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INTRODUCTION 

I n  some l o g g i n g  
o p e r a t i o n s  ir ,  New 
Zea l and ,  r o a d  
c o n s t r u c t i o n  and 
m a i n t e n a n c e  c a u s e  
g r e a t e r  p rob lems  
t h a n  h a r v e s t i n g  
i t s e l f .  The d i f f i -  
c u l t i e s  a r e  
a s s o c i a t e d  p a r t i c u -  
l a r l y  w i t h  c l a y  
s o i l s  which a r e  
common t h r o u g h o u t  
New Zea l and .  L I R A  
h a s  c o l - l e c t e d  
i n f o r m a t i o n  
c u r r e n t l y  a v a i l -  
able and summarised 

F i  g u r e  1 .  Rock T o p c o u r s e :  T h e  Normal Road S t r e n g t h e n i n g  i t  i n  t h i s  r e p o r t .  
M a t e r i a l  The u s e  of  t r a d e  

names i s  f o r  t h e  c o n v e n i e n c e  o f  r e a d e r s  and d o e s  n o t  imply  t h a t  LILW 
e n d o r s e s  s p e c i f i c  p r o d u c t s .  

THE PROBLEM 

Major  p rob lems  i n  f o r e s t  r o a d i n g  c a n  a r i s e  when r o a d s  mus t  
be  s i t e d  on s o i l s  which have  a  poor  l o a d  b e a r i n g  c a p a c i t y ,  
s u c h  a s  w e t  c l a y  o r  o r g a n i c  s o i l s .  When a  l o a d e d  whee l  



p a s s e s  over  t h e s e  s o i l s  t h e  s u r f a c e  d e f l e c t s ,  squeez ing  s o i l  
o u t  from under t h e  wheel t o  bu lge  a t  t h e  road s u r f a c e .  On a  v e r y  
weak r o a d ,  one o r  two p a s s e s  of  a  loaded wheel may be s u f f i c i e n t  t o  
cause  complete road f a i l u r e  and r e s u l t  i n  a  v e h i c l e  bogged i n  mud. 

Thus t h e  s t r e n g t h  d e s i g n  of  a  road i s  e s s e n t i a l l y  a  problem of 
e n s u r i n g  t h a t  each p a r t  of  t h e  road  s t r u c t u r e  h a s  s u f f i c i e n t  s t r e n g t h  
t o  p r e v e n t  s i g n i f i c a n t  de fo rmat ion  t a k i n g  p l a c e  under t h e  d e s i g n  
wheel l o a d s .  

METHODS FOR STRENGTHENING ROADS 

I f  t h e  subgrade o r  b a s e  m a t e r i a l  on which a  road  i s  b u i l t  i s  n o t  
s t r o n g  enough t o  c a r r y  t h e  d e s i g n  wheel l o a d s ,  t h e n  t h e r e  a r e  two 
c o u r s e s  open t o  s t r e n g t h e n  t h e  road :  

( a )  Subgrade t r e a t m e n t .  T h i s  i s  done by d r a i n a g e ,  compaction,  
t h e  i n t r o d u c t i o n  of some a d d i t i v e  t o  t h e  s o i l ,  o r  by a  
combinat ion  of t h e s e  methods. 

( b )  A p p l i c a t i o n  of a  s t r o n g e r  m a t e r i a l  ( i . e .  pavement) o v e r  t h e  
subgrade .  T h i s  i s  u s u a l l y  done w i t h  m a t e r i a l  such a s  b r u s h ,  
co rduroy ,  q u a r r y  rock o r  r i v e r  g r a v e l ,  bi tumen,  o r  c o n c r e t e .  

T R A D I T I O N A L  METHODS AND T H E I R  L I M I T A T I O N S  

Drainage and compaction a r e  probably  t h e  most e f f e c t i v e  and c h e a p e s t  
means of s t r e n g t h e n i n g  s o i l s .  Compaction i n c r e a s e s  s o i l  d e n s i t y  and 
t h e r e f o r e  l o a d  b e a r i n g  c a p a c i t y ,  b u t  i t  c a n  on ly  t a k e  p l a c e  over  a n  
optimum range  of m o i s t u r e  c o n t e n t .  I n  c l a y  s o i l s  m o s i t u r e  c o n t e n t  i s  
u s u a l l y  h igh  and d r a i n a g e  t o o  slow t o  a l l o w  adequa te  compaction 
immediately a f t e r  road f o r m a t i o n .  Up t o  1 2  months may be r e q u i r e d  
f o r  s o i l  d r y i n g  p r i o r  t o  e f f e c t i v e  compaction.  

Corduroy and brush  have been used s u c c e s s f u l l y  on c l a y  s q i l s .  The 
a v a i l a b i l i t y  of s u i t a b l e  m a t e r i a l  a t  a  r e a s o n a b l e  c o s t  l i m i t s  t h e  
v a l u e  of  t h e s e  m a t e r i a l s  i n  p l a n t a t i o n  r o a d i n y  o p e r a t i o n s .  

Bitumen and cement a r e  n o t  s u i t a b l e  f o r  s t r e n g t h e n i n g  c l a y  s o i l s  on 
l o g g i n g  r o a d s .  

Lime can be used t o  i n c r e a s e  subgrade  s t r e n g t h  by b i n d i n g  c l a y  s o i l  
p a r t i c l e s  t o g e t h e r .  I n  t h i s  i t  h a s  an advantage  o v e r  s imple  compac- 
t i o n  of  r educ ing  t h e  dep th  of g r a v e l  r e q u i r e d ,  w i t h  p o t e n t i a l  c o s t  
s a v i n g s .  The o p e r a t i o n a l  l i m i t a t i o n s  a r e  t h a t  s o i l  mois tu re  c o n t e n t  
must be resonab ly  low ( s o  t h a t  road  fo rmat ion  must be c a r r i e d  o u t  
e a r l y )  and s p e c i a l i s e d  equipment  i s  needed t o  app ly  t h e  l i m e .  

Rock may be used t o  b u i l d  up a  s t r o n g  pavement. Almost any road 
subgrade can be s t r e n g t h e n e d  w i t h  a  s u f f i c i e n t  t h i c k n e s s  of q u a r r y  
rock o r  r i v e r  g r a v e l .  The major l i m i t a t i o n  i s  t h e  a v a i l a b i l i t y  and 
c o s t ,  a g a i n s t  which o t h e r  m a t e r i a l s  a r e  compared. 

RECENTLY DEVELOPED METHODS 
-- 

F a b r i c s  a r e  t h e  modern e q u i v a l e n t  of  corduroy and b r u s h .  They - 
f u n c t i o n  by p r e v e n t i n q  movement of t h e  f i n e  subgrade p a r t i c l e s  
i n t o  t h e  rock c o u r s e ,  -where t h e  p resence  of  c l a y  and s i l t  w i l l  
c ause  s u b s t a n t i a l  l o s s  of b e a r i n g  c a p a c i t y  and f a i l u r e  of  t h e  r o a d .  
F a b r i c s  f a l l  i n t o  two c l a s s e s ;  woven and nonwoven. 



Fisure 2. Action o f  Nonwoven Fabric 

1 Woven f a b r i c s ,  s u c h  as 
Polywave R ,  have  a  f a i r l y  
open  s t r u c t u r e  s u i t e d  t o  u s e  
o v e r  c o a r s e  s o i l s  and  s a n d  
o r  g r a v e l  s u b g r a d e s .  The 
f a b r i c  p r e v e n t s  t h e  pavement 
f rom s i n k i n g  i n t o  t h e  sub-  
g r a d e  b u t  a l l o w s  m o i s t u r e  
t o  r ise t h r o u g h  t h e  pavement 
and  d i s s i p a t e .  

Water passes through f a b r i c  
and d isperses  a t  surface 

Clay p a r t i c l e s :  
Retained i n  subgrade 
by f a b r i c  

J 

Nonwoven f a b r i c s ,  s u c h  a s  
F e l t e x  P r o f e l ,  a r e  d e s i g n e d  
f o r  u s e  i n  c o n j u a c t i o n  w i t h  
u n s t a b l e  s u b g r a d e s ,  e s p e c i -  
a l l y  where  h i g h  c l a y  o r  
s i l t  c o n t e n t s  a r e  a  p rob lem.  
The nonwoven c o n s t r u c t i o n  

p r o d u c e s  a  f a b r i c  w i t h  a  much f i n e r  p o r e  s t r u c t u r e  t h a n  c a n  b e  
a c h i e v e d  i n  woven f a b r i c s .  T h i s  a l l o w s  f r e e  p a s s a g e  o f  w a t e r ,  b u t  
r e t a i n s  t h e  f i n e  s o i l  p a r t i c l e s  be low t h e  f a b r i c .  

L i q u i d  s o i l  d e n s i f i e r s  may b e  u sed  t o  s t r e n g t h e n  w e t  c l a y  s o i l s .  
These m a t e r i a l s  a l l o w  t h e  w a t e r  t o  b e  removed f rom t h e  s u b g r a d e  s o i l  
d u r i n g  compact ion  w i t h  c o n s e q u e n t  improvement i n  s o i l  d e n s i t y  and 
s t r e n g t h .  M a t e r i a l s  o f  t h i s  k i n d ,  e . g .  Reynolds  2-3-5 s o i l  d e n s i f i e r ,  
have  been  used  i n  New Zea land  on f o r e s t  r o a d s .  The m a t e r i a l  i s  
a p p l i e d  d i l u t e d  w i t h  w a t e r  f rom a  s t a n d a r d  w a t e r  t a n k e r .  The p r o c e s s  
t a k e s  s e v e r a l  weeks and  f r e q u e n t  compac t ion  i s  r e q u i r e d .  

NEW ZEALAND EXPERIENCE 

While  t h e  r e s u l t s  o f  a  number o f  o v e r s e a s  t r i a l s  o f  r o a d  s t r e n g t h e n i n g  
a r e  a v a i l a b l e ,  v e r y  few N e w  Zea land  t r i a l s  have  b e e n  documented.  
One N e w  Zea land  t r i a l  a t  Glen Dhu i n  S o u t h l a n d ,  compared a  number 
o f  r o a d  s t r e n g t h e n i n g  me thods .  I t  was a  c o - o p e r a t i v e  t r i a l  i n v o l v i n g  
t h e  N . Z .  F o r e s t  S e r v i c e  and  t h e  N a t i o n a l  Roads Board ,  and compared 
Reynolds  Road P a c k e r ,  h y d r a t e d  l i m e ,  a  l i q u i d  d e n s i f i e r  c a l l e d  
Arquad 2Ht,  and  s t a n d a r d  r o c k .  The t r i a l  s t r i p s  were compared some 
18  months a f t e r  c o n s t r u c t i o n  by t h e  Benkleman Beam method,  which 
t e s t s  thebCfe f l ec t i on  and r ebound  o f  t h e  r o a d  s u r f a c e  d u r i n g  and 
a f t e r  p a s s a g e  o f  a  l o a d e d  w h e e l .  

The t e s t s  showed t h a t  no s p e c i f i c  t r e a t m e n t  was b e t t e r  t h a n  any  
o t h e r .  However, s u b s e q u e n t  t o  t h e  f i n a l  t e s t i n g  heavy  w i n t e r  r a i n s  
and  d a i l y  t r a f f i c  c a u s e d  a l l  t h e  s e c t i o n s  which d i d  n o t  have  t h e  
r o c k  b a s e  c o u r s e  t o  c u t  up s e v e r e l y  w i t h  t h e  c l a y  t u r n i n g  t o  a  
s l u r r y  and  mix ing  w i t h  t h e  t o p  c o u r s e  r o c k .  T h i s  w e l l  documented 
t r i a l  t h e r e f o r e  showed i n c o n c l u s i v e  r e s u l t s .  

F a b r i c s ,  b o t h  woven and  nonwoven, have  been  used  s u c c e s s f u l l y  
on l o g g i n g  r o a d s  i n  N e w  Zea land  ( e . g .  by t h e  N . Z .  F o r e s t  S e r v i c e  
i n  Nelson  and F l e t c h e r  F o r e s t s  L t d .  a t  T a i r u a ) .  However, no documented 
t r i a l s  o r  t e s t i n g  have  b e e n  f o u n d .  They d o  n o t  r e q u i r e  s p e c i a l  
equ ipment  f o r  l a y i n g  and c a n  b e  u sed  on s m a l l  s e c t i o n s  o f  roadway 
where  s p e c i a l  p rob lems  e x i s t .  The nonwoven f a b r i c  f i n d s  more u s e  t h a n  
t h e  woven f a b r i c ,  a s  most  o f  t h e  prob lem a r e a s  a r e  o n  f i n e  p a r t i c l e  
c l a y  s o i l s .  

S u p p l i e r s  and c o s t s  o f  some m a t e r i a l s  men t ioned :  



1. F a b r i c :  C o r r u g a t e d  S t e e l  P r o d u c t s ,  
F l e t c h e r s  P r i v a t e  Bag, 
Auckland .  

S a r l o n  Polyweave R (woven) R o l l s ,  3.86m x 250m: $0 .65  p e r  m2 
PRO-FEL (nonwoven) R o l l s  4m x  50m o r  l O O m  

140 gram p e r  m2 g r a d e  ( l i g h t  d u t y )  : $1.70  p e r  m2 
200 gram p e r  m 2  g r a d e :  $2.10 p e r  rn2 

2 .  L i q u i d  S o i l  D e n s i f i e r :  Chemica l  I m p o r t s  L t d . ,  
P.O. Box 100 ,  
M o s g i e l .  

Reynolds  2-3-5 s o i l  d e n s i f i e r  (Reyno lds  Road P a c k e r )  
C o n t a i n e r s  20 and 200 l i t r e s ,  $ 5 . 3 2  p e r  l i t r e  
Chemica l  c o s t  $0 .28  p e r  m 2  

CONCLUDING COMMENTS 

1. The c h e a p e s t  and  p e r h a p s  t h e  mos t  e f f e c t i v e  method o f  p r o d u c i n g  a 
s t r o n g  roadway o n  a  w e t  c l a y  s o i l ,  i s  t o  p r e p a r e  t h e  roadway 
w e l l  i n  advance  of  u s e  and  t o  a l l o w  i t  t o  d r y  o u t  n a t u r a l l y .  
P r o v i d e d  r o a d  p r o f i l e  and  d r a i n a g e  a r e  a d e q u a t e ,  a  r e l a t , i v e l y  
t h i n  l a y e r  o f  pavement s h o u l d  p r o v i d e  a n  a l l - w e a t h e r ,  h i g h -  
b e a r i n g  c a p a c i t y  r o a d .  I f  g r a v e l  i s  e x p e n s i v e  and  l i m e  i s  
a v a i l a b l e ,  t h e n  l i n e  s t r e n g t h e n i n g  s h o u l d  be  c o n s i d e r e d .  

2 .  I n  some i n s t a n c e s  l o g g i n g  r o a d s  mus t  be  formed and u s e d  
i m m e d i a t e l y .  An example of  t h i s  i s  where  a c c e s s  t o  wind-thrown 
t i p h e r  mus t  be  o b t a i n e d .  I n  t h e s e  c a s e s  t h e  a l t e r n a t i v e s  a p p e a r  
t o  b e :  

( a )  Apply a  v e r y  d e e p  l a y e r  o f  pavement  m a t e r i a l  
s u c h  a s  q u a r r y  r o c k  o r  r i v e r  g r a v e l .  The d e p t h  
r e q u i r e d  depends  o n  t h e  n a t u r e  o f  t h e  s u b g r a d e .  

( b )  Apply a  s o i l  d e n s i f i e r  o r  i a y  a  f a b r i c  o n  t h e  
s u b g r a d e .  Then a p p l y  a  l a y e r  o f  r o c k  o r  g r a v e l  
f o r  t h e  pavement .  The d e p t h  o f  t h e  pavement  
s h o u l d  b e  much less  t h a n  t h a t  r e q u i r e d  w i t h  
a l t e r n a t i v e  ( a )  . 

3 .  The d e c i s i o n  t o  u s e  a  l i q u i d  o r  f a b r i c  i n s t e a d  of  d e e p  r o c k  
o r  g r a v e l  depends  o n  t h e  r e l a t i v e  p r i c e s  o f  t h e  m a t e r i a l s  and  
t h e  t i m e  a v a i l a b l e .  A s i m p l e  c a l c u l a t i o n  w i l l  show w h e t h e r  
t h e  r e d u c e d  c o s t  o f  less  g r a v e l  compensa t e s  f o r  t h e  c o s t  o f  
t h e  l i q u i d  o r  f a b r i c  which mus t  b e  a p p l i e d .  The more e x p e n s i v e  
t h e  g r a v e l ,  t h e  more l i k e l y  i s  a  l i q u i d  o r  f a b r i c  t o  be  a p p l i e d .  

4 .  The l i q u i d  s o i l  d e n s i f i e r  i s  r e l a t i v e l y  c h e a p  and  c a n  be  
a p p l i e d  s u c c e s s f u l l y  t o  l o n g e r  s t r e t c h e s  of  r o a d .  I t  i s ,  however ,  
more complex t o  a p p l y  t h a n  i s  t h e  f a b r i c ,  and  r e q u i r e s  a  l o n g e r  
t i m e  t o  s t r e n g t h e n  t h e  roadway.  F a b r i c s ,  w h i l e  more e x p e n s i v e ,  
c a n  b e  a p p l i e d  i n  a n  emergepcy t o  make a  r o a d  immed ia t e ly  
u s e a b l e .  Of t h e  f a b r i c s ,  t h e  woven v a r i e t y  i.s c h e a p e r  t h a n  t h e  
nonwoven v a r i e t y .  The woven v a r i e t y  i s  b e s t  u sed  on  o r g a n i c  
s o i l s  such  a s  o l d  p a s t u r e s  and  o t h e r  c o a r s e  s o i l s ,  w h i l e  t h e  
nonwoven f a b r i c  s h o u l d  b e  u sed  where  t h e  roadway s u b g r a d e  i s  
c l a y  o r  h a s  a  h i g h  s i l t  c o n t e n t .  

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


