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Abstract 
Many forest companies in Canada are subject to operational restrictions when spring thaw conditions make their roads 
impassable. Recent trials by the Forest Engineering Research Institute of Canada using chip trucks equipped with 
central tire inflation systems have shown that transport over thawing roads may be feasible using reduced tire pres
sures. This report describes the results of three trials with variable tire pressures: two trials on thawing forest roads, 
and one evaluation of stress and strain in stiff pavements. 
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Summary 
Many forest roads in Canada are built to minimum 
standards because access requirements are typically for 
short-term or intermittent long-term use. During the 
spring, these roads thaw quickly but remain in a satu
rated, weakened state until the underlying materials thaw 
and drain. Forest companies typically suspend hauling 
operations during spring thaw to avoid excessive dam
age to their roads. During thawing, foundation materi
als under thin pavements may become saturated with 
water and stmcturally weakened to the point that the 
pavements become susceptible to mtting and longitudi
nal (alligator) cracking. As a result, provincial regulatory 
agencies reduce tiie permitted axle weights for heavy tracks 
during the spring thaw period, making log or chip tians-
port uneconomic. When spring thaw makes some or all of 
their roads impassable or uneconomical to use, forest com
panies must restrict their operations even though accept
able working conditions still exist at the harvesting sites. 

In 1990, the Forest Engineering Research Institute of 
Canada (FERIC) began a three-year trial to investigate 
the potential of using a seven-axle tractor/B-train com
bination, retrofitted with a prototype central tire infla
tion system (CTIS), in Alberta Newsprint Company's 
(ANC) in-woods chipping operations. If CTIS improved 
traction and flotation of the B-train combination, and 
reduced damage to thawing haul roads, some extension 
of haul season would be permitted. Once clearly dem
onstrated, the benefits of reduced tire pressure operation 
could be applied to both log and chip hauling operations, 
tiiereby alleviating some of the problems associated with 
spring thaw. 

The trial's objectives were to evaluate the prototype 
CTIS under field conditions, determine the costs and 
benefits of the system, and assess the impact of variable 
tire pressure operations under spring thaw conditions, 
on three qualities of road used for chip transport in 
Alberta: native earth block-entry roads; lightiy gravelled 
forest-access roads; and provincia l highways. 
Through the assessment of spring thaw road impacts, 
FERIC determined the potential to extend hauling op
erations into the spring thaw period and thereby re
duce seasonal wood-supply intermptions. 

Refmements made to the prototype and to the subsequent 
commercial model addressed most short-comings noted 
during the trial. The quantity and quality of the com
pressed air supply sttongly influence CTIS performance; 
they can be optimized by the careful selection and main
tenance of both the air compressor and the air dryer In 
general, the prototype system performed satisfactorily, 
experienced few repaks and delays, and improved ve
hicle performance. The drivers' acceptance and support 
of the CTIS were facilitated by initial instraction in tire 

principles and CTIS function and maintenance, and by 
operational experience. 

The block-entry road trial demonstrated that reducing 
tire pressures can improve vehicle mobility in soft, 
muddy road conditions. Rut depth in a low tire pres
sure lane was 77% less, on average, than in an adja
cent high tire pressure lane. Based on initial mtting rate 
averages from the test track, reducing tire pressures 
may extend the use of thawing block-entry roads by up 
to nine times. The mobility improvements of reduced 
tire pressures, demonstrated operationally and on the 
test track, have allowed A N C to successfully use on/ 
off-highway B-train trailers and thereby reduce its 
chip transportation costs. 

Data gathered at sites on a level access road indicated 
that using moderate rather than high tire pressures pro
longed hauling by 8-80 passes, depending on road con
ditions. An extension of the hauling season by 1.5 to 14.5 
days, using tractor/B-train combinations, is estimated. 
Because these results are based on limited trials, con
clusions regarding longer-term mt development and 
hauling feasibility through the spring thaw period can 
not be drawn; however, recent experiences of someCTIS-
equipped tmcking operations suggest that hauling can 
be significantly extended into the break-up period. 

When compared with high tire pressures, moderate tire 
pressures generated up to five times slower mtting rates. 
The degree of improvement varied with subgrade mois
ture content, road strength, and travel path variation. By 
using low tire pressures, even very damaged weak roads 
were healed enough to become passable. Ruts on access-
road hills were also healed with reduced tire pressures 
and responded more quickly to low rather than moder
ate pressures. Rutting on two test sections, with weak 
subgrades reinforced with woven, paper- machine form
ing fabric, was excessive with both high and moderate 
tire pressure traffic. The reinforcing action of the fabric 
was insufficient to contiol mtting, however, the use of low 
tire pressures may have mitigated some of the ratting. 

Reduced tire pressures at highway speeds had little 
effect on the surface deflections and interfacial tensile 
strains measured in two thick asphaltic-concrete pave
ment stractitres. This result does not support the hypoth
esis that reducing tire pressure during spring thaw con
ditions may offset the damage potential of mcreased axle 
loadings to thick asphaltic concrete pavement. How
ever, two recent modelling studies have predicted that re
duced tire pressures will sttongly mitigate damage to tiiin 
asphaltic concrete pavements during thawing conditions. 

An economic evaluation of alternate chip hauling sys
tems estimated that an in-woods chipping operation 



could increase its annual production by 92% or 45 000 
t of green chips and reduce hauling costs by $2.58/t, by 
replacing semi-trailer chip vans with CTIS-equipped 
B-n-ains. The B-train trailers have a larger payload, and 
haul season extension is possible by using reduced tire 
pressures. The evaluation estimated more modest gains 
(22% increased annual production and 13% reduction 
in hauling costs) by replacing the semi-trailer chip vans, 
when road conditions permitted, withB-trains withoutcns. 

Sommaire 
Plusieurs routes forestieres au Canada sont construites 
selon des normes minimales parce que les besoins 
d' acc^s sont normalement limites k de courtes periodes, 
ou k un usage intermittent pendant des periodes plus 
longues. Au printemps, ces routes degdlent rapidement 
mais comme elles demeurent satur6es d'eau, leur 
capacite port£uite se trouve diniinu6e jusqu'^ ce que les 
materiaux sous-jacents degelent et s'assechent. Les 
compagnies forestiferes suspendent habituellement leurs 
operations de transport durant le d6gel du printemps 
pour eviter d'endommager leurs routes de fa^on exces
sive. Lors du degel, les materiaux de fondation se 
trouvant sous un revetement mince peuvent devenir 
satures d'eau et perdre suffisamment de capacite 
portante pour rendre les chauss6es susceptibles k 
I'omierage et aux fissures polygonales. C'est pourquoi 
les agences provinciales de reglementation r6duisent les 
charges autorisees par essieu pour les camions lourds 
durant la periode de d^gel du printemps, ce qui rend le 
transport des billes ou des copeaux peu rentable. Quand 
quelques-unes sinon toutes leurs routes deviennent 
impraticables ou d'utilisation peu 6conomique k cause 
du degel, les compagnies forestieres doivent restreindre 
leurs activites meme si les conditions de travail restent 
encore acceptables sur les parterres de coupe. 

En 1990, rinstitut canadien de recherches en genie 
forestier (FERIC) a entrepris un essai de trois ans en 
vue d'examiner la possibility d'utiliser un train routier 
de type B k sept essieux, modifi6 par I'ajout d'un systeme 
prototype de controle central du gonflement des pneus 
(CTI), dans les operations de dechiquetage en foret 
d'Alberta Newsprint Company (ANC). Si l'emploi du 
CTI ameliorait la traction et la portance du train routier 
de type B et reduisait les dommages aux routes en 
periode de d6gel, une prolongation de la saison de trans
port serait autorisee. Une fois clairement demontres, les 
avantages de circuler avec une pression reduite dans les 
pneus pourraient s'appliquer aux operations de trans
port des billes et des copeaux, att6nuant ainsi certains 
des probl^mes associ6s au dfigel du printemps. 

Les objectifs de I'essai etaient d'evaluer le systeme CTI 
prototype dans des conditions de terrain, de determiner 

r impact de camions circulant avec une pression vari
able dans les pneus dans des conditions de degel du 
printemps, sur trois qualites de routes utilisees pour le 
transport des copeaux en Alberta: routes tertiaires non 
graveiees, routes d'acces principales legerement 
graveiees; et routes provinciales. En evaluant les effets 
du degel sur la route, FERIC a etabli qu'il etait possi
ble de prolonger les operations de transport durant cette 
periode et de reduire ainsi les interruptions saisonnieres 
d'approvisionnement en bois. 

Des ameliorations apportees au prototype et au modeie 
commercial subsequent ont corrige la plupart des 
inconvenients notes durant I'essai. La quantite et la 
qualite de I'approvisionnement d'air comprime 
influencent fortement la performance du CTI; on peut 
les optimiser par une selection judicieuse et un entretien 
soigneux du compresseur et du dessiccateur d'air. En 
general, le systfeme prototype donna des resultats 
satisfaisants, i l n'y eut que peu de reparations et de temps 
morts et la performance du vehicule se trouva amelioree. 
L'acceptation du CTI par les conducteurs et I'appui de 
ces demiers furent facilites par une periode initiale 
d'apprentissage sur les principes de fonctionnement des 
pneus ainsi que la fonction et I'entretien des CTI, et par 
leur experience operationnelle. 

L'essai sur les routes tertiaires non graveiees demontra 
que le fait de reduire la pression dans les pneus peut 
ameliorer la mobilite du vehicule dans des conditions de 
routes boueuses, k faible capacite portante. L a 
profondeur des omieres dans une voie de circulation 
reservee aux pneus k basse pression etait de 77 % 
inferieure, en moyenne, a celle qu'on trouvait dans une 
voie adjacente ou les pneus avaient une pression eievee. 
Comparativement aux moyennes initiales du taux 
d'omierage obtenues sur la piste d'essai, le fait de 
reduire la pression des pneus peut accroTtre jusqu'a neuf 
fois le volume de circulation permissible sur des routes 
tertiaires non graveiees en periode de degel. Demontrees 
k rechelle operationnelle et sur la piste d'essai, les 
ameliorations de mobilite attribuables a I'usage de 
pressions retinites dans les pneus, permirent k A N C 
d'utiliser avec succes des remorques de train B toutes routes 
et par suite de diminuer ses couts de transport des copeaux. 

Des donnees recueillies sur une route d'acces plane 
indiquerent que I'usage de pressions moderees plutot 
qu'eievees dans les pneus prolongeait le transport de 8 
a 80 passages, suivant les conditions de la route. On 
estime qu' il est possible de prolonger la saison de trans
port de 1,5 ^ 14,5 jours avec des trains rentiers de type 
B. Comme ces resultats sont bases sur des essais limites, 
on ne peut tirer de conclusions concemant la formation 
des omieres sur une plus longue periode et la faisabilite 
de prolonger davantage le transport durant le degel; 



cependant, des experiences recentes avec des camions 
equipes d'un CTI suggerent que le transport peut etre 
prolonge de fagon significative pendant cette periode. 

Uusage d'une pression moderee dans les pneus generait 
des taux d'omierage jusqu'a cinq fois plus faibles 
qu'avec une pression elevee. Le degre d'amelioradon 
variait avec la teneur en humidite de la fondation, la 
capacite portante de la route, et les diverses traces suivies 
par les camions. Avec une basse pression dans les pneus, 
meme des routes a faible capacite portante, tres 
endommagees, furent corrigees suffisamment pour 
devenir praticables. Les omieres sur les pentes des routes 
d'acces furent aussi reparees avec l'emploi de pressions 
reduites et ce, plus rapidement a des pressions basses 
que moderees. Sur deux sections d'essai dont les 
fondations peu portantes avaient ete renforcees par une 
toile de formation tissee pour machine k papier, 
I'omierage etait excessif quand les vehicules circulaient 
avec des pneus a pression elevee et moderee. Le 
renfqrcement assure par la toile etait insuffisant pour 
controler I'ornierage; cependant, I'usage de basses 
pressions dans les pneus peut I'avoir attenue jusqu'a un 
certain point. 

Des mesures prises sur deux routes recouvertes d'une 
couche epaisse de beton bitumineux ont montre qu'aux 
vitesses udlisees sur la grande route, I'usage de pressions 

reduites dans les pneus avait peu d'effet sur les 
deformations en surface de meme que sur les 
deformations k la base de I'enrobe. Ce resultat vient k 
I'encontre de I'hypothese selon laquelle le fait de reduire 
la pression des pneus durant les conditions de d6gel du 
printemps peut contrebalancer les dommages potentiels 
causes a une chaussee epaisse en beton bitumineux par 
une augmentation des charges par essieu. Cependant, 
deux etudes de modelisation recentes prevoyaient que 
la reduction de la pression dans les pneus att6nuerait 
fortement les dommages a un revetement mince en 
periode de d^gel. 

Une evaluation economique de divers systemes de trans
port des copeaux a estime qu'une operation de 
dechiquetage en foret pourrait augmenter sa production 
annuelle de 92 % ou 45 000 tonnes de copeaux verts et 
reduire les couts de transport de 2,58 $/t, en remplagant 
les semi-remorques a copeaux par des remorques de train 
B equip6es d'un CTI. Les remorques de tiain B ont une 
charge utile plus forte, et i l est possible de prolonger la 
saison de transport en reduisant la pression dans les 
pneus. L'evaluation a estime que les gains seraient plus 
modestes (une production annuelle accme de 22 % et 
une reduction de 13 % dans les couts de transport) si 
on remplagait les semi-remorques a copeaux, quand les 
conditions de route le permettaient, par des remorques 
de train B non equipees de CTI. 



INTRODUCTION 
Many forest roads in Canada are built to minimuin 
standards because access requirements are typically for 
short-term or intermittent long-term use. During the 
spring, these roads thaw quickly but remain in a satu
rated, weakened state until the underlying materials thaw 
and drain. Forest companies typically suspend hauling 
operations during spring thaw to avoid excessive dam
age to their roads. During thawing, foundation materi
als under thin pavements may become saturated with 
water and structurally weakened to the point that the 
pavements become susceptible to rutting and longi
tudinal (alligator) cracking. As a result, provincial 
regulatory agencies reduce the permitted axle weights 
for heavy trucks during the spring thaw period, mak
ing log or chip transport uneconomic. When spring 
thaw makes some or all of their roads impassable or 
uneconomical to use, forest companies must restrict 
their operations even though acceptable working con
ditions still exist at the harvesting sites. 

In order to sustain production during the 40-50 day 
spring thaw period, pulp and paper mills in Alberta typi
cally stockpile large inventories of pulpwood or chips. 
The need to stockpile results in accelerated log hauling 
operations prior to the spring thaw, increased inventory 
costs, and reduced fibre quality as the products age. As 
the number and capacity of pulp mills in northem A l 
berta increase, so does competition for chips supplied 
by local sawmills, leading to chip shortages and rising 
chip costs. 

Alberta Newsprint Company ( A N C ) of Whitecourt, A l 
berta, has pursued in-woods chipping on its forest man
agement area ( F M A ) as an alternate source of chips. To 
reduce chip transportation costs, A N C has experimented 
with B-train chip trailers, which have approximately 
41% more volume capacity than conventional 16.2-m 
straight trailers. However, highway B-train trailers 
often have mobility, clearance and frame strength 
limitations that can restrict their use on rough, soft 
or slippery forest roads (Klawer 1995). 

In 1990, the Forest Engineering Research Institute of 
Canada (FERIC) began a three-year trial to investigate 
the potential of using a seven-axle tractor/B-train combi
nation, retrofitted with a prototype central tire infla
tion system ( C T I S ) , ' in A N C ' s in-woods chipping op
erations. If C T I S improved traction and flotation of the 
B-train combination, and reduced damage to thawing 
haul roads, some extension of haul season would be 
permitted. Once clearly demonstrated, the benefits of 
reduced tire pressure operation could be applied to 
both log and chip hauling operations, thereby alleviat
ing some of the problems associated with spring thaw. 

The highway B-train trailers originally used in the trial 
had an older design with sufficient clearance and strength 
for off-highway use. In 1992, FERIC began an evalua
tion of a CTIS-equipped, eight-axle tractor/B-train com
bination designed specifically for on/off-highway use. 
Both of these chip trailer combinations were used in an 
access-road mtting trial conducted in the spring of 1993. 
The operational evaluation of the five-axle on/off highway 
U-ailers is discussed in a separate report (Klawer 1995). 

CTIS were originally designed for military vehicles and 
had the ability to manage tire inflation pressures in one 
or two channels (i.e. groups of tires). When these sys
tems were used on commercial semi-trailer configura
tions, however, some groups of tires had to be linked 
togedier. This linking of groups limited the tracrion and 
flotation potential of the vehicle because the tire pres
sure range of each channel was limited by the most 
heavily-loaded axle within the group. This FERIC 
study permitted the development, testing, and subse
quent technology transfer of a three-channel CTIS. The 
commercial introduction of a three-channel CTIS repre
sents an important technological advance for the Cana
dian forest transportation sector. 

OBJECTIVES 
The trial's objectives were to: 

• Evaluate the prototype CTIS imder field conditions, 
monitor performance, and identify benefits and 
concerns. 

• Assess the potential of cns to reduce road damage 
and extend hauling season under spring thaw 
conditions in ungravelled block-entry roads, 
lightly gravelled forest-access roads and provincial 
highway pavements. 

• Estimate the economics of CTis operation. 

METHODOLOGY 
Evaluation of the Prototype CTIS 
Installation and Refinement. In October of 1991, FERIC 
installed a prototype 3-channel CTIS on a 7-axle trac
tor/B-train trailer combination. The system was devel
oped specifically for semi-trailer applications requiring 
independent control of pressures in the steering, drive, 
and trailer tires. The CTIS manufactorer, Eltek Inc., pro
vided all pneumatic and electrical contiol components 
while FERIC designed and procured the air transfer system 
from the valve packages to the tires (Figure 1). Table 1 lists 
the ens components, and their locations and functions. 

The acronym TPCS (tire pressure control system) is a 
commercial designation of a CTIS but for reasons of clarity it is 
not used in this report. 
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Figure 1. Schematic of prototype cm. 

Table 1. Components of Prototype CTis 

Component Installed location Function 

Operator control Inside cab Control and display system status 

Junction module Inside cab Logic and signal processing, power 
reguladon 

Valve packages(3) Tractor frame Change and measure air pressure of tire group 

Speed sensor Transmission Provide speed signal to junction module 

Brake priority system Inside cab and on 1st (wet) 
brake air tank 

Stop CTIS inflation if air supply pressure 
reduces to levels compromising brake safety 

Wheel end hardware Steering, drive, trailer axles Allow or stop air transfer in/out of tires; 
provide a sealed rotating joint to pass air 
to and from the rotating tire 

FERIC designed a lighter, less vulnerable CTIS manifold/ 
bracket for the drive-axle hub assembly than that used 
in a previous trial (Appendix I) (Bradley 1993). In con
sultation with engineers at Spicer Heavy Axle and Brake 
Division of Dana Corporation, FERIC also designed air 
passageways for the test tmck's Spicer 1-132 steering-
axle spindles and Spicer trailer axles. FERIC replaced the 
tmck's original 439 L/min (15.5 ftVmin (CFM)) air 
compressor with one of the largest available (878 L/min 
(31 CFM)) to better meet the increased air requirements 
of the CTIS for the truck's 26 tires. Because of the 
greater air flow, the tmck's air drying capacity had to 

be increased so a second Bendix AD-4 desiccant-type 
air dryer was installed in parallel with the existing dryer 

Twenty-six new 11R24.5 tires, provided for the trial by 
their manufacturers, were installed on the tmck. Toyo 
M61 and Yokohama Y773 steel-belted radial tires and 
Toyo M503 fabric and steel-belted radial tires were in
stalled in the steering, trailer, and drive positions, respec
tively. The tires were branded for identification and 
monitoring purposes. Tire pressures were determined in 
consultation with Toyo's and Yokohama's technical 
departments and by using the interim CTIS pressure 



guidelines issued by the Tire and Rim Association Inc. 
(Anonymous 1995). The inflation pressures and speed 
limits were preset in the junction module by the CTIS 
manufacturer and are given in Table 2. 

Performance Monitoring. Using a driver's log book 
and regular site visits, the operation of the CTIS, tire wear 
and maintenance were monitored. The researcher ob
tained the drivers' comments on system performance and 
the effect of varying tire pressures on the hauling op
erations. Monitoring lasted for 17 months from Decem
ber 1991 to April 1993. In March 1993, the CTIS was 
moved to a new tractor but remained on the same 4-axle 
B-train trailers. In April 1993, the fifth wheel and re
lated framework of the lead trailer were badly damaged; 
because the trailers were old, they were permanently re
tired. The tractor accumulated 192 780 km during the 
monitoring period. 

Impact of Variable Tire Pressure 
on Thawing Roads 
Block-Entry Road THal. The block-entry road trial was 
conducted on March 5, 1992 on an oval track con
stmcted on ANC's FMA specifically for the test. The test
ing was conducted by FERIC in cooperation with ANC, 
Alberta Research Council (ARC) and Cho Yen Track
ing Ltd. The track was constmcted with a bulldozer to 
block-entry road standards—that is, an uncompacted, 
native earth road with no drainage stmctures or added 
surfacing materials. The oval measured 100 m by 75 m, 
with its long axis aligned approximately east-west (Fig
ure 2). The topography of the track included a low el
evation section at its west end, a level section extend
ing along its north side, and a 6% grade along its south 
side rising to a high point at the east end. Two 3.4-m-
wide parallel lanes ran down each side of the oval, with 

Table 2. Tire Inflation and Speed Settings used in the Trial 

Inflation pressure (kPa) 
Maximum 

Inflation mode Steering tires Drive tires Trailer tires speed (km/h) 

Highway loaded 655 621 587 110 
Highway unloaded 655 380 345 110 
Off-highway loaded 518 380 414 m 
Off-highway unloaded 518 207 186 m 
Tires (no.) 2 8 16 

6% grade 

< 3 100 m J > 

Figure 2. Schematic of block-entry road test track. 



the outer lane designated for "high" tire-pressure passes 
and the inner lane for "low" tire-pressure passes. The 
test trailers required a wide turning area to off-track in 
the curves so the separate lanes were not extended 
around the ends of the oval. The soil on the track varied 
from silty gravels on its south side (on the edge of a 
gravel deposit) to inorganic silts of high plasticity on its 
north side (classified as GP and M H , respectively, with 
the Unified Soil Classification System (Anonymous 
1978)). In addition, some portions of the track's surface 
were covered with up to 8 cm of black humic (organic) 
material. 

The test truck was fully loaded with chips for this test 
and had a gross combination weight (GCW) of 561. With 
its tires inflated to a high tire pressure, the test vehicle 
made as many circuits of the track as possible before 
the surface of the high pressure lane failed—that is, ruts 
over 10 cm in depth developed. The tires were then de
flated to a low pressure and the test was repeated in the 
low pressure lane. The tight curves at the ends of the 
track restricted truck speed to 10-20 km/h. A series of 
surface profiles was established across both lanes of the 
track and measured before and after the test runs were made. 
Ambient temperaUare was monitored throughout the test. 

In tests comparing log hauling at various tire pressures, 
tire deflections^ of 20% have been found to cause the 
least road damage, offer the smoothest ride and be pre
ferred by drivers (Ashmore et al 1987). However, 
Ashmore et al also reported that 25% tire deflection was 
optimal for healing a deteriorated road, while 30% was 
optimal for self-extricating from immobilized positions 
in turnaround areas and sections of road very close to 
die failure point. The tire pressures selected for the study 
were on the lower end of the range tested by Ashmore 
et al. The high tire pressure setting used for the block-
entry road test was 690 kPa (100 psi) reflecting typical 
industry practice; this generated an average tire sidewall 
deflection of 12%. The low pressures were selected to 
generate an average sidewall deflection of 21%. The 
sidewall deflections for the test were determined by park
ing the loaded tmck on a level weigh-scale deck and 
measuring rim-to-ground distances; the unloaded 
sidewall heights were taken from manufacturers' tire 

specifications and adjusted for tiead depth wear. Table 3 
summarizes the tire inflation pressures used for the 
block-entry road trial. 

Forest Access Road Trial . The test on the forest ac
cess road took place from April 14 to April 19, 1993, 
during spring thaw conditions. Temperatures measured 
at the test site varied from midday highs of 17 to 26°C 
to early morning lows of -2 to -8°C. Test sections were 
located southeast of Fox Creek, Alberta, along two con
necting sections of tiie Marsh Head Creek and Home Creek 
roads. Amoco Canada Peti-oleum Company Ltd. owns and 
maintains the test portion of the Marsh Head Creek Road 
and cooperated by permitting the test to proceed. 

The test road was approximately 18 km long, over roll
ing terrain, with a few short adverse grades of 12% or 
less (Figure 3). Typical of many forest access roads in 
Alberta, it was originally built with approximately 60 cm 
of native material and surfaced with 8 cm of 19 mm-
minus cmshed gravel. The native materials were pre-
dominandy inorganic silts of high plasticity (classified 
as M H with the Unified Soil Classification System 
(Anonymous 1978)). A typical road cross-section had 
a 3.6-m wide surface with a 3% crown, and 0.8-m deep 
ditches located 5 m from the centre line. Road drainage 
was considered satisfactory with no water on the road 
surface and typically little in the ditches. One part of 
the access road was located in a poorly draining depres
sion and uncmshed river cobbles had been added to the 
subgrade (sites 8-13, 15, and 18); where its subgrade 
strength was seriously compromised, the road had been 
reinforced with paper-machine forming fabric^ (sites 8 

^ Tire deflection is defined as the difference in vertical sidewall 
height between an unloaded and a loaded tire expressed as a 
percentage of the unloaded tire's sidewall height. 

^ The paper-machine forming fabric was a woven monofilament 
fabric, consisting of approximately 85% polyester and 15% nylon. 
This material exhibits unidirectional strength properties, with its 
strongest direction oriented lengthwise with the roll; the fabric has 
not been rated according to geotextile mechanical property 
standards, however, used fabric is estimated to elongate 0.85% 
longitudinally for tensile loadings up to 88 N/lineal cm (Blake 
Hender, Technical Department, Albany International; personal 
communication, November 1995). 

Table 3. Tire Inflation Pressures Used for the Block-Entry Road Trial 

Inflation pressure 
Average 

tire deflection 
(%) 

Inflation mode Steering tires 
(kPa) 

Drive tires 
(kPa) 

Trailer tires 
(kPa) 

Average 
tire deflection 

(%) 

High pressure 
Low pressure 

690 
248 

690 
234 

690 
269 

12 
21 
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Figure 3. Schematic of test road for the thawing access-road trial. 

and 10). S tand ing d i tch water averaged 0.65 m b e l o w 
the road centre l ine e levadon . S i te 16 d isp layed f l ooded 
cond i t ions w i t h standing d i t c h water only 0.3 m b e l o w 
road centre l i n e — d u e to a p l u g g e d cu lver t . T h e c o n d i 
t ion o f the road surface was t y p i c a l o f t h a w i n g access -
roads wi th ruts ranging in depth f r o m 2 -10 c m . T h e road 
was not graded d u r i n g the t r ia l . M o n i t o r i n g sites were 
establ ished a long the test road to ident i fy var iat ion that 
may have resulted f r o m differences in road compos i t ion , 
grade, and dra inage. 

T h e H o m e C r e e k R o a d was c l o s e d to a l l but test t raf f ic 
for the durat ion o f the t r i a l ; no heavy trucks (GCW > 11) 
and fewer than ten l ight vehic les per day were estimated 
to have used the M a r s h H e a d C r e e k R o a d d u r i n g the 
t r ia l . T h e test t rucks were 7 - a x l e and 8 - a x l e t r a c t o r / B -
train combinat ions car ry ing approx imate ly 9 5 % o f their 
l i censed GCW (i .e. 54 and 611 , respect ive ly ) (F igure 4). 
B o t h test t rucks were e q u i p p e d w i t h 3 - c h a n n e l C T I S — 

Figure 4. The 7-axle and 8-axle tractor/B-train 
combinations used in the access-road trial. 

the prototype be ing evaluated and a n e w R E D L I N E - E L T E K 
model . ' ' T h e tire pressures a n d t i re de f l ec t ions used 
du r ing the t r ia l are g i v e n i n A p p e n d i x II. 

T o imp lement the test p rocedure , the two loaded trucks 
d rove back and forth a long the test road , v a r y i n g their 
tire pressures on the test road segments as out l i ned in 
the smdy plan. Par t -way through the tr ial , the pattern o f 
test pressures was reversed , and rates o f damage and 
hea l ing were quant i f i ed (Table 4) . 

A t each o f f i f teen m o n i t o r i n g sites, the road p ro f i l e and 
road surface strength were measured at the b e g i n n i n g 
o f the study, at the end o f each day o f test ing, and w h e n 
a change in tire i n f l a t ion pressures was made. T o meas 
ure the road sur face p r o f i l e , a l e v e l da tum str ing was 
f i rst estab l ished between posts at the road 's shoulders , 
and then ve r t i ca l measurements , to the nearest 0.5 c m , 
were taken to the r o a d sur face. M e a s u r e m e n t s were 
m a d e at the r o a d centre l i n e , shou lde rs , rut edges and 
rut cent res , w i t h the l o c a t i o n s o f these po in ts es tab 
l i s h e d in the o r i g i n a l p r o f i l e a n d then h e l d f i x e d . In 
a d d i t i o n , t w o v a r i a b l e l o c a t i o n m e a s u r e m e n t s w e r e 
m a d e : the depth o f the deepest ruts and the i r l o c a 
t ions w h i c h tended to m o v e across the runn ing sur face 
as the d r i v e r s var ied their t rave l paths . ' 

Redline Equipment Ltd., of Athabasca, Alberta, adopted the 
prototype CTIS and now distributes and retrofits it commercially 
as the REDLINE-ELTEK CTIS. 

^ Other studies have gathered profile data at regular intervals across 
the road surface (Smith 1993; Truebe and Evans 1994; Douglas 
1995) but for reasons of expediency this method was not adopted 
for FERIC's trial. This method should be considered in future trials 
as it may allow more comprehensive data interpretations (e.g. on 
the basis of cross-sectional area change and energy consumption). 



Table 4. Testing Sequence for Forest-Access Road Trial 

Tire inflation modes for passes 

Test site" 1-26 2 7 - 5 4 55 - 72 

1 high high low 
5, 6, 7, 8, 9 high high moderate 
10, 11, 12, 13, 15, 18 moderate moderate high 
16, 17 moderate moderate moderate 
19 moderate low low 

'Test sites 2, 3, 4, and 14 were relocated and renumbered after being established. 

Road surface strength was measured with a Famell 
soil-assessment cone penetrometer, model A2451. 
This instmment is suitable for determining in sim Cali
fornia Bearing Ratio (CBR) values between 0-15% in 
fine-grained and sandy soils; it provides a more con
servative estimate of in situ CBR in coarser soils. The 
penetrometer measured C B R with a circular 30° cone 
with an end area of 129 mml Measurements were made 
by steadily pushing the cone into the road materials and 
noting the reading on the dial. Because of variability 
caused by rocks in the road surface, a minimum of ten 
readings were taken and averaged to produce each 
strength measurement. Only the strengths of the origi
nal wheel lanes were measured diuing the trial; compres
sion and loosening of shoulder and centre line materials 
were noted but not quantified. Researchers excavated 
at the road centre line at most of the test sites to gather 
soil samples for moisture content analysis, to measure 
frost depth, and to permit penetrometer assessment of 
subgrade strength. Ambient temperature was monitored 
throughout the trial at a station located midway along 
the test road. 

Rut depth was defined as the elevation difference be
tween the bottom of the deepest mt on the mnning sur
face and the highest point in the centre of the road.* 
"Running surface" included any mt edges (as defined 
in the original road profile) that were depressed by ve
hicle travel. This definition accounted for material up
lift in the road centre line, which commonly occurs on 
thaw-weakened roads, and it agrees with existing defi
nitions (Smith 1993; Tmebe and Evans 1994). 

Rutting measurements were made over the entire mn
ning surface and not just in the established wheel 
lanes. The greatest change in mt depth was reported 
as the maximum mtting rate.* Occasionally, the de
pression of the raised edges of a failing wheel lane 
mt (road healing) generated dramatic mtting rates 
which obscured mtting that developed later in the day 
when the travel paths moved elsewhere on the road 
surface. 

The drivers were encouraged to vary travel paths dur
ing this trial to simulate mt development under realistic 
operating conditions. This allowed FERIC to quantify 
the surface healing mechanism that is characteristic of 
reduced tire pressure operations. However, varying the 
travel paths also meant the rate of mtting of any par
ticular location on the mnning surface could not be 
quantified in terms of number of passes. Other studies 
of the influence of variable tire pressure on road mt
ting have maintained a fixed travel path, quantifying 
ratting as a function of vehicle passes (Smith 1993; 
Traebeand Evans 1994). 

Asphaltic Concrete Pavement TVial. On August 18, 
1992, pavement responses to the CTIS-equipped test 
tractor, its lead B-train trailer, and a control vehicle were 
recorded at an instramented pavement test facility 
near Barrhead, Alberta. This test, part of an on-going 
investigation by Alberta Research Council into the in
fluence of traffic variables on pavements, examined the 
potential reduction in pavement damage (deflection and 
stress) due to reducing tire inflation pressures. The 
CTIS test tractor/lead trailer combination was loaded 
with chips to provide drive and trailer tandem axle 
loadings of 15 340 kg and 9 900 kg, respectively. Be
cause turning space on the highway was limited, the 
second trailer of the B-train combination was not used 
for the test. The control vehicle was a Benkleman Beam 
test tmck used regularly by A R C for pavement response 
work; it generated a standard 8 160 kg single-axle/ 
dual-tire (SADT) drive-axle loading. 

Tire inflation pressure is an input variable in the ana
lytical pavement-response prediction models associated 
with many pavement design and evaluation processes. 
The CTIS enabled researches to record dynamic pave
ment responses—surface deflections and asphaltic con-

Rut depth and rutting rate results were previously reported 
in terms of depression of the wheel path surface only (Bradley 
1993); however, a different definition of rutting was adopted 
for this report. 
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crete-base layer interfacial-strains—for two adjacent 
pavement strips (A and B) under a range of tire pres
sures (690 kPa, 550 kPa, and 410 kPa) (100, 80, and 
60 psi) with other load variables held constant. Pave
ment deflection and interfacial strain are primary in
dicators of overall pavement strength and fatigue, 
respectively. Comparison of thecns results withSADT 
response data from this test facility during thawing con
ditions allowed the researchers to draw inferences about 
reduced tire pressures and full loads on a relatively thick 
pavement (i.e. 135 mm thick) during spring thaw con
ditions (Christison 1992). A summary of Christison's 
results is included in the Results and Discussion section. 

Pavement A was composed of a 170-mm cement-treated 
soil hase overlaid by a 135-nun asphaltic concrete layer; 
pavement B was composed of a 290-mm granular base 
overlaid by a 135-mm asphaltic concrete layer. Soils at 
the site ranged from medium to high plasticity till, with 
moisture contents of 20-25% by dry weight. Each pave
ment structure contained instrumentation to measure 
temperature, surface deflection and interfacial strain 
(Figure 5). This instrumentation had been placed on or 

in the road base prior to construction of the asphaltic 
concrete layer; a coring process, carried out after pav
ing, was used to complete the deflection transducer as
semblies. As each axle of a vehicle passed over the in
strumentation, pavement responses were monitored us
ing a real-time data acquisition system housed in a mo
bile van. Testing was conducted by the Environmental 
Research and Engineering Department of ARC with co
operation from the Materials Engineering section of A l 
berta Transportation and Utilities, FERIC, and Wildrose 
Logging Contracting Ltd. 

Economics of a CTIS Chip Hauling 
Operation 
Drawing from data and experiences gathered during and 
after the prototype CTIS evaluation, and from Canadian 
and American CTIS-equipped truck cost studies, FERIC 
compared hauling costs for an in-woods chipping op
eration in Alberta. This comparison quantifies some 
of the operational savings attributable to using cns and/ 
or to increasing payload by moving from a typical five-
axle chip van to an eight-axle, ti:actor/B-ti^ combination. 
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Figure 5. Instrumentation of the pavement test site. 



RESULTS AND DISCUSSION 
Evaluation of the Prototype CTIS 
Installation and Refinement. The prototype ens con
sists of two principle subsystems—air pressure regu
lation and air transfer. The air pressure regulation 
components were supplied by Eltek Inc. while FERIC 
assembled the air transfer subsystem from readily-
available pneumatic components. The sections fol
lowing describe the problems encountered during the 
prototype's trial, and the modifications that were 
made to both the prototype and commercial designs 
to address those problems. In general, the prototype 
system performed satisfactorily, experienced few re
pairs and delays, and improved vehicle performance. 

Drive-axle hose assembly. Externally-mounted drive 
axle hoses may appear vulnerable (Figure 6), however, in 
practice they are rarely damaged and are quite reliable. 
Only two incidents of damage were recorded, both oc
curring when a replacement driver, unfamiliar with the 
vehicle's turning radius, snagged hoses on branches at 
landings. Based on the recommendations of an earlier 
CTIS trial on a logging track (Bradley 1993), FERIC de
signed a hub-mounted manifold assembly that was recessed 
further into the wheel cavity reducing its vulnerability. 

Air line fittings. Two incidents of damage to air line fit
tings occurred during the trial. In the first, a rock was 
kicked up by the drive tires and broke a fitting off at the 
supply-line connection to the forward axle tube of the 
lead ti-ailer. A mbber flap was subsequently retrofitted 
transversely under the lead trailer to prevent further such 
incidents and to protect the tiailer's air brake components. 
In die commercial system, air line connections to tiailer axle 
mbes are made in protected locations, such as on tiie top 
or back of the tube and/or close to a brake assembly. 

The second incident occurred when a fitting on the steer
ing axle hub was sheared off in a very deep rat (during 
the access-road rutting trial). Although deep rats from 

Figure 6. Drive-axle hub arrangement. 

faded roads occur infrequendy, deep rats in compact 
snow are more common and do present a hazard. Addi
tional guarding to protect the steering-axle hub hard
ware is available with the commercial system. 

Trailer stub axle holes. A properly-installed rotary un
ion requires a smooth sealing surface, concentric with 
and perpendicular to the axis of the threaded hole. When 
the mounting holes in the trailer stiib axles were hand 
drilled during the prototype's retrofit, they were mis
aligned. Copper/neoprene washers only partially recti
fied die resulting air leaks. Where leaking continued, the 
rabber oil filler plug of the oil reservoir was punctured 
to provide a pressure release. The CTis easily compen
sated for these minor leaks while the track was ranning, 
but when it was parked for longer than overnight, the 
air to the tires was shut off to prevent them going flat 
and breaking the tire bead-to-rim seal. This problem has 
been rectified in the commercial retiofit process by drill
ing and spot facing the stub with an aligning jig. 

Rotary unions. Rotary unions represented the largest 
potential maintenance cost in the CTIS because of their 
large number, cost, and finite life. The test track had 14 
rotary unions (2 per axle), costing approximately $90 
each. Some of the trailer and steering-axle rotary un
ions began leaking air prior to their 160 000 km design 
life, after approximately 58 000 km. This leakage was 
due to accelerated wear, likely the result of air system 
impurities abrading the seal surfaces. Compressor-gen
erated air-system impurities can be eliminated with 
proper filtration, however, tire rabber dust and welding 
slag (from the friction welding process used in axle 
manufacturing) may also be present in a CTIS. The large 
quantity of slag in one of the B-train trailer axles was 
very difficult to remove. It restricted air flow through 
the smb axle holes during inflations and may have short
ened the life of the axle's rotary unions. The commer
cial system has improved rotary union reliability by 
using factory-ready CTIS trailer axles, in-line filters, and 
new long-life, CTIS-specific rotary unions. 

Steer spindle modification. At the initiation of this tiial, 
only one CTIS-equipped commercial vehicle in North 
America had intemal steering-axle air lines; it was a pro
totype CTIS on aUSDA Forest Service dump track. How
ever, FERIC believed that internally-plumbed steering-
axle air lines were more compact and protected and 
therefore preferable to lines mounted externally. After 
reviewing the arrangement used by the USDA Forest 
Service, FERic consulted the axle manufacturer, Dana 
Corporation, about the change in strength and fatigue 
life resulting from an air passage drilled through a 
steering spindle. As Dana Corporation had not done 
a fatigue analysis, its engineers could only comment 
that the steering spindle's strength would be relatively 



unaffected by the modification. FERIC had the spindles 
drilled and initiated a crack detection program consist
ing of biannual magnetic particle inspections. Unfortu
nately, cracks resulting from inappropriate welding pro
cedures were soon found in the welded passage plugs 
and the CTIS spindles were replaced with stock spindles. 
The steering axle arrangement of FERIC's CTIS prototype 
was not fitted with drilled spindles again until the CTIS 
was transferred onto a new tractor in March 1993. In 
1994, FERIC and tiie University of British Columbia con
ducted stress and fatigue analyses of six different steer
ing spindles, including the Spicer 1-132, which are cur
rently in service in R E D L I N E - E L T E K CTIS.^ The new air 
passage machining procedures used in the commercial 
system have eliminated the need for a welded passage 
plug (Figure 7). 

System programmability. The prototype CTIS used an 
E P R O M chip to supply pressure setting logic. This chip 
was pre-programmed by Eltek with four tire-pressure 
modes as specified by the tire manufacturers; these pres
sures were based on tmck speeds and tire loads supplied 
by the customer A tire pressure mode is activated by 
making a selection on the operator control (Figures 1,8). 
The REDLINE-ELTEK CTIS can now be programmed with 
its operator control and can accommodate six sets of seven 
inflation modes. These modes are typically highway loaded 
and unloaded, off-highway loaded and unloaded, and three 
second ftinction modes allowing pressures and speeds for 
special applications including emergency traction. The 
seven modes can be programmed differently allowing flex
ibility for different appUcations or weight changes (e.g. 
winter hauling conditions; half, fiill or winter GCWs; or 
variable equipment weights—as in the case of lowbeds). 

Component installation, size and weight. The instal
lation of the prototype CTis components was relatively 
straight forward. The prototype CTIS added approxi
mately 214 kg to the vehicle's tare weight, primarily on 
the tractor By using light weight components, the com
mercial model's weight was reduced to approximately 
180 kg. Eltek is currently considering replacing its junc
tion module and operator control with a newly-designed 
combination unit that wil l be simpler to install and ap
proximately 6 kg lighter in weight.* 

Air system maintenance and requirements. The quan
tity and quality of air supplied by the air compressor/ 

'^Wong, J; Bradley, A.1995. Analysis of Six Steering Spindles 
Modified for a CTIS. FERIC, Vancouver. Unpublished draft. 

^ Paul Kalavitz, Eltek Inc.; personal communication, February 1995. 

Figure 8. Operator controls displaying tire pressures. 
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air dryer critically affect the performance and mainte
nance of a CTIS. The air compressor of a CTIS must be 
sized to meet the tire inflation requirements and must not 
exceed acceptable levels of downtime and repair. Mod
erate output compressors may provide satisfactory per
formance, and are more economical and easier to retro
fit than high output compressors. Some log or chip haul
ing operations do not require frequent or rapid inflation. 
Conversely, gravel hauling in road constmction operations 
typically requires frequent, rapid tire pressure changes 
which are best done with high output compressors. 

Ai r dryers remove contaminants (such as water and 
engine oil) from a tmck's compressed air supply and 
ensure the consistent and reliable operation of air-acti
vated components. A CTIS increases the air fdtering de
mands of the tmck and typically necessitates increas
ing the capacity and maintenance of the air dryer. 

Air compressor requirements. Based on advice from 
the American CTis users, 10 minutes was adopted as the 
maximum acceptable inflation time for a CTIS in com
mercial tmcking service controlling 18 wheels or less. 
With the engine idling at 1250 rpm, tiie test tinck's origi
nal compressor was estimated to take in excess of 13 
minutes to perform typical inflations while a larger com
pressor could perform these inflations in about half the 
time. Therefore, FERIC retrofitted a large capacity com
pressor (877 L/min) on the tmck and evaluated its per
formance. Typical mflation times were 4.8 minutes during 
loading (at idle) and 13 minutes as the tmck approached 
the highway. These were considered satisfactory consider
ing the large number of tires involved, and because they 
caused no delay to the chip hauling operation. Table 5 
presents approximate inflation and deflation times meas
ured during this trial for the prototype CTIS managing 
the 26 tires of the 7-axle tiactor/B-ti-ain combination. 

A recent study of CTIS-conttolled tiuck tire temperatures 
suggests that medium-sized air compressors (438 L/min) 

may be satisfactory for some hauling operations 
(Ashmore 1995). Tne temperature increases were within 
acceptable limits when a loaded logging tmck's tires 
were inflated upon entering on a highway rather than, 
as is usual, inflating prior to reaching the highway.'In 
the past, fears of tire overheating have prevented chang
ing tire pressures while on the highway, but Ashmore's 
study suggests that tire pressures may actually be safely 
varied between medium and high levels at highway 
speeds. This result has considerable potential savings; 
it may permit CTIS owners to avoid cosdy upgrades to 
larger compressors, and because high tire pressures may 
be avoided altogether on a gravel road network, grad
ing requirements may be reduced. 

Air compressor maintenance. Premature compres
sor repair results from contaminant's in the air and 
oil, or from oil breakdown caused by excessive heat. 
If recommended service procedures are followed, con
taminant-related degradation should be eliminated; 
however, a CTIS may increase heat build-up in the air 
compressor Air compressors are designed for relatively 
low duty cycle service, (e.g. 25% for Holset compres
sors), where the duty cycle is defined as the amount 
of time the compressor is pumping at or near maxi
mum output, expressed as a percentage of engine op
erating time. Duty cycle applications of 10-20% typi
cally involve frequent, short duration pumping that 
does not significantly heat up the compressor. CTIS 
may cause compressor heating because pumping for 
tire inflations is typically infrequent but prolonged 
and, unlike other prolonged service applications, the 
air flow is resisted by relatively high back pressiu-es.'" 

Concerns about vehicle stability, however, have resulted in 
further testing by Michelin and the U S D A Forest Service using a 
minimum inflation of 345 kPa (50 psi) when unloaded and 
travelling at highway speeds. 

" 'Paul Jourdan, Senior Sales Engineer, Holset Engineering 
Company Inc.; personal communication, September 1995. 

Table 5. Approximate Inflation and Deflation Times for cm 

Initial mode 

Off-highway Off-highway Highway Highway 
unloaded loaded unloaded loaded 

Final mode (min) (min) (min) (min) 
Off-highway unloaded — 1.6-̂  1.60 2.30 
Off-highway loaded 1.0(4.8'')1> — 1.50 0.70 
Highway unloaded 8.01> 1.50 0.90 
Highway loaded 20.31 13.0<> 8.01> — 

" Engine at idle during loading. Deflation (does not depend on compressor capacity). H Inflation. 0 Combined inflation and deflation. 
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CTIS with greater numbers of tires to inflate would be 
more likely to cause heat build-up. 

Prolonged heavy service typically results in a compres
sor mnning hotter and, in some cases, in the breakdown 
of the oil film between the compressor's cylinder walls 
and piston rings. This oil film breakdown will increase 
ring wear and oil blowby, and may also result in oil va
porization. Frequent compressor overheating wil l ul
timately increase air dryer maintenance and may cause 
premature compressor failure. 

The 7-axle tractor /B-train combination was retrofitted 
with a large capacity air compressor (877 L/min) in 
order to reduce inflation times and compressor duty 
cycle. Although no measurements were made with the 
original Tu-Ho 100 air compressor (439 L/min), the 
new compressor is believed to have reduced inflation 
times by approximately half. Assuming 3 trips were 
made in an 11-hour work day, tire inflations would have 
increased the compressor's overall duty cycle from ap
proximately 3-11%. This duty cycle increase is consist
ent with one manufacturer's estimate of 2-5% for a typi
cal Canadian log hauling application (2-4 h round trip) 
and 6-15% if the compressor is also supplying aCTIS (i.e. 
a three-fold increase)." It is also important to note the 
magnitude of compressor temperature increase during 
extended inflations (e.g. during the off-highway loaded 
phase) because oil blowby or vaporization may result. A 
long cool-off period following an extended inflation may 
reduce the overall duty cycle but it will not prevent oil 
blowby or vaporization and fouling of the air filter desic-
cant bed during the severe service period. 

The test tmck was equipped with a large capacity (877 
L/min) compressor drawing intake air from the turbo-
charger output. During the trial, the test tmck's air com
pressor and dryer required no servicing, however, com
pressor heating was not monitored. Had the test tmck's 
hauls been shorter or required more frequent inflations 
(e.g. for challenging traction situations), overall duty 
cycle could easily have been doubled and compressor 
overheating, oil blowby, or added air compressor and/ 
or air dryer maintenance may have resulted. 

A i r dryer. In preparation for the increased air demands, 
the test tmck's air dryer capacity was doubled by retro
fitting of a new Bendix AD-9 (desiccant type) dryer 
plumbed in parallel with the existing AD-9. Because 
these dryers did not purge continuously, they likely be
came saturated after the first four or five minutes of each 
CTIS inflation and thereafter pumped moist air until the 
inflation was completed." Although this arrangement 
was satisfactory for most of the year, during extremely 
cold conditions (colder than -30°C) freezing occurred in 
some air lines. 

Many strategies are possible to reduce the water con
tent of a tmck's air system. Techniques used m the study, 
and others, include: 

• Increasing air drying efficiency by installing a 
water precipitator or oil/water separator upstieam 
of the air dryer. 

• Increasing air drying capacity by using 
continuous, high flow dryers such as the newly 
introduced twin desiccant and twin desiccant/ 
coalescent air dryers. 

• Selecting an air dryer with a dew point suppression 
ability adequate for use in the coldest weather. 

• Reducing the intake temperature of the ak dryer 
by either lowering the temperature of the 
compressor's intake air, using a larger capacity 
compressor, or increasing the heat loss from the air 
line between compressor and dryer by using alarger-
diameter metallic air line and/or a cooling coil. 

• Opening air tanks to the atmosphere ovemight 
(when not in use) to vent moist air and prevent 
water vapour in the air tank from condensing in 
response to decreasing temperature. 

• Preventing condensation in the tires by ensuring 
the lowest pressure in the CTis supply tank(s) 
always exceeds the highest tire pressure. 

Performance Monitoring. The following sections 
present data gathered on oris performance under typi
cal hauling conditions, and on tire costs. 

Driver impressions of variable tire pressures in 
normal operations. The following summarizes opera
tor comments regarding the use of the CTIS in normal 
hauling operations. One full-time driver operated the test 
ttuck for 10 montiis, and a second driver for seven months. 
In addition, a third operator acted as a relief driver for 
two short periods during the trial. These men were all 
professional drivers with no prior CTIS experience. 

The drivers were provided with brief instmction on CTIS 
principles, function, and maintenance; this proved to be 
very important to their acceptance of the technology. 
Upon receiving this instmction and experiencing typi
cal ride and tractive improvements, the full-time driv
ers became confident with, and enthusiastic about, the 
CTIS. Their support of the system increased throughout 
the trial as the drivers noted further benefits of operat
ing with variable tire pressures. The relief driver received 
no instmction, however, and remained skeptical and 
opposed to CTIS until he became a full-time driver of his 
own CTIS-equipped tmck in March 1993. 

Mark Sciulli, Compressor Designer, All ied Signal Inc.; personal 
communication, October 1994. 



Approximately 70-80% of the annual wood production 
in Northem Alberta is transported under severe winter 
weather conditions. The drivers noted a small increase 
in system maintenance and repair during winter haul 
periods—^primarily tightening loosened air fittings. Road 
salt and sand caused some increase in corrosion and 
abrasion of exposed CTIS hardware but this was not 
problematic. Freeze-up of CTIS valves was an infrequent 
problem that occurred only during the coldest conditions. 
The drivers found that the test tmck, because of its ex
tra payload, occasionally had difficulty climbing steep, 
unsanded, snow-covered h i l l s . T h e drivers regularly 
used tire chains and reduced tire pressures to improve 
traction in these conditions. They found that the 
gradeability of the tinck was improved further if tiiey kept 
die trailer tires fully inflated, thereby reducing their rolling 
resistance on the hard, frozen road. The CTIS manufacturer 
subsequentiy increased the capacity of its controller to in
clude "winter" pressure settings which maintaui a high 
pressure in the ti^ailer tires. One driver noted that ranning 
the steering axle tires at reduced pressures improved his 
ability to steer the track through snow-covered curves. 

The drivers found that the reduced tire pressures im
proved the track's mobility on soft landings and de
creased the need for assistance from skidders. The test 
track frequently displayed mobility on soft ground su
perior to that of the lighter chip vans. The drivers noted 
that they had to be careful not to snag the external drive 
axle hoses on woody debris at the landings; the hoses 
were snagged only twice during the trial, both times on 
landing debris by the relief driver who lacked experi
ence turning the B-train trailers. Both full-time drivers 
were pleased at the absence of delays due to tire dam
age and repairs during the trial. As well, no hauling de
lays were experienced as a result of inflating or deflating. 

Vehicle braking was never compromised by the CTIS, but 
most drivers did not notice any significant improvement 
either. One driver, who had extensive driving experience 
with B-tiain trailers, reported that during an emergency 
braking event on the highway the unloaded trailers would 
probably have jack-knifed had their tires been fully in
flated. A recent cns braking study also found that reduc
ing tire pressures improved log track braking on gravel-
surfaced and wet, paved roads (Smith 1994). 

Tire settings and performance. Figure 9 presents the 
tire pressure, loading and speed settings used during a 
typical hauling cycle in this trial. 

Table 6 presents the results of a tire cost analysis. Tire 
wear was estimated by assuming a 3.2 mm (4/32 in.) 
tread replacement depth for steering and trailer tires, and 
4.8 mm (6/32 in.) for drive tires. Because no control 
vehicles were monitored, comparisons are made with tire 
wear values for B-trains in on/off-highway service in A l 
berta (Trimac 1990) and with values reported for White-
court-based chip B-trains used in winter, on/off-high
way service with the A N C in-woods chippers." The test 
track experienced a total tire cost of $4.25/100 km, 
which is less than non-CTIS tire costs by $ 1.57-4.68/100 
km (or 27 -52%). The large reduction in cost with the 
CTIS may be attributed to a variety of factors including, 

A recent trial measured 31% and 37% increases in average 
drawbar pull on freshly packed snow and on icy road surfaces, 
respectively, for an empty log truck using reduced tire pressures; 
no improvement was found with a loaded log truck (Sturos et al 
1995). 

Laurence Simon, Whitecourt Divisional Manager, Goldstar 
Transport; personal communication, November 1993. 

1.5 2 2.5 3 

Cycle time (h) 
s t e e r (kPa) Drive (kPa) . T r a i l e r (kPa) 

Time Operation 

0.0 -0 .7h Highway empty 
0.7 - 1.7 h Off-highway empty 
1.7 -2 .3h Loading at chipper 
2.3 -3 .6h Off-highway loaded 
3.6 -4 .3h Highway loaded 
4.3 - 4 .5h Unloading at mill 

Figure 9. Typical chip hauling cycle indicating the tire inflations used in the trial. 
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Table 6. Summary of Tire Costs 

CTIS tire 
cost 

($/100km)'' 

Typical non-CTIS tire 
cost 

($/100km)» 

Difference 

(S/lOOkm)" (%) 

Tractor 2.64 3.68 - 4.29 1.04- 1.65 2 8 - 3 8 
Trailers 1.61 2.14-4.64 0.53 - 3.03 25 - 65 

Total 4.25 5.82 - 8.93 1.57-4.68 2 7 - 5 2 

Values are expressed in 1993 dollars. 

improved tire life arising from less tread face damage and 
the occurrence of only one flat tire during the entire trial. 

Impact of Variable Tire Pressure on 
Thawing Roads 
Block-Entry Road TVial. A l l testing was completed on 
the same day, with normal highway tire-pressure trials 
(hereafter referred to as "high" pressure) followed by 
the low tire-pressure trials. Ambient temperatore var
ied from -4°C to 0°C during the high pressure trials and 
from C C to 2°C for the low pressure trials. Frost depth 
was approximately 0.4 m. The track surface was ini
tially frozen but began melting and softening by the end 
of the high pressure trials at about 10:00 A M . When 
thawed and re-worked by traffic, the surface material 
became a soft and extremely sdcky mud. 

With high tire pressures, the test tmck completed two 
circuits of the track successfully and then broke trac
tion halfway up the 6% adverse grade on the third and 
fourth passes. The tmck required assistance from a 
bulldozer to complete the trips up the hill. Unfortunately, 
the bulldozer ratted the high pressure lane on the hill, 
making ratting comparisons with the low pressure lane 
impossible. A l l ratting comparisons were made between 
the high and low pressure test lanes on the level, north 
side of the track. Figure 10 shows thecns-equipped B-
train on the track during the test. 

The high dre pressure trials were stopped after the fourth 
pass because extensive ratting had developed along the 
north side of the oval. The average rat depth for the lane 
was 14.1 cm with a range of 3.6-24.7 cm. The high tire 
pressure rats were sharply defined cuts through the fro
zen surface of the track (Figures 11 and 12). 

Under thawing conditions and using low tire pressures, 
the track was able to climb the grade easily in each of 
its eight passes. After the eight low pressure rans, the 
track became mired at the northwest comer of the track. 
This comer had deep mud which had been softened by 
the high pressure traffic. The average mt depth in the 

Figure 10. CTis-equipped B-train circling track. 

Figure 11. Ruts on the track after testing (low pressure 
on the left and high pressure on the right). 

low pressure lane was 3.2 cm with a range of 2.9-3.5 
cm (Figure 12); the average low pressure rat was 77% 
shallower than was the average high pressure rat. The 
low pressure rats were shallow, broad rats that did not 
cut through the frozen cmst to the underlying unfrozen 
material. 

The high pressure tires ratted the track surface almost 
nine times faster than did the low pressiue tires. Assuming 
ratting continued at these initial rates, the test track could 
have made 3 passes with high tire pressures or 26 passes 
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Figure 12. Schematic of average ruts made by tires inflated to high and low pressures. 

with low tire pressmes before creating 10.0 cm deep rats.''' 
The considerable difference in ratting and gradeability re
sulted from the increased flotation and traction of the de
flated tires (enlarged tire footprints). A recent USDA Forest 
Service study quantified the increase in flotation with re
duced tire pressures by measuring the rolling resistance of 
a loaded log trailer, at high and low tire pressures, on a soft 
(sugar sand) road surface (Smros et al 1995). The dialler's 
average rolling resistance was reduced by 45% when tire 
pressures were lowered from 690 to 345 kPa. 

Rutting potential can be expressed in terms of equiva
lent single-axle loads ( E S A L ) , that is, the number of sin
gle axles with dual wheels carrying 8 182 kg that have 
the equivalent surface deflection potential. The loaded 
test track had a total rutting potential of 8.66 ESAL/pass 
when using high tire pressures (Table 7). At low tire 
pressures, however, the track's ratting potential was 
reduced by 90% to 0.91 ESAL/pass. Understandably, the 
largest impact of reduced pressure occurred on the drive 
axles which had the greatest tire pressure reduction. 
These equivalencies are presented for comparison pur
poses only and would need to be adjusted for unloaded 
track passes and for pass-to-coverage ratios (i.e. how 
many tires actually touch a point on the road surface with 
each pass of die track) (Smitii 1993). 

Over the longer term, the ratting rate would be expected 
to gradually slow as the road surface grew stronger with 
drying and compression (Traebe and Evans 1994; Doug
las 1995). However, this tri£d did not include long term 
measurements; therefore long term ratting was predicted 
using a USDA Forest Service model for earth road de
sign (Whitcomb et al 1990). The calculations in the 
model assumed a CBR strength of 3 for the block-entry 
road (typical of weak, thawing conditions) and the above 
E S A L equivalencies for tracks with high and low tire 
pressures. After the first 58 loads at high tke pressures, 
a rat depth of 17.0 cm was predicted. Rut development 
would slow to 0.14 mm/pass after 116 passes with a 
predicted rat depth of 22.4 cm. In contrast, the model 
estimated that tracks with low pressure tires could make 
550 passes over the same road before developing a 17.0 
cm deep rat. In summary, this model predicted that, with 
reduced tire pressures, surface rat development would 
slow with trafficking. Therefore, based on FERIC's work 
and on this result, ratting on thawing block-entry roads 
will be less, both initially and in the longer term, with 
the use of reduced tire pressures. 

14 Rut development has been found to be a curvilinear process 
(Douglas 1995; Truebe and Evans 1994) however, for the rapid 
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Table 7. Equivalent Single-Axle Loadings (ESAL) of the Loaded Test Truck 

Axle Group 

Steering 
(single) 

Drive 
(tandem) 

Lead 
trailer 

(tandem) 

Rear 
trailer 

(tandem) 
Total 

High tire pressure 
100 Tire pressure (psi) 10© 100 100 100 

Tire pressure (kPa) 690 690 690 690 
Load (tonnes) 5.22 16.20 18.78 15.86 
Rutting potential ( E S A L ) ^ 0.94 2.35 3.11 2.26 8.66 

Low tire pressure 
Tire pressure (psi) 36 34 39 39 
Tire pressure (kPa) 248 234 269 269 
Load (tonnes) 5.22 16.20 18.78 15.86 
Rutting potential ( E S A L ) ^ 0.09 0.20 0.36 0.26 0.91 

Difference ( E S A L ) -0.85 -2.15 -2.75 -2.00 -7.75 
Percentage (%) -90.4 -91.5 -88.4 -88.5 -89.5 

"Rutdng potential was calculated according to USDA Forest Service's Surfacing Design Guide model (Whitcomb et al 1990). 

Forest-Access Road THal. Ruts in forest access roads 
develop as a result of soil compression in the wheel 
paths, lateral translation of loose surface materials from 
the wheel paths to the adjacent shoulders, and, in deeper 
mtting, uplift of the adjacent shoulders by local shear 
failure in the subgrade. Deeper mts are self-escalating. 
They increase the tractive resistance to the travel of the 
tire; the resulting forces escalate the shear failure. The 
result is that die tire sinks deeper, further compressuig un-
deriying material and loosening surface soils outside of the 
wheel mt (Della-Moretta and Hodges 1983; Douglas 1995). 

Variation of travel path by tmcks reduces the development 
of surface ratting by compressing more of the road surface 
rather than just widiin the estabUshed mts; by pushing loose, 
laterally-displaced surface materials back into the mts; and 
by depressing and re-compressing shoulder materials up
lifted by local subgrade failures. During this trial, material 
uplift at the road's centre frequendy accounted for up to 
40% of overall rat depdi. This uplift may be a concem for 
tracks utilizing low tire pressure because they experience 
a 3-5 cm reduction in axle clearance. Rut healing witii travel 
path variation is possible with all tire pressures provided 
the contact pressure exerted by the tires does not exceed 
the soil's shear strength. However, where the shoulder ma
terials have been uplifted and loosened, shear strength is 
compromised and high tire pressures may simply cause new 
shear failures (Della-Moretta and Hodges 1983). 

This trial of a thawing forest access road compared rat
ting under different moisture and slope conditions, with 
two levels of tire pressure (moderate and high) and with 

little and frequent ti^avel path variation. As well, measure
ments were made on road sections reinforced with pa
per-machine forming fabric. In each case, the maximum 
rate of ratting, depth of deepest rat and change in CBR 
were calculated. In order to present the results in a concise 
format, the numbers associated with the comparisons are 
presented but are not discussed in detail. Ratiier, the key 
findings are identified with their implications to the forest 
industry reader. If the reader requires more information, 
the author will be pleased to present it upon request. 

Level road rutting test. The development of mtting im-
der moderate tire pressures and subsequent high tire 
pressures was measured on three test sites on a level 
portion of the single-lane access road (Table 8). Two of 
these sites, (sites 12 and 13) were considered to have 
alignment, drainage condition and constmction repre
sentative of many forest access roads in Alberta. Rut
ting of these two sites took place at a relatively rapid 
rate when little travel path variation was used, even un
der moderate tire pressures. The surfaces showed both 
uplift and an increase in strength, suggesting both com
pression and subgrade failure were likely involved. 
When the drivers varied their travel paths, the maximum 
ratting rate decreased by 24 and 35% at sites 12 and 
13, respectively. 

When high tire pressures were used, the maximum rate 
of ratting increased on site 12 compared to site 13, as 
did the depth of the deepest rat. Site 13's stionger road 
surface resisted ratting more successfiilly audits wider 
ranning surface allowed greater travel path variation. 
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Table 8. Rutting Tests Conducted on Level Forest Access Road with Varying Tire Pressures 

Maximum Depth of Wheel 
rate of deepest lane 

Description Hre pressure and travel pattern Passes rutting rut C B R 
(no.) (mm/pass) (cm) 

Site 12 level, 12.1% moderate tire pressure, little travel path variation 17 2.79 8.0 6 

moisture 
content, surface moderate tire pressure, travel path variation 37 2.13 13.6 2 

C B R of 6, initial 
rut depth of high tire pressure, travel path variation 18 2.75 15.3 4 

5.8 cm 

Site 13 level, 10.2% moderate tire pressure, little travel path variation 17 0.68 10.3 13 

moisture 
content, surface moderate tire pressure, travel path variation 37 0.44 10.1 6 

C B R of 13, 
initial rut depth high tire pressure, travel path variation 18 0.48 9.9 10 

of 7.9 cm 

Site 16 level, flooded. moderate tire pressure, little travel variation 17 1.47 8.2 3 

uphill surface C B R of 
side 1-2, initial rut moderate tire pressure, travel path variation 37 0.39 9.1 2 

depth of 5.7 cm 
high tire pressure, travel path variation 18 0.72 10.4 2 

Site 16 level, draining. moderate tire pressure, little travel path variation 17 1.12 5.9 5 
downhill surface C B R of 
side >14, initial rut moderate tire pressure, travel path variation 37 0.14 4.9 14 

depth of 4.3 cm 
high tire pressure, travel path variation 18 0.83 5.6 14 

The third test site in the level road comparison (site 16) 
was influenced by two different moisture conditions. 
The uphill side of the road was saturated by water un
able to drain because of a plugged culvert while the 
downhill side of the road was freely drained. As antici
pated, deeper mtting occurred on the weaker, flooded side 
of the road. The drained side of the road compressed with 
trafficking, generating higher in situ CBR values, while 
the flooded side remained weak. Rutting rates increased 
when tire inflation pressures were raised or when travel 
paths were not varied. The maximum rate of mtting in
creased dramatically, by 85 and 490%, when tire pres
sures were changed from moderate to high and travel 
paths were varied. This increase occurred because the 
highly inflated tires quickly accelerated mtting, forcing 
the operators to vary their wheel paths and depress the 
raised edges of the mts. 

The level road comparisons highlighted the importance 
of three aspects of road maintenance and use during 
spring thaw periods. First, poorly maintained drainage 
can compromise the strength of even well-built roads. 

Second, reduced tire pressures will decrease the dam
aging effects of vehicle traffic, especially with weaker 
roads. And finally, variation of wheel path is a key tech
nique for mitigating mtting damage, especially during 
thaw periods when road stiength is compromised. How
ever, the drivers reported that wheel path variation had 
to be restricted with soft, loose shoulders to prevent deep 
shoulder mts or slipping off the mnning surface. 

An estimate of tiie extension of the haul period was cal
culated using tiie mtting rates given m Table 8, expressed 
as mm of mtting per trip (Table 9). The rates were in
creased to reflect tiie combined damage potential (ESAL 
equivalency) of one loaded and one unloaded pass per 
trip by the 7-axle tractor/B-train combination." The 
estimate assumed 5.5 trips per day. Here, the difference 

Although it is understood that rutting is a curvilinear process — 
that is, current and future rutting rates are dependent on past rutting— 
it was assumed that the rutting rates for moderate and high tire 
pressures with travel path variation were comparable because there 
was relatively little difference between them in terms of numbers of 
passes or in situ CBR. 
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between the three sites is very clear. Site 12 demonstrated 
the poorest performance in terms of rutting. With mod
erate pressures, the haul period was increased by 8 
passes, or only 1.5 days. Because site 13 had greater 
road strength, an extension of 3.0days was possible with 
moderate tire pressures. The partially-flooded site 16 
was most remarkable; the use of moderate pressures 
increased the number of passes by 80 for a 14.5-day 
extension of the haul period. Despite the limitations of 
these estimates, they indicate great potential forCTis to 
extend haul season into the spring thaw period. Longer-
term operational studies should be conducted to 
substantiate these results.'* Further, as indicated in this 
trial, the reduced severity of road damage means less 
repair will be required in preparation for the summer 
haul season. 

Hillside rutting test. The development of rutting un
der high tire pressures and the subsequent healing ac
tion with reduced tire pressures were measured on two 

sites on grades and compared with that of a level site 
having similar construction and location (sites 6,7 and 
9, respectively) (Table 10).This comparison presented 
an opportunity to study thawing road rutting as ex
acerbated by drive tire shearing action. 

After the first 17 passes at high pressure, the maximum 
rutting rate and growth of the deepest rut were 34 and 

In March 1993 and June/July 1994, the two CTIS-equipped 
tractor/B-trains successfully alleviated A N C chip shortages by 
hauling extensively during the wet road conditions which 
prevented all other heavy truck traffic (Ken Anderson, former 
Woods Manager, ANC; personal communication, Noveml)er 1995). 
Also, CTIS-equipped 8-axle tractor/B-trains, under contract to 
Alberta Pacific Forest Industries Inc. successfully completed 100 
trips over a road with forest-access standards throughout its 30-
day spring thaw period. No road repair was required and local 
residents reported that the road's condition had been improved 
by the reduced tire pressure traffic (Ed Lefebvre, Transportation 
Manager, Alberta Pacif ic Forest Industries Inc.; personnel 
communication, August 1994.) 

Table 9. Estimated Extension of Haul Period Using Moderate Tire Pressures 

Passes to develop 7.6 cm ruts Time to develop 7.6 cm ruts 

At highway A t moderate At highway A t moderate Haul period 
tire pressure tire pressure tire pressure tire pressure extension 

(days) (days) (days) 

Site 12 22 30 4.0 5.5 1.5 
Site 13 129 146 23.5 26.5 3.0 
Site 16 (uphill side) 85 165 15.5 30.0 14.5 

Table 10. Rutting on Test Sites Located on Grades 

Maximum Wheel 
Tire pressure and travel rate of Depth of lane 

Site Description pattern Passes rutting deepest rut C B R 
(no.) (mm/pass) (cm) 

Site 9 0.3% grade. day 1 - high tire pressure 17 1,76 8.3 14 
6% moisture day 2, high tire pressure 17 %3 11 
content, initial day 3, high tire pressure 20 I i 
rut depth of 6.6 cm day 4, moderate tire pressure 18 1.W im I i . . 

Site 6 5.4% grade. day 1 - high tire pressure 17 113 4 
6% moisture day 2, high tire pressure 17 i , » UB 
content, initial day 3, high tire pressure 20 UJk 14 
rut depth of 8.5 cm day 4, moderate tire pressure 18 i i j 14 

S i te? 10.9% grade. day 1 - high tire pressure 17 7 m 14 
10% moisture day 2, high tire pressure 17 I i i i 1$ 

content, initial day 3, high tire pressure 20 a a s 5 
rut depth of 4.5 cm day 4, moderate tire pressure 18 -0.50 7.0 '3 
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49% greater, respectively, at site 7 than at site 9; the low 
C B R of site 6 prevents comparison. After the second 17 
high-pressure passes, the maximum rutting rate and 
growth of the deepest rut were 100 and 300% greater, 
respectively, at site 6 than at site 9. The road surface at 
site 7 had deteriorated noticeably after 34 high pressure 
passes; its deepest rut had increased 5.5 cm and the de
crease in wheel lane C B R indicated a loosened, weak 
surface. During the third day of testing, 20 high pres
sure passes were made and the drivers frequently rode 
down the raised material in the road's centre and outer 
edges; the depth of the deepest ruts at all three sites there
fore decreased. The moderate tire pressures used dur
ing the fourth day of testing permitted hauling to con
tinue without further road surface degradation. At sites 
6 and 9, the ratting rates decreased or remained the same; 
at site 9, the road surface was compressed ( C B R in
creased); and at site 7, the ratting rate and deepest rat 
decreased, with a small reduction in C B R . The measured 
maximum rat depth decreased more slowly at site 6 with 
the moderate pressure passes than with the previous high 
pressure passes, due to the depression of raised centre 
line material rather than deepening of die wheel lane rats. 
These results indicate that, under thawing conditions, 
grades on access roads are more prone to ratting than 
are level sections. Further, ratting can be mitigated and 
hauling prolonged by using both moderate tire pressures 
and travel path variation. 

Access road ratting is likely the most problematic on sec
tions with both steep grades and weakened surfaces or 
subgrades. Problem sections will require special main
tenance to ensure hauling can be continued during spring 
thaw. Sites 1 and 19, with weak surfaces and highly 
prone to ratting, were monitored specifically to deter-

Table 11. Healing of Ruts with Low Tire Pressures 

mine the effect of low tire pressures on the poorest of 
road conditions (Table 11). Site 1 had a 6.6% grade, 
loose surface material, an initial surface C B R of 4 in its left 
wheel lane, and an initial deepest rat of 6.5 cm. After 54 
passes at high pressure, the left wheel lane was badly rat
ted and its deepest rat was 18.5 cm; the road was consid
ered impassable. Rather than stop tiie test to repair tiie road, 
the test tracks' tires were deflated to their off-highway un
loaded setting just before reaching the failed section and 
reinflated immediately upon passing it; less than 7 minutes 
elapsed for this pressure adjustinent. There was no evidence 
of heat-related degradation or external sidewall damage 
from under-inflation during this test, despite the inflation 
pressures being well below manufacturer's recommenda
tions. The road surface was heavily re-worked by the 
tracks compressing the rat edges at low tire pressure, 
reversing the effects of subgrade uplift and translational 
displacement of loose surface materials. The 18 low-
pressure passes healed the surface damage caused by 
the high pressure passes and made the surface of site 1 
even more uniform and compressed than it had been 
before the trial began; the deepest rat was reduced to 
4.0 cm and the surface C B R increased to 10 (Figure 13). 

Site 19 had a grade of 6.8% and a weak surface and 
subgrade with a surface C B R of 1. The road surface at 
this site was especially soft and spongy due to wet con
ditions, poor surfacing materials, and underlying organic 
materials included as fill during its constraction. After 
26 passes at moderate tire pressure, the deepest rat had 
grown from approximately 9.5 cm to 16.5 cm, and 
tracks had difficulty climbing the hill. By using low tire 
pressures the tracks were able to partially heal the dam
aged surface while they completed another 46 passes. 
The trial was terminated after the 46th low pressure pass 

Tire Maximum 
pressure Depth of rate of Wheel lane 

Site Description setting Passes deepest rut rutting CBR 
(no.) (cm) (mm/pass) 

Site 1 6.6% grade, high 54 18.5 3.45 4 
6.3% moisture content. 
initial surface CBR of 
4, initial rat depth of low' n . 4 J 5.63 10 
6.5 cm 

Site 19 6.8% grade, moderate 26 16.5 2.69* 1 
13.7% moisture content, 
initial surface CBR of 
P, initial rut deptii of faw 46 7.8 i . f i 3 
9.5 cm 

Estimate only. Site 19 was established after some rutting had developed. 
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Figure 13. Healed surface at site I. 

because the road surface on this and other nearby hills 
had become soft and loose, once again creating grade-
ability and rutting problems. The condition of these 
grades on the Marsh Head Creek Road was restored with 
only normal preparatory grading later that spring. M i 
nor road repairs were required to reform the road struc
ture at site 1, however, use of reduced tire pressures 
undoubtedly extended hauling and delayed these repairs. 

Without CTIS, it is estimated that the road at site 1 would 
have developed 12.7 cm deep ruts in 2.5 days of regu
lar hauling using high tire pressures (5.5 trips per day) 
while at site 19, similar ruts would have developed in 
only 2 days at moderate tire pressures, and 1 day or less 
at high tire pressures." 

Rutting of fabric-reinforced road surfaces. One sec
tion of the access road was reinforced with woven pa
per-machine forming fabric (site 10) and the develop
ment of rutting was monitored for comparison with ad
jacent unreinforced sections (sites 11 and 18). These sites 
were initially subjected to 54 passes with moderate tire pres
sures, followed by 18 passes with high tire pressures. The 
reinforced site was also compared with nearby site 8 which 
was similarly reinforced but subject to a reversed loading 
pattem (54 high pressure passes followed by 18 moderate 
pressure passes). A l l four sites were located along a level 
portion of the Home Creek Road that passed through a 
pooriy drained depression (Figure 3). The used paper ma
chine fabric had been installed during road repairs on two 
weak sections of the road in 1989. This portion of the Home 
Creek Road had been surfaced with a 25-cm layer of pit 
mn gravel; tiie section containing sites 10,11 and 18 had 
river cobbles mixed with the gravel. 

Data gathered from sites or wheel lanes with compara
ble initial surface strengths (CBR values) are presented 
in Table 12. Sites 8 and 10 likely developed some mem
brane support in their wheel lanes,'* however, this rein
forcement, in combination with reduced tire pressures 

and vehicle wander, was not sufficient to prevent the 
development of deep surface mtting. Site 10, because it 
had weaker subgrade conditions, developed more severe 
mtting than did either of the adjacent unreinforced sites 
(site 11 and 18 (right lane)). The data from sites 8 and 
10 (right lane) demonstrated a large difference in mt 
development, believed to be largely attributable to the 
different tire pressures used. Had low rather than mod
erate tire pressures been used when travelling over these 
reinforced sections, as with sites 1 and 19, it is likely that 
ratting damage would have been mitigated considerably. 

In summary, if a forest road is intended for use during 
spring thaw conditions, road builders should take extra 
care in constracting geotextile-reinforced sections and 
follow procedures of aggregate placement and 
compaction that wi l l lightly tension the geotextile 
(Sigurdsson 1993). Rapidly ratting sites on thawing 
roads can be rehabilitated by the addition of aggregate 
to the road surface without overly delaying hauling op
erations. Some mitigation of ratting should also be pos
sible through the combination of reduced tire pressures 
and/or loads, and travel path variation. 

Asphaltic Concrete Pavement Trial. During the test 
rans, the temperature increased 4°C in the asphaltic con
crete layer, but this had little, if any impact on the re
sponses caused by the Benkleman Beam test track. Any 
trends in the magnitude of pavement responses under the 
CTIS-equipped buck's tandem drive and tiailer axles may 
be attributed to tire inflation changes. Figvû e 14 shows the 
test track making a pass by the instramented test sites. 

Maximum responses from the six or more individual test 
tuns comprising a test series were aggregated and averaged. 
Table 13 presents the average maximum surface deflections 
and interfacial tensile strains caused by the drive and trailer 
axles at the different tire pressures on test sites A and B. 

Surface deflections are largely a function of subgrade 
strength, given similar pavements. It is no surprise there
fore that sites A and B , which had similar pavements 
and shared the same subgrade, had very similar surface 
deflection responses. Interfacial strains are largely a 
function of pavement properties and, to a lesser de
gree, a function of the base material strength. The lower 
strains measured at site A therefore can be explained by 
its stronger base material. 

In general, the changes in tire pressure appeared to have 
little effect on the pavements' surface deflections and 
interfacial stiains. As was anticipated, there was a strong 

Combined trip rutting rate was calculated as in Table 9. 

Membrane reinforcement of wheel loads typically develops with 
surface rutting in excess of 10 cm (Christopher and Holtz 1989). 
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Table 12. Rutting Test Conducted on Fabric-Reinforced Road with Varying Tire Pressures 

Site Description Tire pressure Passes 
(no.) 

Final 
surface 

CBR 

Maximum 
rate 

of rutting 
(mm/pass) 

Final 
deepest 

rut 
(cm) 

Site 18 no fabric, initial surface moderate tire pressure 54 8 0.90 8.0 
right lane CBR of 7, initial deepest high tire pressure 18 12 1.15 8.2 

rut of 5.0 cm 

Site 10 fabric, initial surface moderate tire pressure 54 7 ' 0.88 10.1 
left lane CBR of 5, initial deepest high tire pressure 18 12 1.33 12.5 

rut of 5.3 cm 

Site 11 no fabric, initial surface moderate tire pressure. 54 7 0.16 7.6 
left lane CBR of 5.5, initial high tire pressure 18 12 0.75 8.9 

deepest rut of 6.6 cm 

Sites fabric, initial surface high tire pressure 54 2 2.26 16.1 
CBR of 2, initial deepest moderate tire pressure 18 4 0.74 12.8 
rut of 5.1 cm 

Site 10 fabric, initial surface moderate tire pressure 54 4 0.77 13.2 
right lane CBR of 2, initial deepest high tire pressure 18 6 1.10 15.2 

rut of 8.9 cm 

Table 13. Average Maximum Surface Deflections and Interfacial Strains Recorded under Tandem Drive and 
Trailer Axles 

Average pavement surface deflection (mm) Interfacial tensile strains (mm/mm x 10"*) 

Test 
site 

Tire 
inflation 
pressure 

(kPa) 

Tandem drive axles Tandem trailer axles Tandem drive axles Tandem trailer axles Test 
site 

Tire 
inflation 
pressure 

(kPa) Lead Rear Lead Rear Lead Rear Lead Rear 

A •sm 
41® 

0.495 
0.498 

• 0.488 

0.500 
0.500 
0.480 

0.320 
0.320 
0.332 

0.300 
0.286 
0.295 

62 
62 
78 

49 
49 
59 

52 m 
Si': m • 

B •m. • 
4m 

0.456 
0.458 
0.459 

0.494 
0.476 
0.486 

0.339 
0.342 
0.347 

0.319 
0.314 
0.314 

278 
258 
238 

253 
243 
225 

m m • 
•m 141 
i f l 155 

correlation between axle loading and pavement re
sponses; the heavily-loaded drive axles generated greater 
surface deflections and interfacial strains than did the 
partially-loaded trailer axles. The hypothesis that reduc
ing tire pressures during spring thaw conditions may 
offset the damage from sustained axle loadings on 
relatively thick asphaltic-concrete pavements was not 
supported by investigation of surface deflections and 
interfacial strains. However, further testing with a va
riety of pavements under thawing conditions is neces
sary to gain conclusive evidence in this issue. 

Two recent modelling studies of thin asphaltic concrete 
(A/C) pavements (< 80 mm thick) in a thaw-weakened 
state have shown that reduced tire pressures have con
siderable potential for lessening rutting and, especially, 
fatigue cracking (Mahoney et al 1994; Kessler and Berg 
1996). These studies noted, consistent with our findings, 
that thicker pavement structures are usually constructed 
to resist thaw-weakening and will likely show little re
sponse to reduced tire pressures. Both studies also found 
diat A/C pavement damage decreased dramatically for tire 
pressures below 300 kPa; tire pressures below 400 kPa 
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Figure 14. Test truck in the pavement trial. 

were not investigated in FERIC's trial because, at die time, 
they were believed to be inappropriate for loaded highway 
travel. It is theorized that thick A/C pavements exhibit a 
wide deflection bowl'* and therefore respond similarly to 
both high and low tire pressures. Thin A/C pavements, how
ever, have a smaller deflection bowl and tend to fail as a 
result of shear near the point of tire contact rather than by 
bending at the bottom surface of the pavement like thicker 
pavements. Thus, reduced tire pressures induce longer de
flection bowls in thin A/C pavements and reduce their ten
dency to shear.^ 

Economics of a CTIS Chip Hauling 
Operation 
Table 14 compares projected hauling costs for a typical 
in-woods chipping operation in Alberta using 5-axle 
semi-trailer chip vans, TAC^' 8-axle B-frain combinations, 
and TAC 8-axle CTIS-equipped B-train combinations. This 
comparison is based upon specific assumptions and the 
values would vary under different conditions and as
sumptions. In this analysis, T A C B-trains operating 
in Alberta carried an average payload of 41 860 kg of 
chips, and the average chip van payload was 26 780 
kg (Trimac 1990). The annual chip production was 

Table 14. Hauling System Cost Comparison 

assumed to be limited by truck availability rather than 
either fibre availability or the skidders' ability to meet 
the chippers' demands. The chips were assumed to be 
hauled by a fleet of five tractors making a total of 14 
trips/day; each tractor pulled either a chip van, TAC B-
tiain o r T A C B-train equipped with ens. Based on ANC's 
experience with two CTIS-equipped B-trains in 1991-
1994," tiie TAC B-trains equipped with cns were as
sumed to haul 30 more days/year than the chip vans be
cause the B-trains had improved mobility and reduced 
impact on wet and thawing roads. The T A C B-trains 
without ens were assumed to be capable of hauUng only 
50 days/year. Therefore the transport system utilizing 
these trailers also had to use chip vans to haul for the 
remainder of the haul season (i.e. 80 days). 

Total operating costs per km were based on average 
values reported for similar configurations operating in 
Alberta on gravel and on paved roads (Trimac 1990). 
These costs were adjusted for a 200-km round trip haul 
and then averaged to represent a 50-50 split between 
gravel road and paved road operation. A REDLINE-ELTEK 
ens for an 8-axle tractor/B-train combination costs ap
proximately $23 (XK) installed, excluding air compres
sor and air dryer upgrading." A i r system upgrading 
was estimated to cost $7 000, for a total installed CTIS 
cost of $30 000. 

" A deflection bowl is a bowl-like depression of the pavement 
formed as it temporarily deflects under a wheel load. 

^*'Tom Moore, Variable Tire Pressure Project Leader, USDA Forest 
Service Technology & Development Center, San Dimas, CA; 
personal communication, September 1995. 

^' Weights and dimensions recommended by the Transportation 
Association of Canada. 

Ken Anderson, former Woods Manager, ANC ; personal 
communication. May 1993. 

23 1995 quotation, Redline Equipment Ltd. 

Annual 
Operating Round operating Annual chipper Unit hauling 

Trailer type cost trip cost season production Difference cost Difference 
($/100km) ($) (days) (t of green chips) (%) ($/t of green chips) (%) 

Semi-trailer chip vans 127.30 254.60 130 48 740 9.51 

T A C B-trains 146.20 292.40 50 29 302 6.99 
(-1- semi-trailer chip vans) 127.30 254.60 80 29 994 9.51 

Total 130 59 296 21.7 8.26 -I3.I 

T A C B-trains with 145.00 290.00 160 93 766 92.4 6.93 -27.1 
CTIS 
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The influence of CTIS on operating costs of B-trains was 
estimated from values reported in studies of CTIS-
equipped five and six-axle log trucks operating in 
Canada and the U S A (Bradley 1993; Kreynes 1993). 
The economic analysis was made using a one-year ex
tension of truck life due to less vibration damage; and, 
on gravel roads where reduced tire pressures and speeds 
were used, 4% increase in fuel costs, 15% reduction in 
vehicle repair costs, and 25 and 15% reductions in ttac-
tor and trailer tire costs, respectively. Some of these 
estimates were compared with data gathered during this 
trial to further validate them. For example, the tire cost 
estimates compared conservatively with the 28-39% and 
25-65% improvements found for the B-train's tractor 
and trailer tire costs, respectively. Kreynes' survey of 
American long-term CTIS users reported improvements 
to truck maintenance and life; these improvements are 
considered to be conservative estimates given the more 
severe hauling conditions in Alberta (e.g. heavier loads, 
rougher roads, cooler temperatures, and longer off-high
way hauls). At the time of writing, little information was 
available regarding the maintenance cost of a commer
cial 3-channel CTIS so, based on trial experience, it was 
estimated to be $ 1650/ year or 5.5 % of the CTIS capital cost. 

The chipping operation was assumed to produce ap
proximately 48 7401 of green chips/year with a haul
ing cost of $9.51/t. By using TAC B-trains when road 
conditions permitted, the chipping operation could in
crease production by 22% to 59 2961 and reduce haul
ing costs by 13% to $8.26/t of green chips. By using 
CTIS-equipped B-trains, annual production could be in
creased by 45 000 t (92%) and hauling costs reduced 
by $2.58/t (27%). Based on the hauling cost savings, 
the capital cost of the five CTIS would be paid for after 
99 hauling days (or 58 140 t of green chips hauled). 
Other potential benefits include improved chipper utili
zation, a longer employment period, and less road main
tenance. The CTlS-related benefits would likely vary 
from operation to operation and apply to both log and 
chip hauling operations. Haul season extension and road 
maintenance improvements (not included in this analy
sis) would be strongly influenced by the proportion of traffic 
employing reduced tire pressures. 

CONCLUSIONS 
Beginning in 1990, the Forest Engineering Research 
Institute of Canada (FERIC) conducted a three year trial 
to investigate the potential for using a seven-axle trac-
tor/B-train combination, retrofitted with a prototype, 
central tire inflation system (CTIS), in Alberta Newsprint 
Company's ( A N C ) chipping operations. A N C and FERIC 
believed that the CTIS would improve the B-train com
bination's traction, flotation, and ride, permitting use 
of the trailers under most road conditions. The trial's 

objectives were to evaluate the prototype CTIS under 
field conditions, determine the costs and benefits of the 
system, and assess the impact of variable tire pressure 
operations under spring thaw conditions, on three quali
ties of road used for chip ti:ansport in Alberta: native earth 
block-entry roads; lightly gravelled forest-access roads; and 
provincial highways. Through tiie assessment of spring 
thaw road impacts, FERIC determined the potential to ex
tend hauling operations into the spring thaw period and 
thereby reduce seasonal wood-supply intermptions. 

Refinements made to the prototype and to the subsequent 
commercial model addressed most short-comings noted 
during the trial. The quantity and quality of the com
pressed air supply strongly influence CTIS performance; 
they can be optimized by the careful selection and main
tenance of both the air compressor and the air dryer In 
general, the prototype system performed satisfactorily, 
experienced few repairs and delays, and improved ve
hicle performance. The drivers' acceptance and support 
of the CTIS were facilitated by initial instmction in tire 
principles and CTIS function and maintenance, and by 
operational experience. Drivers noted that vehicle mo
bility was enhanced by reducing trailer tire pressures on 
soft roads and by fully inflating them on hard, frozen 
roads (while maintaining reduced drive-tire pressures). 

The test tmck experienced a total tire cost of $4.25/100 
km reflecting a cost reduction of $1.57-4.68/100 km 
(27-52% improvement) compared to historical data from 
comparable chip van operations. Tire savings may be 
attributed to a variety of factors affected by reduced in
flation pressure operation, including improved tire life 
arising from less tread face damage and the occurrence 
of only one flat tire during the 17 month trial. 

The block-entry road tiial demonsti:ated that reducing tire 
pressures can improve vehicle mobility in soft, muddy road 
conditions. Rut depth in a low tire pressure lane was 77% 
less, on average, tiian in an adjacent high tire pressure lane. 
The tiuck had a decreased mtting potential at lower tire 
pressures which reduced penetiation through the frozen 
cmst to underiying unfrozen material. Based on initial mt
ting rate averages from the test ti:ack, reduced tire pres
sures may extend the use of thawing block-entry roads 
by up to nine times. Soft block-entry road conditions have, 
in the past, been prohibitive to the use of large trailers. How
ever, the mobility improvements of reduced tire pressures, 
demonstrated operationally and on the test track, have 
allowed A N C to successfully use on/off-highway B-train 
trailers and thereby reduce its chip transportation costs. 
Considerable economic benefit may be possible through 
the use of reduced tire pressures by permitting block-
entry roads to be utilized, with less maintenance, under 
thawing conditions, for either chip or log transportation. 
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Data gathered at sites on a level access road indicated 
that using moderate rather than high tire pressures 
prolonged hauling by 8-80 passes, depending on road 
conditions. An extension of the hauling season by 1.5 
to 14.5 days, using tractor/B-train combinations, is es
timated. Because these results are based on limited tri
als, conclusions regarding longer-term rut development 
and hauling feasibility through the spring thaw period 
can not be drawn; however, recent experiences of some 
ens-equipped tmcking operations suggest tiiat hauling can 
be significandy extended into the break-up period. 

When compared with high tire pressures, moderate tire 
pressures generated up to five times slower mtting rates. 
The degree of improvement varied with subgrade mois
ture content, road strength, and travel path variation. 
By using low tire pressures, even very damaged weak 
roads were healed enough to become passable. Ruts on 
access-road hills were also healed with reduced tire 
pressures and responded more quickly to low rather than 
moderate pressures. Rutting on two test sections, with 
weak subgrades reinforced with woven, paper-machine 
forming fabric, was excessive with both high and mod
erate tire pressure U-affic. The reinforcing action of the fab
ric was insufficient to control mtting, however, the use of 
low tire pressures may have mitigated some of the ratting. 
Tracks using CTIS do heal some of the damage caused by 
traffic with high tire pressures, and therefore it may not be 
necessary for all vehicles in a fleet to have C l l S . 

Reduced tire pressures at highway speeds had little ef
fect on the surface deflections and interfacial tensile 
strains measured in two thick asphaltic-concrete pave
ment stractures. This result does not support the hypoth
esis that reducing tire pressure during spring thaw con
ditions may offset the damage potential of increased axle 
loadings to thick asphaltic concrete pavement. However, 
two recent modelling studies have predicted that reduced 
tire pressures wil l strongly mitigate damage to thin A/C 
pavements (< 80 mm thick) during thawing conditions. 

An economic evaluation of alternate chip hauling sys
tems estimated that an in-woods chipping operation 
could increase its annual production by 92% or 45 000 
t of green chips, and reduce hauling costs by $2.58/t, 
by replacing semi-trailer chip vans with CTIS-equipped 
TAC B-trains. The larger B-train trailers have a larger 
payload, and haul season extension is possible by using 
reduced tire pressures. The evaluation estimated more 
modest gains (22% increased annual production and 
13% reduction in hauling costs) by replacing the semi
trailer chip vans when road conditions permitted witiiTAC 
B-tiains without CTIS. 

RECOMMENDATIONS 
Understanding of the effect of a CTIS on the tmck's air 
system components is inadequate at present. A long 
term cost/benefit analysis should be carried out under 
different climatic conditions, including monitoring CTIS 
maintenance, particularly rotary union consumption, and 
air compressor and dryer repair 

In order to utilize the road healing potential of CTIS, more 
information is required on the heat build-up character
istics of under-inflated tires. Tests should be performed 
to determine how long tmck tires may be operated in 
an under-inflated condition without incurring stractural 
damage. 

Reductions in gravel road maintenance may be possible 
by inflating to, and deflating from, highway pressures 
when tiie tracks are on tiie highway ratiier than on the con
necting gravel roads. Studies of variable tire pressure 
operations and road maintenance should evaluate the 
potential savings, and technical limitations of this 
practice. 

Reductions in the constraction standards of block entry 
roads may be possible with the improved mobility af
forded by reduced tire pressures. Studies of variable tire 
pressure operations and road standju-ds should evalu
ate the economics of this practice. 

Long-term mt development during thawing conditions 
on block-entry and forest-access roads was not investi
gated in these trials. Longer duration studies should be 
undertaken to better quantify the potential for haul
ing with reduced tire pressures during the spring thaw 
period. 

Future studies of mtting and road healing should con
sider measuring the road surface profile at frequent, 
regular intervals across the entire surface. Data inter
pretations could then be made on the basis of cross-sec
tional area change and energy consumption. 

Springtime weight reductions for lower standard (thin-
to-moderate) asphaltic concrete pavements continue to 
restrict forest operations. Further investigation should 
be made into the effect of reduced tire pressures on these 
types of asphaltic concrete pavements, especially in 
thawing conditions. 

Overall cost and benefit changes to the fibre supply 
scenario resulting from hauling season extensions 
may be subtle and unique to each forest operation. For
est companies considering implementing CTIS should 
identify and quantify the potential savings and costs 
arising from an extended hauling season for their own 
operations. 
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APPENDIX I 
Schematic of FERIC-Designed CTIS Drive-Axle Mounted Manifold/Assembly 

18-UNFto 19-mm depth 

Mater ia l : a l u m i n u m 

Drill 2 holes 2O-mm0 
to fit 3 /4*0 axle 

mm 

11 -mm 0drilled through 
Tap both sides 1/4' NPT to 25-mm depth 

Rotary union and 
nfiain air supply hose 

r " 

High strength steel 
mounting bolt replaces 
wheel stud 

Manual shut-off valve and 
air supply line to tire 
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APPENDIX II 

Tire Pressure Settings and Deflections used for the Access Road Trial 

Axle Group 

Lead Rear Average tire 
Steering Drive trailer trailer deflection 

7-axle B-train 

Average tire load (kg) 2 510 1 961 2 204 1 965 

High pressure 
Tire pressure (psi) 95 90 85 85 
Tire pressure (kPa) 655 621 587 587 
Tire deflection (%) 14 12 12 11 12 
Moderate pressure 
Tire pressure (psi) 75 55 60 60 
Tire pressure (kPa) 518 380 414 414 
Tire deflection (%) 17 14 13 13 14 

75 30 27 21 

17 

L o w pressure 
Tire pressure (psi) / j j u z, / z. / 
Tire pressure (kPa) 518 207 186 186 
Tire deflection (%) 17 18 16 18 

8-axle B-train 

Average tire load (kg) 2 420 2 294 1 799 2 058 

High pressure 
Tire pressure (psi) 95 90 SS 85 
Tire pressure (kPa) 655 621 587 587 
Tire deflection (%) 14 13 10 12 12 
Moderate pressure 
Tire pressure (psi) 75 55 60 60 
Tire pressure (kPa) 518 380 414 414 
Tire deflection (%) 17 21 13 15 15 

L o w pressure 
Tire pressure (psi) 75 30 27 27 
Tire pressure (kPa) 518 207 186 186 
Tire deflection (%) 17 22 21 21 21 

27 



The Forest Engineering Research Institute of Canada (FERIC) is a private 
non-profit research and development organization aimed at improving Canada's 
forest operations related to the harvesting and transportation of wood, and the 
growing of trees, within a framework of sustainable development. 

FERIC is funded through a growing partnership made up of over 50 leading forest 
companies, the Government of Canada, and the provinces. Our mission is to 
provide these members with the knowledge and technology to conduct 
cost-competitive, quality operations that respect the forest environment. 

head office w e s t e r n division eastern division 
siege social division de I'ouest division de rest 
580 boul. Saint-Jean 
Pointe-Claire, Quebec 
Canada H9R 3J9 
T: 514-694-1140 
F: 514-694-4351 
E: admin@mtl.feric.ca 

2601 East Mail 
Vancouver, BC 
Canada V6T1Z4 
T: 604-228-1555 
F: 604-228-0999 
E: aclmin@vcr.feric.ca 

580 boul. Saint-Jean 
Pointe-Claire, Quebec 
Canada H9R 3J9 
T: 514-694-1140 
F: 514-694-4351 
E: admin@mtl.feric.ca 


