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IMPROVING ROAD PAVEMENT 
- HOW WILL IT IMPROVE TRUCK PERFORMANCE? 

A Report by Liu Peiyu and Ron O'Reilly, School of Forestry, University of Canterbury, Chiistchurch 

INTRODUCTION THE STUDY 

All wood ha rves t ed  in New Zealand  i s  
t r anspo r t ed  by  t ruck ,  f o r  p a r t  o f  t h e  journey 
a t  leas t .  Every t r u c k  d r ive r  h a s  s o m e  i d e a  
of  t h e  e f f e c t  t h a t  road  c h a r a c t e r i s t i c s  c a n  
h a v e  on  speed,  c o m f o r t  a n d  fue l  
consumption.  These  c h a r a c t e r i s t i c s  a r e  ha rd  
t o  quant i fy ,  bu t  e v e n  ha rde r  t o  quan t i fy  i s  
t h e  saving t h a t  could a r i s e  f r o m  upgrading a 
sec t ion  of road.  Informat ion  on  savings 
would b e  ve ry  va luable  t o  t h e  road  des igner  
and  wood supply manager  a s  wel l  a s  t h e  
t rucking  con t r ac to r .  It could  m a k e  t h e  
t iming  of road  improvemen t s  much m o r e  
e f f ec t ive .  

F i g u r e  1 - T y p i c a l  R i g  M e a s u r e d  i n  S t u d y  

T a b l e  1 - S t a t i s t i c s  o f  

I t e m  S t a t i s t i c s  

W e i g h t  M e a s u r e d  t r i p s  
Maximum w e i g h t  ( t )  
Min imum w e i g h t  ( t )  
Mean w e i g h t  ( t )  

P o w e r  t o  M e a s u r e d  t r i p s  
W e i g h t  Maximum r a t i o  
R a t i o  Min imum r a t i o  

Mean r a t i o  

P o w e r  M e a s u r e d  t r i p s  
Maximum p o w e r  ( k W )  
Min imum p o w e r  ( k W )  
Mean p o w e r  f k W )  

From November,  1985 t o  February ,  1986 a 
s tudy  w a s  c a r r i e d  o u t  in t h e  Kinlei th f o r e s t s  
of N.Z. F o r e s t  P roduc t s  Limi ted ,  in o r d e r  t o  
f ind o u t  how road  c h a r a c t e r i s t i c s  a f f e c t  
logging t r u c k  t r a v e l  speeds  and  fue l  
consumption.  

In t h e  f i r s t  p a r t  o f  t h e  s tudy ,  3 7  sec t ions  of 
road  w e r e  pre-se lec ted  a n d  measured .  
Logging t r u c k s  w e r e  t i m e d  a s  t h e y  t r ave l l ed  
ove r  t h e s e  sec t ions .  Without  i n t e r f e r ing  wi th  
t h e  dr iver ' s  no rma l  working p a t t e r n ,  605  
loaded t r i p s  a n d  484 unloaded t r i p s  w e r e  
t imed.  T h e  weight  of e a c h  t ruck  and  i t s  
load w a s  de t e rmined  f rom t h e  weighbridge a t  
N.Z. F o r e s t  P roduc t s  Limi ted  Kinlei th log 
ya rd  (Table 1). 

In t h e  second p a r t  of t h e  s tudy ,  a 260 k W  
Mack E6-350 logging t ruck ,  equipped wi th  a 
Model 113TC f u e l  m e t e r ,  t rave l led  ove r  t h e  
t e s t  s ec t ions  a t  var ious  s e t  speeds  while  t h e  
fue l  consumpt ion  w a s  recorded .  O n e  dr iver  
was  used and  h e  m a d e  t w o  runs  f o r  e a c h  
par t icu lar  speed  and  load. In c a s e s  whe re  
t h e  r e su l t s  varied s ignif icant ly,  a th i rd  run 
w a s  made .  
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THE ANALYSIS 
Not surprisingly, t r a v e l  speed  a n d  fue l  
consumption w e r e  found t o  b e  r e l a t e d  t o  a 
number  of f ac to r s .  The  power-to-weight r a t i o  
of t h e  t rucks  was  found t o  h a v e  a major  
inf luence  on  mean  t r u c k  speeds  ove r  t h e  test 
sect ions.  O f  t h e  sea l ed  road  cha rac t e r i s t i c s ,  
t h e  horizontal  curva ture ,  t h e  r i s e  a n d  fa l l  
over  t h e  t e s t  sec t ion  w e r e  impor t an t  t o  
speed. On unsealed (d i r t  o r  gravel)  roads, 
t h e  dep th  o f  ru ts ,  was  a l so  impor tant .  These  
f a c t o r s  w e r e  used t o  develop  t h e  
m a t h e m a t i c a l  models  shown. 

PREDICTION MODELS 
Fuel  consumption w a s  found t o  b e  r e l a t e d  t o  
t h e  s a m e  road  f a c t o r s  as mean  speed ,  along 
wi th  t h e  addit ional  f a c t o r s  of speed  and 
t ruck  weight. Fo r  unsealed roads,  road 
roughness was  a lso  found t o  influence fue l  
use. The power-to-weight  r a t i o  was  no t  
impor t an t  s ince  t h e  loaded t ruck  d a t a  was  
sepa ra t ed  f r o m  t h e  unloaded t ruck  d a t a  
during t h e  analysis.  The  models  re la t ing  
t h e s e  f a c t o r s  t o  f u e l  consumption a r e  shown 
below. 

T h e  fue l  consumption values given in t h e  
t e x t  and t h e  g -abhs  a r e  derivgd f rom t h e  
s tudy d a t a .  O t h e r  r e sea rch  h a s  shown t h a t  
t h e r e  is a d i f f e rence  be tween  measured  
s t eady  condit ions and  r e a l  life. The  models  
predic t ing  f u e l  consumption allow a n  
addit ional  13% b u t  t h i s  needs  t o  b e  verif ied.  

(To change  t h e  models t o  g ive  a c t u a l  s tudy 
resul ts ,  change  . I13 t o  .LOO). 

RESULTS OF PAVEMENT IMPROVEMENT 
In order  t o  d e t e r m i n e  t h e  changes  in t r u c k  
pe r fo rmance  m a d e  possible by  improving t h e  
road  pavemen t ,  spec i f ic  examples  mus t  b e  
looked at. Three  c a s e s  a r e  discussed here.  

Case 1 : Change from Unsealed to Sealed 
Pavement - Level Straight Road 
For  th i s  example ,  suppose w e  wan t  t o  t u r n  a 
leve l  s t r a igh t  sec t ion  of unsealed road  wi th  a 
roughness of 6 3  coun t s  pe r  100 m e t r e s  ( 1 )  
and  a r u t  dep th  of 31.75 mi l l imet res ,  i n to  a 

F i g u r e  2 - T y p i c a l  R o a d s  i n  the  S t u d y  A r e a  

Predic t ion  Models 

Speed : 

Formula  1  : Y1 = 5 5 . 5  + 1 . 6 7 1  ( P / W )  - 0 . 0 3 3 5  ( C )  - 0 . 4 1 3  ( R S )  - 0 . 2 0 7  ( F L )  
Formula  2  : YZ = 5 4 . 6  + 0 . 6 9 1  ( P / W )  - 0 . 4 3 5  ( R S )  - 0 . 3 2 6  ( F L )  - 0 . 5 7 8  (DR) 

Fuel  Consumption : 
Formula  3  : Y3 = . I 1 3  ( 3 3 0 . 1  + 3 7 6 3 / V  + 0 . 0 7 9 6  ( v * )  + 0 . 6 9 3 5  (Rs*w) - 2 0 . 9  ( F L )  + 0 . 1 6 3  ( F L 2 ) )  
Formula  4  : Y4 = . I 1 3  ( 2 4 2 . 7  + 3 3 1 8 / V  + 0 . 6 8 9 5  (RS*W) - 7 . 5  ( F L )  + 0 . 0 3 8 5  ( F L 2 ) )  
Formula  5 : Y5 = . I 1 3  ( 2 0 1 . 2  + 3 3 1 7 / V  + 0 . 0 8 8 4  ( v 2 )  + 0 . 6 7 6 0  (RS*W) - 1 8 . 2 5  ( F L )  + 0 . 1 1 4  ( F L 2 )  + 6 . 0 7  ( R ) )  
Formula  6  : Y6 = . I 1 3  ( 2 1 6 . 5  + 3 5 0 9 / V  + 0 . 0 1 9 6  ( v 2 )  + 0 . 5 9 8 4  (RS*W) - 8 . 9 2  ( F L )  + 0 . 0 4 4  ( F L 2 )  + 1 . 5 7  ( R ) )  

Where: 

Y1 = Mean speed  of t rucks  on sea led  roads  in km/hr 
Y 2  = Mean speed  of t r u c k s  on unsealed roads  in km/h r  
Y3 = Fuel  consumption of loaded t rucks  on sea led  roads  in l i t res /100 krn 
Y 4  = Fuel  consumption of unloaded t rucks  on sea led  roads  in l i t res/100 km 
Y 5  = Fuel  consumption of loaded t rucks  on unsealed roads  in litres/lOO km 
Y6 = Fuel  consumption of unloaded t rucks  on unsealed roads  in l i t res /100 km 
P/W = Power-to-weight  r a t i o  in kW per  t onne  
C = Horizonta l  c u r v a t u r e  in deg rees  per  km 
RS = Vertical  r i se  in m e t r e s  per  km 
FL  = Vertical  f a l l  in m e t r e s  per  krn 
DR = Depth  of r u t  on  unsealed roads in m m  
V = Speed of t h e  t r u c k  in km/hr 
W = Weight of t r u c k  in tonnes  
R = Roughness of road  s u r f a c e  in coun t s  per  100 m e t r e s  



sea led  road  with a roughness o f  4 coun t s  p e r  and  fue l  consumption m a y  d e c r e a s e  by 11.9% 
100 metres .  How much c a n  t h e  speed  and  10.4% fo r  laden t r u c k s  and e m p t y  t rucks  
increase,  and  wha t  will t h e  c h a n g e  in fue l  respect ively.  
consumption be?  

For  loaded t rucks ,  with a power t o  weight  
r a t i o  of 5.93 k i lowat ts  p e r  t o n n e  ( t h e  
a v e r a g e  during t h e  study), t h e  achievable  
speed  ca l cu la t ed  using Formula  2 i s  40.4 
k i lometres  pe r  hour. Under t h e  s a m e  
condit ions b u t  wi th  a sea l ed  pavemen t ,  t h e  
achievable  speed  ca l cu la t ed  using Formula  1 
i s  65.4 k i lometres  pe r  hour,  a n  increase  of 
62%. Fuel consumption drops  f r o m  81.4 t o  
72.8 l i t res /100 k i lometres ,  a saving of 10.2%, 
according  t o  Formulae  3 and  5. 

For  e m p t y  t rucks ,  using t h e  a v e r a g e  power 
t o  weight  r a t i o  of 1 8  k i lowat ts  p e r  tonne ,  
t h e  achievable  speed  on  unsealed roads  i s  
48.7 k i lometres  p e r  hour,  while on sea led  
roads  t h e  achievable  speed  i s  85.5 k i lome t re s  
per  hour,  a n  increase  of 76%. The  fue l  
consumption was  ca l cu la t ed  as 43.4 l i t r e d 1  00 
k i lometres  f o r  unsealed pavemen t  and  28.2 
l i t res /100 k i lometres  f o r  sea led  pavement ,  a 
d e c r e a s e  of 35.1% (using Formulae  4 and  6). 

LOG T R U C K  SPEED 

G V W  = 45 tonne,  Grade  = 5% 

Case 2: - Change -- from Unsealed to Sealed ( 1 )  Counts/100 metres : a measure o f  
Pavement - Curved Steep Road road roughness used by the  Ministry oaf 

No Curves,  Rut  depth  = 30 mm 
Figure 3 - Roughness t e s t i n g  vehic le  

Suppose t h e r e  i s  a sec t ion  of r o a d  with t h e  Works and Development. I t  i s  measured by 

s a m e  roughness and  r u t  dep th  as those  of t h e  a NAASRA roughness meter mounted i n  a 

sec t ion  in C a s e  1, b u t  wi th  a c u r v a t u r e  of Mitsubishi L30 van. For fur ther  

200 d e g r e e s  p e r  k i lome t re  and  a ve r t i ca l  r i se  information contact the  authors. 

of 72  m e t r e s  pe r  k i lometre  ( 2 1 .  If t h e  f 2 )  Vert ical  r i s e  ( f a l l )  : The model 
unsealed sec t ion  is t hen  sea l ed ,  speeds  o f  t h e  uses the t o t a l  gain i n  a l t i t u d e  (andlor 
t r u c k s  may inc rease  by 222% and  188% f o r  f a l l ) .  Variations i n  gradient t o  achieve 
laden t rucks  and  e m p t y  t r u c k s  respec t ive ly ,  t h i s  are not  recognised. 
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Case 3: Improvement of Unsealed Road 
Surface 
To ca l cu la t e  t h e  e f f e c t  of improving a n  
unsealed road,  s ay  by t h e  use  of a g rade r ,  
l e t ' s  a s sume  t h a t  t h e  original  road sec t ion  
had  a ve r t i ca l  r i se  of 54.51 m e t r e s  pe r  
k i lometre ,  a roughness measu remen t  of 6 3  

': c o u n t s  p e r  100 m e t r e s ,  and  a r u t  dep th  of  
31.75 mil l imetres.  The  road h a s  now been 
improved t o  a roughness measu remen t  of 21 
c o u n t s  p e r  100 m e t r e s  and  a r u t  dep th  of 5.8 
mil l imetres.  If t h e  g rade  i s  no t  changed,  
how much may  w e  increase  t h e  speed  and 
d e c r e a s e  t h e  fue l  consumption of t h e  logging 



For  loaded t rucks ,  t h e  achievable  speed  
before  grading w a s  ca l cu la t ed  t o  b e  16.6 
k i lometres  pe r  hour, a n  improvemen t  of  90%. 
Using t h e s e  speeds  in t h e  f u e l  consumption 
fo rmulae  shows t h a t ,  be fo re  grading t h e  fue l  
consumption would b e  246.6 l i t res /100 
ki lometre.  A f t e r  grading t h e  r a t e  drops  t o  
218.0 l i t res/100 k i lometre ,  a savings of 
11.6%. 

For  e m p t y  t rucks ,  t h e  models  i nd ica t e  a 
pre-grading speed  of 24.9 k i lometres  pe r  
hour, while a f t e r  grading t h e  achievable  
speed  is 39.9 k i lometres  pe r  hour,  a n  
increase  of 60.2%. Fuel consumption would 
dec rease  by 10.6%, f rom 94.5 l i t res /100 
k i lometre  t o  84.5 l i t res /100 k i lometre .  

LOG TRUCK FUEL CONSUMPTION 
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DISCUSSION 

The  predic t ive  models r e l a t e  t h e  impor t an t  
road cha rac t e r i s t i c s  t o  t h e  r e su l t an t  speed  
and fue l  consumption of logging trucks.  They 
a r e  l imi ted  t o  t h e  r a n g e  of t ruck  
configurat ions and  road  cha rac t e r i s t i c s  found 
in t h e  s tudy a rea .  O t h e r  e l emen t s ,  such  a s  
c l ima t i c  condit ions and  driving t echn ique  
(Ljubic a n d  Michaelsen*, f o r  example ) ( l )  c a n  
inf luence  speed  and fue l  consumption,  and  
t h e s e  have  n o t  been  included in t h e  models. 

(1) Ljubic, D. and  Michaelsen, J.E. 1986. 
"How driving techniques  a f f e c t  ene rgy  

consumption. " British Columbia Lumberman 
70(4):B38-B39. 

Thirdly, i t  must  b e  recognised t h a t  t h e s e  
models  a r e  der ived  using a g r e a t  var ie ty  of 
a x l e  and  t r a i l e r  configurat ions,  and  t h e  
resul t s ,  which r e f l e c t  t h e  a v e r a g e  of t h e  
f a c t o r s  measured ,  m a y  n o t  b e  applicable t o  
any  o n e  par t icu lar  t ruck .  Nor h a v e  t h e  
models  been  verif ied by f ield 
exper imenta t ion  (upgrading par t icu lar  
s ec t ions  and  assessing t h e  results).  

However,  t h e  models  a r e  based on a very  
l a rge  sample  of t rucks  ope ra t ing  under 
normal  condit ions,  and  t h e  relat ionships 
developed a r e  very  signif icant  s ta t i s t ica l ly .  
The influence of ope ra to r  driving technique  
is thought  t o  h a v e  been  ave raged  o u t  because  
of t h e  l a rge  sample .  The  s tudy assumes  
t h a t ,  because  of t h e  highly product ive  n a t u r e  
of t h e  opera t ion ,  t h e  changes  in t r a v e l  speed  
a r e  a ref lec t ion  of road cha rac t e r i s t i c s .  

What  d o e s  b e c o m e  a p p a r e n t  when looking at 
t h e  resu l t s  is t h e  magni tude  of t h e  i m p a c t  of 
road  cha rac t e r i s t i c s  on t ruck  per formance ,  
and  t h e  l a rge  po ten t i a l  fo r  improving logging 
t ruck  t r anspor t  e f f ic iency  by improving t h e  
road  pavement .  

The models  g ive  t h e  road  planner a tool  
which c a n  he lp  him dec ide  on wha t  design t o  
follow when initially cons t ruc t ing  a road,  a n d  
when t o  upgrade  t h a t  road.  This is possible 
because  t h e  savings in t i m e  and  fue l  c a n  b e  
ca lcula ted  and compared  with t h e  c o s t  of 
cons t ruc t ion  o r  upgrading. 

While w e  have  concen t r a t ed  h e r e  on road 
pavement ,  t h e  influence of g r a d e  and 
cu rva tu re  h a s  a l so  been  assessed.  More 
information c a n  b e  supplied by t h e  authors  
on request .  

This Technical Release i s  the  work o f  the 
authors and i s  not  the  r e s u l t  o f  LIRA 
project work. LIRA publishes i t  i n  the  
i n t e r e s t s  o f  wider dissemination o f  
knowledge i n  the  industry .  LIRA takes no 
respons ib i l i t y  f o r  the accuracy o f  
f igures  nor does i t  necessari ly  support 
or disagree w i t h  the  opinions and 
conclusions shown. 

For further information, contact: 

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

Telephone: (073) 87-168 


