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INTRODUCTlON ROAD DESCRIPTION 

In planning t h e  logging of s o m e  nor thern  
a r e a s  of Kaingaroa Fo res t ,  Tasman Fores t ry  
Limi ted  s t a f f  at Murupara b e c a m e  a w a r e  
t h a t  cons t ruc t ion  of s t e e p  roads  (1 : 5 )  would 
o f f e r  a major  saving in t r anspo r t  costs .  
Before  f u r t h e r  progress  w a s  made ,  i t  was  
necessary  t o  c o m p l e t e  s o m e  g r a d e  capabi l i ty  
t r i a l s  of t h e  r igs  likely t o  b e  used. 

Since t h e  loca t ion  of t h e  planned roads  was  
o n  a new a l ignment ,  i t  w a s  necessary  t o  find 
a n  ex is t ing  road  with g rades  of a b o u t  1 : 5. 
A su i t ab l e  road  w a s  chosen  and  r e fo rmed  t o  
g ive  a cons is ten t  grade.  Tes t s  w e r e  
comple t ed  a f t e r  compac t ion  of t h e  pumice  
sub-base, again a f t e r  compac t ion  of t h e  
c rushed  g rave l  pavemen t  and  finally a f t e r  
t h e  road  had  wea the red  f o r  six weeks. Rig 
t y p e s  used included; t h e  Pac i f i c  Triple  and  
Double Units  and  t h e  new Mack Double Unit. 
These w e r e  t r ia l led both  u p  and  down t h e  
grade.  Trials  we re  under taken  in Oc tobe r ,  
1986. 

The t r i a l  sec t ion  was  p a r t  of a s t r a igh t  
a c c e s s  road  through C o m p a r t m e n t  543, just 
sou th  of Wairere Road,  Kaingaroa Fores t .  

Originally i t  w a s  just a n  a c c e s s  t r a c k  
following t h e  na tu ra l  contour .  Reforming 
was  ca r r i ed  o u t  t o  ach i eve  a genera l ly  
cons i s t en t  g r a d e  by c u t  and  fill. Compact ion  
w a s  c a r r i e d  o u t  by vibrat ing ro l le r  and  road 
grader .  A f t e r  t r ia l l ing t h e  c o m p a c t e d  pumice  
su r f ace ,  a g rave l  pavemen t  of compac ted  
Pekepeke  qua r ry  rock w a s  cons t ruc t ed .  On 
comple t ion  th i s  p a v e m e n t  w a s  also t r ia l led.  
Compact ion  of t h e  g rave l  could h a v e  been 
improved b u t  n o t  w i thou t  addi t ion  of wa te r .  
I t  w a s  dec ided  t o  allow t h e  road  t o  wea the r  
and  the reby  improve  compac t ion  by na tu ra l  
means  be fo re  running f i na l  t e s t s .  T h e  road 
w a s  e f f ec t ive ly  d ry  f o r  a l l  t r i a l  runs. 

The  longitudinal  prof i le  of t h e  road  i s  shown 
in F igure  2. Cross-sect ions a r e  n o t  ava i lab le  
bu t  t h e  road  w a s  genera l ly  level  in t h e  
t r ansve r se  d i rec t ion .  

F i g u r e  1 - P a c i f i c  T r i p l e  u n i t  
p a r t i a l l y  l o a d e d  u p  1 : 5 g r a d e  F i g u r e  2 - L o n g  s e c t i o n  o f  t r i a l  r o a d  



C l e g g  H a m r r e r  r e a d i n g s  f o r  t h e  f r e s h l y  r o a d  s t r e n g t h  b y  m e a s u r i n g  d e c e l e r a t i o n  of a 
c o m p a c t e d  p u m i c e  a n d  P e k e p e k e  g r a v e l  w e r e  fa l l ing  w e i g h t  a s  i t  c o n t a c t s  t h e  r o a d  s u r f a c e  
t a k e n .  T h e s e  r e a d i n g s  g i v e  a m e a s u r e  of ( T a b l e  1). 

T a b l e  1  - C l e a a  Hammer R e a d i n a s  

COMPACTED PUMICE 
I 1 

I SURVEY PEG POSITION ACROSS ROAD I I POSITION LEFT HAND SIDE CENTRE RIGHT HAND SIDE I 

* Th is  spo t  appeared s o f t  

COMPACTED GRAVEL 
-- - - - - - 

SURVEY PEG POSITION ACROSS ROAD 

POSITION LEFT HAND SIDE CENTRE RIGHTHANDSIDE 1 

* No t  recorded 

Double e n t r i e s  denote two read ings  f rom t h e  same genera l  l o c a t i o n  

A r t i f i c i a l  compact ion w i t h  t h e  Clegg Hammer ach ieved a  read ing  o f  22 

The h i g h  r e a d i n g  o f  24 was caused b y  a  r e l a t i v e l y  l a r g e  p i e c e  o f  rock  

Road w i d t h  was approx ima te l y  one l a n e  b u t  t r u c k  p a t h  was s l i g h t l y  
v a r i a b l e .  t h e r e  was e f f e c t i v e l y  no t r u c k  t y r e  compaction by t h e  end 
o f  t h e  t r i a l s  ( i  . e .  no wheel t r a c k s ) .  

TRUCK RIG DESCRIPTIONS 

PAYLOAD - 43T PAYLOAD 9 43T PAYLOAD - 43T 

F i g u r e  2 - L a y o u t  f o r  P a c i f i c  T r i p l e  U n i t  
( L o a d s  s h o w  d e s i g n  l i m i t s ,  a c t u a l  l o a d s  d e p e n d  o n  p r o d u c t )  



PAYLOAD - SOT PAYLOAD - 502 

F i g u r e  3 - L a y o u t  f o r  Mack D o u b l e  U n i t  
( L o a d s  s h o w  d e s i g n  l i m i t s ,  a c t u a l  l o a d s  d e p e n d  o n  p r o d u c t )  

Pacific Triple Unit 

T a s m a n  F o r e s t r y  L i m i t e d  log t r a i n  t o  t h e  
f a m i l i a r  KLC s p e c i f i c a t i o n  : 

T a r e  W e i a h t  
( T o n n e s  ) 

T r u c k  : P a c i f i c  1 4 . 4 1  

F i r s t  T r a i l e r  9 . 3 8  

All t r u c k s  h a d  s u f f i c i e n t  g e a r  r e d u c t i o n  t o  b e  
g r a d e  l i m i t e d  by  t r a c t i o n  r a t h e r  t h a n  t o r q u e .  
D i f f e r e n t i a l  l o c k s  w e r e  f i t t e d  t o  a l l ,  b u t  t h e  
P a c i f i c ' s  h a d  individual  a x l e  locks ,  w h e r e a s  
t h e  Mack w a s  f i t t e d  w i t h  fu l l  c r o s s  locks  
giving lockup  b e t w e e n  d r i v e  a x l e s  a s  w e l l  a s  
w i t h i n  e a c h  a x l e .  

TRIALS AND RESULTS 

F i r s t  B o g i e  a n d  Compacted Pumice Tests 
S e c o n d  T r a i l e r  1 2 . 0 1  

- Empty D o u b l e  U n i t  u p h i l l  
S e c o n d  B o g i e  a n d  i n  c r a w l e r  g e a r  

T h i r d  T r a i l e r  1 2 . 7 8  T h e  r ig  t r a v e l l e d  s t e a d i l y  a t  a p p r o x i m a t e l y  
A c t u a l  pay load  w a s  b e t w e e n  2 5  a n d  3 0  3.6 k m / h r  u p  t o  t h e  1 3 0  m e t r e  p e g  w h e r e  
t o n n e s  p e r  t r a i l e r  l o a d e d  with  P o n d e r o s a  p i n e  i t  spun  o u t .  F a i l u r e  w a s  b e c a u s e  of w e a k  
used  in  t h e  t r i a l .  so i l  r a t h e r  t h a n  loss  o f  t r a c t i o n .  

Pacific Double Unit 

This  i s  t h e  s a m e  r ig  a s  t h e  T r i p l e  a b o v e  b u t  
wi th  t h e  s e c o n d  bogie  a n d  t h i r d  t r a i l e r  
r e m o v e d .  

Mack Double Unit 

This  i s  t h e  m o s t  r e c e n t  o f f - r o a d  
c o n f i g u r a t i o n  c o m m i s s i o n e d  b y  T a s m a n  
F o r e s t r y  L i m i t e d  a t  Ka ingaroa .  It  c o n s i s t s  
of a  Mack  t r a c t o r  u n i t  fo l lowed  b y  a  j inker 
a n d  a s k e l e t a l  f o u r  a x l e  f u l l  t r a i l e r .  O n e  of 
t h e  s p e c i a l  f e a t u r e s  i n c o r p o r a t e d  i s  t h e  - 

ab i l i ty  t o  l o a d  t h e  j inker o n  t o  t h e  t r u c k  
(hydrau l ica l ly )  f o r  e m p t y  runn ing ,  t h e r e b y  
i n c r e a s i n g  t h e  d r i v e  a x l e  bogie  l o a d  a n d  
g r a d e a b i l i t y .  

T a r e  W e i g h t  
I t o n n e s )  

T r a c t o r  p l u s  J i n k e r  1 6 . 1 1  

4 A x l e  T r a i l e r  8 . 3 8  

A c t u a l  pay load  w a s  a p p r o x i m a t e l y  3 5  t o n n e s  
f o r  e a c h  of  t h e  j inker a n d  t h e  t r a i l e r .  

A l a y o u t  d r a w i n g  is  shown in  F i g u r e  3. 

- L o a d e d  D o u b l e  U n i t  d o w n h i l l  

P a y l o a d s  of 30.5 a n d  25.6 t o n n e s  w e r e  
app l ied  t o  t h e  f i r s t  a n d  s e c o n d  t r a i l e r s  
r e s p e c t i v e l y .  

T h e  r i g  b r a k e d  f r o m  20-25 k m / h r  
( sub jec t ive ly  h igh)  s p e e d  t o  a  h a l t  s a f e l y  
a n d  w i t h o u t  d i f f i c u l t y .  B r a k e  e f f o r t  w a s  
s u f f i c i e n t  t o  s k i d  t h e  f r o n t  w h e e l s  o f  e a c h  
bogie  t h e r e b y  c r e a t i n g  a  p i l e  o f  p u m i c e  
a h e a d  of t h e  bog ie  which a p p e a r e d  t o  
i m p r o v e  r e t a r d a t i o n .  S topping  d i s t a n c e  
w a s  3 2  m e t r e s .  

L o a d e d  T r i p l e  U n i t  d o w n h i l l  

P a y l o a d s  of 30.5, 25.6 a n d  26.5 t o n n e s  
w e r e  a p p l i e d ,  i.e. 26.5 t o n n e s  o n  t h e  t h i r d  
t r a i l e r .  

T h e  r i g  b r a k e d  f r o m  15-20 k m / h r  t o  a  h a l t  
s a f e l y  a n d  w i t h o u t  d i f f i cu l ty .  B r a k e  f o r c e  
w a s  r e d u c e d  f r o m  t e s t  2  m o s t  p robab ly  
b e c a u s e  of d r i v e r  a p p r e c i a t i o n  of t h e  
a d d i t i o n a l  t r a i l e r .  S topp ing  d i s t a n c e  
i n c r e a s e d  t o  6 7  m e t r e s .  Th is  t i m e  t h e  
f r o n t  w h e e l s  o f  e a c h  bogie  c o n t i n u e d  t o  
rol l .  R e a r  bog ie  w h e e l s  did  lock  u p  
b e c a u s e  b r a k e  r e a c t i o n  t h r o u g h  t h e  bog ie  
suspension m o v e d  w e i g h t  f r o m  t h e  r e a r  
a x l e  t o  t h e  f r o n t  a x l e  o f  e a c h  group.  



Figure 4 - P a r t i a l l y  laden Double Unit  

Compacted Gravel Tests 

- E m p t y  Double Unit  uph i l l  

T h e  r i g  t r a v e l l e d  s t e a d i l y  u p  t h e  g r a d e  t o  
t h e  9 0  m e t r e  m a r k  a t  which p o i n t  i t  s p u n  
o u t .  Th is  w a s  c a u s e d  by  l a c k  of p a v e m e n t  
s t r e n g t h  r a t h e r  t h a n  loss  of t r a c t i o n .  
F u r t h e r  c o m p a c t i o n  o r  n a t u r a l  w e a t h e r i n g  
would b e  r e q u i r e d  t o  i n c r e a s e  s t r e n g t h  t o  
t h e  p o i n t  w h e r e  t h e  t y r e s  s l ipped o n  t h e  
s u r f a c e .  

- Par t ia l l y  laden Double Unit  uphi l l  

T h e  f i r s t  t r a i l e r  w a s  l o a d e d  w i t h  a n  
e s t i m a t e d  load  of 2 5  tonnes .  T h e  l a y o u t  
is  shown in  F i g u r e  4. T h e  t r u c k  t h e n  
c l i m b e d  t h e  fu l l  d i s t a n c e  of t h e  g r a d e  
w i t h o u t  e x c e s s i v e  f r e e  slip.  T h e  r ig  
a p p e a r e d  t o  b e  c l o s e  t o  i t s  t r a c t i o n  l i m i t  
f o r  t h e  p reva i l ing  condi t ions .  

(spun o u t  a t  8 0  m e t r e  peg).  S i n c e  t h i s  is  a 
r e l a t i v e l y  s h o r t  t i m e ,  i t  i s  r e a s o n a b l e  to 
e x p e c t  t h a t  t h e  r o a d  wil l  i m p r o v e  w i t h  
f u r t h e r  w e a t h e r i n g  espec ia l ly  if i t  i s  a l s o  
s u b j e c t  t o  logging t r u c k  t r a f f i c .  

CONCLUSIONS 

T r a n s p o r t  o f  logs  d o w n  20% (1 : 5) g r a d e s  
c a n  b e  c a r r i e d  o u t  s a f e l y  in d r y  w e a t h e r  w i t h  
a l l  t h r e e  t r u c k  t y p e s  used. Stopping 
d i s t a n c e s  a r e  reasonab ly  s h o r t  a n d  brak ing  
m a n o e u v r e s  c a n  b e  e f f e c t e d  s a f e l y  f r o m  
r e l a t i v e l y  high speeds .  Wet  w e a t h e r  
p e r f o r m a n c e  w a s  n o t  t e s t e d .  Both  t r u c k s  
t r i a l l e d  w e r e  t a k e n  d i r e c t l y  f r o m  n o r m a l  
s e r v i c e  w i t h o u t  a n y  m a i n t e n a n c e  t o  t h e  
b r a k e  s y s t e m .  

Gain ing  a c c e s s  t o  skid s i t e s  u p  20% g r a d e s  is  

- P a r t i a l l y  laden T r i p l e  Unit  uph i l l  
n o t  possible  by P a c i f i c  ~ r ~ ~ l e  or- Double  
U n i t s  w i t h o u t  p a r t i a l l y  load ing  t h e  d r i v e  

T h e  f i r s t  t r a i l e r  w a s  loaded  w i t h  a n  bogie .  Such  a ~ r o c e d u r e  i s  obviously n o t  " 
e s t i m a t e d  l o a d  o f  2 5  t o n n e s  a n d  t h e  t r u c k  a c c e p t a b l e  f o r  n o r m a l  logging operation;. 
t h e n  c l i m b e d  t h e  fu l l  d i s t a n c e  of t h e  
g r a d e  w i t h o u t  e x c e s s i v e  f r e e  Slip. T h e  r i g  P e r f o r m a n c e  f r o m  t h e  Mack Double  Uni t  
a p p e a r e d  t o  b e  c l o s e  t o  i s  t r a c t i o n  l i m i t  s h o w e d  t h a t  i t  c o u l d  e a s i l y  g a i n  a c c e s s  t o  
f o r  t h e  p reva i l ing  condi t ions .  s k i d s  u p  20% g r a d e s .  In t h i s  t r i a l ,  t h e  m a i n  

- Loaded Tr ip l e  Unit  downhill 
r e a s o n  ' f o r  i t s  s u c c e s s  w a s  t h e  i n c r e a s e d  
d r i v e  bog ie  w e i g h t .  O n  l e s s  c o n s i s t e n t  " " 

T o t a l  pay load  w a s  e s t i m a t e d  a t  8 0  t o n n e s -  s u r f a c e s ,  t h e  Mack c o u l d  a l so  c o m p l e t e l y  
It  w a s  n o t  possible  t o  w e i g h t  t h e  l o a d s  f o r  lock u p  t h e  d i f f e r e n t i a l s  t h u s  m a i n t a i n i n g  
t e s t s  4 t o  8  b e c a u s e  t h e  weighbr idge  w a s  mobi l i ty  f o r  longer d i s t a n c e s .  
n o t  o ~ e r a t i o n a l  b u t  s i n c e  t h e  s a m e  r i g  w a s  

- 
used 'and loaded  f r o m  t h e  s a m e  ski: t h e  
e s t i m a t e  should b e  within  5% t o  10%. This  Technical Release i s  t h e  work o f  t h e  

authors and i s  no t  t he  r e s u l t  o f  LIRA 
Thi r ty  m e t r e s  w a s  r e q u i r e d  t o  s t o p  t h e  r i g  projec t  work. LIRA publishes i t  i n  the  
f r o m  10 t o  1 2  k m l h r .  Th is  m a n o e u v r e  w a s  i n t e r e s t s  o f  wider disseminat ion of 
c o m p l e t e d  s a f e l y  a n d  w i t h o u t  d i f f i cu l ty .  knowledge i n  t he  i n d u s t r y .  LIRA takes  no 

- E m p t y  Mack Double Uni t  uph i l l  r e s p o n s i b i l i t y  f o r  t he  accuracy o f  
f i gures  nor does i t  neces sar i l y  support 

T h e  r ig  n e g o t i a t e d  t h e  g r a d e  qu ick ly  a n d  or  disagree w i th  the  opinions and 
w i t h o u t  slip. A v e r a g e  s p e e d  o v e r  t h e  g r a d e  c o n c ~ u s i o n s  shown. 
w a s  9 krn/hr.  I t  w a s  a l s o  r e p o r t e d  t h a t  
t h i s  r ig  cou ld  c l i m b  t h e  or iginal  t r a c k  
b e f o r e  a n y  i m p r o v e m e n t s  w e r e  m a d e ,  

Compacted and Weathered Gravel 

D e s p i t e  n a t u r a l  w e a t h e r i n g  f o r  s ix  w e e k s  n o  
i m p r o v e m e n t  w a s  found  in  t h e  P a c i f i c  Double  

For further  information, contact: 

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

Telephone: (073) 87-168 


