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ABSTRACT 

T r u c k  t y r e  p r e s s u r e s  w e r e  i n v e s t i g a t e d  
t o  f i n d  t h e  n e t  e f f e c t  o f  o p e r a t i n g  a t  
8 5  p s i  r a t h e r  t h a n  the m o r e  t y p i c a l  
1 0 0  p s i .  C o n s i d e r a t i o n  w a s  g i v e n  t o  
t y r e  w e a r ,  t y r e  d a m a g e ,  f u e l  
c o n s u m p t i o n  a n d  r o a d  w e a r .  A  s i m p l e  
cost  b e n e f i t  s t u d y  w a s  c o m p l e t e d  t o  
s h o w  a  m e t h o d  o f  c o m b i n i n g  these 
i n f l u e n c e s .  While e a c h  s i t u a t i o n  m u s t  
be e v a l u a t e d  the  r e s u l t s  of t h i s  s t u d y  
i n d i c a t e  p o t e n t i a l  s a v i n g s  f o r  the  
f o r e s t  r o a d  o w n e r .  

INTRODUCTION 

Selec t ion  of t h e  c o r r e c t  pressure  t o  su i t  t y r e  
loading c a n  h a v e  advan tages  f o r  t h e  t r u c k  
and  road  owners. It  is  no t  unusual t o  h e a r  of 
pressures  in t h e  r ange  of 9 5  t o  110 psi. Our 
r e sea rch  of exist ing l i t e r a t u r e  ind ica tes  t h a t  
lower pressures  a r e  possible. The  c u r r e n t  
legal  l imi t s  a re ;  101.5 psi fo r  bias  ply t y r e s  
and  119.6 psi f o r  radial  ply tyres .  

guide. Each  t r u c k  ope ra to r  mus t  ver i fy  t h e  
c o r r e c t  pressure  fo r  his s i tua t ion  (load and  
speed)  wi th  t h e  t y r e  supplier.  Be  a w a r e  t h a t  
s t ee r ing  a x l e  t y r e s  a r e  normally m o r e  highly 
laden and s o  requi re  higher pressures  t han  
o t h e r s  on  t h e  rig. 

This Repor t  shows t h e  e f f e c t s  of t ruck  t y r e  
pressure  o n  both d i r ec t  and  indi rec t  log 
t r anspo r t  cos ts .  

BACKGROUND 

This subiec t  h a s  been  brounht  t o  LIRA'S - 
a t t e n t i o n  by  t h e  C e n t r a l  T y r e  Inflat ion 
(C.T.I.) research  pro jec ts  in U.S.A. Their 
work is  a imed  at  increased log t ruck  mobil i ty  
on lower s t anda rd  roads by reducing t y r e  
pressures  ( t o  50  - 6 0  psi). Commerc i a l  use  
of C.T.I. is s t i l l  s o m e  t i m e  a w a y  a s  ax l e s  
h a v e  t o  b e  special ly manufac tu red  and  t y r e s  
have  t o  b e  approved fo r  th i s  applicat ion.  
Discussions in New Zealand have ,  however ,  

O n e  word of caut ion ,  however. T h e  f igures  pointed t o  a ha l fway house. Tyres  common  

and va lues  presented  h e r e  a r e  f rom a number  t o  t h e  industry have  t h e  abi l i ty  t o  c a r r y  

of sources  and  should only b e  used a s  a typica l  loads a t  pressures below t h e  90  - 110 
psi range.  
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E f f e c t  o f  I n f l a t i o n  a n d  Load  o n  B i a s  P l y  T y r e s  



RADIAL LOAD AND INFLATION TABLESITRUCKS, 

BUSES A N D  T R A I L E R S  U S E D  IN HIGHWAY SERVICE 

(Tyre  Load l im i t s  in k i lograms at var ious  co ld  i n f l a t i o n  p r e s s u r e s  kPa /ps i  

SIZE Used '4s 380155 41 5/60 450165 485170 51 5/75 550180 585185 620190 655195 6901100 7251105 

9.00R20 ) Single - 1610 1710 1810 1910 2000 2 0 9 0 ( 1 0 )  2170 2250 2340(12) 2420(14 )  

lOR22.5 ) Twin 1500 1590 1670 1760 1830(10)1910 1980 2050(12) 2 120 21 90 2260 (I 4) 

i 10.00R20) Single - 1950 2050 2160 2260 2370 2460(12) 2560 2650 2740 ( i  4) 

1 l R22.5 ) Twin 171 0 1800 1900 1990 2080 21 60(12) 2250 2320 2400( 14)24XO 2550 (1 6) 

11.00R20 Single - 21 10 2240 2350 2460 2570 268012)  2780 ,*,-,u.r;i 
Twin 1860 1960 2060 2160 2260 2350(12) 2440 2530 2620(14)2700 2780 (1 6) 

F i g u r e  2 - D u n l o p  T y r e  C h a r t  ( 1 9 8 8 ) .  T h e s e  f i g u r e s  r e f e r  t o  i d e a l  
r u n n i n g  c o n d i t i o n s  o n  f l a t ,  s t r a i g h t ,  s e a l e d  h i g h w a y  

RECOMMENDED TYRE PRESSURE 

The c o r r e c t  t y r e  pressure  f o r  any  t r u c k  t y r e  
depends on t h e  load i t  c a r r i e s  and  i t s  speed.  
Maximum se rv i ce  l i fe  c a n  b e  e x p e c t e d  f o r  a 
cord  t y r e  if i t s  p ressure  is  k e p t  in t h e  r a n g e  
of 94  - 110% of t h e  recommended inf lat ion 
pressure  (F i tch ,  1984). I t  has  no t  been  
possible t o  obta in  a graph  for  s t e e l  b e l t  
ty res .  Ty re  manufac tu re r s  advise  t h a t  s t e e l  
b e l t  rad ia l  t y r e s  a r e  less  suscept ib le  t o  
increased  wea r  with over  inflation. They  
a r e ,  however ,  vulnerable t o  f a i l u r e  f rom : 

- Bead cracks .  Usually caused  by low 
pressure  which allows t h e  s ide  walls  t o  
bend sharply over  t h e  wheel  r im; 

- Tread  separat ion.  Usually caused  by low 
pressure  allowing increased  f lexing a n d  
h e a t  build up. 

I t  should b e  noted  t h a t  t h e  r ecommended  
t y r e  pressure  is  based on  a cold t y re .  With 
running, t e m p e r a t u r e  increases  and  h e a t  f rom 
t y r e  flexing h a s  t o  b e  dissipated t o  t h e  
surrounding air .  As t e m p e r a t u r e  increases  s o  
does  pressure  and  t h e  t y r e  becomes  m o r e  
rigid, t h e r e b y  reducing f lex ing  and  h e a t  
input.  Increased  t y r e  t e m p e r a t u r e  a l so  
increases  h e a t  t r ans fe r  t o  t h e  surrounding 
a i r .  These  t w o  t r ends  oppose  e a c h  o t h e r  s o  
t h a t  at s o m e  t e m p e r a t u r e  a h e a t  ba l ance  is  
achieved  (provided t h e  t y r e  d o e s  no t  su f f e r  
h e a t  degrada t ion  before  t h i s  t e m p e r a t u r e  is  
reached).  

HOT TYRE PRESSURES MUST NEVER BE 
BLED DOWN. Bleeding h o t  t y r e  pressures  t o  
t h e  (cold) recommended va lues  will i nc rease  
flexing. 

The  resul t ing increase  in hea t ing  will send  
t h e  t y r e  t e m p e r a t u r e  e v e n  higher, a lmos t  
ce r t a in ly  t o  t h e  t y r e ' s  de t r imen t .  

Choosing t h e  c o r r e c t  pressure  d o e s  n o t  mean  
using t h e  maximum recommended for  t h e  
t y r e .  All manufac tu re r s  should have  a c h a r t  
which shows t h e  c o r r e c t  pressure  for  t h e  
load on  t h e  t y r e .  In New Zealand a t r a i l e r  
a x l e  will  c a r r y  abou t  7 t onnes  on  c lass  o n e  
roads. From Figure  2, a 11R22.5 t y r e  has  a 
r ecommended  pressure  of approximate ly  6 0  
psi f o r  t h i s  load (Dunlop, 1988). Adding 20% 
gives 72  psi  which makes  fo r  a f i rmer  t y r e  
which runs  cooler .  This i nc rease  in pressure  
a l so  al lows t i m e  for  slow leaks  t o  b e  
d e t e c t e d  be fo re  pressure  drops t o  a damaging  
level.  

OVER-INFLATION 

If, however,  a pressure  of 100 psi  is  used in 
t h i s  t y r e  f o r  t h e  s a m e  load, s e rv i ce  l i fe  will  
reduce .  F igures  1 & l a  al low us  t o  p red i c t  
w h a t  t h i s  might  b e  f o r  bias  ply tyres .  
Expressing t h e  over- inf lat ion as a p e r c e n t a g e  
of t h e  recommended pressure  gives 100167 x 
100% = 149%. Now re fe r r ing  t o  t h e  
f igure  and  ex t rapola t ing  t h e  over- inf lat ion 
c u r v e  (dot ted  line) w e  s e e  t h e  s e rv i ce  l i fe  
drops  below 80% of opt imum.  



TYRE I N F L A T I O N  PRESSURE 

F i g u r e  3 - F u e l  C o n s u m p t i o n  vs T y r e  P r e s s u r e  
( f o r  s e a l e d  a n d  u n s e a l e d  r o a d s  i n  C a n a d a )  

T h e  t y r e  nominated above, however, is a 
s t e e l  be l ted  radial  which means  t h e  drop  in 
se rv i ce  l i fe  will b e  less. In lieu of published 
d a t a  t h i s  r epor t  assumes  a n  8% reduct ion ,  
i.e. fo r  " top of line" t y r e s  a l i fe  change  f rom 
60,000 km t o  55,000 km. Truck ope ra to r s  
c a n  consult  o r  keep  records  t o  find t h e  
appropr ia te  reduction for  the i r  operat ion.  

FUEL CONSUMPTION 

Tyre  pressure  a f f e c t s  rolling res is tance  a n d  
s o  fuel  consumption. Two d i f f e ren t  t r ends  
ex i s t ,  o n e  fo r  sea led  and  ano the r  for  
unsealed roads, a s  shown in Fig. 3. On sea l ,  
fue l  consumption keeps  reducing as pressure  
increases,  bu t  unsealed running h a s  a n  
opt imum at  s o m e  in t e rmed ia t e  pressure.  
Figure 3  shows research  resul t s  presented  by 
FERIC (Lubjic, 1985) and  s o  r ep resen t s  
Eas tern  Canadian condit ions and  loads. 
Vehicle Gross Weight = 43.5  tonne;  6 x 4  
t r u c k  plus 3 ax le  semi;  t y r e  s i z e  11.00 x 22. 

LIRA has  not  been able  t o  l o c a t e  informat ion  
t o  d e t e r m i n e  t h e  opt imum pressure  fo r  
typica l  New Zealand highwaylbush 
operat ions.  Since most  opera t ions  a r e  
predominantly ove r  sea led  roads, a n  e r r o r  in 
unsealed pe r fo rmance  has  a reduced e f f e c t  
on any c o m p l e t e  t r i p  e s t ima te .  

Fo r  this  invest igat ion l e t s  assume t h e  resul t s  
in Figure 3 a r e  typical .  I t  shows a n  increase  
of abou t  10% in fue l  consumption fo r  a 20 
psi pressure drop. 

Typically this  could m e a n  6 0  l i t re /100 km at 
100 psi and 6 6  l i t re/100 km at  8 0  psi. It  
should b e  noted  t h a t  th is  change  in fue l  
consumption requi res  fu r the r  r e sea rch  t o  find 
opt imum values fo r  New Zealand operat ions.  

TYRE DAMAGE AND PUNCTURES 

Subjectively pressure  must  have  s o m e  e f f e c t  
on  t h e  number of punctures.  A t  high 
pressures t h e  t y r e  t r e a d  h a s  l i t t l e  flexibility 
t o  a c c o m m o d a t e  sharp  obs tac les  and they  a r e  
m o r e  likely t o  b e  driven through t h e  t r ead .  



TYRE PRESSURE, P S I  I I, 
Figure 4 - Number o f  Axle Passes vs Tyre Pressure 

( 7  tonne axle load on unsurfaced s o i l )  ( from Ahlvin, R . G .  & H a m m i t t  11) 

Low pressures  al low considerable f lexing 
which may  c a u s e  dual  t y r e s  t o  t ouch  o r  s ide 
walls t o  c rush  aga ins t  t h e  rim. I t  appea r s  
reasonable  t o  assume t h a t  t h e  b e s t  p ressure ,  
somewhere  in mid range ,  is  t h a t  
r ecommended  by t h e  manufac tu re r  f o r  t h e  
load. 

A l i t e r a t u r e  s ea rch  has  revea led  no  s tudies  
of t h e  relat ionship be tween  pressure ,  load 
and  punc tu re  or  t y r e  damage .  

Discussions wi th  a loca l  log t ruck  c o n t r a c t o r  
h a v e  ind ica ted  t h a t  dropping t y r e  pressures 
t o  8 0  psi  h a s  reduced t h e  number  of t y r e s  
des t royed  f r o m  12  t o  6 pe r  annum pe r  t ruck .  
His r eco rds  on  punctures  a r e  n o t  a c c u r a t e  
enough t o  show any  c h a n g e  in d a m a g e  
repairs .  

ROAD LIFE 

All roads  will only surv ive  a c e r t a i n  number  
of veh ic l e  passes.  This number  is dependent  
on  many f ac to r s ,  o n e  of which is t y r e  
pressure.  F igure  4 shows a nomogram which 
predic t s  t h e  number  of vehic le  passes 
(Ahlvin & H a m m i t t ,  1975). For  a road  
s t r eng th  of 1 0  CBR t h e  number  of cove rages  

f o r  t y r e  pressures of 100  and  8 0  psi 
respec t ive ly  a r e  approximate ly  1,400 and  
2,400. No te  t h a t  cove rages  a r e  t h e  number  
of 7 t o n n e  a x l e  coverages ,  n o t  vehic le  
passes. The  nomogram given h e r e  is  fo r  
unsurfaced soil. Aggregate  su r f aced  roads  
show similar  t rends.  Also of i n t e r e s t  is t h e  
road pe r fo rmance  under  5 5  psi t y r e  pressures 
(do t t ed  l ine)  a s  would b e  t h e  c a s e  w i th  
C e n t r a l  Tyre  Inflation (C.T.I.) vehicles. 

COST-BENEFIT STUDY 

There  a r e  then ,  at l ea s t  fou r  f a c t o r s  ( t y r e  
l i fe ,  fue l  consumption,  t y r e  d a m a g e  and  road  
l i fe )  inf luenced by changing t r u c k  t y r e  
pressure.  The following scena r io  p re sen t s  a 
process  by which a decision on  t h e  b e s t  
solut ion could b e  chosen.  You will need t o  
change  t h e  input  va lues  t o  assess  your own 
si tuat ion.  

A t rucking  con t r ac to r  o p e r a t e s  o n  a haul  
d i s t ance  of 100 km wi th  a six a x l e  rig o n  
c lass  one  roads. His a v e r a g e  payload is 2 5  
tonnes.  H e  would like t o  know if changing 
f r o m  100 psi t o  8 0  psi will o f f e r  a n y  
advantages .  



(i) Tyre Life A t  66 l i tre/100 km : 

From above  t y r e  l i fe  is : 

60,000 km a t  8 0  psi Increased  Cos t  = 14.6 e l t o n n e  
55,000 km a t  100 psi 

(iii) Tyre Failures 
L e t s  look a t  t h e  loaded d i r ec t i on  only 
and  a s sume  t h a t  a l l  t h e  t r u c k  t y r e s  a r e  I t  is assumed t h a t  e a c h  t y r e  f a i l u r e  
new and  t h e  t r a i l e r  t y r e s  a r e  r e t r eaded .  (des t ruc t ion)  c o s t s  half  t h e  pr ice  of a 

new t y r e  (i.e. 50% worn). Also labour 
P r i ce s  : of $50 is included. 

New $525 
R e t r e a d  $250 

Tota l  Cos t  of Tyres  : 

If w e  a s sume  t h a t  lowering t h e  pressure  
s aves  6 t o t a l  t y r e  fa i lu res  pe r  annum,  
and  t h a t  t h e  t r uck  makes  700 t r i p s  pe r  
yea r  ( 3  pe r  day  x 235 days)  : 

10  x 525  + 12  x 250 = $8,250 Increased c o s t  p e r  t onne  = 

Tota l  Work Done : 

Payload x D i s t ance  = 10.7 c / t o n n e  

Work (for  60,0b0 km t y r e  l i fe )  : 

25  x 60,000 tonne-km 
= 1,500,000 tonne-km 

per  t y r e  = $525 
2 - + $50)  

Ty re  Cost /Tonne-km (60,000 km,  8 0  (iV) Road 
: 

L e t s  look just a t  t h e  spur  road  and  

Tyre  ~ o s t / T o n n e - k m  (50,000 k m ,  100 
psi) : 

Savings on a 100 km t r i p  p e r  t onne  : 

(.600 - .550) x 100  
= 5 c e n t s l t o n n e  

(ii) Fuel Consumption 

Fue l  c o s t s  6 1 ~ 1 l i t r e  be fo re  G.S.T. 

C o s t  per  t onne  f o r  t h e  100 k m  t r i p  : 

C o s t  = Quan t i t y  of Fue l  x Fuel  C o s t  
Payload 

a s sume  t h a t  t h e  unsur faced  n a t u r a l  
ground is used a t  f i r s t .  

Length  : 0.5 k m  
St rength  : CBR 10  
Weight of P roduce  : 12,000 t onnes  

Assume t h a t  t h e  loaded d i rec t ion  only 
inf luences road l i fe  and  t h a t  o n e  t r u c k  
load is equiva len t  t o  5 cove rages  on  
F igure  4. 

With 8 0  psi t y r e  pressure  2,400 
cove rages  c a n  b e  ach ieved .  

The  t o t a l  t onnage  ac ros s  t h e  road  
wi thout  repa i r  then  is : 

12,000 t onnes  

A t  t h e  higher  pressure  of 100 psi only 
1,400 coierages a r e  ach i eved  b e f o r e  
major  main tenance .  



Le t ' s  assume $1,000 is  spen t  upgrading When t h e  roading c o s t s  a r e  included t h e r e  is 
t h e  road t o  c o m p l e t e  t r anspo r t  of t h e  a cons iderable  i nc rease  in bene f i t  at t h e  
c rop .  lower pressure.  

Additional road cos t  pe r  t o n n e  = I t  is impor t an t  t h a t  : 

= 8.3 c e n t s l t o n n e  

(v)  Net Result 

- Each fo re s t  owner  ana lyses  t h e  e f f e c t  on  
his own road sys tem.  

- Each t r u c k  owner moni tors  t h e  e f f e c t  of 
changing t y r e  pressure  t o  ver i fy  t h a t  r e a l  
l i f e  m a t c h e s  t h e  t r ends  shown in t h e  
handbooks. 

TOTAL TRUCK OPERATOR - Each t r u c k  owner  ope ra to r s  his t y r e s  in 
acco rdance  wi th  t h e  manufac tu re r ' s  

SAVINGS : recommendat ions .  
Tyre Wear Costs + 5.0 5.0 

Tyre D e s t r u c t i o n  Costs + 10.7 10.7 

Road (Spur Only) + 8.3 - REFERENCES 
- - 

Fi tch ,  J.W. (1984): "Motor Truck Engineering 
S u b t o t a l  24.0 15.7 Handbook ANACORTES", J a m e s  W. F i tch .  
A d d i t i o n a l  Cost : F u e l  - 14.6 - 11.6 

- - Dunlop Tyre  Serv ice  Book 1970. 

TOTAL SAVING 9.4$/tonne l . l $ / t o n n e  Ljubic, D.A. (1 985): "Analysis of 
Product iv i ty  a n d  Cos t  of Fo re s t ry  - - 
Transpor ta t ion  P a r t  3", FERIC Technical  

Saving p e r  annurn Repor t  TR6  1. 
(17,500 tonnes)  $1640 $190 

Ahlvin, R.G. and  H a m m i t t  11, (1975): "Load- 
Support ing Capabil i ty  of Low Volume Roads", 

Note : T h i s  i s  f o r  one case study.  pages  198-205. Transpor ta t ion  Resea rch  
Board, National  Academy of Sc iences  Special  
Repor t  160. 

CONCLUSION 

Tyre  pressure  makes  s ignif icant  changes  t o  : 

- Tyre  Cos t s  
- Fue l  Consumption 
- Road Cos ts  

T h e  combina t ion  of t he se  t o  d e t e r m i n e  t h e  
lowes t  t o t a l  t r anspo r t  c o s t  requi res  a s imple  
cos t  benef i t  s t udy  s imi la r  t o  t h a t  presented  
in t h i s  r epo r t .  In t h e  s cena r io  given in t h i s  
r epo r t  t h e  t r u c k  owner  would have  achieved  
a minor bene f i t  by reducing t y r e  pressure.  
Ac tua l  t y r e  p e r f o r m a n c e  f o r  e a c h  opera t ion  
c a n  b e  r eco rded  by t h e  ope ra to r ,  t hus  
allowing a n  a c c u r a t e  c o s t  bene f i t  s tudy.  
Opera t iona l  f a c t o r s  such a s  reduced  t i m e  
s p e n t  on  t y r e  s e rv i ce  may  a lso  suppor t  this.  
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For further information, contact: 

N.Z. LOGGING INDUSTRY RESEARCH ASSOC. INC. 
P.O. Box 147, 
ROTORUA, NEW ZEALAND. 

Telephone: (0731 87-168 


