
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 
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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 . 
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SME Mining 
Metal lurgical ,  and Petroleum Engineers, Inc . ,  
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Track1 

0.45 

.50 

.90 

.60 

.90 

.70 

.70 

.30 

.53 
.60 

.25 
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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  . 

0 . 8  

.7 

.6 

.5 

.4 

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.  ) 
40 

60 

100 
150 

200- 400 

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 .  
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318 i n c h .  .......................................... 
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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  

' p o r t l a n d  Cemenr A s s o c i a t i o n .  S o i l  Cement C o n s t r u c t i o n .  Chicago, I ll . ,  1956, 
99 PP. 

Wal lace ,  H. A , ,  and J.  R. Mar t in .  Asphal t  Pavement E n g i n e e r i n g .  McGraw-Hill 
Book Co., I n c . ,  New York, 1967, 340 pp. 



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 

gWork c i t e d  i n  f o o t n o t e  4. 
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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  

loMudd, S. W .  Su r face  Mining. American I n s t i t u t e  of  Mining, M e t a l l u r g i c a l ,  
and Pet ro leum Enginee r s ,  I n c . ,  New York, 1968,  p. 681. 
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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' 
A 

Variable Length 
r - 

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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TYPICAL CUT SECTION 

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. - 
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