;"! inforIflation was used 
to forml.lla,tf'~ the Department 1 E. rec.)~llIt\endation to Ccngres~1 
uS to whether I02-inch (8 1/2 fe',', c) wide buses should be 
pel"mi tted i.:O use the Int.e,rstate Hight-Jay System. El.lgibili ty 
for Federa . .l-aid currently limi.:.s width to 9'5 inches (8 feet) 
except in 11 States where wir.1fJ1/·/ehi cles are permi tted 
under a "(;rand~ather Clcluse. '" -

NHTSA and FHWA divid(.:c1 the basic ob~Jective--a 
deterrninaticn as to wheU.C"r or not 8 1/2:"foot wide buses 
could safely us.~ the Inb~rs~dte Highway System--into six 
research tasks: 

Task 1 - l\el.'odyna~n!oc Ch.:lract,eristi cs, Disturbances., 
and Eff(~cts 

Task 2 .,. Lateral P1a(.~ement of V~hicl£s 

Task 3 - La+~,~l::al Stability cf Bu'ses 

Task 4 - Offtrc.cking 0.1 Sharp Curves 

Task 5 - Bus Accident Data Analysis 

Task 6 - Ccnsl)lidation of Resu1~s 

This study is ill responF e t.e... 'I'ask 4, "Of ftracking 0',1 

Sharp Curv~s." .~ .. _ though tile prirrLa.ry (",0 j ~ cti ve of this 
research effclrt was to establish critical off tracking 
situations due tc 8 1/2-foot wice buses, the procedure 
developed will bl; u.::~4=ul to thl)se interested in wle sdfety, 
design, and oper~t\on of highway facilities or large high­
.. ~ay ve:hicles. 

1/ A pr'ov!osion in the Pede t:al Act perml ts exceptions 
to the pres cd.bed width m~ximurn in SL'!t~s whf~n· grf~ate~L" 
ll.mits were legally permitted J\Jly I, 1956. 
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Definitipns of terms used ~.n. report 

Because of the variation in m€':aning of the terms used 
when off tracking is discussed, it is well to define those 
terms as used in this report. 

Effective Axle - That line where all wheels on a wheel 
assembly contribute equally to the tractive efZort 
of that assembly. 

Effective Wheelbase - Distanv~ between the effective 
axles. 

Front Overhang - The distance between the outermost 
p01nt of the front bumper and ',:he leading effective 
axle. 

Off tracking - The difference in radii from the turning 
center to the center of the lead~ng effective axle 
and the rearmost effective axle, iuring a turning 
maneuver. 

Swept Widt.!1. - The difference in the path d,~scribed by 
the outerm)st point on the vehicle (gene~ally the 
front corner on the outside of the tlJrn) and the 
innermost point of the vehicle (the body over the 
centerlinf~ of the :-ear most effective a.xle). 

Wh(~el Path - That peth clt~scribed by the outside of the 
outermost tire of the vehiclc' during a tL>rn and 
the outs";'de of the innermost rear tirE! during a 
turn. For example, during a right tu~n maneuver the 
tires describing the wheel path are the left front 
and ri~ht rear tires, 

Reference to Figure 1 on page 7 will clarify the meaning 
of these 4:erms. 

SUMMARY 

A relatively good understanding of the off tracking of 
trucks has been devrdoped ir previous reseaL'ch. Conse­
quently, only a simple modification of existing procedures 
was necessary to identify critical bus off tracking situd­
tions. The modification consistE'j (Jf the use of an 
addi tional g"=!ome tc ic lelationshi I reyu.i red to cal culate 
"swept width," a paraffiet~r consiaered tc be more significant 
than "o fftracking," per se. Off tracking is defined as the 
deviation between the paths of Lhe front and rear akles 
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during a turning maneuver. Swept width is tr,~ !, '1.-, 

overall width o:E a bus as it executes a turl. .... r_. _'''_,1, 

Th:L.s approach identified cri ti cal ::;i tuations (It. J..)w co., t 
and permi tted tirre for rrore sophisticated of l:'tr--~·:;kin9 
research, if necessary. Such s tudie5 we:tl? not cons iden.'d 
necessary because: 

1. Critical off tracking situations occur o~ly on 
ramps which are off the Interstate Hiqhway SysteIl~ 
through traffic lanes and are designee. for one-lane 
or.-era tion at low sp~eds. The c:r'i tical :'ii tua tions 
were identified as ramps having a curvat~lre of 
27 degrees or more, or a radius of 212 feet or 
less. In these s i tua tions when t.he b :lS is opera-' 
ting at low speed, its apparent widel has Ii ttle or 
no effect on the driving path Qf a following car. 

2. A literature review indicated that driver 
expe:Lience was cl major fal-tor in deterrni~)ins how 
much more than the minimum a vehicle would off­
track. Further, this r'.:view in.dicated that exten­
sive human factors research wO'..11d be necessary tc 
simulate the effect of driver experience on 
of ftracJdng, but would adc'~ Ii ttle to the precision 
of predicting the bus swept width on sharp curves. 

3. 'rhe Ii terature review als~) indicated that 
sophisticated vehicle dynamics mod' . .:ls arc available 
which can be modified to predict t.hc effects t.ha.t 
bus speed and 'Neight havE' on offt! acking. Because 
sharp curves ~equire low speed opEraLion, the 
modified vehicle dynamics models "auld add little 
to the prec~sion uf ?redicting sw~pt wid~. In 
sharp curv~s. 

The "swept wid-::h" computations revealed that the most 
critical 8 1/2-foot wije bus c,:n.dguratj,)n,'as the MC-6, 
the same cor.flgu>:"ation t:." ed in ti1e ae:rodyn.::rrLic:s, lateral 
placement, and l.:..teral stabili ty P2search ta~ks. The 
swept. width of this bu::, utilized the full 12-foot lane 
width on a curvature of 27 degrees. The swept · .... idth of th~ 
8-foot w.id~ configuration of the carne baeic bw;, tJ1e MC-7, 
did not reach the l2-foot lane width until a curvature of 
31 degn~es was employerJ. 

Fortunately, swept width is not a problem for buses 
using t.he through traffic Lmes of th.e Interstate .:fighway 
System, becaude curves as sharp ap 27 degre~s occur only on 
:::-amps designed for low speed and one-lane oper.·ations I such 
as loops of cloverleaf interchange!;. Moreover, there is 
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always at least a two-ioot wide shoulder on each side of 
the ramp which will accommodate the bus overhang. The 
6-inch difference in swept width is of no practical impor­
tance because there would be no adverse effect on the safety 
of the bus pas5engers or passenger car occupants wh0 may 
be follow'ing a wider bus on the same ramp. The increase in 
s'·!t::!pt: width between the 8 1/2-foot wide bus and the 8-foot 
wide bus on the critical 27 degree curve is the 6-inc~ 
difference in bus width. 

RESEARCH APPROACH 

The off tracking task began by :r;:".'i~wing the pertinent 
literature on the subject which included reports by the 
American Association of State Higl11.Jay Offici.als (AASlk») 1, 
Burea~ of Public Roads (now the Federal Highway l> • .:1ministra­
tion) '., Society of Automotive Engineers (SAE) 3, a:ld t.he 
Western Highway Institute (WHI)4. Also an inquiry was made 
to each State highway agenCj for rt:·ports and other documenta­
tion of any off tracking studies they had conducted. Of the 
State studies reviewed, a Nevada Depctrtment of Highways' 
study 5 which was jointly sponsored by five State agencies, 
three industrial associations, and four trucking firms, 
proved to be most helpful in providing insight into the 
off tracking problem. 

Th~ literature review indicated that three ~ajor 
approaches have been uS8d in determining off tracking 
requirements; (l) full-s:..~ale measurements, (2) small-scale 
model mAasurements and (3) matht~matil~al equations. 'rhe 
use of scalf"~-model measurements is less eXPGllsive and time 
consuming if off tracking data were lequirpi for a large 
number of specific vehicle.> conibinations. The available 
miithp.matical offt.rac:-:iny requirement c~quations vary from 
t:le complt, SAE offtri'lcking eqUcttjr::n to the abbreviated, 
bL, t val id, of ftracking eq-..: ~~ ~':'Oll devp loped by WHI. 

'I'he assumption that the geometry of a situation is 
the controlling factor in a turning maneuver was 
8 ~n-,ngUwned by the followl.ng observations obtained from 
the literature: 

1. ~ vehicle may not achieve its maximum off track 
in turns of less thdn ~O degrees, which would 
tend to make the ofttracking computation morE' 
severe than would be expected in "real 
situations." 

4 
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2. P. study performed by the N£!vada Departrrent of 
Highways indicated that t~e experience of a 
dri ver gre;at ly influenced the offtrackinq 
requirements of his vehicle as he selects the 
path, which may vary from the path assumed in 
any experimental or mathematical process. 

BASIC DATA 

For this study, 19 vehic}e configurations were 
selected as a representative sample for determining the 
effects of off tracking when the width is increased from 
8 feet to 8 1/2 feet. 

Basic data for the buses were supplied by the Bus 
an.d Truck Supply Company (Trailways), Motor Coach 
!ndustries (Gre~z'hound) and General Motors Corporation 
(primary suppliE:rs to transit companies). 'I'tN'elve bus 
configurations were selected for the existing 8-foot 
and 8 1/2 foot widths. Three of the 8-foot widths 'Here 
modified by increasing only the width to 8 1/2 f~et. To 
provide a compal:'ison '.vi th trucks, two tractor--semi trailer 
cmnbinations (c.,.-50 and WB-50) employed in aeveloping 
AASHO design stdndards were analyzed includinq a modifi­
cation of the 8 1/2-foot width to an 8-foot width. For 
fllrther comparison, off tracking of a full-sized station 
w?tgon was also computed. Table 1 shows the k8Y dimensions 
of these vehicle types. 

In geometry it is axiomatic that no two points on a 
line perpendicular to a radius of a circle will describe 
t.he same circle, when these points are separated by some 
distance, as the radius is rotated. When this phenomenon 
takes place during a vehicle turnin~ maneuver, it is 
referred to as "off tracking." Figure 1 illustrates off­
tracking and the various other off tracking characteristics. 

The WHI equation, which comput.es maximum vehicle. off­
tracki;",g based upon the geometry of a vehicle and the! 
highway horizontal curve, was employed as !:],\e: basic 
equat~.on for the rese:lrch. ')'he equation was expanded to 
provide the capability of computing swept wi(ith and wheel 
path width whi • .::h are considered to be more mei"' 1ingful to 
traffic and design engineers, than offtrackin JI per se. 
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Vehicle 
Cho,..ecteristi~cl 
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I 
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'I'able 1.. Vehicle Dimensicns (in feet) 

General Motors Corporation 

CIty Transit SUburban Transit 

MD-4279 ftID-4277 MD-4225 MD-4223 MD-4222 MD-4218 
MD-4218 

loIl0D MD-7020 
.-

35·12 3~:~~ 4:).04 40.04 35·12 40.04 40.04 31:~ 7·98 I 7·98 8.48 7·98 7·98 7·98 
3.00 8·50 8.00 8.50 8.00 8.00 8·50 8.00 

19·58 19.58 23·73 23·73 19·58 :::3·73 23·73 21.63 
19·58 J9·58 23·73 23·73 19·58 23·13 23·73 21.63 
6.85 S .85 6.85 6.85 6.85 6.85 6.8'5 6.01 
8.69 8.69 9·46 9·46 8.69 9·46 9 ~6 7. 43 

I I 
Bus anc. Truck 
Suppl.y Cc,mpany Mutor Ccar.h Industries 

~HC Design Truck 
CombillBtions 

Trailways GreyhOlmd 

I 05- 04' 
05- 04' MOD MC-5 Hc-6 MC-7 C-50 I WE-50 

MOD WE-50 
--.. 

40.00 40.00 34 .96 39·96 39·96 50.00 55·00 55·00 
8.00 8·50 8.00 8·50 8.00 8.00 8.00 8·50 
8.00 8.00 8.00 8·50 8.00 8.00 8.00 fLoo 

23·79 23·79 21.75 23·50 23·75 14.00 16.00 It_OO 
22.27 22.27 I 21~ 75 I 24~ 71 24.75 16.0C 18.09 If' .00 

- - - 22 .00 I 26 .00 26.00 

- - -

I - - 26.00 30.00 30.00 
- - - - - 44.00 50.00 50.00 

7.l3 7·13 ~·73 6.21 5·85 3·00 3·00 3·00 
9.08 I 9·08 .,.48 i 10.25 10·36 3·00 2.00 2.00 

I I 

Intercity 
MD-7029 

MD-7029 t10D 

J • "1 9t ·98 31:~ 
8.00 8.50 

26·55 26.55 
26·55 26·55 
6.01 I 6.01 
7·43 7·43 

I 

Full-size 
8"';tJ:tiOD Wagon 

18.17 
6.67 
5·29 
9·92 
9·92 
-

-
-

3·29 
4·96 



Theorstical 
Cornar 

~ 

't. Effect i ve Axle 

FiGURE 1· TU~N!NG PATH CHARACTI:RISTICS 
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The WHI equation for computing maximum off tracking 
is: 

where, 

MOT = Maximum off track 

R = Radius of the desired vehicle path 

'WB = Effective wlleelbase 

E(WA2) :;; The sum of the squares of all wlu:~elbases 
comprising a given vehicl,e combination. 

Because vehicles have both width and length, off tracking 
makes the vehicle appear wider in cross section on a curve 
than it will on tangent. The visual effect of the phenomenon 
is the "swept width" which wi 11 infl uence a dri VPl to al te r 
his desired ,ath to avoid the perceived hazard. The equation 
for swept width is: 

sw = I (WB I +FOH) 2+ (R~TW) 2 - (R-MOT-~TW) 

where, 

SW = Swept width 
WB = Effective wheelbase 

FOH = Front overhang 
R == Radius 

TW == Track width 
MOT -- Maximum off track 

The equation for wheel path is: 

where, 

WP = MOT+TW 

WP == WheE:!.l path 
MOT = Maximum off track 

TW = TLa~k width 

The swept width was com~uted for a series of curves 
which occur on the Interstate Highway System both on the 
mainline and on ramps. Mainline curvatures were computed 
for curves of 0 to 9 degrel?s and the ramp curvatul~es for 
curves of 0 to 38 degrees for each of the 19 vehicle types. 
Figure 2 shows a typical mainline curve and a typical loop 
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FIGURE 2· INTERSTA rE HIGHWAY CURVE DESCRIPTIONS 

9 



ramp fC/und on the Int.erstate Highway System. Table 2 shows 
the computer input n~qui red for tne analysis. 

RESULTS 

Cri tical sw~:pt width si tuatioJ"ls \"ere id(-=ntified to 
occur only on ramps which are off the Interstate highway 
through traffic lanes ,md ar'~ designed for one-lane 
operation at low speeds. The critical situations were 
identified as ramps ha.ving a curvature of 27 degrees or 
more, or a radi us of ;n2 feet. or less. In t.hese si tuations 
when the bus is operating at low speed, its apparent width 
has little or no effect on the driving path of a following 
t.: a I." • 

In table 3, a c'Jmparison is made of swept width at 
that point where it becomes critical for a 12-foot lane for 
four vehicle types. As shown in this table, the MC-6 bus 
reaches the critic31 point on the curve of 27 degrees and 
the critical point for the MC-7 bus occurs on a curvature 
of 31 degrees. Thp. swept width of the WB-50 tractor-
selT'i trailer combiucltion reaches the 12-foot lane width on 
a rarup with il curvature of 24 3/4 degrees and the WB-SO 
modified trcctor-s'emitrailer slightly exceeds it at the 
28 1/2 deg~ee curve. Thus, the situa~ion is less critical 
for the 8 1/2 .. f:lot wide MC-6 bus than the 8 1/2 foot WB-50 
tractor-semitrailf!r combination at the 28 1/2 degree curve. 
It is ~\lso noted that the difference in swept width for 
the MC-6 and MC-7 buses, for ~,e curves shown in table 3, 
is only 0.50 feet, or the 6-inch di fference in bus width ,. 
For comparison p\lrposes, the swept width on mainline curves 
for 3 and 7 degrees are also shown. These ar.e the maximtlT"L 
curvature generally found on Interstate highways with design 
speeds of 70 miles per hour and 50 miles per hour, respec­
tively. It may be seen that the swept width is well within 
the lane width of 12 feet. 

10 



Table 2. Vehicle types and dimensions used for wht::,:!lbases, 
track widtll, body width a.nd front overharl9 

(Dimensions shown in inches) 

Vehicle TypE:: WheeJ.- Whee1- Truck Endy Front 
base 1 base 2 Width T,ol'idth Overhang 

.- -
05- 04 (8' ) 267.20 96.00 95.40 85.50 

05- 04 ( 8 1/2') 267.20 ~6.00 101.40 85.50 

MC-5 261.00 96.00 9~.OO 68.75 

MC-6 296.50 102.00 101.50 '" 4. SO 

l'o'!C-7 '297.CO 96.00 96.00 70.25 

MD-4279 235.00 905.00 ~5.j'6 82.24 

MD-4277 235.00 102.00 101.76 82.24 

MD-4225 284. 76 96.00 95.76 82.24 

MD-4223 284. 76 102.00 101.76 82.24 

MD-4222 35.00 96.00 95.76 82.24 

MD-421B 28"'.76 96.00 95.76 82.24 

MD-4218 ~1OD* 284.76 102.00 101.76 82.24 

MD-70 20 259,50 96.00 95.76 72.12 

MD-7029 318.54 96.01) 95.76 72.12 

MD-· 70 29 MOD* 318.54 102.00 101.76 72.12 

C-50 1.92.00 312.00 96.00 96.00 48.00 

WE-50 ~OD* 216.0 rJ 360.00 96.00 96.00 36.00 

\vB-50 2 :.6.00 360.00 102.00 102.00 36.00 

Station 

1119
,00 

Wagon ~3.S2 80.00 39.50 

i 
*Indi:::ates width modification only. 

11 
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Table 3. Comparison of the critical. :~wept width for 
four vehicle types (in feet) 

--i----r- .- --_.- Degree of Curve 

Vehicle I :~ody ~--"------I- -----.-
Type IW~dt.h I Mainline I Ramps --.--+----1' .0~77'. 00' ~ < 4, ,';7'.00' 28-0-.-3-0-'--"1-3i~. O~_I 

MC-6 8.5 8.88 9.48 11.72 12.00 12.19 12.50 

MC-7 8.0 8.42 9.02 11. 22 11. Sl 11. 69 12.00 

WI\-50 U 8.95 9.59 12.00112 • 31 12.52 12.86 

~B- 5 O~O_lli 8. 0 ~~±~ ~50 ~ 12.02 12.36 

---
Th~ off tracking r~quirement of an 8 1/2-foot wide bus, 

40-feet long is ':.he same as that of an !)-foot wide bus of 
the sams length. For purposes of comparison, the bus 
offtr~ckin~ requirement is about half that of a tractor­
trailer combination either 8- or 8 1/'2-feet wide and 
55-fuet 10'1g (1.':1 feet vs. 3.23 feet). Howr~ver, a bus 
off tracks about six times more than a station wagon, 
6-f~et 8-inches wide and lS-feet long (1.61 f~et vs. 
0.26 feet). Since the offlracking requirem~nt is a function 
of the wneelbase, a more descripti're comparisln: is swept 
width which in~lude5 the off tracking lequirement and accounts 
fur differences in V8hir:!.o widths. 

Based upon these computations of the swept width 
requirements for the vehicles analyzed, the required widths 
are well within the 12-font lane widths on Int0rstate 
through traffic lanes and ramps. Also, the effects of 
inert.ia of the vehicle ..... ould probably n,:,t cause the vehicle 
to exceed the lane boundary. Moreover, there is always at 
least a two-foot wide shoulder on each side of ~he ramp 
whicb will acc')mmodate the bus overhang. 

Further calculation!; ''Here made with v?t·ious combinations 
of 'olidth a.nd length of a vell.ic12 The resul ts showed that 
swept width was mc.,rc ~;c:~::,it.i.ve to changes in the length af 
vehicles rather than to the width. 

12 
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OTHER USES FOP. THIS PROCED',JRE 

The procedure developed c.~an be used by highway design 
personnel to sele'ct a maximum degre ri3 ot CUI:vatLlre which 
would permit a vehicle to stay within the selected lane 
width and widths of entrances to ter~jnal tacilities. It 
can be used to check design to insuI"~ that the additional 
width a larger vehicle appears to gain whein negotiating d 

curve wi 11 r.ot exceed selected safety boundaries which PI;~y 
cause a foll,owing or meeting :h'iver to hazardously veer h'..l=i 
vehicle out of a II safe path" becau=,I,;! of the largt::= o,;.:::hi cle. 
Moti-,er use of this procedure would be concerned wi th the 
movemen 1: of outsized vehicles, ai ther in width, lene; th 
or botlll to select routes ov~r which to travel. Additionally, 
the re~p,llatory agency whil..:p. mus t act upon permi ts to rlOve 
outsized .:ehicles must det.ermi •• ~ dIe routes these: vf~hicles 
can use and the cri ti cal points along thl~ route where 
special traffic controls mus t be e:l(erGisl~d to both protect 
the noz'mal traffic and the outsized vehi.cle. 

In e,':lch of the above.:ases, all that is required to 
perform the necessary cal<.:ulations are appropriate physical 
d:Lmensions of the vehi clt.", ei ther design or actual, and 
those of the curve cr intcrsect:ion, ei ther designed or 
existing. These data c~n then be inserted into the off­
tI'acking program such as t.he FORTRAN IV program in 
Appendix A. Appendix,ll shows the computer input data and 
samples of thE! printout data ;ue shi,)wn in Appe:1dix C • 

13 
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APPENDIX 11. - FORTRAN IV PROGRAM 

FOIHRAIII [V G LtVtL II MAilli DATE 14044 Otj/30/27 

0001 

0002 

0003 

0004 
:)Q(}~ 

0006 
0007 

oooe 
oooe; 
0010 

0011 
0012 

00.3 

0014 

I)() 1 ~ 

0016 

0017 
0018 
0019 
0020 
0021 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

c 

uSE DOt/ALE PRECISION FOR ALL REAL NUMBERS 

IMP:" IC IT REAL.O I A-H .o-z I 

MAXIMUM Of 21 DIFFEREN1 VEHICLES MAY BE TREATED IN A SINGLE RUN 

DIMENS[{JIl w61121" WB2121" TW1211, OWI21', Fn"!UJI, TVPElI211, 
• TVPE2!211 

STATE"'ENT FUNCTION TO COMPuH: il.ADIJ5 ";IVEN OEGREE OF CUIIII[ I'll MINUTES 

RAOIUSCMDCI 1080000. I ,3.14159265358979300 • DFLOATCMOCI) 

RtAD THE S",6LLE~i J~GREE OF CURVE,lHE LARGEST DEGREE OF CURVF AND 
THE !NCREME~TAL OEGREE OF ~URVE AND CUNVERT TO MI~U'ES 

R E/9 I 1 ,9000 I I OL O. 11'1 LO , I 0.. I • 1"''''1 , I 0 I!'~C , I ,. i r,;C 
9000 FOP'"'.A1 13113.1X.:2.2X" 

WRITE 13,910C'! IDLO.li'l:"U,[PHI,P4HI,IDINe,IMINC 
910(; FORMAT 11!0,'i',l5X~'vt=GREE OF CURVE: FRO"',I4,'-',I2,' TO', 

• 14,'-',12,' BY',14,·-'.12,T99,'I',/;/1 
"LO = ,MLO+60.IOLO 
MHI = IMH)+60.IUHI 
i'l1~C = )MIIIIC+60.IDINC 

C P.~AD THE NUMBtR Of VE"'ICLES Allie TH[I~ DIMEN~IONS 

c 
~EAU 11,9000) ~vEHtL 
REAU 11,92001 ITYPE1111,TVPE:211),W61III,WHC"l:TWIII,owlii. 

'" fOt-'I)I,I=l,NVEHCli 
~~CQ FORMAT 12A8,5F8.01 

C 
C wqlTE THE Vlk!tLE 0IH[NSION5 
C 

c 
C 
C 

C 
C 
C 

'WRITE 13,9300 I iTYPEll iI, ,"{P F2111,wBllll ,WB2 1 1', TWIll ,,)WI II, 
• FOHIII.r=l,IIIIIEHCU 

9300 FORMAT !TJO,' ,. ,331, 'WHEEL- WHEEL- f;;'l:CK BOD': FRO~T', 
* T90,'I',I.T2b.'V"·H)CLE Typ[ BASE BloSE 2 ., 
~ • Ioj) DT H "" I D T H OV E RH A NG • , I, I • 0' , T 10 , • I • • 1 5 X , ;:: II 8 .3 f 8 .2 , 
• f9.~,f8.2.T90,' j',1 

LOOP rHRU AL~ DESIRED CURvE~ 

00 200 H;NUTE = MLQ, MHI, MINC 

COMPUTE RAuluS G~ CUkV£ AND WRITE PAGE HEADER 

R • RAOIUSIMINUTEI 
JDEG ; MINJT~ I 60 
JMIN = HINUTE - 60 • JOEG 
wR iT E !3 ,Q400 I JOE G, J''IIN, R 

~400 FORMAT 1'I'.TI0,· ... 15X.I3.:-',J~,' OEGRt:f CUR\'E, RADIUS ='. 
• f9.2.T90,·I',III,TJO,·I',35X,'OfF-TRACK·,,,,. 

PAGt 0001 



FORTRAN IV G LEVEL 

002: 
C 
C 
C 

0023 
C 
C 
C 

0024 
C 
C 
l 

0025 
002b 
0021 

C 
C 
C 

0028 
0029 

C 
r:. 
(. 

0030 
0031 9500 .... C 

'" C 
C 

(1032 100 
0033 200 
0034 
003" 

21 H.:IIN DATE 74044 Oiji~0177 

.. 'WHEEL TRAL~ S W EP T ' , T 90, ' , • , I , T l 6, • II E HIe LET V P E', 
• 8X,'wIOTH (FTI "'IOTH IFTI wIDTH IFT~'I 

R R + b.O ) .. 12.0 

LOOP THRU ALL ~EHICLE~ 

UO 100 III 1. NVEhCL 

COM~UTE 0FF TRACK ~ID1H -- aT 

liT R - USURT t ;t .. " - i00i8111111'' 10161(1111 -' WB?IIVI .. i00i''2(111) 

COMPUTE SWEPT wlGirl -- sw 

~l FOHllv!. ~~l:IV) 
T2 p T 0.5 ~ Ow(11i1 
SW IUSORT' 1T14'Tl"T2~T2I - R" OT + 0.5. OWIIVII 112.0 

':;OMPUTE WHEEL fRACK .. 10TH -- ~p 

W P t OT .. T w I I V : : 12. 0 
DT OT I 12.0 

w~lTE THE CUHPUTtV vALUES 

WRITE /3.9500) TV0 flllll),TYPE2IIIII,OT,ftP,SW 
~ORHAT t'O',TID," ',i~x,2AH,F12.2,F14.2.Fl~.2,T90.'I',~XI 

EI~D OF LOOP~ 

CUNTINUE 
CONTINUE 
STat' 
END 

PAGE ;;002 



FORlRAH IV G LEVH 21 MAIN DATE 1'-'01tlt 08HOI21 PAGE Q003 

SUSPROGR\MS CALLED 
5YMBIl.. LOCAl ION 5Y"'BO!.. I..OC AI ION ~YMBOL LOCAl ION SY"'BOL LOCATION S YMSOL LOCATION 

13CO"''' I<C OSORT 80 

~CAI..AR MAP 
SYf4BOL I..OCAT ION 5,r.ilU~ c oc. AT ION SYMBOL LOCAT JON S¥~80L LOC!ITION '> YMeOL LOCATION 
R C8 OT 00 Ii 08 T2 EO sw Ea 
WP 1;'0 IOlO Fa I MLO Fe [OHI 100 IMHI 1010 

IOI"'C 108 1M INC 10C '''_0 110 "'HI 1 i " "'INC 118 
NIIF ,,,""1... llC 120 ",NUTE 124 JDEr, t28 JMIN 12C 
IV 130 

ARRAY MAP 
S yrojoOL LOCAT JON S n;8 OL (.. OC AT [C:'-! SYMBOL LOCAl ION SYMBOL LOCATIGN SY"'BOL LOCA T ION 
IiBl Be wB~~ lEO Tw 211<1 OM! 330 FUH 308 
~ YPE I" 4Be. lVPE2 '>28 

FOR,..AI STATEMENT MAP 
SY"'I:O'. LOCATION S.,,,eOL 1..0CAT ION SYM80L LOCA 1 101>0 SYMBOL LOCAT ION 5Y"'80L LOCAl ION 

9000 ~OO 'HOO 500 9200 bl4 93CO l>2F <;1400 bC9 
950(' 7bB 

.... 
*OPTIONS IN EFFECT· NOIO.EBCOIC,SOURCE,NOLIST,NUOECK,LOAD.MAP ..... 
*OPT IONS IN EFh'CT* 'lAME .= MA IN , LINcCNT = 5b 
*SlATI::;TICS· SOURCF STATEMENTS = 3"PROGRA~ SIZE = 30'>1; 
*5TATI<;I((;5" NO O!AGNOST ICS GHL~ATEi) 
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AFFENDIX B - INPUT DATA 

Ut'IJ~!:t: I!f LLir~vl::': HWM 0-i5 TO 3K-30 HY 0-1':> 

"I-<t-!...,L - wHf::I::'L- TRACt<. B flU V "KUN, 
VtH1Ld: T Yf>t HA St 1 t3ASt: 2 w IlJTf1 W lIJTH IIVtKHANG 

u'J - 04 H' 267. 70 o.n 96.00 95.40 d':>.50 

fJ'J Ill, !:i • ':> • 267.20 0.0 96.00 101.4;:) ~').')o 

,w·e - 'J ;::61.('f) 0.0 96.00 96.00 68.75 

MC - t, 296.50 0.0 102.08 101.';)0 74.50 

:'-': f_ - 7 2Q7.nu C.O 96.00 96.00 iO .2') 

~:Il - 4279 /~'j.Of) 0.0 96.0() 95.76 82.24 

I"ILl - 4277 73".('(1 ~ 0 102.00 101.76 82.24 

MiJ - 422':> 284.76 0.0 96.ul. 95. U:> 82.24 

MD - 4;:>.?:l 2R4.76 0.0 102.00 un.76 l:l2.24 

,.~~! - 4"2 c. ~ 23,:>.(j0 O.r) 96. Or) '15.76 82.24 

MU - 4~~lb ZH4.76 f).O 96.00 9':>.76 82.24 

I-' 1'0 -- 421 g ML1D 2 B4 .76 G.O i02.00 101.76 82.l4 
CD 

r~O - 7020 259.50 0.0 96.00 '15.76 7;> .12 

/",0 - 7029 :lIH.54 O.fJ 90.00 q ') .76 72 .12 

MLJ - 7029 MOC 3113 • 0.(' 102.00 1 (] 1 .76 72 .12 

l .' ':>0 : <,2. LV ~1{,.00 96.00 90.CO 4Cl.OO 

IoIH - 50 MOD 21~.Oe 360.00 go.on ':16.00 3/).00 

~B - 50 716.00 360.0G 102.00 102.00 36.00 
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APPENDIX C - PRINTOUT DATA 

24- 0 OEGKE~ CU~VE, K'U!US 2 3~. 73 

lIfF-TKACK WHHL T KACK 
VEH ICU: T YPt: I.-! I UTH (F- T I WIlJTH (FT I 

0':> - 04 ti' 1.U2 9.02 

u:; - 04 1:1. S I 1.02 9.0~ 

!"IC - ~ 0.97 11.97 

MC - 6 1.25 9 -, . '-
MC - 7 1.2':> 9.?5 

MlJ - 4~-;9 O.71:J CI.7C1 

MO - 4277 0.78 9.2b 

~liJ - 422? ~ • 1 j 9.15 

i'1n - 422j 1.1':> '} • ;)? 

""Ll - 4Ut!. O.7C1 CI.7f-

M~) - 421C1 1 - 1 ':> 9.15 

1"1 U - 4 Z l b M lJd 1. 15 9.1,5 

1"1 f) - 70:>0 0.'16 tJ .96 

MJ - 7029 L.44 '1. 44 

I-1U - 7029 I"IUlJ 1. 44 9 .44 

C - 'lO 1.91 9.91 

fltJ - ?O MUD ? :>1 10.'Jl 

wtl - 50 2.':>1 11.01 

~ wf: iJT 
.. 10TH (FT I 

~O. ; 0 

11 .19 

10.4 tJ 

11 .67 

11 • 1 3 

10.17 

10.61) 

11 .01 

11.50 

10.17 

11 .01 

11 .50 

10.47 

11 .55 

12.04 

10. !I 

1 L .40 

11 .9·) 
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24-15 DEGREt. CURVE, RAL>IUS = 236.27 

i)t=t=-T~ACK rlHEEL TRlICK SWEPT 
VtHICLt TYPt ·.IlJTH (F T I WIDTH (FT ) WIDTH IFTI 

U:" - 04 {;, 1.03 9.03 10.72 

05 - 04 El. 5 ' 1.03 9.03 11 .22 

MC - 5 O.9El 1i.98 10.51 

"IC 6 1.26 9.70 11.65 

r~C - 7 1.27 9.27 I 1 .16 

1'10 - 427<; 0.79 ~.79 10 .19 

fvlJ - 4277 Q.79 9.29 10.69 

Ml) - 422') 1.16 9.16 11.04 

r"il) - 422, : • 16 9.66 11 .53 

fvlO - 4222 0.79 'j. -(9 ~ O. 19 

Mil - 4.?l tJ 1. 16 9.16 11.04 

Vl) - 4Zle M8U 1.16 9.66 11 .53 
;0..) 

0 Ml) - 7020 0.97 8.97 10.49 

r~l) - 7029 1.46 9.46 11 • ., 8 

1"'10 - 7029 MU:l 1 • 4 fJ 9.96 12.0H 

L - Sf) 1. 9 3 q .93 iD.74 

w.:', - 50 (It,fJ[) 2.54 1 G.,4 11 .43 

wtj - 50 2.;4 11. 04 11 .93 



~·~f r ,r·'f·""""r~ ,''1'1'' · .~' 

24-30 DEGREE CURVE, RJ,JIUS = 233.86 

nF::-IRACi< wr-'EEL TRACK SWEPT 
VEHICLE TYP:C ~~ I IJn' I HI WI DT~ I FTi WIDTH (FT; 

U5 - 04 ti' I ~ GI~ 9.04 10.75 

05 - 04 8.5 1 1.04 9.04 11.25 

Me - 5 0."9 d .99 10.53 

MC - 6 1.2'3 9.713 11.68 

MC - 7 1. 2E 9.28 1l.19 

;~O - 4279 0.80 8.80 10.21 

MD - 4277 0.80 'r.30 10.71 

;-'Or) - 4225 1. Ie 9. i 8 11 .07 

MD - 4i:?3 1.18 9.68 11.57 

Mu - 4222 0.80 8.80 10.21 

MlJ - 42Jd 1.18 9.18 J:.07 

MD - 421ti MUD 1. 18 9.6~ 11 .57 
I\J 
!-' 

MD - 7C20 0.9B 8.98 10.52 

M[) - 7029 1.47 9.47 11.( 2 

MO - 702Q M'-'D 1.47 9.97 .1.2.11 

C - 50 1.95 9.95 le.77 

wti - 5Q HDU 2. 'J 7 10. ~ 7 11. ~ 7 

H~ - 50 2.57 11.07 11.97 



: •• '11 7,.' ~ , r- , .. " 

24-45 DEGREf CURVf, RADIUS = nl.50 

CFF--iRACK ",~EEL TUACK SWEPT 

V[HICLE TYPE WIDTH IFTl .dOTH IFTJ ~'IDTH 1FT) 

U5 - 04 8' 1.05 9.05 10.78 

IJ 5 - 04 8.5 I 1.05 9.05 11 .28 

MC - 5 1.00 9.00 10.5f, 

MC - 6 1.29 9.79 11.72 

MC - 7 1.29 9.29 11 .22 

MO - 42"""'9 0.81 o .IH 10.23 

MD - 4277 0.81 9.31 10.73 

MLJ - 4225 1.19 9.19 11 .10 

MD - 4223 1. 19 CL-'9 11.60 

MO - 4222 0.81 8.8l 10.23 

M'1 - 421B 1. 19 9.19 11.10 

~L· - '-,-218 MOO 1.19 9.69 11.60 
t.) 
N 

MO - 7020 0.99 8.99 10.54 

M~ - 7029 1.49 9.49 11.65 

MD - 7029 MOD 1.49 9.99 12.15 

C - 50 1.97 9.97 10.80 

wl3 - 50 MOD 2.59 10.59 11 .50 

WB - 50 2.59 11.09 12.00 


