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F i g u r e  1 - C l o s e  S p a c e d  A x l e s  

BACKGROUND 

On a  two-axle  l o g  t r a i l e r  
wide-spaced a x l e s  i n c u r  
h i g h e r  Road U s e r  Charges  
t h a n  c l o s e  a x l e s ,  f o r  t h e  
same a x l e  l o a d s .  

T h i s  i m p l i e s  t h a t  wide- 
spaced  a x l e s  c a u s e  g r e a t e r  
r o a d  wear ,  however,  under  
t h e  Axle Weight L i m i t  
R e g u l a t i o n s ,  t h e y  a r e  a l lowed 
t o  c a r r y  g r e a t e r  l o a d s  - why? 

T h i s  t o p i c  was d i s c u s s e d  b u t  
n o t  f u l l y  e x p l a i n e d  a t  t h e  
r e c e n t  LIRA Log T r a n s p o r t  
and Log Loading Seminar .  
The aim o f  t h i s  r e p o r t  i s  t o  
e x p l a i n  why g r e a t e r  l o a d s  
a r e  a l lowed  on wide-spaced 
a x l e s  and why t h e  Road U s e r  

F i  qure 2 - W i d e  S p a c e d  Axles Charges  a r e  h i g h e r  on  t h e s e .  



AXLE W E I G H T  L I M I T S  

A public roadway is an engineered structure designed to carry loads. 
Excessive loads can extensively damage them, therefore, 
restrictions are made on the loading allowed. 

New Zealand roadways include bridges, culverts, and roads, all of 
which are structurally different. On particular road classifications 
(e.g. a Class 1 route) the Ministry of Works and Development aims 
to have the structural strengths of the bridges, culverts, and 
roads matched. 

When a road structure is loaded a stress pattern is set up at the 
contact point between the road and the wheel. Components of the 
roadway structure, whether steel beams ( e.g. bridges) or layers 
of rock, will fail if the stress becomes too great. For two close 
axles and two wide-space axles, F i g u r e  3 illustrates the respective 
stress patterns set up in the road structure. 

) C o m b i n e d  L o a d  
t 

L o a d  L o a d  

O n e  C o m p o u n d e d  ( t h u s  l a r g e r )  S t ruc tu ra l  T w o  Separate S t r u c t u r a l  L o a d s  
L o a d  

I C L O S E  A X L E S  CAUSE GREATER LOADING O F  ROAD STRUCTURE DUE TO COMPOUNDINGOF S T R E S S E S  I 
THUS 

ALLOWABLE AXLE W E I G H T S A R E  LOWER ON C L O S E  A X L E S ,  F O R  E Q U I V A L E N T  STRUCTURE L O A D I N G  
-I 

F i g u r e  3 .  Road L o a d i n g  

Wit? two close axles the stress patterns from the separate axles 
combine and this creates a higher net loading on the roadway 
than occurs with two wide-spaced axles. 

Because close axles cause a greater net loading on roadway 
structures, the allowable axle weights on them are lower than 
on wide-spaced axles. The following table shows axle weight limits 
for two-axle log trailers. These limits are there to protect 
roadways from structural damage. 



ROAD USER CHARGES 

Two-Axle Log T r a i l e r  

Axle  Spac ing  (metres) 

L e s s  t h a n  1 . 8  

1 . 8  t o  2 .4  

2 .4  o r  more 

A v i t a l  component o f  roadways i s  t h e  pavement o r  s u r f a c e  s e c t i o n  
o f  t h e  r o a d .  I t  i s  t h e  pavement t h a t  i s  i n  d i r e c t  c o n t a c t  w i t h  
t h e  w h e e l s  and which p r o v i d e s  f o r  t r a c t i o n  and smoothness  o f  
v e h i c l e  r i d e .  L i k e  a n y t h i n g  t h a t  i s  s u b j e c t  t o  c o n t i n u a l  u s e ,  
roadway pavements  d o  i n c u r  wear .  Main tenance  i s  t h u s  r e q u i r e d  t o  
s u s t a i n  t h e  pavement q u a l i t y ,  and  t h e  Road User Charges  s y s t e m  h a s  
been  i n t r o d u c e d  t o  r e c o u p  t h e  r o a d  wear  c o s t s  f rom t h e  r o a d  u s e r s  
s o  t h a t  f u n d s  a r e  a v a i l a b l e  f o r  roadway ma in t enance .  

The pavement i s  g e n e r a l l y  t h e  t o p  7 . 5  cm o f  t h e  roadway, w h e t h e r  
i t  i s  s e a l e d  o r  u n s e a l e d ,  and  t h i s  i s  t h e  ma jo r  c o n s i d e r a t i o n  f o r  
r o a d  wear .  

Maximum Two-Axle T r a i l e r  Gross  Weight ( t o n n e s )  

Under any v e h i c l e ' s  whee l  (whe the r  moving o r  s t a t i o n a r y )  t h e  
pavement d e f l e c t s  o r  bends  s l i g h t l y ,  t h e  e x t e n t  o f  b e n d i n g  b e i n g  
d e t e r m i n e d  by t h e  a x l e  l o a d .  I t  r e g a i n s  i t s  o r i g i n a l  s h a p e  once  t h e  
whee l  moves on.  A bend ing  c y c l e  i s  t h u s  c r e a t e d  i n  t h e  pavement 
w i t h  e a c h  p a s s  o f  a  w h e e l ,  and  l i k e  a  p i e c e  o f  f e n c i n g  w i r e ,  
c o n t i n u a l  bend ing  c y c l e s  e v e n t u a l l y  r e s u l t  i n  t h e  weakening o f  t h e  
i t e m  u n t i l  it wear s  o u t  and  b r e a k s  t h r o u g h  f a t i g u e .  Fo r  two c l o s e  
a x l e s  and  two wide-spaced  a x l e s ,  F i q u r e  4 i l l u s t r a t e s  t h e  r e s p e c t i v e  
bend ing  p a t t e r n s  set  up w i t h i n  t h e  roadway pavement .  

C l a s s  I Road 

14 .5  

1 5 . 5  

16 .4*  

( *  L i m i t e d  by axle  w e i g h t  and n o t  gross w e i g h t )  

B e n d i n g  W a v e  
o m b i n e d  L o a d  

O n e  P a v e m e n t  B e n d i n g  C y c l e  Two P a v e m e n t  B e n d i n g  C y c l e s  

SPACED AXLES CAUSE MORE PAVEMENT WEAR DUE TO MORE: FREQUENT PAVEMENTBENDING CYCLES 
THUS 

ROAD USER CHARGES ARE HIGHER ON SPACED AXLES,  TO PAY F O R  GREATER WEAR INCURRED 

C l a s s  I1 Roed 

1 2 . 5  

13 .5  

14 .6*  

- 

F i g u r e  4 .  Road Wear 



With two c l o s e  a x l e s  t h e  pavement bend ing  from t h e  s e p a r a t e  a x l e s  
combines ,  which r e s u l t s  i n  a  s i n g l e  bend ing  wave r a t h e r  t h a n  two 
s e p a r a t e  behd ing  waves. 

Hence when two c l o s e  a x l e s  t r a v e l  o v e r  a  roadway t h e  pavement i s  
o n l y  s u b j e c t e d  t o  a  s i n g l e  bend ing  c y c l e  compared t o  two bend ing  
c y c l e s  a s  w i t h  two wide-spaced a x l e s .  The e x t r a  bend ing  c y c l e s  
c a u s e  more r a p i d  wea r ing  ( t h r o u g h  f a t i g u e )  o f  t h e  pavement.  Thus 
h i g h e r  r o a d  wear c o s t s  a r e  c h a r g e d  t o  t h e  wide-spaced a x l e s  t h a n  
t o  t h e  c l o s e  ax l -es .  T h i s  r e s u l t s  i n  t h e  f o l l o w i n g  c u r r e n t  Road 
U s e r  Charge r a t e s  f o r  two-ax le  l o g  t r a i l e r s :  

These r a t e s  a r e  imposed t o  pay f o r  wear  i n c u r r e d  on t h e  roadway. 

CONCLUDING COMMENTS 

Two-Axle Loq T r a i l e r  

Axle Spac ing  (metres) 

L e s s  t h a n  1 . 8  

1 . 8  t o  2 . 4  

2 . 4  o r  more 

P u b l i c  roadways a r e  an  e x p e n s i v e  b u t  n e c e s s a r y  a s s e t  t o  N e w  Zea land .  
The l o g g i n g  i n d u s t r y  u s e s  them e x t e n s i v e l y  f o r  t h e  c a r t a g e  o f  l o g s ,  
s o  t h e i r  p r o t e c t i o n  and ma in tenance  i s  v i t a l  t o  t h e i r  c o n t i n u e d  
u s e f u l n e s s  t o  o u r  i n d u s t r y .  

R . U . C .  

L i c e n c e  

C a t e g o r y  

17 

17 

16 

R . U . C .  Ra te  on Two-Axle T r a i l e r  
(Do l l a r s /1000  km) 

The a x l e  w e i g h t  l i m i t s  imposed on p u b l i c  roadways a r e  t h e r e  t o  
p r o t e c t  t h e  roadways from s t r u c t u r a l  damage, whereas  t h e  Road 
U s e r  Charges  sys t em e n s u r e s  t h a t  t h e  r o a d  u s e r  p a y s  f o r  t h e  
pavement wear he  c a u s e s .  

I t  i s  a n  u n f o r t u n a t e  b u t  u n a v o i d a b l e  f a c t  t h a t  wide-spaced a x l e s  
o f f e r  a d v a n t a g e s  i n  t e r m s  o f  w e i g h t  l i m i t s ,  w h i l e  c l o s e  a x l e s  
o f f e r  a d v a n t a g e s  i n  t e r m s  o f  Road U s e r  Cha rges .  T h i s  makes it 
more d i f f i c u l t  t o  r e a d i l y  i d e n t i f y  t h e  b e s t  l o g g i n g  t r u c k  l a y o u t  
i n  terms o f  a x l e  c o n f i g u r a t i o n  f o r  highway u s e .  

1 3  
t o n n e s  

29.75 

29.75 

34.83 

A n  o v e r a l l  economic a n a y l s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  t o t a l  t r u c k  
and t r a i l e r  o p e r a t i n g  c o s t s ,  t h e  o b t a i n a b l e  l e g a l  pay - loads ,  and t h e  
a n t i c i p a t e d  u t i l i s a t i o n  i n  t e r m s  o f  l o a d s  c a r t e d  o v e r  a  p e r i o d ,  
w i l l  i d e n t i f y  t h e  b e s t  a x l e  c o n f i g u r a t i o n  under  c u r r e n t  c o s t s  
and r e g u l a t i o n s .  An e x e r c i s e  on t h i s  i s  c u r r e n t l y  b e i n g  done by  
LIRA. R e g u l a t i o n s  and c o s t s ,  however ,  a r e  n o t  n e c e s s a r i l y  
c o n s t a n t  w i t h  t i m e ,  t h u s  c o n s i d e r a b l e  c a u t i o n  s h o u l d  be  e x e r c i s e d  
i n  c h o o s i n g  a  l o g  t r u c k  l a y o u t  o n  economics a l o n e .  

16 
t o n n e s  

60.89 

60.89 

72.53 

For Further Information Contact: N.Z. LOGGING INDUSTRY RESEARCH ASSOC. INC. 
P.O.Box 147, 
ROTORUA, NEW ZEALAND. Phone 87-168 

1 4  
t o n n e s  

38.17 

38.17 

44.98 

1 7  
t o n n e s  

75.80 

75.80 

90.62 

15 
t o n n e s  

48.45 

48.45 

57.44 


