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Abridgment 

Offtracking of the Larger Combination 

Commercial Vehicles 

DAVID S. MILLAR and C. MICHAEL WALTON 

ABSTPACT 

Recent legislative enactments at all government levels have resulted in in
creases in trucks and tractor-trailer combinations. Section 138/415 of the Sur
face Transportation Assistance Act of 1982 called for a feasibility study of a 
national intercity truck route network for commercial vehicles up to 110 ft 

:?~~-~--~~t_u!":,1;!'_ ,t~e_i:_e ___ ':_~~~q~s ~~- o~:~.:'1.11 vehicl~ si.~~ wil~ ~a~~ an imp~c~ on 
u.1.yuWCl,Yb QIIU l,.llC'J.L vpt::1.dL..1.UJl~, C'~l}t::l,;J..c:t.L..LY UII LUc:I.U~ W.1C.ll 1.~::SCrJ.CCl.Ve yeuun::'"C.1..U.a;. 

To assess the ability of a vehicle to operate, one characteristic, its off
tracking, must be evaluated. Several studies involving offtracking are reviewed 
and it is noted that there is a need for additional study of the problems asso
ciated with very long combination vehicles. The offtracking characteristics of 
very long vehicles, as well as those of less extreme vehicles, are described. 
Two methods of measuring offtracking are used, mathematical formulation and an 
adjustable scale model. Curves that illustrate vehicle offtracking paths were 
produced with the model. The formula was used to compute and compare the maxi-
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templates provided. 

Because of the interest in large trucks, mostly gen
erated by federal legislation and some state legis
lation that calls for the elimination or reduction 
of size restrictions, there is a need for some docu
mentation of the turning characteristics of these 
vehicles. Some work has already been done by agen
cies such as the Western Highway Institute (WHI) , 
the California Department of Transportation, and the 
Society of Automotive Engineers on offtracking char
acteristics; however, little effort has been di
rected at the offtracking characteristics of the new 
larger combination truck units with very great over
all lengths (approximately 118 ft). 

Insight is provided, through offtracking curves 
and computed maximum offtracking, as to the charac
teristics of these supertrucks in comparison with 
shorter, more conventional vehicles. A review of 
previous offtracking work is presented along with 
methods of drawing the curves and calculating maxi
mum offtracking. 
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Offtracking is defined in many ways, but all mean 
the same thing i that is, offtracking is the differ
ence in paths of the frontmost inside wheel and 
rearmost inside wheel of a vehicle as it negotiates 
a turn. Actually, whether the distance is measured 
between the front and rear inside wheels, outside 
wheels, or the center of the axles is of no conse
quence; it will be the same. A similar term is 
"trackwidth," which is the total width of the path a 
vehicle makes as it traverses a corner and which is 
measured from the frontmost outside tire path to the 
rearmost inside tire path. This gives an indication 
of the minimum pavement width necessary to accommo
date the vehicle around a corner. 

It will be shown that the most important factors 
in offtracking are the radius and degree of turn and 
the l ength and configuration of the vehicle. Of 
course, many factors affect the offtracking of vehi-

cles and they cannot all be accounted for in any 
predictable manner. Although vehicle length and con
figuration and turn radius are the main determining 
factors, speed and superelevation of the turn can 
have significant effects. Indeed, if a truck combi
nation is going fast enough, centripetal effects may 
reduce offtracking to zero and may produce an over
all negative offtrack effect. Likewise, a slow-mov
ing trailer on a highly superelevated curve will 
experience more severe offtracking than expected. 
Still other factors include driver expertise, condi
tion of the truck and its loads, wind and weather, 
and the condition of tires and road surface. Only by 
recording the paths of actual vehicles can all fac
tors be taken into account. The modeling and mathe
matical methods of simulating offtracking cannot 
account for any of these extraneous yet real influ
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when the results presented here are viewed. 
Several methods may be used to determine the 

amount of offtracking foL 
turning radius. They are 
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1. Observation of actual vehicles, 
2. Mathematical formulation, and 
3. Simulation with models. 

Observing real truck combinations would be the most 
accurate method and would include all the minor fac
tors affecting offtracking. Unfortunately, few agen
cies can afford the time and expense of acquiring 
all the needed vehicles and driving them through 
countless possible turn situations. 

Finding a vehicle's maximum offtracking for a 
given turn radius is most easily accomplished by 
using a mathematical formulation. Although the exact 
equation is awkward to work with, nearly perfect 
approximations can be used with great ease and are 
well suited for making comparisons of different ve
hicles or turns. Unfortunately, the formulation 
gives no indication of the shape of the curves or 
where along the curve the maximum offtracking will 

.. 



Millar and Walton 

occur, Also, in cases where the vehicle's rear axle 
passes to the inside of the turn radius center or 
where the vehicle does not maintain a given turn 
radius long enough to achieve maximum offtracking, 
the equations cannot be used. 

Simulation with models requires considerably more 
(but not excessive) work than the equations and pro
duces a much more complete representation of a vehi
cle offtracking pattern. It can be used for any 
vehicle at any turn radius (or even combination of 
turns), and offtracking can be measured anywhere 
along the curve. More detailed discussion of mathe
matical formulas and models will be presented after 
a discussion of some previous offtracking studies. 

PREVIOUS WORK 

Studies that use the methods just mentioned have 
been made on this topic for some time. Several stud
ies that were used as a basis for this report are 
discussed. 

On the basis of observations of actual vehicles 
in simulated turning situations, Leisch (1) produced 
a set of offtracking templates that have been used 
by many state highway departments. The origin and 
use of the templates, which consist of offtracking 
curves of five vehicles at various turning radii, 
were documented in an HRB paper (~). 

The Society of Automotive Engineers (SAE) has, in 
its publications, provided mathematical formulations 
to describe offtracking (l). The general formula for 
a single-unit vehicle is 

OT= {WB 2 + [(TR 2 - WB 2 )1/2 - HT] 2 }1/2 

- (TR 2 
- WB 2 )1/2 + HT 

where 

OT 

WB = 
HT 

offtracking [maximum for given turning ra
dius (TR)], 
wheelbase, and 
front wheel trackwidth divided by 2. 

Similar formulas for articulated vehicles are 
even more complex and unwieldy, Fortunately, WHI 
developed an equation that accurately approximates 
the SAE equation and that is uniform regardless of 
vehicle configuration (4). The much simpler formula, 
which is also discussed-in an AASHTO report entitled 
Offtrackinq Considerations for Truck Tractor-Trailer 
Combinations (1), is 

MOT= R - (R 2 - IL 2 )1/2 

where 

MOT maximum offtracking, 
R turn radius, and 

LL2 sum of the squares of axle spacings. 

WHI also describes and compares other methods of 
measuring offtracking, including the use of this 
formula, models, actual equipment, and graphics. Two 
methods, the mathematical formula and models, are 
used to address some turn problems, including urban 
street intersections. 

Unfortunately, WHI did not address larger vehi
cles such as large doubles with two 48-ft trailers. 
Generally, though, the WHI publication remains very 
informative and was useful throughout this study. 

VEHICLE OFFTRACKING STUDY 

Proposals fostered by the Surface Transportation 
Assistance Act (STAA) of 1982 spurred several legis-
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lative initiatives in many states throughout the 
United States, which resulted in allowing a range of 
trucks, tractor-semitrailer combinations, and other 
combinations to operate at increased lengths and 
widths. In Texas, House Bill 1601 removed overall 
length restrictions on vehicles using semitrailer 
combinations while placing limits on individual 
trailers and semitrailers of 57 ft. However, because 
of other state and federal limitations, the more 
common trailer lengths will be 28 (and 28.5) ft and 
48 ft. House Bill 1602 increased allowable widths 
from 96 in. to 102 in. 

The work presented in this study was done at two 
different times. Initially templates were con
structed for the use of the Texas State !Jepartment 
of Highways and Public Transportation (SDHPT) fol
lowing a specific request. Later this work was ex
panded to include additional vehicles and different 
template forms. 

As a result there are two sets of vehicles and 
two types of curves. The first set, as stipulated by 
the SOHPT, involves several tractor-semitrailer com
binations with 48- or 57-ft semitrailers and double 
combinations with 28.5- or 48-ft trailers. These 
vehicles were used in making templates that follow 
the pattern established by Leisch and include turn 
radii of 45, 60, and 75 ft. 

Given the new laws governing vehicle size limita
tions, the second set of vehicles consists of those 
believed to be a good representation of probable 
combinations. It includes tractor-semitrailers, 
doubles, triples, a truck-trailer combination, and 
buses, with wheelbases ranging from 30 ft for a bus 
to 108 ft for a double with 48-ft trailers. Only 
right-angle turns with a radius of 25 or 30 ft, such 
as might be encountered in an urban intersection, 
are included in the templates. 

METHODS 

Two methods are used in this paper to evaluate off
tracking--mathematical formulas and models. An equa
tion was used to estimate the maximum offtracking of 
the vehicles and the models were used to produce 
curves that show the shape of the vehicle's path. 

Mathematical Formulation 

As a means of comparing the effects on offtracking 
of different vehicle configurations and different 
turn radii, the mathematical formula developed by 
WHI is utilized. Its accuracy and ease of use make 
this method of evaluation a worthy tool for anyone. 

Tractrix Integrator 

A main element of this paper is to provide curves 
that reveal the effects of longer truck combina
tions. The instrument used to produce these curves 
is called a Tractrix Integrator, which is a model 
used to simulate actual vehicle offtracking charac
teristics. 

It is a device that has a scaled bar supported at 
one end by a pointer and steadying frame. Attached 
at the other end below the bar is an inked wheel 
that makes a trail of ink as the bar is moved. 

To use the Tractrix Integrator, the distance be
tween the pointer and wheel is adjusted to a desired 
scale, The pointer is moved carefully over some 
fixed path representing the path followed by the 
front axle of a vehicle. As the Tractrix Integrator 
is moved, the rear wheel is marking the path of the 
rear axle of the vehicle. To model combination vehi
cles, the path of the tractor is modeled; then the 
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R=45' 

CBE + 48' TRAILER 

F1GURE 1 Sample offtracking template. 

Tractrix Integrator is adjusted to the scale of the 
trailer. The pointer is pulled along the path of the 
rear tractor axle so that the trailer rear axle path 
is produced. Successive passes of the Tractrix Inte
grator may be made to represent any vehicle configu
ration. 

The resulting curves closely replicate the ex
pected paths and track widths of the outside front 
wheel and inside rear wheel. The advantage of this 
type of representation is that the maximum offtrack
ing can be measured for any degree of turn and turn 
radius, as well as the amount of offtracking any
where along the curve. Also, these curves can be 
used in a case where the path of the rear axle 
tracks inside the center of radius of curvature, a 
case where mathematical formulas are unusable. It 
should be noted that these curves are only approxi
mations of actual vehicle paths. Some simplification 
is done concerning vehicle configuration; for in
stance, kingpin placement is always assumed to be 
directly over the rear axle set of the tractor. Ef
fects of such simplification are small, however, and 
are not of concern in this paper. 

RESULTS 

The primary objective of this project was the pro
duction of offtracking templates that could be used 
to aid in the design or evaluation of roadway geo
metrics. The result is a set of 18 templates cover
ing 14 vehicles with combinations of vehicle type 
and turn type that total 74. These templates (Figure 

1) and descriptions of the vehicles are available 
from the Center for Transportation ResP.arch, UnivP.r
sity of Texas at Austin. Presented in Tables 1 and 2 
is a summary of some offtracking measurements taken 
from those templates. 

Also performed was an evaluation of maximum off
tracking by using the WHI formula. This computation 
is easy to perform for any specific vehicle; conse
quently , tabulated results are not Presented here. 
Figure 2 is included, however, to illustrate track
width characteristics of several relevant vehicles. 
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unacceptable, offtracking for large twin-trailer 
vP.hi ~, P.R i R P.ui nP.nt- - Poor offtrack in'] characteris
tics will detract from whatever benefits are offered 
by those vehicles. Alternatively, triple-trailer 
vehicles, although offering many of the same advan
tages as large doubles of similar overall length, do 
so without the detrimental excessive offtracking. 

TABLE 1 Measured Offtracking: Set 1 

Offtracking (ft) by Turn Radius (ft) and Degree 

Vehicle 45 60 75 
Configu-

No. ration 90° 180° 90° 180° 90° 180° 

1 3-S2 18.6 27.9 14.8 20.7 13.1 14.7 
2 3-S2 21.7 35.3 18.5 25.7 15.7 19.7 
3 3-S2 23.3 36.5+ 19.9 28.5 17.1 21. 7 
4 3-Sl-2 10.9 14.1 9.1 10.3 7.5 7.6 
5 3-S2-4 35.5 20.5 27.3 
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TABLE 2 Measured Offtracking: 
Set 2 

Vehicle 
No. Configuration 

6 SU-30 
7 SU-35 
8 3-2 
9 2-Sl 

10 2-Sl-2 
11 2-Sl-2-2 
12 3-S2 
13 3-S2-2 
14 2-S2-4 
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FIGURE 2 Vehicle trackwidth characteristics_ 

CONCLUSION 
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The information developed and presented in this 
paper is intended to further the discussion and ap
preciation of selected characterizations of the 
longer "super" combination commercial vehicles in
troduced in Section 138/415 of the STAA of 1982. 
These units and their inherent features must be as-
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sessed in order for the highway engineer to consider 
appropriate modifications to currently accepted 
highway geometric design policies and procedures. 
The highway engineering profession must remain 
abreast of emerging trends such as these vehicle 
units and their effects in order to provide effec
tive guidance to elected or administrative officials 
as well as dialogue with the motor carrier industry. 
In this manner, they are better able to provide con
structive judgments surrounding the benefits and 
costs to a national asset--the collective national 
highway infrastructure. 

REFERENCES 

1. Turning Vehicle Templates--A Transportation De
sign Aid. Jack Leisch and Associates, Evanston, 
Ill., 1977. 

2. J. Leisch. Developing Tools and Techniques for 
Geometric Design of Highways. HRB Proc., Vol. 
38, 1959, pp. 321-352. 

3. Turning Ability and Offtracking: SAE J695b. In 
SAE Handbook, Society of Automotive Engineers, 
Inc., Warrendale, Pa., 1964. 

4. Offtracking Characteristics of Trucks and Truck 
Combinations. Western Highway Institute, San 
Bruno, Calif., Feb. 1970. 

5. Offtracking Considerations for Truck Tractor
Trailer Combinations. AASHTO, Washington, D.C., 
Oct. 1983. 

This paper reflects the views of the authors, who 
are responsible for the contents, facts, and the ac
curacy of the data presented. The contents do not 
necessarily reflect the official views of the insti
tutions that they represent. This paper does not 
constitute a standard, specification, or regulation. 

Publication of this paper sponsored by Committee on 
Operational Effects of Geometrics. 




