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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  



w i t h i n  t h e  mining o p e r a t i o n ,  a r e  t h e  most f r e q u e n t  haulage  road u s e r s .  Due t o  
t h e i r  extreme we igh t  and normally h i g h  o p e r a t i n g  speeds  i n  r e l a t i o n  t o  o t h e r  
equipment, t h e i r  a b i l i t y  t o  d e c e l e r a t e  by b r a k i n g  i s  lowest  o f  t h e  c o n s t a n t  
hau lage  road u s e r s .  The d e s i g n  of  r o u t e s  t h a t  accommodate t h e  b r a k i n g  sys tems  
o f  hau lage  t r u c k s  should  l e a v e  a  s u f f i c i e n t  margin of s a f e t y  f o r  o t h e r  equ ip -  
ment l e s s  f r e q u e n t l y  used ,  such a s  d o z e r s ,  l o a d e r s ,  s c r a p e r s ,  g r a d e r s ,  e t c .  

Most t r u c k  manufac tu re r s '  s p e c i f i c a t i o n s  f o r  b rake  performance a r e  
l i m i t e d  t o  an i l l u s t r a t i o n  of  t h e  speed t h a t  can b e  mainta ined on a  downgrade 
th rough  u s e  of  dynamic o r  h y d r a u l i c  r e t a r d a t i o n .  Although r e t a r d a t i o n  t h r o u g h  
t h e  d r i v e  components i s  an e f f i c i e n t  method o f  c o n t r o l l i n g  d e s c e n t  speed,  i t  
d o e s  n o t  r e p l a c e  e f f e c t i v e  s e r v i c e  b r a k e s .  I n  t h e  even t  of r e t a r d a t i o n  sys tem 
f a i l u r e ,  wheel  b r a k e s  become t h e  d e c i d i n g  f a c t o r  between a  h a l t e d  o r  runaway 
v e h i c l e .  

Unfor tuna te ly ,  v e r y  few, i f  any, t r u c k  manufac tu re r s  d e f i n e  t h e  capa- 
b i l i t i e s  o f  t h e i r  s e r v i c e  and emergency b r a k i n g  systems i n  t e rms  of  p e r f o r m  
ance.  They a r e  u s u a l l y  d e s c r i b e d  by l i n i n g  a r e a ,  drum o r  d i s k  s i z e ,  method o f  
a c t u a t i o n ,  and sys tem p r e s s u r e .  Thus, an o p e r a t o r  does  n o t  know whether  t h e  
b r a k e s  of  t h e  v e h i c l e  w i l l  hold  on a  d e s c e n t  g r a d e  i n  t h e  event  o f  a  r e t a r d a -  
t i o n  f a i l u r e .  Because of  t h e  p o s s i b l e  need t o  u t i l i z e  s e r v i c e  b r a k e s  a s  t h e  
s o l e  means of  h a l t i n g  o r  s lowing a t r u c k ,  t h e i r  performance must be  d e f i n e d  
and t a k e n  i n t o  c o n s i d e r a t i o n  i n  t h e  d e s i g n  o f  s a f e  haulage  road g rades .  

The S o c i e t y  o f  Automotive Eng inee r s  (SAE), r e a l i z i n g  t h e  need f o r  e f f e c -  
t i v e  b r a k e  performance s t a n d a r d s ,  has  developed test  p rocedures  and minimum 
s t o p p i n g  d i s t a n c e  c r i t e r i a  f o r  s e v e r a l  weight  c a t e g o r i e s  of l a r g e ,  off-highway 
t r u c k s .  SAE-recommended p r a c t i c e  5166 d e l i n e a t e s  t h e  fo l lowing  v a l u e s  a s  
maximum p e r m i s s i b l e  s e r v i c e  b r a k e  s t o p p i n g  d i s t a n c e s  from an i n i t i a l  v e l o c i t y  
o f  20 mph, on a  d ry ,  l e v e l ,  c l e a n  c o n c r e t e  s u r f a c e :  

V e h i c l e  weight,  pounds 

<100,000 ( c a t e g o r y  1) ............... 
..... 100,000 t o  200,000 (ca tegory  2)  

>200,000 t o  400,000 (ca tegory  3)  .... 
>400,000 ( c a t e g o r y  4) ............... 

S e r v i c e  b r a k e  maximum s t o p p i n g  
d i s t a n c e  a t  20 mph, f e e t  

While t h e  m a j o r i t y  of hau lage  t r u c k  manufac tu re r s  equ ip  t h e i r  p roduc t s  w i t h  
b r a k e  systems t h a t  meet o r  exceed t h e s e  c r i t e r i a ,  t h e r e  i s  no i n d i c a t i o n  o f  
how brake  performance may v a r y  w i t h  changes i n  g rade ,  road s u r f a c e ,  o r  i n i t i a l  
speed .  However, t h e  s t o p p i n g - d i s t a n c e  l i m i t a t i o n s  s e t  f o r t h  p rov ide  t h e  
b a s i c  d a t a  from which performance under  d i f f e r e n t  c o n d i t i o n s  may be  mathemati- 
c a l l y  deduced. 

The s t o p p i n g  d i s t a n c e  curves  ( f i g s .  1-4)  d e p i c t  s topp ing  d i s t a n c e s  corn 
pu ted  f o r  v a r i o u s  g r a d e s  and speeds  i n  each  SAE t e s t  weight  c a t e g o r y .  The 
p o i n t s  f o r  each  of  t h e  v a r i o u s  c u r v e s  have been d e r i v e d  u s i n g  t h e  formula 

SD = [ 1 / 2  gt2 . s i n  8 + ~ , t ]  + r (gt sin f V O ) ~ ~  

L Z ~ ( U  mine- sinG)-!' 



S T  OPPlNG DISTANCE, feet 

FIGURE 1. - Stopping distance characteris- 
t ics of vehicles of less than 
100,000 pounds GVWw 

STOPPING DISTANCE, feet  

FIGURE 3, - Stopping distance character is- 
t ics of vehicles of 200,000 to 

400,000 pounds GVW; 
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STOPPING DISTANCE, feet 

FIGURE 2. - Stopping distance characteris- 
tics of vehicles of 100,000to 
200,000 pounds GV,W. 
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STOPPING DISTANCE,feet 

FIGURE 4. - Stopping distance characteris- 
t ics of vehicles of greater 
than 400,000 pounds GVW; 



where SD = s topping d i s t ance ,  f e e t ,  

g  = g r a v i t a t i o n a l  p u l l  (32.2 f p s 2 ) ,  

t = time expended between d r i v e r ' s  percept ion of the  need t o  s t o p  and 
t h e  a c t u a l  occurrence of f r i c t i o n a l  contact  a t  t he  wheel brakes,  
seconds, 

0 = angle  of descent ,  degrees,  

V, = speed a t  time of percept ion,  f e e t - p e r  second, 

and u  min = c o e f f i c i e n t  of f r i c t i o n  a t  t h e  t i r e - r o a d  contact  a r ea ,  
dimensionless .  

Although t h e  s i g n i f i c a n c e  of SAE stopping d i s t a n c e s  i s  not  r e a d i l y  apparent  i n  
equat ion 1 ,  i t  was t h e  means of  a r r i v i n g  a t  u  min and t va lues .  

The t va lue  i s  a c t u a l l y  composed of two sepa ra t e  time i n t e r v a l s , t l  and t , .  

The time necessary f o r  p ressure  t o  bu i ld  and a c t u a t e  brake components 
a f t e r  t h e  pedal  i s  depressed i n  t h e  cab i s  designated t , .  Information 
suppl ied by a  member of SAE subcommittee 10 ( t h e  au thors  of J166) g ives  t h e  
fol lowing a s  va lues  f o r  t l .  These numbers have been v e r i f i e d  by v a r i o u s  sub- 
committee members and t h e i r  companies. 

Vehicle weight ,  pounds Brake r e a c t i o n  t i m e  (tl), seconds 

........................ <100,000 0.5  
.............. 100,000 t o  200,000 1 .5  

>200,000 t o  400,000 ............. 2.75 
>400,000 ........................ 4.5 

A second component of t ,  designated t,, i s  t h e  l a g  a t t r i b u t e d  t o  d r i v e r  
percept ion  and r eac t ion ,  o r  t h e  time l o s t  from t h e  i n s t a n t  an ope ra to r  s ees  a  
hazard u n t i l  h i s  f o o t  a c t u a l l y  begins  depressing t h e  brake pedal.  A time of 
1 .5  seconds3 was ass igned f o r  t, i n  a l l  cases .  

A va lue  f o r  u  min, t h e  c o e f f i c i e n t  of f r i c t i o n  achievable a t  t h e  t i r e  and 
ground i n t e r f a c e ,  i s  found us ing  the  formula 

v2 u min = - zgs ' 

3American Associat ion of Highway O f f i c i a l s .  A Po l i cy  on Geometric Design of 
Rural  Highways. Associat ion General Of f i ce s ,  Washington, D.C., 1965, 
311 pp. 



where V = SAE t e s t  v e l o c i t y  o f  29.33 f p s ,  

2 
g  = g r a v i t a t i o n a l  p u l l  o f  32.2 f p s  , 

and S = SAE a c t u a l  braked d i s t a n c e  (computed by s u b t r a c t i n g  t l  x 29.33 
from t h e  SAE recommended s t o p p i n g  d i s t a n c e  f o r  each  we igh t  
c l a s s i f i c a t i o n )  . 

I n  a l l  c a s e s ,  t h e  e q u a t i o n  computes t o  a  c o e f f i c i e n t  o f  f r i c t i o n  (u min) aver-  
a g i n g  0.30 and a  v e h i c u l a r  d e c e l e r a t i o n  of  approximate ly  9.66 f p s 2 .  

With t h e  t and u  min v a l u e s  i d e n t i f i e d ,  i t  i s  p o s s i b l e  t o  u s e  e q u a t i o n  1 
and a r r i v e  a t  v a l u e s  i l l u s t r a t e d  i n  t h e  s t o p p i n g - d i s t a n c e  c u r v e s  f o r  d i f f e r e n t  
grade-speed o p e r a t i n g  c o n d i t i o n s .  T h i s  formula,  however, does  no t  a l l o w  a  
d e t e r m i n a t i o n  o f  t h e  d i s t a n c e  a t  which c o n s t a n t  b r a k e  a p p l i c a t i o n  w i l l  r e s u l t  
i n  e x c e s s i v e  hea t  b u i l d u p  and, consequent ly ,  c a u s e  f a d e  o r  comple te  b r a k e  
f a i l u r e .  

S ince  i t  i s  u n r e a l i s t i c  t o  assume t h a t  b r a k e s  can  remain a p p l i e d  w i t h o u t  
f a d e  f o r  e x c e s s i v e  p e r i o d s  o f  t ime,  h e a t  b u i l d u p  must b e  c o n s i d e r e d .  Unfor- 
t u n a t e l y ,  f a c t o r s  i n f l u e n c i n g  t h e  a b i l i t y  o f  a  b r a k e  sys tem t o  d i s s i p a t e  h e a t  
v a r y  t o  such an e x t e n t  t h a t  a c c u r a t e  mathematic s i m u l a t i o n  i s  v i r t u a l l y  
imposs ib le .  I n  f a c t ,  t h e r e  appears  t o  b e  no d e f i n i t e  conc lus ion  a s  t o  t h e  
maximum tempera tu re  a  b r a k e  system can w i t h s t a n d  b e f o r e  n e g a t i v e  e f f e c t s  a r e  
n o t i c e d .  The obv ious  need t o  l i m i t  s t o p p i n g  d i s t a n c e s  t o  p reven t  e x c e s s i v e  
b r a k e  h e a t ,  combined w i t h  t h e  i n a b i l i t y  t o  r e a l i s t i c a l l y  s i m u l a t e  t h e r m a l  
c h a r a c t e r i s t i c s ,  p r e s e n t e d  a  problem. 

Reso lu t ion  o f  t h i s  d i f f i c u l t y  was achieved th rough  t h e  accep tance  o f  
e m p i r i c a l  test  d a t a  from t h e  B r i t i s h  Columbia Department of  Mines and 
Pe t ro leum ~ e s o u r c e s . ~  T h i s  o r g a n i z a t i o n  h a s  conducted more t h a n  1 ,000  hau lage  
t r u c k  s t o p p i n g - d i s t a n c e  tests  a t  a c t i v e  mine s i t es  i n  B r i t i s h  Columbia. The 
v a r i e t y  o f  t r u c k  makes and models inc luded  i n  t h e  t e s t i n g  program p r e s e n t  a  
r e p r e s e n t a t i v e  b r a k e  performance c r o s s  s e c t i o n  f o r  many o f  t h e  v e h i c l e s  c u r -  
r e n t  l y  market ed. 

In fo rmat ion  s u p p l i e d  by V .  E. Dawson, who c o o r d i n a t e d  t h i s  t e s t i n g ,  
i n d i c a t e d  t h a t  t o  p r e c l u d e  f a d e ,  a  200-foot  b r a k i n g  d i s t a n c e  should  b e  cons id -  
e r e d  t h e  maximum a l l o w a b l e .  Although some t e s t e d  v e h i c l e s  were a b l e  t o  exceed 
t h i s  l i m i t a t i o n  and s t i l l  e x e c u t e  a  s a f e ,  c o n t r o l l e d  s t o p ,  s t a t i s t i c s  i n d i c a t e  
t h a t  a  200-foot r e s t r i c t i o n  p e r m i t s  a  r e a s o n a b l e  margin o f  s a f e t y .  Each 
s t o p p i n g - d i s t a n c e  g r a p h  i l l u s t r a t e s  t h i s  200-foot  maximum brak ing  d i s t a n c e  a s  
a  v e r t i c a l  l i n e  i n c r e a s i n g  w i t h  v e l o c i t y .  I n c r e a s e s  o f  d i s t a n c e  f o r  speed 
r e f l e c t  f o o t a g e  consumed by d r i v e r  p e r c e p t i o n  and r e a c t i o n  t i m e ,  f a c t o r s  n o t  
c o n s i d e r e d  d u r i n g  a c t u a l  t e s t s .  

4 ~ a w s o n ,  V .  E ,' O b s e r v a t i o n s  Concerning On-Site  Brake T e s t i n g  o f  Large  Mining 
Trucks .  P r e s .  a t  Earthmoving I n d u s t r y  Conf.,  C e n t r a l  I l l i n o i s  Sec . ,  SAE, 
Warrendale ,  Pa. Apr. 15-16, 1975, 33  pp. 



I n c l u s i o n  o f  t h i s  s t o p p i n g - d i s t a n c e  r e s t r i c t i o n  completes t h e  s t o p p i n g -  
d i s t a n c e  g raphs .  Maximum o p e r a t i n g  speed and descen t  g rade  can b e  found f o r  a  
known t r u c k  weight  by r e a d i n g  v e r t i c a l l y  a l o n g  t h e  maximum p e r h i s s i b l e  
s t o p p i n g - d i s t a n c e  l i m i t a t i o n  l i n e .  A t  g rade  curve  i n t e r s e c t i o n s ,  r e a d  l e f t  t o  
f i n d  v e l o c i t y .  An example i s  g iven on t h e  graph f o r  less than  100,000-pound 
t r u c k s  ( f i g .  1 ) .  

F i g u r e s  1 th rough  4 have been based p r i m a r i l y  on mathematic d e r i v a t i o n s .  
They do n o t  d e p i c t  r e s u l t s  o f  a c t u a l  f i e l d  t e s t s ,  b u t  a r e  p r e s e n t e d  s imply  t o  
o f f e r  an i n d i c a t i o n  of  t h e  speed and g r a d e  l i m i t a t i o n s  t h a t  must b e  c o n s i d e r e d  
i n  d e s i g n i n g  a  hau lage  road f o r  a  g e n e r a l  t r u c k  s i z e .  Ac tua l  f i e l d  t e s t i n g  
h a s  proven t h a t  many hau lage  v e h i c l e s  can  and do exceed t h e o r e t i c a l  c a p a b i l i -  
t ies .  T h i s  e m p i r i c a l  d a t a ,  however, d o e s  not  encompass a  wide r a n g e  o f  speed 
and g rade  s i t u a t i o n s .  There fo re ,  u s e  o f  t h i s  i n f o r m a t i o n  would n o t  pe rmi t  
s u f f i c i e n t  d e s i g n  f l e x i b i l i t y .  

It i s  recommended t h a t  t h e  o p e r a t i o n a l  l i m i t a t i o n s  d e p i c t e d  i n  t h e s e  
i l l u s t r a t i o n s  be  used t o  make g e n e r a l  d e t e r m i n a t i o n s  i n  t h e  p r e l i m i n a r y  
p lann ing  s t a g e  o f  d e s i g n .  Before  a c t u a l  road l ayou t  b e g i n s ,  manufac tu re r s  o f  
t h e  v e h i c l e s  t h a t  w i l l  u l t i m a t e l y  u s e  t h e  road should b e  c o n t a c t e d  t o  v e r i f y  
t h e  s e r v i c e  b r a k e  performance c a p a b i l i t i e s  of  t h e i r  p roduc t s .  I n  a l l  c a s e s ,  
v e r i f i c a t i o n  should r e f l e c t  t h e  c a p a b i l i t i e s  of wheel b r a k e  components w i t h o u t  
t h e  a s s i s t  o f  dynamic o r  h y d r a u l i c  r e t a r d a t i o n .  

The d i s c o n t i n u i t y  between t h e o r e t i c a l  and e m ~ i r i c a l  r e s u l t s  s u b s t a n t i a t e s  
t h e  need f o r  i n t e n s i v e  and comprehensive b r a k e  e v a l u a t i o n  programs. With t h e  
e x c e p t i o n  o f  B r i t i s h  Columbia and p o s s i b l y  a  few manufac tu re r s ,  t e s t i n g  h a s  
been r e s t r i c t e d  t o  t h e  somewhat i d e a l i s t i c  SAE procedures .  It i s  a n t i c i p a t e d  
t h a t  c o n t i n u i n g  demands f o r  l a r g e r  equipment and t h e  i n c r e a s i n g  s a f e t y  con- 
s c i o u s n e s s  of  mine o p e r a t o r s  and employees w i l l  e v e n t u a l l y  make i n t e n s i v e  
t e s t i n g  programs a  r e a l i t y .  

S i g h t  D i s t a n c e  

S i g h t  d i s t a n c e  i s  d e f i n e d  a s  " t h e  e x t e n t  of  p e r i p h e r a l  a r e a  v i s i b l e  t o  
t h e  v e h i c l e  o p e r a t o r . "  It i s  i m p e r a t i v e  t h a t  s i g h t  d i s t a n c e  be s u f f i c i e n t  t o  
e n a b l e  a  v e h i c l e  t r a v e l i n g  a t  a  g iven  speed t o  s t o p  b e f o r e  r e a c h i n g  a  haza rd .  
The d i s t a n c e  measured from t h e  d r i v e r ' s  eye  t o  t h e  hazard  ahead rms t  always 
e q u a l  o r  exceed t h e  r e q u i r e d  s t o p p i n g  d i s t a n c e .  

On v e r t i c a l  c u r v e  c r e s t s ,  t h e  s i g h t  d i s t a n c e  i s  l i m i t e d  by t h e  road 
s u r f a c e .  F i g u r e  5, c a s e A , i l l u s t r a t e s  an u n s a f e  c o n d i t i o n .  The s i g h t  d i s -  
t a n c e  i s  r e s t r i c t e d  by tg s h o r t  v e r t i c a l  cu rve  and t h e  v e h i c l e  canno t  b e  
stopped i n  t i m e  t o  avoid  t h e  hazard .  C a s e B  - shows a  remedy t o  t h e  dangerous 
c o n d i t i o n .  The v e r t i c a l  cu rve  has been lengthened,  t h u s  c r e a t i n g  a  s i g h t  
d i s t a n c e  e q u a l  t o  t h e  r e q u i r e d  s t o p p i n g  d i s t a n c e .  

On h o r i z o n t a l  c u r v e s ,  t h e  s i g h t  d i s t a n c e  i s  l i m i t e d  by a d j a c e n t  berm 
d i k e s ,  s t e e p  r o c k  c u t s ,  trees, s t r u c t u r e s ,  e t c .  Case C i l l u s t r a t e s  a  hor i zon-  
t a l  cu rve  w i t h  s i g h t  d i s t a n c e  r e s t r i c t e d  by t r e e s  and s t e e p  s i d e  c u t .  
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FIGURE 5; - Sight distance diagrams for horizontal and 
vertical curves. 

Case D shows that by remov- 
ing the trees and laying 
back the slope, the sight 
distance can be lengthened 
to equal the required 
stopping distance. 

Vertical Alinement 

Vertical alinement is 
the establishment of grades 
and vertical curves that 
allow adequate stopping and 
sight distances on all seg- 
ments of the haulage road. 
A safe haulage environment 
cannot be created if grades 
are designed without consid- 
eration for the braking limi- 
tations of equipment in use. 
The same is true for situa- 
tions where hill crests in 
the road impede driver visi- 
bility to the point that 
vehicle stopping distance 
exceeds the length of road- 
way visible ahead. Design 
practices relevant to the 
foregoing parameters are 
presented in the following 
subsection. 

Maximum and Sustained Grades 

Theoretical maximum 
allowable grades for various 
truck weight ranges in terms 
of emergency stopping situa- 
tions have been defined in 
the stopping-distance curves 

(fig. 1-4). Defining maximum permissible grades in terms of stopping capabili- 
ties alone, however, is somewhat misleading in that no consideration is given 
to production economics. If, for example, a road were designed to include the 
maximum grade a truck weighing between 100,000 and 200,000 pounds (category 2) 
can safely descend, speed at the beginning of that grade must be reduced and 
sustained for the duration of descent. By the same token, ascending equipment 
would require frequent gear reductions and similar speed losses. This chang- 
ing velocity means lost production time, additional fuel consumption, compo- 
nent wear, and eventually, maintenance. 



Figure 6 is a performance chart similar in composition to those supplied 
by a majority of equipment manufacturers. Although the graph reflects per- 
formance characteristics for a specific make and model of haulage vehicle, it 
shows a representative impact of grade on performance. Two different symbols 
have been superimposed to delineate attainable speed as it is influenced by a 
vehicle operating on a 5% and 10% grade under loaded and unloaded conditions. 

It is apparent from the chart that a reduction in grade significantly 
increases a vehicle's attainable uphill speed. Thus, haulage cycle times, 
fuel consumption, and stress on mechanical components, which results in 
increased maintenance, can be minimized to some extent by limiting the 
severity grades. 

By relating the 10% to 5% grade reduction to the stopping-distance charts 
in the previous section, it can be seen that safety and performance are comple- 
mentary rather than opposing factors. Todemonstrate this fact, areproduction 
of the stopping-distance chart for vehicles in the 100,000-to-200,000-pound 
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PERFORMANCE CURVE. 
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FIGURE 6; - Vehicle performance chart. 



STOPPING DISTANCE, feet 

FIGURE 7. - Effect of grade reduction on stopping 
distances. 

category is   resented 
in figure 7 for reference. 
As indicated by superimposed 
lines on the graph, a 5% 
grade reduction translates 
to a descent speed increase 
of 6 mph without exceeding 
safe stopping-distance 
limitations. 

The described benefits 
to production neglect consid- 
eration of construction 
economics. In the majority 
of cases, earthmoving to con- 
struct flatter gradients 
will incur greater costs. 
Moreover, design flexibility 
at many operations is cur- 
tailed by limited property 
ownership and physical 
constraints such as adverse 
geologic and topographic 
conditions. To recommend 

one optimum maximum grade to suit all operations, therefore, would be unfeasi- 
ble. It must be the responsibility of each operator or road designer to 
assess the braking and performance capabilities of his particular haulage 
fleet and, based on this data, determine whether available capital permits con- 
struction of ideal grades or requires steeper grades at the sacrifice of 
haulage-cycle time. 

The only guidelines that can definitely be set forth for maximum grade 
criteria are the laws and/or regulations currently mandated by most major min- 
ing States. Presently, a few States allow maximum grades of 20%. However, 
the majority of States have established 15% as the maximum grade. 

Length of sustained gradients for haulage road segments are yet another 
factor that must be considered in vertical alinement. Many mine operators 
have found optimum operating conditions reflected on maximum sustained grades 
no greater than 7% to 9%. Also, many State laws and regulations establish 10% 
as a permissible maximum sustained grade. However, this does not mean that 
vehicles cannot be safely operated on more severe downgrades. 

Significant improvements have been made in controlling downhill speed 
through hydraulic and dynamic retardation of drive components. Charts similar 
to figure 8 are available for most modern haulage equipment and illustrate 
their controllability on downgrades. As indicated by the example, this 
particular vehi'cle is advertised as being capable of descending a 15% grade at 
8 mph if geared down to second range. Thus, the vehicle can be kept to a 
speed that is within the safe emergency braking limitations. The chart does 
not, however, specify the retardation limits in terms of time or length of 
sustained grade. 
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FIGURE 8; - Vehicle retarder chart. 

A l l  r e t a r d a t i o n  systems func t ion  by d i s s i p a t i n g  t h e  energy developed dur-  
i n g  descent  i n  t h e  form of hea t .  I n  hydraul ic  systems, t h i s  i s  accomplished 
through water-cooled r a d i a t o r s ;  t h e  dynamic method gene ra l ly  r e l i e s  on a i r -  
cooled r e s i s t a n c e  banks. It i s  poss ib l e  t o  overheat e i t h e r  system i f  t h e  com- 
b i n a t i o n  of grade and length  i s  excessive.  

Considering the  foregoing f a c t o r s ,  i t  i s  reasonable  t o  accept 10% a s  maxi- 
mum s a f e  sus ta ined  grade l i m i t a t i o n .  

V e r t i c a l  Curves 

V e r t i c a l  curves a r e  used t o  provide smooth t r a n s i t i o n s  from one grade t o  
another .  The i r  l engths  should be adequate t o  d r i v e  comfortably and provide 
ample s i g h t  d i s t a n c e s  a t  t he  design speed. Generally,  v e r t i c a l  curve lengths  
g r e a t e r  than t h e  minimum a r e  d e s i r a b l e ,  and r e s u l t  i n  longer  s igh t  d i s t ances  
However, excess ive  lengths  can r e s u l t  i n  long r e l a t i v e l y  f l a t  sec t ions ,  a  
f e a t u r e  t h a t  discourages  good drainage and f requent ly  l eads  t o  " s o f t  spots" 
and potholes .  Curve lengths  necessary t o  provide adequate s igh t  d i s t ance  were 
computed a s  follows: 



L = 2 S -  
200 (6 + &12 

A (when S i s  g r e a t e r  than  L) 

L = 
 AS^ 

100 CJm; + maa (when S i s  l e s s  t han  L) ,  

where A = a lgeb ra i c  d i f f e r ence  i n  grades ,  

S = a t t a i n a b l e  stopping d i s t a n c e  on grade,  

h, = d r i v e r ' s  eye he igh t ,  

and h, = height  of ob jec t  above haulage road su r f ace .  

F igures  9 through 16 show recommended minimum lengths  of v e r t i c a l  curves 
ve r sus  s topping d i s t ances  f o r  va r ious  a lgeb ra i c  d i f f e r e n c e s  i n  grade.  Each 
f i g u r e  r ep re sen t s  a d i f f e r e n t  d r i v e r ' s  eye he ight ,  ranging from 6 t o  20 f e e t .  

LENGTH OF VERTICAL CURVE, feet 

FIGURE 9. - Vertical-curve controls-6-foot 
eye height, 

LENGTH OF VERTICAL CURVE, feet 

FIGURE 11. - Vertical-curve controls-8-1/2- 
foot eye height. This i s  the minimum 
eye height for single-unit and articu- 
lated haulage trucks of 100,000 to 
200,000 ~ o u n d s  GVW. 

LENGTH OF VERTICAL CURVE, feet 

FIGURE 10, - Vertical-curve controls-7-1/2- 
foot eye height. Th is  i s  the minimum 
eye height for single-unit haulage 
trucks of <100,OOO pounds GVW. 

LENGTH OF VERTICAL CURVE, feet 

FIGURE 12. - Vertical-curve controls-9-foot 
eye height, This i s  the mini- 
mum eye height for articulated 
haulage trucks of >200,000 to 
400,000 pounds GVW. 



LENGTH OF VERTICAL CURVE, few LENGTH OF VERTICAL CURVE, feet 

FIGURE 13. - Vert ical-curve controls-1 l- 
foot eyeheight. This i s  the 
minimum eye height for sin- 
gle-unit haulage trucks of 
>200,000 to 400,000 ~ o u n d s  
GVW and articulated haulage 
trucks of >400,000 pounds 
GVW. 

FIGURE 14. - Vertical-curve controls-13- 
foot 7-inch eye height; This 
i s  the minimum for single- 
unit haulage trucks of 
>400,000 pounds GVW. 

LENGTH OF VERTICAL CURVE, tart (r LENGTH OF VERTICAL CURVE, feet 

FIGURE 15. - Vertical-curve controls-16- 
foot eye height. 

FIGURE 16. - Vertical-curve controls-20- 
foot eye height. 

The o b j e c t  h e i g h t  used i n  computing c r e s t  v e r t i c a l  c u r v e s  was 6 i n c h e s .  
Although t h e r e  i s  some s u p p o r t  f o r  an  o b j e c t  h e i g h t  e q u a l  t o  t h e  v e h i c l e  t a i l -  
l i g h t  h e i g h t ,  we b e l i e v e  t h e  r e l a t i v e l y  smal l  i n c r e a s e  i n  v e r t i c a l  cu rve  
l e n g t h  i s  war ran ted  t o  cover  such p o s s i b i l i t i e s  a s  a  p r o s t r a t e  f i g u r e ,  an 
an imal ,  o r  dropped g e a r  on t h e  road s u r f a c e .  

To i l l u s t r a t e  u s e  of  t h e  v e r t i c a l  cu rve  c h a r t s ,  f i r s t  s e l e c t  t h e  graph 
t h a t  i n d i c a t e s  t h e  lowest  d r i v e r ' s  eye  h e i g h t  f o r  v e h i c l e s  i n  t h e  haulage  
f l e e t .  Then, from t h e  s t o p p i n g - d i s t a n c e  c h a r t s  ( f i g .  1 -4 ) ,  f i n d  t h e  r e q u i r e d  
s t o p p i n g  d i s t a n c e  f o r  t h e  a p p r o p r i a t e  o p e r a t i n g  speed, v e h i c l e  we igh t ,  and 
g r a d e .  Use t h e  s t e e p e r  o f  t h e  two g r a d e s  t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  most 
c r i t i c a l  s i t u a t i o n .  Read r i g h t  t o  i n t e r s e c t  t h e  a p p r o p r i a t e  a l g e b r a i c  d i f f e r -  
ence  and down t o  f i n d  v e r t i c a l  cu rve  l e n g t h .  An example i s  given i n  f i g u r e  9 
f o r  a  s t o p p i n g  d i s t a n c e  of  200 f e e t  and an a l g e b r a i c  d i f f e r e n c e  o f  16 (A-16) 
t o  g i v e  a  r e q u i r e d  curve  l e n g t h  o f  325 f e e t .  



Horizontal Alinement 

Horizontal alinement during haulage road design and construction deals 
primarily with the elements necessary for safe vehicle operation around curves, 
Far too often turns are created without considering proper width, supereleva- 
tion, turning radius, or sight distance, Correct horizontal alinement is 
essential to both safety and efficiency throughout a haulage cycle. The fol- 
lowing subsections discuss the parameters prerequisite to correct horizontal 
alinement and how they affect road design. It must be emphasized that recom- 
mendations are based on the premise of providing maximum safety without 
taking construction economics into account. Due to the physical constraints 
particular to many mining sites, the cost of construction may increase signif- 
icantly. Safety, however, should allow no tradeoffs, and any alterations to 
design criteria should be accompanied by a compensatory reduction in operating 
speed. 

Superelevation Rate 

Vehicles negotiating short-radius curves are forced radially outward by 
centrifugal force. Counteracting forces are the friction between the tires 
and the road surface, and the vehicle weight component due to the supereleva- 
tion. The basic formula is 

where e = superelevation rate, feet per foot; 

f = side friction factor; 

V = vehicle speed, miles per hour; 

and R = curve radius, feet. 

Theoretically, owing to superelevation, the side friction factor would be 
zero when the centrifugal force is balanced by the vehicle weight component. 
Steering would be effortless under these conditions. 

There is a practical limit to the rate of superelevation. In regions 
subject to snow and ice, slow-traveling vehicles could slide down the cross 
slope. Regions not subject to adverse weather conditions can generally have 
slightly higher superelevation rates. However, even in these regions, the 
driver of a vehicle negotiating a curve at a speed lower than the design speed 
would encounter some difficulty holding the proper path. He would experience 
an unnatural maneuver, steering up the slope, against the direction of curve. 

Another consideration in establishing the cross slope rate is thehigh 
percentage of load carried by the inner wheels of a truck stopped or moving 
slowly on the curve. 

As shown by the formula, there are two factors counteracting the centrif- 
ugal force: The superelevation rate and the side friction factor. Much 



e x p e r i m e n t a t i o n  h a s  been done t o  de te rmine  s i d e  f r i c t i o n  f a c t o r s .  S e v e r a l  
a u t h o r i t i e s 6  recommend a  f a c t o r  o f  0 . 2 1  f o r  speeds  o f  20 mph,and l e s s .  The 
American A s s o c i a t i o n  of  S t a t e  Highway O f f i c i a l s  (AASHO) h a s  p l o t t e d  t h e  
r e s u l t s  of  s e v e r a l  s t u d i e s  on v e h i c l e  speeds a t  s h o r t - r a d i u s  cu rve  i n t e r s e c -  
t i o n s .  L o g i c a l l y ,  t h e  ave rage  runn ing  speed dec reased  a s  t h e  r a d i u s  d e c r e a s e d .  
And, a s  t h e  speed dec reased ,  t h e  s i d e  f r i c t i o n  f a c t o r  i n c r e a s e d ,  producing a  
f a c t o r  o f  0.27 a t  20 mph on a  9 0 - f o o t - r a d i u s  cu rve ,  and a  0.32 f a c t o r  a t  15 
mph o n  a  5 0 - f o o t - r a d i u s  c u r v e .  N e i t h e r  demonst ra tes  a  need f o r  a  s u p e r e l e v a -  
t i o n  r a t e  i n  excess  of  t h e  normal c r o s s  s l o p e .  

T h i s  d a t a ,  p l u s  t h e  r ecogn ized  f a c t  t h a t  s h a r p e r  c u r v e s  a r e  s h o r t e r  i n  
l e n g t h  and a f f o r d  less o p p o r t u n i t y  f o r  p rov id ing  s u p e r e l e v a t i o n  and runou t ,  
l e a d  t o  t h e  d e r i v a t i o n  of  t a b l e  1. 

TABLE 1. - Recommended s u p e r e l e v a t i o n  r a t e s ,  f p f  

T h i s  t a b l e  s e r v e s  two purposes .  It not  on ly  s u g g e s t s  s u p e r e l e v a t i o n  r a t e  
r a t e s ,  b u t  a l s o  recommends p r o p e r  cu rve  and speed r e l a t i o n s h i p s .  For example, 
a  v e h i c l e  t r a v e l i n g  30 mph approaching a  1 5 0 - f o o t - r a d i u s  cu rve  s u p e r e l e v a t e d  
0 . 0 4  f p f  ( f o o t  p e r  f o o t )  should  slow t o  a t  l e a s t  20 mph. 

Radius  of cu rve ,  f t  

............................. 50 

S u p e r e l e v a t i o n  Runout 

The p o r t i o n  o f  haulageway used t o  t r ans fo rm a  normal c r o s s - s l o p e  s e c t i o n  
i n t o  a  s u p e r e l e v a t e d  s e c t i o n  i s  cons ide red  t h e  runout  l e n g t h .  The g e n e r a l l y  
s lower  speeds  a t  mining s i t e s  make t h e  p o s i t i o n i n g  o f  t h e  runout  l e s s  c r i t i c a l ,  
b u t  t h e  purpose  remains t h e  same--to a s s i s t  t h e  d r i v e r  i n  maneuvering h i s  
v e h i c l e  th rough  a  cu rve .  S t a t e s  v a r y  i n  t h e i r  methods o f  app ly ing  s u p e r e i e v a -  
t i o n  r u n o u t .  Some apply  it e n t i r e l y  on t h e  t angen t  p o r t i o n  of  t h e  haulageway 
s o  t h a t  f u l l  s u p e r e l e v a t i o n  i s  reached b e f o r e  e n t e r i n g  t h e  cu rve .  Most S t a t e s ,  
however, app ly  p a r t  on t h e  t a n g e n t  and p a r t  i n  t h e  c u r v e .  For des ign  c r i t e r i a  
h e r e i n ,  o n e - t h i r d  s h a l l  be  i n  t h e  c u r v e  and t w o - t h i r d s  on t h e  t a n g e n t .  

Speed of  v e h i c l e ,  mph 

Runout l e n g t h s  v a r y  w i t h  t h e  d e s i g n  speed and t h e  t o t a l  c r o s s  s l o p e  
change. Recommended r a t e s  of  c r o s s  s l o p e  change a r e  s h o w n i n  t a b l e  2. 

- 
'work c i t e d  i n  f o o t n o t e  3.  

Meyer, C .  F .  Route Surveying.  I n t e r n a t i o n a l  Textbook Co., Scranton,  Pa . ,  
1956, 311 pp. 

35 and above 10 
0.04 

15 
0.04 

2 0  2  5 30 



TABLE 2. - Recommended r a t e  of c r o s s - s l o p e  change 

To i l l u s t r a t e  t h e  u s e  of t h i s  t a b l e ,  assume a  v e h i c l e  i s  t r a v e l i n g  a t  
35 mph on t angen t  w i t h  normal c r o s s  s l o p e  0.04 f p f  t o  t h e  r i g h t .  It encoun- 
t e r s  a  curve  t o  t h e  l e f t  n e c e s s i t a t i n g  a  s u p e r e l e v a t i o n  r a t e  o f  0 .06 f p f  t o  
t h e  l e f t .  The t o t a l  c ross - s lope  change r e q u i r e d  i s  0.10 f p f  (0 .04 + 0.06).  
The t a b l e  recommends a  0.05 c r o s s - s l o p e  change i n  100 f e e t .  T o t a l  runout 
l e n g t h  i s  computed a s  200 f e e t  r (0 .10  i 0.05) x 100 = 2001. One- th i rd  of t h i s  
l e n g t h  should be p laced i n  t h e  curve  and t w o - t h i r d s  on t h e  t a n g e n t .  

Sharp Curve Design--Widening on Curves 

35 and above 

0  .05 

................. V e h i c l e  speed,  mph 
Cross s l o p e  change i n  100-f t  l e n g t h  

o f  haulageway ( f p f )  ............... 

Switchbacks o r  o t h e r  a r e a s  o f  haulageways r e q u i r i n g  s h a r p  curves  must be  
des igned t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  minimum t u r n i n g  p a t h  c a p a b i l i t y  o f  t h e  
v e h i c l e s .  F i g u r e  17 i l l u s t r a t e s  t h e  t u r n i n g  r a d i u s  of v e h i c l e s  i n  each weight  
c l a s s i f i c a t i o n .  The r a d i i  shown i n  t h e  accompanying t a b l e  a r e  t h e  minimum 
n e g o t i a b l e  by a l l  v e h i c l e s  i n  each c l a s s i f i c a t i o n .  Responsible  d e s i g n  d i c -  
t a t e s  t h a t  t h e s e  minimums b e  exceeded i n  a l l  except  t h e  most s e v e r e  and 
r e s t r i c t i n g  cond i t ions .  F igure  17 a l s o  i l l u s t r a t e s  t h e  a d d i t i o n a l  roadway 
w i d t h  needed by a  t u r n i n g  t r u c k .  Widths r e q u i r e d  by v e h i c l e s  i n  each weight  
c a t e g o r y  v a r y  w i t h  t h e  degree  of curve .  Tab les  3  and 4 recommend haulageway 
w i d t h s  f o r c u r v i n g r o a d w a y s  up t o  f o u r  l a n e s .  

10  

0 .08 

1 5  

0 .08 

25 

0.07 

20 

0.08 

30 

0 .06 



TABLE 3. - Design widths for curving haula~eways--single-unit vehicles, feet 

TABLE 4. - Design widths for curving haulageways--articulated vehicles. feet 

Curve radius on inner edge 
of pavement (R), feet 

Minimum ................... 
25 ....................... 
50 ....................... 
100. ...................... 
150 ....................... 
200 ....................... 

.................. Tangent. 

Radius on inner edge of I One-lane haulageway, 1 Two-lane haulageway, I~hree-lane haulageway, I Four-lane haulageway, 

NOTE.--1 indicates category 1 vehicle: <100,000 pounds GVW. 
2 indicates category 2 vehicles: 100,000 to 200,000 pounds G W .  
3 indicates category 3 vehicles: >200,000 to 400,000 pounds GVW. 
4 indicates category 4 vehicles: >400,000 pounds GVW. 

3 indicates category 3 vehicles: >200,000 to 400,000- pounds G W .  
4 indicates category 4 vehicles: >400,000 pounds GVW. 

One-lane haulageway, 
vehicle category-- 

pavement (R), feet 

25 ....................... 
50. ...................... 
100. ...................... 
150. ...................... 
200 ....................... 
Tangent ................... 

29 
27 
25 
24 
24 
23 
23 

Two-lane haulageway, 
vehicle category-- 

NOTE.--2 indicates category 2 vehicles: 100,000 to 200,000 pounds GVW. 

51 
48 
44 
42 
41 
41 
40 

vehicle category-- 

70 
68 
63 
59 
58 
57 
56 

34 
34 
31 
29 
29 
29 
28 

Three-lane haulageway, 
vehicle category-- 

38 
32 
28 
27 
26 
25 

60 
60 
54 
51 
50 
50 
48 

1 2 3 4  
45 
44 
41 
39 
39 
38 
37 

Four-lane haulageway, 
vehicle category-- 

vehicle category-- 

1 
95 
89 
82 
78 
77 
76 
74 

73 
68 
63 
60 
59 
59 
57 

2 3 4  
68 
57 
48 
44 
42 
41 

66 
56 
50 
47 
46 
44 

vehicle cat 

1 2 3 4  
79 
76 
72 
69 
68 
67 
65 

3 
113 
109 
103 
99 
97 
96 
93 , 

1 2  
86 
86 
77 
73 
72 
71 
69 

86 
71 
58 
52 
49 
41 

2 
95 
80 
71 
68 
66 
63 

123 
119 
110 
103 
101 
101 
98 

4 
176 
170 
158 
147 
145 
144 
140 

2 3 4  
119 
99 
83 
76 
73 
71 

3 
170 
142 
119 
109 
104 
102 

4 
229 
221 
205 
192 
188 
187 
182 

2 
112 
111 
100 

151 
124 
101 
91 
85 
72 

3 
147 
142 
134 

9 5 1 1 2 8  
94 
93 
90 

126 
125 
120 



U =Track width of vehicle (center-to-center tires), f eet 
F~=Width of front overhang, feet  
Fa =Width of rear overhang, feet  
C =Total lateral clearance 
Z =Extra width allowance due to difficulty of 

driving on curves, fee t  

Vehicle 
Weight Classification 

I 

Turning Radius, feet 

1 9.00 

FIGURE 17. - Haulageway widths on curves. 



Combination o f  H o r i z o n t a l  and V e r t i c a l  Alinement 

I n  t h e  d e s i g n  o f  hau lage  roads ,  i t  i s  impor tan t  t h a t  hor ' i zon ta l  and ve r t i -  
c a l  a l i n e m e n t s  complement e a c h  o t h e r .  Poor ly  des igned  combinat ions  can  a c c e n t  
d e f i c i e n c i e s  and produce unexpected h a z a r d s .  

Although t h e  a l t e r n a t i v e s  a v a i l a b l e  t o  a  hau lage  road d e s i g n e r  a r e  
l i m i t e d ,  i t  would b e  prudent  t o  c o n s i d e r  t h e  f o l l o w i n g  p o t e n t i a l  problem 
c o n d i t i o n s .  

1. Avoid i n t r o d u c i n g  s h a r p  h o r i z o n t a l  c u r v a t u r e  a t  o r  n e a r  t h e  c r e s t  o f  
a  h i l l .  The d r i v e r  h a s  d i f f i c u l t y  p e r c e i v i n g  t h e  cu rve ,  e s p e c i a l l y  a t  n i g h t  
when t h e  l i g h t s  of h i s  v e h i c l e  s h i n e  ahead i n t o  space .  I f  a  cu rve  i s  a b s o -  
l u t e l y  n e c e s s a r y ,  s t a r t  i t  i n  advance of  t h e  v e r t i c a l  curve .  

2.  Avoid s h a r p  h o r i z o n t a l  c u r v e s  n e a r  t h e  bot tom of h i l l s  o r  a f t e r  a  
l o n g  s u s t a i n e d  downgrade. Trucks a r e  normal ly  a t  t h e i r  h i g h e s t  speed a t  t h e s e  
l o c a t i o n s .  

3 .  I f  p a s s i n g  i s  expec ted ,  d e s i g n  s e c t i o n s  o f  haulage road w i t h  l o n g  t a n -  
g e n t s  and c o n s t a n t  g rades .  T h i s  i s  e s p e c i a l l y  impor tan t  i n  two-lane 
o p e r a t i o n s .  

4. Avoid i n t e r s e c t i o n s  n e a r  c r e s t  v e r t i c a l s  and sha rp  h o r i z o n t a l  curva-  
t u r e s .  I n t e r s e c t i o n s  should b e  made a s  f l a t  a s  p o s s i b l e .  Consider  t h e  s i g h t  
d i s t a n c e  i n  a l l  f o u r  q u a d r a n t s .  

HAULAGE ROAD CROSS SECTION 

A s t a b l e  road b a s e  i s  one o f  t h e  most impor tan t  fundamentals  o f  road  
d e s i g n .  Placement o f  a  road  s u r f a c e  o v e r  any m a t e r i a l  t h a t  cannot  a d e q u a t e l y  
suppor t  t h e  weight  o f  t r a v e r s i n g  t r a f f i c  w i l l  s e v e r e l y  hamper v e h i c u l a r  
m o b i l i t y  and c o n t r o l l a b i l i t y .  Moreover, l a c k  o f  a  s u f f i c i e n t l y  r i g i d  b e a r i n g  
m a t e r i a l  benea th  t h e  road s u r f a c e  w i l l  pe rmi t  excessive r u t t i n g ,  s i n k i n g ,  and 
o v e r a l l  d e t e r i o r a t i o n  o f  t h e  t r a v e l e d  way. Thus, a  g r e a t  d e a l  of  maintenance  
w i l l  b e  n e c e s s a r y  t o  keep t h e  road p a s s a b l e .  

S u r f a c e  mine o p e r a t o r s  o f t e n  e l e c t  t o  f o r e g o  t h e  u s e  o f  subbase m a t e r i a l s  
and a c c e p t  i n f r i n g e m e n t s  on m o b i l i t y  i n  t h e  i n t e r e s t  o f  economics. I n  o t h e r  
words, i t  may be  less expens ive  t o  permi t  t h e  e x i s t e n c e  of  some segments o f  
t h e  road t h a t  hamper, b u t  d o  n o t  p r o h i b i t ,  v e h i c u l a r  movement, r a t h e r  t h a n  
i n c u r  t h e  c o s t  of  c o n s t r u c t i n g  a  good road b a s e .  A l t h o u g h t h i s  a p p e a r s  eco-  
nomical  a t  t h e  o n s e t  o f  road c o n s t r u c t i o n ,  t h e  e v e n t u a l  r e s u l t s  w i l l  n e a r l y  
a lways  b e  u n d e s i r a b l e .  

I f  t h e  road s u r f a c e  i s  n o t  c o n s t a n t l y  ma in ta ined ,  r u t t i n g  w i l l  o c c u r  and 
c r e a t e  hau lage  i n t e r v a l s  where v e h i c l e s  must slow t h e i r  pace t o  n e g o t i a t e  t h e  
a d v e r s e  c o n d i t i o n s .  Over a  p e r i o d  of  t ime t h i s  w i l l  r e p r e s e n t  a  c o n s i d e r a b l e  
t i m e  l o s s  t o  t h e  p roduc t ion  c y c l e .  More i m p o r t a n t l y ,  t h e s e  adverse  c o n d i t i o n s  



pose  a  s e r i o u s  t h r e a t  t o  v e h i c u l a r  c o n t r o l l a b i l i t y  and c r e a t e  u n s a f e  hau lage  
road  segments. T h e r e f o r e ,  i t  i s  impor tant  t h a t  s t a b i l i t y  o f  t h e  haulageway be  
guaran teed  throughout  i t s  l e n g t h .  

I n  many s u r f a c e  mine o p e r a t i o n s ,  t h e  road s u r f a c e  i s  u n d e r l a i n  by n a t u r a l  
s t r a t a  c a p a b l e  of  s u p p o r t i n g  t h e  weight  of  any haulage  v e h i c l e .  For  example, 
i n  t h e  c a s e  o f  bedded s t o n e  formatioris ,  i t  i s  s u f f i c i e n t  t o  p l a c e  o n l y  t h e  
d e s i r e d  road s u r f a c e  m a t e r i a l  d i r e c t l y  on t h e  bedded s t o n e .  However, t h e  
b e a r i n g  c a p a c i t y  o f  o t h e r  subsur face  m a t e r i a l s  must be  d e f i n e d  t o  de te rmine  i f  
t h e y  can adequa te ly  suppor t  t h e  weight  o f  v e h i c l e s  in tended  f o r  u s e .  

Def in ing  t h e  b e a r i n g  c a p a c i t y  o f  s o i l s  i s  a  d e t a i l e d  p rocedure  t h a t  
should  b e  accomplished by a  q u a l i f i e d  s o i l s  e n g i n e e r .  Only i n  t h i s  manner can 
t h e  c a p a c i t y  o f  a  p a r t i c u l a r  s o i l  b e  de termined.  However, g e n e r a l  in fo rmat ion  
i s  a v a i l a b l e  on t h e  b e a r i n g  c a p a b i l i t i e s  o f  v a r i o u s  s o i l  groups.  

The i n f o r m a t i o n  i n  t a b l e  5 ,  when compared w i t h  v e h i c l e  t i r e  l o a d s  i n  
pounds p e r  square  f o o t ,  i d e n t i f i e s  s o i l  t y p e s  t h a t  a r e  i n h e r e n t l y  s t a b l e  a s  
road  b a s e  and t h o s e  t h a t  must be supplemented w i t h  a d d i t i o n a l  m a t e r i a l .  The 
t i r e  l o a d i n g  f o r  most hau lage  v e h i c l e s  f i l l e d  t o  d e s i g n  c a p a c i t y ,  w i t h  t i r e s  
i n f l a t e d  t o  recommended p r e s s u r e ,  w i l l  r a r e l y  exceed 16,000 p s f .  Although t h e  
t i r e  l o a d i n g  may be  somewhat l e s s ,  depending on t h e  number of  t i r es ,  t h e i r  
s i z e ,  p l y  r a t i n g ,  and i n f l a t i o n  p r e s s u r e ,  and o v e r a l l  v e h i c l e  w e i g h t ,  t h i s  
f i g u r e  can  b e  u t i l i z e d  when de te rmin ing  subbase  requ i rements .  Any subgrade  
t h a t  i s  less c o n s o l i d a t e d  t h a n  s o f t  r o c k  w i l l  r e q u i r e  a d d i t i o n a l  m a t e r i a l  i n  
o r d e r  t o  e s t a b l i s h  a s t a b l e  b a s e ;  t h e r e f o r e ,  t h e  d e s i g n e r  must d e t e r m i n e  t h e  
amount o f  a d d i t i o n a l  m a t e r i a l  t h a t  should b e  p laced  o v e r  t h e  subgrade  t o  
a d e q u a t e l y  suppor t  t h e  road s u r f a c e .  

TABLE 5 .  - Presumptive b e a r i n g  c a p a c i t y  of s o i l s  

M a t e r i a l  
Hard, sound rock. .  ................................................. 

One of t h e  most wide ly  used methods o f  making t h i s  d e t e r m i n a t i o n  i s  
th rough  t h e  u s e  o f  c u r v e s  commonly r e f e r r e d  t o  a s  CBR ( C a l i f o r n i a  B e a r i n g  
R a t i o )  c u r v e s .  T h i s  system, o r i g i n a l l y  developed i n  1942, c o n t i n u e s  t o  b e  
used b y  highway d e s i g n e r s  f o r  e v a l u a t i n g  subbase  t h i c k n e s s  r e q u i r e m e n t s  i n  

1 ,000 p s f  
120 

Medium hard rock  ................................................... 
Hard pan o v e r l y i n g  r o c k  ............................................ 
Compact g r a v e l  and b o u l d e r - g r a v e l  fo rmat ions ;  v e r y c o m p a c t  sandy 

g r a v e l  ............................................................ 
S o f t  r o c k  .......................................................... 
Loose g r a v e l  and sandy g r a v e l ;  compact sand and g r a v e l l y  sand;  

........................... v e r y  compact sand- - inorgan ic  s i l t  s o i l s  
Hard d r y  c o n s o l i d a t e d  c l a y  .,....,.................................. 
Loose c o a r s e  t o  medium sand;  medium compact f i n e  sand .............. 
Compact sand-c lay  s o i l s  ............................................ 
Loose f i n e  sand;  medium compact sand- - inorgan ic  s i l t  s o i l s . . .  ...... 

................................................. Fi rm o r  s t i f f  c l a y  
.................. Loose s a t u r a t e d  sand c l a y  s o i l s ,  medium s o f t  c l a y  
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RANGES OF BEARING 
RATIOS FOR TYPICAL 
SOILS AND UNTREATED 
BASE MATERIALS- 
COMPACTED AND 
SOAKED SPECIMENS 
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FIGURE 18, - CBR curves. 
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relation to subgrade characteristics. To be completely accurate, it necessi- 
tates CBR tests to precisely determine the bearing capabilities of both sub- 
grade and subbase materials. These tests can be conducted by a soil-testing 
laboratory at relatively minimal cost simply by submitting samples of the sub- 
grade and subbase materials. 

The curves of figure 18 depict subbase thickness requirements for a wide 
range of CBR test values. To serve as a general indication of the subbase 
thicknesses required for various subgrade soil types, ranges of bearing ratios 
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f o r  t y p i c a l  s o i l s  and u n t r e a t e d  subbase m a t e r i a l s  a r e  inc luded  a t  t h e  bot tom 
of t h e  graph.  It must b e  emphasized t h a t  t h e s e  r anges  a r e  ext remely  vague.  
Ac tua l  t es t  r e s u l t s  may prove  t h e  b e a r i n g  r a t i o s  f o r  a  s p e c i f i c  s o i l  group t o  
be  cons ide rab ly  b e t t e r  then  t h e  low v a l u e  d e p i c t e d  on t h e  c h a r t .  Although i t  
i s  not  a  recommended p r a c t i c e ,  t h e  CBR ranges  r e f l e c t e d  by t h e  graph may be  
u t i l i z e d  i n  l i e u  of  a c t u a l  t e s t  r e s u l t s  i f  o n l y  g e n e r a l  i n f o r m a t i o n  i s  d e s i r e d .  
I n  t h i s  approach,  t h e  lowest  p o s s i b l e  CBR v a l u e  p r e s e n t e d  f o r  a  g iven  s o i l  
t y p e  should be  used.  

As shown by t h e  c u r v e s ,  f i n a l  subbase  t h i c k n e s s e s  a r e  de termined by 
v e h i c l e  wheel l o a d s  a s  w e l l  a s  s o i l  t y p e .  Wheel l o a d i n g s  f o r  any h a u l a g e  
v e h i c l e  can be r e a d i l y  computed from manufac tu re r s '  s p e c i f i c a t i o n s .  By 
d i v i d i n g  t h e  loaded v e h i c l e  weight  o v e r  each a x l e  by  t h e  number of  t i r e s  on 
t h a t  a x l e ,  t h e  maximum l o a d i n g  f o r  any wheel of  t h e  v e h i c l e  can b e  e s t a b l i s h e d .  
I n  eve ry  case ,  t h e  h i g h e s t  wheel  l o a d i n g  should b e  used f o r  t h e  d e t e r m i n a t i o n s .  
When a  wheel i s  mounted on a  tandem a x l e ,  t h e  v a l u e  should  b e  i n c r e a s e d  20%. 

To p rov ide  a  r e a d i l y  a v a i l a b l e  i n d i c a t i o n  o f  t h e  wheel - loading c h a r a c t e r -  
i s t i c s  of c u r r e n t l y  manufactured v e h i c l e s ,  t h e  c h a r t  i s  d i v i d e d  i n t o  th ree -  

c a t e g o r i e s .  Each c a t e g o r y  r e p r e s e n t s  t h e  range  o f  wheel  l o a d i n g s ,  under  
f u l l y  loaded c o n d i t i o n s ,  t h a t  may be  a n t i c i p a t e d  f o r  v e h i c l e s  i n  a  g iven  
weight  c l a s s .  C l a s s i f i c a t i o n s  d o  not  r e p r e s e n t  t h e  h i g h e r  wheel  l o a d s  t h a t  
w i l l  be  i n c u r r e d  by tandem a x l e s  i n  each weight  r a n g e .  

A f t e r  wheel - loading and CBR v a l u e s  have been e s t a b l i s h e d ,  t h e  c h a r t  may 
b e  employed t o  compute subbase requ i rements ,  a s  i l l u s t r a t e d  by t h e  fo l lowing  
example. It must b e  no ted  t h a t  t h e  g r a p h i c  p l o t  f o r  any wheel  load  n e v e r  
r e a c h e s  z e r o .  Th i s  "open" dimension i s  t h e  d e p t h  a l l o c a t e d  f o r  t h e  placement 
o f  f i n a l  s u r f a c e  m a t e r i a l .  When t h e  recommended t h i c k n e s s e s  f o r  v a r i o u s  s u r -  
f a c e s  ( a s  p r e s c r i b e d  i n  t h e  Road S u r f a c i n g  s e c t i o n )  f a i l  t o  consume t h e  open 
dimension,  remaining space  must always be  f i l l e d  w i t h  a  subbase having a  CBR 
of 80 o r  g r e a t e r .  Crushed rock  i s  p r e f e r r e d .  

Example: A hau lage  road i s  t o  be  c o n s t r u c t e d  o v e r  a  s i l t y  c l a y  of  medium 
p l a s t i c i t y  w i t h  a  CBR of  5. The maximum wheel  load  f o r  any v e h i c l e  u s i n g  t h e  
road i s  40,000 pounds. F a i r l y  c l e a n  sand i s  a v a i l a b l e  w i t h  a  CBR of  1 5  t o  
serve a s  subbase m a t e r i a l .  Road s u r f a c e  i s  t o  b e  c o n s t r u c t e d  of  good g r a v e l  
which has  a  CBR of 80 .  

S tep  A. The 40,000-pound wheel- load c u r v e  i n t e r s e c t s  t h e  v e r t i c a l  l i n e  
f o r  a CBR of  5 a t  28 i n c h e s .  T h i s  means t h a t  t h e  f i n a l  road s u r f a c e  must b e  
a t  l e a s t  t h i s  d i s t a n c e  above t h e  subgrade .  

S tep  B. A c l e a n  sand CBR o f  1 5  i n t e r s e c t s  t h e  40,000-pound c u r v e  a t  
1 4  i n c h e s ,  i n d i c a t i n g  t h a t  t h e  t o p  of  t h i s  m a t e r i a l  must be kep t  14 i n c h e s  
below road s u r f a c e .  

S t e p  C .  An i n t e r s e c t i o n  of  t h e  80 CBR f o r  g r a v e l  and t h e  40,000-pound 
wheel  load o c c u r s  a t  6 i n c h e s .  S ince  t h i s  w i l l  c o n s t i t u t e  t h e  f i n a l  s u r f a c e  
m a t e r i a l ,  i t  should b e  p laced  f o r  t h e  remaining 6 i n c h e s .  Completed sub- 
b a s e  c o n s t r u c t i o n  f o r  t h e  fo rego ing  c o n d i t i o n s  i s  d e s c r i b e d  i n  f i g u r e  1 9 .  



Following the determina- 
tion of subbase depth 
requirements, proper place- 
ment procedures must be 
implemented. Regardless of 
material used, or depth, the 
subbase should be compacted 
in layers never exceeding 
8 inches. To insure stabil- 
ity of the final surface, 
subbase materials should 
exceed the final desired sur- 
face width by a minimum of 
2 feet and must always be 
compacted while moist. 
Proper compaction equipment 
usually consists of heavy 
rollers. However, few sur- 
face mine operators include 
rollers in their vehicle 
fleet. When rolling equip- 

ment is not available, an alternative such as heavy-tracked equipment may be 
employed. Each 8-inch layer must be subjected to repeated passes of the com- 
pacting equipment until it fails to compress under the weight of the vehicle. 

Surface Materials 

The authors of this report have visited over 300 mining operations 
throughout the United States. At many of these mine sites, especially small 
coal mining and quarry operations, little consideration appeared to be given 
to the construction of a good haulage road surface. In fact, development of 
the haulageway is frequently accomplished by simply clearing a path over 
existing terrain. 

While this practice is undoubtedly the most economical means of road con- 
struction interms of initial cost, the benefit is seldom long-lived. Failure 
to establish a good haulage road surface will result in increased vehicle and 
road maintenance costs and will severely retard the ability of a vehicle to 
safely negotiate the route. These difficulties are usually greatest on earth 
and bedded rock surfaces. Greater vehicle maintenance is required on rock sur- 
faces as a result of excessive tire wear. It is virtually impossible to con- 
struct a bedded rock surface free of jagged edges. Thus, the tires of 
traversing vehicles are continually cut by scuffing. 

Earth roads, unless thoroughly compacted and stabilized, may cause both 
vehicular and road maintenance difficulties. Dust problems are frequent dur- 
ing dry seasons and, if not controlled, the dust can contaminateair filtration 
components, brakes, and other moving parts, making frequent replacement of 
these items necessary. Moreover, dust represents a major safety hazard to the 
vehicle operator in that it can become so dense that visibility is severely 
reduced. Eliminating the dust problem requires continual wetting of the 



s u r f a c e , w h i c h  r e p r e s e n t s  y e t  a n o t h e r  maintenance e x p e n d i t u r e .  When s u b j e c t e d  
t o  heavy w e t t i n g ,  n o n s t a b i l i z e d  e a r t h e n  r o a d s  become ext remely  s l i c k  and 
s e v e r e l y  defaced by e r o s i o n .  Thus, reduced v e h i c u l a r  c o n t r o l l a b i l i t y  from a  
s l i p p e r y  s u r f a c e  c r e a t e s  a  s a f e t y  hazard ,  and maintenance  must be  i n c r e a s e d  t o  
e l i m i n a t e  e r o s i o n  g u l l i e s .  Jagged rock  and u n c o n s o l i d a t e d  e a r t h  s u r f a c e s  
should  always b e  avoided i n  a s a f e  haulage  road d e s i g n .  

Many o f  t h e  a v a i l a b l e  r o a d - s u r f a c i n g  m a t e r i a l s ' m a y  be  used t o  maximize 
s a f e t y  and reduce  road maintenance  requ i rements .  However, t h e  f i e l d  can  b e  
narrowed c o n s i d e r a b l y  by de te rmin ing  t h o s e  which a r e  most a p p r o p r i a t e  f o r  u s e  
i n  haulage  road c o n s t r u c t i o n .  T h i s  d e t e r m i n a t i o n  i s  based on t h e  road adhe- 
s i o n  and r o l l i n g  r e s i s t a n c e  f a c t o r s  c h a r a c t e r i s t i c  o f  d i f f e r e n t  s u r f a c e  t y p e s ;  
t h a t  i s ,  t h e  r e s i s t a n c e  f a c t o r s  a c t i n g  between t h e  road and t i r e .  Road adhe- 
s i o n  c o e f f i c i e n t s  p l a y  an  impor tan t  r o l e  i n  d e t e r m i n i n g  a  v e h i c l e ' s  p o t e n t i a l  
t o  s l i d e .  S ince  t h e  p r i n c i p a l  concern  i s  haulage  road s a f e t y ,  pr imary  
emphasis  should be  p laced  on t h e s e  c h a r a c t e r i s t i c s .  Tab le  6 shows c o e f f i -  
c i e n t s  of road adhes ion,  de termined through y e a r s  o f  r e s e a r c h ,  f o r  v a r i o u s  
s u r f a c e s .  It must b e  no ted  t h a t  a s  t h e  v a l u e s  d e c r e a s e ,  t h e  p o t e n t i a l  f o r  a  
v e h i c l e  t i r e  t o  begin  s l i d i n g  i n c r e a s e s .  

A b e n e f i c i a l  s i d e  e f f e c t  o f  s e l e c t i n g  a  road s u r f a c e  t h a t  h a s  a  h i g h  
c o e f f i c i e n t  of  road adhes ion  f o r  s a f e t y  i s  t h a t  o p e r a t i o n a l  e f f i c i e n c y  w i l l  
i n c r e a s e  a s  w e l l .  R o l l i n g  r e s i s t a n c e  h a s  a  d i r e c t  e f f e c t  o n v e h i c u l a r  pe r -  
formance.  It i s  commonly d e f i n e d  a s  " t h e  combination o f  f o r c e s  a  v e h i c l e  
must  overcome t o  move on a  s p e c i f i e d  s u r f a ~ e . ~ '  T h i s  f a c t o r  i s  u s u a l l y  
e x p r e s s e d  i n  pounds o f  r e s i s t a n c e  p e r  t o n  of  g r o s s  v e h i c l e  weight  caused by 
t h e  b e a r i n g  f r i c t i o n  l o s s e s  r e s u l t i n g  from t i r e s  s i n k i n g  i n  l o o s e  m a t e r i a l .  
F o r  t h e  m a j o r i t y  of  road s u r f a c e  materials, an i n c r e a s e  i n  c o e f f i c i e n t  o f  road 
a d h e s i o n  can be d i r e c t l y  r e l a t e d  t o  a  r e d u c t i o n  i n  r o l l i n g  r e s i s t a n c e .  T a b l e 7  
i l l u s t r a t e s  t h i s  p o i n t  by p r e s e n t i n g  t h e  r o l l i n g  r e s i s t a n c e  v a l u e s  a s s o c i a t e d  
w i t h  s e v e r a l  road s u r f a c e  m a t e r i a l s  and t h e i r  road  adhes ion c h a r a c t e r i s t i c s .  
The d a t a  i n  t a b l e  7 i n d i c a t e  t h a t  a good road s u r f a c e  w i l l ,  i n  many c a s e s ,  
d e c r e a s e  o p e r a t i o n a l  c o s t s  by  reduc ing  r e s i s t a n c e  t o  t r a v e l .  Thus, s a f e t y  and 
economics, aga in ,  work t o g e t h e r .  

A s p h a l t i c  c o n c r e t e ,  c rushed s t o n e  o r  g r a v e l ,  and s t a b i l i z e d  e a r t h  a r e  t h e  
most  p r a c t i c a l  c o n s t r u c t i o n  m a t e r i a l s  f o r  d e v e l o p i n g  a  haulage  road  s u r f a c e  
t h a t  w i l l  i n s u r e  maximum s a f e t y  and o p e r a t i o n a l e f f i c i e n c y .  Because e a c h  of 
t h e s e  m a t e r i a l s  has  m e r i t s  t h a t  a r e  a p p l i c a b l e  t o  s p e c i f i c  hau lage  s i t u a t i o n s ,  
t h e y  a r e  d i s c u s s e d  s e p a r a t e l y  i n  t h e  f o l l o w i n g  pages .  



TABLE 6 . . Road adhesion coe f f i c i en t s  a s  described 
by var ious  technica l  re ferences  

Road sur face  

Concrete : 
. . . . . . . . . . . . . . . . . . . . . . .  New 

. . . . . . . . . . . . . . . . . .  Traveled 

. . . . . . . . . . . . . . . . . .  Polished 
. . . . . . . . . . . . . . . . . . . . . . .  Wet 

Asphalt:  
....................... New 

.................. Traveled 
Polished .................. 
Excess t a r  . . . . . . . . . . . . . . . .  

....................... Wet 
Gravel : 

Packed and o i l e d  .......... 
Loose ..................... 

....................... Wet 
Rock: 

Crushed ................... 
....................... Wet 

Cinders : 
.................... Packed 

. . . . . . . . . . . . . . . . . . . . . . .  Wet 
Earth:  

Firm ...................... 
..................... Loose 

....................... Wet 
Clay loam: 

....................... Dry 
Rutted .................... 

....................... Wet 
Sand : 

. . . . . . . . . . . . . . . . . . . . . . .  Dry 

. . . . . . . . . . . . . . . . . . . . . . .  Wet 
........... Coal: Stockpiled 

Snow : 
Packed .................... 
Loose ..................... 

. . . . . . . . . . . . . . . . . . . . . . .  Wet 
Ice  : 

Smooth . . . . . . . . . . . . . . . . . . . .  
S l e e t  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Wet 
'society of Mining Engineers . 

American I n s t i t u t e  of Mining, 
New York, sec  . 1 7 ,  1973, p . 

2 
70 . 

C a t e r p i l l a r  Co . C a t e r p i l l a r  Performance Handbook, Peoria ,  I l l . ,  1 s t  e d . ,  
sec . 19, 1970, p . 42 . 

3 ~ a b o r e k ,  J . J . Mechanics of Vehicles . Machine Design, Cleveland, Ohio, 1957, p . 8 . 

Rubber t i r e 1  

0.90 

. 36 

. 55 

. 45 

. 55 

. 40 

. 45 

. 20 

. 40 

. 45 

. 20 

. 12 

SME Mining 
Metal lurgical ,  and Petroleum Engineers, Inc . ,  

Road adhesion 
Track1 

0.45 

.50 

.90 

.60 

.90 

.70 

.70 

.30 

.53 
.60 

.25 

.12 

Engineering 

c o e f f i c i e n t s  
Rubber t i r e 2  

0.80-1.00 
.6  0-  . 80 
.5 5. . 75 
.4  5. . 60 

.80- 1.00 
-60-  . 80 
.5 5. . 75 
.5 0- . 60 
. 3  0- . 80 

.5  5. . 85 

.4 0- . 70 

.4 0- . 80 

.5 5 .  . 75 

.5 5. . 75 

-50- . 70 
-65-  . 75 

-30- . 55 
.1 0- .25 
. 3  0- . 60 

.1 0- . 25 

. O  5. .10 
Handbook . 

Rubber t i r e 3  

0.8-0.90 

.80 

. 8-  . 90 

- 5 -  . 70 

.60 

.10 

. 10 

Volume I1 . 



TABLE 7 .  - R o l l i n g  r e s i s t a n c e  f o r  v a r i o u s  s u r f a c e  t y p e s  

Sur face  type  Road adhes ion  
c o e f f i c i e n t  (approx. )  

A s p h a l t i c  Concre te  

R o l l i n g  r e s i s t a n c e ,  
pounds p e r  t o n  ' 

g r o s s  v e h i c l e  we igh t  

Cement, a s p h a l t ,  s o i l  cement ..... 
Hard-packed g r a v e l ,  c i n d e r s ,  

.............. o r  crushed r o c k . . .  
Modera te ly  packed g r a v e l ,  

........ c i n d e r s ,  o r  c rushed r o c k  
Unmaintained l o o s e  e a r t h .  ........ 
Loose g r a v e l  and muddy r u t t e d  

m a t e r i a l  ........................ 

From a  s a f e t y  s t a n d p o i n t ,  a s p h a l t i c  c o n c r e t e  a p p e a r s  t h e  most d e s i r a b l e  
road  s u r f a c e  m a t e r i a l .  It o f f e r s  a  h i g h  c o e f f i c i e n t  o f  road adhes ion  and 
c r e a t e s  a  s u r f a c e  t h a t  r e d u c e s  d u s t  problems.  I n  a d d i t i o n ,  t h e  c h a r a c t e r i s t i c  
s t a b i l i t y  o f  t h i s  m a t e r i a l  c r e a t e s  a  smooth hau lage  s u r f a c e  t h a t  can b e  
t r a v e l e d  w i t h  l i t t l e  f e a r  o f  e n c o u n t e r i n g  deep r u t s  o f  p o t h o l e s  t h a t  would 
impede v e h i c u l a r  c o n t r o l l a b i l i t y .  I f  p o t h o l e s  o r  r u t s  d o  appear ,  t h e y  can b e  
r e a d i l y  c o r r e c t e d  by p a t c h i n g .  

These s u r f a c e s  a r e  e q u a l l y  a t t r a c t i v e  from a  p r o d u c t i o n  s t a n d p o i n t .  
Whi le  an i n c r e a s i n g  number of  o p e r a t o r s  a r e  beg inn ing  t o  u t i l i z e  a s p h a l t i c  con- 
crete because  o f  lower road maintenance c o s t s ,  t h e  smooth s u r f a c e  a l s o  a l l o w s  
h a u l a g e  v e h i c l e s  t o  travel s a f e l y  a t  g r e a t e r  speeds .  T h i s  speeds  up t h e  
p r o d u c t  i o n  c y c l e  . 
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A s e a s o n a l  d i s a d v a n t a g e  t o  u s i n g  t h i s  composi t ion ,  however, i s  r e v e a l e d  
d u r i n g  t h e  f i r s t  snow o r  f r e e z i n g  r a i n .  The c h a r a c t e r i s t i c a l l y  smooth s u r f a c e  
o f  a s p h a l t  o f f e r s  l i t t l e  r e s i s t a n c e  t o  development o f  a n  i c e  o r  snow g l a z e .  
Thus ,  t h e  roadway can become ex t remely  s l i c k  and remain s o  u n t i l  c o r r e c t i v e  
measures  a r e  employed. T h i s  could  c o n s t i t u t e  a  s e r i o u s  t h r e a t  t o  o p e r a t i o n a l  
s a f e t y  i n  mining a r e a s  where r a p i d  and f r e q u e n t  f r e e z e  c o n d i t i o n s  p r e v a i l .  

(approx.  ) 
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I f  a s p h a l t i c  c o n c r e t e  i s  t h e  chosen s u r f a c e  m a t e r i a l ,  i t  must be  a p p l i e d  
w i t h i n  t h e  c o n s t r a i n t s  of  good e n g i n e e r i n g  p r a c t i c e .  I n  o r d e r  t o  b e  s t a b l e ,  
i t  must be  composed o f  a s p h a l t  b i n d e r ,  a g g r e g a t e ,  and a s p h a l t  cement. The 
e x a c t  m i x t u r e  f o r  a v a i l a b l e  m a t e r i a l  i n  a  g iven  l o c a l i t y  may b e  o b t a i n e d  from 
S t a t e  Highway Departments o r  l o c a l  g e n e r a l  paving c o n t r a c t o r s .  

P r i o r  t o  p l a c i n g  t h e  a s p h a l t ,  a  s u f f i c i e n t  subbase  must b e  e s t a b l i s h e d ,  
fo l lowed  by an a d d i t i o n a l  l a y e r  of  b a s e  c o u r s e .  Base c o u r s e  i s  a  t e rm d e s i g -  
n a t i n g  t h e  l a y e r  o f  s t a b l e  m a t e r i a l  t h a t  must l i e  d i r e c t l y  benea th  a s p h a l t i c  
c o n c r e t e .  Although any m a t e r i a l  w i t h  a  CBR of 80 o r  g r e a t e r  may b e  used f o r  
t h i s  purpose ,  c rushed s t o n e  i s  recommended. Depth o f  b a s e  r e q u i r e d  w i l l  b e  
e n t i r e l y  dependent  on subgrade c o n d i t i o n s  and may b e  determined w i t h  some 
d e g r e e  o f  accuracy  by u s i n g  t h e  c u r v e s  shown p r e v i o u s l y  i n  f i g u r e  18.  The 



example g iven  i n  t h e  f i g u r e  i l l u s t r a t e s  t h a t  t h e  f i n a l  c l e a n  sand l a y e r  of  sub- 
b a s e  had t o  remain 14 i n c h e s  below t h e  f i n a l  road s u r f a c e .  T h i s  i s  t h e  dimen- 
s i o n  t h a t  must be  f i l l e d  by t h e  combination o f  b a s e  course  anh a s p h a l t i c  
c o n c r e t e .  Thus, 1 0  i n c h e s  of b a s e  c o u r s e  and 4 i n c h e s  of  a s p h a l t  a r e  r e q u i r e d .  

U n f o r t u n a t e l y ,  t h e  h i g h  c o s t  of  a s p h a l t i c  road s u r f a c e  s e v e r e l y  r e s t r i c t s  
i t s  f e a s i b i l i t y  on roads  of s h o r t  l i f e .  Due t o  t h e  extreme weight  on t h e  
whee l s  of  v e h i c l e s  t h a t  c o n s t a n t l y  t r a v e l  t h e  haulage  road s u r f a c e ,  a  4 - inch  
l a y e r  may b e  accep ted  a s  t h e  minimum r e q u i r e d  i n  most c a s e s .  The c o s t  of  
c o n s t r u c t i n g  a 4 - i n c h - t h i c k  l a y e r  r a n g e s  from $46 t o  $57 p e r  s q u a r e  yard  f o r  
l a b o r ,  equipment, and m a t e r i a l .  Using t h e  h i g h e r  f i g u r e  f o r  a  5-mi le  road 
30 f e e t  wide would n e c e s s i t a t e  an  e x p e n d i t u r e  o f  $440,000 f o r  paving a l o n e .  

The placement of  a s p h a l t i c  c o n c r e t e  s u r f a c e  i s  an ext remely  d e t a i l e d  
p r o c e s s  t h a t  i s  dependent  upon many v a r i a b l e s .  Temperature o f  t h e  mix, com- 
p a c t i o n  p rocedures ,  w e t t i n g ,  j o i n i n g ,  and d e n s i t y  c o n t r o l  a r e  o n l y  a few of  
t h e  c r i t i c a l  e l ements  t h a t  must b e  cons ide red  d u r i n g  c o n s t r u c t i o n .  Unless  
t h e  mine o p e r a t o r  i s  thorough ly  f a m i l i a r  w i t h  a l l  e lements  of  a s p h a l t  p l ace -  
ment o r  w i s h e s  t o  f o l l o w  procedures  o u t l i n e d  i n  S t a t e  Highway C o n s t r u c t i o n  
Manuals, a  r e p u t a b l e  paving c o n t r a c t o r  should be  r e t a i n e d  t o  d o  t h e  work. 
Before  c o n s t r u c t i o n  o f  t h e  road,  a s p h a l t i c  c o n c r e t e  should b e  t e s t e d  on a 
s m a l l  p l o t  t o  n o t e  i t s  a d a p t a b i l i t y  t o  normal envi ronmenta l  and t r a v e l  condi-  
t i o n s  i n  t h e  a r e a  of  in tended  a p p l i c a t i o n .  

The r e q u i r e d  b a s e  c o u r s e  i s  a l s o  an expense t o  b e  cons ide red  i n  t h e  t o t a l  
c o n s t r u c t i o n  c o s t .  Many o p e r a t o r s  a r e  c a p a b l e  of  performing t h i s  o p e r a t i o n  
w i t h  t h e i r  own l a b o r ,  m a t e r i a l s ,  and equipment, t h u s  minimizing i t s  c o s t .  

Because of  t h e  r e l a t i v e l y  h i g h  c o s t  o f  a s p h a l t i c  c o n c r e t e  s u r f a c e s ,  e a c h  
o p e r a t o r  must de te rmine  i f  t h e  b e n e f i t s  of  i n c r e a s e d  speed and reduced road 
maintenance  w i l l  o f f s e t  t h e  inves tmen t .  I n  most c a s e s ,  t h e  de te rmin ing  
f a c t o r s  w i l l  be  t h e  l e n g t h  o f  h a u l  and r e q u i r e d  l i f e  o f  roadway. I f  roadway 
l i f e  i s  r e l a t i v e l y  s h o r t ,  an a s p h a l t  s u r f a c e  may be  d i f f i c u l t  t o  j u s t i f y .  I f ,  
on t h e  o t h e r  hand, t h e  hau lage  road  i s  t o  be  c o n s i d e r a b l y  l o n g  and i n  s e r v i c e  
f o r  a  number o f  y e a r s ,  t h e  placement of  a s p h a l t i c  c o n c r e t e  may be  q u i t e  
f e a s i b l e .  

Compacted Grave l  and Crushed Stone 

A g r e a t  number o f  s u r f a c e  mining o p e r a t i o n s  throughout  t h e  c o u n t r y  a r e  
p r e s e n t l y  u t i l i z i n g  g r a v e l  and crushed s t o n e  s u r f a c e  hau lage  r o a d s .  When con- 
s t r u c t e d  and main ta ined  p r o p e r l y ,  b o t h  m a t e r i a l s  o f f e r  a s t a b l e  roadway t h a t  
r e s i s t s  de fo rmat ion  and p r o v i d e s  a r e l a t i v e l y  h igh c o e f f i c i e n t  o f  road adhe- 
s i o n  w i t h  low r o l l i n g  r e s i s t a n c e .  The g r e a t e s t  advantage  o f  g r a v e l  and s t o n e  
s u r f a c e s  i s  t h a t  s a f e  and e f f i c i e n t  roadways can  be  c o n s t r u c t e d  r a p i d l y  a t  a  
r e l a t i v e l y  low c o s t .  I n  a r e a s  where t h e  haulage  r o u t e  i s  s u b j e c t  t o  

' ~ o b e r t  Snow Means Co., I n c .  B u i l d i n g  C o n s t r u c t i o n  Cost Data f o r  1975. 1974, 

7 
280 pp. 

McGraw-Hill In fo rmat ion  Systems Co. 1976 Dodge Manual. New York, 1975, 
238 pp .  



r e l o c a t i o n  o r  must accommodate heavy t r acked  v e h i c l e s ,  i t  would b e  i m p r a c t i c a l  
t o  u s e  a  permanent s u r f a c e  such  a s  a s p h a l t i c  c o n c r e t e .  

Determinat ion  o f  t h e  d e p t h  of m a t e r i a l  t o  b e    laced f o l l o w s  t h e  same p ro -  
c e d u r e  o u t l i n e d  f o r  a s p h a l t i c  c o n c r e t e .  The d e p t h  from s u r f a c e  r e q u i r e d  f o r  
t h e  f i n a l  subbase m a t e r i a l  used ,  a s  shown i n  f i g u r e  19 ,  de te rmines  t h e  t h i c k -  
n e s s  o f  g r a v e l  o r  crushed s t o n e  n e c e s s a r y  f o r  b a s e  and s u r f a c e .  

I n  some c a s e s ,  t h e  b a s e  and wear ing s u r f a c e  may c o n s i s t  of  t h e  same t y p e  
o f  m a t e r i a l s .  For example, a  crushed s t o n e  wear ing s u r f a c e  may o f t e n  o v e r l a y  
a  crushed s t o n e  base .  However, w h i l e  b a s e  m a t e r i a l s  may c o n s i s t  o f  p a r t i c l e s  
a s  g r e a t  a s  4 i n c h e s  i n  s i z e ,  t h e  s u r f a c e  must be  much more r e f i n e d .  The f o l -  
lowing s p e c i f i c a t i o n s  i n  t a b l e  8 p r e s e n t  an example of  a  s t o n e  wear ing s u r f a c e  
t h a t  has  proven s u i t a b l e  on mine hau lage  r o a d s .  Any crushed s t o n e  o r  g r a v e l  
t h a t  m e e t s  o r  exceeds t h e  s p e c i f i c a t i o n s  p r e s e n t e d  i n  t h e  i l l u s t r a t i o n  w i l l  
q u a l i f y  a s  an adequate  s u r f a c e  composi t ion .  

TABLE 8.  - Stone s u r f a c e  g r a d a t i o n  

Screen  s i z e  I  ater rial p a s s i n g ,  p e r c e n t  
1-112 i n c h e  s..........................,,.......... I 100 

Bank g r a v e l ,  which i s  a  mix tu re  o f  pebb les  and sand,  f r e q u e n t l y  e x i s t s  a t  
many mine s i t e s  and t h u s  i s  u s u a l l y  a  low-cost s u r f a c i n g  m a t e r i a l .  Care 
shou ld  b e  t aken ,  however, t o  remove b o u l d e r s ,  c o b b l e s t o n e s ,  v e g e t a t i o n ,  and 
o t h e r  u n d e s i r a b l e  m a t e r i a l  b e f o r e  t h e  g r a v e l  i s  s p r e a d .  Othe r  s i m i l a r  mate- 
r i a l s  s u i t a b l e  f o r  s u r f a c i n g  a r e  f i n e  b l a s t e d  r o c k s ,  s c o r i a ,  d i s i n t e g r a t e d  
g r a n i t e  and s h a l e ,  c i n d e r s ,  v o l c a n i c  a sh ,  m i l l  t a i l i n g s ,  and s l a g .  

1 i n c h . .  ........................................... 
314 i n c h  ........................................... 
318 i n c h .  .......................................... 
No. 4 mesh. ........................................ 
No. 10 mesh. ....................................... 
No. 40 mesh. ....................................... 
No. 200 mesh. ...................................... 
L i q u i d  l i m i t  ...........................,..;.....-.. 
P l a s t i c i t y  l i m i t . .  ................................. 
P l a s t i c i t y  index  ................................... 
Optimum mois tu re  c o n t e n t  d u r i n g  p l a c i n g  ............ 

The pe rcen tage  o f  f i n e s  i n  t h e  g r a v e l  w i l l  a f f e c t  s u r f a c e  s t a b i l i t y  i n  
f r e e z i n g  o r  h o t ,  d ry  w e a t h e r .  There fo re ,  r o a d s  t h a t  a r e  s u b j e c t  t o  f r e e z i n g  
s h o u l d  n o t  have more t h a n  10% f i n e s  t o  p reven t  muddy, s loppy  c o n d i t i o n s  when 
thawing.  Those s u b j e c t  t o  h o t ,  d r y  weather  should  n o t  have less t h a n  5% f i n e s  
i n  o r d e r  t o  p reven t  d r y i n g  and l o o s e n i n g .  
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I f  p r o p e r  subbase and b a s e  a r e  e s t a b l i s h e d  p r i o r  t o  p l a c i n g  t o p  m a t e r i a l ,  
t h e  d e p t h  o f  s h r f a c e  m a t e r i a l  need not  exceed 6  i n c h e s .  To a c h i e v e  a  un i fo rm 
l a y e r ,  placement should  b e  accomplished w i t h  a  motor g r a d e r  o r  an  e q u i v a l e n t  
p i e c e  o f  equipment. Fol lowing placement,  t h e  m a t e r i a l  must b e  thorough ly  com- 
p a c t e d  t o  a  6- inch d e p t h .  It i s  recommended t h a t  e i t h e r  r u b b e r - t i r e d  o r  s t e e l  



r o l l e r s  be used f o r  compac- 
t i o n .  Heavy r u b b e r - t i r e d  
v e h i c l e s  can b e  employed 
when r o l l e r s  a r e  no t  a v a i l -  
a b l e .  However, r u b b e r - t i r e d  
v e h i c l e s  must b e  run  r e p e t i -  
t i v e l y  t o  cover  t h e  e n t i r e  
road w i d t h ,  and compaction 
w i l l  n o t  be  q u i t e  a s  good. 
The fo l lowing  t y p i c a l  s e c -  

.-IF t i o n  ( f i g .  20) i l l u s t r a t e s  
a  haulage  road c r o s s  s e c t i o n  

28" u t i l i z i n g  a  crushed s t o n e  

1 wear ing  s u r f a c e  f o r  a  wheel  
load  o f  40,000 pounds. ------------------------------------ . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - ----------------------------------- ------------------------------------ . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - ----------------------------------- ------------------------------------ ------------------------------------ A f t e r  a  haulage  s u r f a c e  
i s  c o n s t r u c t e d  w i t h m a t e r i a l s  

FIGURE 20. - Example of crushed-stone surface of  t h i s  type ,  f r e q u e n t  road 
maintenance i s  r e q u i r e d .  construct ion. 
Most o f  t h i s  maintenance  

w i l l  c o n s i s t  of  p e r i o d i c  g r a d i n g  t o  remove s m a l l  r u t s  and p o t h o l e s  t h a t  w i l l  
i n e v i t a b l y  be  c r e a t e d  by p a s s i n g  t r a f f i c .  The e x a c t  maintenance schedu le  
r e q u i r e d  w i l l  depend g r e a t l y  on t r a f f i c ,  and i t  must b e  developed t o  a c c o m o -  
d a t e  c o n d i t i o n s  a t  each i n d i v i d u a l  l o c a t i o n .  I n  some c a s e s ,  t r a f f i c  may b e  
heavy enough t o  r e a l i z e  b e n e f i t s  from a  con t inuous  maintenance schedu le .  

I n  most s t o n e  quar ry  o p e r a t i o n s ,  bo th  g r a v e l  and crushed s t o n e  a r e  
r e a d i l y  a v a i l a b l e  from t h e  s t o c k p i l e s  of  f i n i s h e d  p r o d u c t s .  A t  o t h e r  s u r f a c e  
mining o p e r a t i o n s ,  c rushed s t o n e  i s  o f t e n  a v a i l a b l e  from t h e  b l a s t i n g  and 
e x c a v a t i o n  of  rock  overburdens .  A s  a  r e s u l t ,  i t  i s  d i f f i c u l t  t o  d e r i v e  an 
e x a c t  c o n s t r u c t i o n  c o s t .  However, t h e  expense of  c o n s t r u c t i n g  g r a v e l  o r  
c rushed  s t o n e  roadways i s  always c o n s i d e r a b l y  less  t h a n  t h a t  of a s p h a l t i c  
c o n c r e t e .  

S t a b i l i z e d  E a r t h  

S t a b i l i z e d  e a r t h  i s  d e f i n e d  h e r e i n  a s  any s o i l  t h a t ,  through s p e c i a l  
p r o c e d u r e s  o r  a d d i t i v e s ,  h a s  been t ransformed from a  n a t u r a l l y  unconso l ida ted  
s t a t e  t o  a  d e g r e e  o f  s t a b i l i t y  t h a t  w i l l  accommodate t h e  weight  o f  haulage  
v e h i c l e s .  Achieving t h i s  l e v e l  o f  s t a b i l i z a t i o n  i n v o l v e s  i n c o r p o r a t i n g  s o i l  
b i n d e r s  such  a s  cement, a s p h a l t ,  ca lc ium c h l o r i d e ,  l i g n o s u l f a t e s ,  o r  hydra ted  
l ime .  

Although t h e s e  m a t e r i a l s  w i l l  no t  c r e a t e  a  s u f f i c i e n t  haulage road s u r -  
f a c e ,  t h e y  can s i g n i f i c a n t l y  r educe  t h e  q u a n t i t y  of b a s e  m a t e r i a l  r e q u i r e d .  
I n  f a c t ,  o f t e n  t h e  v a r i o u s  s o i l  b i n d e r s  can be  mixed d i r e c t l y  w i t h  subgrade 
so i l s  t o  c r e a t e  a  p l a t f o r m  f o r  t h e  road s u r f a c e ,  making t h e  c o n s t r u c t i o n  o f  a  
subbase  unnecessa ry .  A t  o t h e r  t imes  s o i l  b i n d e r s  w i l l  reduce  t h e  amount of 
subbase  o r  b a s e  m a t e r i a l  r e q u i r e d .  The p o t e n t i a l  o f  a  s p e c i f i c  b i n d e r  t o  
r educe  o r  make unnecessary  subbase o r  base  m a t e r i a l  depends on t h e  i n h e r e n t  



s t r e n g t h  of  t h e  m a t e r i a l  w i t h  which i t  i s  t o  be  i n c o r p o r a t e d  and t h e  weight  o f  
v e h i c l e s  t h a t  w i l l  u s e  t h e  haulage  road.  F i n a l  d e t e r m i n a t i o n s  of  f e a s i b i l i t y  
must b e  made by a  q u a l i f i e d  s o i l s  e n g i n e e r  who h a s  e v a l u a t e d  t h e  e f f e c t s  a 
b i n d e r  w i l l  have on t h e  subgrade o r  b a s e  m a t e r i a l  a t  a  p a r t i c u l a r  haulage  road 
l o c a t i o n .  The a p p l i c a t i o n  o f  v a r i o u s  a d d i t i v e s  can  b e  d i s c u s s e d  i n  g e n e r a l  
t e rms ,  however. 

Asphal t  impregnat ion  and s o i l  cementing, by v i r t u e  o f  t h e i r  somewhat 
h i g h e r  c o s t s ,  should be  u t i l i z e d  p r i m a r i l y  f o r  permanent hau lage  r o a d s .  On 
o c c a s i o n ,  t h e y  may prove  b e n e f i c i a l  i n  a r e a s  where t h e  subgrade  i s  ext remely  
weak and would r e q u i r e  l a r g e  q u a n t i t i e s  of  o f f s i t e  subbase  f o r  s t a b i l i z a t i o n .  
I n  t h e s e  i n s t a n c e s ,  t h e  a d d i t i o n  o f  a s p h a l t  and p o r t l a n d  cement t o  smal l  quan- 
t i t i e s  o f  f i l l  m a t e r i a l  can c r e a t e  a  s t a b l e  b a s e .  

Calcium c h l o r i d e ,  l i g n o s u l f a t e s ,  and hydra ted  l ime a r e  more economical 
t h a n  a s p h a l t  impregnat ion  and s o i l  cement, b u t  a r e  n o t  n e a r l y  a s  e f f e c t i v e .  
These  s u b s t a n c e s  a r e  b e s t  employed t o  supplement crushed s t o n e  o r  g r a v e l  
b a s e s  t o  i n c r e a s e  t h e i r  mechanical  s t a b i l i t y .  Although t h e  c o n s t r u c t i o n  o f  
any hau lage  road w i l l  b e n e f i t  from t h e  u s e  of  t h e s e  a d d i t i v e s ,  t h e y  a r e  most 
a p p l i c a b l e  f o r  road segments t h a t  a r e  s u b j e c t  t o  c o n s t a n t  r e l o c a t i o n .  

I f  t h e  o p e r a t o r  wishes  t o  u s e  any o f  t h e  m a t e r i a l s  p r e v i o u s l y  d e s c r i b e d ,  
two p u b l i c a t i o n s 8  may be  c o n s u l t e d  t o  de te rmine  t h e  t y p e  and volume r e q u i r e d  
f o r  a  p a r t i c u l a r  s i t u a t i o n .  

Haulageway Width 

The hau lage  road d e s i g n e r  must b e  v e r y  concerned abou t  t h e  road wid th .  
S u f f i c i e n t  room f o r  maneuvering must b e  al lowed a t  a l l  t i m e s  t o  promote s a f e t y  
and m a i n t a i n  c o n t i n u i t y  i n  t h e  haulage  c y c l e .  Unl ike  passenger  and commercial 
v e h i c l e s  which have somewhat " s t andard ized"  d imensions ,  s u r f a c e  mine machinery 
v a r i e s  d r a s t i c a l l y  i n  s i z e  from one p r o d u c t i o n  c a p a c i t y  r a t i n g  t o  a n o t h e r .  
Thus, r e q u i r e m e n t s  have t o  be d e f i n e d  f o r  p a r t i c u l a r  s i z e s  r a t h e r  t h a n  f o r  
g e n e r a l  t y p e s .  Complicat ing t h e  problem i s  t h e  need t o  s p e c i f y  a d d i t i o n a l  
widen ing  f o r  s t r a i g h t  road t o  cu rve  t r a n s i t i o n s .  

Because o f  t h e  l a r g e  number o f  i n f l u e n c i n g  v a r i a b l e s ,  t h e  fo l lowing  
g u i d e l i n e s  f o r  de te rmin ing  wid th  a r e  s e p a r a t e d  i n t o  i n d i v i d u a l  c a t e g o r i e s .  
Recommendations p resen ted  a r e  v a l u e s  f o r  t h e  s i z e  of  t r a v e l e d  l a n e  t o  b e  pro-  
v i d e d  and d o  no t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  a d d i t i o n a l  d imensions  n e c e s s a r y  
f o r  subbase  o u t s l o p e s ,  d r a i n a g e  f a c i l i t i e s ,  berms, e t c .  These items a r e  d i s -  
c u s s e d  s e p a r a t e l y ,  and t h e i r  d imensions  must be  added t o  t h o s e  o f  t h e  l a n e  t o  
d e t e r m i n e  t h e  t o t a l  roadway w i d t h .  

Width c r i t e r i a  f o r  t h e  t r a v e l e d  l a n e  o f  a  s t r a i g h t  h a u l  segment should  b e  
based on t h e  w i d e s t ' v e h i c l e  i n  u s e .  Designing f o r  a n y t h i n g  less t h a n  t h i s  
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dimension w i l l  c r e a t e  a  s a f e t y  hazard due t o  l a c k  of  p r o p e r  c l e a r a n c e .  I n  
a d d i t i o n ,  narrow l a n e s  o f t e n  c r e a t e  an uncomfor table  d r i v i n g  environment,  
r e s u l t i n g  i n  s lower  t r a f f i c ,  and t h e r e b y  impeding p roduc t ion .  

Rules  of  thumb f o r  de te rmin ing  haulage  road l a n e  d imensions  v a r y  con- 
s i d e r a b l y  from one r e f e r e n c e  source  t o  a n o t h e r .  Many o f  t h e  g u i d e l i n e s  
s p e c i f y  a  c o n s t a n t  wid th  t o  be  added t o  t h e  wid th  o f  t h e  hau lage  v e h i c l e .  
T h i s  method i s  s u f f i c i e n t  f o r  s m a l l e r  v e h i c l e s ,  b u t  i t  i s  not  a d v i s a b l e  f o r  
computing l a n e  spans  t o  accommodate l a r g e r  machines.  To compensate f o r  t h e  
i n c r e a s e  i n  p e r c e p t i o n  d i s t a n c e  c r e a t e d  by g r e a t e r  v e h i c l e  wid th ,  t h e  space  
a l l o c a t e d  f o r  s i d e  c l e a r a n c e  should v a r y  w i t h  v e h i c l e  s i z e .  

A p r a c t i c a l  g u i d e l i n e  f o r  e s t a b l i s h i n g  t h e  v e h i c l e - t o - l a n e  w i d t h  r a t i o  i s  
c o n t a i n e d  i n  t h e  1965 AASHO Manual f o r  Rura l  Highway ~ e s i ~ n . ~  The AASHO Man- 
u a l  recommends t h a t  each l a n e  of  t r a v e l  should p rov ide  c l e a r a n c e ,  l e f t  and 
r i g h t  of  t h e  w i d e s t  v e h i c l e  i n  use ,  t h a t  i s  e q u i v a l e n t  t o  one-hal f  t h e  v e h i -  
c l e  wid th .  Adding c redence  t o  t h i s  r e c o r n e n d a t i o n  i s  t h e  f a c t  t h a t  a  number 
o f  t h e  l a r g e r  s u r f a c e  mines b a s e  t h e i r  haulageway spans  on t h i s  c r i t e r i o n .  
By i n c o r p o r a t i n g  t h i s  g u i d e l i n e ,  b o t h  s a f e t y  and e f f i c i e n c y  w i l l  b e  enhanced.  

T a b l e  9  and f i g u r e  21  i l l u s t r a t e  t h e  recommended w i d t h s  t h a t  should be 
provided f o r  v a r i o u s  l a n e  c o n f i g u r a t i o n s  based on t h e  d e s i g n  v e h i c l e  d imension,  
a l o n g  w i t h  a  t y p i c a l  s e c t i o n  d e p i c t i n g  how m u l t i p l e  l a n e  d imensions  acc rue .  

TABLE 9. - Recommended l a n e  wid ths - - t angen t  s e c t i o n s  

V e h i c l e  w i d t h ,  f e e t  I 1 l a n e  
s . . . . . . . . . . . . . . . . . . . . .  I 16 

2  l a n e s  3 l a n e s  4 l a n e s  
28.0 40 52.0 
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FIGURE 21; - Typical haulageway sections for 12-foot-w ide vehicle. 

Data  p r e s e n t e d  i n  t h i s  c h a r t  i s  in tended  t o  serve a s  g u i d i n g  c r i t e r i a  f o r  
p r imary  hau lage  road u s e r s .  S p e c i a l  c o n s i d e r a t i o n  must be  g iven  t o  road seg-  
ments  t h a t  may have t o  accommodate l a r g e r  equipment such a s  shove l s ,  d r a g l i n e s ,  
d r i l l s ,  e tc .  A s a f e t y  hazard  w i l l  e x i s t  i f  t h e  d e s i g n  road w i d t h  i s  l e s s  t h a n  
t h a t  n e c e s s a r y  f o r  t h e  movement of  such equipment.  P r i o r  t o  s e l e c t i n g  a  f i n a l  
d e s i g n  wid th ,  make t h e  fo l lowing  assessments ,  and e s t a b l i s h  a  dimension s u f f i -  
c i e n t  f o r  a l l  p o s s i b l e  u s e r s :  

1. Def ine  t h e  wid th  o f  a l l  equipment t h a t  may have t o  t r a v e l  t h e  hau lage  
r o a d .  

2. S o l i c i t  d imensional  d a t a  f o r  any a n t i c i p a t e d  new machines.  

3. Determine t h e  o v e r a l l  w i d t h  of  any equipment combinat ions  t h a t  may b e  
invo lved  i n  a  pass ing  s i t u a t i o n .  

4 .  D e l i n e a t e  t h e  l o c a t i o n  o f  road segments r e q u i r i n g  a  g r e a t e r  t h a n  
normal w i d t h .  

I n  c a s e s  where t h e  passage  of  u n u s u a l l y  wide machinery i s  o c c a s i o n a l ,  t h e r e  i s  
no  r e a s o n  t o  e s t a b l i s h  a d d i t i o n a l  l a n e  w i d t h  e q u a l  t o  h a l f  t h a t  of  t h e  v e h i c l e .  
Al though i n  most i n s t a n c e s  t a b l e  9 w i l l  serve a s  an e x c e l l e n t  gu ide  f o r  t h e  
r o a d  d e s i g n e r ,  t h e r e  a r e  e x c e p t i o n s  f o r  s i n g l e - l a n e  c o n s t r u c t i o n  t h a t  must be 
acknowledged. 

The l a n e  w i d t h s  i l l u s t r a t e d  i n  t h e  t a b l e  f o r  one- l ane  c o n s t r u c t i o n  a p p l y  
o n l y  when t h e  s topp ing  d i s t a n c e  o f  t h e  haulage  v e h i c l e  i s  exceeded by s i g h t  
d i s t a n c e .  On haulage  segments where t h e  o p p o s i t e  i s  t r u e ,  a  s i n g l e - l a n e  span 
e q u i v a l e n t  t o  2-112 times t h e  v e h i c l e  wid th  i s  a d v i s a b l e .  T h i s  w i l l  a l l o w  
s u f f i c i e n t  space  f o r  moving v e h i c l e s  t o  avoid  c o l l i s i o n  w i t h  o t h e r s  t h a t  might  
be s t a l l e d  o r  o t h e r w i s e  i n c a p a c i t a t e d  on t h e  hau lage  r o u t e .  Haulage road p l a n -  
n e r s  must a l s o  c o n s i d e r  t h e  f a c t  t h a t  t h e  minimum w i d t h  recommendations f o r  
s i n g l e - l a n e  r o a d s ,  even when s i g h t  d i s t a n c e  i s  adequa te ,  d o  n o t  a l l o w  s u f f i -  
c i e n t  room t o  p a s s .  I f  a v e h i c l e  should become i n o p e r a b l e  on t h e  road ,  i t  
would r e s t r i c t  t h e  movement of any v e h i c l e  e q u a l  i n  s i z e .  To p reven t  t h i s  



occur rence ,  i t  i s  recommended t h a t  a  minimum o f  4  f e e t  of a d d i t i o n a l  l a n e  
w i d t h  b e  provided o v e r  t h e  e n t i r e  haulage  r o u t e .  

Cross  Slope 

Cross  s lope ,  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  road edges ,  must b e  
g i v e n  c o n s i d e r a t i o n  d u r i n g  h a u l a g e  road d e s i g n  and c o n s t r u c t i o n .  From t h e  
s t a n d p o i n t  of  r educ ing  a  d r i v e r ' s  s t e e r i n g  e f f o r t ,  a  l e v e l  s u r f a c e  would b e  
most b e n e f i c i a l .  Adequate d r a i n a g e ,  however, r e q u i r e s  t h a t  a  c r o s s  s l o p e  b e  
c r e a t e d .  To accommodate b o t h  d r a i n a g e  and s t e e r a b i l i t y ,  b a l a n c e  must b e  e s t a b -  
l i s h e d  between a  l e v e l  and s loped  c o n f i g u r a t i o n .  The r a t e  o f  c r o s s  s l o p e  t h a t  
w i l l  a l l o w  a  r a p i d  removal o f  s u r f a c e  w a t e r  w i t h o u t  a d v e r s e l y  a f f e c t i n g  v e h i -  
c u l a r  c o n t r o l  must b e  de te rmined .  

Both  t h e  t h e o r e t i c a l  and p r a c t i c a l  a s p e c t s  o f  i n i t i a t i n g  a  c o n s t a n t  d r o p  
a c r o s s  t h e  b r e a d t h  o f  roadways have been s t u d i e d  and documented f o r  years.1o 
Although t h e  m a j o r i t y  o f  t h i s  work has  been conducted  i n  r e l a t i o n  t o  urban and 
r u r a l  highway d e s i g n ,  t h e  c r i t e r i a  developed a r e  e q u a l l y  a p p l i c a b l e  t o  s u r f a c e  
mine hau lage  r o a d s .  I n  n e a r l y  e v e r y  pub l i shed  r e f e r e n c e ,  t h e  recommended ra te  
of c r o s s  s l o p e  f o r  s u r f a c e s  normal ly  c o n s t r u c t e d  on mine hau lage  r o a d s  i s  a  
114- inch t o  112-inch drop f o r  e a c h  f o o t  of width .  

Mine o p e r a t o r s  should  c o n s i d e r  one-quar te r  t o  one-hal f  i n c h  p e r  f o o t  a s  
t h e  l i m i t i n g  c r i t e r i a  f o r  d e s i g n .  S p e c i a l  c o n s i d e r a t i o n  must be  g iven  t o  
d e t e r m i n i n g  when t o  u s e  t h e  maximum and minimum r a t e s  s i n c e  t h e  a p p l i c a b i l i t y  
o f  each  depends on s u r f a c e  t e x t u r e .  

Cross  s l o p e s  o f  o n e - q u a r t e r  i n c h  p e r  f o o t  a r e  a p p l i c a b l e  t o  r e l a t i v e l y  
smooth road s u r f a c e s  t h a t  can r a p i d l y  d i s s i p a t e  s u r f a c e  w a t e r .  I n  most c a s e s ,  
minimum s l o p e  i s  b e s t  s u i t e d  t o  s u r f a c e s  such a s  a s p h a l t i c  c o n c r e t e .  However, 
t h e r e  a r e  c o n d i t i o n s  w h i c h w a r r a n t  t h e  u s e  o f  114- ipf  c r i t e r i a  f o r  s u r f a c e s  o f  
lesser q u a l i t y .  When ice  o r  mud a r e  c o n s t a n t  problems,  e x c e s s i v e  c r o s s  s l o p -  
i n g  can c a u s e  v e h i c l e s  t o  s l i d e .  T h i s  p o s s i b i l i t y  i s  e s p e c i a l l y  pronounced a t  
s l o w  o p e r a t i n g  speeds  on g r a d e s  o f  more t h a n  5%. There fo re ,  where an i c e  o r  
mud problem cannot  b e  f e a s i b l y  e l i m i n a t e d ,  c r o s s  s l o p e s  should be l i m i t e d  t o  
t h e  minimum v a l u e .  Road maintenance  should i n s u r e  t h a t  t h e  road s u r f a c e  i s  
k e p t  smooth and d r a i n s  p r o p e r l y .  

I n  s i t u a t i o n s  where t h e  s u r f a c e  i s  r e l a t i v e l y  rough o r  where i c e  o r  mud 
i s  n o t  a  problem, a  112- ipf  c r o s s  s l o p e  i s  a d v i s a b l e .  The g r e a t e r  i n c l i n a t i o n  
p e r m i t s  r a p i d  d r a i n a g e  and r e d u c e s  t h e  occur rence  o f  puddles  and s a t u r a t e d  sub- 
b a s e ,  which can weaken road s t a b i l i t y .  On w e l l  c o n s t r u c t e d  g r a v e l  and c rushed  
r o c k  r o a d s ,  t h e  112- ipf  c r i t e r i a  i s  p r e f e r a b l e .  

Of e q u a l  importance t o  t h e  d e g r e e  of s l o p e  i s  t h e  d i r e c t i o n  i t  should  
t a k e  i n  r e l a t i o n  t o  v a r i o u s  road c o n f i g u r a t i o n s .  S ince  t h e  placement o f  h i g h  
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and low l a n e  edges  de termine  s l o p e  d i r e c t i o n ,  i t  i s  n e c e s s a r y  t o  d e f i n e  t h e  
c i r cums tances  under  which t h e  l e f t  edge  should b e  h i g h e r  t h a n  t h e  r i g h t  o r  
v i c e  v e r s a .  I n  t h e  c a s e  of  m u l t i p l e - l a n e  c o n s t r u c t i o n ,  bo th  s i d e s  o f  t h e  
f i n a l  pavement may be  e q u a l ,  w i t h  a  h igh  p o i n t  o r  "crown" a t  one o f  t h e  i n t e r -  
med ia te  l a n e  edges .  

The c r o s s  s l o p e  d i r e c t i o n  f o r  s i n g l e - l a n e  c o n s t r u c t i o n  i s  governed by 
a d j a c e n t  l a n d  f e a t u r e s .  I n  c a s e s  where t h e  hau lage  road i s  c u t  i n t o  e x i s t i n g  
ground,  t h e  h igh  l a n e  edge may b e  p laced  on e i t h e r  s i d e .  However, on f i l l  
s e c t i o n s ,  t h e  h i g h e s t  l a n e  edge should  be  n e a r e s t  t h e  most s e v e r e  o u t s l o p e .  

For  two-, t h r e e - ,  and f o u r - l a n e  s u r f a c e s ,  a  crown i s  a p p r o p r i a t e .  On 
d u a l -  and f o u r - l a n e  r o a d s ,  t h e  c r o s s  s l o p e  should be  c o n s t r u c t e d  t o  p rov ide  a  
c o n s t a n t  d r o p  a t  t h e  recommended r a t e  from t h e  c e n t e r  p o i n t  o f  t h e  roadway. 
The l o c a t i o n  o f  crown on t h r e e - l a n e  hau lage  r o a d s  must i n s u r e  a  con t inuous  
d r o p  a c r o s s  two l a n e s  i n  one d i r e c t i o n  and t h e  same s l o p e  a c r o s s  t h e  o t h e r  i n  
t h e  o p p o s i t e  d i r e c t i o n .  The two l a n e s  s l o p i n g  toward t h e  same edge o f  road 
shou ld  be  l a n e s  f o r  v e h i c l e s  t r a v e l i n g  i n  t h e  same d i r e c t i o n .  

Convent ional  P a r a l l e l  Berms 

The u s e  o f  berms h a s  long been accep ted  a s  a  s t andard  s a f e t y  f e a t u r e  i n  
a r e a s  where a  haulage  v e h i c l e  could  a c c i d e n t a l l y  run  o v e r  t h e  o u t s l o p e  o f  a  
h a u l a g e  r o a d .  The a p p l i c a b i l i t y  and e f f e c t i v e n e s s  of  berms were analyzed t o  
e s t a b l i s h  govern ing  c r i t e r i a  f o r  t h e i r  d e s i g n  and placement i n  a  t y p i c a l  h a u l -  
a g e  road o p e r a t i o n .  

During a n  e x h a u s t i v e  l i t e r a t u r e  s e a r c h  i n t o  s i m i l a r  i n v e s t i g a t i o n s  con- 
d u c t e d  i n  t h e  i n t e r e s t  o f  highway s a f e t y ,  many v a r i a b l e s  were found t o  govern 
t h e  r e sponse  o f  a  v e h i c l e  t o  encoun te r ing  a berm. S t u d i e s  have shown t h e  
i n t e r a c t i o n  o f  v e h i c u l a r  dynamics and berm c h a r a c t e r i s t i c s  d e t e r m i n e  whether  a  
v e h i c l e  w i l l  impact a  berm, d e f l e c t  o f f  i t ,  o r  mount and c l imb o v e r  i t .  A l l  
r e l e v a n t  a r e a s  o f  primary r e s e a r c h  d e a l t  w i t h  passenger  c a r s  e n c o u n t e r i n g  con- 
v e n t i o n a l  berms a t  highway speeds .  No i n f o r m a t i o n  was a v a i l a b l e  on v e h i c l e s  
w i t h  t h e  c h a r a c t e r i s t i c s  o f  t h o s e  normal ly  found i n  s u r f a c e  mine o p e r a t i o n s .  
It i s  t h i s  l a c k  of  in fo rmat ion  i n  t h e  a r e a  o f  l a r g e  v e h i c l e s  t h a t  r e s t r i c t e d  
t h e  development of  t h i s  phase o f  t h e  p r o j e c t .  

The a d a p t a b i l i t y  o f  a v a i l a b l e  berm i n f o r m a t i o n  i s  d o u b t f u l  i n  view of t h e  
b a s i c  d i f f e r e n c e s  i n  v e h i c l e  d e s i g n .  Table  10 i l l u s t r a t e s  t h e  t y p i c a l  r e l a -  
t i o n s h i p s  between an i n t e r m e d i a t e  s i z e  passenger  c a r  and l a r g e  hau lage  v e h i c l e .  

TABLE T y p i c a l  v e h i c l e  r e l a t i o n s h i p s  

Weight. .......... .pound s . .  
......... Wheel base .  f e e t , .  

Height  o f  v e h i c l e . .  . .do.. . 
Wheel t r a c k .  ......... do. . .  
R o l l i n g  r a d i u s  ....... do. . .  

Passenger  c a r  
4,000 

9 . 9  
4.5 
5 .O 
1.1 

Haulage v e h i c l e  
400,000 

19.7 
1 9 . 0  
17 . O  
4.7 

F a c t o r  
100.0 t i m e s  g r e a t e r  

2.0 t imes  g r e a t e r  
4 .2  t imes  g r e a t e r  
3 .4  t imes  g r e a t e r  
4 .3  t imes  g r e a t e r  



Using t h i s  and o t h e r  accepted  d a t a  a s  a  b a s i s  f o r  r a t i o n a l i z a t i o n ,  v a r i -  
o u s  c o n j e c t u r e s  can b e  made concern ing  a  h a u l a g e  v e h i c l e ' s  r e sponse  t o  a  berm. 
The enormous weight  o f  a  t y p i c a l  haulage  v e h i c l e  i s  a  majot  c o n s i d e r a t i o n .  

The weight  would have s i g n i f i c a n t  d e f o r m a t i o n a l  e f f e c t  upon t h e  berm 
r e s u l t i n g  i n  a  r e a c t i o n  p a t t e r n  t h a t  would b e  an a t y p i c a l  r e sponse  t o  t h e  n o r -  
mal berm c r o s s  s e c t i o n ,  The h igh  c e n t e r  of g r a v i t y  i n  combination w i t h  a  d i s -  
p r o p o r t i o n a t e l y  narrow w i d t h  of t h e  wheel t r a c k  make haulage  v e h i c l e s  more 
s u s c e p t i b l e  t o  o v e r t u r n  t h a n  passenger  c a r s .  The d i f f e r e n c e s  i n  t i r e  s i z e  and 
s t e e r i n g  mechanism reduce  t h e  tendency of  haulage  v e h i c l e s  t o  r e d i r e c t  them- 
s e l v e s  when e n c o u n t e r i n g  a  berm. Other  f a c t o r s  such a s  i n e r t i a l  c h a r a c t e r i s -  
t i c s ,  sprung mass r a t i o  d i f f e r e n c e s ,  and suspens ion  c h a r a c t e r i s t i c s  i n d i c a t e  
s i g n i f i c a n t l y  d i f f e r e n t  r e sponse  p a t t e r n s  f o r  haulage  v e h i c l e s  when compared 
w i t h  t h o s e  o f  passenger  c a r s .  

Assuming t h a t  a  haulage  v e h i c l e  would respond i n  a s i m i l a r  manner t o  a  
passenger  c a r  i n  a  m i c r o s c a l e  s i t u a t i o n ,  a p r o p o r t i o n a l l y  s i z e d  berm would b e  
approximate ly  20 f e e t  h i g h  f o r  t h e  a v e r a g e ' h a u l a g e  v e h i c l e  shown i n  t a b l e  10 .  
It i s  n o t  p o s s i b l e  f o r  such a  berm t o  be  economical ly  c o n s t r u c t e d  and e f f i -  
c i e n t l y  ma in ta ined .  For  a  normal berm s i d e s l o p e  of  1.5:1, t h e  a d d i t i o n a l  
bench a l o n e  n e c e s s a r y  t o  accommodate a  berm of  t h i s  s i z e  would b e  60 f e e t .  

I t  was determined from t h e  l i t e r a t u r e  review and a n a l y s i s  t h a t  a  
s i m p l i f i e d  approach t o  s i z i n g  hau lage  road berms t h a t  does  n o t  t a k e  i n t o  
c o n s i d e r a t i o n  v e h i c u l a r  dynamics would r e q u i r e  s u b s t a n t i a l  f i e l d  t e s t i n g .  An 
a l t e r n a t i v e  approach would i n v o l v e  an  i n - d e p t h  i n v e s t i g a t i o n  o f  hau lage  
v e h i c l e  dynamics and a subsequent  computerized s i m u l a t i o n  model a n a l y s i s .  
T h i s  approach would a l l o w  t h e  p r e d i c t i v e  a n a l y s i s  o f  a  v a r i e t y  o f  v e h i c l e - a n d -  
berm i n t e r a c t i o n s  and r e q u i r e  o n l y  s u f f i c i e n t  t e s t i n g  t o  v e r i f y  t h e  model ing  
procedure .  

S i n c e  t h e  l e v e l  of  endeavor n e c e s s a r y  t o  adequa te ly  d e f i n e  t h e  r e s p o n s e  
o f  a  hau lage  v e h i c l e  t o  a  berm i s  f a r  beyond t h a t  o r i g i n a l l y  conceived i n  t h e  
scope o f  t h i s  p r o j e c t ,  c u r r e n t  berm s i z i n g  and placement were i n v e s t i g a t e d  and 
documented. T h i s  approach a l l o w s  t h e  s t a n d a r d i z a t i o n  of  p r a c t i c e s  t h a t  a r e  
c u r r e n t l y  i n  use ,  and a l s o  p e r m i t s  q u a l i t a t i v e  d i s c u s s i o n  o f  t h e  s u p p o r t i n g  
l o g i c  and e x p e r i e n c e  upon which berm r a t i o n a l e  h a s  been,  and i s  be ing ,  b a s e d .  

In fo rmat ion  g a t h e r e d  d u r i n g  p e r t i n e n t  f i e l d  i n v e s t i g a t i o n  provided sub-  
s t a n t  i a l  i n s i g h t  i n t o  berm c o n f i g u r a t i o n s  and a p p l i c a t i o n s  t h a t  have m e t  w i t h  
a  d e g r e e  o f  s u c c e s s  i n  p r e s e n t  hau lage  o p e r a t i o n s .  I n  a d d i t i o n ,  d a t a  r e g a r d -  
i n g  berms was g a t h e r e d  from Canadian and o t h e r  i n t e r n a t i o n a l  sources .  

There  a r e  two p r i n c i p a l  berm d e s i g n s  t h a t  a r e  i n  common u s e .  One i s  t h e  
t y p i c a l  t r i a n g u l a r  o r  t r a p e z o i d a l  berm formed t y p i c a l l y  from u n c o n s o l i d a t e d ,  
r e l a t i v e l y  homogeneous m a t e r i a l  o b t a i n e d  d u r i n g  overburden removal o r  from 
m a t e r i a l  ob ta ined  a s  a  r e s u l t  of t h e  haulage  road c o n s t r u c t i o n  i t s e l f .  The 
e f f e c t i v e n e s s  of  t h i s  t y p e  of  berm i n  r e d i r e c t i n g  a  v e h i c l e  i s  dependent  
p r i m a r i l y  on t h e  n a t u r a l  a n g l e  t h e  berm c o n s t r u c t i o n  m a t e r i a l  assumes a f t e r  
b e i n g  d e p o s i t e d .  The s t e e p e r  t h e  s i d e  s l o p e  of  berm, t h e  more e f f e c t i v e  t h e  
berm i s  a t  r e d i r e c t i n g  t h e  v e h i c l e ,  a l l -  o t h e r  f a c t o r s  remaining e q u a l .  The 



i n h e r e n t  tendency o f  t h e s e  berms t o  r e d i r e c t  r a t h e r  t h a n  impact and d e f l e c t  i s  
a  d e f i n i t e  advantage  i n  terms of p o t e n t i a l  v e h i c l e  damage i n  t h e  e v e n t  of  an 
encounter .  It should be emphasized, however, t h a t  t h e  r e d i r e c t i o n a l  e f f e c t i v e -  
n e s s  of  berms i s  reduced a s  t h e  a n g l e  o f  i n c i d e n c e  i s  i n c r e a s e d ,  and t h a t  t h i s  
t y p e  of  berm would tend t o  o v e r t u r n  t h e  t r u c k s  i f  t h e  wheels  con t inued  t o  
c l imb  t h e  berm. Also, maintenance of  t h e s e  berms can b e  t roublesome i f  t h e  
berm m a t e r i a l  i s  s u b j e c t  t o  e r o s i o n .  , 

The o t h e r  most common berm c o n s i s t s  o f  l a r g e  b o u l d e r s  l i n i n g  t h e  hau lage  
road w i t h  an e a r t h e n  backing m a t e r i a l .  Th i s  type  of  berm p r e s e n t s  t h e  impact-  
i n g  v e h i c l e  w i t h  a  n e a r - v e r t i c a l  f a c e  t h a t  d e f l e c t s  t h e  v e h i c l e  f o r  s l i g h t  
a n g l e s  of  i n c i d e n c e .  Although more d i f f i c u l t  t o  b u i l d ,  t h i s  t y p e  o f  berm 
o f f e r s  d i s t i n c t  advantages  i n  t e rms  o f  berm maintenance .  The b a s i c  l i m i t a -  
t i o n s  imposed by t h i s  c o n f i g u r a t i o n  a r e  (1)  s u b s t a n t i a l  damage t o  t h e  v e h i c l e  
can  r e s u l t  from i t s  use ,  (2 )  t h e  v e h i c l e  would tend t o  impact t h e  berm a t  
s h a r p  a n g l e s  o f  i n c i d e n c e  ( p o s s i b l y  i n j u r i n g  t h e  d r i v e r ) ,  and (3)  t h e  l o c a l  
g e o l o g i c  and topograph ic  c h a r a c t e r i s t i c s  of  t h e  mining a r e a  must accommodate 
c o n s t r u c t i o n  of t h e  berm. 

Height  i s  t h e  main f a c t o r  t o  be  cons ide red  i n  d e s i g n i n g  berms. F o r  con- 
v e n t i o n a l  berms, t h e  r u l e  of thumb r e g a r d i n g  h e i g h t  i s  t h a t  f o r  a  b e r m t o  
p o s s e s s  any measurable  tendency t o  r e d i r e c t  a  hau lage  v e h i c l e ,  i t s  h e i g h t  must 
be  e q u a l  t o  o r  g r e a t e r  t h a n  t h e  r o l l i n g  r a d i u s  of  t h e  v e h i c l e ' s  t i r e .  A t  
modera te  v e h i c l e  speeds ,  t h i s  h e i g h t  a l l o w s  s u f f i c i e n t  t ime  f o r  t h e  d r i v e r  o f  
t h e  v e h i c l e  t o  app ly  c o r r e c t i v e  m e a s u r e s b e f o r e  t h e  t r u c k  e i t h e r  o v e r t u r n s  o r  
mounts t h e  berm. A d d i t i o n a l l y ,  f o r  t h e  n a t u r a l  a n g l e  o f  normal berm-bui ld ing 
m a t e r i a l s ,  t h i s  h e i g h t  o f  berm does  n o t  r e q u i r e  a  l a r g e  amount o f  a d d i t i o n a l  
bench.  As a  r e s u l t ,  i t  o f f e r s  b a s i c  economic advan tages .  Berms l e s s e r  i n  
h e i g h t  t h a n  t h e  r o l l i n g  r a d i u s  o f  t h e  v e h i c l e  t i r e  d o  n o t  a l l o w  t h e  d r i v e r  
s u f f i c i e n t  r e s p o n s e  t ime  b e f o r e  t h e  t r u c k  mounts and s t r a d d l e s  t h e  berm o r  
o v e r r u n s  t h e  berm e n t i r e l y ,  A d d i t i o n a l l y ,  sma l l  berms do no t  have adequate  
l a t e r a l  r e s i s t a n c e  t o  e f f e c t i v e l y  a s s i s t  i n  r e d i r e c t i n g  a  hau lage  v e h i c l e .  

F o r  bou lde r - faced  berms, t h e  h e i g h t  o f  t h e  berm should  be  approx imate ly  
e q u a l  t o  t h e  h e i g h t  of  t h e  t i r e  o f  t h e  hau lage  v e h i c l e .  T h i s  a l l o w s  an 
e n c o u n t e r i n g  v e h i c l e  t o  impact t h e  berm a t  a  p o i n t  s u f f i c i e n t l y  h i g h  on t h e  
c h a s s i s  t o  r educe  t h e  p o t e n t i a l  f o r  o v e r t u r n i n g ,  w h i l e  a l s o  improving t h e  
d e f l e c t i o n a l  t e n d e n c i e s  o f  t h e  berm a s  a  whole. 

The placement of  berms on a  hau lage  road must b e  based on t h e  topographi-  
c a l  c h a r a c t e r i s t i c s  of  t h e  mining a r e a  a s  w e l l  a s  on common sense .  Whenever 
t h e  p o t e n t i a l  exists f o r  an  a c c i d e n t  t h a t  could  b e  avoided b y  t h e  e x i s t e n c e  o f  
a  berm, t h e  i n i t i a l  c o s t  o f  c o n s t r u c t i n g  and extended c o s t  o f  m a i n t a i n i n g  a 
berm i s  s m a l l  i n  comparison t o  a l t e r n a t i v e  s a f e t y  f e a t u r e s .  I f  t h e  berm i s  
s u c c e s s f u l  once i n  p r e v e n t i n g  a  p o t e n t i a l l y  s e r i o u s  a c c i d e n t ,  i t  h a s  more t h a n  
p a i d  f o r  i t s e l f  i n  r e l a t i o n  t o  t h e  c o s t s  of hau lage  equipment replacement  a s  
w e l l  a s  i n  l o s t  p roduc t ion  t i m e .  

I n  summary, t h e  c o n t r i b u t i o n  o f  a  berm t o  t h e  o v e r a l l  s a f e t y  o f  a  hau lage  
o p e r a t i o n  depends upon a  m u l t i t u d e  o f  f a c t o r s .  A p o o r l y  des igned  o r  b a d l y  
m a i n t a i n e d  berm could  conce ivab ly  b e  worse than no berm a t  a l l .  I f  a  berm i s  



t o  b e  b u i l t ,  t h e  mine o p e r a t o r  must c o n s i d e r  t h e  purpose  f o r  which i t  would b e  
used ,  t h e  a v a i l a b l e  m a t e r i a l s  and technology t h a t  can be  economical ly  a p p l i e d  
t o  i t s  c o n s t r u c t i o n ,  and i t s  long- term advan tages  from bo th  a  s a f e t y  and a n  
economic s t a n d p o i n t  . 

As w e l l  a s  b e i n g  a  s a f e t y  f a c t o r  f o r  hau lage  v e h i c l e s ,  berms serve many 
o t h e r  u s e f u l  purposes ;  f o r  example, a s  marking d e v i c e s  f o r  t h e  edge o f  h a u l a g e  
r o a d s ;  a s  d r a i n a g e  c h a n n e l i n g  d e v i c e s  p r e v e n t i n g  t h e  u n c o n t r o l l e d  e r o s i o n  o f  
o u t s l o p e s ,  a s  f i x e d  p o i n t s  of  r e f e r e n c e  f o r  h a u l a g e  v e h i c l e  o p e r a t o r s ,  and a s  
e f f e c t i v e  s a f e t y  d e v i c e s  f o r  s m a l l e r  maintenance v e h i c l e s  t h a t  u s e  t h e  h a u l a g e  
road .  

T r a f f i c  S igns  

Every road i n  t h e  Uni ted  S t a t e s  t h a t  i s  p u b l i c l y  mainta ined u s e s  s i g n s  t o  
d e l i n e a t e  s t o p p i n g  p o i n t s ,  cu rves ,  speed l i m i t s ,  s t r e e t  names, i n t e r s e c t i o n s ,  
e t c .  Through y e a r s  o f  p r a c t i c a l  a p p l i c a t i o n ,  t h e s e  d e v i c e s  have proven t o  b e  
ex t remely  e f f e c t i v e  i n  a c c i d e n t  p reven t ion .  

The i n s t a l l a t i o n  o f  warning and i n s t r u c t i o n a l  s i g n s  can b e  e q u a l l y  a s  
e f f e c t i v e  i n  promoting s a f e t y  on s u r f a c e  mine hau lage  r o a d s .  However, u n l i k e  
c o n v e n t i o n a l  r o a d s ,  hau lage  r o u t e s  e x p e r i e n c e  t r a f f i c  from v e h i c l e s  t h a t  a r e  
c o n t r o l l e d  by t h e  same o p e r a t o r s  day a f t e r  day .  Thus, t h e  d r i v e r s  a r e  u s u a l l y  
thorough ly  f a m i l i a r  w i t h  a l l  a s p e c t s  of t h e  r o a d s  t h e y  t r a v e l .  A s  a  r e s u l t ,  
d e s i g n e r s  can b e  much more s e l e c t i v e  i n  t h e i r  placement of t r a f f i c  s i g n s .  I n  
t h e  s u r f a c e  mining environment,  t h e s e  s a f e t y  d e v i c e s  should b e  viewed a s  
r eminders  r a t h e r  t h a n  a s  f i r s t  warning measures .  

A number of  s i g n s  t h a t  should be  cons ide red  f o r  u s e  a long  s u r f a c e  mine 
haulageways a r e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n s .  

Speed Limi t  S igns  

Speed l i m i t s  should  b e  pos ted  on segments of  t h e  haulage  r o u t e  t h a t  
r e q u i r e  s lower  t h a n  normal r a t e s  of t r a v e l  t o  s a f e l y  n e g o t i a t e  a  haza rdous  
c o n d i t i o n .  Some of t h e  more advantageous l o c a t i o n s  f o r  pos ted  speed l i m i t  
r e d u c t i o n s  i n c l u d e  road  segments t h a t  precede  

1. Changes i n  descending haulage  road g r a d e s ;  

2 .  En t rances  t o  conges ted  a r e a s ,  such a s  p i t ,  c r u s h e r ,  maintenance  a r e a s ,  
overburden dumping p o i n t s ,  v e h i c l e  c r o s s i n g s ,  e t c . ;  

3 .  Unusual road a l i n e m e n t s ,  such a s  s e v e r e  v e r t i c a l  and h o r i z o n t a l  
c u r v e s ,  narrow l a n e s ,  and a r e a s  of  r e s t r i c t e d  s i g h t  d i s t a n c e ;  and 

4. Areas s u b j e c t  t o  m a t e r i a l  s p i l l s  o r  o t h e r  f r equen t  o b s t r u c t i o n s .  



Stop S igns  

From a  p roduc t ion  v iewpoin t ,  i t  i s  b e s t  t o  avoid  i n t e r r u p t i o n s  i n  t h e  
hau lage  c y c l e ;  however, t h i s  may not  be compa t ib le  w i t h  road s a f e t y .  Although 
v e h i c l e  s topp ing  p o i n t s  a long  t h e  haulage  r o u t e  should be  kep t  t o  a  minimum, 
t h e y  must be  cons ide red  n e c e s s a r y  f o r  s a f e t y  i n  some c a s e s .  Areas where t h e  
placement o f  s t o p  s i g n s  should d e f i n i t e l y  b e  cons ide red  a r e  a s  fo l lows :  

1. Any secondary a c c e s s  road a t  t h e  p o i n t  i t  i n t e r s e c t s  w i t h  t h e  main 
haulageway; 

2 .  I n t e r s e c t i o n s  where s i g h t  d i s t a n c e  does  no t  exceed v e h i c l e  s t o p p i n g  
d i s t a n c e  f o r  t h e  recommended t r a v e l  r a t e ;  and 

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

Curve and I n t e r s e c t i o n  Warning S igns  

These s i g n s  can p r o v i d e  t h e  d r i v e r  w i t h  a  warning of upcoming s i t u a t i o n s  
where  he should e x e r c i s e  c a u t i o n .  These d e v i c e s  a r e  b e s t  r e s t r i c t e d  t o  p o s i -  
t i o n s  i n  advance of  t h e  most c r i t i c a l  c u r v e s  and h e a v i l y  t r a v e l e d  
i n t e r s e c t i o n s .  

C u l v e r t  Cross ing  Markers 

Whenever a  c u l v e r t  headwall  o r  o u t l e t  i s  encountered  b e s i d e  t h e  road ,  i t  
shou ld  b e  marked w i t h  a  s t a n d i n g  r e f l e c t o r .  

T r a f f i c  C o n t r o l  S igns  

A s i g n  must b e  provided a t  a l l  p o i n t s  i n  t h e  hau lage  c y c l e  where t h e  
d r i v e r  i s  r e q u i r e d  t o  perform a  s p e c i a l  maneuver (Keep Righ t ,  One Way, No L e f t  
Turn ,  Do Not P a s s ,  Sound Horn, B las t ing- -Turn  O f f  2-Way Radios ,  e tc .) .  

Limi ted  Access D e s i g n a t o r s  

P r i v a t e  P roper ty ,  Keep Out, o r  o t h e r  s i g n s o f  t h i s  n a t u r e  a r e  r e q u i r e d  a t  
a l l  haulageway and p u b l i c  road i n t e r s e c t i o n s  t o  keep p a s s i n g  m o t o r i s t s  from 
i n a d v e r t e n t l y  wandering i n t o  t h e  o p e r a t i o n .  The s m a l l  s i z e  of  passenger  
v e h i c l e s  combined w i t h  t h e  l i m i t e d  s i g h t  d i s t a n c e  o f  many l a r g e  h a u l a g e  t r u c k s  
c o n s t i t u t e s  a  s a f e t y  haza rd .  

S a f e t y  Access I n d i c a t o r s  

The l o c a t i o n  o f  a l l  s a f e t y  f e a t u r e s  such  a s  e scape  l a n e s  and median 
b a r r i e r s  should b e  s i g n a l l y  d e p i c t e d  w e l l  i n  advance of  t h e i r  p o s i t i o n .  I n  
a d d i t i o n  t o  i n d i c a t i n g  t h e  immediate e n t r a n c e  t o  t h e s e  f a c i l i t i e s ,  d i s t a n c e s  
s h o u l d  b e  marked qlong t h e  haulage  road a t  minimum i n t e r v a l s  o f  250 f e e t .  

The p reced ing  b r i e f  d i s c u s s i o n  o f  s i g n s  i s  in tended  t o  i l l u s t r a t e  t h e  
t r a f f i c  s i g n s  t h a t  should r e c e i v e  primary c o n s i d e r a t i o n .  Each s u r f a c e  mine 



hau lage  road e x h i b i t s  i t s  own p e c u l i a r i t i e s  and may r e q u i r e  more o r  l e s s  
s i g n a l  d e f i n i t i o n .  I n  any c a s e ,  p r o p e r  c a r e  must b e  t aken  t o  i n s u r e  t h a t  a l l  
s i g n s  i n s t a l l e d  a r e  a t  a  h e i g h t  and l o c a t i o n  t h a t  i s  w i t h i n  the e y e s i g h t  o f  
d r i v e r s  o p e r a t i n g  v e h i c l e s  w i t h  t h e  most r e s t r i c t e d  v i s i b i l i t y .  

Dra inage  P r o v i s i o n s  

S o i l  e r o s i o n  by w a t e r  i s  a  common problem t h a t  can  plagie t h e  o p e r a t i o n  
o f  s a f e  and workable hau lage  r o a d s .  E r o s i v e  a c t i o n  on hau lage  r o a d s  c a n c a u s e  
r u t s  and washouts ,  and can s a t u r a t e  t h e  s o i l ,  c a u s i n g  i n s t a b i l i t y .  The p r o p e r  
u s e  of  d r a i n a g e  f a c i l i t i e s  can a l l e v i a t e  t h i s  problem, r e s u l t i n g  i n  s a f e r ,  more 
e f f i c i e n t  hau lage  r o a d s .  

D i t c h  C o n f i g u r a t i o n  and Loca t ion  

Many f a c t o r s  i n f l u e n c e  f i n a l  d i t c h  c o n f i g u r a t i o n ,  i n c l u d i n g  s o i l  type ,  
d e p t h  o f  road base ,  s to rm d e s i g n  f requency,  l o c a l  r e s t r i c t i o n s ,  p e r c e n t  o f  
g r a d e ,  and p r e d i c t e d  r u n o f f  from c o n t r i b u t i n g  l and  a r e a s .  However, g e n e r a l  
recommendations may b e  made t o  p r o v i d e  t h e  o p e r a t o r  w i t h  b a s i c  d e s i g n  c o n c e p t s .  
V-di tches  a r e  recommended f o r  n e a r l y  a l l  a p p l i c a t i o n s ,  owing t o  t h e  r e l a t i v e  
e a s e  of d e s i g n ,  c o n s t r u c t i o n ,  and maintenance.  

1. The d i t c h  c r o s s  s l o p e  a d j a c e n t  t o  t h e  haulageway should b e  4 : l  o r  
f l a t t e r  excep t  i n  extreme r e s t r i c t i v e  c o n d i t i o n s .  I n  no c a s e  should  i t  exceed 
a  2 : l  s l o p e .  

2.  The o u t s i d e  d i t c h  s l o p e  w i l l  v a r y  w i t h  t h e  m a t e r i a l  encoun te red .  I n  
r o c k  i t  may approach a  v e r t i c a l  s l o p e ;  i n  l e s s  c o n s o l i d a t e d  m a t e r i a l ,  a  2 : l  
s l o p e  o r  f l a t t e r .  

3 .  The d i t c h  should  be  l o c a t e d  i n  u n d i s t u r b e d  e a r t h  o r  rock ;  avoid  plat- 
i n g  d i t c h e s  th rough  f i l l  a r e a s .  

4 .  I n  a  c u t - f i l l  s e c t i o n ,  s l o p e  t h e  haulageway toward t h e  h i g h w a l l .  
Car ry  d r a i n a g e  i n  a  s i n g l e  d i t c h .  

5. I n  a  t o t a l  c u t  s e c t i o n ,  c a r r y  d r a i n a g e  on b o t h  s i d e s .  

6.  I n  f i l l  s e c t i o n s ,  p r o t e c t  t h e  t o e  of  s l o p e s  w i t h  p a r a l l e l  i n t e r c e p t o r  
d i t c h e s .  

D i t c h  Capac i ty  and P r o t e c t i o n  

D i t c h e s  must be  des igned t o  a d e q u a t e l y  hand le  expected  r u n o f f  f lows  u n d e r  
v a r i o u s  s l o p e  c o n d i t i o n s .  The pr imary  c o n s i d e r a t i o n  i s  t h e  amount o f  water 
t h a t  w i l l  b e  i n t e r c e p t e d  by t h e  d i t c h  d u r i n g  a r a i n s t o r m .  Var ious  methods t o  
de te rmine  r u n o f f  f lows  a r e  d e s c r i b e d  i n  a  s e p a r a t e  s e c t i o n .  

A f t e r  r u n o f f  f lows  a r e  c a l c u l a t e d ,  d i t c h  d e s i g n  becomes a  f u n c t i o n  o f  pe r -  
c e n t  of  g rade ,  V-conf igura t ion  (4:1, 2:1, e t c . ) ,  and d e p t h  o f  f low. I n  t h e  
V-di tch ,  a s  w e l l  a s  o t h e r  c o n f i g u r a t i o n s ,  d e p t h  o f  f low depends on p e r c e n t  o f  
g r a d e  and t h e  t e x t u r e  of  m a t e r i a l  l i n i n g  t h e  d i t c h .  Loose and porous l i n i n g s  



and low percen tage  g r a d e s  reduce  f low r a t e s  and i n c r e a s e  d e p t h s ;  smooth, imper- 
v i o u s  l i n i n g s  and s t e e p e r  g r a d e s  c r e a t e  t h e  o p p o s i t e  e f f e c t .  To a l l e v i a t e  
e x c e s s i v e  e r o s i o n  t h a t  may r e s u l t  from h i g h  f low v e l o c i t i e s ,  c e r t a i n  d i t c h -  
l i n i n g  m a t e r i a l s  must b e  i n c o r p o r a t e d  a s  t h e  g r a d e  i n c r e a s e s ,  e x c e p t w h e n t h e  
d i t c h  i s  i n  nonerodable  m a t e r i a l .  Some g e n e r a l  r u l e s  t o  b e  fol lowed f o r  v a r -  
i o u s  g rades  i n  e r o d a b l e  s o i l s  a r e  d e s i g n a t e d  below. P l e a s e  n o t e  t h a t  t h e s e  
a r e  "genera l  r u l e s t t  and a r e  by no means recommended t o  supersede  S t a t e  o r  
l o c a l  r e g u l a t i o n s .  

1. A t  a  0% t o  3% grade ,  t h e  d i t c h  may b e  c o n s t r u c t e d  wi thou t  b e n e f i t  o f  
a  l i n e r  excep t  i n  ex t remely  e r o d a b l e  m a t e r i a l  such  a s  sand,  o r  e a s i l y  weath-  
e r e d  s h a l e s  and s i l t s .  

2 .  A t  a  3% t o  5% grade ,  t h e  d i t c h  should b e  seeded and p r o t e c t e d  w i t h  
j u t e  m a t t i n g  u n t i l  a  s u b s t a n t i a l  g r a s s  l i n i n g  can  b e  e s t a b l i s h e d .  

3 .  A t  g r a d e s  o v e r  5%, t h e  l i n i n g  should c o n s i s t  o f  dumped rock  p l a c e d  
e v e n l y  on bo th  s i d e s  t o  a  h e i g h t  no less t h a n  0 . 5  f o o t  above t h e  computed 
maximum dep th .  

Following t h i s  s e c t i o n  a r e  s i m p l i f i e d  c h a r t s  t h a t  d e p i c t  t h e  d e p t h  o f  
w a t e r  t h a t  may be  a n t i c i p a t e d  i n  v a r i o u s  d i t c h  c o n f i g u r a t i o n s  depending on t h e  
c o n t r i b u t i n g  f low i n  c u b i c  f e e t  p e r  second,  t h e  p e r c e n t  of  g rade ,  and t h e  t y p e  
of  m a t e r i a l  u t i l i z e d  a s  a  l i n e r .  To de te rmine  t h e  r u n o f f  f low t h a t  may b e  
a n t i c i p a t e d  f o r  a  g iven  d i t c h  segment, t h e  o p e r a t o r  should f i r s t  c o n s u l t  h i s  
S t a t e  o r  l o c a l  a g e n c i e s  f o r  p r e f e r r e d  methodologies  t o  be used i n  e s t i m a t i n g  
r u n o f f .  I f  no s p e c i f i c  g u i d e l i n e s  a r e  g iven  by t h e s e  sources ,  t h e  n e c e s s a r y  
i n f o r m a t i o n  may b e  ob ta ined  from c h a p t e r  2 of  t h e  Engineer ing  F i e l d  Manual f o r  
Conse rva t ion  P r a c t i c e s . "  Th i s  manual o u t l i n e s  t h e  procedures  f o r  e s t i m a t i n g  
r u n o f f  and c o n t a i n s  a l l  t h e  d a t a  n e c e s s a r y t o  compute r u n o f f  volumes f o r  a l l  
r e g i o n s  of  t h e  c o u n t r y .  

When u t i l i z i n g  t h e  S o i l  Conservat ion  S e r v i c e  Engineer ing  F i e l d  Manual t o  
deve lop  peak f low r a t e s ,  t h e  10-year ,  24-hour s to rm c h a r t s  should govern .  The 
r a i n f a l l  i n t e n s i t y  genera ted  by a  10-year  s to rm i s  recognized a s  t h e  a p p l i c a -  
b l e  s t a n d a r d  f o r  road d r a i n a g e  d e s i g n  by t h e  American A s s o c i a t i o n  o f  S t a t e  
Highway O f f i c i a l s .  Moreover, t h e  volumes o f  w a t e r  a s s o c i a t e d  w i t h  t h i s  t y p e  
o f  s to rm a r e  w e l l  i n  e x c e s s  o f  normal r u n o f f  c o n d i t i o n s  and n e c e s s i t a t e  t h e  
d e s i g n  o f  d r a i n a g e  f a c i l i t i e s  c a p a b l e  of  h a n d l i n g  extreme, r a t h e r  t h a n  mean, 
r a i n f a l l s .  

I n  t h e  e v e n t  t h a t  a  d i t c h  grade  must be  a l t e r e d  t o  accommodate changes  i n  
topography,  t h e  dep th  of  t h e  d i t c h  must b e  changed a c c o r d i n g l y .  Whether an 
i n c r e a s e  o r  d e c r e a s e  i n  g rade  o c c u r s ,  new volumes should b e  computed based on 
t h e  f low i n  t h e  p reced ing  d i t c h  segment and t h e  volume o f  w a t e r  g e n e r a t e d  by 
t h e  c o n t r i b u t i n g  a r e a  con t iguous  t o  t h e  new g r a d e .  

By c o n s u l t i n g  t a b l e  11, t h e  a p p r o p r i a t e  d i t c h  d e p t h  needed t o  accommodate 
a s p e c i f i c v o l u m e  o f  w a t e r  may b e  d e r i v e d .  A f t e r  de te rmin ing  t h e  s l o p e  and 
f i n d i n g  t h e  wa te r f low ( i n  c u b i c  f e e t  p e r  second) ,  c o n s u l t  t h e  co r respond ing  
d i t c h  c o n f i g u r a t i o n  t a b l e  where t h e  c u b i c  f e e t  p e r  second i s  found.  At t h e  
ext reme l e f t  o f t h i s  l i n e w i l l  be  t h e  d e p t h  n e c e s s a r y  t o  accommodate t h e  f low 
f o r  t h a t  d i t c h  c o h f i g u r a t i o n .  

1 1 U . S .  Department of A g r i c u l t u r e ,  S o i l  Conse rva t ion  S e r v i c e .  Eng inee r ing  
F i e l d  Manual f o r  Conse rva t ion  P r a c t i c e s .  1969, pp. 2-1 t o  2-76. 



TABLE 11. - Water-volume capacity for various V-ditch configurations, cubic feet per second 
Depth of Slope, percent 

water (feet) 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 9 1 10 j 11 1 12 1 13 1 14 1 15 1 16 1 17 1 18 f 19 1 20 
Grass cover 1 Jute matting I Dumped Rock 

I 



I n  some c a s e s ,  a d d i t i o n a l  d e p t h  may b e  r e q u i r e d .  I n  a l l  c a s e s  where a 
subbase  must be  p laced ,  t h e  dep th  o f  t h e  f low must n o t  exceed t h e  lower l e v e l  
o f  t h e  subbase m a t e r i a l .  I n  c a s e s  where a f r e e b o a r d  i s  r e q u i r e d ,  t h e  d e p t h  o f  
any  d i t c h  s h a l l  exceed t h e  c e n t e r l i n e  d e p t h  of  f l o w  by a minimum o f  0 . 5  f o o t .  
Where placement of  a d i t c h  l i n i n g  m a t e r i a l  i s  recommended, i t  s h a l l  a l s o  be  
i n c r e a s e d  0.5 f o o t  on each  s i d e .  

It i s  impor tant  t o  n o t e  t h a t  t h e  d i t c h  should  b e  kep t  f r e e  a t  a l l  t i m e s  
o f  d e b r i s  o r  any m a t e r i a l  t h a t  would a l t e r  d e s i g n  c a p a c i t y .  

C u l v e r t  s 

Cu lve r t  s e c t i o n s  a r e  t h e  most e f f i c i e n t  and e f f e c t i v e  means o f  conveying 
f r e e - f l o w i n g  d r a i n a g e  away from t h e  haulage  r o a d ,  and must b e  i n c o r p o r a t e d  t o  
a l l e v i a t e  t h e  p o t e n t i a l  o f  w a t e r  overf lows o n t o  hau lage  road segments. Any 
accumulat ion  o f  w a t e r  on t h e  haulage  road can s e r i o u s l y  impede v e h i c u l a r  con- 
t r o l  and promote road d e g r a d a t i o n .  

To ach ieve  t h e  most e f f i c i e n t  d r a i n a g e  scheme, t h e  d e s i g n e r  must c o n s i d e r  
c u l v e r t  l o c a t i o n ,  s i z i n g ,  placement,  and i n l e t / o u t l e t  c o n t r o l s .  Numerous 
f a c t o r s  a f f e c t  each o f  t h e s e  d e s i g n  c o n s i d e r a t i o n s .  There fo re ,  each pa ramete r  
i s  d i s c u s s e d  a s  a  s e p a r a t e  c a t e g o r y  on t h e  f o l l o w i n g  pages .  

L o c a t  i o n  

1. C u l v e r t s  should  b e  l o c a t e d  a t  a l l  d i t c h  low p o i n t s  u n l e s s  n a t u r a l  
w a t e r  c o u r s e s  a r e  p r e s e n t .  

2 .  A c u l v e r t  should  b e  i n s t a l l e d  a t  a l l  road  i n t e r s e c t i o n s  and p r i o r  t o  
swi tchback  c u r v e s  on t h e  upgrade  beg inn ing  of  c u r v a t u r e .  

3 .  Whenever a  hau lage  road segment r e q u i r e s  a  t r a n s i t i o n  from a through-  
c u t  t o  a  c u t - f i l l ,  a  c u l v e r t  should b e  i n s t a l l e d  t o  i n t e r c e p t  d r a i n a g e  p r i o r  
t o  s p i l l i n g  o v e r  an o u t s l o p e .  

4 .  C u l v e r t s  should  b e  p laced  i n  n a t u r a l  w a t e r c o u r s e s  i n t e r s e c t e d  by t h e  
h a u l a g e  road .  

5. I n  c u t - f i l l  s e c t i o n s ,  c u l v e r t s  may b e  p l a c e d  a t  v a r i o u s  i n t e r v a l s  
a l o n g  t h e  d i t c h  t o  i n t e r c e p t  d r a i n a g e  and convey i t  t o  n a t u r a l  dra inways  below 
t h e  f i l l  s l o p e .  T h i s  p rocedure  can s i g n i f i c a n t l y  r educe  t h e  s i z e  of  t h e  d i t c h  
r e q u i r e d  by b reak ing  r u n o f f  a r e a s  i n t o  s m a l l  segments t h a t  c o n t r i b u t e  o n l y  t o  
s p e c i f i c  d i t c h  segments.  

I n  some i n s t a n c e s ,  c u l v e r t  i n t e r v a l s  w i l l  b e  t h e  d e s i g n e r ' s  o p t i o n .  How- 
ever, s p a c i n g  requ i rements  a r e  o f t e n  s p e c i f i c a l l y  d e l i n e a t e d  i n  S t a t e  o r  l o c a l  
c o d e s  o f  c o n s t r u c t i o n  p r a c t i c e .  A t y p i c a l  example i s  t h e  r e g u l a t i o n  imposed 
by t h e  West V i r g i n i a  Department: of N a t u r a l  Resources  D i v i s i o n  o f  ~ e c l a m a t  i o n  . la  

l a ~ e p a r t m e n t  of  N a t u r a l  Resources .  West V i r g i n i a  Sur face  Mining Reclamat ion 
R e g u l a t i o n s .  Ch. 20-6, ser.  V I I ,  s e c .  4 ,  No. 5 .06 ,  1971, p .  10 .  



T h i s  agency r e q u i r e s  t h e  spac ing  o f  c u l v e r t s  f o r  d i t c h  r e l i e f  a t  v a r i o u s  road  
g r a d e s  a s  no ted :  

Road g r a d e ,  p e r c e n t  Spacing of  c u l v e r t s ,  f e e t  

The p reced ing  i l l u s t r a t i o n  e x e m p l i f i e s  t h e  need t o  r e s e a r c h  a l l  S t a t e  o r  l o c a l  
s t a n d a r d s  p r i o r  t o  any d e s i g n  d e c i s i o n s .  I f  t h e r e  a r e  n o  r e g u l a t i o n s  r e g a r d -  
i n g  c u l v e r t  spac ing ,  t h e  fo l lowing  i s  recommended: 

1. Spacing should  no t  exceed 1,000 f e e t  on g rades  from z e r o  t o  3%. 

2 .  Spacing should no t  exceed 800 f e e t  on g r a d e s  from 3% t o  6%. 

3 .  Spacing should no t  exceed 500 f e e t  on g rades  from 6% t o  9%. 

4. Spacing should n o t  exceed 300 f e e t  on g r a d e s  10% o r  g r e a t e r .  

Type and S i z e  

F o r  t h e  m a j o r i t y  o f  haulage-road c u l v e r t  i n s t a l l a t i o n s ,  c o r r u g a t e d  m e t a l  
p i p e  i s  most a p p r o p r i a t e .  S ince  t h i s  t y p e  of p i p e  i s  r e l a t i v e l y  l i g h t ,  h i g h  
i n  s t r e n g t h ,  and u s u a l l y  r e a d i l y  a v a i l a b l e ,  i t  can be  e a s i l y  adapted  t o  a  
v a r i e t y  o f  s i t u a t i o n s .  Although o t h e r  m a t e r i a l s  can be  u t i l i z e d ,  c o r r u g a t e d  
m e t a l  i s  c u r r e n t l y  used e x t e n s i v e l y  throughout  t h e  s u r f a c e  mining i n d u s t r y .  

R e g a r d l e s s  o f  m a t e r i a l ,  t h e  c u l v e r t  must b e  a b l e  t o  a c c e p t  t h e  maximum 
r u n o f f  f l o w  from t h e  d r a i n a g e  d i t c h  t o  b e  comple te ly  e f f e c t i v e .  Also, t h e  
p i p e  d i a m e t e r  must b e  l a r g e  enough t o  accep t  maximum f low w i t h o u t  c r e a t i n g  a  
backup a t  i t s  i n l e t .  F i g u r e  22 may b e  u t i l i z e d  t o  de te rmine  p i p e  s i z e s  f o r  
v a r i o u s  f lows.  Flows i n  c u b i c  f e e t  p e r  second on t h e  l e f t  s i d e  may b e  r e a d  
t o t h e i r  i n t e r s e c t i o n  w i t h  t h e  d i a g o n a l  graph l i n e  and then  down Po t h e  c o r r e -  
sponding minimum p i p e  d i a m e t e r  n e c e s s a r y  t o  a c c e p t  t h e  flow. T h i s  minimum i s  
i n d i c a t i v e  o f  a  f u l l  f lowing  p i p e  w i t h o u t  any w a t e r  backup a t  t h e  i n l e t .  I n  
some c a s e s ,  however, i t  may be d e s i r a b l e  t o  p l a c e  a  s m a l l e r ,  less expens ive  
p i p e  and a l l o w  a  s m a l l  backup of w a t e r .  The dashed l i n e s  on t h e  c h a r t  
( l a b e l e d  "R1) a r e  inc luded  t o  d e p i c t  how much head w i l l  b e  c r e a t e d  behind t h e  
p i p e  i f  i t s  s i z e  i s  r e s t r i c t i v e .  To de te rmine  t h e  amount of head c r e a t e d  by a  
g iven  p i p e  s i z e  and c u b i c  f e e t  p e r  second, r ead  from t h e  c u b i c  f e e t  p e r  second 
column u n t i l  t h e  dashed l i n e  i s  i n t e r s e c t e d ,  t h e n  down. For  example, a  f l o w  
of  8 c f s  i n t e r s e c t s  2  f e e t  o f  head a t ' t h e  15-inch p i p e  d iamete r ,  t h u s  8  c f s  of  
w a t e r  a t  t h e  i n l e t  s i d e  of  a  15- inch p i p e  w i l l  pond 9 i n c h e s  above t h e  t o p  o f  
t h e  p i p e  (2 f e e t  minus 15  i n c h e s ) .  However, i t  must be  emphasized t h a t  t h e  
p r a c t i c e  o f  c r e a t i n g  an i n l e t  head i s  d i scouraged .  The most b e n e f i c i a l  d e s i g n  
r e q u i r e s  t h a t  a  p i p e  handle  t h e  e n t i r e  volume of w a t e r  wi thou t  backup. I f  t h e  
example f o r  c f s  were t o  be  fo l lowed w i t h o u t  c r e a t i n g  a  backup, t h e  i n t e r s e c -  
t i o n  of t h e  d i a g o n a l  w i l l  show t h a t  a  p i p e  d iamete r  of  approximate ly  21  i n c h e s  
i s  r e q u i r e d .  . 



P I P E  DIAMETER,  inches 

FIGURE 22, - Graph showing pipe culvert capacity. 

Placement 

Af t e r  t h e  
l o c a t i o n  and p ipe  
s i z e  have been 
s e l e c t e d  and t h e  
p ipe  i s  ready f o r  
placement, cons id  -. 
e r a t i o n  must be  
given t o  depth of 
cover over t h e  
p ipe  i n  r e l a t i o n  
t o  t he  v e h i c l e s  
t h a t  w i l l  use  t h e  
road. It i s  sug-  
ges ted  t h a t  f o r  
support  o f  v e h i c l e  
weight under 
100,000 pounds, a 
minimum cover of  2 
f e e t  over t h e  p ipe  
be  used. For sup-  
p o r t  of v e h i c l e  
weights over  
100,000 pounds, 
minimum cover 
should be 3 f e e t .  

I n  a l l  ca ses ,  
t h e  f i l l  should be  
hand-tamped i n  4-  
inch  l a y e r s  from 
t h e  bottom of  
t rench  t o  provide 
a s t a b l e ,  compacted 
base f o r t h e c u l v e r t .  

I n l e t  -Out let  
Controls  

A t  a l l  c u l v e r t  
i n l e t s ,  a p r o t e c t i v e  encasement o r  "headwall" c o n s i s t i n g  of a s t a b l e  noneroda- 
b l e  material should be  provided. 

Regulations spec i fy ing  e ros ion -  and sediment-control  devices  t o  be u t i -  
l i z e d  a t  storm d r a i n  o u t l e t s  have been developed by t h e  U.S. Department of  
A g r i c u l t u r e ,  S o i l  Conservation Service.  I n  add i t i on ,  many S t a t e s  have adopted 
t h e i r  own r egu la t ions  f o r  t h i s  purpose. By con tac t ing  one o r  both of t h e s e  
agenc ie s  i n  the region,  t h e  opera tor  can determine t h e  requirements t h a t  apply  
s p e c i f i c a l l y  t o  h i s  opera t ion .  However, t h e r e  are two r u l e s  of thumb t o  
fo l low:  



1. Flow from d i t c h e s  o r  c u l v e r t s  s h a l l  never  b e  d i s c h a r g e d  o v e r  a  f i l l  
o u t s l o p e .  I n  f i l l  s i t u a t i o n s ,  t h e  d i s c h a r g e s  must b e  conveyed away by p i p e s ,  
f lumes o r  d i t c h e s  l i n e d  w i t h  nonerodable  m a t e r i a l .  

2 .  A t  any d i s c h a r g e  p o i n t ,  where f low v e l o c i t y  exceeds t h e  S o i l  Conserva- 
t i o n  S e r v i c e ' s  recommended maximum f o r  v a r i o u s  s o i l  t y p e s ,  e r o s i o n  p r o t e c t i o n  
must b e  p r o v i d e d .  Examples a r e  shown i n  f i g u r e  23 .  

Jute M a t t i n a ~  

l t t i n g 1  ROC k' 
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SECTION A-A  

PROFILE 

FIGURE 23; - Erosion controls; 



PROFILE 

End Diversion Ditch Dumped-Rock Energy Dissipator 

PLAN 

FIGURE 24. - Dumped-rock energy dissipator. 
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Table 12 dep ic t s  the var ious t reatments  t h a t  may be a n t i c i p a t e d  f o r  e r o -  
s i o n  c o n t r o l  dependent on discharge v e l o c i t y .  Deta i l s  a r e  presented i n  
f igu re  24 f o r  t h e  r i p r a p  and energy d i s s i p a t o r  treatment techniques as  a  guide 
f o r  proper cons t ruc t ion .  The lengths of these devices w i l l  be e n t i r e l y  depen- 
dent on s lope lengths  and must be determined f o r  each indiv idual  s i t u a t i o n .  

TABLE 12. - S l o ~ e  ~ r o t e c t i o n  a t  cu lve r t  o u t l e t s  

Typical Haulageway Sections 

Out l e t  v e l o c i t y ,  fps  

0-2 . . . . . . . . . . . . . . . . . . . .  
2-5 . . . . . . . . . . . . . . . . . . . .  
5-15..  . . . . . . . . . . . . . . . . .  
Over 15 . . . . . . . . . . . . . . . . . . . . .  

A l l  of t he  c r i t e r i a  f o r  proper haulage road c ross - sec t ion  design a r e  
depicted i n  f igu re  25: des igncons idera t ions  fo r  a  t y p i c a l  c u t  s ec t ion ,  a  
t y p i c a l  f i l l  s ec t ion ,  and a  t y p i c a l  c u t - f i l l  sec t ion .  The type of  s e c t i o n  
appl icable  t o  any p a r t i c u l a r  haulage road i s ,  of course,  dependent upon the  
contour of the o r i g i n a l  ground sur face .  However, f igu re  25 and the recom- 
mendations provided throughout t h i s  s e c t i o n  of the r epor t  a s  a  guide,  a l l  of 
the most important parameters t h a t  must be considered during design of c ross  
sec t ions  w i l l  be covered. P a r t i c u l a r  a t t e n t i o n  should be paid t o  road c r o s s  
s lopes and drainage d i t ches  s ince  these  w i l l  cont r ibute  g r e a t l y  t o  good 
drainage and, the re fo re ,  more e f f e c t i v e  e ros ion  con t ro l .  

Slope of embankment, 
percent  

Under 10 . . . . . . . . . . . .  
.Over 10 . . . . . . . . . . . . .  

........ A l l  s l o p e s . .  
do ............. 

Treatment recommended 

E s t a b l i s h  vegeta t ion .  
Riprap. 

Do. 
Energy d i s s i p a t o r .  
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Original Original 
Ground 
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TYPICAL FlLL SECTION 

Original Ground 

TYPICAL CUT - FlLL SECTION 

FIGURE 25. - Typical haulageway sections, 



Key 

Lane edge to centerline of ditch-Dimension varies with centerline depth (6) and required 
slope (7). 

Lane wi dth-Based on dimension of largest vehicle and numbers of lanes desired; 

Typical cross slope for excavated subgrade and final surface-Either 1/4 or 1/2 ipf, de- 
pending on surface material used. 

Combined surface and subbase-Depth varies with whee I load concentration. 

Ditch outslope-Natural angle of repose in rock, 2:l in a l l  soils. 

Depth at centertine of ditch-Required to be below subbase and deep enough to  accept 
total volume of runoff from adiacent drainage area, 

Ditch slope adjacent to roadway-Varies from 4:l to 2:1, 

Road widening to accommodate safety berm-Dimension varies with berm size required; 

Safety berm-Constructed with a near vertical slope adjacent to lane edge, f inal height 
and outslope of berm depends upon the roll ing radius of the largest t i res that w i l l  tra- 
verse the haulage road. 

Berm support-Constructed to subbase material only; surface material ends at berm face, 

Fi l l  slope-Descending at natural angle of repose, f i l l  consists of material cut from ex- 
isting ground of other excavated material from the mining operation. 

Fil l bench-Required when original ground slope i s  1:l or greater, benches should be cut  
8 feet-10 feet horizontally with an 8- to 10-foot vertical l i f t  at 1/2:1; begin at toe o f  
original ground slope and continue benching unt i l  road subgrade i s  reached. - 



ROAD MAINTENANCE CRITERIA 

Regardless of how meticulously a haulage road i s  planned and cons t ruc ted ,  
i t s  sur face  i s  bound t o  be deformed by the  cons tan t  pounding of haulage vehi-  
c l e s .  Although d e t e r i o r a t i o n  may be cont ro l led  t o  a g r e a t  ex t en t  by t h e  type 
o f  sur face  ma te r i a l  employed, t h e  mine opera tor  must s t i l l  regard a road main- 
tenance schedule a s  necessary t o  s a f e t y  and economics. 

Dust, potholes,  r u t s ,  depressions,  bumps, and o the r  poor su r f ace  condi- 
t i o n s  can and w i l l  occur on any road sur face .  I f  l e f t  uncorrected,  they may 
impede vehicu la r  con t ro l  and damage haulage machinery. 

When a r o l l i n g  t i r e  encounters  a sur face  s c a r ,  t h e r e  i s  a tendency t o  
d e f l e c t  from i t s  normal d i r e c t i o n  of t r a v e l .  Thus, t he  d r i v e r  i s  forced t o  
compensate f o r  the  abnormality by inc reas ing  h i s  s t e e r i n g  e f f o r t .  I f  su r f ace  
deformation i s  too  g r e a t  o r  i f  t h e  d r i v e r  i s  not aware of i t  before  impact, 
complete l o s s  of  con t ro l  may r e s u l t .  Often, even though t h e  d r i v e r  i s  a b l e  
t o  n e g o t i a t e  a sur face  i r r e g u l a r i t y  by s t e e r i n g ,  t h e  tendency t o  overcornpen- 
s a t e  immediately a f t e r  t h e  danger has passed could again r e s u l t  i n  l o s s  of 
c o n t r o l .  

I n  addi t ion  t o  degrading s a f e t y ,  road d e t e r i o r a t i o n  can be c o s t l y  from a 
maintenance s tandpoin t .  Although sur face  mining equipment i s  designed t o  
accept  considerable  abuse, i t s  l i f e  can be increased  i f  rough handling i s  
kep t  t o  a minimum. The wear on v i r t u a l l y  every component i s  increased 
s i g n i f i c a n t l y  when a v e h i c l e  t r a v e l s  r a p i d l y  over  a rough su r f ace .  I f  t h e  
v e h i c l e  must cons tan t ly  brake t o  nego t i a t e  poor a r eas ,  unnecessary l i n i n g  wear 
occurs  a s  wel l .  

When machinery must operate  i n  dus ty  a r eas ,  t h e  maintenance problems a r e  
compounded. Dust may i n f i l t r a t e  brakes ,  a i r  f i l t e r s ,  hydrau l ic  l i f t s ,  and 
o t h e r  c r i t i c a l  components. The abras ive  e f f e c t  of  t h i s  f i n e  m a t e r i a l  i s  ap t  
t o  r e s u l t  i n  f requent  and c o s t l y  c lean ing  o r  replacement of t hese  i t ems .  

E s s e n t i a l l y ,  t h e  i tems r e l a t e d  t o  d e t e r i o r a t i o n  of road su r f aces  a r e  
weather ,  haulage v e h i c l e s  c o n s i s t e n t l y  following a s i m i l a r  pa th  i n  t h e  haulage 
l a n e ,  and s p i l l a g e .  Because these  f a c t o r s  a r e  de f inab le ,  road maintenance 
should begin wi th  an i n t e n s i v e  e f f o r t  t o  incorpora te  prevent ive  r a t h e r  than 
c o r r e c t i v e  procedures. 

Roadside d i t ches  and c u l v e r t s  should be  p e r i o d i c a l l y  inspected and 
cleaned t o  insure  t h a t  no obs t ruc t ions  a r e  p re sen t .  I f  no t  c leared ,  t h e  d ra in -  
age  f a c i l i t i e s  may overflow i n  wet weather and cause e ros ion  of t h e  road sur -  
f a c e  o r  s a t u r a t i o r  of subbase m a t e r i a l s .  Maintenance crews equipped w i t h  hand 
t o o l s  o r  machinery such a s  dozers ,  loaders ,  and sc rape r s  should be deployed a t  
predetermined i n t e r v a l s  t o  see  t h a t  a l l  d i t c h  flow l i n e s  a r e  f r e e  of d e b r i s .  

I f  heavy haulage v e h i c l e s  cont inue  t o  use t h e  same pa th  i n  t h e i r  respec- 
t i v e  haulage lanes ,  t h e  concent ra t ion  of load w i l l  even tua l ly  c r e a t e  r u t s  o r  
furrows.  To prevent t h i s  condi t ion ,  mine ope ra to r s  should encourage d r i v e r s  
t o  u se  d i f f e r e n t  a r eas  of t h e  haulage lane .  



S p i l l a g e  o f  m a t e r i a l  from over loaded haulage  v e h i c l e s  i s  a s i g n i f i c a n t  
problem a t  many mines .  I f  s p i l l a g e  i s  n o t  prevented  o r  i f  t h e  m a t e r i a l  i s  
a l lowed 1-0 remain on t h e  haulage  r o u t e ,  unnecessa ry  bumps or 'mounds w i l l  e x i s t .  
T h e r e f o r e ,  e v e r y  e f f o r t  must b e  made a t  t h e  l o a d i n g  p o i n t  t o  p r e v e n t  equipment 
from b e i n g  heaped beyond t h e  l i m i t  t h a t  can be  he ld  w i t h i n  t h e  c o n t a i n i n g  
v e s s e l .  

During p e r i o d s  of d r y  wea the r ,  o r  i n  c o n s i s t e n t l y  d r y  envi ronments ,  d u s t  
may become a problem, e s p e c i a l l y  on g r a v e l  o r  crushed s t o n e  s u r f a c e s .  To 
a l l e v i a t e  t h i s  s i t u a t i o n ,  w a t e r  t r u c k s  f i t t e d  w i t h  s p e c i a l  s p r i n k l e r  sys tems 
should  b e  employed. I f  d u s t  problems a r e  s e v e r e ,  t h e  o p e r a t o r  should  c o n s i d e r  
a p p l y i n g  chemical  a d d i t i v e s .  The i n c o r p o r a t i o n  o f  c h l o r i d e  s a l t s  w i t h  g r a v e l  
o r  c rushed  s t o n e  s u r f a c e s  w i l l  enhance m o i s t u r e  r e t e n t i o n  and e l i m i n a t e  t h e  
need f o r  f r e q u e n t  road w e t t i n g .  

Adherence t o  t h e  p r e v e n t i v e  measures  d i s c u s s e d  can s i g n i f i c a n t l y  r educe  
hau lage  road maintenance  problems. However, they  a r e  n o t  a  comple te  s o l u t i o n .  
Abnormal s u r f a c e  c o n d i t i o n s  w i l l  o c c u r  p e r i o d i c a l l y  t h a t  r e q u i r e  a d d i t i o n a l  
road  maintenance  p rocedures .  

On more permanent s u r f a c e s  such a s  a s p h a l t i c  c o n c r e t e ,  s u r f a c e  depres -  
s i o n s  should  b e  c o r r e c t e d  w i t h  a s p h a l t i c  p a t c h e s  and e i t h e r  hand-tamped o r  
r o l l e d  i n t o  p l a c e .  When s e v e r e  d e p r e s s i o n s  occur  on well-packed g r a v e l  
s u r f a c e s ,  t h e  su r round ing  a r e a  should  b e  s c a r i f i e d ,  f i l l e d ,  and recompacted t o  
an even c o n s i s t e n c y .  

A motor g r a d e r  should b e  used c o n t i n u a l l y  t o  m a i n t a i n  c r o s s  s l o p e s ,  
remove s p i l l s ,  and t o  f i l l  and smooth s u r f a c e  d e p r e s s i o n s  a s  t h e y  o c c u r .  When- 
ever t h e  motor g r a d e r  i s  used,  c a r e  must be  t aken  t o  avoid  push ing  was te  i n t o  
d r a i n a g e  f a c i l i t i e s  and t h e  p r o t e c t i v e  f a c e s  of  s a f e t y  berms. Accumulated 
m a t e r i a l  from t h e  procedure  should b e  removed t o  s p e c i a l l y  d e s i g n a t e d  a r e a s .  

Ice and snow, whenever t h e y  o c c u r ,  must b e  comple te ly  removed from t h e  
haulageway u s i n g  a motor g r a d e r  o r  o t h e r  a p p r o p r i a t e  equipment. S p e c i a l  a t t e n -  
t i o n  t o  t h e  removal o f  snow and ice  i s  r e q u i r e d  on a s p h a l t i c  c o n c r e t e  and 
o t h e r  smooth s u r f a c e s .  The c l o s e - k n i t  t e x t u r e  o f  t h e s e  m a t e r i a l s  make them 
s u s c e p t i b l e  t o  r a p i d  g l a z i n g  i n  f r e e z i n g  wea the r .  Consequently,  they  become 
s l i c k  and a d e f i n i t e  hazard t o  v e h i c l e  c o n t r o l l a b i l i t y .  Measures such a s  s a l t -  
i n g  o r  c i n d e r i n g  must b e  implemented immediately under t h e s e  c o n d i t i o n s .  

A l l  a r e a s  where l o o s e  m a t e r i a l  i s  employed t o  i n c r e a s e  r o l l i n g  r e s i s t a n c e  
and v e h i c l e  r e t a r d a t i o n  (escape  l a n e s ,  median berms) should b e  p e r i o d i c a l l y  
checked f o r  l o o s e  c o n s i s t e n c y .  I f  t h e s e  a r e a s  become compacted, a  b u l l d o z e r  
equipped w i t h  s c a r i f y i n g  equipment should  b e  used t o  b reak  t h e  s u r f a c e .  

VEHICLE MAINTENANCE CRITERIA 

Mine haulage  c o s t s  o f t e n  r e p r e s e n t  up t o  50% of t o t a l  mining c o s t s  and 
sometimes a s  much a s  25% of t h e  o v e r a l l  o p e r a t i n g ,  overhead,  and o t h e r  c o s t s  



of the entire mining operation.13 An item of this magnitude deserves, and gen- 
erally gets, the major share of maintenance attention. 

Most mining companies generally provide for regular, extensive mainte - 
nance inspections of their haulage vehicles. Some require daily inspection of 
such things as system pressures and integrity, tire pressure, fluid levels, 
electrical system continuity, belt tension, etc. Periodic maintenance (daily, 
weekly, or by hours of operation) is done to replace filters, change oil, 
grease fittings, clean air filters and breathers, clean and fill batteries, 
etc. Periodic inspection is required for brake systems pressure, brake lin- 
ings,wheelbearings, cab controls and accessories, etc. Repair and replace- 
ment of components such as engine, transmission, rearend, axle, etc., is 
performed as required. Many companies require the truck drivers to file daily 
reports on vehicle condition. An example of a maintenance checklist is shown 
in the appendix. 

During maintenance checks, special attention should be given to all brake 
system components to see that they are properly adjusted to manfacturer's 
specifications. A vehicle with improperly maintained service brakes, or 
pressure leakage in the brake components, whfch causes activation of the 
emergency brake system, could result in unequal brake application and exces- 
sive heating of one drum. Because ignition of brake system components and 
flame propagation to other truck areas is not uncommon, fire extinguishers 
have become standard equipment. In addition, improper adjustment of one or 
more linings places total dependence on the others. If uncorrected, the 
brakes that are functioning properly will experience excessive and unnecessary 
wear. 

Although this checklist adequately covers those maintenance items that 
are to be checked on a 500-hour operating cycle, a daily log should be kept 
for each piece of equipment. This log book serves to record any difficulties 
or equipment anomalies experienced by each driver. Items that require repair 
or adjustment should be noted in the log book for the review of the next 
driver. If the maintenance item is of sufficient magnitude to affect the 
operating integrity of the equipment, a notation should be made in the log, 
and a notification filed with the maintenance foreman. Through this procedure, 
an operator starting the shift is made aware of the condition of the equipment 
and can check to see that repairs have been performed. After repairing any 
equipment malfunctions, the mechanic or electrician performing the work should 
be required to initial the log entry, and file an independent report to his 
foreman with a copy to the production foreman, if applicable. At the end of a 
specified period (1 to 2 weeks), the maintenance foreman should be required to 
review equipment log books to familiarize himself with minor problems being 
experienced by the operators. Log pages should be signed, dated, and filed 
within a master log kept for each piece of equipment. 

Any equipment maintenance program must be governed by the individual oper- 
ation. !The foregoing example indicates how the responsibility for equipment- 
maintenance can be distributed to guarantee that adequate checks are conducted 

'a~urton, A. K. Off-Highway Trucks in the Mining Industry, Part I. Min. Eng., 
v. 27, 1975, pp. 28-34. 



and responsive ac t ions  a r e  taken.  However, t he  u l t ima te  r e s p o n s i b i l i t y  f o r  
s a f e  day-to-day opera t ion  of haulage equipment depends on t h e  equipment opers -  
t o r .  Since any d e f i c i e n c i e s  w i l l  a f f e c t  s a f e ty ,  t h e  d r i v e r  lshould pe r sona l ly  
i n s u r e  t h a t  h i s  machinery func t ions  proper ly  before  beginning work. 

Every mining company should i n i t i a t e  a  program t o  educate d r i v e r s  i n  t h e  
performance of p reopera t iona l  equipment checks. For most types  of haulage 
equipment, a  p reopera t iona l  check w i l l  r equ i r e  no more than 15 t o  20 minutes 
p r i o r  t o  each work s h i f t .  The preopera t iona l  check of machine components by  
t h e  d r i v e r  w i l l  be l imi ted  t o  i tems t h a t  a r e  c r i t i c a l  t o  s a f e  opera t ion ,  and 
t h e  minimal time expendi ture  w i l l  be compensated by s a f e r  veh ic l e  opera t ion .  

A gene ra l  i n d i c a t i o n  of t h e  manner i n  which a  d r i v e r ' s  maintenance pro- 
gram can be  conducted i s  de l inea t ed  by SAE-recommended p r a c t i c e  J153. However, 
t h e  procedures s e t  f o r t h  t h e r e i n  dono t  encompass t h e  numerous component d i f f e r -  
ences  inheren t  t o  va r ious  types  of l a r g e  haulage veh ic l e s .  The p rec i se  manner 
i n  which preopera t iona l  checks should be conducted f o r  each equipment type can 
be e s t a b l i s h e d  through t h e  manufacturer and maintenance foreman. 

Following i s  a  l i s t  of i tems t h a t  should be considered e s s e n t i a l  t o  an 
e f f e c t i v e  p reope ra t iona l  s a f e t y  check. This  l i s t  may o r  may not apply t o  
s p e c i f i c  equipment. types and i s  not e n t i r e l y  comprehensive. However, i t  does  
i l l u s t r a t e  a  major i ty  of t h e  primary s t eps  requi red .  

I. Vehicle a t  res t - -park ing  brakes  engaged, wheels blocked 

A.  Inspect  v i s i b l e  body and chas s i s  components f o r  damage, 
i n t e g r i t y ,  and opera t ion  where app l i cab le  

1. Windows 

2.  Mirrors  

3 .  Wipers 

4.  L ights  (brake,  parking, s e rv i ce  d r ive ,  backup, and tu rn )  

5. Doors (cab and compartment access )  

6 .  Guards (component shrouds, e l e c t r i c  cab le  i n s u l a t i o n ,  e t c . )  

7 .  Wheels and t i r e s  ( t r ead ,  rock e j e c t o r s ,  lock r ings ,  
mounting lugs ,  and t i r e  p ressure)  

8. S teer ing  ( con t ro l  arms and s t a b i l i z e r  ba r s )  

9 .  Suspension (shock and spr ing  mounts) 

10. Control  l i n e s  (hydrau l ic ,  pneumatic, mechanical cab les ,  and 
e l e c t r i c  cab le s )  



11. A i r  tank moisture r e l i e f  valves 

1 2 .  Connections a t  dynamic brake gr ids  

13. Face of engine rad ia to r  core 

14. Seat and sea tbe l t  mounts 

B .  Check a l l  accessible reservoirs  f o r  proper f l u id  levels  

1. Brake 

2. Steering 

3 .  Fuel 

4 .  Radiator 

5 .  Engine lubricant  

6 .  Hydraulic r e ta rder  

7 .  Transmission 

8. Bat ter ies  

C .  Clean cab of a l l  debris  and secure t oo l s ,  f i r e  extinguisher,  
roadside f l a r e s  , e t c  . 

11. Engine running, transmission i n  neu t ra l ,  parking brake engaged, 
wheels blocked 

A .  Inspect v i s i b l e  chass is  components for  leaks 

1. Control l ines  (hydraulic,  pneumatic, and e l e c t r i c a l )  

2.  A i r  tanks 

3 .  Hydraulic pumps 

4. A i r  compressors 

5. Exhaust t ransfer  pipes 

6. Coolant l ines  

7 .  Radiator(s) 

8. Dynamic braking g r id  blower 

B. Check operation of in-cab gages and controls  

1. Temperature ( o i l  and water) 

2. Pressure ( a i r  and hydraulic) 



3 .  Tachometer 

4. Airf low-res t r i c t i o n  indicators 

5. Ammeter 

6. Hydraulic servoacutators 

7 .  Accelerator 

8. Retarder 

9. Service brake 

10. Road -condition switch 

11. A l l  system engagement indicator l i gh t s  

12. Steering 

13. Horn 

14. Backup warning 

15. Engine shutdown 

16. Emergency engine shutdown 

17.  Ground f a u l t  breaker 

111. Vehicle i n  motion on level  surface a t  low speed 

A .  Check for  proper operation of primary controls  

1. Steering 

a .  Under power 

b. Engine off t o  insure i n t eg r i t y  of emergency a s s i s t  

2. Braking 

a .  Retarder' 

b. Service brakes under power 

c.  Service brakes with engine off 

3 .  Transmission 

B .  Listen for  unusual noises 



Any component f a u l t s  d e t e c t e d  by t h e  o p e r a t o r  d u r i n g  t h i s  t y p e  o f  i n s p e c -  
t i o n  should  b e  noted and r e p o r t e d  i m n e d i a t e l y  t o  t h e  maintenance  s u p e r v i s o r .  
The f i n a l  d e t e r m i n a t i o n  a s  t o  t h e  s e v e r i t y  of  a  d e t e c t e d  f a u l t ,  and whether  
t h e  equipment i s  o r  i s  no t  s a f e  t o  o p e r a t e ,  can b e s t  be  de termined by main te -  
nance  p e r s o n n e l .  

RUNAWAY -VEHICLE SAFETY PROVISIONS 

The l a r g e  s i z e  of haulage  v e h i c l e s  p r e c l u d e s  u s e  o f  c o n v e n t i o n a l  v e h i c l e  
a r r e s t i n g  o r  impact a t t e n u a t i o n  d e v i c e s  t o  s t o p  a  runaway. I n  hau lage  opera -  
t i o n s  w i t h  a d v e r s e  g rades ,  r e t a r d e r  f a i l u r e  has  r e s u l t e d  i n  l o s s  o f  l i f e  and 
s u b s t a n t i a l  p r o p e r t y  damage. Some s a f e t y  p r o v i s i o n s  should  b e  i n c o r p o r a t e d  
i n t o  hau lage  road des ign  t o  guard a g a i n s t  t h e  consequences o f  runaway v e h i c l e s .  

The pr imary  des ign  c o n s i d e r a t i o n  f o r  runaway v e h i c l e  p r o t e c t i o n  i s  t h e  
r e q u i r e d  spac ing  between p r o t e c t i v e  p r o v i s i o n s .  I f  a  runaway s i t u a t i o n  should 
occur ,  t h e  d r i v e r  must encoun te r  a s a f e t y  p r o v i s i o n  b e f o r e  h i s  t r u c k  i s  t r a v e l -  
i n g  too  f a s t  t o  maneuver. The t o p  speed a t  which t h e  d r i v e r  can m a i n t a i n  con- 
t r o l  ( s t e e r i n g )  of  a  p a r t i c u l a r  v e h i c l e  i s  d e s i g n a t e d  "maximum p e r m i s s i b l e  
v e h i c l e  speed." A s i n g l e  v e l o c i t y  cou ld  have been i d e n t i f i e d  a s  t h e  recom- 
mended maximum f o r  a l l  s a f e t y - p r o v i s i o p  e n t r a n c e s .  However, t h e  u l t i m a t e  
speed  a t  which a  d r i v e r  can  s t i l l  m a i n t a i n  s t e e r a b i l i t y  and guidance  of  h i s  
v e h i c l e  v a r i e s  accord ing  t o  m a n u f a c t u r e r ' s  d e s i g n ,  road c o n d i t i o n ,  and opera -  
t o r ' s  e x p e r i e n c e .  The speed t o  a c c e p t  a s  a  g u i d i n g  c r i t e r i o n  f o r  t h e  s p a c i n g  
o f  runaway p r o t e c t i v e  d e v i c e s  can  b e s t  b e  de termined th rough  a  c o o p e r a t i v e  
e f f o r t  between t h e  o p e r a t o r s  and management a t  e a c h  mine s i te .  

On t a b l e s  13 and 14, d i s t a n c e s  between runaway-truck s a f e t y  p r o v i s i o n s  
a r e  g i v e n  f o r  v a r i o u s  road g r a d e s  and maximum p e r m i s s i b l e  v e l o c i t i e s  o r  
t e r m i n a l  v e h i c l e  v e l o c i t i e s .  They app ly  t o  any t y p e  of  runaway-protec t ion  
d e v i c e ,  and d e l i n e a t e  t h e  d i s t a n c e  i n  f e e t  r e q u i r e d  between safe ty-measure  
e n t r a n c e s  f o r  a  t r u c k  t o  avoid  exceed ing  t h e  maximum p e r m i s s i b l e  v e h i c l e  speed .  

The t a b l e s  i l l u s t r a t e  d i f f e r e n c e s  i n  spac ing  r e q u i r e m e n t s  a s  they  a r e  
a f f e c t e d  by i n i t i a l  downgrade speed a t  t h e  t ime t o t a l  b r a k e  system f a i l u r e  
o c c u r s .  I n i t i a l  t r u c k  speed a t  l o s s  of  b r a k i n g  and r e t a r d a t i o n  was assumed t o  
b e  20 mph f o r  t a b l e  13  and 10 mph f o r  t a b l e  14 .  Although o p e r a t i n g  speeds  may 
v a r y  c o n s i d e r a b l y  depending on p o l i c i e s  a t  each mine,  10- and 20-mph i n i t i a l  
v e l o c i t i e s  c o n s t i t u t e  a  s u f f i c i e n t  r ange  f o r  t h e  g r a d e s  g iven .  



TABLE 13. - Distance between runaway t ruck  s a f e t y  provis ions,  f e e t  

( I n i t i a l  speed a t  brake f a i l u r e  i s  20 mph) 

Equivalent downgrade, 1 Maximum permissible veh ic l e  speed o r  terminal  speed 

1,755 2,139 
1,254 1,528 

823 
585 7 13 

:nus roadway 

percent 

1 .................,... 
3 . . . . . . . . . . . . . . . . . . . . .  
5 .  .................... 
7 . .  ................... 
g . . . . . . . . . . . . . . . . . . . . ,  

11 ..................... 
13 ..................... 
15..  ................... 

r o l l i n g  r e s i s t a n c e  (pounds per ton) .  

TABLE 14.  - Distance between runaway t ruck  s a f e t y  provis ions,  f e e t  

NOTE.--Equal t o  haulage road downgrade (percent  divided by 100) . 

a t  entrance t o  sa fe ty  provisic 

( I n i t i a l  speed a t  brake f a i l u r e  i s  10 mph) 

2 5 
752 
251 
151 
108 
84 
69 
58 
51 

Equivalent downgrade, I Maximum permissible  veh ic l e  speed o r  terminal  speed 

3 0 
1,671 

5 57 
335 
239 
186 
152 
129 
112 

Computation of va lues  was accomplished through the  formula 

percent  

l..................... 
3 . . . . . . . , . . . . . . . . . . . . .  
5 ..................... 
7 . . . . . . . . . . . . . . . . . . . . .  
g . . . . . . . . . . . . . . . . . . . . .  

11 ..................... 
13.. .................., 

................... 15.. 

S = A V ~  
2g (s ine  -b) '  

35 
2,757 

919 
552 
394 
307 
251 
212 
184 

where S = d i s t ance  t rave led  u n t i l  "maximum permissible  vehic le  speed" o r  
entrance t o  runaway truck s a f e t y  provis ion i s  reached, f e e t ;  

NOTE.--Equal t o  haulage road downgrade (percent divided by 100) minus roadway 
r o l l i n g  r e s i s t a n c e  (pounds per ton).  

a t  entrance t o  s.afety provis ion,  mph 

AV = d i f f e rence  i n  ve loc i ty  between t r a v e l  speed a t  l o s s  of braking 
and r e t a r d a t i o n  and the  speed of t r a v e l  a t  s a f e t y  provis ion,  
f e e t  per  second; 

40 
4,010 
1,337 

802 
57 3 
446 
365 
309 
268 

15 
418 
140 
84 
6 0 
47 
38 
33 
28 

0 = angle of descent ,  degrees; 

b =, c o e f f i c i e n t  of r o l l i n g  r e s i s t a n c e  (expressed a s  a mean value 
of 0.05 t o  encompass the major i ty  of mine road and t i r e  s i t u -  
a t i o n s ) ,  dimensionless. 

45 
5,431 
1,811 
1,086 

776 
604 
494 
418 
36 2 

2 0 
1,003 

335 
201 
144 
112 
9 2 
78 
67 

5 0 
7,018 
2,340 
1,404 
1,003 

780 
638 
540 
46 8 

2 5 
1,755 

585 
351 
251 
195 
160 
135 
117 

30 
2,674 

892 
535 
38 2 
2 97 
243 
206 
17 9 

35 
3,760 
1,254 

752 
537 
418 
342 
290 
251 

40 
5,013 
1,671 
1,003 

7 16 
557 
456 
386 
335 

45 
6,433 
2,145 
1,287 

919 
7 15 
585 
495 
429 

5 0 
8,021 
2,674 
1,604 
1,146 

892 
730 
6 17 
535 



The following sections discuss two types of runaway vehicle safety provi- 
sions. Their spacing should be established in conformance with the recommenda- 
tions set forth in the preceding discussion. 

Runaway-Vehicle Collision Berms 

As research into berms and runaway truck protection progressed within 
this project, an innovative design from Australia was investigated and found 
to have considerable merit. Utilizing an intermittent triangular berm con- 
structed in the middle of a haulage road, Australian mining companies have 
been able to almost eliminate problems with runaway vehicles. 

These runaway-vehicle collision berms are constructed of nonconsoli- 
dated screened fines and placed at crucial points within the haulage operation. 
If the brakes and retarder of a vehicle fail during operation, the driver 
alines the vehicle so that it straddles the collision berms, and rides the 
vehicle to a stop. This type of median design is actually a simplified form 
of vehicle-arresting device. The most critical design aspects of this type of 
berm are the spacing between the berm sections and the height of the berm in 
relation to the undercarriage of the vehicle. The spacing between berms must 
be sufficient to allow a runaway vehicle to aline itself with the berm before 
impact. If properly alined, the vehicle will shear off that portion of the 
berm above the undercarriage, expending energy through momentum transfer, 
rolling resistance, and frictional action until stopped. If improperly alined, 
the vehicle could overturn, Accordingly, adequate space between berms must be 
maintained to allow the driver time to position his vehicle with respect to 
the berm. 

Typical sections of these berms with sizing and spacing criteria are 
shown in figures 26 and 27. 

A table is provided with figure 26 to show approximate sizing for various 
tonnage vehicles. Ranges are given rather than specific dimensions since each 
berm design must be governed by the height of undercarriage and wheel track of 
the vehicle for which the berm is designed. Where vehicles of different sizes 
are operating concurrently on a haulage road, the berm should be sized primar- 
ily according to the wheel track of the larger vehicle, since smaller vehicles 
will be stopped on the "entrance ramp" to the berm. The simplicity and 
economic attractiveness of this design lends itself well to practically any 
haulage operation. For haulage roads with less severe grades and associated 
fewer problems with runaway vehicles, collision berms may be located in criti- 
cal areas only. 

A prerequisite to the use of berms is the ability to economically build a 
road of sufficient width to accommodate them. Another factor is the necessity 
of using screened fines in the construction. Depending upon the type of 
operation, a mobile crusher could be used to facilitate the construction and 
maintenance of the berm. 
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FIGURE 26, - Runaway-vehicle collision berms, 
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FIGURE 27; - Median application of coil ision berms. 



Median berms are most effective at reduced vehicle velocities. The 
drivers of haulage vehicles must be instructed in the proper use of the median 
berm and taught to rely upon it as a first-line emergency maneuver and before 
the vehicle has accelerated beyond a reasonable speed. 

At one mine site in Australia with extremely severe grades (8% to 12%), 
these median collision berms have been in use for 3 years. Within that time, 
runaways have occurred on an average of once every 2 to 3 months. In all 
cases except one, the vehicles were safely stopped with usually only minor dam- 
age to the undercarriage. In the one incident where the vehicle was not 
stopped, the berm slowed the truck to the point where the driver could safely 
steer into the cut side of the bench. 

Prior to incorporating this device in temperate climate areas, careful 
consideration must be given to required maintenance. The majority of surface- 
mining States experience freeze conditions during winter months. If collision 
berms are not protected from solidification in these periods, a vehicle could 
be severely damaged in an encounter. If climate at the mine site has this 
potential, collision berms must be constantly checked, and where freezing 
occurs, the berms must be agitated to achieve their former unconsolidation. 
In cases where freezing and/or excessive rainfall is a constant problem, a 
protective covering of material such as polyethylene or an alternate safety 
provision is recommended. 

Escape Lanes 

Escape lanes for control of runaway vehicles have been used extensively 
on mountain highways in the United States. Relatively simple in design and 
successful in application, escape lanes are relied upon by highway designers 
for use on long, sustained grades. 

Escape lanes have good potential for intercepting and stopping runaway 
haulage vehicles. However, they may be expensive to construct and maintain, 
depending on site conditions. Costs incurred in construction are primarily 
attributed to bench excavation and roadbed preparation. 

Emergency escape lanes have three basic areas of design and construction: 
entrance areas, deceleration areas, and stopping areas. Each of these will be 
discussed separately. 

Entrance 

The entrance from the main haulageway is perhaps the most important 
design and construction consideration of an escape lane. Entrance areas must 
be spaced according to maximum permissible vehicle speed and percent grade of 
the main haulage road. Included within the entrance area are vertical curve 
transitions, hori<zontal curve development (including superelevations), and 
lane development. Care must be taken that any horizontal curve can be nego- 
tiated by the runaway vehicle. Table 15 lists maximum horizontal curves as 
related to vehicle entrance speeds and superelevations. Superelevations less 
than 0.06 fpf or greater than 0.10 fpf are not recommended due to difficulties 
with curve development and drainage. 



TABLE 15. - Maximum permissible  h o r i z o n t a l  curves 
f o r  escape lane  en t rance  

Superelevat ion,  
f e e t  

0.0611 ............ 
0.0811 ............ 
0.1011 ............ 

Another important element of proper en t rance  design i s  lane width.  The 
lane  must be wide enough t o  acconnnodate t h e  v e h i c l e  but not so wide a s  t o  
r e q u i r e  excess ive  cons t ruc t ion  e f f o r t .  Recommended minimum lane widths  f o r  
escape l a n e s  a r e  presented i n  t a b l e  16 f o r  va r ious  v e h i c l e  ca t ego r i e s .  

0.06/1 ............ 
0.0811 ............ 
0.10/1.. .......... 

TABLE 16. - Recommended escape lane  widths 

Vehicle  speed a t  escape l a n e  entrance,  mph 

Decelerat ion 

The major con t r ibu t ion  of an escape lane  t o  dece l e ra t ion  of a  runaway 
v e h i c l e  i s  t h a t  of reverse  grade.  The g r e a t e r  t h e  r eve r se  grade of an escape- 
way, t h e  l e s s  length  required.  Table 17 r e l a t e s  escapeway lengths  t o  v e h i c l e  
en t rance  v e l o c i t i e s  and percent  grade of t h e  escape lane .  The formula used i n  
computing escapeway length  i s  

55 

where 

and 

50 40 

Degrees 
6  
7 
7 

S = v2 
2g ( s i n  8 + b) '  

Degrees 
8 
8 
9 

45 
Degrees 

12 
13  
14 

Radius, f t  
930 
835 
7 96 

6 0  

S = requi red  l eng th  of escape lane f o r  dece l e ra t ion  from entrance 
speed t o  a  f u l l  s t o p ,  f e e t ;  

Radius, f t  
7 16 
7 16 
6 37 

Degrees 
10 
10 
11 

Radius, f t  
47 7 
44 1 
40 9 

65 
Degrees 

5  
6  
6  

V = entrance speed from t a b l e s  13 and 14, f p s ;  

Radius, f t  
596 
57 8 
235 

Degrees 
4  
5  
5 

Radius, f t  
1,146 

955 
955 

b = c o e f f i c i e n t  of r o l l i n g  r e s i s t a n c e ,  dimensionless;  

Radius, f t  
1,432 
1,146 
1,146 

0 = angle  of ascent ,  degrees .  



It i s  important t o  note  t h a t  a c o e f f i c i e n t  of r o l l i n g  r e s i s t a n c e  of 0.2 o r  400 
p p t  (pounds per  ton)  was used t o  compute t h e  d i s tances .  This va lue  i s  t he  
r e s i s t a n c e  o f f e red  by an unconsolidated sur face  m a t e r i a l  such a s  sand o r  loose 
e a r t h .  Escape lanes  should no t  be a con t inua t ion  of the  main haulage road, 
and a l l  normal road maintenance should cease  a t  t h e  end of t he  en t rance  a r e a .  
Escape lanes  a r e  most func t iona l  when r o l l i n g  r e s i s t a n c e  i s  high.  Poorly com- 
pac ted ,  deep, loose,  g ranular  ma te r i a l s  a r e  b e s t  s u i t e d  f o r  roadbed use i n  
d e c e l e r a t i o n  a r e a s  s ince  these  ma te r i a l s  tend t o  r e t a r d  v e h i c l e  movement. It 
should a l s o  be noted t h a t  d i s tances  g iven  i n  t a b l e  17 a r e  t o  be appl ied  from 
t h e  end of t h e  entrance a rea ;  t h a t  i s ,  a t  the  end of t h e  h o r i z o n t a l  and v e r -  
t i c a l  curves .  Also, su r f ace  m a t e r i a l  c h a r a c t e r i s t i c  of t h a t  used on t h e  main 
haulage road should be employed t o  t he  end of t hese  curves .  

TABLE 17. - Length of  escape lane,  f e e t  

Grade of escape l ane ,  I Vehicle speed a t  en t rance  
percent  ;;CIj;51~n;~ i ~ 5  

................... 20 19 53 103 170 253 
15 ................... 22 60 117 194 289 
10. .................. 25 70 137 225 337 
5. .................. 1 30 1 84 1 164 1 271 1405 

NOTE.--Assumes c o e f f i c i e n t  of  r o l l i n g  r e s i s t a n c e  
is  400 ppt  o r  0 .2 .  

In t h i s  manner, a s a f e  t r a n s i t i o n  from hard t o  loose s u r f a c e  can  be 
achieved. 

Stopping 

A f t e r  a v e h i c l e  has been slowed through t h e  d e c e l e r a t i o n  grade and high- 
r o l l i n g - r e s i s t a n c e  roadbed, i t  becomes necessary t o  s top  t h e  v e h i c l e  and pre-  
ven t  i t s  coas t ing  back down t h e  escape lane .  Approximately t h ree -qua r t e r s  of 
t h e  way up t h e  escape lane,  p rovis ions  f o r  s topping the  v e h i c l e  should begin. 
Stopping o r  a r r e s t i n g  techniques inc lude  t h e  following: 

1. A l e v e l  s ec t ion  of roadway a t  t h e  end of t h e  escape lane .  

2. Median Berm.--A median berm, cons t ruc ted  on the  escape lane ,  i s  one 
o f  t h e  most e f f i c i e n t  means f o r  v e h i c l e  a r r e s t .  Using t h e  same b a s i s  f o r  
des ign  a s  t h a t  presented i n  t he  previous sec t ion ,  median berms a r e  w e l l  s u i t e d  
f o r  use  i n  conjunct ion wi th  escape l anes .  

3.  Sand o r  Gravel o r  Mud Pi t s . - -Af te r  a v e h i c l e  has been slowed down on 
t h e  escape lane ,  a deep sand, g rave l ,  o r  mud f i t t e d  p i t  w i l l  cause t h e  wheels 
t o  become s tuck,  thus  p roh ib i t i ng  f u r t h e r  movement u n t i l  a s s i s t e d  by another  
v e h i c l e .  This  concept i s  very e f f e c t i v e  i f  p roper ly  maintained. 

4.  Road Bumps.--Road bumps, whether cons t ruc ted  by excava t ing  t renches  
o r  e s t a b l i s h i n g  mounds ac ros s  t he  lane ,  r e t a r d  v e h i c l e  movement by t rapping  



i n  "designed ru t s . "  Mounds o r  bumps must be thoroughly compacted t o  i n s u r e  
i n t e g r i t y  under t h e  weight of a t ruck .  

5. Manual S teer ing . - - I f  i t  i s  no t  p r a c t i c a l  o r  pos s ib l e  t o  do any of t h e  
foregoing,  o r  i f  t h e  runaway does not reach  t h e  "stopping area ,"  when t h e  t r u c k  
comes t o  r e s t  t h e  d r i v e r  should be t r a i n e d  t o  e i t h e r  engage t h e  t ransmiss ion  
i n  a  "park" pos i t i on ,  o r  s e t  an emergency brake ( i f  usab le ) ,  o r  engage t h e  
t ransmiss ion  i n  t h e  lowest pos s ib l e  gear  and t u r n  t h e  wheels away from t h e  
escape l ane  berm. 

F igures  28-30 d e p i c t  t y p i c a l  plan,  p r o f i l e ,  and s e c t i o n  views of  an 
emergency escape l a n e ,  

Upgrade - 
HAULAGE ROAD 

FIGURE 28. - Plan of haulage road escape lane, 

Deceleration Area 

Stopping 

FIGURE 29. - Profi le of haulage road escape lane. 



 escape Lane - 

Resistance 
Materials 

FIGURE 30; - Cross section of haulage road escape lane, 
CONCLUSIONS 

Surface mining, regardless of mineral commodity being sought through its 
inception, is a highly competitive business and, like any other business, a 
beneficial cost-to-profit ratio must be maintained. It is important to insure 
that cost efficiency does not impinge upon the intangible aspects of mining 
such as operator safety and proper equipment utilization. From the sites 
selected as being representative of typical mining operations, it became 
apparent that in many instances haulage road construction is not considerate 
of operator safety; not as a result of disregard, but rather a lack of aware- 
ness of correct design principles. The most obvious disparity between exist- 
inghaulageroad construction practices and criteria recommended for safety 
lies in the areas of alinement and drainage. 

Sustained haulage road gradients at many eastern surface mines exceed the 
10% maximum stipulated for safety in the Haulage Road Design Study. In most 
cases, the rationale for constructing a greater gradient is obvious--to keep 
haulage distances as short as possible through steep mountainous terrain. 
Superelevation on curves, tangent roadway cross slopes, and vertical curves at 
grade crests are other design factors seldom applied. 

In general, application of adequate roadway drainage provisions are also 
lacking. Severely scoured and rutted road surfaces, roadside ditches eroded 
to excessive depths, water-filled depressions in the roadway, and unstable or 
slippery road segments are common sights throughout the eastern surface-mining 
region. 

As illustrated by table 18, costs associated with haulage road construc- 
tion to remedy safety hazards such as those mentioned can be considerable. At 
the surface coal mine sites, for example, construction expenditures exceed 
$200,000. It must be noted, however, that the haulage roads of each of the 



s u r f a c e  c o a l  mines were s u b j e c t e d  t o  major d e s i g n  r e v i s i o n s ;  t h u s ,  c o s t s  f a r  
exceeded t h o s e  f o r  t h e  q u a r r y  o p e r a t i o n  where o n l y  minor r e v i s i o n s  t o  e x i s t i n g  
roadway were made. Also ,  t h e  c o s t s  a s s o c i a t e d  w i t h  s t u d y - s i t e  r o a d s  were  
acc rued  a s  a  r e s u l t  of changes  t o  e x i s t i n g  c o n d i t i o n s .  I f  t h e  d e s i g n s  recom- 
mended h e r e i n  had been i n c o r p o r a t e d  d u r i n g  c o n s t r u c t i o n ,  t h e  c o s t  o f  t h e  
proposed roadways would have been l i t t l e  more t h a n  t h a t  of  t h e  roadways now 
b e i n g  used.  Of course ,  i t  would b e  u n r e a l i s t i c  t o  assume t h a t  t h i s  s i t u a t i o n  
w i l l  p r e v a i l  a t  a l l  m i n e s i t e s ;  however, i t  does  a p p l y  i n  a  m a j o r i t y  of  c a s e s .  

TABLE 18. - P r o d u c t i o n - o p e r a t i n g - c o n s t r u c t i o n  c o s t  comparisons 

I S i t e  1 1 S i t e  2  I S i t e  3 

Produc t ion  p e r  s h i f t  
...... p e r  t r u c k  t o n s . .  ........ Load (minimum) 

T r a v e l  loaded 
............ (minimum) ........ Dump (minimum) 

T r a v e l  empty 
(minimum) ............ 

Truck c a p a c i t y .  , t o n s . .  1 35 1 35 1 20 1 20 1 50 1 50 
OPERATING COSTS PER TRUCK PER SHIFT 

R e p a i r  ................I $44.82 I $24.48 $63.54 

PRODUCTION 

............. P a r t s . . . .  
Fuel . . . . . .  ............ 
Lubr ica t ion . . . . . . . . . . .  

E x i s t i n g  

1 ,480 
4 . 2 5  

2.90 
1 .OO 

1.58 

Road b a s e  and s u r f  ace .  1 300 I 80,000 I 110,000 

Revised 

1,520 
4 .25 

2.65 
1.00 

1.47 

T i res . . . . . . . . . . . . . . . . .  24.00 
To ta l . . . . . . . . . . . .  116.76 

The b e n e f i t s  t o  be d e r i v e d  from s a f e  hau lage  road d e s i g n  and c o n s t r u c t i o n  
q u i t e  o f t e n  l i e  unseen a s  t h e  i n t a n g i b l e  f a c t o r s  o f  reduced a c c i d e n t s  and 
i n j u r i e s .  However, i n  many c a s e s ,  t h e  i n c o r p o r a t i o n  o f  c o r r e c t  d e s i g n  p r i n c i -  
p l e s  can i n c r e a s e  mine p r o d u c t i v i t y .  Tab le  18 i l l u s t r a t e s  t h i s  p o i n t  f o r  
s i t es  1 and 3. Haulage road  r e v i s i o n s  a t  b o t h  of  t h e s e  mines w i l l  i n c r e a s e  
hau lage  r a t e s  and, i n  do ing  so ,  reduce  o p e r a t i n g  c o s t s .  Moreover, i n c r e a s e d  
hau lage  road s a f e t y  w i l l  d e f i n i t e l y  reduce  a c c i d e n t  p o t e n t i a l .  I f ,  f o r  
example, t h i s  i n c r e a s e d  l e v e l  of  s a f e t y  p r e v e n t s  one a c c i d e n t  t h a t  would have  
d e s t r o y e d  a $150,000, 50- ton  hau lage  t r u c k ,  road c o n s t r u c t i o n  c o s t s  would b e  
a lmost  o f f s e t  a t  t h e  mining o p e r a t i o n s  cons ide red  d u r i n g  t h i s  s tudy.  

E x i s t i n g  

480 
5.00 

4.88 
3.25 

5.12 

CONSTRUCTION COST OF REDESIGNED HAULAGE ROAD 
Earthwork . . . . . . . . . . . . . I  $4,800 1 $70,000 I $90,000 

13.32 
67.32 

Drainage  .............. 

Perhaps  t h e  most r e l e v a n t  p o i n t  t o  b e  made concern ing  s a f e  haulage  road  
d e s i g n  i s  t h a t  r e g a r d l e s s  of  s i t e  c o n d i t i o n s  o r  economics, s a f e t y  p r o v i s i o n s  
can  and must b e  i n c o r p o r a t e d .  For  example, on e x c e s s i v e  g r a d i e n t s  t h a t  canno t  
be  f e a s i b l y  a l t e r e d ,  c o l l i s i o n  berms o r  e scape  l a n e s  can b e  provided,  t h r o u g h  

34.80 
167.04 

Revised 

456 
5  -00  

5 .43  
3.25 

5.32 

900 

E x i s t i n g  

2,160 
2  .OO 

3.43 
1.50 

2.03 

T o t a l .  ........... 120,000 

Rev i sed  

2 ,340 
2.00 

2.57 
1 .50  

2 .23  

6,000 
30,000 

27 0,000 230,000 



minor earthwork, t o  a r r e s t  runaway vehic les .  L i t t l e  time i s  requi red  f o r  a 
dozer  t o  cu t  roadside d i t c h e s  and t rucks  t o  provide dumped rock where e ros ion  
c o n t r o l  i s  necessary. The c rea t ion  of curve supere leva t ion  and tangent  c ros s  
s lope  a r e  always poss ib le  a t  l i t t l e  c o s t .  I f  recommended road-surface 
m a t e r i a l s  cannot be obtained,  t he  bes t  m a t e r i a l s  ava i l ab l e  can be appl ied  
toge ther  wi th  a f requent  road maintenance schedule t o  insure  cons is tency  and 
i n t e g r i t y .  



APPENDIX. --EXAMPLE OF 500-HOUR OPERATING MAINTENANCE CHECKLIST 6 7 
24 -HOUR MECHANICAL PREVENTIVE MAINTENANCE 

Unit No. Date S h i f t  Hourmeter Performed By Supervisor 

Check a l l  i tems l i s t e d  below--repairs  t o  be made during inspect2on. Major r e p a i r s  

not '  ab le  t o  be completed wi thin  the  24-hour mechanical preventive maintenance t o  be 
w r i t t e n  on a shop work order .  

Repairs 
1. Engine OK made 

A. Fuel  system 
Check: Fuel  pressure  a t  manifold-- 

65 l b  minimum a t  1,900 
r p r n . . . . . . . . . . . . . . . . . . . . .  D 

F i t t i n g s  and l i n e s  ........ Z 0 
F o r l e a k s . . . . . . . . . . . . . . . . .  C 

B. Cooling system 
Check: ~ a d i a t o r  andmounting b o l t s  

Waterpump................ 
Fanand bel ts . . . . . . . . . . . . .  
Fanhub,mount ingbol ts  

and brackets. . . . . . . . . . . .  
A l l h o s e s  and leaks . . . . . . .  
Fanshroud f o r  cracks. . . . .  

C. E l e c t r i c a l  system ............ Check: A l t .  charging. .............. B a t t e r i e s . .  ...... All l ights . . . . . . . . . .  
Revmalam. . . . . . . . . . . . . . . .  ..... For loose  connections 

D. Exhaust system ............... Check: Manifolds. 
Stacks... . . . . . . . . . . . . . . . .  
Turbos................... 

E. 
Check: 

F. 
Check: 

G. 
Check: 

A i r  system 
A i r  tubs ,  clamp t o  turbos  
Filters--2Oinchmaximum 

a t  f u l l  s t a l l  ........,.. O Ci 
A i r  tanks,  f r o n t  and r e a r .  L 1 - - 
A i r  box d r a i n  tubes. . . . . .  - - - 
Compressor............... - - 
A l l  connections and l i n e s .  5 
Condition of a i r  c l eaner  

boxes................... 0 0 

O i l  pressure  
Gage--full rpm no load 40 . 3 3 ...... 60 l b i d l e 4 t o l O l b  O C - ......... Engine o i l  l e v e l  2 - - 
For leaks................ C u 

Miscellaneous - 
A l l  leaks.. . . . . . . . . . . . . . .  u C 

7 - ...... O i l ,  f u e l ,  and water I-., i 

Engine mountings f r o n t  
and r e a r  f o r  t i g h t n e s s  and 
cracks... ............... 0 0 

Repairs  
2. S teer ing OK made 
Check: Main s t e e r i n g  pressure  - - 

2,400 p s i  ............... A - 
O i l  l e v e l  s l ave  system 

7 - - 
tank. . . . . . . . . . . . . . . . . . . .  - I - 

Slave s t e e r i n g  p ressure  
r-- - ................ 500 p s i .  1- - 

Steer ing valve hold down 
7 - 

bol t s . . . . . . . . . . . . . . . . . . .  L A 

Steer ing s tops ,  a d j u s t  i f  - 
necessary 2-314 inches. .  . Z - - 

Steer ing valve  washers... Z 
r- - O r b i t r o l  va lve . . . . . . . . . . .  - 4 

A l l  con t ro l s ,  l inkage,  
+ 

cyl inders ,  andbushings. .  - 
For leaksmain  s t e e r i n g a n d  - - . s lave  s t e e r i n g  system.. -- - 
Emergency s t e e r i n g  - / 

system.... .............. L - 
7 

Main h o i s t  pressure  2,200 . - C 

3. Brakes 
Check: Brake f l u i d  and - - 

breathers.. . . . . . . . . . . . . .  - - 
Lining th ickness  each 

m . . . . . . . . . . . . . . . . . . .  !L.J 
7 

LR................... a 

Brake convertor pressures  
1,300 t o  1,500 p s i  minimum Z 
.................... z 

7 Is'................... , 
7 Fm................... - - 

LR................... u 

Adjust a l l w h e e l b r a k e s  - ... and parkingbrake... . .  , - 
A l l  l i n e s  and f i t t i n g s . . . .  - 

7 ... Wheel s e a l s  f o r  l eaks .  

4. Transmission 
Check: O i l  l e v e l  a t  800 rpm...... C 

Mounting b o l t s  f r o n t  and 
t- rear.................... 

Pressures  a t  1,000 rpm i n  - 
each gear. . . . . . . . . . . , . . .  - 

R.................... 5 
N.................... E - 
lst.................. C - 
2nd... ............... , 
3rd. . . . . . . . . . . . . . . . . .  0 - 
4th.*. . . . . . . . . . . . . . .* - 

For noises . . . . . . . . . . . . . . .  C cI 



Repairs 
5. Final drive components OK made 
Check: Different.ia1 pinion seals, front and rear for leaks.................... 5 G 

Differential pinton bearings front and rear for slack.................. C C 
Differential mounting bolts.. ......................................... O O 

Planetary carrier bolts........................... ................... 0 
Planetary for l e a k s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 

6. Frame and chassis 
Check: Articulating hinge pins for slack and lubrication...................... O 0 

Frame for cracks........ ............................................ i3 
Ride struts--replace if 1 inch from bottoming out 
(bearings top and bottom of each ride strut) .......................... 0 U 

Rock knockers.............................. ......................... 0 
Damaged components....... ............................................. O G 
Box hinge pins for wear asd Lubrication... ............................. O 
Wishbones and bearings and for lubrication............ ................. G El ............................................................. Mud flaps. 0 0 
Dump box condition..................., good 0 fair poor U.... 

7. Cab 
Check: All instruments...............,................. ...................... O 0 

Seat.................................. ................................. C: Ci 
Heater................................................................. O 
Glass and mirrors . . . . . . . . . . , . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ci 0 
Window and door components.,.......... ............................ 0 
Windshield wipers and washers......................................... 0 0 
Lockout bolt 5th and 6th gear.......................................... 0 0 

8. Miscellaneous items 
Check: Wheel lugs.... ......................................................... 

Auto, lub., lines, fittings. ........................................... .................... Engine output bearing and center driveline bearing. 
Top driveline bolts.............,........ .............................. 
Rear driveline bolts............................................ ....... 
Front driveline bolts.................................................. 
Interaxle lockup ....................................................... 
Torque conv. lockup .................................................... 
Body kickout ........................................................... 
Bed pads ............................................................... 
Condition of hyd tank............ .......,.......,...................... 
Condition of fuel tank................................................. 
Bumper footstep, handrail catwalk.............. ........................ 
TOW c a b l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hood condition.........................,....... ........................ 
Check interlock timer.................................................. 

Remarks : 
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