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FOREWORD 

This  r e p o r t  is a n  a c c o u n t  of t e s t s   p e r f o r m e d   w i t h   a n  

A l b e e   R o l l i g o n   v e h i c l e  a t  Tuktoyaktuk ,  N.W.T. i n   A u g u s t  1970. 

The r e s u l t s  of t h e s e   t e s t s  as e x p r e s s e d   h e r e  are comparable   wi th  

r e s u l t s  of t e s t s   w i t h   o t h e r   v e h i c l e s   i n   t h e  same a r e a   s p o n s o r e d  

by the  Government of Canada ,   Depa r tmen t   o f   Ind ian   Af fa i r s   and  

Nor thern   Development .   The   coopera t ion   of   th i s   depar tment   and  

t h e   s u p p o r t  of B e c h t e l   I n c o r p o r a t e d  i n  c o m p l e t i n g   t h i s   p r o j e c t  

a r e   g r a t e f u l l y   a c k n o w l e d g e d .  
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Map s h o w i n g   t e s t   l o c a t i o n  a t  Tuktoyaktak. 

Albee   Rol l igon  

Test S i t e  3 ,  1 Pass Heavy Load 

T e s t   S i t e  3 ,  1 Pass   L igh t  Load 

Test  S i t e  3 ,  5 Pass Heavy Load 

Test  S i t e  3 ,  5 Pass  L i g h t  Load 

T e s t   S i t e  3 ,  10 Pass Heavy Load  

Test S i  t e  3 ,  10 P a s s  Light Load  

Test  S i t e  3 ,  20  P a s s  Heavy  Load 

T e s t   S i t e  3,  20 Pass L i g h t  Load  

T e s t   S i t e  3 ,  40 Pass Heavy  Load 

Tes t  S i t e  3, 40 P a s s   L i g h t  Load 

Tes t  S i t e  3 ,  60 Pass Heavy Load 

T e s s   S i t e  3 ,  60 P a s s  L i g h t  L o a d  

T e s t   S i t e  3,  

T e s t   S i t e  3 ,  
T e s t   S i t e  1, 

T e s t   S i t e  1, 

T e s t   S i t e  1, 

Test S i t e  1, 

Test  S i t e  1, 

T e s t   S i t e  1, 

. T e s t   S i t e  1, 

T e s t   S i t e  1, 

T e s t   S i t e  2 ,  

Test  S i t e  7, 

Test S i t e  2, 

T e s t  S i t e  2 ,  

Test  S i t e   2 ,  

T e s t   S i t e  2, 
T e s t   S i t e   2 ,  

Test  S i t e  2, 

80 P a s s  L i g h t  L o a d  

100 P a s s   L i g h t  Load 
1 P a s s  

5 Pass 
10 Pass 

20 Pass 

40 Pass 

60 Pass 

80 Pass 

100 Pass 

1 P a s s  

5 Pass 

10 P a s s  

20 P a s s  

40 P a s s  

60 P a s s  

80 P a s s  

100 Pass 
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C o n t e m p o r a r y   p u b l i c   c o n c e r n   a b o u t   m a n ' s   p e r s i s t e n t  

e n v i r o n m e n t a l   e n c r o a c h m e n t   a n d   h i s   n e e d   t o   c o n t i n u a l l y   l o c a t e  

a n d   d e v e l o p   t h e   e a r t h ' s   n a t u r a l   r e s o u r c e s   h a v e   c o m b i n e d   t o   g e n e r a t e  

a c o n f l i c t   o f   i n t e r e s t s .  One a s p e c t   o f   t h i s   p r o b l e m  has appeared  

i n   t h e   d i s t u r b a n c e  o f  t e r r a i n   ( t u n d r a )  in some a r c t i c  a r e a s   c a u s e d  

by t r a f f i c   o f   o f f - r o a d   v e h i c l e s .  

While  i t  is  c e r t a i n l y   t r u e   t h a t   s u c h   t r a f f i c   h a s  

r e   u l t e d   i n   l o c a l   d e s t r u c t i o n   o f   v e g e t a t i o n   a n d   i s o l a t e d   c a s e s   o f  

per m a f r o s t   m e l t  a n d  s u r f a c e   e r o s i o n ,   t h e r e  is, a t  time o f   w r i t i n g ,  

n o   a c c u r a t e  estimate o f   ac tua l   " env i ronmen ta l   damage" .  A s c i e n t i f i c  

i n v e s t i g a t i o n  of t h i s   q u e s t i o n   h a s   b e e n   i n i t i a t e d   o n l y   d u r i n g   t h e  

p a s t   y e a r  . 

I 
B e c a u s e   t h e r e   h a s   b e e n  some o b j e c t i o n a b l e   d i s r u p t i o n   o f  the 

t u n d r a   s u r f a c e   i n d u s t r y ,   g o v e r n m e n t   a n d   a c a d e m i c   a u t h o r i t i e s   a r e  a l l  

a n x i o u s   t h a t   f u t u r e  damage be r e d u c e d   t o   a n   a c c e p t a b l e  minimum. I n  

o r d e r   t o  do so i t  will b e   n e c e s s a r y  t o  i d e n t i f y   o f f - r o a d   v e h i c l e  

c o n f i g u r a t i o n s   a n d   t o   d e f i n e   o p e r a t i o n a l   t e c h n i q u e s   w h i c h   a r e  

a p p r o p r i a t e .  

As p a r t  o f   a n  e f f o r t   t o   a c q u i r e  some knowledge i n  t h i s  

a r e a ,  a s e r i e s  of  t e s t s  was conduc ted   w i th  a R o l l i g o n   v e h i c l e  a t  

Tuktoyaktuk ,  N.W.T. ( F i g .  1). Not o n l y   w e r e   e f f e c t s  of t h e   v e h i c l e  

on t h e   g r o u n d   a s s e s s e d ,  b u t  a l s o  some o p e r a t i o n a l   c h a r a c t e r i s t i c s  

of t h e   v e h i c l e   i t s e l f   w e r e   o b s e r v e d .  
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An account of the t e s t s  performed and the  results  t h a t  

were observed is presented in t h e  following section. 
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h u n d r e d   y a r d s  of e a c h   o t h e r  on a t u n d r a   p e n i n s u l a   a d j a c e n t   t o   t h e  

T u k t o y a k t u k   h a r b o u r .   S i t e  1 was i n  a low l y i n g   l e v e l   a r e a   a l m o s t  

a t  sea l e v e l .  The  topography was c h a r a c t e r i s e d  by d e p r e s s e d   c e n t r e  

p o l y g o n s   t y p i c a l  of t h e   r e g i o n ,   a n d   v e g e t a t i o n   c o n s i s t e d  of  s e d g e s ,  

mosses   and small s h r u b s   i n   t h a t   o r d e r  of predominence ( F I E  i n   t h e  

R a d f o r t h   c l a s s i f i c a t i o n   s y s t e m  - see Appendix I ) .  S c a t t e r e d  

p a t c h e s   o f   l i c h e n  were f o u n d ,   e s p e c i a l l y   o n   t h e   r a i s e d   p o l y g o n  

b o r d e r s .  The s i t e  was m o i s t   n e a r   t h e   s u r f a c e ,   a n d   t h e   d e p t h  t o  

permafrost a v e r a g e d  11 i n .  

S i t e  2 was  on a well d r a i n e d   s l o p e  h a v i n g  a g r a d i e n t   o f  

a p p r o x i m a t e l y  10 p e r   c e n t .  The   g round   su r f ace  was ve ry   f i rm   and  

r o u g h .   V e g e t a l   c o v e r   i n c l u d e d   h e a v i e r  woody s h r u b s   t h a n   t h o s e  

f o u n d   i n   S i t e  1, mosses ,   and  a few s e d g e s  ( E I F  - R a d f o r t h ) .   P e r -  

m a f r o s t  was p r e s e n t   a b o u t   2 1   i n .   b e l o w   t h e   s u r f a c e .  

S i t e  3 was l o c a t e d   o n  a p l a t e a u  a t  t h e   t o p  of t h e   s l o p e  

o n   w h i c h   S i t e  2 was s e l e c t e d .  I t  was c h a r a c t e r i z e d  by a d r y ,  

h a r d  mounded s u r f a c e  of t h i n   p e a t  on a s u b - l a y e r  of mixed  sand 

and  silt  which   appeared  a t  the surface i n   s p o r a d i c   p a t c h e s .  

V e g e t a t i o n   c o n s i s t e d  of sedges, l i g h t  woody sh rubs ,   and   mosses  

(FEI   Radfo r th )   and   pe rmaf ros t   dep th  was approx ima te ly  16 i n .  

TEST VEHICLE 

The v e h i c l e   u s e d  was a n  Albee Rolligon of the t y p e  

shown i n   F i g .  2. The  unique low p r e s s u r e   i n f l a t e d  bags a r e   d r i v e n  by 

t o p  rollers which are i n   t u r n   d r i v e n  by a d i e s e l   e n g i n e   t o r q u e  



Fig. 1 
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Fig. 2 A l b e e  Rolligon 
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c o n v e r t e r   a n d  power s h i f t   t r a n s m i s s i o n  The s i x  s m o o t h   i n f l a t e d  

b a g s   a c t  as t h e   s u s p e n s i o n  s y s t e m  a n d   p r o p e l   t h e   v e h i c l e   o v e r  t h e  

g r o u n d .   I n f l a t i o n   p r e s s u r e   c a n   b e   c o n t r o l l e d  by t h e   d r i v e r   i n   t h e  

cab. Tare   we igh t  is i n   t h e   n e i g h b o u r h o o d   o f  11,000 l b .  

TEST PROCEDURE - TERRAIN DISTURBANCE 

To e v a l u a t e   t h e   e f f e c t   o f   v e h i c l e   t r a f f i c   o n   t h e   g r o u n d  

s u r f a c e   i n   e a c h   s i t e   t h e   R o l l i g o n  was d r i v e n   b a c k   a n d   f o r t h   o v e r  

a t e s t  l a n e  200 f e e t   i n   l e n g t h .   P h o t o g r a p h s   o f   t h e   g r o u n d   i n   t h e  

v e h i c l e ' s   p a t h   w e r e   t a k e n   a f t e r   o n e ,   f i v e ,   t e n ,   t w e n t y ,   f o r t y ,  

s i x t y ,   e i g h t y   a n d   o n e   h u n d r e d   p a s s e s .   T h e   f i r s t  t e s t  was con- 

d u c t e d   o n   S i t e  3 w i t h  a pay load   o f  9000 l b .  (gross  weigh t  20000 l b . )  

and a b a g   i n f l a t i o n   p r e s s u r e  of 5.5 p . s . i .   D u r i n g   t h e   t e s t  a 

r i d g e   d e v e l o p e d   b e t w e e n   t h e  two t r a c k s   a n d   a p p e a r e d   t o   i n c r e a s e  

t h e  ground r o l l i n g   r e s i s t a n c e   p r e s e n t e d   t o   t h e   v e h i c l e .   T h i s  was 

ev idenced  by a p p a r e n t l y   i n c r e a s i n g   s l i p   b e t w e e n   t h e   t o p   d r i v e  

r o l l e r s  a n d   t h e   i n f l a t a b l e   b a g s .  

The t e s t  was t e r m i n a t e d  a t  75 p a s s e s  by i m m o b i l i z a t i o n  

caused  by t h e   c e n t r e   r i d g e   a n d   s u b s e q u e n t   b l o w o u t  of a r e a r  

i n f l a t a b l e   b a g .  I t  was f e l t   t h a t   t h e   a g e   o f   t h e   b a g   c o m b i n e d  

w i t h   h e a t   o f   f r i c t i o n   f r o m   t h e   s l i p p i n g   r o l l e r   w e r e   m a j o r   f a c t o r s  

c o n t r i b u t i n g  t o  t h e   b l o w o u t .   A f t e r   t h i s  was r e p a i r e d   a l l   f u r t h e r  

t e s t s   w e r e   c a r r i e d   o u t  w i t h  t h e   p a y l o a d   r e d u c e d   t o  6000 l b .   a n d  

i n f l a t i o n   p r e s s u r e   r e d u c e d   f r o m  5.5 t o  3.5 p . s . i .  

A second  t e s t  was run  on t h e  same s i t e  w i t h  the modi f i ed  

l o a d i n g ,   a n d   t h e   r e s u l t s  of  t h e  two t e s t s   a r e  compared i n   f i g u r e s  

3 t o  16.  I n  a l l  s u b s e q u e n t   t e s t s   t h e   v e h i c l e   p a t h  was s h i f t e d  



A 

F i g .  3 T e s t   S i t e  3 ,  1 Pass Heavy L o a d  

F i g .  4 T e s t  S i t e  3, 1 Pass L i g h t  Load 



?- 
Fig. 5 Test Site 3 ,  5 Pass Heavy Load 
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F i g .  7 Test S i t e  3 ,  10 P a s s  Heavy Load 

F i g .  8 T e s t   S i t e  3 ,  10 P a s s   L i g h t   L o a d  



Fig. 9 Test S i t e  3 ,  2 0  Pass Heavy  Load 

Fig. 1 0  T e s t  Si t e  3 ,  20  Pass Light  Load 
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Fig. 11 T e s t  Site 3 ,  40 P a s s  Heavy Load 

F i g .  12 T e s t  S i t e  3 ,  40 P a s s   L i g h t   L o a d  



c 

c 

F i g .  1 3  T e s t  S i t e  3 ,  6 0  P a s s  Heavy Load 

F i g .  1 4  T e s t   S i t e  3 ,  60  P a s s   L i g h t   L o a d  



Fig .  15 T e s t   S i t e  3 ,  80 P a s s   L i g h t   L o a d  

F i g .  1 6  T e s t   S i t e  3 ,  1 0 0  P a s s   L i g h t   L o a d  
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l a t e r a l l y   f r o m  time t o  time t o   p r e s s  down the r i d g e   w h i c h   t e n d e d  

t o   d e v e l o p   b e t w e e n   t h e  r u t s .  

Similar  tests were a l s o  r u n   w i t h  t h e  l i g h t   l o a d i n g   c o n -  

d i t i o n s  in S i t e s  1 a n d  2 w i t h  the  r e su l t s  shown i n  f i g u r e s  17  t o  

24 a n d  25 t o  32 r e s p e c t i v e l y .  

I t  is e v i d e n t  , t h a t  as the   number  of  p a s s e s   i n c r e a s e s  

t h e   v e g e t a t i o n   i n   e v e r y  case g r a d u a l l y   b e c o m e s   f l a t t e n e d ,   s h r u b s  

h a v e   t h e i r   l e a v e s   k n o c k e d  o f f  and many of t h e  most b r i t t l e   b r a n c h e s  

b e c o m e   b r o k e n .   E v e n t u a l l y   s o m e   s o i l  is d i s p l a c e d  by r e p e a t e d  

a p p l i c a t i o n  o f  t h e  v e h i c l e   w e i g h t   a n d   s h a l l o w   r u t s   d e v e l o p .  Small 

mounds  become f l a t t e n e d   t o  some e x t e n t .  

' T h e   d e g r e e   t o   w h i c h   t h e s e   f o r m s  of d i s t u r b a n c e   p r o g r e s s  

depends  on s e v e r a l   f a c t o r s   i n c l u d i n g   v e h i c l e   w e i g h t ,   g r o u n d   p r e s -  

s u r e ,   v e g e t a t i o n   c o m p o s i t i o n ,   a n d   g r o u n d   m o i s t u r e   c o n t e n t .   T h e  

d e c r e a s e   i n   v e h i c l e   w e i g h t   a n d   g r o u n d   p r e s s u r e  has a p ro found  

e f f e c t   o n   r e d u c i n g   s u r f a c e   d i s t u r b a n c e  as c a n   b e   s c e n   i n   f i g u r e s  

3 t o  16. 

T h e   v e g e t a t i o n   i n  S i t e  2 appea red   t o   be   damaged   more  

r a p i d l y   t h a n   i n   S i t e s  1 and  3 p r o b a b l y   b e c a u s e   o f   t h e   h i g h e r  

p r o p o r t i o n  of b r i t t l e ,  fragile woody p l a n t s   i n   S i t e  2. 

Good d r a i n a g e   i n   S i t e  2 p r o v i d e d  a l o w e r   s o i l   m o i s t u r e  

c o n t e n t   a n d  a f i r m e r   g r o u n d   s u r f a c e .  

P r e s e r v a t i o n  of t h e  mic ro topography  a t  h igh   numbers   o f  

p a s s e s   r e s u l t e d   a n d  ruts were  slow t o   d e v e l o p ,   T h i s  is e s p e c i a l l y  

i m p o r t a n t  on s l o p e s   w h e r e   r u t s   c a n   a c t  as d r a i n a g e   c h a n n e l s   a n d  

p r o m o t e   e r o s i o n .  

I n   o b s e r v i n g  t h e s e  a n d   o t h e r   v e h i c l e  t e s t s  i t  h a s  been 
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p o s s i b l e   t o   c l a s s i f y   t h e   p r o g r e s s   o f   v e g e t a t i o n   a n d   m i c r o t o p o -  

g r a p h y   d i s t u r b a n c e   i n t o   e a s i l y   r e c o g n i z a b l e   s t a g e s  as o u t l i n e d  

i n   T a b l e  I below. 

D i s  t u r b a n c e  
L e v e l   S t r u c t u r e   V e g e t a t i o n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 
4- 
I 

Undamaged 

S l i g h t   c h o p p i n g  

Mound t o p   s c u f f i n g /  
f l a t t e n i n g  

Mound t o p   d e s t r u c t i o n  

Ru t s  s ta r t  t o   f o r m ,  
l e s s  t h a n  50% s t r u c -  
t u r e  d e s t r o y e d  

R u t s  s l i g h t l y   d e e p e r ,  
more   t han  50% s t r u c -  
t u r e   d e s t r o y e d  

Ru t s  h a l f   b a r e  

Ru t s  e n t i r e l y   b a r e  

R u t s  t o  p e r m a f r o s t  

Undamaged 

S h r u b s   b r o k e n ,   l e a v e s  
k n o c k e d   o f f  

C u t t i n g   a n d / o r  f l a t -  
t e n i n g   o f  a l l  v e g e t a t i o n  

T e a r i n g   a n d   s c a t t e r i n g  
o f   v e g e t a t i o n  - 10% 
d e s t r o y e d  

25% d e s t r o y e d  

50% d e s t r o y e d  

90% d e s t r o y e d  

100% d e s t r o y e d  

TABLE I 

V e g e t a t i o n   a n d   s t r u c t u r e   d i s t u r b a n c e  
c l a s s i f i c a t i o n   s y s t e m .  

The t e s t  sites i n   w h i c h   t h e   R o l l i g o n  was r u n   h a v e   b e e n  

a n a l y z e d   i n   a c c o r d a n c e   w i t h   t h i s   c l a s s i f i c a t i o n   s y s t e m ,   a n d   t h e  

r e s u l t s  a r e  d i s p l a y e d   i n   T a b l e  I I .  I n   t h e   v a l u e s  shown, t h e   f i r s t  

d i g i t   i n  each p a i r   r e p r e s e n t s   t h e   s t r u c t u r e   d i s t u r b a n c e   l e v e l   a n d  
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A 

t h e   s e c o n d   d i g i t   c o r r e s p o n d s   t o   t h e   v e g e t a t i o n   d i s t u r b a n c e   l e v e l .  

S i t e  1 S i t e  2 S i t e  3 S i t e  3 
No. of P a s s e s   L i g h t  Load l i g h t  Load l i g h  t load heavy  Load 

1 1-1 1-1 1-1 1-1 

5 3-3 1-2  1-2  2-2 

10 4-3 2-2 1-3 4-3 

20 4-3 2 -3 4-3 4-3 

40  6-4 3-3 4-3 5-4 

60 5-4 4-4 5-4  6-3 

80 5-5  5-5 6-4 6-3 

100 6 -6 6-6  6-5  6-4 

TABLE II 

C o m p a r i s o n   o f   t u n d r a   d i s t u r b a n c e   i n  sites 1, 2, 3 
a c c o r d i n g   t o   t h e   d i s t u r b a n c e   c l a s s i f i c a t i o n  

sys tem. 

Pending o b s e r v a t i o n   d u r i n g   t h e   n e x t  few y e a r s  of t h e  

v e g e t a t i v e   r e g r o w t h  and a n y   e r o s i o n   w h i c h  may o c c u r  i n  t h e  s i t e s  

i t  has b e e n   t e n t a t i v e l y   s u g g e s t e d   t h a t   l e v e l  4 is t h e  maximum 

amount of s t r u c t u r a l   a n d   v e g e t a t i o n  damage which c a n   b e   t o l e r a t e d  

i f  t h e   d i s t u r b e d   t u n d r a  is e x p e c t e d   t o  regain a semblance  of i ts 

o r i g i n a l  s t a t e .  

W i t h   t h i s   i n   m i n d  i t  may t h e r e f o r e  be c o n c l u d e d  that a 

R o l l i g o n   t y p e   v e h i c l e   w i t h  a gross weight   o f  17000 lb. a n d  a n  

i n f l a t i o n   p r e s s u r e  of 3.5 p . s . i .  w o u l d   b e   a b l e  t o  make a b o u t  40  

p a s s e s  over t h e  same p a t h   w i t h o u t   e x c e e d i n g   t h e   d e s i r a b l e  limit 

of t u n d r a   d i s t u r b a n c e .  for t h e   r e a s o n  s t a t e d  a b o v e   t h i n   s h o u l d  



".. 

I 

" 

be r e g a r d e d  as  a c o n s e r v a t i v e   a n d   t e n t a t i v e   c o n c l u s i o n .  

I t   c a n   a l s o   b e   c o n c l u d e d   f r o m  Table II t h a t  i f  t h e  

v e h i c l e   w e i g h t  is i n c r e a s e d   t o  20000 l b   a n d   t h e   i n f l a t i o n   p r e s s u r e  

t o  5.5 p.s.i.,.10 t o  20 passes   wou ld   be   t he   amoun t  o f  t r a f f i c  

t o l e r a b l e .  T t  s h o u l d   b e   n o t e d   t h a t   a d j u s t m e n t   o f   t h e   l o a d i n g   c o n -  

d i t i o n s   w i t h i n  a f a i r l y  smal l  r a n g e   c a n   r e s u l t .   i n   s u b s t a n t i a l  

i n c r e a s e   i n   t h e   a m o u n t  of t r a f f i c   t h a t  is t o l e r a b l e .  

DRAWBAR PULL TESTS 

S e v e r a l   d r a w b a r   p u l l  t e s t s  were also c o n d u c t e d   i n  S i t e  

3 .  T h e   R o l l i g o n  was made t o   p u l l  a s e c o n d   v e h i c l e   o n   w h i c h   t h e  

brakes were g r a d u a l l y   a p p l i e d   t o   i n c r e a s e   t h e   l o a d .   T h e   r e s u l t i n g  

h o r i z o n t a l   p u l l   f r o m  the  H o l l i g o n  was measured  by a l o a d   c e l l  i n  

t h e  tow c a b l e   a n d   r e c o r d e d   o n  a s t r i p   c h a r t   r e c o r d e r .  
I 

As w i t h  a l l  v e h i c l e s   s u b j e c t e d   t o   t h i s  t e s t ,  v a r y i n g  

a m o u n t s   o f   s l i p   b e t w e e n   t h e   i n f l a t a b l e   b a g s   a n d   t h e   g r o u n d  sur- 

f ace ,  a n d   b e t w e e n   t h e   b a g s   a n d   t h e   t a p   d r i v e   r o l l e r s   r e s u l t e d  

f r o m   i n c r e a s i n g   d r a w b a r   p u l l .   S l i p   c a n   i n  some c a s e s   c a u s e   s c a r -  

r i n g   o f   t h e   g r o u n d  su r face  and  when i t  d o e s ,  i t  is u n d e s i r a b l e   i f  

t u n d r a   d i s t u r b a n c e  is a c r i t i c a l  c o n s i d e r a t i o n .  

I n  t h e  t e s t s ,  t h e   R o l l i g o n   c a r r i e d  a 6000 l b .   p a y l o a d  

f o r  a gross w e i g h t   o f   a p p r o x i m a t e l y  17000 lb., and t h e  bag i n f l a -  

t i o n   p r e s s u r e  was m a i n t a i n e d  a t  3.5 p.s. i. Maximum p u l l   m e a s u r e d  

was   approx ima te ly  4000 l b .  and e f f e c t i v e  s l i p  v a r i e d  from low 

v a l u e s   u p   t o  100%. The term " e f f e c t i v e "  is  u s e d   h e r e   b e c a u s e   t r u e  

slip b e t w e e n   t h e  bags  a n d   t h e   g r o u n d   s u r f a c e  was n o t   v e r y   n o t i c e a b l e .  

C o n n i d e r a b l e   s l i p   o c c u r r e d   b e t w e e n   t h e  bags and t'ne t o p   d r i v e   r o l l e r s .  
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Fig .  29 Test S i t e  2 ,  40 Pass F i g .  30 T e s t  S i t e  2 ,  60 Pass 

Fig .  31 Test S i t e  2, 80 Pass Fig .  32 T E s t  S i t e  2, 100 Pass 
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S e v e r a l   f e a t u r e s  of t h e   d r a w b a r  p u l l  performance a r e  

b e l i e v e d   t o   s i g n i f i c a n t   w i t h   r e s p e c t ,   t o   t h e   v e h i c l e ' s   m o b i l i t y  

a n d   t o  its e f f e c t  on t h e   t e r r a i n .   F i r s t ,  i t  is u n d e r s t o o d   t h a t  

the R o l l i g o n  in t h e   c o n f i g u r a   t i o n   t e s t e d  i s  i n t e n d e d  as a load 

car r ie r  r a t h e r  

mance is o f t e n  

a b i l i t y .  On a 

t o  b a l a n c e   t h e  

t h a n  as a t r a c t o r .  However   d rawbar   pu l l  perfor- 

a g o o d   i n d i c a t o r  of a v e h i c l e ' s  slope c l i m b i n g  

s l o p e   w h e r e  a v e h i c l e ' s   t r a c t i v e   e f f o r t  i n  r e q u i r e d  

component of i t s  w e i g h t   p a r a l l e l   t o   t h e   s l o p e ,  

t h e  maximum d r a w b a r   p u l l   a t t a i n a b l e   o n   l e v e l   g r o u n d   t h e o r e t i c a l l y  

c o r r e s p o n d s   t o  a maximum gradient t h e   v e h i c l e   c a n   c l i m b .  This 

has b e e n   c a l c u l a t e d  t o  be r o u g h l y  23% a s s u m i n g   g r o u n d   c o n d i t i o n s  

similar t o   t h o s e   e n c o u n t e r e d  i n  t h e  tests. 

S e c o n d l y ,   t h e   f a c t   t h a t   v e r y  l i t t l e  s l i p  o c c u r s  be tween 

t h e   i n f l a t a b l e  bags and t h e  ground surface ,is important b e c a u s e  

r e l a t i v e l y   l i t t l e  damage t o   t h e   t e r r a i n   s u r f a c e   c a n   r e s u l t ,   e v e n  

u n d e r  maximum drawbar p u l l   c o n d i t i o n s .   T h e   s m o o t h   s u r f a c e  of t h e  

i n f l a t a b l e   b a g   a n d   t h e   a b s e n c e  of  c l e a t s  is a l s o   b e n e f i c i a l   i n  

t h  is r e s p e c t  . 
GENERAL PERFORMANCE OBSERVATIONS 

A few a d d i t i o n a l   a s p e c t s   o f  t h e  R o l l i z o n ' s   p e r f o r m a n c e  

i n  m o v i n g   o v e r   t h e   t u n d r a  were unusual a n d   a r e   c o n s i d e r e d   w o r t h  

m e n t i o n i n g .  

G e n e r a l   c o m p a t a b i l i t y  o f  t h e   v e h i c l e  and t e r r a i n  was 

evidenced by t h e   f a c t   t h a t   g r o u n d  speed w h i l e   t r a v e l l i n g .  t o  and 

f r o m   t h e   t e s t  areas was h i g h e r   t h a n  is commonly found i n  off-road 

v e h i c l e s .   T h i s  is made p o s s i b l e  by the inflated bag d r i v e   s y s t e m  



11 

w h i c h   p r o v i d e s  a v e r y  s o f t  a n d   c o m f o r t a b l e  i f  somewhat underdamped, 

r i d e .   T h e   f l e x i b l e  inflated bags conform easily t o  t h e  i r r e g u l a r ,  

r o u n d e d   t u n d r a   s u r f a c e  and abso rb   hundreds  of  small jolts, p r e -  

v e n t i n g   t h e i r   t r a n s m i s s i o n   t o  t h e  main v e h i c l e   c h a s s i s .  The 

a d v a n t a g e s  o f  e x t r e m e l y  low u n s p r u n g   w e i g h t  are wel l  i l l u s t r a t e d  

by t h i s   c o n c e p t .  

I n  crossing d i t c h e s  o r  l a r g e   o b s t a c l e s  whose s i z e  and 

c o n t o u r  were roughly equal to t h e  inflated bags, a r a d i c a l   r e d u c -  

t i o n   i n   s p e e d -  was n e c e s s a r y   f o r   t h e   " s u s p e n s i o n "  to accomoda te .  

O p e r a t i n g   i n  wet p e a t  and sil t  mixtures r e s u l t e d  i n  

some s l i p p e r y   s o i l   a d h e r i n g   t o   t h e   i n f l a t e d  bags a n d   c a u s e d   s l i p -  

page   be tween  the   bags   and  t o p  d r i v e   r o l l e r s .   T h i s   c o u l d   b e c o m e  
+- 
I 

a major   p roblem i n  some o p e r a t i o n a l   c o n d i t i o n s   w h e r e   s l o p e s  m u s t  

be n e g o t i a t e d  o r  t r a c t i v e   e f f o r t  is r e q u i r e d  t o  o v e r c o m e   i n c r e a s e d  

r o l l i n g   r e s i s t a n c e   i n   s o f t  w e t  ground.  
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A summary of t h e   c o n c l u s i o n  arising from t h e   f o r e g o i n g  

o b s e r v a t i o n s  is o f f e r e d  as f o l l o w s :  

1. W i t h  a p a y l o a d   t o   w e i g h t   r a t i o  of 0.55 a n d   i n f l a t i o n   p r e s s u r e  

of 3.5 p . s . i .  40  priss t r a f f i c  is p o s s i b l e  without e x c e e d i n g   w h a t  

is s u g g e s t e d  as a maximum a c c e p t a b l e   l e v e l  of  t u n d r a   d i s t u r b a n c e .  

2. w i th   pay load  to w e i g h t   r a t i o   a n d   i n f l a t i o n   p r e s s u r e   i n c r e a s e s  

t o  0.82 and 5.5 p . s . i .   r e s p e c t i v e l y ,   t h e   a c c e p t a b l e   t r a f f i c   l o a d  

is r e d u c e d   t o   a b o u t  15 p a s s e s .  

3 .  23% s l o p e s  a r e  p r o b a b l y   n e g o t i a b l e   w i t h  a p a y l o a d  of 6000 l b .  

a n d   i n f l a t i o n   p r e s s u r e  of 3.5 p . s . i . .  

4. Low s l i p  of t h e  i n f l a t e d  b a g s   d u r i n g   s l o p e   c l i m b i n g   o r  with  

drawbar  l oads  p r e s e n t   p r e v e n t s   s e r i o u s   t e r r a i n   d i s t u r b a n c e .  

5. The a b i l i t y  of t h e   i n f l a t e d   r u b b e r   b a g s   t o   c o n f o r m   t o   t h e  

mic ro topography  is a d e f i n i t e  a s s e t  i n   m i n i m i z i n g   t e r r a i n   s u r f a c e  

d i s  t u r b a n c e .  

6 .  T h e   R o l l i g o n  i n  i t s  p r e s e n t   f o r m   a p p e a r s   t o   r e p r e s e n t  a h i g h l y  

s u c c e s s f u l   c o n c e p t   w i t h   r e s p e c t  t o  r i d e   q u a l i t y ,   s p e e d ,  a n d  l a c k  

.of d i s t u r b a n c e  of t h e   t e r r a i n   s u r f a c e .  

7. O b s t a c l e   c r o s s i n g   s p e e d   a n d   p a y l o a d  to w e i g h t   r a t i o  a r e  a c c e p t -  

a b l e  for a p r o t o t y p e .  A p r o d u c t i o n   v e r s i o n  of t h e   v e h i c l e  would 

b e n e f i t   g r e a t l y  from a n y   i m p r o v e m e n t s   w h i c h   c o u l d   b e   e f f e c t e d  in 

t h e s e   a s p e c t s .  I t  is  p o s s i b l e   t h a t   s c a l i n g  up of the v e h i c l e  

c o u l d   s u b s t a n t i a l l y   c o n t r i b u t e   t o   t h i s .  
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If a p r e - p r o d u c t i o n   p r o t o t y p e   v e h i c l e   b a s e d  on t h e  

R o l l i g o n   c o n c e p t   a n d   d e s i g n e d   f o r   s p e c i f i c   i n d u s t r i a l  Opera- 

t i o n s  is p l a n n e d ,  i t  w o u l d   p r o b a b l y   b e   a d v a n t a g e o u s   t o   e v a l u a t e  

n o t   o n l y  i ts  pe r fo rmance  from A m e c h a n i c a l   s t a n d p o i n t ,   b u t   a l s o  

w i t h   r e s p e c t   t o   t u n d r a   d i s t u r b a n c e .  

Lack of t e r r a i n   s u r f a c e   d i s t u r b a n c e  is one  of the   mos t  

p r o m i s i n g   f e a t u r e s  of the R o l l i g o n  c o n c e p t .  In v iew  o f   t he   p romin-  

e n c e  of t h i s   a s p e c t  o f  o f f - r o a d   v e h i c l e   a c t i v i t y  i n  t u n d r a   r e g i o n s ,  

an a s s e s s m e n t  of t e r r a i n   d i s t u r b a n c e   w o u l d   b e   s i g n i f i c a n t   i n  any 

f u r t h e r   e v a l u a t i o n  of  t h e   c o n c e p t .  
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APPENDIX I 

RADFORTH MUSKEG COVER CLASSIFICATION SYSTEM 

An impor t an t   f ea tu re  of muskeg i s  t h a t  it i s  c h a r a c t e r i z e d  

by a f i n i t e  number of vege ta t ion   s t ruc tu ra l   t ypes .  These t y p e s  

c o n s i s t  of n i n e  basic cover classes, each des igna ted  by  one 

of   the  f i r s t  n ine  let ters of t h e  a lphabe t ,  listed i n  table  I 

in   combinat ions  cal led  cover   formulae.  

cover class 

A 

B 

C 

D 

H 

I 

Desc r ip t ion  

Trees over  15  ft. h igh  

Trees up to  15 ft .  high  

Non-woody, g r a s s - l i k e  2-5 ft. high 

Woody, tall shrubs or dwarf trees 
2-5 f t .   h i g h  

Woody shrubs up to  2 f t. h igh  

Sedges and g r a s s e s  up t o  2 f t. h i g h  

Non-woody b road- l ea f   p l an t s  up t o  
2 f t .  high 

Leathery t o  c r i s p  mats o f   l i c h e n  up 
t o  4 i n .   h igh  

S o f t  mats of moss up t o  4 i n .   h i g h  

TABLE I - MUSKEG COVER CLASSES 
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The cover   c lass i f ica t ion   does   no t   depend on t h e  naming 

of plant   spec ies ,   and  since these   c l a s ses   can  be  used to 

describe any  muskeg, the  system  has   worldwide  appl icat ion.  

On any given muskeg a rea ,   ce r t a in   o f   t hese   cove r   c l a s ses  

are found in   combina t ion ,  and the  cover   formula  used  to   des-  

cribe t h a t  muskeg a r e a  i s  der ived  by l i s t i n g   i n   d e s c e n d i n g  

order of  prominence  the  cover classes which  can be observed 

t o  be growing  there.  To be included i n  the  cover   formula,  

any cove r   c l a s s   mus t   r ep resen t  a t  least  25% o f   t h e   t o t a l   c o v e r ,  

based on e s t ima te   f rom  v i sua l   obse rva t ion .   Th i s  estimate 

may seem t o  be a r a the r   sub jec t ive   t ype   o f   eva lua t ion ,   bu t  

in p r a c t i c e   t h e r e  i s  rarely any d o u b t   t h a t  a given  cover 

class r e p r e s e n t s  more o r  less than 25% of t h e   t o t a l   c o v e r .  

As an  example of t h e   a p p l i c a t i o n   o f   t h i s   c l a s s i f i c a t i o n  

system, a muskeg area  covered by t a l l   s p r u c e  trees over  15 

f t .   h i g h ,  woody shrubs  from 2-5 f t .   h i g h ,  and woody shrubs up 

to 2 f t .   h i g h  would be r e f e r r e d   t o  as ADE. A muskeg a r e a  

covered by grasses   and  sedges up t o  2 f t .   h i g h  and a c a r p e t  

o f  moss would be c a l l e d  FI and so on. 

It  migh t   appea r   t ha t   a l l   t he   combina t ions  of the   n ine  

cove r   c l a s ses  i n  groups  of t w o  o r   t h r e e  would l ead  to  an  unwieldy 

number of possible   cover   formulae.  I n  reality many p o s s i b l e  



combinations,  such as  GAD, and BGC, do not   occur .  The most 

common inc lude :  ADE, ADF, A D I ,  A E H ,  AEI, AFI, BDE, BDF,  BEF,  

The fact  t h a t  muskeg vegetal   cover   can be c l a s s i f i e d  

depends  on t h e  recurrence  of  cover  formulae on a worldwide 

scale and t h i s  i n  t u r n   r e f l e c t s  t h e  orderliness and   pred ic ta -  

b i l i t y  of condi t ions   such  as  peat   depth,   water   content   and 

c l ima te  which p r e v a i l   i n   a r e a s  where muskeg occurs.  The 

s i g n i f i c a n c e  of t h i s  f a c t  i s  t h a t   r e s u l t s   o b t a i n e d  from tests 

on  one muskeg area of a given  cover type a r e   a p p l i c a b l e  to  a l l  

other muskeg a reas  w i t h  t he  same cover type. 


