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LOG TRUCK PERFORMANCE ON CURVES 
AND FAVOURABLE GRADES 

A Report by R.K. Jackson, Logging Engineer, Gifford Pinchot National Forest, Washington, U.S.A. 

INTRODUCTION (CB) rad io  h a v e  con t r ibu t ed  t o  s a f e r ,  more  
e f f i c i en t  log t r anspo r t a t i on  today .  Some of 

T h e  1983 LIRA semina r  on  "Resea rch  and  t h e s e  technologica l  c h a n g e s  c a n  b e  e x p e c t e d  
Development  in T r e e  Harves t ing  a n d  t o  a f f e c t  t h e  a c c u r a c y  of t r a v e l  speed  
Transportat ion" ident i f ied  t h e  need  f o r  a e s t i m a t e s  based  o n  pre-1960 t ruck  
g r e a t e r  understanding o f  road l t ruck  technology.  This  Technica l  Re lease  p re sen t s  
in te rac t ions ,  par t icu lar ly  in a r e a s  with a t h e  r e su l t s  of a r e c e n t  s tudy  at Oregon S t a t e  
margina l  road  inf ras t ruc ture .  Universi ty ( Jackson ,  1986). S o m e  l a t e r  work 

The  high c o s t  of road  cons t ruc t ion  f o r c e s  
cons idera t ion  of t h e  t r a d e o f f s  b e t w e e n  
cons t ruc t ion  cos t s  and  hauling costs .  In 
addit ion,  analysis  of road  t r anspo r t a t i on  
ne tworks  requi res  t h a t  w e  b e  ab l e  t o  
e s t i m a t e  t h e  var iab le  c o s t s  of haul ing f o r  
d i f f e r en t  road  conditions. In o rde r  t o  
adequa te ly  d o  t h e s e  ana lyses ,  w e  o f t e n  re ly  
on  predic t ive  models which e s t i m a t e  t h e  
e f f e c t s  of various design a l t e rna t ives  o n  
vehic le  t r a v e l  speeds.  

In t h e  U.S.D.A. Fo re s t  Service,  mos t  
e s t i m a t e s  of t h e  e f f e c t s  of road  design on  
t r a v e l  t i m e s  a r e  based on t h e  original  
approach  developed by Byrne, Nelson, a n d  
Googins (1960) commonly r e f e r r e d  t o  a s  
"BNG". BNG h a s  a l so  been  a d a p t e d  a n d  used 
in New Zealand (Cornel ius ,  1979). 

F e w  published t i m e  s tud i e s  of log t r u c k  
t r ave l  t i m e s  h a v e  been  done  in r e c e n t  years .  
T h e  classic  s tudy  of BNG i s  probably t h e  
m o s t  wel l  known and  widely used. During t h e  
subsequent  t h i r t y  years ,  advances  in t r u c k  
technology,  including t h e  in t roduct ion  of t h e  
J acobs  engine  brake ,  changed t h e  braking 
ab i l i ty  of log t r u c k s  on  favourable  grades .  
Previously, cumber some  w a t e r  cool ing  
devices  w e r e  necessary  t o  con t ro l  b r a k e  
t e m p e r a t u r e s  while descending t h e  s t e e p  
mountainous t e r r a i n  f r equen t ly  encoun te red  
in logging opera t ions  in t h e  Western  l Jn i ted  
S ta tes .  

In addi t ion  t o  b e t t e r  brak ing  methods ,  
improvemen t s  in engines,  t ransmissions,  
s t ee r ing  and  t h e  in t roduct ion  of c i t i z e n s  band 

which e v a l u a t e s  t h e  assumpt ions  con ta ined  in 
BNG and  ano the r  model ,  t h e  Vehicle 
Ope ra t ing  Cos t  Model (VOCM), (Sullivan, 
1977) which uses  somewha t  d i f f e r en t  
assumptions,  is  a l so  presented .  T h e  ob jec t ive  
of t h e  s tudy  w a s  t o  g a t h e r  and  ana lyse  log 
t r u c k  t r a v e l  speed  d a t a  on se l ec t ed  
favourable  g r a d e s  and  c u r v e s  and  c o m p a r e  
t h e  observed speeds  t o  BNG and VOCM 
e s t i m a t e d  speeds.  Comparisons w e r e  m a d e  
f o r  individual c u r v e s  a n d  g r a d e s  a n d  f o r  a 
port ion of road  t o  d e t e r m i n e  how wel l  
overal l  t r i p  speeds  a r e  p red i c t ed  when t h e  
e f f e c t s  of c u r v a t u r e ,  g r ade ,  and  speed  
t rans i t ions  a r e  included. 

T h e  s tudy  was  l imi t ed  t o  favourable  (downhill 
loaded)  g rades ,  s i nce  a ma jo r  por t ion  of t h e  
loaded hau l  c y c l e  f r o m  f o r e s t  t o  t h e  mill  is 
usually on  favourable  grades .  

DATA COLLECTION 
D a t a  w a s  co l l ec t ed  at t h r e e  d i f f e r en t  
loca t ions  in wes t e rn  Oregon.  T rave l  t i m e s  
w e r e  recorded  f o r  a va r i e ty  of log t ruck  
makes ,  models ,  and  ages .  Dr ivers  sampled  
included Company dr ivers ,  who a r e  paid a n  
hourly r a t e ,  and  independent  con t r ac to r s ,  
who  a r e  paid by  t h e  volume of logs hauled.  
A t o t a l  of twenty-one  d i f f e r en t  d r ive r s  a n d  
t r u c k s  is  r ep re sen ted  in t h e  d a t a .  Log t rucks  
in t h i s  s tudy  w e r e  18  wheelers ,  having 
engines  producing 260 t o  340 kW, a n d  
weighing approximate ly  36  tonnes  when ful ly 
loaded. Dr ivers  in te rv iewed ranged  f r o m  t e n  
t o  t h i r t y  y e a r s '  exper ience .  D a t a  co l l ec t ed  
was;  g r a d e ,  c u r v e  radius,  supere leva t ion ,  road  
width  (di tch t o  d i tch) ,  s ight  d i s tance ,  d i t ch  



depth ,  t i m e  of day ,  and  maximum eng ine  
braking horsepower.  Regression models  w e r e  
developed using t h e  t i m e  s tudy  d a t a  
co l lec ted .  

RESULTS 

T h e  pr imary  f a c t o r s  found t o  inf luence  
vehic le  speeds  on  single-lane roads  were ;  
g r a d e  and  al ignment .  

Speeds on Grades 

Downhill ( loaded) t r u c k  speeds  w e r e  shown by 
t h e  t i m e  s tudy  d a t a  t o  b e  independent  of 
g r a d e  u p  t o  -1 1% (Figure  1). On favourable  
g rades  s t e e p e r  t h a n  -1 1%, g r a d e  s trongly 
inf luences  t r u c k  speeds. The  most  probable 
explana t ion  i s  t h a t  a l ignment  s e t s  t h e  speeds  
on t h e s e  roads  when g r a d e  is  l e s s  t h a n  -1 1%. 
This is  t yp i ca l  of many f o r e s t  logging roads  
whe re  a l ignment  would b e  classif ied a s  poor. 

T h e  speed  relat ionship developed  by BNG i s  
f o r  roads  f r e e  of t h e  e f f e c t s  of a l ignment .  
In mountainous t e r r a in ,  f e w  logging roads  
will  b e  comple t e ly  f r e e  of t h e  e f f e c t s  of 
al ignment .  Due  t o  t h e  poor a l i gnmen t  of t h e  
r o a d s  used in t h e  s tudy ,  n o  conclusions could 
b e  drawn concern ing  t h e  ab i l i ty  of BNG o r  
VOCM t o  p red i c t  speed  when g rades  w e r e  
less  t h a n  -11%. It  appea r s  t h a t  bo th  t h e  
BNG and VOCM methods  p red i c t  speeds  

reasonably well f o r  favourable  g rades  
be tween  -1 1% and  -16%. F o r  s t e e p e r  grades ,  
t h e  observed speeds  w e r e  considerably s lower 
t h a n  would b e  p red i c t ed  by bo th  methods.  
Uphill unloaded t r a v e l  t i m e s  w e r e  a f f e c t e d  
by g r a d e  in a manne r  s imi la r  t o  t h e  loaded 
t rucks .  Uphill t i m e s  would b e  e x p e c t e d  t o  
b e  l imi ted  by g r a d e  on t h e s e  roads. The  
horsepower-to-weight  r a t i o s  fo r  unloaded 
piggyback t r u c k s  w e r e  suf f ic ien t  t o  p e r m i t  
t r a v e l  uphill a t  near ly  60 km/hr ,  if g r a d e  w a s  
t h e  only l imit ing f ac to r .  No explana t ion  
could b e  found f o r  t h e  s imi la r i ty  in speeds  
be tween  t h e  unloaded and  loaded t rucks .  

Speed on Curves 

Figure  2 shows t h e  relat ionship be tween  
c u r v e  radius and  t r u c k  speeds  observed  in 
t h i s  study. The  relat ionship be tween  c u r v e  
rad ius  and  speed  ind i ca t e s  t h a t  t r uck  speeds  
w e r e  less  sens i t ive  t o  increasing c u r v e  radius 
t h a n  p red i c t ed  by e i t h e r  BNG o r  VOCM. The  
slope of t h e  regression equa t ion  produced is  
somewha t  f l a t  a b o v e  45 m e t r e s  radius. This 
implies  t h a t  t r u c k  speeds  fo r  t h e  road  
s tudied  a r e  n o t  a f f e c t e d  by changes  in c u r v e  
radius a s  much a s  migh t  b e  predic ted  by 
BNG o r  VOCM. 

T h e  assumpt ion  t h a t  s igh t  d i s t ances  con t ro l  
vehic le  speeds  w a s  n o t  valid f o r  t h e  roads  
used in t h i s  s tudy.  A major  cont r ibu t ing  

F i g u r e  1 - S p e e d s  on F a v o u r a b l e  G r a d e s  

( B N G ,  VOM, a n d  R e g r e s s i o n )  
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Figure 2 - Curve Speed Comparisons 
I B N G ,  VOCM, Regression Equation) 
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f a c t o r  may b e  t h e  ex t ens ive  u se  of  C B  rad ios  
by t h e  t r u c k  drivers .  These  radios,  in e f f e c t ,  
ex t ended  t h e  "sight d i s tance"  in t h e  cu rves  
by al lowing t h e  t r u c k s  t o  "see" ahead .  The  
number  of t r u c k s  p e r  hour using t h i s  road  (7 
log t rucks  pe r  hour)  a l so  proved helpful ,  
s i nce  t h e y  w e r e  ab le  t o  provide m o r e  
f r equen t  in format ion  on  t h e  various road  
segments .  This C B  c o n t a c t  a l e r t e d  t h e  
dr ivers  t o  non-logging t r a f f i c  on  the road.  
The  smal l  amoun t  of non-logging t r u c k  
t r a f f i c  (approximate ly  5 vehicles/day)  a l so  
reduced  t h e  probability of  mee t ing  o t h e r  
vehicles .  

Under t h e s e  c i rcumstances ,  i t  might  b e  
expec t ed  t h a t  dr ivers  would dr ive  m o r e  
near ly  at  speeds  t h a t  fol lowed a n  ava i lab le  
f r ic t ion  relat ionship.  However ,  t h e  VOCM 
method,  which uses  t h i s  assumpt ion ,  a l so  did 
n o t  p red i c t  speeds  accu ra t e ly .  This  m a y  b e  
due,  in p a r t ,  t o  t h e  f r equency  of c u r v e s  on  
t h e  e n t i r e  road.  The  effect of road  sec t ions  
ahead  o r  behind a given s e g m e n t  could b e  
e x p e c t e d  t o  inf luence  speeds.  A dr iver  
might  n o t  a c c e l e r a t e  t o  a speed  p e r m i t t e d  by 
a 90  m e t r e  cu rve ,  when a 4 5  m e t r e  c u r v e  is  
just ahead .  However,  when t h e  d a t a  was  
re-analysed,  speeds  w e r e  found t o  b e  
re la t ive ly  una f f ec t ed  by road condit ions 
immedia te ly  a h e a d  or  behind t h e  road 
segments .  The  comparisons of observed  d a t a  
t o  t h e  o t h e r  models  a r e  t h e r e f o r e  valid. 

OVERALL COMPARISON 
An overa l l  comparison of p red i c t ed  speeds  
aga ins t  observed speeds  using BNG and  
VOCM was  ca r r i ed  o u t  on  a 12.3 k i lme t r e  
s ec t ion  of road.  C u r v e  r ad i i  o n  t h i s  s ec t ion  
of road  ranged  f r o m  20 m e t r e s  t o  300 m e t r e s  
and  favourable  g rades  ranged  f rom -2% t o  
-14%. F igure  3 shows t h e  resu l t s  of t h i s  
comparison. ,  

Empty  t r u c k s  w e r e  observed  t o  t r a v e l  a n  
a v e r a g e  of 4.4% f a s t e r  t h a n  loaded trucks.  
However ,  t h e  var ia t ion  w a s  l a rge  enough t h a t  
n o  s t a t i s t i ca l l y  s igni f icant  d i f f e r ence  
be tween  loaded a n d  unloaded t ruck  speeds  
could b e  de t e rmined .  Speeds of t h e  e m p t y  
t r u c k s  w e r e  20.2% f a s t e r  t h a n  predic ted  by 
BNG, while t h e  loaded speeds  w e r e  13.1% 
f a s t e r  t han  predic ted .  Round-tr ip speeds  
ave raged  16.7% f a s t e r  t han  predic ted  using 
t h e  BNG method.  

VOCM appea red  t o  p red i c t  observed  speeds  
fa i r ly  well. When t h e  mean  supere leva t ion  
sampled  and  t h e  m e a n  engine  braking 
horsepower of t h e  t rucks  in t h e  s tudy  was  
u sed , .  t h e  predic ted  speeds  f e l l  within t h e  
95% conf idence  in t e rva l  of t h e  observed  
d a t a .  This sugges ts  t h e  VOCM may  b e  a 
good predic tor  of log t r u c k  speeds  on  roads  
s imi la r  t o  t hose  in t h i s  s tudy .  

Figure 3 - Observed Speeds v s  Predicted 
Speeds 
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IMPLICATIONS FOR ROAD DESIGN AND CONCLUS~ONS 
CONSTRUCTION T h e  method used  by BNG a n d  VOCM appea r s  

T h e  impl ica t ions  of t h i s  s tudy  may  h a v e  
impor t an t  consequences  f o r  road  design and  
cons t ruc t ion .  If previous assumpt ions  
concern ing  t h e  e f f e c t s  of various road  
geome t ry  f a c t o r s  upon s p e e d  a r e  n o t  valid, 
t h e s e  f au l ty  assumpt ions  may  b e  leading t o  
designs t h a t  a r e  m o r e  expens ive  t h a n  needed.  
The  margina l  bene f i t s  of increased  hauling 
speeds  ga ined  f r o m  a l ignmen t  improvemen t s  
m a y  n o t  b e  rea l i sed  t o  t h e  e x t e n t  p r ed i c t ed  
if t h e  models  o v e r e s t i m a t e  t h e s e  gains. The  
r a t e  of c h a n g e  of speeds  w i th  c u r v e  radius 
a r e  m o r e  rap id  t h a n  t h e  observed  d a t a  shows. 
If t h e  observed  relat ionships a r e  a c c u r a t e ,  
t h e  reduced  t r a v e l  t i m e  p red i c t ed  fo r  
improved a l i gnmen t s  m a y  n o t  b e  a s  g r e a t  as 
expec t ed .  

Cons t ruc t ion  c o s t s  may  b e  g r e a t l y  increased  
by increas ing  t h e  rad ius  of c u r v e  in a given 
si tuat ion.  When compar ing  speeds  p red i c t ed  
by BNG t o  observed  speeds ,  i t  c a n  b e  s e e n  
t h a t  observed speeds  on  a 3 0  m e t r e  c u r v e  
rad ius  w e r e  e q u a l  t o  speeds  p red i c t ed  using 
BNG fo r  a 7 5  m e t r e  rad ius  c u r v e  a n d  by 
VOCM f o r  a 3 0  m e t r e  rad ius  curve .  Nelson 
(1955) ca l cu l a t ed  c o s t s  f o r  excava t ion  and  
hauling f o r  a va r i e ty  of c u r v e  rad i i  in a 
r ep re sen ta t i ve  s i tuat ion.  Fo r  example ,  f o r  a 
30  m e t r e  c u r v e  radius,  t h e  excava t ion  
quant i ty  requi red  on a 28% sideslope w a s  
1375 c u b i c  me t r e s .  F o r  a 7 5  m e t r e  rad ius  
curve ,  t h e  excavat ion  quan t i t y  w a s  6500 
cub ic  m e t r e s  (a lmost  5 t i m e s  more) .  
Assuming a c o s t  of  uSS1.50 p e r  c u b i c  m e t r e  
f o r  excava t ion ,  t h i s  would r e su l t  in a c o s t  
d i f f e r ence  of ~ ~ $ 1 0 , 0 5 0 . 0 0  f o r  t h i s  one  
curve .  

T h e  p red i c t ed  reduct ion  in t r a v e l  t i m e  by 
going f r o m  a 30  m e t r e  c u r v e  t o  a 7 5  m e t r e  
c u r v e  rad ius  would b e  g r e a t e r  using BNG 
t h a n  using t h e  observed d a t a .  If t h e  ful l  
reduct ion  in t r ave l  t i m e  assumed did n o t  
occu r  (as  m a y  b e  t h e  c a s e  based  on th i s  
s tudy)  t h e  e x t r a  excava t ion  would n o t  h a v e  
provided t h e  s a m e  bene f i t s  a s  an t i c ipa t ed .  

The  e s t i m a t e  of t h e  d i f f e r ences  be tween  
speeds  on  c u r v e s  is  f e l t  t o  b e  conserva t ive ,  
s i nce  t h e  ca lcu la t ions  f o r  speeds  using BNG 
o r  VOCM a r e  based  o n  a c o n s t a n t  ve loc i ty  on  
cu rves  and  grades,  and  d o  n o t  include t h e  
acce l e r a t i on  o r  dece l e r a t i on  p r e s e n t  in t h i s  
s tudy.  If t h e s e  f a c t o r s  w e r e  included, bo th  
BNG and  VOCM would p red i c t  e v e n  slower 
t imes ,  which would m a k e  t h e  d i f f e r ences  
even  g r e a t e r  t h a n  observed.  

t o  p red i c t  log t rudk  speeds  reasonably ' w e l l  
f o r  favourable  g rades  f r e e  of a l ignment  
be tween  -1 1% a n d  16%. The  s tudy  could n o t  
conclude  anyth ing  f o r  g r a d e s  l e s s  t h a n  -11%. 
Ext rapola t ing  t h e  d a t a  above  -16% could 
produce  e r rors .  O n  cu rves ,  t h e  assumpt ion  
t h a t  s ight  d i s t ance  con t ro l s  speeds  did n o t  
s e e m  valid. Nei ther  BNG o r  VOCM 
predic ted  speeds  on  cu rves  well.  However,  
when a n  overa l l  compar ison  was  made ,  
VOCM pred ic t ed  log t ruck  speeds  well ,  while 
BNG unde re s t ima ted  speeds  by 15% t o  20%. 
The  o t h e r  var iab les  o f ;  supere leva t ion ,  d i t ch  
wid th ,  d i t ch  dep th ,  t i m e  of day ,  s ight  
d i s tance ,  and  engine  braking horsepower  w e r e  
n o t  s ignif icant  in a f f e c t i n g  speeds  in t h i s  
s tudy.  
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