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Abstract 
Over the last decade, the log transportation sector of the forest industry in westem Canada has improved productivity 
by adding more axles to the trailing system of traditional 5-axle configurations, to the detriment of vehicle mobility. 
If payload capacity is increased by adding a drive axle to a tandem drive group, the resulting tridem drive system will 
provide both productivity and traction benefits. However, this changes the handling performance of the vehicle, 
specifically the steering response during low-speed, tight turns. To determine the tridem tractor's steering response, 
a testing program was undertaken to vaUdate computer simulation models, and following validation these models 
were used to determine the appropriate vehicle parameters to ensure acceptable handling on both high- and low-fiiction 
surfaces. Recommendations for vehicle parameters are presented in terms of the respective weights and dimensions 
regulations for the provinces of British Columbia and Alberta. 
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Summary Sommaire 
In recent years, the westem Canadian forest industry has 
been investigating the potential of tridem drive tractors 
in an effort to increase the tractive capability of log 
hauling configurations. Initial testing of a tridem drive 
tractor conducted by the Forest Engineering Research 
Institiite of Canada (FERIC) between 1992 and 1994 
demonstrated that a tridem tractor/pole trailer 
configuration performed satisfactorily. However, this 
testing did not address the sensitivity of the tractor 
parameters (e.g., wheelbase and axle loads) to the 
steering performance of the configuration. Therefore, 
in 1996 an indirect method of estimating the steering 
tire's lateral forces was devised and further testing was 
conducted on a low-friction surface with two different 
wheelbase tractors. Steering performance was evaluated 
by the Lateral Friction Utilization (LFU) performance 
measiu-e developed by the National Research Council 
(NRC). 

The testing confirmed that steering performance was 
improved as tractor wheelbase and steering axle load 
increased, and as drive group load decreased. The 
steering performance test results were compared with 
estimates provided by a yaw/roll computer model 
developed jointly by N R C and the University of 
Victoria. The computer model estimates correlated well 
with the field test results. Model estimates of steering 
performance had a linear correlation coefficient of 
0.927 with the field test results. This meant the yaw/ 
rol l model could be used to predict the steering 
performance of tridem tractor/pole trailer configiu^tions 
on both low- and high-friction surfaces. 

A sensitivity analysis of tractor and trailer parameters 
was conducted using the yaw/roll model and showed 
that variations in trailer parameters have a minor effect 
on steering performance, whereas variations in tractor 
parameters have a major effect. The model was used to 
estimate minimum steering axle loads for various drive-
group loading levels and drive-group spreads. In 
Alberta, under a maximum winter tridem drive-group 
load of 27 000 kg and tractor wheelbase of 6.6 m, short 
drive-group spread (2.74 m) and medium drive-group 
spread (3.02 m) tractors require a steering axle load of 
6 700 kg and 7 900 kg, respectively. In B.C., under a 
maximum winter tolerance tridem group load of 
25 500 kg and tractor wheelbase of 6.6 m, a short drive-
group spread tractor requires a steering axle load of 
6 150 kg. Reducing the tractor wheelbase increases the 
steering axle load requirement, whereas reducing the 
drive group load and drive group spread decreases the 
steering axle load requirement. 

Au cours des demieres annees, I'industrie forestiere de 
I'ouest du Canada a examine le potentiel des tracteurs 
a essieu tridem moteur, dans le but d'augmenter la 
capacite de traction des configurations utilisees pour le 
camionnage des billes. Des essais preliminaires d'un 
tracteur a essieu tridem moteur, effectues par I'lnstitat 
canadien de recherches en genie forestier (FERIC) entre 
1992 et 1994, ont demontre qu'un ensemble combinant 
un tracteur tridem et une semi-remorque a poutre 
telescopique avait une performance satisfaisante. 
Cependant, cet essai ne considerait pas l'influence des 
parametres du tracteur (p. ex. empattement et charge 
a I'essieu) sur le degre de manoeuvrabilite de la 
configuration. Par consequent, en 1996, une methode 
indirecte d'evaluation des forces laterales exercees sur 
les pneus de I'essieu directeur a ete elaboree et d'autres 
essais ont eu lieu sur une surface a faible friction, avec 
deux tracteurs a empattement different. L a 
manoeuvrabilite a ete evaluee suivant la methode 
d' utilisation de la friction laterale, une mesure de 
performance mise au point par le Conseil national de 
recherches (CNR). 

Les essais ont confirme que la manoeuvrabilite etait 
amelioree par 1'augmentation de I'empattement du 
tracteur et de la charge a I'essieu directeur, ainsi que 
par la reduction de la charge sur le tridem moteur. Les 
resultats des essais de performance en manoeuvrabilite 
ont ete compares aux estimations fournies par un 
modele de simulation lacet-roulis, developpe 
conjointement par le CNR et I'Universite de Victoria. 
Les estimations du modele montraient une bonne 
correlation avec les resultats des essais sur le terrain. 
La performance en manoeuvrabilite indiquee dans le 
modele avait un coefficient de correlation lineaire de 
0,927 avec les resultats des essais sur le terrain. Cela 
signifie que le modele lacet-roulis pourrait etre utilise 
pour prevoir le degre de manoeuvrabilite des ensembles 
combines tracteur tridem et semi-remorque a poutre 
telescopique, sur des surfaces a friction faible comme 
a friction elevee. 

Une analyse de sensibilite par rapport aux parametres 
du tracteur et de la remorque a ete effecmee en utilisant 
le modele lacet-roulis et a demontre que les variations 
dans les parametres de la remorque avaient un effet 
mineur sur la manoeuvrabilite, alors que les variations 
dans les parametres du tracteur avaient un effet majeiu-. 
Le modele a ete utilise pour estimer les charges 
minimales a I'essieu directeur en fonction de divers 
niveaux de charge sur I'essieu tridem moteur et de 
differents ecartements de ce meme essieu. En Alberta, 
pour une charge maximale d'hiver de 27 000 kg sur le 
tridem moteur et un empattement de tracteur de 6,6 m. 



des tracteurs ayant un tridem moteur a court ecartement 
(2,74 m) et a ecartement moyen (3,02 m) demandent une 
charge a I'essieu directeur de 6 700 kg et de 7 900 kg, 
respectivement. En C.-B., pour une charge maximale 
d'hiver de 25 500 kg sur le tridem moteur et un 
empattement de tracteur de 6,6 m, un tracteur a court 
ecartement du tridem moteur demande une charge a 
I'essieu directeur de 6 150 kg. La charge requise a 
I'essieu directeur est augmentee par une reduction de 
I'empattement du tracteur, alors qu'elle est diminuee 
par une reduction de la charge sur le tridem moteur ainsi 
que de I'ecartement de ce dernier. 



INTRODUCTION 

Trucks that are equipped with tridem drive axles' have 
increased off-highway mobihty over the standard tandem 
drive units, and therefore offer operational benefits to 
the forest industry. On behalf of the industry and in 
collaboration with various government agencies, the 
Westem Division of the Forest Engineering Research 
Instimte of Canada (FERic) began to explore die potential 
of this technology in 1989. Initially, a feasibility study 
was undertaken, using computer simulation, in which 
the tractive and dynamic behaviours of conventional 
log truck configurations were compared to truck 
configurations with tridem drive axles (Marshall and 
Amlin 1990). These simulations identified that: 

• Tridem drive tractors showed improved tractive 
ability and reduced low-speed responsiveness 
when compared to tandem drive tractors. 

• Configurations with a single degree of articulation 
freedom^ exhibit superior dynamic stability 
compared to vehicles with multiple degrees of 
articulation freedom. 

Based on these findings, a follow-up project was 
initiated in 1992 (Amlin et al. 1995). In conjunction 
with a cooperating tmck fleet, a tridem drive tractor 
was purchased and evaluated during regular log hauling 
service over a one-and-a-half-year period. During this 
time, operating costs and productivity were morutored 
and a series of controlled tests was conducted to evaluate 
traction and steering performance. Relative to the 
tandem drive fleet, the study found the tridem drive 
tractor to have similar operating costs, improved 
productivity and traction, and increased understeen 

Although the steering tests and drivers' experiences 
indicated that the steering performance of the tridem 
drive tractor used in the study was acceptable, it was 
still necessary to address regulatory concerns beyond 
this one tmck experiment. Specifically, the implications 
of varying tractor wheelbase, steering axle loading, 
tridem drive-group loading, and other parameters with 
respect to the tmck's ability to negotiate a low-speed, 
90-degree tight tum on both low- and high-friction 
surfaces, needed to be understood. Tight turning 
performance was considered to be the greatest operational 
challenge by users, researchers, and regulators. The 
tight turning performance is not as critical as high-speed 
performance measures such as rollover stability and 
high-speed offtracking, since tight turns are performed 
at low speeds and the impact on other traffic is reduced. 
However, log hauling configurations must be capable 
of negotiating the tight comers on icy surfaces. More 
recent work performed by FERIC and its cooperators in 

the Westem Log Tmck Configurations Smdy (Parker 
and Aml in 1998) has confirmed that the tridem 
tractor/pole trailer has better or equivalent performance 
for all performance measures investigated, with the 
exception of steering performance. 

Steering performance is characterized by the steering 
axle tires' ability to develop sufficient lateral force to 
overcome the resistive moment of the drive group tires 
and thereby turn the vehicle. Plough-out occurs if 
insufficient turning force is developed at the steering 
axle tires.This phenomenon is referred to as samration 
(i.e., the maximum obtainable turning force). This force 
is directly proportional to the vertical tire load and tire 
adhesion coefficient (p,p). To describe steering axle tire 
plough-out, the National Research Council Canada 
(NRC) developed a performance measure called 
"Lateral Friction UtiUzation" (LFU) (El-Gindy 1992). 
LFU^ defines the proportion of available lateral friction 
used by the steering axle tires to guide a tmck through 
a low-speed, tight-radius tum. 

The most practical way to quantify a tmck's dynamic 
performance is to use vatidated computer modelling. 
Usually simulation models are validated through 
simplified full-scale field testing. This method was 
employed by the Transportation Association of Canada 
(TAC) in its smdy on heavy vehicle weights and dimen
sions (Ervin and Guy 1986). Here the University of 
Michigan Transportation Research Institute (UMTRI) 
vehicle dynamic models were used, followed by 
full-scale testing to validate model predictions. A 
number of tmck performance models are recognized, 
but they have not been validated for steering performance, 
tridem tractors, or low-friction surfaces. A dynamic 
yaw/roll model developed by NRC in cooperation with 
the University of Victoria (UVic) (Tong et al. 1995) 
most closely approximates the performance of the 
tractor/pole trailer logging configuration. Although this 
model works wel l when comparing different 
compensating reach-type configurations, estimates of 
absolute values are considered questionable, particularly 
on low-friction surfaces. 

' A tridem is defined as a group of three axles that are equally 
spaced and equally share the load. A l l axles within the group 
are attached to a common framework, and all are equipped with 
identical tire and wheel assemblies. 

2 There are two degrees of articulation freedom on a pole trailer 
configuration (reach articulation angle and load articulation 
angle), and one constraint load length which remains constant. 
However, this geometric constraint effectively negates the bunk 
pivot as an articulation point and reduces the two degrees of 
articulation freedom to one effective degree of freedom. 

^ L F U = (net sum of lateral forces at steering axle tires) (sum 
of vertical forces at steering axle tires x |ip). 



Therefore, additional field test measurements were 
needed to use the yaw/roll model with confidence for 
low-friction surfaces. 

OBJECTIVES 

The primary objective of this study was to develop rec
ommendations for the on-highway regulation of tridem 
tractor/pole trailer configxu-ations. The following specific 
objectives were estabhshed to achieve this primary goal: 

1. On a low-friction surface, obtain low-speed test 
data for at least two different wheelbase tridem 
tractors to determine the steering axle tires' L F U . 
Then, validate the models by comparing the data 
to computer simulation predictions for low-friction 
surfaces. 

2. Using the validated computer simulation, conduct 
sensitivity analyses on the tridem tractor/pole 
trailer configurations for the key parameters (i.e., 
tractor wheelbase, steering axle loading, drive 
group loading, trailer group loading, drive group 
spread, trailer group spread, interaxie spacing, 
hitch offset) (Figure 1) to determine the ranges for 
critical dimension and weight that will ensure safe 
operation of these configurations. 

SCOPE 

This smdy is limited to the evaluation of tridem drive 
tractors in terms of low-speed mming performance on 
low-friction surfaces (|Xp > 0.2).'* Although other 
dynamic performance measures should be considered 
in the overall evaluation of a particular configuration, 
they are of a high-speed nature and have been previously 
addressed (Tong et al. 1995; Parker and Amlin 1998). 

The most popular log hauling configurations in westem 
Canada use the sliding compensator reach mechanism, 

and of them, the tractor/pole trailer (only one degree 
of articulation freedom) has been found to be the most 
stable dynamically. Therefore, the smdy only addresses 
the tridem tractor in combination with tandem and tridem 
pole trailers (Figure 2) and, because of their regional 
use, only in terms of the existing weights and dimension 
regulations for the provinces of Alberta and British 
Columbia. The authors do not advise the application 
of these results for tridem tractors used with other 
vehicle configurations, or with other loading distributions 
outside the ranges presented in this report. 

METHODOLOGY 

FieldTesting and Correlation with Yaw/ 
Roll Model 
Test Vehicle Description. To obtain the peak angles, two 
tridem drive vehicles with different wheelbases were 
tested as straight tmcks: a 5.6-m-wheelbase Peterbilt 
tanker track, and a 6.6-m-wheelbase Kenworth tractor 
(Figure 3). Both had a 2.74-m drive group spread. 
Different wheelbase vehicles were used to evaluate the 
effect of wheelbase on steering performance, and to 
improve the validation of the model. Testing was 
conducted with straight tracks only, since the validity 
of the simulation's trailer compensator model had been 
demonstrated through previous N R C testing. Using 
straight tracks simplified the test procedure and data 
analysis. Once the simulation is validated for straight 
track plough-out on a low-friction surface, the model 
can be used for all combinations, because the effects 
of trailer dynamics are well understood and are a 
function of simple geometric relationships. 

Prior to testing, each of the tracks was outfitted with 
tires that had been characterized during previous testing 

•* Coefficient of adhesion (^ip) of 0.2 corresponds to a typical ice 
surface. | ip ranges from 0.1 to 0.3, and 0.25 to 0.4 for ice and 
snow surfaces, respectively. 

Steering 
axle load Drive group load 

Trailer group^ 
spread 

Trailer group load 

Figure J. Tractor arui trailer parameters. 



Tridem Tractor/Tandem Pole Trailer 

Tridem Tractor/Tridem Pole Trailer 

Figure 2. Tridem tractor/pole trailer configurations. 

Figure 3. Peterbilt and Kenworth trucks used in tests. 

conducted by FERic and NRC (Preston-Thomas 1994). 
The trucks were also fitted with calibrated rotary 
potentiometers, mounted on the kingpins (Figure 4), 
to measure the angles of the steering axle tires. A 
Campbell Scientific CRIO data logger powered the 
potentiometers and recorded their outputs. 

Test Procedure: 

• The test trucks were loaded to legal axle weights.^ 
For the Peterbilt, the majority of the loading was 
accomplished with water in the tank 
compartments. For the Kenworth, loading was 
mainly accomplished by adding large solid-steel 
weights on the tractor chassis. For both trucks, 
smaller steel weights ranging from 20 kg to 500 kg 
were added or removed to fine-tune the axle weights. 

• The test trucks were driven around a 14-m radius 
(at outside steering axle tire), 90-degree right-hand 

Figure 4. Rotary potentiometer on kingpin. 

turn at 3 km/h on an ice surface* (Figure 5), 
ensiuing that the steering axle tires did not satarate 
and that plough-out did not occur Plough-out was 
deemed to have occurred when the front wheels 
could no longer follow within a 0.25-m tolerance 
path outside of the 14-m arc. The steering axle tire 
angles were recorded during the turn. After 
gathering sufficient data for at least three 
successful runs, the coefficient of adhesion, \ip, 
was determined using the procedure described in 
the following section. 

^ Drive group loads: 21 000 kg (Alberta legal), 24 000 kg (B.C. 
legal), 27 000 kg (Alberta winter green route). Steering axle 
loads: 6 100 kg and 5 500 kg. In some situations, a steering axle 
load of 5 500 kg was not achieved since the critical loading 
occurred above this point. 

* Testing was suspended when the ice temperature rose above 
-2°C £md diuing periods of snowfall, due to the wide variations 
in the coefficient of adhesion which occur under these conditions. 

3 



Figure 5. Tridem tractor making test tum. 

• The steering axle load was incrementally reduced, 
while the drive group load was maintained, and the 
test truck was driven around the test tum again 
until sadiration occurred. If the path was between 
14.15-m and 14.25-m radius for at least three mns, 
then saturation was deemed to have occurred and 
the recorded steering axle tire angle data for these 
mns became the sataration steering angles. The 
coefficient of adhesion was calculated again to 
ensure tiiat the characteristics of the ice surface had 
remained consistent throughout the testing period. 

Determination of Coefficient of Adhesion. The most 
effective method to determine the coefficient of adhesion 
is to use the same steering axle tire type, at acmal test 
loading and speed. Therefore, the loaded tridem tmck 
itself was used as the measuring device. A single 
steering-wheel brake was isolated, and operated by a 
hand-operated air regulator, independently of the 
treadle valve, to develop a resistive wheel force. The 
test tmck was towed behind a farm tractor, and the 
towing force was measured using a 44.4-kN load cell. 
Load cell data were obtained prior to brake application 
to determine the tmck's rolling resistance. Once sufficient 
rolling resistance data had been gathered, the brake was 
applied slowly until wheel lock-up occurred. The brake 
was released and reapplied a number of times within 
each ran to obtain an average friction force profile. The 
force prior to brake application, i.e., the rolling 
resistance, was subtracted from the peak force to give 
the maximum friction force. Because the wheel load 
was known, the coefficient of adhesion could be quickly 
determined for each test condition: 

|j,p = (maximum force - rolling resistance) 
(single steering wheel load) 

late the L F U at the steering axle for each combination 
of legal axle loads and wheelbases (Parker et al. 1998): 

L F U = [ ( F -COS0 ) / ( F , *cos0, )] • 80% 
•-̂  zsat saf̂  ^ zleg 

where F zleg 

0 
tag 

0 . 

= legal steering axle load 

= samration steering axle load 

- peak steering axle tire angle at legal 
steering axle load 

= peak steering axle tire angle at 
saturation steering axle load 

Correlation of Field Test Data with Yaw/Roll Model. 
The NRC/UVic yaw/roll model was mn for each of the 
field test conditions, and the peak L F U at the steering 
axle tires was determined for each condition. The 
computer model was mn using the open-loop steering 
inputs collected during testing, and measured tractor 
characteristics (e.g., wheelbase, drive group spreads, 
axle loads). The characteristics of the tires used in the 
model for each test were estimated by combining the 
high-friction tire characteristics determined in a previous 
study (Preston-Thomas 1994), and the tire adhesion 
coefficients estimated from the field tests. 

The model estimates of L F U for the test conditions 
were statistically compared with the field test estimates. 
This was done by determining the linear correlation 
coefficient^ for the relationship between the model and 
field test estimates. 

Simulations of Logging Truck 
Configurations 
Sensitivity Analysis. Following the satisfactory 
correlation of the field test data with the yaw/roll 
model, simulations were performed for a representative 
logging tmck configuration to determine the sensitivities 
of various tractor and trailer parameters on steering 
performance (i.e., L F U at the steering axle tires). A 
tridem tractor/tridem pole trailer combination was 
modelled with the specifications listed in Table 1. (See 
Figure 1 for illustration of these parameters.) The 
analysis was conducted by keeping all but one of the 
pareuneters constant, and varying that parameter by 
-1-10%, -1-20%, -10%, and -20% to determine the 
relative sensitivity of steering axle tire L F U to the 
change. 

Calculating Lateral Friction Utilization from the 
Test Data. The following formula was used to calcu-

' Linear correlation coefficent - index of the linear relationship 
between two variables; the closer to 1, the stronger or closer the 
linear relationship. 



Table 1. Specifications of Tridem Tractor/Tridem 
Pole Trailer Used in Sensitivity Analysis 

Parameter Specification 

Tractor wheelbase 6.6 m 
Steering axle load 6 100 kg 
Drive group load 24 000 kg 
Trailer group load 24 000 kg 
Drive group spread 2.74 m 
Trailer group spread 2.74 m 
Hitch offset 2.5 m 
Interaxie spacing 6.0 m 

were simulated in the same manner as previously 
described in the sensitivity analysis, and the L F U of 
the steering axle tires was calculated. In these 
simulations, the trailer was loaded and the interaxie 
spacing was adjusted to simulate the worst case for 
steering performance. The minimum steering axle load 
necessary (i.e., steering axle load at 80% LFU) for the 
configuration to successfully complete the maneuver 
was extrapolated for each tractor wheelbase/configuration 
loading condition from the simulation data. 

RESULTS AND DISCUSSION 

The simulations were mn at a low-speed (8.25 km/h), 
tight tum maneuver (90-degree 14-m outside radius) on 
an ice surface (p,p=0.2) to evaluate steering performance 
(El Gindy 1995). Low-friction tire characteristics were 
used since steering performance is most critical on low-
friction surfaces (Ervin et al. 1986;Fancheretal. 1989). 

The results of this analysis were used to guide the 
selection of configurations to simulate in the subsequent 
determination of tridem tractor specifications for good 
steering performance. 

Determination of Tridem Tractor Specifications. 
Tridem tractor specifications necessary for good 
steering performance were determined using the N R C 
L F U performance measure. This performance measure 
requires that the L F U at the steering axle tires be less 
than 80% of the peak coefficient of adhesion (El Gindy 
1995). 

Various permutations of tractor wheelbase, steering 
axle load, drive group load, trailer group load and drive 
group spread for tridem tractor/pole ti:ailer configurations 

FieldTesting and Correlation with Yaw/ 
Roll Model 
The primary objective of the field tests was to obtain 
steering performance data which could be used to 
validate the yaw/roll model on low-friction surfaces. 
These data cannot be applied directly to predict the 
steering performance of typical logging truck 
configurations since the testing was conducted with 
straight trucks. However, providing that there is 
acceptable correlation of these data with the yaw/roll 
model estimates for straight track configurations, the 
model may be used with confidence for track/trailer 
configurations. Therefore, the steering performance of 
actual logging track configurations can be predicted. 

The field test results (Table 2) illustrate the importance 
of track wheelbase and load distribution to the steering 
performance of a straight track. These factors would 
have a similar influence on the steering performance 
of a logging track configuration. The field test results 
show that steering axle tires' L F U for a straight track 
in a low-speed tight-tum maneuver on a low-friction 

Table 2. Field Test and Yaw/Roll Model Estimates of Lateral Friction Utilization (LFU) at the Steering Axle Tires 

Nominal Nominal Nominal Field test Mode l Field test 
Wheel- drive steering adhesion L F U L F U variation 

Test base group load axle load coefficient calculations predictions from model 
(no.) (m) (kg) (kg) (%) (%) (%) 

5.6 24 000 6 100 0.16 78.7 81.2 -3.1 
a 5.6 21 000 6 100 0.16 75.6 77.6 -2.7 
3 » 5.6 21 000 5 500 0.16 77.9 75.8 -1-2.7 
4 * 6.6 27 000 6 100 0.15 79.9 77.1 -1-3.7 
$ 6.6 24 000 6 100 0.13 63.6 71.1 -10.6 
€* 6.6 24 000 5 500 0.13 78.3 77.8 +0.7 
1 6.6 21 000 6 100 0.19 60.4 62.1 -2.8 
i 6.6 21 000 5 500 0.20 61.7 65.0 -5.0 
9» 6.6 21 000 4 700 0.14 79.9 77.1 +3.7 

" Saturation loading (i.e., tractor just makes maneuver) 
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surface is highly sensitive to steering axle load, drive 
group load, and wheelbase. 

The NRCAJVic yaw/roll model showed good correlation 
with the field test results (Table 2). Eight of tiie tests gave 
results within 5% or less from the model prediction. The 
maximum variance occured in Test 5, but this greater 
deviation was most likely due to surface variations on 
the ice during field testing. The linear correlation 
coefficient between the two sets of data is 0.927, 
indicating a strong Unear relationship between the field 
test results and the yaw/roll model estimates. These 
statistical results give a high level of confidence in the 
NRC/UVic yaw/roll model for simulating low-speed 
maneuvers on low-friction surfaces. 

Simulations of Logging Truck 
Configurations 
Sensitivity Analysis. The sensitivity analysis illusttates 
that L F U at the steering axle tires is most influenced 
by tractor parameters (i.e., steering axle load, drive 
group load, drive group spread, and wheelbase) 
(Figure 6), with the trailer parameters having a very 
minor effect on L F U . Drive group load and drive group 
spread influence the resistive moment generated by the 
drive group. Both of these parameters show a strong 

direct linear relationship with L F U , since L F U increases 
as these parameters are increased. Steering axle load 
and wheelbase have inverse non-linear relationships 
with L F U , which decreases at a reduced rate as these 
parameters are increased. L F U is minimized at high 
steering axle loads, while the lateral force at the steering 
axle tires (and hence the L F U to counteract the 
resistive moment generated by the drive group tires), 
is reduced as tractor wheelbase increases. 

Individually, the trailer parameters have a very minor 
influence on the steering axle tires' L F U . However, the 
trailer parameters and hitch offset combined have a 
more significant influence. Steering performance is 
improved when the trailer is heavily loaded, the hitch 
offset is increased, the trailer group spread is increased, 
and the interaxle spacing is decreased. Since the steering 
performance is influenced more heavily by the tractor 
parameters, the optimum steering performance occurs 
when drive group spread is minimized, and tractor 
wheelbase and the proportion of the tractor load 
carried by the steering axle are maximized. 

Determination of Tridem Tractor Specincations. 
The critical parameters govenung steering performance 
were identified as tractor steering axle load, tractor 
drive group load, tractor wheelbase and drive group 

-20 -10 10 20 
Variation (%) 

- • - Drive Group Load - e - Trailer Group Load Steering Axle Load 

Drive Group Spread - A - Tractor Wheelbase -m- Trailer Group Spread 

- f f l - Interaxle Spacing Hitch Offset 

Figure 6. Sensitivity of LFU at steering axle tires to changes in various configuration parameters. 



spread. Based on the results of the sensitivity analysis, 
the trailer was modelled to simulate the worst case 
situation for steering performance, by loading the 
trailer to a minimum level, minimizing the trailer group 
spread, and maximizing the interaxie spacing between 
the drive and trailer axle groups. The envelope of 
acceptable steering performance characterized by these 
parameters has been summarized for Alberta and 
British Columbia axle group loadings in Figures 7, 8, 
and 9. The lines on the graphs represent 80% L F U for 
the respective loading condition. Steering axle load/ 
wheelbase combinations which lie above the lines have 
an L F U less than 80% and are therefore acceptable 
combinations. 

The tandem pole trailer configuration consistently 
requires a higher steering axle load than the equivalent 
tridem pole trailer configuration. A lower lateral force 
is developed at the pintle hook by the tandem pole 
trailer than by the tridem pole trailer. Therefore, the 
tandem pole trailer provides less assistance to the 
tractor's steering performance than does the tridem pole 
trailer. In B . C . , only the short drive-group spread 
(2.74-m) was investigated, since the regulations provide 
no load advantage for increasing drive-group spread. 
In Alberta, the regulations provide a load advantage at 
longer drive-group spreads, so both medium-spread 
(3.02 m) and short-spread tractors were investigated. 

For legal Alberta summer loads (21 000 kg on drive 
group), a short wheelbase (5.6 m) short drive-group 
spread tractor would meet the minimum steering 
requirements. The minimum steering axle load 
requirement for this short wheelbase tractor is 6 150 kg 
(Figure 7). This requirement increases to 8 200 kg for 
winter green route loadings (27 000 kg on drive axles). 
The maximum steering axle load allowed by the 
Alberta commercial transport regulations for regular 
configurations, on both summer and winter routes, is 
7 300 kg. However, according to the regulations, if the 
tractor operates with fixed equipment (e.g., self-loader), 
the steering axle load may be increased to 9 100 kg. 

Based on tiie computer simulation analysis, tiie minimum 
wheelbase which can be considered for operation with 
a short drive-group spread tractor without a self-loader 
on an Alberta winter green route would be 6.2 m, where 
the minimum steering axle load requirement is 7 300 kg. 
The steering axle load requirement drops to 6 700 kg 
for a 6.6-m wheelbase short drive-group spread tridem 

In Alberta, winter weight permits are issued based on the 
infrastructure capabilities (under winter conditions) of a 
particular route. These routes are colour coded with green route 
having the highest weight allowances, followed by blue, yellow 
and red. The weight allowances on a red route are the same as 
the legal weight allowances. 

9500 - -

9000 - -

8500 — 

4500 -I \ 1 1 \ 1 1 \ \ 1 1 

5.6 5.8 6 6.2 6.4 6.6 
Wheelbase (m) 

Legal (tridem trailer) M Legal (tandem trailer) 

- A : - Winter green route (tridem trailer) • Winter green route (tandem trailer) 

Figure 7. Envelope of acceptable steering performance for Alberta configurations (2.74-m drive group spread). 
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Figure 8. Envelope of acceptable steering performance for Alberta configurations (3.02-m drive group spread). 
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Figure 9. Envelope of acceptable steering performance for B.C. configurations (2.74-m drive group spread). 



tractor/tandem pole trailer configuration hauling winter 
green route weights. The use of tridem pole trailers 
further reduces the steering axle load requirements with 
a 6.6-m wheelbase short drive-group spread tridem 
tractor/tridem pole trailer, hauling legal summer 
weights, to only 4 850 kg. This is typically less than 
the steering axle tare weight of most tandem tractors. 

A 6.6-m wheelbase short drive-group spread tridem 
tractor/tandem pole trailer configuration has successfully 
operated in northem Alberta on winter green routes 
(Amlin et al. 1995). For the first two winters of operation, 
the steering axle load was only 6 100 kg (no self-loader), 
which is 9% less than the minimum estimated fi-om the 
simulation (6 700 kg). In this period no steering problems 
were encountered, suggesting that the simulation steering 
axle estimates are conservative and provide an adequate 
safety margin. The difference between the operational 
experience of the tridem tractor and the simulations is 
most likely due to the extreme simulation conditions 
(coefficient of adhesion = 0.2; tum radius = 14 m; speed 
= 8.25 km/h) which are rarely encountered together, 
even under the most severe winter hauling conditions. 

In Alberta, the regulations allow the drive group load 
to be increased to 23 000 kg for a medium drive-group 
spread tractor for legal summer loads. The increased 
load allowance on the drives increases the payload 
capability of the configuration by 2 000 kg and 
improves traction for legal summer loads. These benefits 
are major incentives for the use of medium drive-group 
spread tractors. Based on the simulation results, the 
longer drive-group spread greatly increases the steering 
axle load and wheelbase requirements to achieve 
acceptable steering performance (Figure 8). A 6.6-m 
wheelbase medium drive-group spread tractor, 
equipped with a self-loader and pulling a tandem pole 
trailer, can be operated on a green route in the winter 
with a steering axle load of 7 900 kg. The minimum 
wheelbase required to operate on a green route for a 
medium drive-group spread tractor without a self-loader 
is 7.0 m, where the minimum steering axle load is 
7 250 kg. With a self-loader, the minimum wheelbase is 
6.0 m, where the minimum steering axle load is 9 100 kg. 

In B.C. , the least favourable configuration in terms of 
steering performance is the tridem tractor/tandem pole 
trailer with the tractor drive group loaded to 25 500 kg 
(maximum winter tolerance allowance) (Figure 9). A 
5.6-m wheelbase short drive-group spread tractor 
would meet the minimum steering performance 
requirements for this loading condition, provided that 
the steering axle is loaded to a minimum of 8 100 kg 
(which is within the maximum 9 100 kg allowance for 
steering axles in B.C.). However, to achieve this steering 
axle loading practically, the tractor would need to be 

equipped with a self-loader. Without the self-loader, the 
bunk would need to be placed so far ahead of the drive 
group that the cab would interfere with the load's front 
overhang during turns. 

Longer tractor wheelbases lower the steering axle load 
requirement. A 6.6-m wheelbase short drive-group 
spread tractor requires a steering axle load of only 
6 150 kg for the worst case tandem pole trailer 
configuration. This steering axle load can be achieved 
without a self-loader on the tractor. At a legal tridem group 
loading of 24 000 kg, the steering axle load requirement 
for a 6.6-m wheelbase tractor is further reduced to 
5 800 kg. 

In order to simplify the application of required tridem 
drive tractor specifications, both the tandem and tridem 
pole trailer configurations should have the same 
requirements. Therefore, these specifications wil l be 
determined by the tandem pole trailer configuration 
which is more demanding in terms of steering performance. 
Acceptable tridem tractor specifications at various 
allowable drive group loads for Alberta and B.C . are 
summarized in Tables A l , A2 and A3 in Appendix 1.' 

CONCLUSIONS 

Field testing of straight tmcks demonstrated that the 
tridem tmck's steering performance deteriorated as 
drive group load increased, steering axle load de
creased, and tractor wheelbase decreased. 

The NRC/UVic yaw/roll model was validated as a tool 
for predicting low-speed steering performance on a 
low-friction surface. The model showed a strong cor
relation with the test results, with a high linear corre
lation coefficient of 0.927. 

The following parameters have a major influence on 
Lateral Friction Utilization at the steering axle tires for 
tridem tractor/pole trailer configurations: 

• Steering axle load (maximize for best 
performance) 

• Tractor wheelbase (maximize for best 
performance) 

• Drive group load (minimize for best performance) 

* The tables report the worst case conditions. If the bunk is located 
for these worst case conditions, steering performance wi l l be 
improved as drive group load is reduced below the maximum 
allowance, as steering axle loads are reduced at a lower rate than 
drive group loads. 



• Drive group spread (minimize for best 
performance) 

The following parameters have a minor influence on 
Lateral Friction Utilization at the steering axle tires for 
tridem tractor/pole trailer configurations: 

• Hitch offset (maximize for best performance) 

• Trailer group load (maximize for best 
performance) 

• Interaxle spacing (minimize for best performance) 

• Trailer group spread (maximize for best 
performance) 

The model was used to estimate minimum steering axle 
loads for various drive group loading levels and drive-
group spreads. The model predictions are slightly 
conservative and provide an adequate safety margin, 
based on the operational experience of a tridem tractor/ 
tandem pole trailer configuration in northem Alberta. 

The results from this study were used to establish 
regulations governing the use of tridem tractors with 
pole trailers in B.C. FERIC is continuing to investigate 
altemative tridem tractor configurations. Two altemative 
tridem tractor configurations (tmck/full trailer, super 
B-train) are presentiy being evaluated in Alberta. 

RECOMMENDATIONS 

The following tridem tractor specifications are 
recommended for use only with tandem and tridem pole 
trailer configurations. 

Alberta 
1. The minimum tridem tractor wheelbase should be 

5.6 m for all applications, except winter green 
route loads with a drive group spread of 3.02 m, 
where the minimum tractor wheelbase should be 
6.0 m. 

2. The minimum steering axle load is determined by 
tractor wheelbase, drive group spread, and drive 
group load. The steering axle components and tires 
must have a load capacity exceeding the maximum 
steering axle load. 

3. The bunk should be located to ensure the required 
steering axle load is achieved for the maximum 
drive group load allowance. 

British Columbia 
1. The minimum ttactor wheelbase should be 5.6 m 

if a self-loader is used; otherwise, a wheelbase of 
6.6 m or greater is recommended. 

2. The minimum steering axle load is determined by 
tractor wheelbase, drive group spread and drive 
group load. The steering axle components and tires 
must have a load capacity exceeding the maximum 
steering axle load. 

3. The bunk should be located to ensure the required 
steering axle load is achieved for the maximum 
drive group load allowance. 
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APPENDIX I 

Table Al. Minimum Steering Axle Loads for Tridem Tractors: Alberta (2.74-m maximum drive-group spread) 

Minimum Steering Axle Loads 
21 000 kg 27 000 kg 

Tractor drive group drive group 
wheelbase load load 

(m) (kg) (kg) 
5.6 up to but not including 5.8 6 150 8 200 
5.8 up to but not including 6.0 5 950 7 900 
6.0 up to but not including 6.2 5 750 7 600 
6.2 up to but not including 6.4 5 500 7 300 
6.4 up to but not including 6.6 5 300 7 000 
6.6 and greater 5 100 6 700 

Table A2. Minimum Steering Axle Loads for Tridem Tractors: Alberia (3.02-m maximum drive-group spread) 

Minimum Steering Axle Loads 
23 000 kg 25 000 kg 27 000 kg 

Tractor drive group drive group drive group 
wheelbase load load load 

(m) (kg) (kg) (kg) 
5.6 up to but not including 5.8 8 150 9 100 NR" 
5.8 up to but not including 6.0 7 800 8 700 NR 
6.0 up to but not including 6.2 7 400 8 250 9 100 
6.2 up to but not including 6.4 7 000 7 850 8 700 
6.4 up to but not including 6.6 6 650 7 400 8 300 
6.6 up to but not including 6.8 6 350 7 000 7 900 
6.8 up to but not including 7.0 6 150 6 750 7 550 
7.0 and greater 5 950 6 550 7 250 

' MR - not recommended - in excess of maximum steering axle load allowance. 

Table A3. Minimum Steering Axle Loads for Tridem Tractors: B.C. (2.74-m maximum drive-group spread) 

Minimum Steering Axle Loads 
24 000 kg 25 500 kg 

Tractor drive group drive group 
wheelbase load load 

(m) (kg) (kg) 
5.6 up to but not including 5.8 7 450 8 100 
5.8 up to but not including 6.0 7 100 7 750 
6.0 up to but not including 6.2 6 750 7 400 
6.2 up to but not including 6.4 6 400 7 000 
6.4 up to but not including 6.6 6 100 6 600 
6.6 and greater 5 800 6 150 
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