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T h e pr a cti c e of o pti mizi n g (r e d u ci n g)

press ures of tires o n hea v y tr uc ks t o mi ni mize
d a m a ge t o l o wer st a n d ar d r o a ds is be c o mi n g
i ncreasi n gl y c o m m o n i n Ca na da. Ce ntral tire
i nfl ati o n ( C TI) a n d tir e pr ess ur e c o ntr ol
s yst e ms ( T P C S)1  ar e pr o v e n t e c h n ol o gi es
t h at e n a bl e o p er at ors of h e a v y tr u c ks t o
m o nit or a n d var y tire i nflati o n press ures fr o m
i nsi d e t h e tr u c k c a b w hil e dri vi n g.

I n O ct o b er 1 9 9 9, i n r es p o ns e t o p u bli c
c o n c er ns a b o ut mi ni mizi n g d a m a g e t o r ur al
r o a ds b y h e a v y tr u c ks, F E RI C a n d t h e
S as katc he wa n De part me nt of Hi g h wa ys a n d
Tr a ns p ort ati o n ( S H T) c o n d u ct e d a fi el d
d e m o nstr ati o n of tir e pr ess ur e c o ntr ol
s y st e ms  i n  s o ut h e ast er n  S as k at c h e w a n
( Bra dle y a n d Sta mati n os 2 0 0 0). T he o utc o mes
of t h e d e m o nstr ati o n pr o m pt e d S H T a n d
F E RI C t o f oll o w u p, i n 2 0 0 0, wit h a m or e
e xacti n g e x peri me nt of hea v y tr uc ks e q ui p pe d
wit h  tir e  pr ess ur e  c o ntr ol  s yst e ms  a n d
o p er ati n g o n r ur al r o a ds.

T his re p ort descri bes t w o trials c o n d ucte d
i n Sas katc he wa n d uri n g 2 0 0 0, a n d s u m marizes
t h e fi n di n gs.2, 3

         
C o m mercial tr uc k traffic ca n si g nifica ntl y

de gra de t he c o n diti o n of l o wer sta n dar d r oa ds
( e. g., r ur al a n d f or est r o a ds). Ty pi c all y, t his
will l e a d t o a d diti o n al or c o nti n u e d c ostl y
m ai nte n a nce bei n g re q uire d.

Alt h o u g h m a n y r o a d-r el at e d a n d tr u c k-
relate d be nefits of re d uci n g tire press ures ha ve
b e e n i d e ntifi e d, ti m e c o nstr ai nts pr e v e nt

                   
                  
                      

       

I n 2 0 0 0, t h e S as k at c h e w a n D e p art m e nt of Hi g h w a ys a n d Tr a ns p ort ati o n ( S H T)
c o n d u ct e d t w o tri als of h e a v y tr u c ks e q ui p p e d wit h tir e pr ess ur e c o ntr ol s yst e ms a n d
o p er ati n g o n r ur al r o a ds. T h e F or est E n gi n e eri n g Res e ar c h I nstit ut e of C a n a d a ( F E RI C)
p arti ci p at e d i n a n a d vis or y c a p a cit y a n d pr e p are d t his s u m m ar y of t h e tri als. T h e m ai n
o bj e cti v es i n v ol v e d q u a ntif yi n g t h e p ot e nti al b e n efits of o pti miz e d tir e pr ess ur es i n
mi ni mizi n g d a m a ge t o r ur al r o a ds, a n d offsetti n g t he i n cre me nt al r o a d d a m a ge c a use d b y
l ar ger c a p a cit y tr u c ks c arr yi n g e n h a n ce d wei g hts. Tire he ati n g a n d f uel c o ns u m pti o n were
als o e x a mi n e d.

       

Tr uc ks, Tire press ure, Ce ntral tire i nflati o n ( C TI), Tire press ure c o ntr ol s yste m ( T P C S),
R ur al r o a ds, E art h-s urf a c e d r o a ds, R o a d d a m a g e, Tir e h e ati n g, F u el c o ns u m pti o n.

1 T h e t er ms tire press ure c o ntr ol syste m ( T P C S) a n d ce ntr al
ti r e  i nfl ati o n  ( C T I)  s yst e m a r e  s o m eti m es  us e d
i nt er c h a n g e a bl y. S yst e m m a n uf a ct urers us e t h e t er m
tire press ure c o ntr ol syste m t o r ef er t o a r el ati v el y c o m pl e x
c o m p ut er- c o ntr oll e d s yst e m t h at c a n m o nit or, i nfl at e,
a n d  d efl at e  u p  t o  t hr e e  tir e  gr o u ps  o n  c o m m er ci al
tr uc ks. Ce ntr al tire i nfl ati o n syste m refers t o ol der, si m pler
t e c h n ol o g y  w hi c h  w a s  d e v el o p e d  f o r  milit a r y
a p pli c ati o ns a n d w hi c h l a c ks m a n y of t h e c o m p ut er
a n d  s af et y  f e at ur es  n e c ess ar y  f or  c o m m er ci al  tr u c k
a p pli c ati o ns.

2 A  n u m b er of p a p ers a n d r e p orts h a v e alr e a d y b e e n
p u blis h e d o n as p e cts of t his r es e ar c h. T h e r e a d er is
r ef err e d t o t h es e w or ks f or d et ail e d i nf or m ati o n o n
m et h o ds, a n al ys es, a n d c o n cl usi o ns. S e e St a m ati n os
a n d Br a dl e y 2 0 0 2, R e g gi n et al. 2 0 0 2, E B A E n gi n e eri n g
C o ns ult a nts 2 0 0 2, a n d Br a dl e y a n d St a m ati n os 2 0 0 0.

3 T h e  a ut h or  of  t his  s u m m ar y  w as  i n v ol v e d  i n  t h e
e x p eri m e nt al d esi g n, t esti n g, a n d r es ults a n al ysis of
b ot h t h e 1 9 9 9 a n d 2 0 0 0 pr oj e cts.
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P oi nt e- Cl air e, Q C, H 9 R 3 J 9     V a n c o u v er, B C, V 6 T 1 Z 4

( 5 1 4) 6 9 4- 1 1 4 0

( 5 1 4) 6 9 4- 4 3 5 1
a d mi n @ mtl.f eri c. c a
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a d mi n @ v cr.f eri c. c a

     
         i s p u bli s h e d s ol el y t o di s s e mi n at e i nf or m ati o n t o F E RI C’ s m e m-
b er s a n d p art n er s. It i s n ot i nt e n d e d a s a n e n d or s e m e nt or a p pr o v al of a n y
pr o d u ct or s er vi c e t o t h e e x cl u si o n of ot h er s t h at m a y b e s uit a bl e.

 C o p yri g ht  2 0 0 3.  Pri nt e d  i n  C a n a d a  o n r e c y cl e d p a p er.

I S S N 1 4 9 3- 3 3 8 1

dri v ers of c o m m er ci al tr u c ks fr o m m a n u all y
o pti mi zi n g  tir e  pr ess ur es  i n  r es p o ns e  t o
c h a n g es i n tr u c k l o a d or s p e e d li mit. As a n
alt er n ati v e, a tir e pr ess ur e c o ntr ol s yst e m —
a n o n- b o ar d el e ctr o- m e c h a ni c al s yst e m —
offers dri vers a c o n ve nie nt me a ns t o m o nit or
a n d  o pti mi z e  (i nfl at e  a n d  d efl at e)  tir e
pr ess ures w hil e dri vi n g. C urr e ntl y, a b o ut
3 5 0 tir e pr ess ur e c o ntr ol s yst e ms ar e i n us e
i n C a n a d a. M a n y of t hese are use d i n Al bert a
l o g- h a uli n g o p er ati o ns, b ut tir e pr ess ur e
c o ntr ol s yst e ms ar e g ai ni n g a c c e pt a n c e i n
ot h er pr o vi n c es a n d ot h er i n d ustri es ( e. g.,
a gric ult ure, c o ncrete, a n d oil). De vel o p me nt
tr e n ds f or tir e pr ess ur e c o ntr ol s yst e ms
h a v e b e e n t o w ar ds i m pr o vi n g f e at ur es a n d
pr o gr a m m a bilit y, r e d u ci n g c o m p o n e nt siz e,
r e d u ci n g w ei g ht a n d p ur c h as e pri c e, a n d
i nte gr ati n g tire press ure c o ntr ol s yste ms wit h
G P S-li n k e d tr u c k- m o nit ori n g s yst e ms t o
l o w st a n d ar d r o a ds.4

Researc h i nt o t he be nefits of re d uci n g t he
press ures of tires o n he a v y tr uc ks h as re ve ale d
t h e f oll o wi n g:

• Si g nifi c a ntl y l ess d a m a g e o c c urr e d t o
p a v e d, c hi p-s e al e d, a n d a g gr e g at e-s ur-
f a c e d r o a ds —i n b ot h dr y a n d s at ur at e d
c o n diti o ns — wit h  b ot h  str ai g ht  a n d
c ur vi n g ali g n me nts ( Ne va da A ut o m oti ve
Test C e nt er 1 9 8 7).

• Gr a v el l oss ( e. g., fr o m a g gr e g at e br e a k-
d o w n, r a v elli n g, a n d p e n etr ati o n i nt o
t he s u b gr a de) de cre ase d b y a n esti m ate d
2 5 – 4 0 %,  d e p e n di n g  o n  a g gr e g at e
q u alit y ( Br a dl e y 1 9 9 7).

• I n a l a b or at or y s etti n g, l ess r utti n g
o c c urr e d o n t hr e e t est s e cti o ns of gr a v el
r o a d w he n t he tire press ure w as re d u ce d
b y h alf. H al vi n g t h e tir e pr ess ur e a n d
i n cre asi n g w heel l o a d b y 8 2 %, h o we v er,
r es ult e d  i n  gr e at er  r utti n g  ( D o u gl as
1 9 9 7).

I n  O ct o b er  1 9 9 9,  F E RI C  a n d  S H T
c o n d u ct e d a fi el d d e m o nstr ati o n i n s o ut h-
e ast er n S as k at c h e w a n, n e ar  Wal p ol e. T h e
d e m o nstr ati o n w as c o n d u ct e d t o s h o w t h e
p ot e nti al f or tir e pr ess ur e c o ntr ol s yst e ms t o
mi ni mize d a m a ge t o r ur al r o a ds, a n d t here b y
a d dr ess t h e p u bli c’s c o n c er ns a b o ut l ar g e
tr uc ks a n d p a yl o a ds o per ati n g o n r ur al r o a ds.

T he tr u c ks i n t w o i de nti c al B-tr ai n fleets
w er e e q ui p p e d wit h tir e pr ess ur e c o ntr ol
s yst e ms a n d Mi c h eli n tires. T h e tires o n o n e
fl e et w er e i nfl at e d t o t h e i n d ustr y st a n d ar d
of 1 0 0 psi ( 6 9 0 k P a). T h e tir es o n t h e
s e c o n d fl e et w er e i nfl at e d t o o pti mi z e d
(r e d u c e d) l e v els w hi c h w er e r e c o m m e n d e d
b y Mi c h eli n. T h e t w o fl e ets c y cl e d o v er
a dj a c e nt  l a n es  of  a  t w o-l a n e  r ur al  r o a d
h a vi n g a c o m pact cla y s urface cr ust o n w hic h
a t hi n l a y er of gr a v el w as s pr e a d t o ai d
tr a cti o n i n w et w e at h er.

D uri n g t h e u nl o a d e d p h as e of t esti n g,
t h e fl e et wit h t h e o pti miz e d tir e pr ess ur es
g e n er at e d  a p pr o xi m at el y  t w o-t hir ds  l ess
was h b oar d o n t he r o a d’s s urfaci n g gra vel t ha n
di d t h e fl e et wit h t h e hi g h er tir e pr ess ur es.
D uri n g t h e l o a d e d p h as e, t h e r u n ni n g
s urf a c e of t h e l a n e tr a v ers e d b y t h e fl e et
wit h t h e o pti miz e d tir e pr ess ur es dis pl a y e d
si g nifi c a ntl y less str u ct ur al de gr a d ati o n t h a n
di d t h e l a n e tr a v ers e d b y t h e fl e et wit h t h e
hi g her tire press ures. 5  T he cl a y s urf ace r utte d
v er y littl e, a n d t h e c h a n g es i n r ut d e pt h
pr o v e d st atisti c all y i n c o n cl usi v e ( Br a dl e y
a n d St a m ati n os 2 0 0 0).

4  Si n c e 1 9 9 5, i n its Tr u c ki n g Part n ers hi p A gre e m e nts,
S H T  h as  r e c o g ni z e d  t h e  r o a d-r el at e d  b e n efits  of
re d u ci n g tr u c k tir e pr ess ur es. S H T us es d at a fr o m
tr u c k- bas e d m o nit ori n g s yst e ms t o e ns ur e tr u c ks a n d
dri v ers c o m pl y wit h t h e t er ms of t h e A gr e e m e nts.

5  As i n di c at e d b y pr e-/ p ost-tri al diff er e n c es i n s urf a c e
d efl e cti o n ( b as e d o n r e b o u n d m e as ur e m e nts t a k e n wit h
a B e n k el m a n B e a m), a n d t h e o c c urr e n c e of s urf a c e
cr a c ki n g.
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T h e  si g nifi c a nt  diff er e n c e  i n  l a n e

p erf or m a n c e o bs er v e d i n t h e 1 9 9 9 fi el d
d e m o nstr ati o n pr o m pt e d S H T t o c o n d u ct
a  s ci e ntifi c all y  c o ntr oll e d  e x p eri m e nt  i n
2 0 0 0 t o q u a ntif y t h e p ot e nti al of o pti miz e d
tir e pr ess ur es t o mi ni miz e r o a d d a m a g e o n
r ur al r o a ds.

T h e c or e o bj e cti v es of t h e f oll o w- u p
r es e ar c h w er e t o:

1.  Q u a ntif y t he re d u cti o n i n r o a d d a m a ge
r el at e d  t o  t h e  us e  of  r e d u c e d  tir e
pr ess ur es  t h at  w as  o bs er v e d  i n  t h e
1 9 9 9 fi el d d e m o n str ati o n.

2.  Deter mi ne w het her t he use of o pti mize d
tire press ures c o ul d offset t he i ncre me n-
tal da ma ge t o r ural r oa ds ca use d b y lar ger
c a p a cit y  tr u c ks  c arr yi n g  e n h a n c e d
w ei g hts. 6

S u p ple me ntal o bjecti ves of t he f oll o w- u p
r es e ar c h w er e t o:

3.  D et er mi n e t h e s uit a bilit y of t h e r e-
d u c e d tir e pr ess ur es b y m e as uri n g t h e
m a g nit u d e a n d distri b uti o n of h e at o n
t h e s urf a c e of t h e tr u c ks’ tires.

4.  Q u a ntif y c h a n g es i n f u el c o ns u m pti o n
r es ulti n g fr o m t h e us e of o pti miz e d tir e
pr ess ur es o n r ur al r o a ds.

5.  E x a mi n e h o w gr a v el l oss fr o m r ur al
r oa ds is i nfl ue nce d b y a g gre gate size a n d
a p plic ati o n r ate, a n d b y tr uc k s pee d a n d
tir e pr ess ur e (r ef er t o Tr a ns p ort ati o n
Rese ar c h Ce ntre 2 0 0 2).

6.  M o del t he me c h a nis ms t h at c o ntri b ute
t o d a m a g e of r ur al r o a ds.7

         
T w o tri als, t h e E q u al A xl e L o a d Tri al

a n d t h e E q u al Pa yl o a d Tri al, t o o k pl a c e

si m ult a n e o usl y fr o m J ul y 2 5 t o A u g ust 1,
2 0 0 0 i n ce ntral Sas katc he wa n, near Wy n yar d.

         

T he test r oa d i n t he E q ual A xle L oa d Trial
w as 4. 8 k m l o n g a n d t h e r o a d i n t h e E q u al
Pa yl oa d Trial was 6. 4 k m l o n g. Ve hicles c o ul d
c ycle t he test r oa ds c o nti n u o usl y b y ret ur ni n g
t o t h e b e gi n ni n g of t h e r o a d vi a c o n n e cti n g
r o a ds. T h e tr u c ks w er e l o a d e d wit h gr ai n.

C o nstr u cti o n a n d c o n diti o ns. B ot h t est
r o a ds  w er e  t w o-l a n e,  l o w- v ol u m e  r o a ds
c o nstr u ct e d wit h t h e l o c al cl a y-t y p e till s oils
of m e di u m pl asti cit y. 8  E a c h t est r o a d w as
c o m pris e d of t w o s urf a c e t y p es:

1. E art h-s urf ace d secti o ns. F or m ost of t h e
l e n gt h, t h e r o a d s urf a c e w as c o m pris e d
of a 1 5 0 t o 2 0 0- m m-t hi c k, c o m p a ct
cr ust of n ati v e m at eri al o v erl ai n wit h a
v er y t hi n ( 3 – 5 m m) l a y er of gr a v el t o
i m pr o v e  tr a cti o n  i n  w et  w e at h er
( Fi g ur e 1).

2. T hi n- me m br a ne-s urf ace d secti o ns.  E a c h
r o a d als o i n cl u d e d a 3 0 0- m-l o n g p a v e d
s e cti o n c o nsisti n g of a 4 0- m m-t hi c k
bit u mi n o us c ol d mi x m at pl ace d o n t o p
of t h e r o a d cr ust ( aft er first r e m o vi n g
t h e tr a cti o n gr a v el).

T h e t est r o a ds w er e v er y si mil ar i n
c o nstr u cti o n t o t h e e art h-s urf a c e d t est r o a d

6 E n h a n c e d w ei g hts: w ei g hts gr e at er t h a n t h e pr o vi n ci all y
r e g ul at e d  m a xi m u m  gr oss  a n d  a xl e  w ei g hts.  I n
S as k at c h e w a n,  t h e  pr a cti c e  of  c arr yi n g  e n h a n c e d
w ei g hts  u n d er  p er mit  fr o m  Tr u c ki n g  P art n ers hi p
A gr e e m e nts h as b e e n r estri ct e d t o tr u c ks b ei n g all o w e d
t o c arr y pri m ar y hi g h w a y l e g al w ei g hts w h e n t h e y tr a v el
o n t h e s e c o n d ar y hi g h w a y s yst e m.

7 N o r es ults p u blis h e d at t h e ti m e of pri nti n g.
8 Fi n e- gr ai n e d s oils ar e cl assifi e d l ar g el y b y w at er c o nt e nt,

wit h m or e- pl asti c s oils c o nt ai ni n g gr e at er a m o u nts of
w at er a n d b ei n g m or e r e a dil y d ef or m e d.

Dit c h

Wi dt h of r u n ni n g s urf a c e
7. 2 – 8. 0  m

Dit c h

Gr a d e el e v ati o n
mi ni m u m 1. 2  m

C o m p a ct e d cr u st,  mi ni m u m 1 5 0- m m-t hi c k,
wit h 4 % cr o s s sl o p e

Fi g ur e 1. Cr o s s-
s e cti o n of t e st r o a d
( n ot t o s c al e).
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us e d i n t h e 1 9 9 9 fi el d d e m o nstr ati o n of
tir e pr ess ur e c o ntr ol s yst e ms, a n d w er e
r e pr es e nt ati v e  of  m a n y  r ur al  r o a ds  i n
S as k at c h e w a n a n d els e w h er e i n C a n a d a.
U nli k e  t h e  1 9 9 9  fi el d  d e m o nstr ati o n,
h o w e v er, t h e r o a ds i n t h e 2 0 0 0 tri als w ere i n
a w e a k e n e d st at e b e c a us e t h e s u b gr a d e w as
ver y wet d ue t o s pri n g preci pitati o n t hat e n de d
j ust pri or t o t h e e x p eri m e nt. T h e t est w as
c o n d u ct e d u n d er t h es e c o n diti o ns t o r e d u c e
t h e n u m b er of p ass es n e e d e d t o r e a c h r o a d
f ail ur e, a n d t o q u a ntif y t h e m a xi m u m
differe nce i n perf or ma nce bet wee n t he fleets.

S a m pli n g,  m e as uri n g,  a n d  a n al ysis.
Pri or t o t h e e x p eri m e nt, t h e r o a d s oils w er e
s a m pl e d f or m oist ur e, d e nsit y, a n d cl assifi-
c ati o n. S oil str e n gt h w as esti m at e d fr o m
D y na mic C o ne Pe netr o meter meas ure me nts.
M e as ur e m e nts of s urf a c e r utti n g ( m e as ur e d
i n  t h e  i n n er  w h e el  p at hs  at  est a blis h e d
c r o s s-s e cti o ns)  a n d  s urf a c e  d efl e cti o n
( Be n kel m a n Be a m re b o u n d me as ure d i n t he
o ut er w h e el p at hs at e v e nl y s p a c e d i nt er v als)
w er e t a k e n b ef or e, d uri n g, a n d aft er c y cli n g.
R el ati v e c h a n g es i n r o a d s urf a c e d efl e cti o n
d uri n g t h e e x p eri m e nt w er e t a k e n as a pr o x y
f or  c h a n g es  i n  t h e  str e n gt h  of  t h e  r o a d
str u ct ur e. Defl e cti o ns w er e als o g at h er e d o n
t h e t hi n- m e m br a n e-s urf a c e d s e cti o ns. N o
a n al ysis w as p ossi bl e, h o w e v er, b e c a us e a n
u n k n o w n  p orti o n  of  t h e  d efl e cti o n  w as
c a us e d b y p ost- c o nstr u cti o n c o m pr essi o n of
t h e s oft bit u mi n o us m at.

T h e  s oil  d at a  a n d  pr e-tri al  s urf a c e
d efl e cti o ns w er e e v al u at e d f or bi as b et w e e n
a djace nt la nes of t he test r oa ds. A nal yses were
als o c o n d u cte d o n s oil-stre n gt h d at a, s urf a ce

d efl e cti o ns, a n d r ut d e pt hs t o q u a ntif y a n d
m o d el r o a d- d a m a g e m e c h a nis ms.

Vis u al r e c or d. D uri n g t he e x peri me nt, a
fil m tr u c k dr o v e t h e t est r o a ds at r e g ul ar
i nter v als t o rec or d t heir c o n diti o n. Rese arc h-
ers us e d t his vis u al r e c or d of r o a d c o n diti o n,
c ali br at e d  b y  tr a v el  s p e e d  a n d  dist a n c e
m ar k ers l o c at e d e v er y 0. 5 k m i n e a c h l a n e,
t o q u a ntif y t h e l e n gt h of dis pl a c e d s h e ar
f ail ur es i n e a c h l a n e.

                        

       

All t est v e hi cl es w er e pr o vi d e d b y t h e
S as k at c h e w a n  W h e at  P o ol  a n d  w e r e
e q ui p p e d wit h R e dli n e- Elt e k tir e pr ess ur e
c o ntr ol  s yst e ms,  air-ri d e  s us p e nsi o ns,
1 1 R 2 2. 5 Mi c h eli n tir es, a n d S O O S oft w ar e
G P S- b ase d n a vi g ati o n al s yste ms. All tires o n
tr u c ks t h at c y cl e d t h e st a n d ar d hi g h w a y-
pr ess ur e l a n es w er e i nfl at e d t o 1 0 0 psi
( 6 9 0 k P a), as p e r i n d ust r y p r a cti c e i n
S a s k at c h e w a n. T h e o pti mi z e d c ol d-tir e
i nfl ati o n pr ess ur es f or tr u c ks t h at c y cl e d t h e
r e d u c e d pr ess ur e l a n es w er e a p pr o v e d b y
Mi c h eli n f or t h e t est s p e e ds a n d l o a ds:
8 0 psi ( 5 5 0 k Pa) i n t h e st e eri n g tires, 6 0 psi
( 4 1 4 k Pa) i n t h e dri v e a xl e tires, a n d 5 0 psi
( 3 4 5 k Pa) i n t h e tr ail er tir es. Mi c h eli n re-
s e ar c h ers m e as ur e d o p er ati n g t e m p er at ur es
of t h e tir es wit h a n i nfr ar e d c a m er a. T h e
m a g nit u d e a n d distri b uti o n of tir e s urf a c e
t e m p er at ur es w er e t h e n us e d t o m o d el tir e
str ess es a n d e v al u at e t h e a p pr o pri at e n ess of
t h e tir e i nfl ati o n s etti n gs us e d d uri n g t h e
e x p eri m e nt ( O bj e cti v e 3).

             

T h e E q u al A xl e L o a d Tri al w as
desi g ne d t o q u a ntif y t he re d ucti o n i n
d a m a g e t o t y pi c al, r ur al, S as k at c h-
e w a n r o a ds b y tr u c ks o p er ati n g wit h
o pti miz e d (r e d u c e d) tir e pr ess ur es
( O bj e cti v e 1).

T h e E q u al A xl e L o a d Tri al t o o k
pl a c e o n Cir c uits 1 a n d 2 ( Fi g ur e 2).
T his tri al w as c o n d u ct e d wit h o n e
fl e et of fi v e i d e nti c al 9- a xl e B-tr ai ns.
T he fleet tr a velle d, o n alter n ate d a ys,
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E art h- s urf a c e d s e cti o n

T M S s e cti o n

E art h- s urf a c e d s e cti o n

Cir c uit 1
R e d u c e d pr e s s ur e

Cir c uit 2
St a n d ar d hi g h w a y pr e s s ur e

Hi g h w a y 1 6

Fi g ur e 2. M a p of
e q u al a xl e w ei g ht
tri al ar e a.
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t h e  d esi g n at e d  “r e d u c e d- pr ess ur e  l a n e ”
( Cir c uit 1) wit h tir es i nfl at e d t o o pti miz e d
le vels, a n d t he desi g nate d “sta n dar d hi g h wa y-
pr ess ur e l a n e ” ( Cir c uit 2) wit h tir es i nfl at e d
t o 1 0 0 psi ( 6 9 0 k Pa). T h e tr u c ks tr a v ell e d i n
a c o n v o y wit h s pee d ke pt u nif or m a n d u n d er
8 0  k m/ h  b y  t h e  fr o nt  tr u c k  ( a n d  b y  a
d esi g n at e d l e a d dri ver). T h e tr u c ks us e d i n
t his tri al ar e ill ustr at e d i n Fi g ur e 3.

C ycli n g c o nti n ue d at a r ate of 1 4 0 p asses
per d a y u ntil t he l a ne s urf a ce f aile d, at w hi c h
p oi nt t h e l a n e w as cl os e d. A l a n e w as j u d g e d
f ail e d if a n e xt e nsi v e l e n gt h of t h e r u n ni n g
s urf a c e s h o w e d c o nsi d er a bl e s h e ari n g a n d
dis pl a c e m e nt,  or  d e e p  r utti n g.  C y cli n g
c o nti n u e d i n t h e a dj a c e nt l a n e u ntil its
s urf a c e w as c o m p ar a bl y d a m a g e d or u ntil
its m e a n s urf a c e d efl e cti o n (i. e., str e n gt h)
r e a c h e d t h at of t h e f ail e d l a n e.

F u el c o ns u m e d a n d dist a n c e tr a v ell e d
w er e r e c or d e d at t h e e n d of e a c h d a y. Fr o m
t h es e  d at a,  d ail y  f u el- c o ns u m pti o n  r at es
w er e esti m at e d ( O bj e cti v e 4).

            

T h e E q u al Pa yl o a d Tri al w as d esi g n e d
t o d et er mi n e w h et h er t h e us e of r e d u c e d
tir e pr ess ur es c o ul d offs et t h e i n cr e m e nt al
d a m a g e t o r ur al r o a ds c a us e d b y l ar g er
c a p a cit y tr u c ks c arr yi n g e n h a n c e d w ei g hts
( O bj e cti v e 2).

T h e E q u al Pa yl o a d Tri al t o o k pl a c e o n
Cir c uits 3 a n d 4 ( Fi g ur e 4). T his t est w as
c o n d u ct e d wit h t w o diff er e nt fl e ets of gr ai n
tr uc ks: a “ hi g h-efficie nc y/ lar ge-ca pacit y” fleet
of tr u c ks ( Cir c uit 3), a n d a “c o n v e nti o n al
fl e et” of tr u c ks ( Cir c uit 4). T h e tr u c ks us e d
i n t his tri al ar e ill ustr at e d i n Fi g ur e 5.

T h e hi g h- effi ci e n c y fl e et w as c o m pris e d
of fi v e 9- a xl e B-tr ai ns l o a d e d t o e n h a n c e d
a xle wei g hts 9  a n d usi n g o pti miz e d (r e d u c e d)
tire press ures. T he m a xi m u m e n h a nce d gr oss
c o m bi n e d w ei g ht ( G C W) f or t h e 9- a xl e
tr u c ks w as 7 0. 5 t o n nes ( c orres p o n di n g t o its
m a xi m u m G C W f or tr a v el u n d er p er mit o n
pri m ar y hi g h w a ys i n S as k at c h e w a n).

T he c o n ve nti o n al fleet w as c o m prise d of
f o ur 8- a xl e B-tr ai ns a n d t hr e e 6- a xl e tr a ct or/

Fi g ur e 3. Ni n e- a xl e
B-tr ai n s w er e u s e d
i n t h e E q u al A xl e
L o a d Tri al.

9- a xl e  B-tr ai n: 4 3. 7 t p a yl o a d

5 5 0 0 k g 1 7 0 0 0 k g 2 4 0 0 0 k g 2 4 0 0 0 k g

O pti mi z e d
tir e  pr e s s ur e s

St a n d ar d  hi g h w a y
tir e  pr e s s ur e s

St e eri n g 1 0 0 p si
Dri v e 1 0 0 p si
Tr ail er 1 0 0 p si

St e eri n g 8 0 p si
Dri v e 6 0 p si
Tr ail er 5 0 p si

Fi g ur e 4. M a p of
E q u al P a yl o a d Tri al
ar e a.
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9 S e e F o ot n ot e 6.
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s e mi-tr ail ers. T h es e v e hi cl es w er e l o a d e d
t o  m a xi m u m r e g ul ati o n a xl e w ei g hts a n d
t h eir tir es w er e i nfl at e d t o t h e st a n d ar d
hi g h w a y tire pr ess ure. T h e m a xi m u m l e g al
G C Ws f or tr a v el o n s e c o n d ar y (r ur al) r o a ds
i n S as k at c h e w a n b y t h e 8- a xl e a n d 6- a xl e
tr u c ks ar e 5 4. 5 a n d 4 0 t o n n es, res p e cti v el y.

T h e hi g h- effi ci e n c y fl e et tr a v ell e d i n t h e
d esi g n at e d “re d u c e d- press ur e l a n e”, a n d t h e
c o n v e nti o n al fl e et tr a v ell e d i n t h e “st a n d ar d
hi g h w a y- pr ess ur e l a n e ”. C y cli n g w as ti m e d
s u c h t h at t h e fl e ets di d n ot p ass e a c h ot h er
o n t h e t est s e cti o n of t h e cir c uit.

T h e n u m b er a n d si z e of tr u c ks w er e
s el e ct e d s o e a c h fl e et h a d a p pr o xi m at el y t h e
s a m e t ot al c o m bi n e d p a yl o a d. T h e tr u c k
tr affi c w as c o ntr oll e d s u c h t h at t h e t ot al
p a yl o a d c arri e d o v er t h e l a n es r e m ai n e d
e q ui v al e nt d uri n g t h e e x p eri m e nt, t h er e b y
all o wi n g si d e- b y-si d e c o m p aris o ns of r o a d
d a m a g e f or a n y gi v e n t ot al p a yl o a d. It w as
oft e n n e c ess ar y t o st o p c y cli n g t h e tr u c ks t o
all o w f or s p ot r e p airs (i. e., filli n g, gr a di n g,

c o m p a cti n g) of s h e ar f ail ur es i n t h e r o a d
s urf a c e t o pr e v e nt d a m a g e t o t h e v e hi cl es. 1 0

F u el c o ns u m pti o n w as n ot e x a mi n e d i n
t his tri al.

     

  

St atisti c al c o m p aris o ns w er e m a d e of
t h e pr e-tri al c o n diti o n of e a c h t est r o a d s o
t h at  a n y  i niti al  diff er e n c es  c o ul d  b e  a c-
c o u nt e d f or w h e n i nt er pr eti n g t h e r es ults.
T hese a nal yses f o u n d n o si g nifica nt differe nce,
at a 9 5 % c o nfi d e n c e l e v el, b et w e e n t h e
pr e-tri al m e a n s oil str e n gt hs of e a c h p air of
l a nes. Si mil arl y, n o si g nifi c a nt differe n ce w as
f o u n d b et w e e n t h e m e a n s urf a c e d efl e cti o ns
of t h e l a n es. N or w as a n y bi as f o u n d i n a

9- a xl e  B-tr ai n: 4 7. 3 t  p a yl o a d  +  o pti mi z e d tir e  pr e s s ur e s

5 5 0 0 k g 1 7 0 0 0 k g 2 4 0 0 0 k g 2 4 0 0 0 k g

St a n d ar d  hi g h w a y
tir e  pr e s s ur e s

St e eri n g 1 0 0 p si
Dri v e 1 0 0 p si
Tr ail er 1 0 0 p si

O pti mi z e d
tir e  pr e s s ur e s

St e eri n g 8 0 p si
Dri v e 6 0 p si
Tr ail er 5 0 p si

5 5 0 0 k g 1 4 5 0 0 k g 2 0 0 0 0 k g

8- a xl e  B-tr ai n: 3 3. 7 t  p a yl o a d  + st a n d ar d  hi g h w a y tir e  pr e s s ur e s

6- a xl e tr a ct or/ s e mi-tr ail er: 2 3. 7 t  p a yl o a d  + st a n d ar d  hi g h w a y tir e  pr e s s ur e s

5 5 0 0 k g 1 4 5 0 0 k g 2 0 0 0 0 k g 1 4 5 0 0 k g

Fi g ur e 5. V e hi cl e s
u s e d i n t h e E q u al
P a yl o a d Tri al:
9- a xl e B-tr ai n s
c arri e d e n h a n c e d
a xl e w ei g ht s a n d
u s e d o pti mi z e d tir e
pr e s s ur e s, a n d
6- a xl e a n d 8- a xl e
tr u c k s c arri e d
r e g ul ati o n a xl e
w ei g ht s a n d u s e d
st a n d ar d hi g h w a y
tir e pr e s s ur e s.

1 0 A n u m b er of “s oft s p ots” i n t h e c o n ve nti o n al fl e et l a n e
w er e r e p air e d s o o n aft er t h e st art of c y cli n g s o t h at t h e
t est c o ul d c o nti n u e u ntil a m or e e xt e nsi v e p orti o n of
t h e l a n es h a d f ail e d.
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c o m p aris o n of l a n e g e o m etr y ( E B A E n gi-
n e eri n g C o ns ult a nts 2 0 0 2).

             

B y t h e e n d of t his tri al, 3. 5 ti m es m or e
pa yl oa d ha d bee n carrie d o ver t he o pti mize d-
pr ess ur e l a n e ( 3 4 1 0 0 t o n n es) t h a n o v er t h e
sta n dar d hi g h wa y- press ure la ne ( 9 4 6 0 t o n nes)
( Ta bl e 1).

At 1 4 0 p ass es/ d a y, t h e st a n d ar d hi g h-
w a y- pr ess ur e l a n e w as cl os e d t o tr affi c aft er
2 0 0 p asses bec a use t he tr uc ks h a d e xte nsi vel y
s h e ar e d t h e o ut er w h e el p at h ( Fi g ur e 6).
H o w e v er, t h e o pti mi z e d- pr ess ur e l a n e
r e m ai n e d p ass a bl e t hr o u g h o ut t h e e x p eri-
m e nt; tr a v el li k el y c o ul d h a v e c o nti n u e d t o

8 0 0 p ass es or m or e b ef or e e q ui v al e nt l e v els
of d a m a g e r es ult e d.

O n t h e e art h-s urf a c e d s e cti o n of t h e
r o a d, 5 0 % of t h e l a n e l e n gt h h a d s urf a c e
s heari n g after 2 0 0 passes ( Ta ble 1). I n c o ntr ast,
n o s urface s heari n g i n t he o pti mize d press ur e
l a n e w as a p p ar e nt aft er 2 0 0 p ass es, a n d o nl y
5 % of t h e l a n e l e n gt h w as s h e ar e d aft er
7 2 1 p ass es ( St a m ati n os a n d Br a dl e y 2 0 0 2).

R ut d e pt hs o n t h e st a n d ar d hi g h w a y-
pr ess ur e  l a n e  w er e  t wi c e  t h os e  i n  t h e
o pti mize d- press ure l a ne ( Re g gi n et al. 2 0 0 2).
S urf a c e d efl e cti o ns w er e, o n a v er a g e, 3 2 %
m or e i n t h e st a n d ar d hi g h w a y- pr ess ur e
l a n e  t h a n i n t h e o pti miz e d- pr ess ur e l a n e
( Fi g ure 7). T h at is, w h e n t h e tr u c ks us e d

Fi g ur e 6. T h e t e st
r o a d i n t h e E q u al
A xl e L o a d Tri al,
aft er 2 0 0 p a s s e s
o n t h e st a n d ar d
hi g h w a y- pr e s s ur e
l a n e (l eft l a n e) a n d
4 0 0 p a s s e s o n t h e
o pti miz e d-
pr e s s ur e l a n e
(ri g ht l a n e). T h e
st a n d ar d hi g h w a y-
pr e s s ur e l a n e w a s
cl o s e d t o tr affi c
aft er 2 0 0 p a s s e s
b e c a u s e it h a d
e xt e n si v e f ail ur e s.

E xt e nt of s e cti o n f ail e d i n s h e ar

T ot al T ot al E art h- T hi n- m e m br a n e-
tr u c k p a s s e s p a yl o a d s urf a c e d s e cti o n s urf a c e d s e cti o n

( n o.) (t o n n e s) ( % of l a n e l e n gt h) ( % of l a n e l e n gt h)

St a n d ar d hi g h w a y- pr e s s ur e l a n e     2 0 0 9 4 6 0 50 1 0 0
( aft er 2 0 0 p a s s e s) ( aft er 7 0 p a s s e s)

O pti mi z e d- pr e s s ur e l a n e 7 2 1 3 4 1 0 0 0 < 5
( aft er 2 0 0 p a s s e s) ( aft er 7 0 p a s s e s)

5 4 0
( aft er 7 2 1 p a s s e s) ( aft er 7 2 1 p a s s e s)

                                    

R o a d c e nt r eli n e

B r o k e n e d g e
of r o a d s u rf a c e
c r u st

A p p r o x.
o ri gi n al r o a d
s h o ul d e r
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o pti mi z e d  (r e d u c e d)  tir e  pr ess ur es  t h e y
c a us e d m u c h l ess str u ct ur al d e gr a d ati o n t o
t h e r o a d w a y.

T he s urf a ce defle cti o n of t he o pti mize d-
press ure la ne di d n ot c o nsiste ntl y i ncrease wit h
i n cr e asi n g tr u c k tr affi c. I nst e a d, a v er a g e
s urf a c e d efl e cti o n i n cr e as e d li n e arl y u ntil
3 5 0 0 c u m ul ati v e t o n n es of p a yl o a d h a d
tr a v ers e d t h e l a n e, a n d t h er e aft er alt er n at el y
d e cr e as e d a n d i n cre as e d. T his s u g g ests t h at
s o m e u ni d e ntifi e d s e c o n d ar y m e c h a nis m(s)
p arti all y  offs et  t h e  w e a k e ni n g  eff e ct  of
tr u c k traffic after s o me da ma ge t o t he s urf a c e
cr ust h a d t a k e n pl a c e ( E B A E n gi n e eri n g
C o ns ult a nts 2 0 0 2). T his eff e ct w as n ot
o bs er v e d i n t h e st a n d ar d hi g h w a y- pr ess ur e
la ne, w here fail ur e occ urre d relati vel y ra pi dl y.

            

T he st a n d ar d hi g h w a y- press ure l a ne w as
cl ose d fre q ue ntl y f or re p airs. T his res ulte d i n
3 2 % m or e p a yl o a d b ei n g c arri e d o v er t h e
r e d u c e d- pr ess ur e l a n e ( 1 7 9 7 0 t o n n es) t h a n
o v er t h e st a n d ar d hi g h w a y- pr ess ur e l a n e
( 1 3 6 3 4 t o n n es) ( Ta bl e 2).

O v er all, t h e hi g h- effi ci e n c y fl e et c a us e d
c o nsi d er a bl y l ess r o a d d a m a g e t h a n di d t h e
c o n v e nti o n al fl e et ( Ta bl e 2). O n t h e e art h-
s urf a ce d se cti o n of t he r o a d, s urf a ce s he ari n g
w as  f ar  m or e  e xt e nsi v e  i n  t h e  st a n d ar d
hi g h w a y- pr ess ur e l a n e ( 6 0 % of l a n e l e n gt h)
t h a n i n t h e r e d u c e d- pr ess ur e l a n e ( 1 0 % of
l a ne le n gt h).

U nli ke i n t he E q u al A xle L o a d Tri al, r o a d
f ail ur es i n t h e E q u al Pa yl o a d Tri al oft e n
e xte n de d a cr oss t he e ntire l a ne a n d h a d t o be
p at c he d s o t h at c y cli n g c o ul d c o nti n ue. H a d
t h es e r e p airs n ot b e e n eff e ct e d, t h e st a n d ar d
hi g h wa y- press ure la ne w o ul d li kel y ha ve bee n
cl ose d after 1 0 0 0 0 t o n nes t otal pa yl oa d. 1 1  T he
hi g h- effi ci e n c y fleet als o c a use d less d a m a ge
t o t h e t hi n- m e m br a n e-s urf a c e d s e cti o n,
alt h o u g h b ot h of t hese la nes were 1 0 0 % faile d
after i nc urri n g o nl y 1 0 0 0 t o n nes t otal pa yl o a d.

Fi g ur e 7. A v er a g e
s urf a c e d efl e cti o n
m e a s ur e d o n t h e
t e st r o a d i n t h e
E q u al A xl e L o a d
Tri al.

1. 5

2. 0

2. 5

3. 0

3. 5

4. 0

4. 5

5. 0

5. 5

0 5 1 0 1 5 2 0 2 5 3 0 3 5

Hi g h- Pr e s s ur e L a n e

L o w- Pr e s s ur e L a n e

P a yl o a d  c a r ri e d  (t o n n e s  ×  1 0 0 0)
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E xt e nt of s e cti o n f ail e d i n s h e ar

T ot al T ot al E art h- T hi n- m e m br a n e-
tr u c k p a s s e s p a yl o a d s urf a c e d s e cti o n s urf a c e d s e cti o n

( n o.) (t o n n e s) ( % of l a n e l e n gt h) ( % of l a n e l e n gt h)

St a n d ar d hi g h w a y- pr e s s ur e l a n e 4 7 8 1 3 6 3 4 60 50
( aft er 1 3 6 3 4 t o n n e s ( aft er 1 0 0 0 t o n n e s

p a yl o a d) p a yl o a d) a

1 0 0
( aft er 5 7 5 0 t o n n e s

p a yl o a d) b

O pti mi z e d- pr e s s ur e l a n e 3 8 0 1 7 9 7 0 10 5
( aft er 1 7 9 7 0 t o n n e s ( aft er 1 0 0 0 t o n n e s

p a yl o a d) p a yl o a d)
60

( aft er 5 9 0 0 t o n n e s
p a yl o a d)

                                   

a T ot al p a yl o a d c arri e d i n 1 5 p a s s e s b y a 6- a xl e tr u c k, pl u s 2 0 p a s s e s b y a n 8- a xl e B-tr ai n.
b T ot al p a yl o a d c arri e d i n 8 4 p a s s e s b y a 6- a xl e tr u c k, pl u s 1 1 2 p a s s e s b y a n 8- a xl e B-tr ai n.

1 1 K el vi n S h u ver a, Pr oj e ct M a n a g er, E n gi n e eri n g Ser vi c es,
S H T, R e gi n a; a n d o nsit e s u p er vis or of t h e 2 0 0 0 tri als;
p ers o n al c o m m u ni c ati o n, A u g ust 2 0 0 0.
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T h e t hi n- m e m br a n e-s urf a c e d s e cti o n w as
bl a d e d a n d c o m p a ct e d t o r est or e a s m o ot h
r u n ni n g s urf a c e s o t h at t esti n g of t h e e art h-
s urf a ce d se cti o ns of t he r o a d c o ul d c o nti n ue.
Des pite t heir he a vier a xle l o a ds, t he tr u c ks i n
t h e hi g h- effi ci e n c y fl e et c a us e d l ess d a m a g e
t o t h e r o a d t h a n di d t h e c o n v e nti o n al fl e et.
T his is b e c a us e f e w er hi g h- effi ci e n c y tr u c k
p ass es w er e re q uire d t o carr y a gi ve n pa yl oa d 1 2

a n d bec a us e t h e i m p a ct of t h es e tr u c ks w as
l ess e n e d t hr o u g h t h e us e of r e d u c e d tir e
pr ess ures.

T he eart h-s urface d secti o n of t he re d uce d-
pr ess ur e  l a n e  w as  l ess  r utt e d  t h a n  t h e
c orr es p o n di n g  s e cti o n  of  t h e  st a n d ar d
hi g h w a y- pr ess ure l a ne. T he differe n ce i n r ut
d e pt h,  h o w e v e r,  w as  n ot  st atisti c all y
si g nifi c a nt ( R e g gi n et al. 2 0 0 2). S urf a c e
d efle cti o ns were, o n a ver a ge, 1 1 % less i n t he
r e d u c e d- pr ess ur e l a n e t h a n i n t h e st a n d ar d
hi g h w a y- pr ess ur e  l a n e,  wit h  a  r a n g e  of
+ 3 % t o - 2 0 %. T h at is, t h e hi g h- effi ci e n c y
fl e et  c a us e d  n o  m or e  d a m a g e  t h a n  t h e
c o n v e nti o n al fl e et, d es pit e h a vi n g h e a vi er
a xl e l o a ds. As wit h t h e t est r o a d i n t h e E q u al
A xl e L o a d Tri al, a v er a g e d efl e cti o n di d n ot
c o nsist e ntl y i n cr e as e wit h i n cr e asi n g tr affi c.
I nstea d, t he a vera ge s urface deflecti o n of b ot h
l a n es i n cr e as e d li n e arl y at first a n d t h e n
alt er n at el y d e cr e as e d a n d i n cr e as e d. T his
s u g g ests t h at t h e r o a d w as s u bj e ct e d t o s o m e
u ni d e ntifi e d s e c o n d ar y m e c h a nis m(s) t h at
p arti all y  offs et  t h e  w e a k e ni n g  eff e ct  of
tr affic (E B A E n gi neeri n g C o ns ulta nts 2 0 0 2).

        

F or tr u c ks o p er ati n g wit h r e d u c e d tire
press ures, Mic heli n N ort h A merica ( Ca na da)
me as ure d pe a k s urf ace te m per at ures of 4 4° C
o n t h e dri v e tir es a n d 4 2° C o n t h e tr ail er
tir es. T h es e t e m p er at ur es w er e h ott er t h a n
wit h n or m al, hi g h w a y, tire press ur es b ut t h e
i n cr e as e w as wit hi n a c c e pt a bl e o p er ati n g
li mits a n d prese nte d n o re as o n f or c o ncer n.1 3

            

T he a ver a ge r ate of f uel c o ns u m pti o n b y
t h e fl e et of tr u c ks i n t h e E q u al A xl e L o a d
Tri al w as 1 0 0 L / 1 0 0 k m w he n tr a velli n g t h e

sta n dar d hi g h wa y- press ure la ne. C o ns u m pti o n
d e cr e as e d b y 9 %, t o 9 1 L / 1 0 0 k m, w h e n
t h e fl e et w as o n t h e r e d u c e d- pr ess ur e l a n e.

Fi g ur e 8 s h o ws t h e r a n g e 1 4  a n d a ver a g e
differe nce bet wee n f uel-c o ns u m pti o n rates at
t h e t w o tir e pr ess ur e m o d es, f or e a c h tr u c k.
E a c h of t h e tr u c ks h a d a l o w er r at e of f u el
c o ns u m pti o n  w h e n  o p er ati n g  o n  t h e
o pti mize d tire press ure l a ne; t his is i n di c ate d
b y t he fact t hat t he differe nce i n c o ns u m pti o n
r at es is al w a ys n e g ati v e i n Fi g ure 8. T h e d at a
r e v e al  a  tr e n d  t o w ar ds  d e cr e as e d  f u el
c o ns u m pti o n w h e n t h e tr u c ks w er e usi n g
o pti miz e d tir e pr ess ur es o n e art h-s urf a c e d
r oa ds.

1 2 B e c a us e a tr u c k’s st e eri n g a xl e is g e n er all y a c k n o wl e d g e d
t o c a us e t h e gr e at est a m o u nt of r o a d d a m a g e, r e d u ci n g
t h e n u m b er of tr u c ks r e q uir e d t o tr a ns p ort a gi v e n
p a yl o a d ( at r e g ul at e d a xl e w ei g hts) will r es ult i n l ess
r o a d d a m a g e.

1 3 Fr a n ç ois Be a u c h a m p, M a n a g er, E n gi n e eri n g S u p p ort,
Mi c h eli n  N o rt h  A m e ri c a  ( C a n a d a),  M o nt r e al;
pr es e nt ati o n  t o  t h e  St e eri n g  C o m mitt e e  of  t his
e x p eri m e nt i n R e gi n a; F e br u ar y 2 0 0 0.

1 4 T h e u p p er v al u e of t h e r a n g e w as t h e p er c e nt diff er e n c e
b et w e e n t h e fl e et’s m a xi m u m f u el- c o ns u m pti o n r at es,
a n d  t h e  l o w er  v al u e  of  t h e  r a n g e  w as  t h e  p er c e nt
diff er e n c e b et w e e n t h e mi ni m u m f u el- c o ns u m pti o n
r at es.

Fi g ur e 8.
R e d u cti o n i n f u el
c o n s u m pti o n d u e
t o o pti miz e d tir e
pr e s s ur e s: E q u al
A xl e L o a d Tri al.
T h e m a xi m u m,
mi ni m u m, a n d
a v er a g e r e d u cti o n
ar e s h o w n.

S o m e c a uti o n s h o ul d b e e x er cis e d i n
i nt er pr eti n g t h e r es ults, h o w e v er, b e c a us e
t h e m a g nit u d e of t h e i m pr o v e m e nt w as
s ur prisi n gl y l ar g e a n d is b as e d o n a s m all
n u m b er of m e as ur e m e nts. Ot h er st u di es
( N e v a d a  A ut o m oti v e  Test  C e nt er  1 9 8 7;
Kre y ns 1 9 9 3) h a ve c o ncl u de d t h at o per ati n g
tr uc ks wit h re d uce d tire press ures o n u n pa ve d
or s oft r o a ds c a n r es ult i n f u el- c o ns u m pti o n
i m pr o ve m e nts i n t h e or d er of 1 t o 3 %. T his
i m pr o v e m e nt c a n b e e x pl ai n e d as r es ulti n g
fr o m b ot h r e d u c e d w h e el sli p (i. e., b ett er

- 2 5 %

- 2 0 %

- 1 5 %

- 1 0 %

- 5 %

0 %

# 1 7 # 9 # 1 2 # 7 # 1 0

T r u c k  u ni t  n u m b e r

F
u

el
  

c
o

n
s

u
m

pt
i

o
n

di
ff

er
e

n
c

e 
 (

%)

# 1 7 # 1 9 # 1 2 # 7 # 1 0

- 2 5

- 2 0

- 1 5

- 1 0

- 5

0



10 Advantage
Vol. 4 No. 10

April  2003

traction, less energy is wasted) and less rutting
(i.e., less motion resistance) when the truck
uses reduced tire pressures and operates on
soft road surfaces. For trucks operating with
optimized tire pressures on hard road surfaces,
such as pavements, these studies reported no
improvement in fuel consumption—likely
because the gains in traction and motion
resistance are minimal on hard surfaces and
are cancelled out by the tires’ added rolling
resistance.

In this experiment, the fuel-consumption
improvement at optimized tire pressures
varied from 3 to 21% overall, but was more
consistent for any given truck (Figure 8). This
variation is not easily explained given the
similarity in trucks, drivers, loads, and test
conditions. Circuits 1 and 2 varied slightly
in length, but 75% of their length was
earth-surfaced and 25% was paved (see
Figure 2). An analysis of GPS-calculated
truck speeds found that the average speed
around the two circuits was comparable—
varying from 59 to 62 km/h—and remained
stable throughout the test period.

Conclusions
In two different trials, fleets of heavy tr ucks

cycled a test section of a lower standard, rural
road consisting of both an earth-surf aced
section and a thin-membrane-surfaced section.

In the Equal Axle Payload Trial, for
both types of surfaces, 90% less shear failure,
50% less rutting, and much less degradation
of structural strength occurred when the
trucks used optimized (reduced) tire pressures
than when they used normal highway tire
pressures. These results are applicable to other
lower standard roads in Canada; however, the
magnitude of the benefits would vary with
road strength and truck traffic levels.

In the Equal Payload Trial, high-capacity
trucks were loaded to enhanced axle weights
and used optimized (reduced) tire pressures.
These trucks caused less road damage and
carried more total payload than conventional
trucks that were loaded to regulation axle
weights and using standard, highway tire
pressures.

No evidence of bias was found between
pre-trial measurements of lane geometry, soil
strength, or soil properties. That is, the test
lanes were comparable.

The tire manufacturer, Michelin, measured
tire heating at the optimized tire pressures
and concluded that it was within acceptable
limits and presented no cause for concern.
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Implementation
The results of the Equal Axle Load Trial

indicate that damage to typical rural roads
can be reduced through the use of optimized
(reduced) tire pressures. The results of the
Equal Payload Trial indicate that rural road
damage will not increase, and may decrease,
with the use of truck configurations that carry
greater payloads (as per loads permitted on
primary highways) and use optimized tire
pressures. Rural road administrators and
forest companies with earth-surfaced and
thinly paved mainlines may be able to reduce
road maintenance costs (for repairing rutting
and shearing failures) by encouraging the use
of optimized tire pressures. The forest sector
could work with rural road administrators
to extend the hauling season (which in turn
would help reduce log inventory size and
improve delivered wood freshness), and
reduce road-user costs through the use of
optimized (reduced) tire pressures on rural
roads.

The reduction in road damage due to the
use of reduced tire pressures can be expected
to be greatest under weak road conditions
and/or with high traffic volumes (Bradley
1997). As noted by EBA Engineering
Consultants (2002), however, under stronger
road conditions and/or with lower traffic
volumes, trucks operating with reduced tire
pressures would still be expected to cause less
road damage than trucks operating with
higher tire pressures, but the magnitude of
the benefit would be less.

Vehicles travelling on unpaved rural
roads with rough and/or unbound surfaces
may be able to reduce fuel consumption by
optimizing tire pressures. Given that fuel is
typically the second largest component of
truck operating costs, even a small improve-
ment in fuel consumption may generate
significant cost reductions. Therefore, it is
recommended that controlled testing be
undertaken to quantify the influence of
truck tire pressure on fuel consumption
when trucks operate on unpaved rural roads.

On-board dataloggers linked to a global
positioning system and a tire pressure control
system may be necessary to gain regulatory
approval for carrying enhanced axle weights or
for allocating road-user costs. Additionally,
these data can be used for fleet management
(Berthelot et al. 2001).

Tire pressure control systems are be-
coming common in many forestry operations
in Canada and are recognized in Trucking
Partnership Agreements developed by
SHT. However, the benefits of variable tire
pressure technology have yet to be recognized
and implemented by rural municipalities,
other provincial regulators, and other
truck-based industries.
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