
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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HORIZONTAL SCALE. THE RIGHT TO INTERSECT ION WITH 

PERFORMANCE CURVE. 
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RESISTANCE. 4. READ DOWN FOR VEHICLE SPEER 

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. 



a VEHICLE WEIGHT, 1,000 lb 
I. FIND VEHICLE WEIGHT ON LOWER LEFT 

HORIZONTAL SCALE. 

2. READ UP TO SLANTED TOTAL 
RESISTANCE. 
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SPEED, mph 
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4. READ DOWN FOR VEHICLE SPEED. 

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  
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