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DESIGN OF SURFACE MINE HAULAGE ROADS-A MANUAL 

by 

Walter W. Kaufrnan and James C. Ault2  

ABSTRACT 

T h i s  Bureau of Mines manual f o r  d e s i g n  o f  s u r f a c e  mine haulage  r o a d s  
c o v e r s  such a s p e c t s  o f  hau lage  road d e s i g n  a s  road  a l inement  (both v e r t i c a l  
and h o r i z o n t a l ) ,  c o n s t r u c t i o n  m a t e r i a l s ,  c r o s s  s l o p e ,  and d r a i n a g e  p r o v i s i o n s .  
T r a f f i c  c o n t r o l  and d e s i g n  of  p r o p e r  l a n e  w i d t h s  t o  promote s a f e  v e h i c l e  
movement a r e  inc luded ,  a s  a r e  sugges ted  c r i t e r i a  f o r  road and v e h i c l e  main- 
t e n a n c e  and f o r  runaway-vehic le  s a f e t y  p r o v i s i o n s .  The aim of  t h i s  p u b l i c a -  
t i o n  i s  t o  p rov ide  t h o s e  invo lved  w i t h  s u r f a c e  mine haulage  road d e s i g n  w i t h  
a  comple te  manual of  recommended p r a c t i c e s  t h a t ,  i f  implemented, w i l l  promote 
s a f e r ,  more e f f i c i e n t  h a u l a g e  r o u t e s .  

INTRODUCTION 

During t h e  p a s t  30 y e a r s ,  s u r f a c e  mine hau lage  equipment h a s  developed 
f rom t r u c k s  capab le  o f  moving 20 t o n s  o f  m a t e r i a l  t o  v e h i c l e s  t h a t  t r a n s p o r t  
a s  much a s  350 t o n s .  Unfor tuna te ly ,  t h e  d e s i g n  o f  r o a d s  t h i s  equipment must 
t r a v e r s e  h a s  n o t  advanced at: t h e  same r a t e .  I n  many a r e a s ,  road  b u i l d i n g  t e c h -  
nology a p p r o p r i a t e  t o  v e h i c l e s  o f  t h r e e  decades  p a s t  i s  s t i l l  be ing  p r a c t i c e d  
today .  A s  a r e s u l t ,  numerous unnecessa ry  haulage-road a c c i d e n t s  have occur red  
e v e r y  y e a r .  A number o f  t h e s e  mishaps can be a t t r i b u t e d  t o  o p e r a t o r  e r r o r .  
However, f a r  t o o  many a r e  caused by road c o n d i t i o n s  t h a t  a r e  beyond t h e  v e h i -  
c l e ' s  a b i l i t y  t o  n e g o t i a t e  s a f e l y .  With t h i s  h i s t o r y  of  h a u l a g e - r e l a t e d  prob-  
l e m s  i n  mind, t h e  Bureau of  Mines under took a  p r o j e c t  t o  produce a  d e s i g n  
manual t h a t  would u l t i m a t e l y  gu ide  s u r f a c e  mine road  p l a n n e r s  toward s a f e r ,  
more e f f i c i e n t  hau lage  sys tems.  Such a manual d i d  not  e x i s t  p r i o r  t o  t h e  
c o n c l u s i o n  o f  t h i s  p r o j e c t .  T h i s  manual was produced under  a  c o n t r a c t  l e t  by 
t h e  Bureau of  Mines t o  S k e l l y  and Loy Engineers  and C o n s u l t a n t s .  

In fo rmat ion  r e l a t i n g  t o  t h e  c o n t e n t  o f  t h e  manual was ga the red  through 
c o n t a c t s  wi thmin ingcompanies  and equipment m a n u f a c t u r e r s  a c r o s s  t h e  c o u n t r y .  
Review of  mining p r a c t i c e s  i n  some f o r e i g n  c o u n t r i e s  a l s o  provided i n p u t .  
L i t e r a t u r e  s o u r c e s  r e l e v a n t  t o  good road d e s i g n  methods were reviewed and 
l i s t e d  where a p p r o p r i a t e  i n  t h e  t e x t .  

l ~ r o j e c t  o f f i c e r ,  S k e l l y  and Loy, Engineers  and C o n s u l t a n t s ,  Har r i sburg ,  Pa. 
2 ~ u p e r v i s o r y  g e n e r a l  e n g i n e e r ,  I n d u s t r i a l  Hazards and Communications, P i t  ts- 

burgh Mining and S a f e t y  Research Center ,  Bureau of  Mines, P i t t s b u r g h ,  Pa.  



It i s  t h e  purpose  of t h i s  document t o  i d e n t i f y  t h e  performance l i m i t a ;  
t i o n s  of  modern hau lage  equipment and t o  examine t h e  impact of hau lage  road 
d e s i g n  on v e h i c u l a r  c o n t r o l l a b i l i t y .  Based on t h e s e  e v a l u a t i o n s ,  hau lage  
road d e s i g n  c r i t e r i a  t h a t  w i l l  promote c o n t i n u i t y  and s a f e t y  throughout  t h e  
haulage  c y c l e  were e s t a b l i s h e d .  

Time a l l o c a t e d  f o r  t h i s  p r o j e c t  p r o h i b i t e d  a  d e t a i l e d  i n v e s t i g a t i o n  o f  
mechanical  d e s i g n  f o r  eve ry  type  of hau lage  road u s e r .  However, s a f e  road 
d e s i g n  c r i t e r i a  should be  s u f f i c i e n t l y  comprehensive t o  a l l o w  a p p l i c a t i o n  t o  
a l l  machine t y p e s .  

T h i s  compl ica t ion  r e q u i r e d  t h a t  d e s i g n  c r i t e r i a  be  based on t h e  one type  
o f  s u r f a c e  mining equipment t h a t  e x h i b i t s  t h e  lowest  s a f e t y  p o t e n t i a l .  
Research  of  e n g i n e e r i n g  d a t a  f o r  a l l  major  t y p e s  of s u r f a c e  mine machinery 
r e v e a l e d  t h a t  l a r g e  o f f - t h e - r o a d  haulage  t r u c k s  had t h e  s m a l l e s t  margin of  
s a f e t y  due t o  t h e i r  g r e a t  s i z e  and we igh t ,  c h a r a c t e r i s t i c  u s e ,  and c o n t r o l  
components. Thus, d e s i g n i n g  haulage  r o a d s  t o  accommodate t h e s e  v e h i c l e s  
l e a v e s  a  wide margin of s a f e t y  f o r  a l l  o t h e r  s u r f a c e  mining equipment.  

Ex tens ive  e n g i n e e r i n g  d a t a  f o r  a l l  makes and models of l a r g e  o f f - t h e -  
road haulage  v e h i c l e s  was s o l i c i t e d  from m a n u f a c t u r e r s .  In fo rmat ion  was 
t a b u l a t e d  t o  i d e n t i f y  s p e c i f i c a t i o n s  f o r  wid th ,  h e i g h t ,  we igh t ,  t i r e  t r a c k ,  
wheel  base ,  t y p e  of  b r a k i n g  system, s t e e r i n g  a b i l i t y ,  r e t a r d e r  performance,  
speed and range  on g rade ,  and numerous o t h e r  f a c t o r s  f o r  each t r u c k  model. 
Var ious  models were t h e n  grouped i n t o  f o u r  we igh t - range  c a t e g o r i e s ,  and mini -  
mum, mean, and average  s p e c i f i c a t i o n s  were  i d e n t i f i e d  f o r  each we igh t  c a t e g o r y .  

Design g u i d e l i n e s  f o r  each weight  c a t e g o r y ,  i n c l u d i n g  v e l o c i t y - s t o p p i n g  
d i s t a n c e  curves ,  v e r t i c a l  cu rve  c o n t r o l s ,  haulageway w i d t h s ,  c u r v e  widening,  
and spac ing  of runaway d e v i c e s ,  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  

The haulageway d e s i g n e r  may u t i l i z e  t h e  Con ten t s  s e c t i o n  o f  t h i s  r e p o r t  
a s  a  c h e c k l i s t  t o  a s s u r e  t h a t  a l l  e l ements  o f  d e s i g n  have been cons ide red  i n  
p l a n n i n g  t h e  haulage  road .  

HAULAGE ROAD ALINEMENT 

A s  f a r  a s  i s  economical ly  f e a s i b l e ,  a l l  geomet r i c  e lements  o f  hau lage  
r o a d s  should  b e  des igned t o  p rov ide  s a f e ,  e f f i c i e n t  t r a v e l  a t  normal o p e r a t i n g  
speeds .  The a b i l i t y  o f  t h e  v e h i c l e  o p e r a t o r  t o  s e e  ahead a  d i s t a n c e  e q u a l  t o  
o r  g r e a t e r  t h a n  t h e  s t o p p i n g  d i s t a n c e  r e q u i r e d  i s  t h e  primary c o n s i d e r a t i o n .  
T h i s  s e c t i o n  o f  t h e  s t u d y  a d d r e s s e s  t h e  e f f e c t  o f  speed,  s l o p e ,  and v e h i c l e  
we igh t  on s t o p p i n g  d i s t a n c e ,  a s  w e l l  a s  d e s i g n  c r i t e r i a  f o r  v e r t i c a l  and 
h o r i z o n t a l  a l inement .  

S topp ing  Distance--Grade and Brake R e l a t i o n s h i p s  

From a  s i f e t y  s t a n d p o i n t ,  haulage  road  g r a d e s  must be  des igned  t o  accom- 
modate t h e  b r a k i n g  c a p a b i l i t i e s  of t h o s e  v e h i c l e s  having t h e  l e a s t  b r a k i n g  
p o t e n t i a l  which w i l l  most f r e q u e n t l y  t r a v e r s e  t h e  hau l  r o u t e .  I n  t h e  m a j o r i t y  
o f  c a s e s ,  r e a r ,  bottom, and s i d e  dump t r u c k s ,  by v i r t u e  of t h e i r  f u n c t i o n  
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