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

RUNAWAY -VEHICLE SAFETY PROVISIONS 

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

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

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

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



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

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

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

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

823 
585 7 13 

:nus roadway 

percent 

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

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

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

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

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

a t  entrance t o  sa fe ty  provisic 

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

2 5 
752 
251 
151 
108 
84 
69 
58 
51 

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

3 0 
1,671 

5 57 
335 
239 
186 
152 
129 
112 

Computation of va lues  was accomplished through the  formula 

percent  

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

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

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

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

35 
2,757 

919 
552 
394 
307 
251 
212 
184 

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

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

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

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

40 
4,010 
1,337 

802 
57 3 
446 
365 
309 
268 

15 
418 
140 
84 
6 0 
47 
38 
33 
28 

0 = angle of descent ,  degrees; 

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

45 
5,431 
1,811 
1,086 

776 
604 
494 
418 
36 2 

2 0 
1,003 

335 
201 
144 
112 
9 2 
78 
67 

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

780 
638 
540 
46 8 

2 5 
1,755 

585 
351 
251 
195 
160 
135 
117 

30 
2,674 

892 
535 
38 2 
2 97 
243 
206 
17 9 

35 
3,760 
1,254 

752 
537 
418 
342 
290 
251 

40 
5,013 
1,671 
1,003 

7 16 
557 
456 
386 
335 

45 
6,433 
2,145 
1,287 

919 
7 15 
585 
495 
429 

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

892 
730 
6 17 
535 



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

Runaway-Vehicle Collision Berms 

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

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

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

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

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



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

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

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

Escape Lanes 

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

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

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

Entrance 

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



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

Superelevat ion,  
f e e t  

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

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

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

TABLE 16. - Recommended escape lane  widths 

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

Decelerat ion 

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

55 

where 

and 

50 40 

Degrees 
6  
7 
7 

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

Degrees 
8 
8 
9 

45 
Degrees 

12 
13  
14 

Radius, f t  
930 
835 
7 96 

6 0  

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

Radius, f t  
7 16 
7 16 
6 37 

Degrees 
10 
10 
11 

Radius, f t  
47 7 
44 1 
40 9 

65 
Degrees 

5  
6  
6  

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

Radius, f t  
596 
57 8 
235 

Degrees 
4  
5  
5 

Radius, f t  
1,146 

955 
955 

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

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

0 = angle  of ascent ,  degrees .  



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

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

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

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

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

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

Stopping 

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

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

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

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

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



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

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

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

Upgrade - 
HAULAGE ROAD 

FIGURE 28. - Plan of haulage road escape lane, 
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FIGURE 29. - Profi le of haulage road escape lane. 
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FIGURE 30; - Cross section of haulage road escape lane, 
CONCLUSIONS 

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

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

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

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