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SECTIO N  1 .0

INTRODUCTION

S e v e r a l  f e d e r a l  and s t a t e  a g e n c i e s  h av e  p r o m u l g a t e d  r e g u l a t i o n s

th a t  r e q u i r e  the  i n s t a l l a t i o n  of o p e r a t o r  p r o t e c t i v e  s t r u c t u r e s  on m ob i le  

eq u ip m en t  u se d  in m in in g ,  c o n s t r u c t i o n ,  a g r i c u l t u r e  and logg ing  i n d u s 

t r i e s .  T h e s e  r e g u la t io n s  c o v e r  m an y  d i f f e r e n t  ty p e s  of v e h i c l e s ,  f r o m  

s m a l l  f a r m  t r a c t o r s  to  l a r g e  r u b b e r - t i r e d  f r o n t - e n d  l o a d e r s ,  and r e q u i r e  

s t r u c t u r e s  tha t  he lp  p r o t e c t  the  o p e r a t o r  f r o m  dea th  o r  in ju ry  f r o m  v e h ic le  

o v e r t u r n s ,  f r o m  fa l l in g  t r e e  tops  and l o g s ,  f r o m  fa l l ing  r o c k s ,  and f r o m  

t r e e  l im b s  in c l e a r i n g  o p e r a t i o n s .

Two g e n e r a l  ty p e s  of v e h ic l e  o p e r a t o r  p r o t e c t iv e  s t r u c t u r e s  have  

evolved  o v e r  the  p a s t  tw en ty  y e a r s .  The  f i r s t  of t h e s e  is  the  " R o l l - O v e r  

P r o t e c t i v e  S t r u c t u r e "  o r  "R O P S "  tha t  is  e s s e n t i a l l y  a " r o l l  b a r "  o r  " r o l l  

c a g e "  th a t  p r o v id e s  a r e l a t i v e l y  s a fe  a r e a  fo r  the  v e h ic le  o p e r a t o r  if the  

v e h ic le  should  t ip  o v e r  and r o l l .  The  s eco n d  p r o t e c t iv e  s t r u c t u r e  is  the  

" P a l l i n g  Objec t  P r o t e c t i v e  S t r u c t u r e "  o r  " F O P S "  tha t  p r o v id e s  o v e r h e a d  

p r o t e c t io n  ag a in s t  f a l l ing  m a t e r i a l .  The t e r m s  "ROPS" and " F O P S "  a r e  

of ten  u sed  in t e r c h a n g e a b l y  ( s o m e t i m e s  i n a c c u r a t e ly )  with " c a b s " ,  

" c a n o p i e s " ,  " r o l l  b a r s " ,  " p r o t e c t i v e  s t r u c t u r e s "  and o th e r  such  d e s c r i p 

t iv e  n a m e s .  In th i s  r e p o r t ,  "RO PS" d e s c r i b e s  th e  func t ion  of the  s t r u c 

t u r e ;  " F O P S "  a l so  d e s c r i b e s  a p a r t i c u l a r  func t ion .  Thus  a R O P S /F O P S  

could d e s c r i b e  a cab o r  a canopy tha t  p r o v id e s  both  r o l l - o v e r  p r o t e c t io n  

and fa l l ing  ob jec t  p r o te c t io n .

Safety A d m in i s t r a t i o n ;  "USBM" is  used  to a b b r e v i a t e  the U. S. B u r e a u  of 

M ines .

MESA" is used  a s  an  a b b r e v ia t i o n  f o r  the Mining E n f o r c e m e n t  and

' T O O * .

l-i



A

T h is  r e p o r t  a d d r e s s e s  s e v e r a l  e n g i n e e r i n g  and e c o n o m ic  f a c e t s

of p o s s i b l e  H O P S /F O P S  r e q u i r e m e n t s  in t h e  m e t a l - n o n m e t a l  m in ing  

i n d u s t r y .  S p e c i f i c a l ly ,  th e  fo l lowing  a r e a s  a r e  a d d r e s s e d .

1) It h a s  b e e n  p r o p o s e d  by  MESA th a t  r e g u l a t i o n s  b e  p r o 

m u lg a te d  to  r e q u i r e  th e  i n s t a l l a t i o n  of HOPS on c e r t a i n  

ty p e s  of m o b i l e  m in in g  e q u ip m en t  m a n u f a c t u r e d  a f t e r  

1969 and u s e d  in the  s u r f a c e  a r e a s  of m e t a l - n o n m e t a l  

m i n e s .  T h is  p r o p o s e d  MESA HOPS r e g u l a t i o n  would 

r e q u i r e  the  i n s t a l l a t i o n  of ROPS on m an y  th o u sa n d s  of 

v e h ic l e s  th ro u g h o u t  th e  m e t a l - n o n m e t a l  m in ing  in d u s t r y .  

The  v e h ic l e  t y p e s  th a t  would b e  a f fec ted  by  th i s  r e g u la t io n  

in c lude  " a l l  s e l f - p r o p e l l e d  t r a c k - t y p e  ( c r a w l e r  mounted)  

o r  w h ee led  ( r u b b e r - t i r e d )  f r o n t - e n d  l o a d e r s ;  d o z e r s ;  

t r a c t o r s  , in c lu d in g  i n d u s t r i a l  and a g r i c u l t u r a l  t r a c t o r s  

but  not  inc lud ing  o v e r - t h e - r o a d  type  t r a c t o r s ;  and m o t o r  

g r a d e r s ;  and all  w h ee led  p r i m e  m o v e r s ,  a l l  as  u s e d  in 

m e t a l  and n o n m e ta l  m in ing  o p e r a t i o n s , with o r  without 

a t t a c h m e n t s . "

T h i s  r e p o r t  d e s c r i b e s  the  po p u la t io n  of t h e s e  v e h i c l e s  

in u s e  in m e t a l - n o n m e t a l  m in in g  o p e r a t i o n s  by type  and 

d a te  of m a n u f a c t u r e .  The e c o n o m ic  e f f e c t s  of the  p r o 

p o s e d  r e g u la t io n  a r e  a l so  de f ined .

2) The  p r o m u l g a t i o n  of a ROPS r e g u l a t i o n  would r e q u i r e  

th e  i n s t a l l a t i o n  of ROPS on m in in g  eq u ip m en t  p e r  a s e t  

a c q u i s i t i o n  s c h e d u le .  The  c o m m e r c i a l  a v a i l a b i l i t y  of 

R O P S ,  both  in t e r m s  of p r o d u c t io n  c a p a b i l i ty  and in t e r m s  

of th e  ROPS m a n u f a c t u r e r s ’ ab i l i ty  to p r o v id e  ROPS fo r  

th e  m a n y  d i f f e r e n t  m o d e l s  of e q u ip m en t  a f fec ted  by  th i s  

p r o p o s e d  r e g u l a t i o n ,  is  r e v ie w e d  in t h i s  r e p o r t .
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5)

The  fu tu re  p r o m u lg a t io n  of a ROPS r e g u la t io n  fo r  

m e t a l - n o n m e t a l  m in ing  eq u ip m e n t  i s  ex p e c ted  to  c a u s e  

a s ig n i f ic a n t  r e d u c t io n  in d ea th s  and i n j u r i e s  to  th e  

o p e r a t o r s  of t h e  su b je c t  m o b i le  e q u ip m e n t .  Though the  

p ro p o se d  RO PS r e g u l a t i o n s  would only app ly  to e q u ip m e n t  

used  in s u r f a c e  a r e a s  of u n d e rg ro u n d  m i n e s  and s u r f a c e  m i n e s ,  

it i s  r e c o g n iz e d  th a t  in u n d e rg ro u n d  m in ing ,  and c e r t a i n  a r e a s  

of s u r f a c e  m i n e s ,  o p e r a t o r s  of the  s a m e  e q u ip m e n t  t y p e s  could 

be exposed  to d e a th  o r  in ju ry  f r o m  fa l l in g  o b j e c t s .

T h is  r e p o r t  de f in es  th e  " r o c k  fa l l  e n v i r o n m e n t"  in 

u n d e r g ro u n d  and s u r f a c e  m in e s  and e x a m in e s  th e  o p e r a 

t o r  p r o t e c t io n  a v a i l a b le  th ro u g h  th e  u s e  of F O P S  and 

c o m b in a t io n  R O P S / F O P S  u n i t s .

If it i s  d e t e r m in e d  th a t  a FO PS  r e q u i r e m e n t  is  n e c e s s a r y  

in s u r f a c e  and u n d e r g ro u n d  m i n e s ,  a p e r f o r m a n c e  c r i 

t e r io n  wil l  have  to be deve loped  to guide  the  d e s ig n  of 

a c c e p ta b l e  F O P S .  T h is  r e p o r t  o u t l in es  a c e r t i f i c a t i o n  

p r o c e d u r e ,  and th e  a n a ly t i c a l  and t e s t  m e th o d s  th a t  

v e r i f y  th e  s t r u c t u r a l  p e r f o r m a n c e  of the  F O P S .

A q u e s t io n  e x i s t s  as  to the  f e a s ib i l i t y  of i n s t a l l in g  R O P S /

F O P S  on " m a c h in e s  of i n t e r e s t "  th a t  w e r e  m a n u f a c tu r e d  

b e f o r e  1970. This  r e p o r t  e x a m in e s  the  a v a i la b i l i ty  of 

ROPS d e s ig n s  fo r  p r e - 1 9 7 0  e q u ip m en t  and r e v i e w s  the  

c o n c e r n  about t h e  f r a m e  s t r e n g t h s  of p r e - 1 9 7 0  e q u ip m e n t .

The  in s t a l l a t i o n  of R O P S / F O P S  on m in ing  eq u ip m en t  m ay  

in s o m e  way i n t e r f e r e  with th e  m a c h i n e ’s ab i l i ty  to  

p e r f o r m  i ts  in tended  work  func t ion .  The o p e r a t io n  of 

F O P S -e q u ip p e d  m a c h i n e s  in u n d e r g ro u n d  m in e s  h a s  b e en  

e x a m in e d .
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The fo l lowing d e s c r i p t i o n s  of e q u ip m en t  and p r o t e c t i v e  s t r u c t u r e s  

a r e  g iven  to  a s s i s t  t h e  r e a d e r  in  u n d e r s t a n d i n g  th e  m a t e r i a l  p r e s e n t e d  

in  t h i s  r e p o r t .  The  eq u ip m e n t  ty p e s  s tu d ied  d u r in g  th i s  e f fo r t  a r e  def ined  

in MESA’s p r o p o s e d  s t a n d a r d  fo r  r o l l - o v e r  p r o t e c t i v e  s t r u c t u r e s  (ROPS) 

as  p u b l i sh ed  in  the  F e d e r a l  R e g i s t e r ,  V o lu m e  39 ,  No. 207 ,  da ted  

O c to b e r  24 ,  1974. The  p r o p o s e d  s t a n d a r d s  a r e  to  app ly  to  " s e l f - p r o p e l l e d ,  

t r a c k - t y p e  ( c r a w l e r  mounted)  o r  w h ee led  ( r u b b e r - t i r e d )  f r o n t - e n d  l o a d e r s ;  

d o z e r s ;  t r a c t o r s  , in c lu d in g  i n d u s t r i a l  and a g r i c u l t u r a l  t r a c t o r s  but not 

inc lud ing  o v e r - t h e - r o a d  type  t r a c t o r s ;  m o t o r  g r a d e r s ;  and p r i m e  m o v e r s ,  

a l l  with o r  without  a t t a c h m e n t s , with  th e  e x c e p t io n  of such  s e l f - p r o p e l l e d  

eq u ip m en t  th a t  is  o p e r a t e d  by r e m o t e  c o n t r o l . "  T h e  above d e s c r i p t i o n  of 

eq u ip m e n t  ty p e s  can  a l so  be  c a t e g o r i z e d  as  fo l low s:

•  F r o n t - E n d  L o a d e r s

R u b b e r - t i r e d  ( F ig u r e  1-1)

C r a w l e r  m ounted  ( F ig u r e  1-2)

•  D o z e r s

R u b b e r - t i r e d  (F ig u r e  1-3)

C r a w l e r  m oun ted  ( F ig u r e  1-2)

•  T r a c t o r s

R u b b e r - t i r e d  ( F ig u r e  1-4)

C r a w l e r  m oun ted  ( F ig u r e  1.-2)

•  M oto r  G r a d e r s  ( F ig u r e  1-5)

•  P r i m e  M o v e rs  ( such  a s  the  o f f - r o a d  type  u sed  to  

pu l l  s c r a p e r s ,  w a t e r  w a g o n s ,  e t c . )  ( F ig u r e  1-6)

The  lo w - p r o f i l e  type  of r u b b e r - t i r e d  f r o n t - e n d  l o a d e r  ca l led  a L o a d - H a u l -  

Dump (LHD) a s  show n in F i g u r e s  1-7 and 1-8  is  not  inc luded  as  a 

" m a c h i n e  of i n t e r e s t "  but  i s  t r e a t e d  s e p a r a t e l y  in  t h i s  r e p o r t .

1-4



F i g u r e  1 -1 .  R u b b e r - T i r e d  F r o n t - E n d  L o a d e r

F i g u r e  1 -2 .  C r a w l e r  T r a c t o r  
(Dozer  if equipped with b lade ;  

L o a d e r  if equipped with bucket)

v ____________________________________________________________________________________ ' I K S * .
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F i g u r e  1 -3 .  R u b b e r - T i r e d  D o z e r

F i g u r e  1 -4 .  I n d u s t r i a l  T r a c t o r
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F i g u r e  1 -6 .  P r i m e  M o v e r  P u l l in g  S c r a p e r
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F i g u r e  1 -7 .  W a g n e r  L o a d - H a u l - D u m p  (LHD)

F i g u r e  1 -8 .  E im c o  L o a d - H a u l - D u m p  (LHD)
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In th e  tex t  of  th i s  r e p o r t  t h e  t e r m s  " e q u i p m e n t " ,  " v e h i c l e s " ,  

" m a c h i n e s "  and " m a c h i n e s  of  i n t e r e s t "  a r e  u s e d  so m e w h a t  in t e r c h a n g e a b ly  

in d e s c r i b i n g  th e  d i f f e r e n t  p i e c e s  of e q u ip m e n t  s tu d ie d .  T he  ty p e s  of 

e q u ip m en t  c o v e re d  by th i s  s tudy could a l s o  b e  r e f e r r e d  to  a s  " c o n s t r u c t i o n  

e q u ip m en t  u sed  in m i n i n g . "

The p r o t e c t iv e  s t r u c t u r e s  r e f e r r e d  to  in  t h i s  r e p o r t  a r e  of two g e n 

e r a l  func t iona l  ty p e s  — a r o l l - o v e r  p r o t e c t i v e  s t r u c t u r e  o r  "R O P S "  th a t  

p r o v id e s  o p e r a t o r  p r o t e c t i o n  in the  even t  th a t  the  v e h ic l e  o v e r t u r n s ,  and 

a fa l l ing  ob jec t  p r o t e c t i o n  s t r u c t u r e  o r  " F O P S "  th a t  p r o t e c t s  th e  o p e r a t o r  

f r o m  fa l l in g  o b j e c t s .  The  t e r m s  " c a b "  and " can o p y "  a r e  o f ten  u s e d  to 

d e s c r i b e  th e  p h y s ic a l  c o n s t r u c t i o n  and a p p e a r a n c e  of th e  p r o t e c t i v e  s t r u c 

tu r e ;  "R O P S "  o r  " F O P S "  d e s c r i b e s  th e  s t r u c t u r a l  d e s ig n  of th e  p r o t e c t iv e  

s t r u c t u r e .  In s o m e  c a s e s  (for i n s t a n c e ,  a s h e e t  m e ta l  cab d es ig n e d  fo r  

p r o t e c t io n  a g a in s t  w e a th e r )  th e  cab o r  canopy  is  not  p r o t e c t in g  a g a in s t  

a c c id e n t s  but  s e r v e s  s o m e  o t h e r  p u r p o s e .  A cab is  u s u a l l y  a fully  

e n c lo s e d  o p e r a t o r  a r e a  and a canopy is  a c o v e r i n g  o v e r  th e  o p e r a t o r ’s 

a r e a .  F i g u r e  1-9  d e p ic t s  a ROPS canopy;  F i g u r e  1-10 show s a ROPS 

ca b .  In t h e  c a s e  of t h e s e  two i l l u s t r a t i o n s ,  a FO P S  c a p ab i l i ty  i s  a l so  

bu i l t  into the  top of each  u n i t .

Many m in e s  have  p u r c h a s e d  o r  f a b r i c a t e d  p r o t e c t iv e  s t r u c t u r e s  

fo r  t h e i r  m in in g  e q u ip m e n t .  T h e s e  s t r u c t u r e s  a r e  of ten  d es ig n e d  to  m e e t  

s p e c i f i c  r e q u i r e m e n t s  in th e  m in e s  in which they  a r e  u s e d .  F i g u r e  1-11 

i l l u s t r a t e s  t h r e e  e x a m p le s  of c an o p ie s  i n s t a l l e d  by m in e  o p e r a t o r s .

MINE VISITS

D uring  th e  p e r f o r m a n c e  of th i s  p r o g r a m  it w as  n e c e s s a r y  to  v i s i t  

s e v e r a l  m i n e s  to d i s c u s s  sp e c i f i c  r o c k  fa l l  h a z a r d s ,  r e v i e w  de ta i le d  

a cc id e n t  i n f o r m a t i o n ,  a s s e s s  o p e r a t i o n a l  i m p a c t s  of FO PS r e g u l a t i o n s ,
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F i g u r e  1 -10 .  ROPS Cab (Young C o r p o r a t io n )
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s tudy  s h o p -b u i l t  F O P S ,  and to  i n v e s t ig a t e  o t h e r  a s p e c t s  r e l a t e d  to the  

u s e  of F O P S .  The  following m in e s  p r o v id e d  m u ch  n eeded  in fo r m a t io n  

d u r in g  f ie ld  v i s i t s .  We th an k  t h e m  fo r  t h e i r  e x c e l l e n t  c o o p e r a t io n .

All ied  P r o d u c t  Co. , 
M o n tev a l lo ,  A la b a m a

Anaconda C o . ,
B u t t e ,  Montana

ASARCO,
W a l l a c e ,  Idaho

Bing M a te r i a l s  Co. , 
G a r d n e r v i l l e , N evada

B u n k e r  Hil l  Co.  ,
K e l lo g g ,  Idaho

C i tad e l  C e m e n t  C o r p .  , 
B i r m i n g h a m ,  A la b a m a

C o r t e z  Mining Co. , 
C o r t e z , Nevada

D o m ta r  C h e m i c a l s ,  Inc.  , 
L o u i s a ,  L o u i s i a n a

Duval C o rp .  ,
C a r l s b a d ,  New Mexico

G eo rg ia  M a r b l e ,
T a t e ,  G eo rg ia

H o m e s ta k e  Mining Co.  ,
L e a d ,  South Dakota

K e n n ec o t t  C o p p e r  C o rp .  , 
B in g h am  Canyon ,  Utah

M a c G u i re  F a r m ,
M o s in e e ,  W isc o n s in

Mobile City  Road and B r id g e  
D e p a r t m e n t ,

I rv in g to n ,  A la b a m a

V______________________

M onteva l lo  Q u a r r y

B e r k e l e y  Mine 
C o n t in en ta l  E a s t  Mine 
K e l ley  Mine 
S tew ard  Mine

C o e u r  P r o j e c t  Mine 
Galena  Mine

Bing Mine

B u n k e r  Hil l  Mine 
C r e s c e n t  Mine

B i r m i n g h a m  Q u a r r y  
and Mill

C o r t e z  Mine

Cote  B la n ch e  Mine

N a s h - D r a w  Mine

Cove Mounta in  Mine 
New Y o rk  Mine 
T a te  Q u a r r y  
W h i te s to n e  No. 1

H o m e s ta k e  Mine 

B in g h a m  Canyon  Mine 

S a lz m a n  P i t  

Boe  P i t
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N. L.  I n d u s t r i e s ,  
N ew c o m b ,  New Y o r k

St. J o e  M in e r a l s  C o r p .  , 
B a l m a t ,  New Y o rk

S o u th e rn  T a lc  C o r p .  , 
C h a t s w o r t h , G eo rg ia

Sunsh ine  Mining Co.  , 
K e l lo g g ,  Idaho

Union C a r b i d e ,
G rand  J u n c t i o n ,  C o lo ra d o

White P in e  C o p p e r  Co. , 
White P i n e ,  M ich igan

T a h aw u s  Mine

B a l m a t - E d w a r d s  Mine

E a r n s t  Mine 
Rock  Cli f f  Mine

S unsh ine  Mine

D e r e m o - S n y d e r  Mine 
Sunday Mine

W hite  P in e  Mine
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SECTIO N  2 .0  

SUMMARY OF PROG RAM  STUDY AREAS

F a l l i n g  O bjec t  P r o t e c t i v e  S t r u c t u r e s  (F O P S) ,  c a b s ,  o r  c a n o p ie s  

a r e  r e q u i r e d  on e l e c t r i c  face  eq u ip m en t  used  in u n d e r g ro u n d  coa l  m i n e s .  

T h e s e  o p e r a t o r  p r o t e c t iv e  s t r u c t u r e s  have  p ro v e d  t h e i r  w o r th  in u n d e r 

ground coa l  m in e s  with o v e r  one h u n d re d  s av ed  l iv e s  c r e d i t e d  to t h e i r  

u s e .  The s t r u c t u r a l  p e r f o r m a n c e  r e q u i r e m e n t s  fo r  t h e s e  can o p ie s  w e r e  

deve loped  a f t e r  d e ta i l e d  in v e s t ig a t io n  of the  n a t u r e  of roo f  f a l l s  in co a l  

m in e s  and an e x te n s iv e  l a b o r a t o r y  t e s t  p r o g r a m .

Eq u ip m en t  o p e r a t o r s  w o rk in g  in s u r f a c e  and u n d e r g ro u n d  m e t a l -  

n o n m e ta l  m in e s  a r e  a l so  exposed  to  in ju ry  o r  dea th  f r o m  fa l l ing  o b j e c t s .  

The  B u r e a u  of M in e s ,  r e c o g n iz in g  the  d i f f e r e n c e s  in r o c k  fa ll  c h a r a c 

t e r i s t i c s  b e tw e en  u n d e r g ro u n d  co a l  m in e s  and the  s u r f a c e  and u n d e r g ro u n d  

m e t a l - n o n m e t a l  m i n e s ,  p lanned  an in v e s t ig a t io n  to  d e t e r m i n e  the  s t r u c 

t u r a l  p e r f o r m a n c e  r e q u i r e m e n t s  of F a l l i n g  O bjec t  P r o t e c t i v e  S t r u c t u r e s  

(FOPS) to be u sed  in the  m e t a l - n o n m e t a l  m i n e s .

C o n c u r r e n t  with th e  e f fo r t  to deve lop  th e  s t r u c t u r a l  c r i t e r i a  fo r  

F O P S ,  the  B u r e a u  of Mines  in i t ia ted  an e f fo r t  to def ine  the  p opu la t ion  

of m in ing  eq u ip m en t  th a t  would be  a f fec ted  by a r e g u la t io n  r e q u i r i n g  the  

in s t a l l a t i o n  of F O P S .  Th is  e q u ip m en t  po p u la t io n  d e t e r m in a t i o n  was p r i 

m a r i l y  c o n c e rn e d  with s e l f - p r o p e l l e d  t r a c k - t y p e  ( c r a w l e r  mounted)  o r  

whee led  ( r u b b e r - t i r e d )  f r o n t - e n d  l o a d e r s ;  d o z e r s ;  t r a c t o r s ,  inc lud ing  

i n d u s t r i a l  and a g r i c u l t u r a l  t r a c t o r s  but not inc lud ing  o v e r - t h e - r o a d  type  

t r a c t o r s ;  m o to r  g r a d e r s ;  and p r i m e  m o v e r s .
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The eq u ip m e n t  po p u la t io n  i n f o r m a t i o n ,  t o g e t h e r  with FO P S  cos t  

d a t a ,  could be  u sed  to  e s t i m a t e  th e  e c o n o m ic  im p l i c a t i o n s  of any p r o p o s e d  

F O P S  r e g u la t io n .  The  e q u ip m e n t  pop u la t io n  i n f o r m a t i o n  could  a l so  be 

u sed  to e s t i m a t e  the  m in in g  in d u s t r y  c o s t s  of co m p ly in g  with p ro p o se d  

RO PS r e g u l a t i o n s .  In J u n e  1975 th e  B u r e a u  of M ines  a w a r d e d  USBM 

C o n t r a c t  No. J0 3 5 7 7 1 0 ,  " D e s ig n  C r i t e r i a  and G u id e l in es  fo r  F a l l in g  

O bjec t  P r o t e c t i v e  S t r u c t u r e s  (F O P S ) " ,  to  W oodw ard  A s s o c i a t e s ,  Inc. , 

R e d l a n d s ,  C a l i f o r n i a ,  to  p r e p a r e  i n f o r m a t i o n  th a t  would al low 

MESA to d e t e r m i n e  the  p o s s ib l e  a p p r o a c h e s  to im p le m e n t in g  a F O P S  

r e g u la t io n  in m e t a l - n o n m e t a l  m i n e s .

The  p r i m a r y  t a s k s  of t h i s  p r o g r a m  w e r e  as  fo l lows:

1) C h a r a c t e r i z e  r o c k  fa l l s  in s u r f a c e  and u n d e r g ro u n d  

m e t a l - n o n m e t a l  m i n e s .

2) D e t e r m i n e  th e  r e q u i r e d  s t r u c t u r a l  p e r f o r m a n c e  of 

F O P S  to p r o v id e  o p e r a t o r  p r o t e c t i o n  f r o m  r o c k  fa l l s  

in s u r f a c e  and u n d e r g r o u n d  m e t a l - n o n m e t a l  m i n e s .

3) G a th e r  i n f o r m a t i o n  on the  e q u ip m e n t  popu la t ion  tha t  

m igh t  be  a f fec ted  by fu tu re  F O P S  and ROPS r e g u l a t i o n s .

4) A s s e s s  the  i n d u s t r y  c o s t s  of co m p ly in g  with f u tu r e  

F O P S  and ROPS r e g u l a t i o n s .

T h e s e  t a s k s  w e r e  a c c o m p l i s h e d  d u r in g  th e  p e r i o d  b e tw e e n  J u n e  13, 1975 

and J a n u a r y  31 , 1976. In p e r f o r m i n g  t h e s e  t a s k s  , W oodward  A s s o c i a t e s  ,

Inc .  r e l i e d  h e a v i ly  on the  r e s u l t s  of a USBM F a l l - o f - G r o u n d  and E q u ip 

m en t  S u rv ey  th a t  supp l ied  i n fo r m a t io n  f r o m  o v e r  600 m in in g  o p e r a t i o n s ,  

on w o rk  conduc ted  p r e v i o u s l y  fo r  the  D e p a r t m e n t  of L a b o r ' s  O ccu p a t io n a l  

Safe ty  and H ea l th  A d m i n i s t r a t i o n ,  and on fa l l ing  ob jec t  p r o t e c t iv e  s t r u c 

t u r e  and r o l l - o v e r  p r o t e c t i v e  s t r u c t u r e  d e s ig n  e f fo r t s  p r e v i o u s l y  conducted  

fo r  the  U .S .  A r m y  and c o m m e r c i a l  c u s t o m e r s .

v_________________________________________________________________________________________________________________________________________
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F i g u r e  2-1 s u m m a r i z e s  the  r e s u l t s  of a n a ly z in g  f a l l - o f - g r o u n d  

a c c id e n t s  f o r  s u r f a c e  and u n d e r g ro u n d  m i n e s .  The  r o c k  fa l l  k in e t ic  

e n e rg y  th a t  wil l  be  t r a n s m i t t e d  into th e  p r o t e c t i v e  s t r u c t u r e  h a s  b e e n  

ta b u la te d  and the  e x p ec ted  f r e q u e n c y  d e t e r m i n e d .  F o r  e x a m p l e ,  it is 

e s t i m a t e d  th a t  40-45% of a l l  r o c k  f a l l s  in s u r f a c e  m in e  a r e a s  w il l  t r a n s 

m it  k in e t ic  e n e r g y  l e v e l s  l e s s  th an  4 0 ,0 0 0  f t - l b  into th e  F O P S .  L i k e w i s e ,  

it i s  e s t i m a t e d  th a t  about 55-65% of the  u n d e r g ro u n d  r o c k  f a l l s  wi l l  h a v e  

k ine t ic  e n e rg y  l e v e l s  l e s s  th an  4 0 ,0 0 0  f t - l b .  T h is  i n f o r m a t io n  is  u s e d  

to h e lp  ev a lu a te  the  p r o t e c t io n  a f fo rded  by  p o s s i b l e  F O P S  p e r f o r m a n c e  

c r i t e r i a .  Sec t ion  4 .1  and A p p en d ices  A 4 ,  A 5 ,  and A6 d i s c u s s  th e  r o c k  

fa l l  c h a r a c t e r i z a t i o n  and a c c id e n t  a n a l y s e s  s tu d i e s  in d e t a i l .

T ab le  2-1 l i s t s  FO P S  p e r f o r m a n c e  s t a n d a r d s  now in e f fec t .  A 

FO P S  p e r f o r m a n c e  s t a n d a r d  tha t  p r o v id e s  s ig n i f i c a n t ly  m o r e  o p e r a t o r  

p r o t e c t io n  h as  b e e n  d ev e lo p ed .  T h is  new F O P S  p e r f o r m a n c e  s t a n d a r d  

wil l  p r o v id e  p r o t e c t io n  fo r  the  o p e r a t o r s  of " m a c h i n e s  of i n t e r e s t "  with 

g r o s s  w e igh ts  above  about  3 0 ,0 0 0  pounds  a g a in s t  l a r g e  r o c k  f a l ls  tha t  t r a n s 

m i t  e n e rg y  l e v e l s  eq u iv a len t  to 40, 000 f t - lb  into the  FO P S  uni t .  F i g u r e  2-2  

i l l u s t r a t e s  the  e n e rg y  a b s o rp t io n  r a n g e  of F O P S  u n i t s  tha t  a r e  d e s ig n e d  to 

m e e t  the r e c o m m e n d e d  Woodward A s s o c i a t e s ,  Inc.  (WAI) F O P S  p e r f o r m a n c e  

in ad d i t io n  to the p e r f o r m a n c e  c r i t e r i a  r e q u i r e d  fo r  SAE ROPS un i t s  (ROPS 

d es ig n e d  to m e e t  Socie ty  of A u tom ot ive  E n g i n e e r s  s t a n d a r d s ) .  The 

WAI FO P S  p e r f o r m a n c e  c r i t e r i a  can  e f fec t iv e ly  c o m b in e  the  r e q u i r e m e n t s  

of th e  SAE ROPS p e r f o r m a n c e  s t a n d a r d  (SAE J1040a)  and the  SAE POPS 

p e r f o r m a n c e  s t a n d a r d  (SAE J231) with  a m in i m u m  top load e n e rg y  r e q u i r e 

m en t  to  effect  a p r o t e c t i v e  s t r u c t u r e  th a t  w il l  p r o v id e  ex ce l len t  o p e r a t o r  

p r o t e c t io n  d u r in g  v e h ic le  o v e r t u r n ,  l a r g e  r o c k  f a l l s  and s m a l l  " sp ik e "  

ro c k  f a l l s .  P r o t e c t i o n  is  a l so  p ro v id e d  fo r  s id e  im p a c t  a c c id e n t s .

T a b le  2-2  r e v i e w s  th i s  new p r o p o s e d  FO PS p e r f o r m a n c e  s t a n d a r d .

m a .

2 - 3
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F i g u r e  2 - 1 .  Rock  F a l l  K in e t ic  E n e r g y  v s .  P e r c e n t  of T o ta l  Rock F a l l s

2 - 4



T a b le  2 -1 .  F a l l in g  O bjec t  P r o t e c t i v e  S t r u c t u r e  (FOPS) P e r f o r m a n c e  S t a n d a r d s

Performance Standard Type of Equipment
Kinetic
Energy Test Procedure Test Type

SAE J231 Crawler tractors, crawler 
loaders, r u b b er-tired 
loaders, motor graders, 
rubber-tired prime movers, 
of f - highway dump trucks, 
skid-steer loaders and i n 
dustrial tractors

8500 ft-lb A 500 pound shaped steel 
mass is dropped 17 ft. on to 
the FOPS top. The impact 
area must be over the operator 
area and away from roof s t r u c 
tural members.

Destructive
Dynamic

SAE J167 Industrial tractors, 
agricultural tractors

1000 ft-lb A solid steel sphere wei g h i n g  
100 pounds is dropped 10 feet.
As with J231, the impact area 
must be over the operator area 
and away from roof major 
structural members.

A  "crush test" is also performed 
to d e m o nstrate that the canopy 
can support two times the 
tractor gross weight.

Des truct ive 
Dynami c

SAE J1040a Same as SAE J231 Strain energy 
varies with 
vehicle size

In addition to complying w ith 
a side-load requirement, the 
ROPS must support one times 
the vehicle gross weight.

Des tructive 
Static

Corps of Engineers Same as SAE J231 ROPS must comply with SAE J1040a 
or analyt i c a l l y  support a load 
of two times the vehicle gross 
weight if not subjected to 
SAE J1040a test.

Des tructive 
Static

Corps of Engineers Light industrial tractors 1000 ft-lb ROPS must also comply with 
SAE J16 7

Destructive
Dynamic

MESA E lectric face equipment Approx. 
5000 ft-lb

Canopy must elast i c a l l y  support 
18,000 pounds or 15 psi, w h i c h 
ever is lesser.

N on-Destructive 
Static

SAE J334ä Industrial tractors, ' 

A gricu l t u r a l  tractors
Strain energy 
varies with 
vehicle size

ROPS is struck w ith pen d u l u m  
weight (4410 lbs) from both 
side and rear.

Destructive
Dynamic



P R O T E C T I V E  CANOPY 
U = 6 ,0 0 0  - 3 0 0 ,0 0 0  F T - L B

TIRES
U = 3 0 ,0 0 0  - 4 0 0 ,0 0 0  F T - L B

V eh ic le

Light  I n d u s t r i a l  T r a c t o r  
(GVW = 5 ,000  lb)

F r o n t - E n d  L o a d e r  
(GVW - 3 0 ,0 0 0  lb)

F r o n t - E n d  L o a d e r  
(GVW = 150 ,000  lb)

C r a w l e r  D o ze r  
(GVW = 60 ,000 lb)

FO P S  
E n e rg y  A b so rp t io n

6 , 0 0 0 -  1 5 ,000  f t - lb

4 0 . 0 0 0 -  8 0 ,0 0 0  f t - lb

1 0 0 ,0 0 0 - 3 0 0 ,0 0 0  f t - lb

5 0 .0 0 0 -  8 0 ,0 0 0  f t - lb

F r a m e  / T i r e s  
E n e r g y  A b s o rp t io n

1 0 .0 0 0 -  4 0 ,0 0 0  f t - lb

8 0 .0 0 0 - 1 2 0 , 0 0 0  f t - lb

2 0 0 , 0 0 0 - 4 0 0 ,0 0 0  f t - lb

S m al l

S y s te m  
E n e rg y  A b s o rp t io n

1 5 .0 0 0 -  5 5 ,0 0 0  f t - lb

1 2 0 ,0 0 0 - 2 0 0 ,0 0 0  f t - lb

3 0 0 , 0 0 0 - 7 0 0 ,0 0 0  f t - lb

5 0 .0 0 0 -  8 0 ,0 0 0  f t - lb

F i g u r e  2 -2 .  E n e rg y  A b so rp t io n  C ap a b i l i ty  of R O P S / V e h i c l e  S y s t e m s



T a b le  2 -2 .  P r o p o s e d  FO PS  P e r f o r m a n c e  S ta n d a rd  (W AI)

G r o s s  V e h ic le  Weight  O v er  3 0 ,0 0 0  Lb

•  F O P S  m u s t  be c e r t i f i e d  p e r  Appendix A1 , "F O P S  C e r t i f i c a t i o n  P r o c e d u r e s . "  F O P S  
m u s t  d e m o n s t r a t e  the  ca p ab i l i ty  to a b s o r b  4 0 ,0 0 0  f t - lb  of k in e t ic  e n e r g y  th ro u g h  
e i t h e r  one of the  s t a t i c  t e s t s  d e s c r i b e d  in Appendix  A3,  " F O P S  T e s t  P r o c e d u r e , "
o r  th ro u g h  e n g in e e r in g  a n a l y s i s  as  d e s c r i b e d  in Appendix  A2,  "F O P S  D es ign  G u i d e s . "

•  F O P S  m u s t  be t e s t e d  to  s a t i s f y  the  r e q u i r e m e n t s  of SAE J2 3 1 .

•  R O P S / F O P S  m u s t  a l s o  be  t e s t e d  to s a t i s f y  the r e q u i r e m e n t s  of SAE J 1 0 4 0 a .

G r o s s  V eh ic le  Weight  U n d e r  3 0 ,0 0 0  Lb

•  F O P S  m u s t  be  " s u b s t a n t i a l . "

•  F O P S  m u s t  be  t e s t e d  to s a t i s f y  the  r e q u i r e m e n t s  of SAE J231 and SAE J 1 6 7 .

•  The  top load  c a p a b i l i ty  shou ld  be  the  m a x i m u m  p o s s i b l e  c o n s i s t e n t  with th e  s t r u c 
t u r a l  l i m i t a t i o n s  of the  v e h ic l e  f r a m e  and th e  F O P S / f r a m e  a t t a c h m e n t s .

•  R O P S / F O P S  m u s t  a l s o  be  t e s t e d  to SAE J1 0 4 0 a  o r  SAE J 3 3 4 a .

S u m m a r y  of S ta t ic  Load R e q u i r e m e n t s  ( f rom  Sect ion  4 . 2 ,  "D e v e lo p m e n t  of F O P S  D es ign
C r i t e r i a " )

G r o s s  
V ehi cle 
Weight

FO P S E n e rg y
A b s o rp t io n
C ap ab i l i ty

D es ign
C o n f ig u ra t io n

D is t r ib u te d  
Top Load

C e n t e r  Ninth 
Top Load

> 3 0 ,0 0 0  lb F o u r - p o s t  
T w o -p o s t

< 3 0 ,0 0 0  lb All

7 4 .000  lb
7 4 .0 0 0  lb

3 6 .0 0 0  lb
7 4 .0 0 0  lb

> 4 0 ,0 0 0  f t - lb  
> 4 0 ,0 0 0  f t - l b

M ax im u m  l e v e l  M ax im u m  le v e l  Depends  on
c o n s i s t e n t  with c o n s i s t e n t  with v e h i c l e  f r a m e
v e h ic le  f r a m e  v e h ic l e  f r a m e  and t i r e
c ap ab i l i ty  c a p a b i l i ty  c a p a b i l i ty



----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- \

T a b le  2 -3  l i s t s  c u r r e n t  s t a t e  and f e d e r a l  RO PS r e g u la t io n s .

T h e s e  r e g u l a t io n s  of ten  r e f e r  to  SAE S ta n d a r d s  and R e c o m m e n d e d  

P r a c t i c e s  th a t  w e r e  in e f fec t  on the da te  th a t  the p a r t i c u l a r  r e g u la t io n  w as  

p r o m u lg a t e d .  The  SAE ROPS R e c o m m e n d e d  P r a c t i c e  c u r r e n t l y  in e f fec t  

is SAE J1040a .  T h i s  SAE R e c o m m e n d e d  P r a c t i c e  i n c o r p o r a t e s  m a t e r i a l  

p r e v io u s ly  pub l ished  a s  SAE J320 ,  J394,  J395 ,  J396 ,  and J1011.

S ec t ion  5. 0, R e f e r e n c e s ,  l i s t s  SAE ROPS S ta n d a r d s  and R e c o m m e n d e d  

P r a c t i c e s  tha t  have  been  a n d / o r  a r e  in e f fec t  a t  t n i s  t im e .

T a b le  2 -4  d e s c r i b e s  the  m in in g  eq u ip m e n t  popu la t ion  th a t  could be 

a f fec ted  by a R O P S /F O P S  r e g u la t io n .  The  r e s u l t s  of the  USBM F a l l - o f -  

Ground and E q u ip m e n t  Su rv ey  have  been  an a ly zed  and e s t i m a t e s  of the to ta l  

n u m b e r s  of m in ing  m a c h i n e s  have  been  p r e p a r e d .  T h e s e  e s t i m a t e s  a r e  

g iven  by m a c h in e  type and by da te  of m a n u f a c t u r e .  The  e q u ip m en t  n u m b e r s  

g iven  in the f ro n t - e n d  l o a d e r  c a t e g o r y  do not include l o a d - h a u l - d u m p  

m a c h i n e s .  The  to ta l  n u m b e r  of LHD un i t s  in u se  in u n d e r g ro u n d  m in e s  

is e s t i m a t e d  a t  about  600 of which about  60% have  s o m e  f o r m  of p r o te c t iv e  

s t r u c t u r e  in s ta l l e d .

T a b le s  2-5  and 2-6  p ro v id e  e s t i m a t e s  of the  c o s t s  involved in 

com ply ing  with R O P S / F O P S  r e g u la t io n s .

2-
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T a b le  2 -3 .  F e d e r a l  and S ta te  F O P S  R e g u la t io n s

Agency Regu la t ion F O P S  P e r f o r m a n c e  R e q u i r e m e n t

Mining E n f o r c e m e n t  
and Safety  
A d m i n i s t r a t i o n

P a r t  55 — H ea l th  and Safe ty  
S ta n d a rd  — M eta l  and Non- 
m e ta l l i c  Open P i t  M ines  , 
p a r a g r a p h  5 5 .1 4 -1 3  
( F e b r u a r y  25 , 1970)

F o r k l i f t  t r u c k s ,  f r o n t - e n d  l o a d e r s ,  and 
b u l l d o z e r s  s h a l l  be  p ro v id e d  with s u b 
s t a n t i a l  c a n o p ie s  when n e c e s s a r y  to 
p r o t e c t  the  o p e r a t o r .

Mining E n f o r c e m e n t  
and Safety  
A d m i n i s t r a t i o n

P a r t  56 — H ea l th  and Safety 
S ta n d a rd  — S a n d , G r a v e l ,  and 
C r u s h e d  Stone O p e r a t o r s ,  
p a r a g r a p h  5 6 .1 4 -1 3  
( F e b r u a r y  25 , 1970)

S am e  as  above .

Mining E n f o r c e m e n t  
and Safety 
A d m i n i s t r a t i o n

P a r t  57 — H ea l th  and Safety 
S ta n d a rd  — M eta l  and Non-  
M e ta l l ic  U n d e rg ro u n d  
M ines  — p a r a g r a p h  5 7 .1 4 -1 3  
( F e b r u a r y  25 , 1970)

S a m e  as  above .

Min ing  E n f o r c e m e n t  
and Safety  
A d m in i s t r a t i o n

P a r t  75 — Coal  Mine Heal th  
and S a fe ty ,  p a r a 
g r a p h  7 5 .1 7 1 0 -1

C an o p ie s  o r  ca b s  m u s t  p o s s e s s  m i n i 
m u m  s t r u c t u r a l  c a p a c i ty  to  s u p p o r t  
e l a s t i c a l l y :  (1) a dead  w eigh t  load  of 
18 ,000  p o u n d s ,  o r  (2) 15 p s i  d i s t r i b u t e d  
u n i f o r m ly  o v e r  th e  p lan  v iew  a r e a  of the  
s t r u c t u r e ,  w h ic h e v e r  i s  l e s s e r .  (On 
s e l f - p r o p e l l e d  e l e c t r i c  face  e q u i p m e n t . )



T a b le  2 -3 .  F e d e r a l  and Sta te  F O P S  R e g u la t io n s  (Cont)

Agency R e g u la t io n F O P S  P e r f o r m a n c e  R e q u i r e m e n t

Mining E n f o r c e m e n t  
and Safety  
A d m in i s t r a t io n

P a r t  77 — Coa l  Mine Heal th  
and S a fe ty ,  p a r a 
g ra p h  7 7 .403

When n e c e s s a r y ,  a l l  r u b b e r - t i r e d  o r  
c r a w l e r  m o un ted  s e l f - p r o p e l l e d  s c r a p e r s ,  
f r o n t - e n d  l o a d e r s  , d o z e r s ,  g r a d e r s ,  
l o a d e r s  , and t r a c t o r s  u s e d  in s u r f a c e  
co a l  m in e s  o r  s u r f a c e  a r e a s  of u n d e r 
g round  coa l  m in e s  s h a l l  have  s u b s t a n t i a l  
F O P S .  F O P S  m e e t in g  SAE J231 c r i t e r i a  
a r e  " s u b s t a n t i a l . "

S ta te  of C a l i f o rn i a C o n s t r u c t i o n  Safety O r d e r s ,  
p a r a g r a p h  1596

R o l l - o v e r  p r o t e c t i v e  s t r u c t u r e s  " m u s t  
a l s o  g ive  r e a s o n a b l e  o p e r a t o r  p r o t e c t io n  
a g a in s t  fa l l ing  o r  r o l l i n g  o b j e c t s . "

C o rp s  of E n g i n e e r s G e n e r a l  Safe ty  R e q u i r e m e n t s ,  
p a r a g r a p h  18. A. 19

All b u l l d o z e r s  , t r a c t o r s ,  o r  s i m i l a r  
e q u ip m e n t  u se d  in c l e a r i n g  o p e r a t i o n s  
sh a l l  h a v e  s u b s t a n t i a l  c an o p ie s  to p r o 
t e c t  the  o p e r a t o r  f r o m  fa l l ing  o r  f ly ing 
o b je c t s  a s  a p p r o p r i a t e  to the  n a t u r e  of 
th e  c l e a r i n g  o p e r a t io n  u n d e r t a k e n .

C orps  of E n g i n e e r s G e n e r a l  Safety R e q u i r e m e n t s ,  
p a r a g r a p h  18. A . 20

ROPS fo r  l igh t  i n d u s t r i a l  t r a c t o r s  m u s t  
a l s o  co m p ly  with SAE J167  F O P S  
r e q u i r e m e n t .
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T a b le  2 -3 .  F e d e r a l  and S ta te  F O P S  R eg u la t io n s  (Cont)

to

Agency R e gu la t ion F O P S  P e r f o r m a n c e  R e q u i r e m e n t

B u r e a u  of R e c l a m a t i o n

O c c u p a t io n a l  Safety  
and H ea l th  
A d m i n i s t r a t i o n

Safety  and Hea l th  R e g u la t io n s  
fo r  C o n s t r u c t i o n , 
p a r a g r a p h  9 . 6 . 1

S u b p a r t  W — R o l l - O v e r  
P r o t e c t i v e  S t r u c t u r e s ;  
O v e rh e a d  P r o t e c t i o n ,  
p a r a g r a p h  1926 .1003

Canopy s h a l l  h a v e  an o v e r h e a d  c o v e r in g  
of at  l e a s t  1 /8  inch s t e e l  p l a t e  on 
e q u ip m e n t  l e s s  t h an  2 8 ,0 0 0  pounds  
g r o s s  weigh t  and 3 /1 6  inch s t e e l  p la t e  
on eq u ip m en t  o v e r  2 8 ,0 0 0  pounds  g r o s s  
w e i g h t .

I n d u s t r i a l  t r a c t o r s  m u s t  co m p ly  with 
SAE J167  F O P S  r e q u i r e m e n t .



r

T a b le  2 - 4 .  E q u ip m en t  P o p u l a t i o n ^  — M ach in es  of I n t e r e s t

Date of Manufacture

Post -1969 1965 -1969 1960 -1964 Pre--1960 Total

Machine Type
With

ROPS
Without
ROPS

With
ROPS

Without
ROPS

With
ROPS

Without
ROPS

With
ROPS

Without
ROPS

With
ROPS

Without
ROPS Total

Front-End Loaders  
(Rubber-t ired and 
crawler-mounted)

11 ,025 4 ,4 5 0 3,025 6 ,250 375 2,375 125 1,050 14,550 14,125 28,675

Dozers
(Rubber-t ired and 
crawler-mounted)

2,875 450 1 ,075 1,675 375 1,050 200 1 ,475 4 ,5 2 5 4 ,6 5 0 9,175

Motor Graders 425 300 50 725 50 525 125 975 650 2,525 3,175

Tractors 1 ,600 375 350 1 ,400 275 325 150 750 2,375 2 ,85 0 5,225

P r im e  Movers 675 325 600 600 100 400 25 275 1,400 1 ,600 3,000

TOTAL 16 ,600 5 ,90 0 5,100 10,650 1,175 4 ,675 625 4 ,5 2 5 23 ,500 25,750 49 ,2 5 0

(1) Data from Equipment Population Survey rounded to neares t  25 units .

Note: "R O P S "  r e f e r s  to a p r o t e c t iv e  s t r u c t u r e  of s o m e  type;  the  p a r t i c u l a r  p e r f o r m a n c e  o r
d e s ig n  c r i t e r i a  used  is  not  def ined . y



T a b le  2 - 5 .  R O P S / F O P S  R e t r o f i t  C o s t s  
(SAE o r  COE ROPS with J231 FOPS)

Date  of M a n u fa c tu re

M ach ine  Type P o s t - 1 9 6 9 1965-1969 1960-1964 P r e - 1960 T o ta l s

F r o n t - E n d  L o a d e r s  
( R u b b e r - t i r e d  and 
c r a w l e r -  mounted)

$ 8 , 8 0 0 ,0 0 0 $1.1 ,9 0 0 ,0 0 0 $ 3 , 7 0 0 ,0 0 0 $1 ,5 0 0 ,0 0 0 $ 2 5 ,9 0 0 ,0 0 0

D o z e r s
( R u b b e r - t i r e d  and 
c r a w l e r  - mounted)

80 0 ,0 0 0 2 , 8 0 0 ,0 0 0 1 , 9 0 0 ,0 0 0 2 , 4 0 0 ,0 0 0 7 , 9 0 0 ,0 0 0

M otor  G r a d e r s 4 8 0 ,0 0 0 1 ,1 5 0 ,0 0 0 7 7 0 ,0 0 0 1 , 4 5 0 ,0 0 0 3 , 8 5 0 ,0 0 0

T r a c t o r s 4 9 0 ,0 0 0 2 ,1 .00 ,000 4 6 0 ,0 0 0 1 ,0 7 0 ,0 0 0 4 , 1 2 0 , 0 0 0

P r i m e  M o v e rs 5 90 ,000 1 ,0 6 0 ,0 0 0 81 0 ,0 0 0 3 9 0 ,0 0 0 2 , 8 5 0 ,0 0 0

T O T A L $11 ,1 6 0 ,0 0 0 $ 1 9 ,0 1 0 ,0 0 0 $ 7 , 6 4 0 ,0 0 0 $ 6 , 8 1 0 ,0 0 0 $ 4 4 ,6 2 0 ,0 0 0

SAE — Socie ty  of A u tom ot ive  E n g i n e e r s  

COE — C o r p s  of E n g i n e e r s



T a b le  2 -6 .  C o s t s  of A l t e r n a t iv e  R O P S / F O P S  R e t r o f i t  P o l i c i e s  
(All ty p e s  of " m a c h i n e s  of i n t e r e s t "  in s u r f a c e  and u n d e r g r o u n d  m in e s )

R O P S / F O P S  
R e t r o f i t  on 

M ach ines  
M an u fa c tu re d  

A f te r

A p p r o x im a te  
N u m b e r  of M ach in es  

Affec ted  by 
A l t e r n a t iv e  P o l i c y

P e r c e n t  of T o ta l  
J a n u a r y  1 , 1976 

M ach ine  P o p u la t io n  
th a t  is 

R O P S -E q u ip p e d
C o s t  of 

R e t r o f i t  P o l i c y

J a n u a r y  1 , 1970 5 ,900 60% $11 ,0 0 0 ,0 0 0

J a n u a r y  1 , 1 965 16 ,550 81% $ 3 0 , 0 0 0 ,0 0 0

J a n u a r y  1 , 196 0 2 1 ,225 91% $ 3 8 , 0 0 0 ,0 0 0

All M a c h in e s 25 ,750 100% $ 4 5 , 0 0 0 ,0 0 0
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SECTION 3 .0

CONCLUSIONS AND RECOM MENDATIONS

3 .1  CONCLUSIONS

T h is  s tudy  h a s  deve loped  in f o r m a t i o n  in the  t h r e e  g e n e r a l  a r e a s  

of ac c id en t  a n a l y s i s / r o c k  f a l l  c h a r a c t e r i z a t i o n ,  R O P S / F O P S  p e r f o r m a n c e ,  

and e c o n o m ic  e f f e c t s .

In g e n e r a l  it can  b e  s t a t e d  th a t  it is  i m p r a c t i c a l  to  a t t e m p t  to  

r e q u i r e  F O P S  o r  ROPS th a t  w i l l  p r o t e c t  the  m a c h in e  o p e r a t o r  a g a in s t  

a l l  p o s s i b l e  r o c k  f a l l s  o r  v e h ic le  o v e r t u r n s .

T h e r e  a r e  a c c id e n t s  in which  no p r a c t i c a l  p r o t e c t i v e  s t r u c t u r e  

w il l  p r o t e c t  the  o p e r a t o r ;  in s o m e  a c c id e n t s  th e  v e h ic l e  i t s e l f  is  c o m 

p le te ly  d e s t r o y e d .  M a s s iv e  r o c k  f a l l s  have  o c c u r r e d  in both  s u r f a c e  

and u n d e r g r o u n d  m in e s  w h e r e  th o u sa n d s  of to n s  of r o c k  h av e  f a l le n  on 

eq u ip m en t .  The  p r o t e c t i v e  s t r u c t u r e s  d i s c u s s e d  in th i s  r e p o r t  p r o v id e  

p r o t e c t io n  ag a in s t  r o c k  fa l l s  up to  a m a g n i tu d e  of two to t h r e e  tons  fa l l ing  

7 to  10 fee t  o r  one ton  f a l l in g  about  20 f e e t .

g r e a t e r  p r o t e c t io n  th a n  ex p e c ted  f r o m  th e  d e s ig n  c a lc u la t io n s  b e c a u s e  a 

p o r t i o n  of the  r o c k  fa l l  e n e r g y  wi l l  be  a b s o r b e d  into the  v e h ic l e  f r a m e  

and t i r e s .  In th e  c a s e  of a l a r g e  f r o n t - e n d  l o a d e r ,  th e  a c tu a l  r o c k  fa l l  

e n e rg y  th a t  th e  F O P S  could  w i th s ta n d  could be  o v e r  tw ice  th e  e n e r g y  

a b s o r p t io n  c ap a b i l i ty  of th e  F O P S  a lo n e .  A no the r  i m p o r t a n t  f a c to r  in 

p r e d i c t i n g  the  p r o t e c t i o n  a f fo rd ed  by F O P S  is  the  s t r u c t u r a l  i n t e g r i t y  of 

th e  f a l l in g  r o c k .  Often th e  s e c t io n  of r o c k  th a t  f a l l s  is  t e r m e d  "bad

Tn a c tu a l  p r a c t i c e  t h e s e  p r o t e c t i v e  s t r u c t u r e s  would p r o v id e  m u ch

V
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g ro u n d "  by  the  m i n e r s .  It is r o c k  tha t  i s  f r a c t u r e d ,  u n c o n s o l id a t e d ,  

l o o s e  o r  in s o m e  o th e r  s t a t e  to  c a u s e  the  m i n e r s  to  c o n s id e r  it a b n o r m a l  

o r  d i f f e r e n t  th a n  the  r e s t  of the  g ro u n d  in the  a r e a .  Some r o c k  f a l l s  a r e  

of " c o m p e t e n t "  o r  " s o l id "  r o c k  o r  of l a r g e  p i e c e s  of c o m p e te n t  r o c k .

In th e  c a s e  of the  "bad  g ro u n d "  type  of a r o c k  f a l l ,  t h e  to ta l  e n e r g y  

t r a n s m i t t e d  into  the  F O P S  is  f a r  b e lo w  th a t  e x p e c ted  by  c a l c u l a t i n g  the  

e n e r g y  f r o m  the  weight  of t h e  fa l l  and th e  he igh t  of th e  f a l l .  The r o c k  

fa l l  s e c t io n  b r e a k s  up as  it f a l l s  and only p o r t i o n s  of the  to ta l  fa l l  im p a c t  

t h e  F O P S .

The f i g u r e s  in Sec t ions  2 .0  and 4.  1 r e p r e s e n t i n g  r o c k  fa l l  k in e t ic  

e n e r g y  in s u r f a c e  and u n d e rg ro u n d  ro c k  f a l l s  have  been  a d ju s te d  to r e f l e c t  

the  lo w e r  ex p ec te d  e n e r g y  t r a n s f e r  in l a r g e  r o c k  f a l l s  and r o c k  s l i d e s .

D es ign ing  and i n s t a l l i n g  R O P S / F O P S  on th e  f r o n t - e n d  l o a d e r s ,  

d o z e r s ,  g r a d e r s ,  l a r g e  t r a c t o r s ,  and p r i m e  m o v e r s  s tu d ied  p r e s e n t s  

no u n u su a l  p r o b l e m s .  The  v e h ic le  f r a m e s  of t h e s e  m a c h i n e s  a r e  g e n 

e r a l l y  qu i te  s t r o n g  in o r d e r  to w i th s tan d  the  r i g o r s  of t h e i r  w o rk  funct ion;  

s t r o n g  a t t a c h m e n t  a r e a s  a r e  a v a i l a b l e .  A d i f f e r e n t  s i tu a t io n  is  ev iden t  

when th e  s m a l l  i n d u s t r i a l  and a g r i c u l t u r a l  type of t r a c t o r  is e x a m in e d .

T h e s e  m a c h i n e s  a r e  u s e d  to  t r a n s p o r t  p e r s o n n e l  th ro u g h o u t  m in e  a r e a s  

and a r e  u se d  to tow  s m a l l  o r e - c a r r y i n g  t r a i l e r s  in s o m e  m i n e s .  T h e s e  

t r a c t o r s  do not h a v e  the  s t r o n g  f r a m e s  n e c e s s a r y  to r e a c t  the  loads  

t r a n s m i t t e d  th ro u g h  th e  F O P S .  The  a t t a c h m e n t  of the  F O P S  to the 

t r a c t o r  f r a m e  is  a l s o  of m a r g i n a l  load  c a r r y i n g  c a p a b i l i ty .  The  FO PS 

d e s ig n e d  to m e e t  th e  WAI F O P S  p e r f o r m a n c e  c r i t e r i a  a r e  o v e r d e s ig n e d  

fo r  the  s t r u c t u r a l  c a p a b i l i ty  of t h e s e  s m a l l  t r a c t o r s .  The  WAI F O P S  

p e r f o r m a n c e  c r i t e r i a  i s  va l id  on m a c h i n e s  with g r o s s  v e h ic l e  w e igh ts
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of 3 0 ,0 0 0  pounds  and a b o v e .  A m ethod  of p r o v id in g  the  s a m e  l e v e l  of 

p r o t e c t io n  fo r  o p e r a t o r s  of t h e s e  s m a l l  t r a c t o r s  i s  not def ined  in th i s  

r e p o r t .

T h e r e  is  c o n s i d e r a b l e  ev id e n c e  in th e  f o r m  of MESA m in in g  a c c i 

dent  r e c o r d s  th a t  s u p p o r t s  th e  n e ed  fo r  o p e r a t o r  p r o t e c t i o n  s t r u c t u r e s  

on sp e c i f i c  t y p e s  of m o b i l e  eq u ip m e n t  u s e d  in m e t a l - n o n m e t a l  m in in g  

o p e r a t i o n s .  T h e s e  MESA a c c id e n t  r e c o r d s  d e s c r i b e  d e a th s  and i n j u r i e s  

due to  v e h ic l e  o v e r t u r n s ,  v e h i c l e - v e h i c l e  c o l l i s i o n s ,  v e h i c l e - o b j e c t  

c o l l i s i o n s ,  f a l l - o f - g r o u n d  on m a c h i n e s ,  fly r o c k  s t r i k i n g  o p e r a t o r s ,  and 

v e h ic l e s  caught  in r o c k  s l i d e s .  A p r o p e r l y  d e s ig n e d  p r o t e c t i v e  s t r u c t u r e ,  

i n c o r p o r a t i n g  r o l l - o v e r  p r o t e c t i o n ,  f a l l ing  ob jec t  p r o t e c t i o n ,  and s o m e  

m e a s u r e  of s id e  p r o t e c t i o n ,  would s a v e  th e  m a c h in e  o p e r a t o r  in m a n y  

of t h e s e  a c c i d e n t s .  T h is  " a l l - p r o t e c t i v e "  canopy  o r  cab need  not be  a 

to ta l ly  e n c l o s e d ,  u n c o m f o r t a b l e  f o r t r e s s  th a t  l i m i t s  v i s ib i l i t y  and c r e a t e s  

new p r o b l e m s .

The R O P S / F O P S  now u s e d  in the  c o n s t r u c t i o n  i n d u s t r y  w e r e  

r e s i s t e d  by both  m a n a g e m e n t  f o r c e s  and by th e  eq u ip m e n t  o p e r a t o r s  when 

f i r s t  in t ro d u c e d .  Now, s e v e r a l  y e a r s  a f t e r  t h e s e  u n i t s  h a v e  b e en  in u s e ,  

m an y  of th e  c o n s t r u c t io n  c o n t r a c t o r s  a r e  v e r y  p o s i t iv e  in t h e i r  c o m m e n t s  

on the  u s e f u l n e s s  of R O P S / F O P S .  The p r o t e c t io n  f r o m  th e  w e a th e r  

( r a i n ,  s n o w ,  e t c . )  a f fo rd ed  by  a canopy o r  cab h a s  r e s u l t e d  in i n c r e a s e d  

p r o d u c t iv i ty  d u r in g  i n c l e m e n t  w e a t h e r .  V e h ic le  o p e r a t o r s  h a v e  b e c o m e  

a w a r e  of t h e  l i f e - s a v i n g  r e c o r d  of ROPS and a r e  now a c c e p t in g  the  fac t  

t h a t  it i s  b e t t e r  to  " r i d e  out"  a r o l l  r a t h e r  th a n  t r y i n g  to  ju m p .

The R O P S / F O P S  u s e d  on c o n s t r u c t io n  eq u ip m en t  can  be  u s e d  on 

s i m i l a r  m in in g  eq u ipm en t  with the  s a m e  p o s i t i v e  e f fec ts  on sa fe ty  and 

p r o d u c t io n .  C han g e s  in FO P S  p e r f o r m a n c e  c r i t e r i a  can  be  m a d e  to 

a c c o m m o d a t e  th e  h i g h e r  e n e r g y  r o c k  fa l l s  e x p e r i e n c e d  in m in ing  o p e r a 

t io n s  with l i t t l e  o r  no change  in R O P S / F O P S  co s t  o r  a p p e a r a n c e .  Since



r
t h e  l i fe  s a v in g  p e r f o r m a n c e  of a ROPS is dependen t  upon k eep in g  the  

m a c h in e  o p e r a t o r  co n ta ined  with in  the  " s a f e ty  zone"  of the  o p e r a t o r ' s  

c o m p a r t m e n t  it i s  m a n d a t o r y  th a t  s e a t  b e l t s  be i n s t a l l e d  and w o rn .

D ur ing  the  f o r m u l a t i o n  of a new R O P S / F O P S  r e g u l a t i o n ,  f a c t o r s  

in add i t ion  to  i n c r e a s e d  s a fe ty  m u s t  be  e v a lu a te d .  The  e c o n o m ic  im p a c t  

of a p r o p o s e d  r e g u l a t i o n  and p o te n t i a l  e f fec t s  on m in in g  o p e r a t io n  m e th o d s  

m u s t  be  s tu d ie d .  The  o p e r a t io n a l  e f fec t s  on s u r f a c e  m in in g  and in the  

s u r f a c e  a r e a s  of u n d e r g r o u n d  m in e s  a r e  m i n i m a l .

In u n d e r g ro u n d  m i n e s ,  th e  r e q u i r e m e n t  to  i n s t a l l  R O P S / F O P S  

could c a u s e  l a r g e  ch an g es  in th e  u s e  of m in in g  eq u ip m e n t  and the  added 

h e ig h t  due to R O P S / F O P S  in s t a l l a t i o n  could r e n d e r  m an y  p i e c e s  of eq u ip 

m en t  u n u s a b le  in th e  m in e  a r e a s  w h e r e  they  now w o rk .  The  p o te n t ia l  

e co n o m ic  e f fec t s  a r e  v e r y  l a r g e  in u n d e r g r o u n d  m i n e s .  If the  m in e  

he igh t  h a s  to be  i n c r e a s e d  to  a l low  p a s s a g e  of R O P S / F O P S  equipped 

m a c h in e s  t h en  a c o n s i d e r a b l e  am o u n t  of v a l u e l e s s  m a t e r i a l  h a s  to  be  

r e m o v e d .  T h is  o p e r a t i o n  e f fec t iv e ly  l o w e r s  th e  v a lu e  p e r  ton of th e  o r e  

b e in g  m in e d .  As a s im p l e  e x a m p l e ,  a s s u m e  th a t  a m in e  is  c u r r e n t l y  

w o rk in g  a 3-4  foot th ick  m i n e r a l i z e d  z o n e ,  the  b a c k  he igh t  is  a v e r a g in g  

6 f e e t ,  and the  o r e  is  ru n n in g  $25 p e r  ton  ( a s s u m e  no u p g ra d in g ) .  If 

th e  b a c k  h a s  to  be  r a i s e d  to a 10-foot  a v e r a g e  h e ig h t ,  t h e n  67% m o r e  

m a t e r i a l  wi l l  h av e  to  b e  r e m o v e d  fo r  the  s a m e  am o u n t  of o r e  p r e v i o u s l y  

m ined  with th e  6 -foot  high b a c k  (10 t  6 = 1 .6 7 ) .  Now 1 .67  tons  of m a t e r i a l  

wil l  be m in ed  to  c a p t u r e  th e  $25 w o r th  of o r e  th a t  w as  p r e v i o u s l y  c a p tu r e d  

by m in in g  one to n .  T h e  new w o r th  p e r  ton  is  $25 d iv ided  by  1 .67  tons  

o r  $ 15 p e r  ton .  The  m in e  o p e r a t io n  m a y  be  i n c u r r i n g  c o s t s  of $20 p e r  

ton  to  m in e  th e  o r e ,  t h e r e f o r e  t h i s  p r o f i t a b l e  o p e r a t i o n  would now be 

u n p r o f i t a b l e  and m in e  m a n a g e m e n t  would h a v e  to c o n s id e r  new m in ing  

m e th o d s  o r  c lo s in g  p o r t i o n s  of the  m in e .  Us ing  s m a l l e r  eq u ipm en t  and
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k eep in g  the  b a ck  he igh t  at 6 fee t  is  a n o t h e r  a l t e r n a t i v e .  S m a l l e r  

e qu ipm en t  is  l e s s  p ro d u c t iv e  t h a n  l a r g e r  e q u ip m en t  ( th re e  2 - y a r d  b u ck e t  

f r o n t - e n d  l o a d e r s  w il l  not m ove  a s  m u ch  o r e  a s  one 6 - y a r d  bu ck e t  

m ach in e )  and the  c o s t  p e r  o r e  v o lu m e  m oved  is  g r e a t e r  with s m a l l  

m a c h in e s  than  with l a r g e r  m a c h i n e s .  T h is  a l t e r n a t i v e  a l s o  h a s  n e g a t iv e  

e c o n o m ic  e f fe c t s .

While  the  above e x a m p le  is o v e r  s i m p l i f i e d ,  it d o es  i l l u s t r a t e  a 

p r o b l e m  e n c o u n te r e d  when  c o n s id e r i n g  R O P S / F O P S  in s t a l l a t i o n  on u n d e r 

g round  m a c h i n e s .  The  a c c id e n t  h i s t o r y  of u n d e r g r o u n d  m a c h i n e s  does  

not s u p p o r t  the  need  fo r  r o l l - o v e r  p r o t e c t io n .  Since f a l l in g  o b je c t s  and 

s id e  i m p a c t s  a r e  the  p r i m a r y  r e a s o n s  fo r  p r o v id in g  o p e r a t o r  p r o t e c t io n  

fo r  u n d e r g r o u n d  m a ch in e  o p e r a t o r s ,  the  a c c id e n t  r e c o r d  fo r  " m a c h i n e s  

of i n t e r e s t "  u sed  u n d e r g ro u n d  shou ld  be  e x a m in e d .  In the  t h r e e  y e a r s  

of MESA a c c id e n t  r e c o r d s  r e v i e w e d  by  WAI,  " m a c h i n e s  of i n t e r e s t "  w e r e  

involved in only two f a l l - o f - g r o u n d  a c c i d e n t s  th a t  r e s u l t e d  in dea th  o r  

in ju ry .

In m an y  of t h e s e  r o c k  fa l l  a c c i d e n t s  a F O P S  would not h a v e  p r o 

t e c t e d  th e  o p e r a t o r  s in c e  he  was  not in th e  o p e r a t o r  s t a t io n  but was 

a t te n d in g  to  s o m e  o t h e r  a c t iv i ty  n e a r b y  and would not h av e  b e e n  u n d e r  

th e  p r o te c t io n  of the  F O P S .  O p e r a t o r  p r o t e c t io n  f r o m  s id e  i m p a c t s ,  

ro o f  i m p a c t s ,  co l l i s io n  with o th e r  o b j e c t s ,  e t c .  , is  i m p o r t a n t  in u n d e r 

g round  m i n e s .  No ac c id en t  s t a t i s t i c s  w e r e  deve loped  on th is  s tudy to  

quant i fy  th e  d ea th s  and i n j u r i e s  due to m a c h in e  a c c id e n t s  tha t  did not 

involve  f a l l - o f - g r o u n d  o r  r o l l - o v e r  but  a c c id e n t s  tha t  could b e  t e r m e d  

" t r a m m i n g  a c c i d e n t s "  s e e m  to o c c u r  with su f f ic ien t  f r e q u e n c y  to c a u s e  

c o n c e r n  to  m any  m in e  o p e r a t o r s .  Som e m in e s  h a v e  in s t a l l e d  "low b r o w  

p r o te c t io n  s t r u c t u r e s " ;  s o m e  hav e  in s t a l l e d  low p r o f i l e  can o p ie s  in an

V
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a t t e m p t  to  p r o v id e  o p e r a t o r  p r o t e c t io n  in u n d e r g ro u n d  m i n e s .  The  

in s t a l l a t i o n  of a F O P S  type  s t r u c t u r e  th a t  does  not  u n a c c e p ta b ly  i n c r e a s e  

t h e  m a c h in e  h e ig h t  is  d e s i r a b l e .

D u r in g  m in e  v i s i t s , e x a m p le s  of p r o t e c t i v e  s t r u c t u r e s  tha t  

a t t e m p te d  to s a t i s f y  the  need  f o r  low p r o f i l e  o p e r a t o r  p r o t e c t io n  w e r e  

e x a m in e d .  F i g u r e  3-1 i l l u s t r a t e s  th is  type  of p r o t e c t i v e  s t r u c t u r e .

B e f o r e  p r o c e e d i n g  with a r e q u i r e m e n t  to  i n s t a l l  s o m e  such  d ev ice  on 

u n d e r g ro u n d  e q u ip m e n t ,  t h e  s t r u c t u r a l  p e r f o r m a n c e  r e q u i r e m e n t s  n eeded  

to  p r o t e c t  a g a in s t  s id e  i m p a c t s  m u s t  be de f ined .  Since  the  m a c h in e  m a s s  

is  m ov ing  d u r in g  m any  of t h e s e  s id e  im p a c t  a c c i d e n t s ,  it would a p p e a r  tha t  

the  p e r f o r m a n c e  c r i t e r i a  should  c a u s e  the  d e s i g n e r  to p r e p a r e  p r o t e c t iv e  

s t r u c t u r e  d e s ig n s  tha t  have  en e rg y  a b s o r p t i o n  ca p a b i l i ty  d i r e c t l y  r e l a t e d  

to e q u ip m e n t  g r o s s  weigh t .  A p e r f o r m a n c e  c r i t e r i o n  fo r  a s ide  im p ac t  

p r o t e c t i v e  s t r u c t u r e  h a s  not been  d eve loped  d u r in g  th i s  s tu d y .  A r e g u l a 

t ion  r e q u i r i n g  p r o t e c t i v e  s t r u c t u r e s  on u n d e r g ro u n d  m in in g  e qu ipm en t  

should  co n ta in  a s id e  i m p a c t  p e r f o r m a n c e  c r i t e r i o n  in ad d i t io n  to a top 

load  p e r f o r m a n c e  c r i t e r i o n .

The  u s e  (or  n o n -u se )  of s e a t  b e l t s  in R O P S -e q u ip p e d  m a c h in e s  

is  a s o u r c e  of m in e  s a fe ty  p e r s o n n e l  c o n c e r n .  A s e a t  b e l t  m u s t  be  w o rn  

by th e  o p e r a t o r  to  ga in  t h e  m a x i m u m  e f f e c t i v e n e s s  of th e  RO PS s y s t e m .  

W oodw ard  A s s o c i a t e s  p e r s o n n e l  h a v e  e x a m in e d  m a n y  c o n s t r u c t i o n  in d u s t r y  

a c c id e n t  r e p o r t s  w h e r e  th e  o p e r a t o r  of a ROPS equipped  m a c h in e  was  

th ro w n  out and c r u s h e d  by the  ROPS d u r in g  a r o l l - o v e r .  Seat  b e l t s  a r e  

n e c e s s a r y  to k e ep  th e  o p e r a t o r  in s id e  t h e  p r o t e c t e d  a r e a .

T a b le  3-1 s u m m a r i z e s  th e  c o n c lu s io n s  r e a c h e d  in th e  ac c id en t  

a n a l y s i s / r o c k  f a l l  c h a r a c t e r i z a t i o n  a r e a .  T a b le  3-2  r e v i e w s  the  c o n c lu 

s io n s  r e l a t i v e  to F O P S  p e r f o r m a n c e  c r i t e r i a  and T a b le  3-3 p r e s e n t s  the  

e c o n o m ic  e f f e c t s  of p o s s i b l e  R O P S / F O P S  r e t r o f i t  p o l i c i e s .  T h e s e  c o n 

c lu s io n s  f o r m  th e  b a s i s  f o r  th e  r e c o m m e n d a t i o n s .

V____________________________________ ;___________________ "vizzv.
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T a b le  3 -1 .  C o n c lu s io n s  — A cciden t  A n a l y s i s / R o c k  F a l l  C h a r a c t e r i s t i c s

A cciden t  A n a ly s is

•  Rock f a l l s ,  o r  f a l l - o f - g r o u n d  a c c id e n t s  a r e  r e s p o n s i b l e  
fo r  a p p r o x i m a te ly  7 d e a th s  and 150 i n j u r i e s  p e r  y e a r  in 
s u r f a c e  m e t a l - n o n m e t a l  m i n e s .  Of t h e s e ,  a p p r o x i m a te ly  
3 d ea th s  and 62 i n j u r i e s  o c c u r  to o p e r a t o r s  of the  
m a c h in e  ty p es  c o v e re d  by  th i s  s tudy .

•  Rock fa l l s  c a u s e  about 15 d e a th s  and about  570 i n j u r i e s  
p e r  y e a r  in u n d e r g ro u n d  m i n e s .  M ach ine  ty p e s  s tud ied  
on th i s  p r o g r a m  a r e  involved  in r o c k  fa l l  a c c id e n t s  
c l a im in g  l e s s  than  one dea th  and a p p r o x i m a te ly
28 i n j u r i e s  p e r  y e a r .

•  L o a d - h a u l - d u m p  u n i t s  a r e  involved  in m o r e  u n d e r g r o u n d  
r o c k  fa l l  a c c id e n t s  t h a n  fo r  the  to ta l  of a l l  " m a c h i n e s  of 
i n t e r e s t . "  T h e s e  u n i t s  o p e r a t e  in p o te n t i a l  r o c k  fal l  
a r e a s  ( fo rw a rd  of the  s u p p o r t e d  roof)  and h a v e  m uch  
g r e a t e r  e x p o s u re  th an  do " m a c h i n e s  of i n t e r e s t . "

Rock F a l l  C h a r a c t e r i s t i c s

•  Rock fa l l s  e x p e r i e n c e d  in both  s u r f a c e  and u n d e r g ro u n d  
m in e s  often involve  l a r g e  m a s s e s  of m a t e r i a l  fa l l ing  
f r o m  s ig n i f ic a n t  h e ig h t s .  It is i m p r a c t i c a l  to a t t e m p t  
to p r o v id e  o p e r a t o r  p r o t e c t io n  fo r  e v e r y  ro c k  fa l l .

•  The  m a t e r i a l  involved  in m any  ro c k  fa l ls  is  of ten not 
" c o m p e te n t "  r o c k ,  tha t  i s ,  it does  not have  g r e a t  
s t r u c t u r a l  i n t e g r i t y .  It m ay  f r a c t u r e  and b r e a k  up 
upon im p a c t  o r  it m ay  fa l l  as  a f r a c t u r e d  l a y e r .  In 
s u r f a c e  m in e  ro c k  f a l l s ,  the  m a t e r i a l  m a y  be  l o o s e  or  
u n c o n s o l id a t e d .  The  a c tu a l  k ine t ic  e n e rg y  t r a n s m i t t e d  
into the  FO P S  m ay  be  c o n s id e r a b l y  lo w e r  th an  tha t  c a l 
cu la ted  u s in g  the  to ta l  r o c k  fa l l  weight  and the to t a l  
fa l l  h e i g h t .

•  A p p ro x im a te ly  o n e -h a l f  of the  t o t a l  r o c k  fa l ls  in m e t a l -  
n o n m e ta l  m in e s  w il l  t r a n s m i t  l e s s  th an  4 0 ,0 0 0  f t - lb  of 
k in e t ic  e n e rg y  into a F O P S  s t r u c t u r e .

3 -8



T a b le  3 -2 .  C o n c lu s io n s  — R O P S / F O P S  T e c h n ic a l  A re a

•  A F O P S  m e e t in g  SAE J231 c r i t e r i a  p r o v id e s  a c c e p ta b l e  
o p e r a t o r  p r o te c t io n  fo r  m in im u m  of 21% of the ro c k  f a l l s  in 
s u r f a c e  m e t a l - n o n m e t a l  m i n e s  and a p p r o x i m a te ly  33% of the 
ro c k  f a l l s  in u n d e rg ro u n d  m e t a l - n o n m e t a l  m in e s .

•  A FO P S  m e e t in g  s t r u c t u r a l  p e r f o r m a n c e  c r i t e r i a  deve loped  
by WAI will  p ro v id e  o p e r a t o r  p r o te c t io n  f o r  a t  l e a s t  40% of 
the ro c k  fa l l s  in s u r f a c e  m e t a l - n o n m e t a l  m in e  a r e a s  and 
60% of the ro c k  f a l l s  in u n d e rg ro u n d  m e t a l - n o n m e t a l  m in e s .  
T h i s  F O P S  p e r f o r m a n c e  c r i t e r i a  r e p r e s e n t s  the  m a x im u m  
e n e r g y  a b s o r p t i o n  d e s ig n  th a t  is p r a c t i c a l  f o r  t n e s e  ty p es
of eq u ip m en t .

•  The  WAI ro ck  fall  da ta  c o l le c t io n  tech n iq u e  r e c o r d e d  a l l  
r o c k  f a l l s  r e p o r t e d  and thus  d o es  not include m any  of the 
s m a l l e r  ro ck  fa l l s  tha t  a r e  not r e p o r t e d  a n y w h e r e .  The  t r u e  
p e r c e n t a g e  of a c tu a l  ro c k  f a l ls  f o r  which t h e s e  FO P S  would 
p ro v id e  p r o te c t io n  is p ro b a b ly  g r e a t e r  than  the above  n u m b e r s  
ind ica te .

•  P r o v id in g  s ig n i f ic an t  l e v e l s  of o v e rh e ad  p r o t e c t io n  fo r  l ight 
i n d u s t r i a l  t r a c t o r s  is i m p r a c t i c a l .  The  F O P S  cap ab i l i ty  
n o r m a l l y  p rov ided  with in d u s t r i a l  t r a c t o r  ROPS (SAE J167) 
d o es  not p ro v id e  a d e q u a te  p r o te c t io n  fo r  the s u r f a c e  o r  
u n d e rg ro u n d  ro c k  fall  e n v i r o n m e n t .  L igh t  i n d u s t r i a l  
t r a c t o r s  do not have  the f r a m e  s t r e n g t h s  n e c e s s a r y  to 
s u r v i v e  the loads  t r a n s m i t t e d  by ro ck  fa l l s .

•  T e s t  p r o c e d u r e s  and a n a ly t i c a l  m e th o d s  a r e  a v a i l a b le  that 
p ro v id e  s a t i s f a c t o r y  v e r i f i c a t i o n  of F O P S  p e r f o r m a n c e .  
E x i s t in g  c e r t i f i c a t i o n  p r o c e d u r e s  a r e  val id  in s o m e  a r e a s ;  
a F O P S  c e r t i f i c a t i o n  p r o c e d u r e  fo r  the  WAI F O P S  p e r 
f o r m a n c e  c r i t e r i a  h as  been  p r e p a r e d .

•  The  ROPS m a n u fa c tu r in g  in d u s t ry  has  su f f ic ien t  p ro d u c t io n  
c a p a c i ty  to m e e t  the  d e m a n d s  of the R O P S / F O P S  r e g u l a 
t io n s  being c o n s id e re d  by MESA and o th e r  f e d e r a l  and s ta t e  
r e g u l a t o r y  a g e n c i e s .  P r o d u c t io n  c ap a c i ty  e x c e e d s  
30 0 ,0 0 0  R O P S /F O P S  uni ts  p e r  y e a r .

•  ROPS and F O P S  d e s ig n s  a r e  g e n e r a l l y  a v a i l a b le  fo r  the 
m a c h i n e s  of i n t e r e s t  m a n u f a c tu re d  a f t e r  1965 and for  many 
of the "heavy"  m a c h in e s  f r o m  1960.
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T a b le  3 - 3 .  C o n c lu s io n s  — R O P S / F O P S  E c o n o m ic  A r e a

•  T h e r e  a r e  a p p r o x i m a te ly  4 9 ,0 0 0  " m a c h i n e s  of i n t e r e s t "  
in u s e  in m e t a l - n o n m e t a l  m in in g  o p e r a t i o n s .

•  A p p ro x im a te ly  2 6 ,0 0 0  un i t s  of m in in g  eq u ip m e n t  could 
be  a f fec ted  by a ROPS o r  F O P S  r e t r o f i t  po l icy  fo r  
m e t a l - n o n m e t a l  m i n e s .

•  The  c o s t s  of R O P S / F O P S  r e t r o f i t  p o l i c i e s  could v a r y  
f r o m  about  $ 1 1 , 0 0 0 ,0 0 0  to  r e t r o f i t  a l l  " m a c h i n e s  of 
i n t e r e s t "  m a n u f a c tu r e d  a f t e r  1969 to  about  $ 4 5 , 0 0 0 ,0 0 0  
to r e t r o f i t  a l l  " m a c h i n e s  of i n t e r e s t "  r e g a r d l e s s  of da te  
of m a n u f a c t u r e .

•  The cos t  of a R O P S / F O P S  r e g u l a t i o n  fo r  u n d e r g ro u n d  
" m a c h i n e s  of i n t e r e s t "  could be  v e r y  high in low back  
m i n e s .  D r a s t i c  ch anges  in m in e  o p e r a t io n  would be  
n e c e s s a r y  to  a c c o m m o d a t e  the  added he igh t  to  the  
m a c h i n e .

•  The po p u la t io n  of l o a d - h a u l - d u m p  u n i t s  is  e s t i m a t e d  
at 600; about  240 do not h a v e  p r o t e c t i v e  s t r u c t u r e s  
i n s t a l l e d .
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It is r e c o g n iz e d  tha t  i n c r e a s e d  s a fe ty  fo r  m i n e r s  is  a p r i m a r y  

goal  fo r  t h e  U .S .  B u r e a u  of M ines  and fo r  t h e  Mining  E n f o r c e m e n t  and 

Safety A d m i n i s t r a t i o n .  The  im p l e m e n t a t i o n  of t h e  fo l low ing  r e c o m m e n d a 

t io n s  wil l  h e lp  a c h ie v e  th a t  g o a l .  It h a s  b ee n  d e m o n s t r a t e d  t h a t ,  t h ro u g h  

e v a lu a t io n  of the  o p e r a t i o n a l  and e c o n o m ic  im p l i c a t i o n s  of d i f f e re n t  

a p p r o a c h e s  to i n c r e a s e d  s a f e t y ,  a pa th  can  be def ined  th a t  p r o d u c e s  

t h e  d e s i r e d  i n c r e a s e s  in w o rk  p l a c e  s a fe ty  at m i n i m u m  d i s r u p t i o n  of 

p ro d u c t io n  and at a c c e p ta b l e  cos t  l e v e l s .  The  e f fec t  of th e  r e c o m m e n d a 

t io n s  p r e s e n t e d  in th i s  s e c t io n  wil l  not be  to e l i m i n a t e  c o m p le te ly  d e a th s  

and i n j u r i e s  due to a c c id e n t s  invo lv ing  th e  m a c h i n e s  s tu d i e d .  T h e s e  

r e c o m m e n d a t i o n s ,  if i m p l e m e n t e d ,  wil l  s ig n i f ic an t ly  r e d u c e  the  d ea th s  

and i n j u r i e s  e x p e r i e n c e d  in s u r f a c e  m i n e s  and s u r f a c e  a r e a s  of u n d e r 

ground  m in e s  due to f a l l - o f - g r o u n d , v e h ic l e  o v e r t u r n s ,  v e h i c l e  f a l l s ,  

and v e h i c l e - o b j e c t  c o l l i s i o n s .  The  c o s t s  to co m p ly  with t h e s e  r e c o m m e n d a 

t io n s  a r e  judged to be r e a s o n a b l e .  The  e f fe c t s  on p r o d u c t io n  a r e  n e g l ig ib le .

The  p r i m a r y  r e c o m m e n d a t i o n  r e s u l t i n g  f r o m  th i s  s tudy  is  to  

p r o m u l g a t e  a MESA re g u la t io n  s i m i l a r  to  th a t  p r o p o s e d  in the  F e d e r a l  

R e g i s t e r ,  V o lu m e  39 ,  N u m b e r  207,  d a te d  O c to b e r  24 ,  1974 but m odif ied  

a s  the  r e s u l t  of t h i s  i n v e s t i g a t io n .

T h i s  r e g u l a t i o n  should  only apply  to  s u r f a c e  m in e s  and s u r f a c e  

a r e a s  of u n d e r g r o u n d  m i n e s .  T he  ROPS and F O P S  p e r f o r m a n c e  s t a n d a r d s  

now a v a i l a b l e  shou ld  be  u s e d  as  g u id e l in e s  in r e q u i r i n g  R O P S / F O P S  on 

a l l  " m a c h i n e s  of i n t e r e s t "  m a n u f a c tu r e d  s in c e  J a n u a r y  1, 1965.

T h e  s e l e c t io n  of J a n u a r y  1, 1965 a s  the  "da te  of m a n u f a c t u r e "  fo r  

m a c h i n e s  tha t  m u s t  hav e  R O P S / F O P S  wil l  r e s u l t  in o v e r  80% of the  m a c h i n e s  

now in u se  be ing  fi t ted with R O P S / F O P S .  T h e  s e l e c t io n  of an  e a r l i e r  d a te  

would not  add s ig n i f ic an t ly  to the  n u m b e r  of m a c n i n e s  c o v e r e d  but would

3 . 2  RECOM MENDATIONS
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A
c a u s e  undue and u n w a r r a n t e d  f in an c ia l  h a r d s h i p s  fo r  s o m e  e q u ip m e n t  

o w n e r s .  G e n e r a l ly  it can  be s ta ted  tha t  the  o ld e r  m a c h i n e s  a r e  not w orked  

a s  m an y  h o u r s  p e r  y e a r  a s  n e w e r  m a c h i n e s  and t h e r e f o r e  a r e  not s u b je c te d  

to fa l l ing  ob jec t  o r  r o l l - o v e r  r i s k  s i t u a t io n s  a s  m u c h  a s  n e w e r  e q u ip m en t .

The  s e le c t io n  of a l a t e r  da te  of m a n u f a c t u r e ,  J a n u ay  1, 1970 fo r  

i n s tan ce ,  would r e s u l t  in c o v e r a g e  of only 60% of the  m a c h i n e s  c u r r e n t l y  

in u se .

The  r e g u la t io n  should  s t a t e  a d a te  ( J a n u a r y  1, 1978 is sug g es ted )  

a f t e r  which  the  R O P S / F O P S  tha t  a r e  in s t a l l e d  on new m a c h i n e s  m u s t  m e e t  

the  SAE ROPS p e r f o r m a n c e  c r i t e r i a  (SAE J1040a) ,  the SAE F O P S  p e r 

f o r m a n c e  c r i t e r i a  (SAE J231) ,  and a new MESA F O P S  p e r f o r m a n c e  s t a n d a r d .  

The  t i m e  lag  wil l  a l low  R O P S / F O P S  m a n u f a c t u r e r s  the  t i m e  n e c e s s a r y  to 

v e r i fy  tha t  t h e i r  c u r r e n t  R O P S / F O P S  m e e t  t h i s  new USBM F O P S  p e r 

f o r m a n c e  s t a n d a r d .  M a c h in e s  with g r o s s  v e h ic le  w e igh ts  u n d e r  30, 000 pounds  

wil l  not be f it ted  with FO PS  tha t  p r o v id e  the m in im u m  d e s i r e d  p r o te c t io n  but 

no so lu t ion  to th i s  p r o b le m  is r e a d i ly  a v a i l a b le .

T a b le  3 -4  s u m m a r i z e s  the WAI r e c o m m e n d a t i o n s .

V
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T a b le  3 -4 .  R e c o m m e n d a t i o n s

•  R O P S / F O P S  in S u r fa c e  A r e a s  -  A MESA R O P S / F O P S  
r e g u la t io n  should  r e q u i r e  R O P S / F O P S  on m a c h i n e s  used  in 
s u r f a c e  m in e s  and s u r f a c e  a r e a s  of u n d e rg ro u n d  m in e s .

•  R O P S / F O P S  R e t r o f i t  P o l i c y  -  A R O P S / F O P S  r e g u la t io n  
should  be p r o m u lg a t e d  by MESA tha t  r e q u i r e s  the  i n s ta l l a t io n  
of ROPS and F O P S  on a l l  " m a c h i n e s  of i n t e r e s t "  m a n u 
f a c tu re d  a f t e r  1964. T h e s e  ROPS should  com ply  with the 
p e r f o r m a n c e  r e q u i r e m e n t s  g iven  in SAE J1040a  o r  in C o rp s
of E n g i n e e r s  Manual  E M 3 8 5 - 1 -1 ,  M a rc h  27, 1972. The  FO P S  
should  com ply  with the  p e r f o r m a n c e  r e q u i r e m e n t s  of 
SAE J231 .

•  R O P S / F O P S  fo r  New M a ch in es  — The  R O P S / F O P S  r e g u la t io n  
should  s t a t e  tha t  new m a c h i n e s  m a n u f a c tu r e d  a f t e r  1977 m u s t  
have  ROPS in s ta l led  th a t  com ply  with  SAE J  1040a and F O P S  
th a t  com ply  with  a MESA F O P S  p e r f o r m a n c e  s t a n d a rd  
(developed f ro m  the WAI FO P S  c r i t e r i a  included in th is  
r e p o r t ) .  A new MESA c e r t i f i c a t i o n  p r o c e d u r e  (developed 
f ro m  WAI p r o c e d u r e  included h e re in )  should  be r e f e r e n c e d  
a s  the p e r f o r m a n c e  v e r i f i c a t i o n  m ethod .

•  Seat B e l t s  — T h e  R O P S / F O P S  r e g u l a t i o n  should  co n ta in  a 
r e q u i r e m e n t  tha t  s e a t  b e l t s  be in s ta l l ed  in m a c h i n e s  and tha t  
it is the  e m p l o y e e s '  r e s p o n s i b i l i t y  to w e a r  th e m .

•  R O P S / F O P S  in U n d e rg ro u n d  M ines  — It is r e c o m m e n d e d  that  
c r a w l e r  l o a d e r s ,  c r a w l e r  d o z e r s ,  r u b b e r - t i r e d  d o z e r s ,  m o to r  
g r a d e r s ,  and s c r a p e r  p r i m e  m o v e r s  be ex e m p t  f r o m  any fu tu re  
R O P S / F O P S  r e g u la t io n  e f fec t ing  m ob i le  e q u ip m e n t  used
und e r g r o u n d .

•  USBM should  con t inue  in v e s t ig a t io n  into the  need  fo r  FO PS  on 
u n d e rg ro u n d  m in ing  e q u ip m en t .  Mining m a c a i n e s  tha t  work  
in u n s u p p o r te d  roo f  a r e a s  ( roof  b o l t e r s ,  g a t h e r i n g  a r m  
l o a d e r s ,  f r o n t - e n d  l o a d e r s ,  LHD u n i t s ,  e tc .  ) e x p e r i e n c e  f a r  
m o r e  a c c i d e n t s  of tne  type  tha t  a FO P S  o r  s id e  im p a c t  p r o 
te c t i v e  s t r u c t u r e  wil l  p r o t e c t  a g a in s t  than  do the f ro n t - e n d  
l o a d e r s ,  d o z e r s ,  g r a d e r s  tha t  g e n e r a l l y  w o rk  in s u p p o r ted  
ro o f  a r e a s .

•  The  u se  of F O P S  in u n d e rg ro u n d  m i n e s  should  not be v iewed 
a s  a s u b s t i t u t e  fo r  sound roo f  c o n t ro l  e n g in e e r in g .  Mobile  
t e m p o r a r y  roo f  s u p p o r t s  a r e  an  im p o r t a n t  p a r t  of the  o v e r a l l  
a p p r o a c h  to p ro v id in g  p r o t e c t io n  fo r  u n d e r g ro u n d  m in ing  
p e r s o n n e l .
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A

T a b le  3 -4 .  R e c o m m e n d a t i o n s  (Cont)

•  USBM should  con t inue  e f fo r t s  to w a rd  i n c r e a s i n g  the  v a l id i ty  
and u s e f u l n e s s  of the  CANOPY c o m p u t e r  p r o g r a m .  T h e  a d d i 
t ion of a buck l ing  s u b ro u t in e  and a p l a t e - e l e m e n t  s u b ro u t in e  
should  be c o n s id e r e d .

•  E f f o r t s  to e d u c a te  m a c h in e  o p e r a t o r s  on r o l l - o v e r ,  fa l l ing  
o b jec t ,  and c o l l i s io n  h a z a r d s  should  be in i t ia ted  by MESA a s  
a p a r t  of e x i s t in g  t r a in i n g  p r o g r a m s .
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SECTION 4 . 0  

PRO G RA M  ACTIVITIES

The  e f fo r t  p e r f o r m e d  on th i s  p r o g r a m  h a s  b e e n  d iv id ed ,  fo r  

r e p o r t i n g  p u r p o s e s , into s ix  d i f f e r e n t  s u b s e c t i o n s .  E a ch  s u b s e c t i o n  

d e s c r i b e s  an a r e a  of r e s e a r c h  th a t  w a s  u n d e r t a k e n  to  ga in  in fo r m a t io n  

to w a r d  two g e n e r a l  o b j e c t iv e s .  T h e s e  p r i m a r y  o b je c t iv e s  w e r e :

(1) def in i t ion  of t e c h n i c a l  a s p e c t s  of R O P S / F O P S  u s a g e  on " m a c h i n e s  

of i n t e r e s t " ,  inc lud ing  d e t e r m i n a t i o n  of a F O P S  p e r f o r m a n c e  c r i t e r i a  

t h a t  would p r o v id e  o p e r a t o r  p r o t e c t i o n  s u p e r i o r  to  tha t  p ro v id e d  by F O P S  

m e e t in g  th e  SAE J231 p e r f o r m a n c e  c r i t e r i a ,  and (2) p r e p a r a t i o n  of 

e s t i m a t e s  of th e  eq u ip m en t  pop u la t io n  th a t  could  be  a f fec ted  by  R O P S /  

F O P S  r e g u l a t i o n s  and of th e  p r e d i c t e d  c o s t s  to r e t r o f i t  eq u ip m e n t  with 

R O P S / F O P S .

The r e s u l t s  of th i s  e f fo r t  w e r e  s u m m a r i z e d  in Sec t ion  2 . 0 ,  

S u m m a r y  of P r o g r a m  Study A r e a s ,  and in Sec t ion  3 . 0 ,  C o n c lu s io n s  and 

R e c o m m e n d a t i o n s .

The s u b s e c t i o n s  a r e  o r g a n iz e d  as  fo l lows:

•  S u b sec t io n  4 .1  — C h a r a c t e r i z a t i o n  of Rock F a l l s

S u b se c t io n  4 . 2  — D ev e lo p m en t  of F O P S  D es ign  C r i t e r i a

S u b se c t io n  4.  3 — E q u ip m e n t  P o p u la t io n

S u b se c t io n  4 . 4  — C o m m e r c i a l  A va i lab i l i ty  of R O P S / F O P S

S u b se c t io n  4 . 5  — R O P S / F O P S  R e t r o f i t  C o n s i d e r a t i o n s

S u b se c t io n  4 .6  — E c o n o m ic  E f f e c t s  of P o s s i b l e  P r o t e c t i v e

S t r u c t u r e  R e t r o f i t  P o l i c i e s



T h is  s e c t io n  is  a s u m m a r y  of the  w o rk  done to quan t i fy  the  

d im e n s io n s  of r o c k  f a l l s  e x p e r i e n c e d  in m e t a l - n o n m e t a l  m i n e s .  The  

da ta  on r o c k  f a l l s  i s  d iv ided  into s u r f a c e  and u n d e r g r o u n d  c a t e g o r i e s .  

K in e t ic  e n e r g y  of r o c k  f a l l s  i s  d e t e r m i n e d  fo r  u s e  in F O P S  p e r f o r m a n c e  

r e q u i r e m e n t  c a l c u l a t i o n s .

S o u rc e s  of A cc iden t  In fo rm a t io n

The  s o u r c e s  of i n f o r m a t io n  about  th e  t i m e  and p l a c e  of f a l l - o f -  

g round  a c c id e n t s  in m e t a l  and n o n m e t a l  m i n e s  a r e  d i s c u s s e d  in d e ta i l  

in Appendix  A 5 .

P h y s i c a l  Data  C o l le c t io n

The m e th o d s  of da ta  c o l lec t io n  a r e  t r e a t e d  in d e t a i l  in A p p e n 

d ic e s  A4 and A 5 .

I m p o r ta n t  Def in i t ions

The d e f in i t io n s  of " a c c i d e n t " ,  " f a l l - o f - g r o u n d " , and " m a c h in e s  

of i n t e r e s t " ,  a s  u s e d  c o n s i s t e n t ly  in t h i s  s tu d y ,  a r e  g iven  in Appendix  A 5 .

L im i t a t i o n s  of th e  A cc iden t  Data

A d i s c u s s io n  of da ta  l i m i t a t i o n s  i s  g iven  in Appendix  A5.

T h e r e  a r e  o t h e r  l im i t a t i o n s  which should  be  ta k en  into a c c o u n t .  

They  r e l a t e  p r i m a r i l y  to the  a c c u r a c y  of th e  b a s i c  da ta  about  the  p h y s ic a l  

c h a r a c t e r i s t i c s  of f a l l s ,  th a t  i s ,  to weight  and d i s t a n c e  d a ta .

C o n s id e r  how one would d e s c r i b e  a fa l l  id e a l ly  f o r  e n e r g y  c a l c u l a 

t i o n s .  The  fa l l  d i s t a n c e  would be  m e a s u r e d  qu i te  a c c u r a t e l y ,  s ay  to  the  

n e a r e s t  inch .  The  weight would be  m e a s u r e d  to th e  n e a r e s t  pound .  In
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a d d i t io n ,  s o m e  a c c u r a t e  i n fo r m a t io n  about  the  s h a p e  of the  f a l le n  m a t e r i a l  

would  b e  n e c e s s a r y  a n d ,  if it is  n o n - c o h e s i v e , da ta  which  def ine  i t s  

c h a r a c t e r  should  be  known.  Shape m igh t  be e x p r e s s e d  as  in i t i a l  im p a c t  

a r e a  in s q u a r e  i n c h e s .  And f in a l ly ,  i t  should  be known w h e th e r  the  

m a t e r i a l  f e l l  in a f r e e - f a l l  m o d e  o r  a s  a s l i d in g ,  p ivo t ing  o r  tu m b l in g  

m a s s .  If th e  fa l l  w as  not a f r e e  f a l l ,  i n f o r m a t io n  about  an g le s  and f r i c 

t ion  l o s s e s  would be  r e q u i r e d .  Of c o u r s e ,  da ta  of t h e s e  k inds  which a r e  

a c c u r a t e  and d e ta i l e d  a r e  p o s s i b l e  only  f r o m  c o n t r o l l e d  f ie ld  t e s t s  o r  

l a b o r a t o r y  e x p e r i m e n t s .  It is  a c tu a l  ev en ts  with which t h i s  r e p o r t  is  

c o n c e r n e d  and th o s e  e v e n ts  o c c u r r e d  in e n v i r o n m e n t s  which a r e  g r e a t l y  

d i f f e r e n t  f r o m  th e  c o n t r o l l e d  t e s t  e n v i r o n m e n t .

What  a r e  u s u a l ly  m e a s u r e d  in an  a c c i d e n t ,  if any th ing  is  a c tu a l ly  

m e a s u r e d  at a l l ,  a r e  th e  d i m e n s io n s  of t h e  void  c r e a t e d  by th e  f a l le n  

m a t e r i a l  and th e  d i s t a n c e  f r o m  what  w as  b e l i e v e d  to  be  the  b a s e  of the 

m a t e r i a l  b e f o r e  it f e l l  to the  s u r f a c e  on which it c a m e  to  r e s t .  If the  

fa l l  invo lved  only one r o c k ,  o r  a f e w ,  t h e  m e a s u r e m e n t s  m igh t  b e  m a d e  

on th e  f a l le n  m a t e r i a l .  S o m e t im e s  a c tu a l  m e a s u r e m e n t s  a r e  t ak e n  by 

m in e  s a f e ty  o f f ic ia l s  o r  by  f e d e r a l  and s t a t e  m in e  i n s p e c t o r s .  In m any  

c a s e s  t h e  i n f o r m a t io n  is  e s t i m a t e d ,  and the  d i m e n s i o n s  u s e d  a r e  fee t  of 

fa l l  d i s t a n c e  and s i z e ,  and to n s  o r  h u n d r e d s  of pounds  of w e ig h t .  M o re  

o f te n ,  only  a few of the  n eeded  da ta  i t e m s  a r e  e s t i m a t e d  at the  t i m e  of 

t h e  a c c i d e n t ,  o r  the  t i m e  of the  f o r m a l  i n v e s t i g a t i o n ,  and the o t h e r s  a r e  

not e s t i m a t e d  (or at  l e a s t  not r e c o r d e d  in th e  a c c id e n t  r e c o r d s ) .  Only 22 

of 152 MESA a c c id e n t  in v e s t ig a t io n  r e p o r t s  u s e d  in th i s  s tudy  had  a l l  of 

th e  n ee d e d  d a ta .  The  r e a s o n  s e e m s  c l e a r :  n e i t h e r  the  c o m p a n y  s a fe ty  

o f f ic ia l s  n o r  t h e  MESA o f f ic ia l s  n e e d  t h e s e  da ta  to f o r m  the  j u d g m e n ts  

th e y  n o r m a l l y  m u s t  m a k e  r e g a r d i n g  a c c id e n t  c a u s e s  and ac c id e n t  p r e 

ven t ion  t e c h n iq u e s  fo r  e f fec t ive  s a fe ty  a d m i n i s t r a t i o n .
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Data A n a ly s is  and I n f e r e n c e s

In o r d e r  to  d e a l  p r o p e r l y  with th e  r e p o r t e d  i n f o r m a t i o n ,  it was  

n e c e s s a r y  f i r s t  to  d ec id e  upon c e r t a i n  co n v en t io n s  which would b e  u s e d  

in p r o c e s s i n g  th e  d a ta .  I n s o f a r  a s  p o s s i b l e ,  da ta  about each  a c c id e n t  

w as  e x p r e s s e d  in t e r m s  which m a d e  it  p o s s i b l e  to p e r f o r m  s o m e  p a r a 

m e t r i c  a n a l y s e s .  C o r r e c t i o n  c o n s ta n t s  w e r e  em p lo y ed  in s o m e  c a s e s  

to  m a k e  th e  da ta  m o r e  a c c u r a t e l y  r e f l e c t  t h e  t r u e  e n e r g y  l e v e l s  invo lved .  

T he  "g ro u n d  r u l e ” fo r  s e l e c t in g  t h e s e  c o n s ta n t s  w as  s im p l y  to  c h o o s e  

t h o s e  which would b e  m o s t  a p p r o p r i a t e  to  ob ta in  t r u e  e n e r g y  l e v e l s  wi th in  

th e  c o n s t r a i n t  th a t  no e n e r g y - r e l a t e d  f a c to r  would e v e r  be  u n d e r s t a t e d .

All of th e  da ta  p r o c e s s i n g  p r o c e d u r e s  h a v e  b e e n  c o n s i s t e n t l y  c o n s e r v a t i v e ,  

th a t  i s ,  w h a te v e r  b ia s  e x i s t s  in the  f ina l  da ta  i s  in th e  d i r e c t i o n  of h i g h e r  

th an  a c tu a l  e n e r g y  v a l u e s .  The  d e ta i l s  c o n c e r n i n g  th e  s e l e c t i o n  of c o r 

r e c t i o n  c o n s ta n t s  a p p e a r  in Appendix  A 5 . An e s t i m a t e  of b i a s  is  inc luded  

in th e  append ix  c i t e d .

In p r o c e s s i n g  th e  d a t a ,  the  weight  of th e  f a l l ,  as  r e p o r t e d  by  the  

m in e  m a n a g e m e n t  o r  by th e  MESA a c c id e n t  i n v e s t ig a t io n  w as  a lw ays  

u s e d  as  r e p o r t e d .  No " c o r r e c t i o n  c o n s ta n t "  w as  app l ied  to  weight  fo r  

two r e a s o n s :

1) No sound b a s i s  could be  found fo r  u s in g  a c o r r e c t i o n

c o n s ta n t .  A few of the  r e s p o n d e n t s  to the  a c c id e n t  

q u e s t i o n n a i r e s  gave fa l l  v o lu m e  i n fo r m a t io n  in add i t ion  

to w eigh t .  In s o m e  of t h e s e  c a s e s ,  a c a lc u la t io n  would 

show th a t  one o r  the  o t h e r  w as  i n c o r r e c t  b e c a u s e ,  in o r d e r  

to have  the weight  r e p o r t e d ,  the  d en s i ty  would have  to be g r e a t e r  

t h an  it p o s s ib ly  could be in the  o r e  body c o n c e r n e d .  T h e r e
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i s  v e r y  good ev id en ce  th a t  v o lu m e  (o r  leng th ,  width  and 

t h i c k n e s s )  is  u su a l ly  o v e r e s t i m a t e d .  H o w e v e r ,  in th o se  

few c a s e s  w h e r e  t h e r e  o c c u r r e d  th i s  da ta  a n o m a l y ,  

weigh t  w as  t a k e n  to  be  c o r r e c t .

2) Mining peop le  c u s t o m a r i l y  e x p r e s s  p ro d u c t io n  f i g u r e s  

in weigh t  t e r m s .  The  m a j o r i t y  of the  q u e s t i o n n a i r e s  

w e r e  a n s w e r e d  in weigh t  t e r m s .  A m i n e r  who m o v e s  

a fa l le n  r o c k ,  by  hand o r  with a m a c h i n e ,  w i l l ,  b e c a u s e  

of h i s  e x p e r i e n c e ,  m a k e  a m o r e  r e a s o n a b l e  e s t i m a t e  

of th e  weigh t  t h a n  of any o t h e r  d e s c r i p t i v e  f a c t o r .

R e p o r te d  v o lu m e  w as  a v a i l a b l e  f o r  m an y  of th e  a c c i d e n t s .  It i s

a good s u r v e y  s u r r o g a t e  fo r  weight  if it is  a c c u r a t e  and if th e  d e n s i ty  of 

th e  m a t e r i a l  i s  known o r  can  be  s a t i s f a c t o r i l y  e s t i m a t e d .  The  q u es t io n  

of v o lu m e  a c c u r a c y  w as  g iven  m u c h  c a r e f u l  c o n s i d e r a t i o n .  The  b a s i c  

p r o b l e m  a r i s e s  f r o m  th e  way in which th e  v o lu m e  of an i r r e g u l a r  ob jec t  

is  u s u a l ly  m e a s u r e d  o r  e s t i m a t e d .  T y p i c a l l y ,  th e  p o in t s  of g r e a t e s t  

w id th ,  he igh t  and t h i c k n e s s  a r e  m e a s u r e d .  T h e  d i m e n s i o n a l  da ta  w e r e  

c o m m o n ly  g iven  in f e e t ,  bu t  with s o m e  w o r d s  to  e x p r e s s  th e  s h a p e ,  

such  as  " e g g - s h a p e d  r o c k . "  If the  t h r e e  d i m e n s i o n a l  n u m b e r s  w e r e  

s im p ly  m u l t ip l ie d  to  e s t i m a t e  v o l u m e ,  t h e  v o lu m e  f ig u r e  would b e  m u ch  

l a r g e r  th an  th e  t r u e  v o lu m e .  How th i s  m a t t e r  w as  t r e a t e d  is  d e s c r i b e d  

in d e ta i l  in A ppendix  A5.

The  d e n s i ty  of the  fa l len  m a t e r i a l  was  u s u a l l y  not known. It was

e s t i m a t e d  u s in g  da ta  f r o m  s t a n d a r d  r e f e r e n c e s  about  o r e  d e n s i t i e s ,  

u s in g  th e  a s s u m p t i o n  th a t  th e  m a t e r i a l  w hich  fe l l  had  th e  s a m e  den s i ty  

a s  th e  o r e  b e in g  m in e d .  T h is  p r o c e d u r e  p r o d u c e s  a h igh  e s t i m a t e  of 

t h e  r o c k  fa l l  w e igh t  s in c e  th e  f a l l in g  r o c k  is  of l o w e r  d e n s i ty  th an  the  

o r e  in m a n y  c a s e s .

V
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The fa l l  d i s t a n c e s  w e r e  r e p o r t e d  in one of two w ays :  " to ta l  f a l l

d i s t a n c e "  o r  " d i s t a n c e  m a t e r i a l  f e l l  b e f o r e  s t r i k i n g  v i c t i m . "  In o r d e r  

to  e x p r e s s  the  t o t a l  f a l l  d i s t a n c e  fo r  k in e t ic  e n e r g y  c a l c u l a t i o n s  when 

only the  fa l l  d i s t a n c e  to  v i c t i m  was g iv en ,  i t  w as  n e c e s s a r y  to  add a 

c o r r e c t i o n  c o n s ta n t  of 6 f e e t .  If the  v i c t i m  w as  o p e r a t i n g  a m a c h in e  in 

a s i t t in g  p o s i t i o n ,  th e  he igh t  of the  top  of t h e  v i c t i m ’s h e a d ,  a s  e x t r a c t e d  

f r o m  m a n u f a c t u r e r ’s d a ta  on th e  m a c h i n e s ,  w as  u s e d .  In a few c a s e s ,  

in fo r m a t io n  f r o m  th e  a c c id e n t  r e p o r t  w as  u s e d  to e s t i m a t e  th e  h e ig h t  of 

th e  top  of th e  v i c t i m ’s h e ad  above  the  m in e  f lo o r .  F o r  e x a m p l e ,  one 

a c c id e n t  r e p o r t  d e s c r i b e d  th e  v i c t i m  as  b e in g  in a s c a l in g  t o w e r  which  

w as  14 fee t  above  th e  f l o o r .  The  h e ig h t  of the  top of th e  v i c t i m ’s head  

above  the  f lo o r  was  ta k e n  to  be  20 f e e t .

The  " p ro t e c t io n  l e v e l "  w as  def ined  a s  th e  he igh t  of th e  top  of a 

p r o t e c t i v e  s t r u c t u r e  above  th e  p la n e  on which a m a c h i n e ’s w h e e l s  r e s t .

In a c c id e n t s  which invo lved  m a c h i n e s ,  a h e ig h t  was  s e l e c t e d  f r o m  the  

m a c h in e  m a n u f a c t u r e r ’s d a ta  o r  f r o m  ROPS m a n u f a c t u r e r s ’ d a ta .  It 

w a s ,  in the  c a s e  of e x i s t in g  R O P S ,  t h e  he igh t  of t h e  top of the  RO PS.

If no ROPS da ta  w e r e  a v a i l a b l e ,  the  he igh t  of t h e  top of the  o p e r a t o r ' s  

head  w as  u s e d .  If a n o n - r i d i n g  m a c h in e  was  in v o lv e d ,  o r  no m a c h in e  

was  invo lved ,  t h e  p r o t e c t i o n  l e v e l  w as  t a k e n  to be  6 f e e t ,  o r  1 foot l e s s  

th an  the  fa l l  d i s t a n c e ,  w h ic h e v e r  w as  s m a l l e r ,  fo r  u n d e r g r o u n d  a c c id e n t s  

and 8 f e e t ,  o r  1 foot l e s s  t h a n  fa l l  d i s t a n c e ,  f o r  s u r f a c e  a c c i d e n t s .

In o r d e r  to e s t i m a t e  the  p o r t i o n  of t o t a l  k in e t ic  e n e r g y  which a 

p r o t e c t i v e  s t r u c t u r e  m u s t  t r a n s f o r m  to be  e f f e c t iv e ,  it w as  n e c e s s a r y  

to m o d e l  the  fa l l  and to m a k e  c e r t a i n  a s s u m p t i o n s  about  the  a r e a  of th e  

top  of th e  s t r u c t u r e .  T h i s  c o r r e c t i o n  w as  r e q u i r e d  b e c a u s e  s o m e  r e p o r t e d  

f a l l s  had  p lan  f o r m  a r e a s  which w e r e  m uch  l a r g e r  th an  th e  canopy top .

One of th e  l a r g e s t  of th e  e x i s t i n g  ROPS w as  c h o s en  fo r  the  m o d e l .  It
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is  a Young C o r p o r a t io n  RO PS fo r  the  D9G C a t e r p i l l a r  d o z e r .  The top 

of the  RO PS is  66 in c h e s  wide and 90 in ch e s  long .  H o w e v e r ,  20 in c h e s  

on one end of the  len g th  s lo p e s  dow nw ard  at an  an g le  of about  60 d e g r e e s .  

In th e  m o d e l  and in the  k in e t ic  e n e r g y  c a l c u l a t i o n s  fo r  th e  p r o t e c t io n  

l e v e l ,  t h e  p lan  f o r m  a r e a  w as  t a k e n  to  be  70 x 90 - 6300 s q u a r e  i n c h e s ,  

o r  4 3 .7 5  s q u a r e  f e e t ,  and it w as  a s s u m e d  th a t  t h e  e n t i r e  a r e a  was  f la t .

The  e f fe c t iv e  v e r t i c a l  d im e n s io n  of the  f a l l in g  m a t e r i a l  is  a l so  

n e c e s s a r y  to c a l c u l a t e  the  load  v o lu m e  and the  k in e t i c  e n e r g y  which a 

p r o t e c t i v e  s t r u c t u r e  m u s t  t r a n s f o r m .  The  v e r t i c a l  d im e n s io n  of the  

load  v o lu m e  w as  t a k e n  to  be the  t h i c k n e s s  of the  f a l le n  m a t e r i a l  as  

r e p o r t e d  o r ,  in th e  c a s e  of l o o s e  m a t e r i a l  f a l l s  in which no t h i c k n e s s  

was  g iv e n ,  a s  120 in ch e s  o r  10 fee t .  The  r e a s o n i n g  fo r  th i s  a s s u m p t i o n  

is  exp la in ed  in s o m e  d e ta i l  in Appendix  A5.

All of the  f a l l - o f - g r o u n d  d a t a ,  a s  r e p o r t e d  on the  q u e s t i o n n a i r e  

o r  as  e x t r a c t e d  f r o m  MESA a c c id e n t  in v e s t ig a t io n  r e p o r t s , a r e  shown 

in two t a b l e s  in Appendix  A5. One t a b l e  g ives  the  r e p o r t e d  da ta  fo r  

s u r f a c e  m i n e s ,  the  o th e r  fo r  u n d e r g r o u n d  m i n e s .  Each  of t h e s e  t a b l e s  

a l s o  shows th e  r e s u l t s  of the  e n e r g y  c a l c u l a t i o n s  fo r  e ach  a c c id e n t  a n d ,  

in a d d i t io n ,  id en t i f i e s  th e  m a c h i n e s  involved  in c a s e s  in which th i s  

i n f o r m a t i o n  i s  known.  The  t a b l e s  in d ic a te  w h e t h e r  the  a c c id e n t  p r o d u c e d  

a f a ta l i ty  (F ) ,  a n o n - f a t a l  i n ju ry  (I), o r  no i n ju ry  (N).

F a l l - o f - g r o u n d  c h a r a c t e r i z a t i o n  da ta  a r e  p o r t r a y e d  in g r a p h i c a l  

f o r m  in t h i s  s e c t io n .  F i g u r e  4-1  is  a h i s t o g r a m  which r e l a t e s  r e p o r t e d  

t o t a l  f a l l  d i s t a n c e s ,  f ,  to  the  f r e q u e n c y  of o c c u r r e n c e  fo r  f a l l - o f - g r o u n d  

a c c i d e n t s  in the  s a m p l e  of 198 a c c i d e n t s .  The  g ra p h  d i s t i n g u i s h e s  

b e tw e e n  da ta  f r o m  u n d e r g r o u n d  m in e  a c c i d e n t s  and d a ta  f r o m  s u r f a c e  

m in e  a c c i d e n t s  so  th a t  the  d i f f e r e n c e  in f r e q u e n c y  d i s t r i b u t i o n  is 

a p p a r e n t .  F i g u r e  4 -2  is  a h i s t o g r a m  which r e l a t e s  fa ll  w e ig h t ,  W2  (as
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a d ju s te d  w h e r e  n e c e s s a r y  by  v o lu m e  c o r r e c t i o n s ) ,  to  t h e  f r e q u e n c y  of 

o c c u r r e n c e  fo r  a c c i d e n t s  in the  s a m p l e .  As in th e  p r e v i o u s  g r a p h ,  

u n d e r g r o u n d  m i n e  a c c i d e n t s  a r e  d i s t i n g u i s h e d  f r o m  s u r f a c e  m in e  

a c c i d e n t s .

a r e  p o r t r a y e d  in two c u m u la t iv e  p e r c e n t a g e  g r a p h s ,  p r in c ip a l l y  so  th a t  

one  m ay  o b s e r v e  e a s i l y  what  p e r c e n t a g e  of the  f a l l s  a r e  be low  any 

s e l e c t e d  k in e t ic  e n e r g y  v a lu e .  F i g u r e  4 -3  g ives  the  t o ta l  f a l l  k in e t ic  

e n e r g y  d a ta  fo r  f a l l - o f - g r o u n d  a c c i d e n t s  in th e  s a m p l e .  One c u r v e  is  

f o r  u n d e r g ro u n d  m in e  a c c i d e n t s ,  th e  o th e r  f o r  s u r f a c e  m in e  a c c i d e n t s .  

F i g u r e  4 -4  g ives  th e  f a l l  k in e t i c  e n e r g y  at th e  " p ro t e c t io n  l e v e l . "  The 

u p p e r  c u r v e  is  fo r  u n d e r g r o u n d  m in e  a c c id e n t s  and th e  lo w e r  is  fo r  

s u r f a c e  m in e  a c c i d e n t s .

of f a l l - o f - g r o u n d  a c c i d e n t s  a r e  p o r t r a y e d  in c u m u la t iv e  p e r c e n t a g e  

g r a p h s  in F i g u r e s  4 -5  and 4 - 6 .  F i r s t ,  t h e  an n u a l  popu la t ion  of f a l l - o f -  

ground  a c c id e n t s  w as  r e l a t e d  to the  s a m p l e  da ta  and to WAI e s t i m a t e s  

of t h e  d i s t r i b u t i o n  by  k in e t i c  e n e r g y  l e v e l s  of th e  n o n - f a t a l  i n ju ry  and 

no in ju ry  a c c i d e n t s .  T h is  a n a ly s i s  p ro d u c e d  th e  lo w e r  l im i t  of each  

c u r v e  band in F i g u r e  4 - 5 .  T h e n ,  e s t i m a t e s  of th e  b ia s  which e x i s t s  in 

th e  k in e t ic  e n e r g y  c a l c u l a t i o n s  fo r  the  s a m p l e  and fo r  the  popu la t ion  w e r e  

m a d e .  T h e s e  e s t i m a t e s  p r o d u c e d  the  u p p e r  l i m i t s  of th e  c u r v e  bands  in 

F i g u r e  4 - 5 .  In a s e n s e ,  t h e s e  c u r v e  ban d s  a r e  p r e d i c t i o n  c u r v e s .  They  

p r e d i c t  what p e r c e n t a g e s  of f a l l - o f - g r o u n d  a c c id e n t s  each  y e a r  wil l  be  

be low  any chosen  k in e t i c  e n e r g y  v a lu e  at th e  p r o t e c t io n  l e v e l ,  a s s u m i n g  

th a t  m in ing  t e c h n iq u e s  and cond i t ions  do not  ch an g e .  F i g u r e  4-6  p r e s e n t s  

th e  s a m e  i n f o r m a t io n  a s  F i g u r e  4 -5  in  a s l ig h t ly  d i f f e r e n t  f o r m .  The  

s c a l e  of th e  h o r i z o n ta l  ax is  h a s  b e e n  changed  so  tha t  k in e t i c  e n e rg y

The c a lc u la t e d  k in e t i c  e n e r g y  v a lu e s  fo r  a c c i d e n t s  in th e  s a m p l e

The k in e t ic  e n e r g y  v a lu e s  f o r  the  e s t i m a t e d  to ta l  annua l  n u m b e r

V
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v a l u e s  and r e l a t e d  p e r c e n t a g e s  m a y  be  m o r e  e a s i ly  r e a d .  U pper  l i m i t s  

of th e  two c u r v e  b an d s  f r o m  F i g u r e  4 -5  w e r e  th en  r e p lo t t e d  and the  

r e g io n  b e tw e e n  t h e m  w as  s h a d e d .  The  sh a d e d  a r e a  th u s  r e p r e s e n t s  the  

WAI e s t i m a t e s  of the  d i s t r i b u t i o n  of k in e t i c  e n e r g y  l e v e l s  in f a l l - o f -  

g round  a c c id e n t s  in any y e a r .  The a r e a  i s  bounded on the  lo w e r  edge 

by th e  p r e d i c t e d  k in e t ic  e n e r g y  c u r v e  fo r  s u r f a c e  m in e s  and on th e  u p p e r  

by th e  p r e d i c t e d  k in e t ic  e n e r g y  c u r v e  fo r  u n d e r g r o u n d  m i n e s .  T he  g ra p h  

m a y  be  u s e d  a s  i l l u s t r a t e d  in t h e  fo llowing  e x a m p le  ( see  d a sh e d  v e r t i c a l  

l i n e s  on F i g u r e  4 -6 ) :

If a l l  of th e  m a c h in e s  of i n t e r e s t  w e r e  equ ipped  with p r o 
t e c t i v e  s t r u c t u r e s  c a p a b le  of t r a n s f o r m i n g  8500 f t - lb  of 
k ine t ic  e n e r g y  ( read  8500 on h o r i z o n t a l  a x i s ) ,  p r o t e c t io n  
of th e  o p e r a t o r  in th e  o p e r a t o r ' s  n o r m a l  p o s i t io n  would be  
p ro v id e d  fo r  21% to  33% ( read  on v e r t i c a l  ax is )  of th e  f a l l -  
o f -g ro u n d  a c c id e n t s  which  o c c u r  each  y e a r .  L i k e w is e ,  if 
F O P S  c ap a b le  of t r a n s f o r m i n g  4 0 ,0 0 0  f t - l b  of k in e t i c  e n e rg y  
w e r e  i n s t a l l e d ,  p r o t e c t io n  would be  p ro v id e d  in 47% to  66% 
of t h e  f a l l - o f - g r o u n d  a c c i d e n t s .

It h a s  been  noted by WAI p e r s o n n e l  th a t  in m any  of the  MESA a c c id e n t  

r e p o r t s  and in m any  d i s c u s s i o n s  with m in e  p e r s o n n e l  th a t  the  r o c k  fa l l  

is  u s u a l ly  not a s in g le  so l id  s e c t io n  of c o m p e te n t  r o c k  th a t  f a l l s .  It is 

of ten  r o c k  th a t  is l a ce d  with f i s s u r e s ,  c r a c k s ,  f r a c t u r e s ,  e tc .  When it 

f a l l s  t h i s  "bad g r o u n d " ,  as  it i s  c a l l e d ,  is not as  a s in g le  m a s s .  It d ro p s  

in p i e c e s  o r  it b r e a k s  up i m m e d i a t e l y  upon co n tac t  with a r e s i s t i n g  f o r c e .

The  e n e rg y  th a t  is  a c tu a l ly  t r a n s m i t t e d  in to  a F O P S  s t r u c t u r e  m ay  be  a 

s m a l l  f r a c t i o n  of th e  ex p ec te d  v a lu e  b a s e d  on weigh t  and he igh t  m e a s u r e 

m e n t s .  M ach in es  and m e n  h av e  s u r v i v e d  ro c k  f a l l s  th a t  would s e e m  to 

p o s s e s s  e n e r g y  v a l u e s  high enough to d e s t r o y  any th ing  caught  b e n e a th  

t h e m .  It i s  i m p o r t a n t  th a t  th e  t e s t  p r o c e d u r e s  p r e p a r e d  fo r  v a l id a t in g  

th e  p e r f o r m a n c e  of F O P S  c o r r e c t l y  s i m u l a t e  th e  c h a r a c t e r i s t i c s  of ro c k
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f a l l s  in k in e t i c  e n e r g y  and in s t a t e  of m a t e r i a l .  A F O P S  t e s t  p r o c e d u r e  

th a t  s im u la t e d  the  r o c k  fa l l  a s  a l a r g e  so l id  c o m p e te n t  m a s s  with g r e a t  

s t r u c t u r a l  i n t e g r i t y  would be  only r e p r e s e n t i n g  a s m a l l  p o r t i o n  of the  

a c tu a l  r o c k  f a l l s .

T a b le  4-1  is  a s u m m a r y  of s o m e  i m p o r t a n t  i n f o r m a t io n  which  

c h a r a c t e r i z e s  f a l l - o f - g r o u n d  a c c i d e n t s .

V
4-16



Table  4 -1 .  S um m ary  S ta t i s t ic s  — F a l l -o f -G ro u n d  Accidents

S u r fa c e  M ines U n d e rg ro u n d  M ines

B a s e d  on S am p le  of 198

F a t a l  A c c id e n ts 19 48
N o n - F a t a l  In jury  A cc iden ts 7 26
No In ju ry  A c c id e n t s 34 64

T o ta l  A c c id en ts  in S am p le 60 138

M edian  F a l l  D i s t a n c e 24. 2 ft 10 .0  ft
Mean F a l l  D i s ta n c e 35. 9 ft 13. 7 ft

M edian  F a l l  Weight 8 ,5 0 0  lb 12 ,460  lb
Mean F a l l  Weight 6 , 9 0 9 , 8 9 0  lb 2 0 ,7 6 0  1b

M edian  P r o t e c t i o n  L e v e l  KE 1 5 3 ,0 0 0  f t - lb 4 6 ,5 6 0  f t - lb

M edian  P r o t e c t i o n  L e v e l  K E , 9 9 ,9 0 0  f t - lb 21 ,975  ft - lb
F a t a l  A cc id en ts  Only

B a s e d  on WAI E s t i m a t e s  of T o ta l
Annual  F O G  A c c id en ts

M edian  P r o t e c t i o n  L e v e l  KE 4 5 ,0 0 0  f t - l b 21 ,500  ft - lb

FO G  = F a l l - o f - g r o u n d
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4 . 2  D E V E L O P M E N T  O F F A L L IN G  O B J E C T  P R O T E C T I V E
S TR U C T U R E (FOPS) P E R F O R M A N C E  CRITERIA

T h is  s e c t io n  d e s c r i b e s  th e  v a r i o u s  F O P S  p e r f o r m a n c e  c r i t e r i a  

now a v a i l a b le  to guide the  F O P S  d e s i g n e r  and th e  t e s t  p r o c e d u r e s  u s e d  

to d e m o n s t r a t e  th e  a t t a in m e n t  of the  d e s i r e d  p e r f o r m a n c e .  The  r o c k -  

fa l l  k in e t ic  e n e r g y  d a ta  p r e s e n t e d  in Sec t ion  4 .1 ,  " C h a r a c t e r i z a t i o n  of 

R o c k fa l l s "  a r e  r ev ie w e d  and a p p r o a c h e s  to p r o t e c t in g  a g a i n s t  r o c k f a l l s  

d i s c u s s e d .  S t r u c t u r a l  a n a l y s i s  m e th o d s  a r e  d e s c r i b e d  which e s t a b l i s h  

t h e  b a s i s  fo r  the  r e c o m m e n d e d  e n e r g y  a b s o r p t i o n  ca p a b i l i ty  r e q u i r e m e n t  

fo r  the  F O P S .  E q u iv a len t  s t a t i c  load  c r i t e r i a  a r e  deve loped  l e a d in g  

to t h r e e  a l t e r n a t e  m e th o d s  which  a r e  p r a c t i c a l  f o r  c e r t i f y in g  the  F O P S .

F O P S  P e r f o r m a n c e  C r i t e r i a  in Use

S e v e r a l  s t a t e  and f e d e r a l  a g e n c i e s  ( inc luding the  U .S .  B u r e a u  

of Mines)  h a v e  s a fe ty  r e g u l a t i o n s  in e f fec t  t h a t ,  u n d e r  c e r t a i n  c i r c u m 

s t a n c e s ,  r e q u i r e  th e  i n s t a l l a t i o n  of a c anopy ,  a F O P S ,  o r  s o m e  s i m i l a r  

s t r u c t u r e  to  p r o v id e  o v e r h e a d  o p e r a t o r  p r o t e c t i o n .  B e f o r e  a d d r e s s i n g  

p o s s i b l e  new r e q u i r e m e n t s  f o r  FO P S  on m in ing  e q u i p m e n t , t h e  e x i s t in g  

r e g u la t io n s  should  b e  ex a m in e d  and the  l e v e l  of p r o t e c t io n  p ro v id e d  

a s s e s s e d .  T ab le  2-3 l i s t e d  s e v e r a l  s t a t e  and f e d e r a l  a g e n c i e s  tha t  h a v e  

adopted  F O P S  r e g u l a t io n s  and ind ica ted  the  p e r f o r m a n c e  c r i t e r i a  o r  

the  d es ig n  c r i t e r i a  u s e d .  As can  be  s e e n  in th a t  t a b l e ,  in s e v e r a l  c a s e s  

the  F O P S  is  to  be  " s u b s t a n t i a l "  in c o n s t r u c t i o n .  The F O P S  c r i t e r i a  

deve loped  by SAE a r e  m en t io n ed  in t h r e e  of the  r e g u l a t i o n s .

s t r u c t i o n  v e h ic l e s  to  s a t i s f y  t h e s e  r e q u i r e m e n t s ,  it i s  i m p o r t a n t  to 

u n d e r s t a n d  th e  r e l a t i v e  s t r u c t u r a l  c a p a b i l i t i e s  of F O P S  d es ig n e d  to m e e t  

t h e s e  r e q u i r e m e n t s .  T a b le  4-2  i l l u s t r a t e s  the  t e s t  r e q u i r e m e n t s  fo r  

SAE J231 and SAE J167. Th is  t a b l e  a l so  g ives  the  top load cap ab i l i ty  of 

the  SAE ROPS c r i t e r i a  and th e  C o rp s  of E n g i n e e r s  ROPS c r i t e r i a .

S ince canop ie s  h a v e  b e e n  bui l t  and in s t a l l e d  on m in in g  and con-
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Table  4 -2 .  Fa l l ing  Object  P ro t e c t iv e  S t ru c tu re  (FOPS) P e r f o r m a n c e  S tandards

Performance Standard Type of Equipment
Kinetic
Energy Test Procedure Test Type

SAE J231 Crawler tractors, crawler 
loaders, rubber-tired 
loaders, motor graders, 
rubber-tired prime movers, 
off-highway dump trucks, 
skid-steer loaders and in
dustrial tractors

8500 ft-lb A 500 pound shaped steel 
mass is dropped 17 ft. on to 
the FOPS top. The impact 
area must be over the operator 
area and away from roof struc
tural members.

Destructive
Dynamic

SAI2 J167 Industrial tractors, 
agricultural tractors

1000 ft-lb A solid steel sphere weighing 
100 pounds is dropped 10 feet.
As with J231, the impact area 
must be over the operator area 
and away from roof major 
structural members.

A "crush test" is also performed 
to demonstrate that the canopy 
can support two times the 
tractor gross weight.

Destructive
Dynamic

SAE J1040a Same as SAE J231 Strain energy 
varies with 
vehicle size

In addition to complying with 
a side-load requirement, the 
ROPS must support one times 
the vehicle gross weight.

Destructive
Static

Corps of Engineers Same as SAE J231 ROPS must comply with SAE J1040a 
or analytically support a load 
of two times the vehicle gross 
weight if not subjected to 
SAE J1040a test.

Destructive
Static

Corps of Engineers Eight industrial tractors 1000 ft -lb ROPS must also comply with 
SAE J167

Destructive
Dynamic

MESA Electric face equipment Approx. 
5000 ft-lb

Canopy must elastically support 
18,000 pounds or 15 psi, which
ever is lesser.

Non -Des truetive 
Static

SAE J334a Industrial tractors, 
Agricultural tractors

Strain energy 
varies with 
vehicle size

ROPS is struck with pendulum 
weight (4410 lbs) from both 
side and rear.

Destructive
Dynamic



" \

All v e h i c l e s  with ap p ro v e d  ROPS h a v e  top  load  c a r r y i n g  c a p a b i l i ty

of at l e a s t  one t i m e s  th e  v e h i c l e  g r o s s  w eigh t  and m an y  h a v e  s u b s t a n 

t i a l ly  g r e a t e r  c a p a b i l i ty .  G r o s s  w e ig h ts  of m a c h i n e s  of i n t e r e s t  r a n g e  

f r o m  a low of 5000 - 6000 pounds  f o r  the  s m a l l  i n d u s t r i a l  t r a c t o r s  up to 

o v e r  3 5 0 ,000  pounds  fo r  t h e  l a r g e s t  f r o n t - e n d  l o a d e r s .  The  " b u i l t - i n "  

top  load  c ap a b i l i ty  of RO PS d es ig n e d  fo r  t h e s e  m a c h i n e s  can  be  a s s u m e d  

to b e  a p p r o x i m a te ly  th e  s a m e  as  th e  g r o s s  w e ig h t .  T h is  fac t  p r e s e n t s  

an i n t e r e s t i n g  d i l e m m a .  Th is  top  load  c a p a b i l i ty  is  r e q u i r e d  fo r  RO PS 

s in c e  th e  m a c h in e  m a y  c o m e  to r e s t  on i t s  top a f t e r  a r o l l - o v e r .  The  

RO PS n e e d s  to  su p p o r t  t h e  v e h ic l e  w eigh t  to  p r o t e c t  the  o p e r a t o r  f r o m  

be in g  c r u s h e d .  It i s  f a i r l y  obvious  th a t  m an y  of th e  s t r u c t u r a l  lo ad s  

e x p e r i e n c e d  by th e  RO PS a r e  r e l a t e d  o r  d ependen t  on th e  m a c h in e  g r o s s  

w e igh t .  Th is  is  not so  in a r o c k  fa l l .  T h e r e  is  no d i r e c t  r e l a t i o n s h i p  

b e tw ee n  the  p a r t i c u l a r  m a c h in e  u n d e r  a r o c k  fa l l  and th e  s i z e  of the  r o c k  

f a l l .  S m a l l  r o c k s  fa l l  on l a r g e  m a c h in e s  and l a r g e  r o c k  f a l l s  o c c u r  on 

s m a l l  m a c h i n e s .  And v ic e  v e r s a .  The  " b u i l t - i n "  s t r u c t u r a l  c ap a b i l i ty  

of a m a c h in e  with RO PS i n s t a l l e d  wil l  h e lp  p r o t e c t  th e  o p e r a t o r  a g a in s t  

r o c k  f a l l s  but to  a m u ch  l e s s e r  ex ten t  in a s m a l l  m a c h in e  th an  a l a r g e  

m a c h in e .  The  fo llowing e x a m p le s  i l l u s t r a t e  th i s  fac t .

A s s u m e  th a t  a l igh t  i n d u s t r i a l  t r a c t o r  i s  outf i t ted  with a RO PS and 

th a t  the  ROPS h a s  a F O P S  c ap ab i l i ty  as  r e q u i r e d  by SAE J167. The  r o c k  

fa l l  k in e t i c  e n e r g y  l e v e l  tha t  th i s  R O P S / F O P S  is  e x p ec ted  to a c c o m m o d a t e  

is  at l e a s t  the  1000 f t - l b  e x p e r i e n c e d  in th e  SAE J167 fa l l in g  s p h e r e  t e s t .  

Us ing  th e  da ta  p r e s e n t e d  in F i g u r e  4 -6  of Sec t ion  4 .1 ,  it can  be  s e e n  

th a t  a v e r y  s m a l l  p e r c e n t a g e  of the  s u r f a c e  and u n d e r g ro u n d  r o c k  fa l l s  

a r e  e x p ec ted  at th i s  low k in e t i c  e n e r g y  l e v e l .  C o n v e r s e l y ,  a l a r g e  f r o n t -  

end lo a d e r  m ay  h a v e  a RO PS i n s t a l l e d  th a t  h a s  a l a r g e  " b u i l t - i n "  e n e rg y  

a b s o rp t io n  ca p a b i l i ty .  If i t s  k in e t i c  e n e r g y  c ap ab i l i ty  is  5 0 ,0 0 0  f t - lb  then

' I K S * .
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it could be  ex p ec ted  to p ro v id e  s a t i s f a c t o r y  o p e r a t o r  p r o t e c t io n  in 

a p p r o x i m a te ly  50% of th e  s u r f a c e  m in e  r o c k  fa l l s  and about  70% of the  

u n d e r g ro u n d  r o c k  f a l l s .  The  l a r g e  d i f f e r e n c e  in k ine t ic  e n e r g y  a b s o r p 

t ion  cap ab i l i ty  b e tw e e n  ROPS d es ig n e d  fo r  s m a l l  m a c h in e s  and t h o s e  

ROPS d es ig n e d  fo r  l a r g e  m a c h in e s  p r e s e n t s  a s e r i o u s  p r o b l e m  when 

c o n s id e r i n g  m e th o d s  of u p g r a d in g  the  FO PS c a p a b i l i ty  of ROPS th a t  a r e  

a l r e a d y  in s t a l l e d  on m a c h i n e s .

The  MESA s t a n d a r d  f o r  c a n o p ie s  in u n d e r g r o u n d  co a l  m in e s  is  

th e  only r e g u l a t i o n  th a t  u s e s  a n o n - d e s t r u c t i v e  s t a t i c  t e s t  to  d e m o n s t r a t e  

c o m p l i a n c e  with the  s t a n d a r d .  The  MESA e n g i n e e r i n g  p e r s o n n e l  h av e  

d e v i s e d  s t a t i c  t e s t  and s t a t i c  a n a ly t i c a l  a n a lo g s  of t h e  d y n a m ic  p e r f o r m 

a n c e  r e q u i r e m e n t s .  The  SAE F O P S  t e s t  p r o c e d u r e s  u s e  d e s t r u c t i v e  

dy n am ic  t e s t s  to d e m o n s t r a t e  the  c a p a b i l i ty  of the  F O P S .  The  SAE RO PS 

t e s t  p r o c e d u r e s  in c lude  both  d e s t r u c t i v e  s t a t i c  t e s t s  and d e s t r u c t i v e  

dy n am ic  t e s t s .  G e n e r a l l y ,  t h e  d y n am ic  t e s t s  th a t  e x p o s e  the  F O P S  to  

im p a c t  cond i t ions  s i m i l a r  to t h o s e  ex p ec ted  in an a c tu a l  r o c k  fa l l  a r e  

thought  to  be  the  b e s t  a p p r o a c h  to  v e r i f y i n g  th e  s t r u c t u r a l  p e r f o r m a n c e  

of th e  F O P S .  The  d i s a d v a n ta g e  of t h e s e  d y n a m ic  t e s t s  is  th a t  t h e  F O P S  

uni t  and s o m e t i m e s  th e  v e h ic l e  f r a m e  a r e  d a m a g e d .  The  co s t  of th e  

F O P S  uni t  and th e  v e h ic l e  f r a m e  m u s t  be  inc luded  in t h e  t e s t  c o s t .  A 

ROPS c e r t i f i c a t i o n  t e s t  on a l a r g e  m a c h in e  can  b e  v e r y  e x p e n s iv e .  C o s t s  

to c e r t i f y  a RO PS d es ig n  h a v e  b ee n  e s t i m a t e d  by s e v e r a l  e q u ip m en t  

m a n u f a c t u r e r s  a s  shown in T a b le  4 - 3 .  A n o n - d e s t r u c t i v e  s t a t i c  t e s t  

would  b e  a t t r a c t i v e  if a c l e a r  d e r i v a t io n  f r o m  th e  d y n a m ic  s i tu a t io n  is  

a d v a n c e d .

D e v e lo p m e n t  of a New F O P S  P e r f o r m a n c e  C r i t e r i a

The i n f o r m a t i o n  p r e s e n t e d  in F i g u r e  4 -6  of Sec t ion  4.1 in d ic a te s  

th a t  a F O P S  s y s t e m  th a t  could a b s o r b  about  5 0 ,0 0 0  f t - l b  of k in e t ic  e n e r g y  

would p r o v id e  o p e r a t o r  p r o t e c t io n  in about  70% of the  r o c k  f a l ls



Table  4 -3 .  R O P S /F O P S  C er t i f ica t ion  Costs

V e h ic le  G r o s s  Weight T e s t  C e r t i f i c a t i o n  Cost

2 0 , 0 0 0 -  4 0 ,0 0 0  1b 

75 ,000  - 1 00 ,000  lb 

150 ,000  - 2 0 0 ,0 0 0  lb 

o v e r  2 0 0 ,0 0 0  lb

$ 1 6 ,000  - $ 2 0 ,0 0 0  

$ 2 5 ,0 0 0  - $ 4 0 ,0 0 0  

$ 5 0 ,0 0 0  - $ 7 5 ,0 0 0  

$ 1 0 0 ,0 0 0  - $ 3 0 0 ,0 0 0

e x p e r i e n c e d  in  u n d e r g r o u n d  m i n e s .  To  a t t a in  p r o t e c t io n  in  70% of the  

s u r f a c e  m in e  r o c k  f a l l s  would  r e q u i r e  a F O P S  tha t  cou ld  a b s o r b  about

7 5 ,000  f t - l b .  T h e s e  e n e r g y  l e v e l s  a r e  v e r y  high c o m p a r e d  to  th e  e n e r g y  

a b s o r p t i o n  r e q u i r e m e n t s  of SAE J231 and SAE J167, which  a r e  8500 f t - l b  and 

1000 f t - lb  r e s p e c t i v e l y .  The  p r o t e c t io n  a f fo rd e d  th ro u g h  u s e  of FO P S  

m e e t in g  th e  SAE J231 p e r f o r m a n c e  c r i t e r i a  i s  about  33% of the  ex p e c te d  

r o c k  fa l l s  in u n d e r g r o u n d  m i n e s  and about  21% of the  s u r f a c e  m in e  ro c k  

f a l l s .  The  p r o t e c t io n  p r o v id e d  by the  SAE J16 7 F O P S  i s  m uch  lo w e r .

Can F O P S  be  d e s ig n e d  and m a n u f a c tu r e d  to  m e e t  th e  high 

e n e r g y  a b s o r p t io n  l e v e l s  n e c e s s a r y  to  p r o t e c t  o p e r a t o r s  f r o m  th e  ro c k  

f a l l s  o c c u r r i n g  in  m e t a l - n o n m e t a l  m in e s  ? To a t t e m p t  to a n s w e r  th i s  

q u e s t i o n ,  WAI h a s  s t r u c t u r a l l y  an a ly zed  and e x a m in e d  the  e n e r g y  a b s o r p 

t ion  cap ab i l i ty  of s e v e r a l  r e p r e s e n t a t i v e  c o m m e r c i a l  RO PS.

D e s c r i p t i o n  of S t r u c t u r a l  A n a ly s is  Methods

The s t r u c t u r a l  c h a r a c t e r i s t i c s  of r e p r e s e n t a t i v e  ca n o p ie s  

d e s c r i b e d  in F i g u r e  4 -7  and s u m m a r i z e d  in T a b le  4 -4  w e r e  d e r iv e d  

u s in g  c o m p u t e r  a ided  e l a s t i c / p l a s t i c  a n a ly s i s  m e th o d s .  The  c o m p u te r  

p r o g r a m  C A N O PY ,  d eve loped  by  the  B u r e a u  of M ines  and d e s c r i b e d  in 

R e f e r e n c e  3 ,  w as  u s e d  e x te n s iv e ly  to  d e t e r m i n e  e l a s t i c  f o r c e  and d e 

f o r m a t i o n  s t a t i c  r e s p o n s e .  P l a s t i c  b e h a v i o r  w as  ev a lu a ted  u s in g  the
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D E FIN ITIO N  O F  SYMBOLS

P  = V E R T IC A L  LOAD AT BENDING Y IE L D  STRESS (LB)
y

6 = V E R T IC A L  D E F L E C T I O N  AT BENDING Y IE L D  STRESS (IN.)
y

P  = MAXIMUM LOAD AT U L T IM A T E  BENDING STRESS (LB) u
6 « = D E F L E C T I O N  AT INITIATION OF MAXIMUM LOAD (IN.) 
ul

6 n = MAXIMUM A L L O W A B L E  D E F L E C T I O N  
u2

U = ENERG Y ABSORBED BY ROPS AT 4 . 0  IN. D E F L E C T I O N  ( F T - L B )

F i g u r e  4 - 7 .  P r e d i c t e d  V e r t i c a l  F o r c e - D e f l e c t i o n  C u rv e  for  
R e p r e s e n t a t i v e  Canop ies  (E xam ple :  C a t e r p i l l a r  D8 ROPS)

m e th o d s  and e m p i r i c a l  r e l a t i o n s h i p s  p r e s e n t e d  in th e  R e f e r e n c e  Sec t ion  

u n d e r  " P l a s t i c  D es ign  P r i n c i p l e s " .  T h e  d e r i v a t io n s  of each  of the  

p a r a m e t e r s  p r e s e n t e d  in T a b le  4 -4  a r e  d i s c u s s e d  b e lo w .

The y ie ld  lo a d s  and d e f l e c t i o n s ,  P y  and ¿v , w e r e  d e t e r m i n e d  

f r o m  c o m p u t e r  a n a l y s e s  u s in g  th e  p r o g r a m  CA NOPY. A u n i f o r m  v e r 

t i c a l  load  w as  app l ied  to a l l  b e a m  m e m b e r s  in  the  p la n e  of th e  canopy

4 - 2 3
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T a b le  4 - 4 .  S u m m a r y  of E n e rg y  A b s o rp t io n  C a lc u la t io n s  fo r  R e p r e s e n t a t i v e  ROPS

Vehicle ROPS
Source

Cross Vehicle 
Weight (lb)

Yield 
Load, Py

Yield 
Deflection, 6y

Maximum 
Load, Pu

De fleet ion 
Load, 6

at Maximum 

ul» &u2

Energy absorption 
Capability, II

Le T ourneau L-700 
Front End Loader

Equipment
m anufacturer

180,000 487,000 0.027 871 ,000 0.070 4.000 288,000

Le Tourneau L-700 
Front End Loader

W oodward
Associates

180,000 294 , 000 0. 576 527 , 000 1.489 4.000 149,000

Caterpillar D9 
Track-Type Tractor

ROPS
manufacturer

85,600 96,000 0.288 161,000 0. 379 4.000 51,000

Caterpillar 824 
Wheel Dozer

ROPS
m anufacturer

72 , 300 142 ,000 0.031 237,000 0 .073 4.000 78,000

Caterpillar 988 
Front End Loader

ROPS
m anufacturer

67 , 000 132 , 000 0.125 222,000 0. 296 4.000 72,000

Caterpillar D8 
Track-Type Tractor

Woodward
Associates

62 , 000 106,000 0.258 177,000 0.603 4.000 55,000

Wagner ST5B Scooptram 
Load Haul Dump

Mining
Company

46,500 74,000 0.115 124 , 000 0. 270 4.000 40,000

Caterpillar 955 
Front End Loader 
(Track-Type)

ROPS
manufacturer

30,200 109,000 0. 198 182,000 0. 331 4.000 58,000

Industrial Tractor 
(20,000 lb GVW)

Woodward
Associates

20 , 000 47 ,000 0.684 79,000 1.616 4.000 22 ,000

Industrial Tractor 
(5000 lb GVW)

Woodward 
As soc iates

5,000 13,000 0.855 21,000 1.907 4.000 6,000

NOTE: See F i g u r e  4 -7  fo r  ex p lan a t io n  of s y m b o l s .
y



to p .  T h e  m a x i m u m  v a lu e s  of P  and <5 , w e r e  l im i t e d  to l e v e l s
y y

c o r r e s p o n d i n g  to th e  bend ing  y ie ld  s t r e s s  a l lo w ab le  at th e  h ig h e s t  

s t r e s s e d  poin t  in th e  s t r u c t u r e .  The  a l lo w ab le  b e n d in g  y ie ld  s t r e s s  

was  ob ta ined  by i n c r e a s i n g  th e  3 6 ,0 0 0  p s i  n o r m a l  m i n i m u m  t e n s i l e  y ie ld  

s t r e s s  of ROPS s t e e l s  by an  a p p r o p r i a t e  ben d in g  m o du lus  of y ie ld  f a c t o r .  

The  ben d in g  m o d u lu s  of y ie ld  f a c t o r  r a n g e d  f r o m  1 .16  to 1 .2 8  depend ing  

on the  s h a p e  co n f ig u ra t io n  of th e  b e a m  ben d in g  c r o s s - s e c t i o n .  Th is  

f a c t o r  w as  co m p u te d  u s in g  th e  m e th o d s  ou t l ined  in  th e  t e x t ,  "S t ren g th  

of M a t e r i a l s "  by F .  Shanley .  T h e  d e f le c t io n s  p r e s e n t e d  a r e  fo r  the  point  

on th e  s t r u c t u r e  with m a x i m u m  v e r t i c a l  d e f o r m a t i o n  at the  P  load  l e v e l .
y

As shown in F i g u r e  4 - 7 ,  P ^  is  th e  m a x i m u m  load c ap ab i l i ty  

p r e d i c t e d  fo r  the  canopy and c o r r e s p o n d s  to th e  u l t i m a t e  b end ing  s t r e s s  

a l lo w ab le  of th e  m a t e r i a l .  T h e  ben d in g  a l lo w ab le  w as  d e t e r m i n e d  by 

m u l t ip ly in g  th e  5 5 ,0 0 0  p s i  m a t e r i a l  m i n i m u m  u l t i m a t e  b en d in g  s t r e n g t h  

by a b end ing  m o d u lu s  of r u p t u r e  f a c t o r .  The  f a c t o r ,  depend ing  on th e  

c r o s s - s e c t i o n  c o n f ig u ra t io n ,  r a n g e d  f r o m  1 .27  to  1 .5 0 .  T h e  d e f l e c t io n ,  

¿u i> w as  ob ta ined  f r o m  the  f o r c e - d e f l e c t i o n  c u r v e  a s s u m i n g  a s t i f f n e s s  

b e tw e en  th e  y ie ld  and u l t i m a t e  load  eq u a l  to o n e - h a l f  th a t  of th e  l i n e a r  

e l a s t i c  p o r t i o n  of t h e  c u r v e .

The  d e f lec t io n  o v e r  th e  o p e r a t o r  a t  the  c e n t e r  of the  canopy 

was  l i m i t e d  to 4 . 0  in ch es  a s  d ep ic ted  by ¿U2 * g e n e r a l ,  th e  a n a l y s e s  

r e s u l t s  in d ica ted  th a t  t h e  p r o t e c t i v e  s t r u c t u r e s  could d e f o r m  7 .0  to

8 . 0  in c h e s  b e f o r e  c o l l a p s in g .  H o w e v e r ,  it w as  a s s u m e d  th a t  th i s  am oun t  

of d e f o r m a t io n  w as  e x c e s s i v e  s in c e  th e  canopy  top  would p r o b a b ly  i m p a c t  

t h e  o p e r a t o r ’s head  d u r in g  a r o c k  fa l l .

The  u s e fu l  e n e r g y  a b s o r p t i o n  c a p a b i l i t y ,  U,  was  d e t e r m in e d  

by co m p u t in g  the  t o t a l  a r e a  u n d e r  the  f o r c e - d e f l e c t i o n  c u r v e  out to  ¿u 2 * 

Th is  m ethod  a s s u m e s  th a t  a l l  of t h e  k in e t i c  i m p a c t  e n e r g y  of the  r o c k



fa l l  i s  a b s o r b e d  by the  e l a s t i c - p l a s t i c  s t r a i n  e n e r g y  of the  canopy  

s t r u c t u r e .  In r e a l i t y  t h i s  a s s u m p t i o n  is  c o n s e r v a t i v e  s in c e  s o m e  of th e  

e n e r g y  is  d i s s i p a t e d  by  th e  i n e r t i a  of the  canopy  m e m b e r s  and d e f o r m a 

t ion  of t h e  r o c k  fa l l  m a t e r i a l .

E n e rg y  A b s o rp t io n  C a p a b i l i ty

T h e  k in e t i c  e n e r g y  f r o m  a r o c k  f a l l  im p a c t in g  a p r o t e c t i v e  

canopy  is  a b s o r b e d  by a l l  of c o m p o n e n ts  b e tw ee n  the  po in t  of im p a c t  and 

th e  s u p p o r t in g  g ro u n d .  The  e n e r g y  a b s o r p t i o n  c h a r a c t e r i s t i c s  of s e v e r a l  

of th e  i m p o r t a n t  c o m p o n en ts  a r e  d i s c u s s e d  be low .

1) P r o t e c t i v e  canopy

2) V e h ic le  c h a s s i s  inc lud ing  canopy  a t t a c h m e n t  s t r u c t u r e  

and a x le s

3) T i r e s

The r e s u l t s  of a n a l y s e s  to  d e t e r m i n e  e n e r g y  a b s o r p t i o n  c a p a 

b i l i t i e s  of p r o t e c t i v e  ca n o p ie s  h a v e  b e e n  p r e v i o u s l y  s u m m a r i z e d  in 

F i g u r e  4 -7  and T a b le  4 - 4 .  It i s  a p p a r e n t  f r o m  th i s  t a b l e  th a t  th e  p r e 

d ic ted  e n e r g y  a b s o r p t io n  cap ab i l i ty  of th e  ROPS to  w i th s ta n d  a v e r t i c a l  

i m p a c t  lo ad in g  depends  g e n e r a l l y  on th e  g r o s s  weigh t  of th e  v e h ic l e  fo r  

which  th e  RO PS was  d e s ig n e d .  F o r  e x a m p l e ,  a f o u r - p o s t  ROPS d es ig n e d  

f o r  the  Le T o u rn e a u  L -700  f r o n t - e n d  l o a d e r  wil l  w i th s tan d  2 8 8 ,0 0 0  f t - lb  

of e n e r g y  a s  c o m p a r e d  to 6000 f t - lb  p r e d i c t e d  fo r  a l igh t  i n d u s t r i a l  

t r a c t o r .

As d i s c u s s e d  p r e v i o u s l y  t h e  a s s u m p t i o n s  u sed  in t h e s e  a n a l y s e s  

w e r e  as  fo llows:

1) The  r o c k  fa l l  is  not of c o m p e te n t  r o c k .  The  fa l l  e n e r g y  

i s  t r a n s m i t t e d  into the  ROPS s t r u c t u r e  a s  a u n i fo r m ly  

d i s t r i b u t e d  l o a d .

4- 2 6
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2) M a x im u m  d ef lec t ion  of 4 in ch es  is  p e r m i t t e d  o v e r  the  

o p e r a t o r ' s  head .

3) M a t e r i a l  p r o p e r t i e s  of the  ROPS s t e e l  a r e  3 6 ,000  p s i  

y ie ld  and 55 ,000 p s i  u l t i m a t e .

The  e n e r g y  a b s o rp t io n  c ap a b i l i ty  a l s o  d ep e n d s  on th e  c o n f ig u ra -

t io n  of th e  ROPS d e s ig n .  As shown in th e  t a b l e ,  a t w o - p o s t  ROPS and a 

f o u r - p o s t  RO PS fo r  th e  Le  T o u rn e a u  L -7 0 0  f r o n t - e n d  l o a d e r  w e r e  e v a l u 

a t e d .  E n e rg y  a b s o r p t i o n  c a p a b i l i t i e s  of 149 ,000  f t - l b  and 2 8 8 ,000  f t - lb  

w e r e  p r e d i c t e d  fo r  th e  two and f o u r - p o s t  d e s i g n s ,  r e s p e c t i v e l y .  By 

look ing  a t  th i s  c o m p a r i s o n ,  one could r e a c h  t h e  c o n c lu s io n  th a t  a f o u r -  

p o s t  c o n f ig u ra t io n  is  a m uch  b e t t e r  e n e r g y  a b s o r b e r .  In f a c t ,  h o w e v e r ,  

t h e  o p p o s i t e  i s  p r o b a b l y  t r u e .  As p r e s e n t e d  in T a b le  4 - 4 ,  th e  m o r e  

r ig id  f o u r - p o s t  ROPS r e a c h e s  a m a x i m u m  f o r c e  of 871 ,000 lb while  the  

tw o - p o s t  m a x i m u m  load  l i m i t  i s  52 7 ,0 0 0  lb .  To i l l u s t r a t e  th e  c o m p a r i 

son  in a n o th e r  w a y ,  th e  p r e d i c t e d  e n e r g y  a b s o r p t i o n  of the  f o u r - p o s t  

d e s ig n  at th e  5 2 7 ,0 0 0  lb m a x i m u m  d i s t r i b u t e d  load  l e v e l  shown fo r  tw o -  

p o s t  ROPS is  only 800 f t - l b .  The  high e n e r g y  a b s o r p t i o n  ca p a b i l i ty  of 

th e  f o u r - p o s t  RO PS (288 ,000  f t - lb )  is  r e a l i z e d  at v e r y  high load l e v e l s .

T h is  e x a m p le  and the  i n fo r m a t io n  shown in T a b le  4 -4  fo r  o th e r  

r e p r e s e n t a t i v e  ROPS d e m o n s t r a t e s  two i m p o r t a n t  p o in ts :

1) A r ig id  type  RO PS g e n e r a l l y  h a s  t h e  g r e a t e s t  t o t a l  

e n e r g y  a b s o r p t i o n  c a p a c i ty .  ROPS d e s ig n e d  fo r  l a r g e  

g r o s s  v e h ic le  weight  m a c h i n e s  and f o u r - p o s t  c o n f i g u r a 

t io n s  u s u a l l y  h av e  t h e s e  c h a r a c t e r i s t i c s .

2) A f le x ib le  ROPS m i n i m i z e s  th e  load  b e in g  t r a n s m i t t e d  

into the  v e h ic le  f r a m e .  T w o - p o s t  c o n f ig u ra t io n s  and 

RO PS d es ig n e d  fo r  s m a l l  v e h i c l e s  a r e  e x a m p l e s  of 

f le x ib le  u n i t s .

- V 1 Z Z V .
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T h e s e  po in ts  c o n s t i tu t e  an i m p o r t a n t  b a s i s  f o r  R O P S / F O P S  d e s ig n s .

A c o n f ig u ra t io n  which  is  to o  f lex ib le  o r  soft  w i l l  d e f o r m  into th e  o p e r a t o r  

p r o t e c t io n  zone u n d e r  v e r t i c a l  i m p a c t  lo a d in g  f r o m  a r o c k  fa l l  and c r u s h  

t h e  o p e r a t o r .  An e x t r e m e l y  soft  R O P S / F O P S  s y s t e m  i s  t h e r e f o r e  o b 

v io u s ly  in a d e q u a te .  Although it  i s  not so i m m e d i a t e l y  a p p a r e n t ,  a 

canopy which  is  too s ti f f  can  a l s o  b e  u n a c c e p t a b l e  s in c e  it i n t r o d u c e s  

o th e r  p o s s i b l e  f a i l u r e  m o d e s .  The  c a u s e  of th e  p r o b l e m ,  a s  d i s c u s s e d  

p r e v i o u s l y ,  is  t h a t  the  v e r t i c a l  d i s t r i b u t e d  load  m u s t  be v e r y  high to  

a b s o r b  th e  k in e t i c  e n e r g y  of the  r o c k  fa l l .  T h is  load m u s t  be  t r a n s f e r r e d  

to  th e  v e h ic l e  f r a m e  th ro u g h  an a t t a c h m e n t  jo in t  and an a t t a c h m e n t  

s t r u c t u r e .  The  ROPS is  u s u a l ly  bo l ted  to  th e  a t t a c h m e n t  s t r u c t u r e  which 

is  welded  to  th e  v e h ic l e  f r a m e .  Bo l ted  and welded  jo in t s  a r e  th e  m o s t  

c o m m o n  s o u r c e  of s t r u c t u r a l  f a i l u r e s .  T h e r e f o r e ,  a b a l a n c e d  R O P S / F O P S  

d e s ig n  i s  r e q u i r e d  which  i s  f le x ib le  enough to  l im i t  t h e  load  going into th e  

a t t a c h m e n t  s t r u c t u r e ,  but i s  s u f f ic ie n t ly  r i g i d  to w i th s tan d  t h e  im p a c t  

loads  and l i m i t  t h e  d e f lec t ion  to  a c c e p t a b l e  l i m i t s  fo r  th e  o p e r a t o r .

r e l a t e d  co m p o n en ts  i s  v e r y  d i ff icu l t  to  d e t e r m i n e  a c c u r a t e l y .  It is  

a p p a r e n t  th a t  the  v e h ic l e  f r a m e  c o n t r ib u t io n  is  v e r y  d i f f e re n t  fo r  an 

i n d u s t r i a l  t r a c t o r  with the  canopy m ounted  to th e  t r u m p e t  h o u s in g  and 

fo r  a f r o n t - e n d  l o a d e r  with the  canopy a t ta ch e d  a c o n s id e r a b l e  d i s t a n c e  

f r o m  th e  a x l e s .  In the  c a s e  of the  s m a l l  t r a c t o r  c h a s s i s ,  v e r y  l i t t l e  

e n e r g y  is  a b s o r b e d  in the  v e h ic le  f r a m e  s in c e  loads  a r e  t r a n s m i t t e d  

a l m o s t  d i r e c t l y  into th e  t i r e s .  In c o n t r a s t ,  v e h i c l e s  with can o p ie s  

i n s ta l l e d  to m e m b e r s  with long  l e n g th s  lo ad ed  in b end ing  w il l  d e f o r m  

a p p r e c i a b l y  and a b s o rb  a c o n s id e r a b l e  am o u n t  of e n e r g y .  Many c a n o p ie s  

a r e  m oun ted  on f e n d e r s  and f e n d e r  su p p o r t  b r a c k e t s  which a l s o  d e f o r m  

qu i te  e a s i ly .

The  e n e rg y  a b s o rp t io n  c a p a b i l i ty  of the  v e h ic l e  c h a s s i s  and

4 - 2 8



r \

Since v e h i c l e  c o n f ig u ra t io n  and m o u n t in g  l o c a t io n  v a r y  w id e ly ,

d e f in i t ive  e n e r g y  a b s o r p t io n  c a p a b i l i t i e s  w e r e  not o b ta in e d .  It i s  sa fe  

to  a s s u m e ,  h o w e v e r ,  th a t  s o m e  e n e r g y  i s  a b s o r b e d  in a l l  i n s t a l l a t i o n s .  

F o r  e x a m p l e ,  b o l ted  jo in t s  o v e r c o m e  f r i c t i o n a l  r e s i s t a n c e  and s l ip  to 

t a k e  up d im e n s io n a l  d i f f e r e n c e s  b e tw e e n  the  bo l t  and th e  b o l t - h o l e .  

E x p e r i e n c e  ga ined  by  W oodw ard  A s s o c i a t e s  p e r s o n n e l  w h i le  w i tn e s s in g  

n u m e r o u s  R O P S / F O P S  t e s t s  h a s  shown th a t  a c o n s i d e r a b l e  a m oun t  of 

e n e r g y  is  a b s o r b e d  by m o s t  v e h ic le  f r a m e s .

The  e n e r g y  a b s o r p t i o n  c h a r a c t e r i s t i c s  of t i r e s  w e r e  e v a lu a te d .

The  r e s u l t s  in d ic a ted  tha t  l a r g e  a m o u n t s  of e n e r g y  can  be  a b s o r b e d .

The  c u r v e ,  F i g u r e  4 - 8 ,  show s the  c ap a b i l i ty  of r e p r e s e n t a t i v e  t i r e s  f o r  

w h ee led  d o z e r s ,  m o t o r  g r a d e r s  and f ro n t  end l o a d e r s  a s  a funct ion  of 

g r o s s  v e h ic le  w e igh t .  T i r e s  on a l a r g e  v e h i c l e ,  such  a s  th e  180 ,000 lb  

Le  T o u r n e a u  L -700  f r o n t - e n d  l o a d e r ,  can  a b s o r b  a p p r o x i m a te ly

4 0 0 ,0 0 0  f t - lb  of e n e r g y .  The  t i r e s  on th e  C a t e r p i l l a r  112F m o t o r  g r a d e r ,  

a 21,600 lb v e h i c l e ,  can  w i th s ta n d  3 3 ,0 0 0  f t - l b .

6 7 ,0 0 0  lb w il l  b e  u s e d  as  an e x a m p le  to  d e s c r i b e  the  m e th o d s  u s e d  to 

d e t e r m i n e  t i r e  c a p a b i l i ty .  The  a s s u m p t i o n s  u s e d  in the  ev a lu a t io n s  

w e r e  as  fo l lows:

1) The to ta l  im p a c t  lo ad ing  is  r e a c t e d  by two t i r e s .  Th is  

a s s u m p t i o n  is  c o n s e r v a t i v e  s in c e  on m o s t  v e h i c l e s  and 

canopy in s t a l l a t i o n s  at l e a s t  25% of th e  f o r c e  w i l l  be 

t r a n s f e r r e d  to the  o th e r  two t i r e s .

2) The  t i r e  w il l  w i th s ta n d  th e  m a x i m u m  load  as  r a t e d  by

the  m a n u f a c t u r e r  at  th e  r e c o m m e n d e d  o p e r a t i n g  p r e s s u r e .  

The  t i r e s  should  a c tu a l ly  w i th s t a n d  h i g h e r  lo a d s  b e c a u s e  

the  m a n u f a c t u r e r  u t i l i z e s  a d e s ig n  s a f e ty  f a c t o r .

The C a t e r p i l l a r  988 f r o n t - e n d  l o a d e r  with a g r o s s  weight of

4 - 2 9
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F i g u r e  4 - 8 .  E n e r g y  A b s o r p t io n  C ap a b i l i ty  of R e p r e s e n t a t i v e  T i r e s



3) The  f o r c e  r e m a i n s  c o n s ta n t  un t i l  the  t i r e  is  c o m p r e s s e d .

The f o r c e  would ac tu a l ly  i n c r e a s e  due to th e  d e c r e a s e d  

v o lu m e  and i n c r e a s e d  p r e s s u r e .  The  p r e s s u r e  i n c r e a s e  

is  not su f f ic ien t  to  b u r s t  th e  t i r e .

4) T h e  t i r e  does  not f a i l  u n t i l  it d e f l e c t s  to  t h e  r i m .

T h e r e f o r e ,  f o r  th e  C a t e r p i l l a r  988,

G r o s s  v e h ic l e  weigh t  - 6 7 ,0 0 0  lb

T i r e  d i a m e t e r  - 7 3 .0  in .

T i r e  s i z e  - 2 6 . 5 - 2 9

Load r a t i n g  - 34 ,860 lb

D ef lec t ion  to  r i m  - (73 .0  - 29 .0 )4 -  2 = 22. 0 in .

E n e rg y  a b s o rp t io n  c a p ab i l i ty  - (34 ,8 6 0 ) ( 2 2 .0) -r 12 = 6 3 ,9 0 0  f t - lb

All of the  p a r a m e t e r s  u s e d  in the  e v a lu a t io n  of t h e  e n e r g y  

a b s o r p t i o n  c ap a b i l i ty  of t i r e s  a p p e a r  to be  c o n s e r v a t i v e .  The  r a n g e  of 

p r e d i c t e d  c a p a b i l i ty  b e tw e en  3 3 ,0 0 0  and 4 0 0 ,0 0 0  f t - lb  is  t h e r e f o r e  

r e a l i s t i c .

It should  be  noted th a t  t r a c k e d  v e h i c l e s ,  a s  a c l a s s ,  can  not 

t a k e  a d v a n tag e  of t h e  l a r g e  e n e r g y  a b s o r p t i o n  c a p a b i l i ty  of t i r e s .  The  

c o n f ig u ra t io n  of a t r a c k e d  v e h ic l e  does  p e r m i t  s o m e  d e f o r m a t i o n ,  but 

th e  m a g n i tu d e  is  v e r y  s m a l l  c o m p a r e d  to  a r u b b e r - t i r e d  v e h ic l e .

A s u m m a r y  of the  r a n g e  of e n e r g y  a b s o r p t i o n  c a p a b i l i t i e s  

fo r  a t y p i c a l  v e h i c l e  and F O P S  is  shown p i c t o r i a l l y  in F i g u r e  4 - 9 .  The  

p r e d i c t e d  r a n g e  fo r  the  p r o t e c t i v e  canopy  u n d e r  a u n i f o r m l y  d i s t r i b u t e d  

top  load  is  6 ,0 0 0  to  28 8 ,0 0 0  f t - l b .  P r e d i c t e d  l e v e l s  fo r  th e  v e h ic le  

c h a s s i s  and canopy  a t t a c h m e n t  s t r u c t u r e  a r e  not in c lu d e d ,  even  though 

they  a r e  s ig n i f i c a n t ,  s in c e  th e  m a g n i tu d e s  v a r y  w ide ly  due to  co n f ig u ra t io n .  

The  c o n t r ib u t io n  of t i r e s  fo r  a r u b b e r - t i r e d  v e h ic l e  is  3 3 ,0 0 0  f t - lb

4 - 3 1



to  4 0 0 ,0 0 0  f t - l b  d epend ing  on th e  g r o s s  w e igh t  of th e  v e h i c l e .  T h e  e n e r g y  

c a p a b i l i ty  of t h e  t i r e s  is  not  in c luded  in th e  c r i t e r i a  d ev e lo p m e n t  l e a d in g  

to  t h e  4 0 ,0 0 0  f t - l b  F O P S  e n e rg y  c a p a b i l i ty .

TIRES
U - n o , 000 - 4 0 0 , 0 0 0  f t - l p ,

F i g u r e  4 - 9 .  E n e rg y  A b s o rp t io n  C ap a b i l i ty  of V eh ic le  
Equipped  With P r o t e c t i v e  Canopy

N o n - U n i fo r m  Loads

It should  be  e m p h a s iz e d  th a t  a l l  p r e v i o u s  d i s c u s s io n s  of e n e rg y  

a b s o r p t io n  c a p a b i l i ty  w e r e  b a s e d  on the  a s s u m p t io n  of a u n i fo r m ly  d i s 

t r i b u t e d  f o r c e  a p p l ica t io n  o v e r  the  p lan  v iew  a r e a  of the  canopy  to p .

T h e  e n e rg y  a b s o rp t io n  ca p a b i l i ty  is  v e r y  d i f f e r e n t  fo r  o th e r  load ing  

a s s u m p t i o n s .  F i g u r e  4-10 and T a b le  4 -5  s u m m a r i z e  th e  s t r u c t u r a l  

c a p a b i l i ty  of a r e p r e s e n t a t i v e  F O P S  fo r  the  C a t e r p i l l a r  D8 t r a c t o r  u n d e r  

v a r i o u s  lo ad ing  co n d i t io n s .  Rock fa l l s  m a tc h in g  t h e s e  lo ad ing  condi t ion



r------------------------------------------------- :--------------------------------------- \

LE G E N D : L E T T E R S  R E F E R  TO  JO IN TS.
NUMERALS R E F E R  TO BEAMS.

F i g u r e  4 - 1 0 .  C a t e r p i l l a r  D8 T r a c t o r  R O P S / F O P S  
S t r u c t u r a l  Model

__________________________________________________
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T a b le  4 - 5 .  E n e r g y  A b s o rp t io n  C ap a b i l i ty  P r e d i c t i o n s  f o r  th e  
C a t e r p i l l a r  D8 T r a c t o r  R O P S / F O P S  U n d er  N o n - U n i fo r m  Load ing  Condi t ions

Load Application Direction
Yield 

Load, Py
Yield 

Deflection, Sy
Maximum 
Load, P

u

Deflection 
Load, 6

at Maximum 

ul » su2

Energy Absorption 
Capability, U

Beams 3 thru 16 
(distributed 
load-top)

-Y 106 ,000 0.258 177,000 0.603 4.000 55,000

Beams 10, 11, 
12, 13
(center ninth 
load-top)

-Y 52 ,000 0.320 87,000 0.751 4.000 27,000

Joint J
(point load-top)

-Y 36 ,000 0.274 71,000 0.807 4.000 22,000

Beams 3, 4
(distributed
load-top)

-Y 70,000 0.228 117 ,000 0.604 4.000 37,000

Beams 5, 16
(distributed
load-top)

-Y 75,000 0.216 125,000 0.504 4.000 39,000

Beams 16, 17 
(distributed 
load-top)

-Y 61,000 0.138 102,000 0.324 4.000 33,000

Joint G
(point load-top)

-Y 30,000 0.148 51,000 0.355 4.000 16,000

Joint E
(point load-top)

-Y 28,000 0.188 47,000 0.443 4.000 15,000

Joint C
(point load-top)

-Y 162,000 0.074 500

Beams 5, 16 -Y 27,000 0.070 45,000 0.163 4.000 29,000
(45° load) + Z 27,000 0.400 45,000 0.933 4.000

Joint L -X 14,000 0.222 23,000 0.507 4.000 22,000
(45° corner load) -Y 

+ Z
14.000
14.000

0.004
0.204

23.000
23.000

0.009
0.466

4.000
4.000

Beams 5, 16 
(side load)

+ z 31,000 0.461 51,000 1.056 4.000 17,000

NOTE: See Figure 4-7. for explanation of symbols and Figure 4-10. for beam and 
joint identification numbers.



a s s u m p t i o n s  a r e  p o s s i b l e ,  but a s  d i s c u s s e d  in S ec t ion  4 .1 ,  the  m a j o r i t y  

of r o c k  fa l l s  m o r e  c lo s e ly  c o r r e s p o n d  to  the  d i s t r i b u t e d  load a s s u m p t i o n .  

T h e r e f o r e ,  t h e  fu l ly  d i s t r i b u t e d  lo ad ing  m ode l  w as  u s e d  th ro u g h o u t  the  

r e p o r t  a s  th e  b a s i s  fo r  e s t a b l i s h i n g  r e c o m m e n d e d  c e r t i f i c a t i o n  p r o c e d u r e s  

and i s  r e p e a t e d  a s  th e  f i r s t  load ing  condi t ion  shown in th e  t a b l e .

A r e v i e w  of the  t a b l e  show s  tha t  th e  d i s t r i b u t e d  load  condi t ion  

h a s  th e  h ig h e s t  p r e d i c t e d  e n e r g y  a b s o r p t io n  c a p a b i l i t y .  H o w e v e r ,  the  

p r e d i c t i o n s  fo r  o th e r  lo ad ing  a s s u m p t i o n s  a r e  p r o b a b ly  so m e w h a t  c o n 

s e r v a t i v e  s in c e  a s  th e  canopy is  o v e r lo a d e d  and b e g in s  to c o l l a p s e  the  

load s t a r t s  to  r e d i s t r i b u t e  o v e r  a g r e a t e r  a r e a  of the  canopy top .

The  m o s t  s e v e r e  cond i t ion  is  th e  c o n c e n t r a t e d  load ing  on th e  

c o r n e r  of th e  canopy o v e r  th e  su p p o r t  co lum n  as  d ep ic ted  by the  joint  

" E "  lo ad ing  cond i t ion .  A c o m p e te n t  r o c k  s t r i k i n g  th e  c o r n e r  of the 

canopy is  s im u l a t e d  by th i s  cond i t ion .  The  p r e d i c t e d  e n e r g y  a b s o rp t io n  

ca p a b i l i ty  is only 500 f t - l b .  Th is  v a lu e  is  d e r i v e d  by l im i t in g  the  s t r e s s  

in t h e  co lum n  to  the  t e n s i l e  y ie ld  a l lo w ab le  of the  m a t e r i a l .  S ign if ican t ly  

h ig h e r  lo a d s  would r e s u l t  in buck l ing  of the  co lum n  and s o m e  p o s s i b l e  

load d i s t r i b u t i o n .  The  e n e r g y  a b s o r p t i o n  ca p a b i l i ty  would t h e r e f o r e  

i n c r e a s e .  A l s o ,  it should  be  noted th a t  th i s  cond i t ion  in m o s t  c a s e s  

r e p r e s e n t s  a s m a l l  r o c k  fa l l .

The  fa l l  of a l a r g e  c o m p e te n t  r o c k  th a t  b r i d g e s  b e tw een  the  

u p r ig h t  c o lu m n s  m u s t  be an a ly zed  in a m a n n e r  s i m i l a r  to  th a t  d e s c r i b e d  

above .  P o u r  c o lu m n s  a r e  a v a i l a b le  to  r e a c t  th e  lo a d .  A c o n s e r v a t i v e  

p r e d i c t i o n  of th e  e n e r g y  a b s o rp t io n  c a p ab i l i ty  would  b e  a p p r o x im a te ly  

2000 f t - l b .  The  p r e d i c t e d  l e v e l  is  v e r y  low s in c e  the  c e n t e r  p o r t i o n  of 

th e  canopy  top does  not d e f o r m  a p p r e c i a b l y .  The  c o lu m n s  m u s t  bu ck le  

b e f o r e  s ig n i f i c a n t  e n e r g y  w il l  b e  a b s o r b e d .  The  d i s t r i b u t i o n  of load 

and b e h a v i o r  of the  canopy s t r u c t u r e  d u r in g  a b u ck l in g  f a i lu r e  is  v e r y



u n p r e d i c t a b l e  and d i f f icu l t  to  e v a lu a t e .  As shown in th e  t a b l e ,  t h e  load  

in e ach  co lu m n  would r e a c h  171,000 lb o r  m o r e .  It i s  v e r y  d i f f icu l t  to  

d e s ig n  a t t a c h m e n t  s t r u c t u r e s  to  w i th s ta n d  lo a d s  of t h i s  m a g n i tu d e .

S e v e r a l  e x a m p l e s  of a n g u la r  app l ied  lo a d s  a r e  in c luded  in the  

t a b l e .  A 2 9 ,0 0 0  f t - lb  c ap ab i l i ty  is  p r e d i c t e d  fo r  a 45 d e g r e e  load  app l ied  

to th e  two b e a m s  a long  th e  s id e  of the  canopy  to p .  The  canopy  wi l l  a b s o r b

2 2 ,0 0 0  f t - lb  if  a ro c k  s t r i k e s  the  top  c o r n e r  at an ang le  of 45 d e g r e e s .

The e n e rg y  a b s o r b e d  fo r  a d i s t r i b u t e d  s id e  load  i s  17 ,000  f t - l b  a t  a 

d e f l e c t io n  l i m i t  of 4 . 0  i n c h e s .

Some of th e  d i f f e re n t  load  inpu ts  r e v i e w e d  above  a r e  s i m i l a r  

to  t h e  con d i t io n s  tha t  m ight  be  e x p e c ted  in v e h i c l e - o b j e c t  c o l l i s i o n s ,  

v e h i c l e - r o o f  i m p a c t s ,  v e h i c l e - r i b  i m p a c t s ,  and o t h e r  s id e  im p a c t  a c c i 

d e n t s .  If p e r f o r m a n c e  c r i t e r i a  fo r  s id e  im p a c t  c a p a b i l i ty  of FO P S  w e r e  

to  be  d e v e lo p e d ,  t h e s e  ty p e s  of lo ad s  would h av e  to be  c o n s i d e r e d .

D e v e lo p m en t  of Stat ic  Load C r i t e r i a

E s t a b l i s h in g  a s t a t i c  load  c r i t e r i o n  which g ives  co n f idence  tha t  

a R O P S /F O P S  s t r u c t u r e  w il l  a b s o r b  a s p e c i f i e d  k in e t i c  i m p a c t  e n e r g y  is  

an  e x t r e m e l y  d iff icu l t  t a s k  r e q u i r i n g  m an y  a s s u m p t i o n s .  A r i g o r o u s  

a n a ly t i c a l  m ethod  of e s t a b l i s h i n g  the  ana logy  b e tw e e n  s t a t i c  lo ad in g  and 

dyn am ic  im p a c t  load ing  w as  not e s t a b l i s h e d .  H o w e v e r ,  a n a l y s e s  w e r e  

conducted  on s e v e r a l  r e p r e s e n t a t i v e  c an o p ie s  to deve lop  a r e a s o n a b l e  

and p r a c t i c a l  s t a t i c  load  c r i t e r i o n .  The  a p p ro a c h  r e q u i r e d  d e t e r m in i n g  

th e  e n e r g y  a b s o rp t io n  cap ab i l i ty  of r e p r e s e n t a t i v e  R O P S / F O P S  s t r u c t u r e s ,  

co m p u t in g  the  y ie ld  s t r e n g t h  u n d e r  a d i s t r i b u t e d  u n i f o r m  top lo a d in g ,  

and c o m p a r i n g  th e  l a t t e r  va lue  with th e  d e c r e a s e d  y ie ld  a l lo w ab le  of the  

s t r u c t u r e  w hen  s u b je c te d  to a d i s t r i b u t e d  load  o v e r  the  m id d le  ninth  of 

th e  p lan  v iew  a r e a  of the  canopy top .  The  r e s u l t s  in d ica te d  th a t  a



r
s t r u c t u r e  which  can  w i th s tan d  a s t a t i c  load  of 7 4 ,0 0 0  lb u n i fo r m ly  d i s 

t r i b u t e d  o v e r  th e  p lan  v iew  a r e a  of th e  canopy  top without  y ie ld in g  wil l  

be  cap a b le  of a b s o r b i n g  at l e a s t  4 0 ,0 0 0  f t - l b  of k in e t i c  e n e r g y .

The  4 0 ,0 0 0  f t - lb  e n e r g y  a b s o r p t i o n  r e q u i r e m e n t  w as  e s t a b 

l i sh e d  b e c a u s e  it r e p r e s e n t e d  a l e v e l  which could be  a c c o m m o d a t e d  by 

th e  m a j o r i t y  of R O P S / F O P S  s t r u c t u r e s  fo r  v e h i c l e s  u n d e r  c o n s i d e r a t i o n ,  

and b e c a u s e  it  would p r o v id e  o p e r a t o r  p r o t e c t io n  fo r  a s ig n i f ic an t  n u m b e r  

of r o c k  f a l l s .  A r e v i e w  of T a b le  4 - 4  shows th a t  v e h i c l e s  with g r o s s  

w e igh ts  r a n g in g  f r o m  3 0 ,2 0 0  lb to  180 ,000 lb have  ROPS with e n e r g y  

a b s o r p t i o n  c a p a b i l i t i e s  of 4 0 ,0 0 0  to  2 8 8 ,0 0 0  f t - l b .  S ince  t h e s e  ROPS 

a r e  r e p r e s e n t a t i v e  of e x i s t i n g  un i t s  w i th in  t h i s  w eigh t  r a n g e ,  i t  is 

ex p ec ted  th a t  v e r y  few d e s ig n  m o d i f i c a t io n s  wil l  b e  need ed  to m e e t  t h e s e  

s t r u c t u r a l  r e q u i r e m e n t s .  T h e r e f o r e ,  t h e  cos t  of ROPS m a n u f a c tu re d  

to  p r e s e n t  s t a n d a r d s  should  not h a v e  to  b e  s ig n i f i c a n t ly  i n c r e a s e d  to  m e e t  

th e  4 0 ,0 0 0  f t - lb  e n e rg y  a b s o r p t i o n  r e q u i r e m e n t .

An e n e r g y  a b s o r p t i o n  c a p a b i l i ty  of 4 0 ,0 0 0  f t - l b  w il l  g ive  p r o 

t e c t i o n  in at  l e a s t  47% of the  r o c k  fa l l s  in s u r f a c e  m i n e s  and 66% of the  

r o c k  f a l l s  in u n d e r g ro u n d  m in e s  a s  shown in F i g u r e  4 - 6 .  This  r e p r e s e n t s  

p r o t e c t io n  fo r  o v e r  tw ic e  th e  r o c k  f a l l s  c o v e r e d  by m e e t i n g  th e  SAE J231 

r e q u i r e m e n t s .

H o w e v e r ,  as  s t a t e d  p r e v i o u s l y ,  th e  4 0 ,0 0 0  f t - lb  e n e r g y  a b 

s o rp t io n  c a p ab i l i ty  is  l i m i t e d  to  v e h ic l e s  with g r o s s  w e ig h ts  above

3 0 ,0 0 0  lb .  T h is  lo w e r  l im i t  does  not a p p r e c i a b l y  r e d u c e  th e  p r e d i c t e d  

p r o t e c t io n  p e r c e n t a g e s  as  the  v a lu e  w as  e s t a b l i s h e d  p r i m a r i l y  fo r  t h r e e  

r e a s o n s  :

1) A s tu d y  of the  a c c id e n t  s t a t i s t i c s  shown in T a b le  A5-13 

in d ica ted  th a t  a p p r o x i m a te ly  70% of the  v e h i c l e s  involved 

in r o c k  fa l l  a c c id e n t s  had  g r o s s  v e h i c l e  w e ig h ts  above

3 0 ,0 0 0  lb .
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2) The  s u r v e y  of e q u ip m en t  popu la t ion  showed tha t  o v e r  60% 

of v e h i c l e s  had g r o s s  w e igh ts  above  3 0 ,0 0 0  lb .

3) It i s  b e l i e v e d  th a t  the  h e a v i e r  v e h i c l e s  a r e  g e n e r a l l y  m o r e  

su b je c t  to  r o c k  fa l l  e x p o s u r e  b e c a u s e  of t h e i r  w o rk  func t ion .

S e lec t in g  a l i m i t  be low  3 0 ,0 0 0  lb would a c tu a l ly  r e s u l t  in l o w e r

o v e r a l l  o p e r a t o r  p r o t e c t io n  f r o m  r o c k  fa l l .  The  r e d u c t io n  in p r o t e c t io n  

le v e l  would o c c u r  b e c a u s e  the  l i g h t e r  v e h i c l e s  can  not w i th s ta n d  the

4 0 ,0 0 0  f t - lb  e n e r g y  r e q u i r e m e n t  o r  the  a n a logous  s t a t i c  load  r e q u i r e 

m e n t s .  T h e r e f o r e ,  the  r e q u i r e m e n t  would h a v e  to  be  r e d u c e d .  L o w e r in g  

th e  4 0 ,0 0 0  f t - lb  s p e c i f i c a t i o n  would r e s u l t  in l i g h t e r  R O P S / F O P S  s t r u c 

t u r e s  b e in g  put on l a r g e r  v e h i c l e s  which a r e  m o r e  n u m e r o u s  and a cc id e n t  

p r o n e .  A l t e r n a t e  p e r f o r m a n c e  c r i t e r i a  a r e  r e c o m m e n d e d  fo r  v e h ic l e s  

with g r o s s  w e igh ts  u n d e r  3 0 ,0 0 0  lb .

e n e rg y  a b s o r p t io n  c a p a b i l i t i e s  above  4 0 ,0 0 0  f t - lb  as  shown in T a b le  4 -4  

is  7 4 ,0 0 0  lb .  T h is  v a lu e  r e p r e s e n t s  the  d i s t r i b u t e d  load  which can  be  

appl ied  o v e r  the  e n t i r e  p lan  v iew  a r e a  of the  ROPS top without  c a u s in g  

y ie ld in g .  A uni t  with a y ie ld  load c ap ab i l i ty  of 7 4 ,0 0 0  lb o r  g r e a t e r  and 

f a b r i c a t e d  with a h igh e longa t ion  m a t e r i a l  w il l  have  su ff ic ien t  r e s e r v e  

u l t i m a t e  load  and d e f lec t ion  c a p a c i ty  to a b s o r b  at l e a s t  4 0 ,0 0 0  f t - lb  of 

e l a s t i c - p l a s t i c  s t r a i n  e n e rg y .  L o a d s  below 74, 000 lb wil l  no t  c a u s e  

p e r m a n e n t  d e f o r m a t io n  of the  R O P S / F O P S .

c r i t i c a l  a r e a s  of the  p r o t e c t iv e  s t r u c t u r e  which c o r r e s p o n d  to  s t r e s s e s  

induced  d u r in g  a 7 4 ,0 0 0  lb d i s t r i b u t e d  load o v e r  th e  e n t i r e  top .  O b v i 

o u s ly ,  a t e s t  o r  a n a ly t i c a l  p r o c e d u r e  with a d i s t r i b u t e d  load m e e t s  th i s  

r e q u i r e m e n t .  S o m e t im e s  it is  v e r y  d iff icu l t  to a c c u r a t e l y  apply  a u n i 

f o r m l y  d i s t r i b u t e d  load  o v e r  a l a r g e  a r e a .  T h e r e f o r e ,  a l t e r n a t e  

a p p r o a c h e s  w e r e  c o n s id e r e d .

The  m i n i m u m  p r e d i c t e d  y ie ld  l o a d ,  P  , fo r  c a n o p ie s  with

Any s t a t i c  load c r i t e r i o n  m u s t  t h e r e f o r e  induce  s t r e s s e s  in
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The g r o u n d r u l e  f o r  e s t a b l i s h i n g  th e  load  l e v e l  f o r  a l t e r n a t e  

a p p r o a c h e s  is  th a t  s t r e s s e s  in c r i t i c a l  a r e a s  of th e  s t r u c t u r e  m u s t  d u 

p l i c a t e  s t r e s s e s  im p o s e d  d u r in g  a 7 4 ,0 0 0  lb load  ap p l i c a t io n  d i s t r i b u t e d  

o v e r  the  e n t i r e  canopy  to p .  T a b le  4 -6  show s  a c o m p a r i s o n  of y ie ld  load  

and d e f le c t io n  fo r  a f o u r - p o s t  ROPS c o n f ig u ra t io n  fo r  th e  C a t e r p i l l a r  D8 

t r a c t o r .  A 106,000 lb y ie ld  load  is  p r e d i c t e d  fo r  the  d i s t r i b u t e d  load 

cond i t ion  o v e r  the  e n t i r e  p lan  v iew  a r e a  of the  ROPS top .  The  c o r r e 

sponding  y ie ld  p r e d i c t i o n  fo r  a d i s t r i b u t e d  load  o v e r  the  m id d le  ninth  of 

th e  p lan  v iew a r e a  i s  5 2 ,0 0 0  lb .  By u s in g  th i s  r e l a t i o n s h i p ,  a y ie ld  

p r e d i c t i o n  of 3 6 ,0 0 0  lb is  ob ta ined  fo r  a f o u r - p o s t  un i t  with a c e n t e r  

ninth lo ad in g  ^Qg ^ qq ^  7 4 ,0 0 0  = 3 6 ,0 0 0 ) .  T h e r e f o r e ,  the  s t r e s s e s  at 

c r i t i c a l  po in t s  in t h e  p r o t e c t i v e  s t r u c t u r e  a r e  eq u iv a len t  f o r  the  7 4 ,0 0 0  lb 

fully  d i s t r i b u t e d  load  and the  36 ,000 lb load  o v e r  th e  c e n t e r  n inth  of th e  

top .

Th is  r e l a t i o n s h i p  a p p e a r s  to  b e  v a l id  fo r  t y p i c a l  f o u r - p o s t  

c o n f ig u ra t io n s  s in c e  the  m o r e  c o n c e n t r a t e d  lo ad in g  p r o d u c e s  h ig h e r  

s t r e s s e s  in t h e  s t r u c t u r e .  The  r e l a t i o n s h i p  does  not hold  fo r  t w o - p o s t  

RO PS.  In th i s  c a s e  t h e  c r i t i c a l  s t r e s s  is  lo c a te d  a long  the  e n t i r e  s u p p o r t  

co lu m n  and is  not  a f fec ted  by  chang ing  th e  top  lo ad in g  f r o m  fully

T a b le  4 - 6 .  Yield  P r e d i c t i o n s  fo r  t h e  C a t e r p i l l a r  D8 T r a c t o r  R O P S / F O P S

Lo a d in g  Condi t ion
Y ield Load ,

py

Yield  D ef lec t io n ,

ôy

D is t r ib u te d  load  o v e r  e n t i r e 106 ,000 0 .2 5 8
p la n  v iew  a r e a  of ROPS top

D is t r ib u te d  load o v e r 5 2 ,000 0 .3 2 0
m id d le  ninth  of p lan  v iew
a r e a
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d i s t r i b u t e d  to  c o n c e n t r a t e d  w i th in  th e  m id d le  n in th  a r e a .  In e i t h e r  c a s e ,  

t h e  e f fec t iv e  b e n d in g  m o m e n t  is  o n e - h a l f  t h e  len g th  of t h e  RO PS top 

o v e r h a n g .  T w o -p o s t  c o n f ig u ra t io n s  m u s t  t h e r e f o r e  w i th s tan d  a s t a t i c  

y ie ld  load  of 7 4 ,0 0 0  lb and can  b e  ap p l ied  a s  fu l ly  d i s t r i b u t e d  o r  c o n 

c e n t r a t e d  w i th in  th e  m id d le  n in th  of th e  top  a r e a .

by s p e c i a l  p e r f o r m a n c e  c r i t e r i a .  As shown in T a b le  4 - 4 ,  a l l  RO PS f o r  

v e h i c l e s  in th i s  weigh t  c l a s s  can  not w i th s t a n d  a 7 4 ,0 0 0  d i s t r i b u t e d  top  

load  without y ie ld in g .  The  p r e d i c t e d  y ie ld  lo a d s  fo r  r e p r e s e n t a t i v e  RO PS 

fo r  t h e  5000 lb and 2 0 ,0 0 0  lb i n d u s t r i a l  t r a c t o r s  a r e  1 3 ,0 0 0  lb  and

4 7 ,0 0 0  l b ,  r e s p e c t i v e l y .  S ince  s m a l l  v e h i c l e s  a r e  e x p o sed  to  s o m e  r o c k  

f a l l s ,  it i s  r e c o m m e n d e d  th a t  th ey  b e  equ ipped  with " s u b s t a n t i a l "  c a n o p ie s .  

The  s t r u c t u r a l  c a p a b i l i ty  of t h e s e  d e s ig n s  shou ld  b e  c o n s i s t a n t  with th e  

ca p a b i l i ty  of th e  v e h ic l e  f r a m e  s t r u c t u r e  n e a r  the  a t t a c h m e n t  lo ca t io n .

T a b le  4 - 7 .  As d ep ic ted  in  t h e  t a b l e ,  F O P S  which can  s u c c e s s f u l l y  w i t h 

s tand  t h e s e  s t a t i c  lo ad s  wil l  be  cap a b le  of a b s o r b i n g  4 0 ,0 0 0  f t - lb  of 

k in e t ic  e n e r g y  f r o m  a r o c k  fa l l .

C e r t i f i c a t i o n  P r o c e d u r e s

A v a l id  c e r t i f i c a t i o n  p r o c e d u r e  m u s t  d e m o n s t r a t e  t h e  ca p a b i l i ty  

of F O P S  in s t a l l e d  on v e h i c l e s  with g r o s s  w e ig h ts  above 3 0 ,0 0 0  lb to 

a b s o r b  4 0 ,0 0 0  f t - lb  of k in e t i c  e n e r g y  with a d i s t r i b u t e d  f o r c e  app l ied  to  

s im u l a t e  a n o n - c o m p e te n t  r o c k  fa l l  im p a c t in g  th e  e n t i r e  p lan  v iew  a r e a  

of th e  F O P S  to p .  V e h ic l e s  with g r o s s  w e ig h ts  l e s s  t h a n  3 0 ,0 0 0  lb m u s t  

m e e t  th e  s a m e  r e q u i r e m e n t s  o r  d e m o n s t r a t e  th a t  a " s u b s t a n t i a l "  canopy 

h a s  b e e n  p ro v id e d  with a ca p a b i l i ty  c o n s i s t a n t  with the  c a p a b i l i ty  of the  

v e h ic l e  f r a m e .

V e h ic l e s  with  g r o s s  w e ig h ts  u n d e r  3 0 ,0 0 0  lb m u s t  be c o v e r e d

A s u m m a r y  of r e c o m m e n d e d  s t a t i c  load  c r i t e r i a  i s  shown in
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T a b le  4 - 7 .  S u m m a r y  of S ta t ic  Load C r i t e r i a

G r o s s
V e h ic le
Weight

F O P S
D esign

C o n f ig u ra t io n
- D i s t r i b u t e d  

Top Load
C e n te r  Ninth 

Top Load

E n e rg y
A b s o rp t io n
C ap a b i l i ty

> 3 0 ,0 0 0  lb . F o u r - p o s t 7 4 ,0 0 0  lb . 36 ,000 lb . > 4 0 ,0 0 0  f t .  - lb .

T w o -p o s t 7 4 ,0 0 0  lb . 7 4 ,0 0 0  lb . > 4 0 ,0 0 0  f t .  - lb .

< 3 0 ,0 0 0  lb . All M ax im u m  lev e l  
c o n s i s t e n t  with 
v e h ic l e  f r a m e  
ca p a b i l i ty

M a x im u m  l e v e l  
c o n s i s t e n t  with 
v e h i c l e  f r a m e  
c a p a b i l i ty

Depends  on 
v e h ic l e  f r a m e  
and t i r e  
c a p a b i l i ty
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S e v e r a l  c e r t i f i c a t i o n  p r o c e d u r e  a l t e r n a t e s  a r e  d e s c r i b e d  in 

T a b le  4 - 8 .  It i s  a p p a r e n t  th a t  a d ro p  t e s t  with  n o n - c o m p e t e n t  m a t e r i a l  

v e r y  c lo s e ly  s i m u l a t e s  t h e  a c tu a l  con d i t io n s  of the  r e c o m m e n d e d  r o c k  

fa l l  r e q u i r e m e n t .  Although th i s  t e s t  is  p r a c t i c a l  a s  a c o n t r o l l e d  

e x p e r i m e n t ,  i t  does  not a p p e a r  f e a s i b l e  as  a w ide ly  u s e d  c e r t i f i c a t i o n  

t e s t .  The  t e s t  would b e  d i f f icu l t  to  conduct  and c o s t ly  due to  the  s p e c i a l  

r e q u i r e m e n t  of n o n - c o m p e t e n c y  of the  d rop  weight  and the  d e s t r u c t i o n  

of th e  canopy  and v e h ic le  f r a m e .

The o th e r  m e th o d s  d e s c r i b e d  in th e  t a b l e  a r e  f u r t h e r  r e m o v e d  

f r o m  th e  cond i t ions  of an a c tu a l  r o c k  f a l l .  The  d rop  t e s t  with  c o m p e te n t  

m a t e r i a l ,  the  p en d u lu m  t e s t ,  and th e  e n e r g y  a b s o r p t io n  s t a t i c  t e s t  a l l  

d e m o n s t r a t e  e n e r g y  a b s o r p t i o n  c a p a b i l i ty .  H o w e v e r ,  t h e s e  t h r e e  t e s t s  

do not m a tc h  the  lo ad in g  d i s t r i b u t io n  a p p l ic a t io n  of a n o n - c o m p e te n t  

r o c k  fa l l .  Some m e m b e r s  of the  canopy  a r e  t h e r e f o r e  o v e r lo a d e d  w hi le  

o t h e r s  a r e  u n d e r lo a d e d .  T h is  l e a d s  to  a cond i t ion  which does  not c o m 

p le te ly  d e m o n s t r a t e  t h e  c a p a b i l i ty  of a l l  ind iv idua l  m e m b e r s  wi th in  the  

F O P S  s t r u c t u r e .  A d i s a d v a n ta g e  of a l l  of t h e s e  t e s t s  is  th a t  they  a r e  

d e s t r u c t i v e  to  th e  t e s t  s p e c i m e n .

The e l a s t i c / p l a s t i c  c o m p u t e r  a n a l y s i s  m e th o d ,  as  d e s c r i b e d  

in Appendix A2 , i s  a good s im u la t io n  of the  a c tu a l  r o c k  fa l l .  (The p r o 

c e d u r e  is  c u r r e n t l y  b e in g  e v a lu a te d  by SAE as  an a l t e r n a t e  to  th e  SAE 

J1040a s id e  load  e n e r g y  t e s t  fo r  ROPS) .  H o w e v e r ,  t h i s  c e r t i f i c a t i o n  

m e thod  h a s  d i s a d v a n ta g e s  of h igh c o m p u t e r  c o s t s , co m p lex  input  r e q u i r e 

m e n t s  fo r  the  a n a l y s t ,  and th e  need  fo r  a l a r g e  c o m p u t e r  which is  not 

w ide ly  a v a i l a b l e .

W oodward  A s s o c i a t e s  h a s  r e c o m m e n d e d  the  e l a s t i c  load  s t a t i c  

t e s t ,  th e  e l a s t i c  c o m p u t e r  a n a l y s i s ,  o r  th e  e n g in e e r in g  a n a ly s i s  a p p r o a c h  

as  th e  a l t e r n a t e  p r o c e d u r e s  fo r  c e r t i f i c a t i o n .  T h e s e  p r o c e d u r e s  a p p e a r
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T a b le  4 - 8 .  C e r t i f i c a t i o n  P r o c e d u r e  A l t e r n a t iv e s

Ce rti f ic at i on  Method De scr ip tio n Advantages Disadvantage s

Drop Tes t
(noncomp eten t  mat erial )

o Weight dropped on FOPS top

o Product  of  weight  and height equal  to 
4 0 , 0 0 0  ft- lb

o Weight must co v e r  en ti re  plan view  
ar e a of top

o Weight c o m p r is e d  of  noncompetent  
m a t e r ia l  which s im u la t e s  a unif or m  
load application

o Max imum def lect ion of  4 . 0  in. 
pe rm itt ed  during te s t

o E xc el le n t  s imu lat ion  of  actua l  rockf al l  

o Min imum inst rum ent at ion  required  

o Tes t  s i m p le  to per f or m

o D e s tr u ct ive

o High har dwa re and te s t  co st

o Diff icult to obtain drop weight  which 
m e e t s  r e qu ire m en ts

Drop Test
( c o m p et e nt  ma teria l)

o Sam e as above ex cept  weight  i s  of 
competent  m at er ia l  which does  not 
d ef or m  during te s t

o Tes t  s i m p le  to per f or m  

o Minimum inst rum ent at ion  required

o D e s tr u ct ive

o High har dw ar e and te s t  co st

o Not al w a y s  a r e a l is t ic  s im ula tio n  of 
act ual  r o c kf a l l ,  ov er lo a ds  support 
c o l u m n s ,  und er loads roof  m e m b e r s

Pendulum  Test o FOPS top s truck  with pendulum weight 

o Energy input of  4 0 , 0 0 0  ft- lb  required

o Weight must  co v e r  en ti re  plan vi ew  
are a of  top 

o Weight i s  of com pet ent  m at er ia l  

o Max imum def lect ion of  4 . 0  in. perm itt ed  
during te s t

o Bett er contr ol  of weight  during te s t  

o Minimum in st ru mentat ion  required

o D e s truct ive

o High har dw ar e and te s t  co st

o Not a lw ay s  a r e a l i s t i c  s imu lat ion  of  
actual  r o c kf a l l ,  ov er lo a ds  support  
c o l u m n s ,  und er loads  roof  m e m b e r s

o Re qu ir es  co m ple x  t ie -d ow n configuration  
with v e h i c l e  on s id e

Static Tes t  
(energ y absorption)

o Load applied o v e r  c e n t er  ninth of 
FOPS top

o A rea under f o r c e - d e fl e c t i o n  cu rve
(energy)  must  reach 4 0 , 0 0 0  ft - l b  before  
e xc ee d in g 4 . 0  in. of  def lect ion

o Analogous to SAE J1040a s i d e  load 
e ner gy  test

o D e m o n st r a te s  en ergy  absorpt ion  
capabil i ty

o F e t t e r  control  than with dyna mic tes t  
s i n c e  te s t  can be stopped i f p ro b le m  
deve lops

o D e s tr u c t iv e

o High har dw ar e co st

o Not a r e a l i s t i c  s im u la t io n  of  
actua l  r o c k f a l l ,  o v er lo ad s  roof  
m e m b e r s

Static  Tes t  
(e la s t i c  load)

o Load of  3 6 , 0 0 0  lb applied o v e r  center  
ninth of FOPS top

o Pe r m an en t de fle c t io n  can not ex ceed  
10% of  d ef l ec t io n m e a s u r e d  during t e s t

o N o n -d e s tr uc ti v e

o Low t e s t  har dwa re co s t s

o Analogous to MESA te s t  for ca nopie s  
on e l e c t r i c  face equipment

o Does not s im u la t e  actual  rockfal l

o R e qu ir es  f o r c e  and def lect ion  
m e a s u r e m e n t s

, Computer Analysis  
(e la s t ic  /p la st i c )

o Product  of fo r c e  and deflec t io n must 
equal  40 ,000 ft -lb

o P la s t i c  def l ec t io n can not e xc ee d  4 . 0  in.

o Good s im ula tio n of drop tes t  with 
noncompetent  m at erial

o No har dw ar e or  tes t  cost

o High com pu te r and analyst  cost  

o R e qu ir es  e x p er i en ce d  analyst  

o P o s s ib i l i t y  of e r ro n eo u s  re sul ts  

o L ar ge  c om pu te r c o r e  r e qu ir e m en ts  

o R e qu ir es  la r g e  com pu te r w h ir h  i<? no t 
wi dely  av ai la bl e

C om pu ter Analvsis
(elastic^

o Load of 7 4 ,0 0 0  lb uni for ml y distributed  
o ve r en tire plan view  area of FOPS top

o S t r e s s e s  car not e xc ee d  yield al lowable  
of m at er ia l

o Ko ha rd w ar e or tes t  cost

o Analogous to MESA a n a ly s i s  method  
for ca nopie s  on e l e c t r i c  face eq u ip 
ment

o Can u s e  s im p le  c om pu te r p ro gr am  
such as  CANOPY

o Can be run on many ty pes of c o m 
puters

o Re la t iv e ly  e a s y  to input

o Does not s im u la t e  actual  rockfall

Eng in ee r in g Analysis  
(non - compute r'

o I.oad of 74 ,000 lb u m fo r m lv  distributed  
ov er en ti r e  plan view are a of FOPS top 
or 3 6 ,0 0 0  lb over re nt er  ninth of top

o S t r e s s e s  can not e xc ee d  yield al lowable  
of m a t er ia l

o No har dwa re or  tes t  cost

o Analogous to MESA an a ly s i s  method  
for ca nop ie s  on e l e c t r i c  face equipment

o No com pu te r required

o Does not s im u la t e  actual  rockfal l  

o Validity of  r e s u l t s  a r e  s e n s i t i v e  to 
e x p e r i e n c e  of analyst
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to  h a v e  the  b e s t  b a l a n c e  b e tw e e n  r e a s o n a b l y  d e m o n s t r a t i n g  th e  ab i l i ty  

of th e  F O P S  s t r u c t u r e  to m e e t  t h e  4 0 ,0 0 0  f t - lb  e n e r g y  a b s o r p t i o n  r e 

q u i r e m e n t  and b e in g  p r a c t i c a l  to  conduct  as  a w ide ly  u s e d  c e r t i f i c a t i o n  

m e th o d .

Methods  of con d u c t in g  the  e l a s t i c  load  t e s t  a r e  d e s c r i b e d  in 

d e ta i l  in Appendix  A3. The  t e s t  r e q u i r e s  app ly ing  a 36 ,000 lb f o r c e  

w ith in  th e  c e n t e r  nin th  of the  canopy p lan  v iew  to p .  The  p e r m a n e n t  

d e f lec t ion  r e m a i n i n g  a f t e r  th e  t e s t  can  not ex ce e d  10% of the  m a x i m u m  

d e f lec t io n  m e a s u r e d  d u r in g  th e  t e s t .  Two t e s t i n g  p r o c e d u r e  op t ions  

a r e  sp e c i f i e d  in Appendix A3. The f i r s t  i n c lu d es  a s t a t i c  t e s t  of the  

e n t i r e  F O P S  inc lud ing  p r o t e c t i v e  c a n o p y ,  a t t a c h m e n t  j o i n t s ,  v e h i c l e  

c h a s s i s  and a x l e s .  The  s eco n d  option in c lu d e s  t e s t i n g  of s o m e  of the  

F O P S  c o m p o n e n ts  o r  th e  canopy a lone  with the  r e m a i n d e r  of the  c o m 

p onen ts  be ing  c e r t i f i e d  with e n g in e e r in g  c a lc u la t io n s  o r  by m e e t in g  c e r t a i n  

s p e c i f i ed  and r e q u i r e d  des ig n  g u id e l in e s .

An e l a s t i c  c o m p u te r  a n a l y s i s ,  t h e  s eco n d  r e c o m m e n d e d  c e r 

t i f i c a t io n  p r o c e d u r e , i s  d e s c r i b e d  in Appendix A2. S e v e r a l  c o m p u t e r  

p r o g r a m s  w e r e  c o m p a r e d  and th e  p r o g r a m  CANOPY w as  s e l e c t e d  as  the  

b e s t  a p p r o a c h .  It i s  r e c o m m e n d e d  th a t  the  p r o g r a m  be  m od if ied  by 

add ing  a p la te  e l e m e n t  and a b e a m  b u ck l ing  p r e d i c t io n  b e f o r e  u s in g  it as  

a c e r t i f i c a t i o n  p r o c e d u r e .  With th i s  m e th o d ,  a load of 7 4 ,0 0 0  lb is  

input as  a u n i fo r m ly  d i s t r i b u t e d  load  o v e r  a l l  of the  b e a m  m e m b e r s  in 

th e  canopy top .  The  r e s u l t i n g  s t r e s s  output  can  not exceed  th e  y ie ld  

s t r e s s  of the  m a t e r i a l .

G u ide l ines  fo r  the  e n g in e e r in g  a n a ly s i s  c e r t i f i c a t i o n  p r o c e d u r e  

a r e  inc luded  in Appendix A2. With th i s  m ethod  a n o n - c o m p u t e r  a n a ly s i s  

is  conducted  fo r  a 7 4 ,0 0 0  lb load d i s t r i b u t e d  o v e r  th e  e n t i r e  canopy top  

o r  a 3 6 ,0 0 0  lb load o v e r  the  c e n t e r  ninth of the  p lan  v iew  a r e a .
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M a x im u m  p r e d i c t e d  s t r e s s e s  at c r i t i c a l  po in ts  in the  s t r u c t u r e  m u s t  not 

e xceed  the  m a t e r i a l  y ie ld  s t r e s s  a l lo w a b le .  C a lc u la t io n s  b a s e d  on sound 

e n g in e e r in g  p r i n c i p l e s  a r e  a c c e p t a b l e .  G u ide l ines  a r e  inc luded  in the  

Appendix  A2 to  aid  the  a n a l y s t .  A p p r o a c h e s  fo r  a n a ly z in g  th e  canopy 

top p l a t e ,  check ing  fo r  bu ck l in g  of the  s u p p o r t  c o l u m n s ,  an a ly z in g  two 

p o s t  c o n f ig u ra t io n s  and ev a lu a t in g  com b in ed  s t r e s s e s  to d e t e r m i n e  sa fe ty  

f a c t o r s  a r e  in c luded .

r e c o m m e n d e d  c e r t i f i c a t i o n  p r o c e d u r e s . As sp e c i f i e d  in Appendix A l ,  

th e  F O P S  m u s t  m e e t  m a t e r i a l ,  w e ld in g ,  and i m p a c t  r e s i s t a n c e  r e q u i r e 

m e n t s  in add i t ion  to  s t a t i c  l o a d / d e f l e c t i o n  c r i t e r i a .  The  m a t e r i a l  in 

the  canopy  m u s t  m e e t  d u c t ib i l i ty  r e q u i r e m e n t s  a s  s p e c i f ie d  by C h a rp y  

V -n o tc h  im p a c t  s t r e n g t h  s t a n d a r d s .  T h e  C h a rp y  im p a c t  t e s t  m e a s u r e s  

the  e n e rg y  a b s o r b e d  in f r a c t u r i n g  a no tch  s p e c i m e n  th a t  h a s  been  p r e p a r e d  

a c c o r d i n g  to de f in i te  s t a n d a r d  d i m e n s i o n s  and is  s u p p o r te d  a t  both ends  in 

a s t a n d a r d  m a n n e r .  All bo l t s  used  in s t r u c t u r a l  a p p l i c a t i o n s  m u s t  be SAE 

G r a d e  5 o r  8. All weld ing  on the  canopy  and a t t a c h m e n t  s t r u c t u r e  to the  

v e h ic le  m u s t  be in a c c o r d a n c e  with the  " S p e c i f ic a t io n  f o r  Welding  R o l l o v e r  - 

F a l l i n g  O b jec t  P r o t e c t i v e  S t r u c t u r e s  (ROPS and F O P S )"  c u r r e n t l y  be ing  

p r e p a r e d  by the  A m e r i c a n  Welding S o c ie ty ' s  D 14h S u b c o m m i t t e e .

S e v e r a l  o t h e r  r e q u i r e m e n t s  m u s t  be  m e t  with each  of the  t h r e e
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4 . 3  EQ U IP M E N T  P O P U L A T IO N

T h is  s e c t io n  i s  a s u m m a r y  of the  w o rk  done with r e s p e c t  to  

def in ing th e  po p u la t io n  of th e  " m a c h i n e s  of i n t e r e s t "  and e s t i m a t i n g  th e

c h a r a c t e r i s t i c s  of th a t  p o p u la t io n .  T h e  c h a r a c t e r i s t i c s  in c luded  m a c h in e  

a g e ,  ROPS i n s t a l l a t i o n  s t a t u s ,  s i z e  of f lee t  and o t h e r s .

S o u rc e s  of P o p u la t io n  I n fo rm a t io n

The  m a c h in e  d a ta  w e r e  ob ta ined  by m e a n s  of a s u r v e y  of m e t a l  

and n o n m e ta l  m i n e s .  The  s a m p l e  to  be  s u r v e y e d  w as  s e l e c t e d  f r o m  a 

l i s t i n g  p ro v id e d  by the  MESA H ea l th  and Safety  A n a ly s i s  C e n t e r  (HSAC) 

in D e n v e r .  The  l i s t  was  in two p a r t s .  One p a r t  w as  f o r m a l l y  en t i t led  

" S u r f a c e  M e ta l - N o n m e t a l  M ines  R e p o r t i n g  to  Mining E n f o r c e m e n t  and 

Safe ty  A d m i n i s t r a t i o n  in 1 9 7 4 , "  th e  s e c o n d  w as  " U n d e rg ro u n d  M e ta l - 

N o n m e ta l  M ines  R e p o r t i n g  to  Mining E n f o r c e m e n t  and Safety  A d m i n i s t r a 

t ion  in 1 9 7 4 . "  The  to t a l  n u m b e r  of m i n e s  l i s t e d ,  l e s s  t h o s e  which  w e r e  

d e le ted  by WAI b e c a u s e  th e y  w e r e  m i n e s  which would r e c e i v e  a cc id en t  

q u e s t i o n n a i r e s ,  w as  7369. (See A p p e n d ic e s  A4 and A5 f o r  s u r v e y  b a c k 

g r o u n d . )  T he  v e r y  c o o p e r a t iv e  MESA p eo p le  a l s o  p ro v id e d  a se c o n d  type  

of l i s t i n g .  It w as  en t i t l ed  " M e t a l - N o n m e t a l  Mine R e f e r e n c e  F i l e . "  It had 

an e f fec t iv e  d a te  of August  8 ,  1975. The  f i le  showed th e  m o s t  r e c e n t  MESA 

in s p e c t io n  da te  fo r  e ach  m i n e ,  th e  n u m b e r  of e m p l o y e e s ,  and o th e r  i n f o r 

m a t io n  which in d ic a te d  th a t  s o m e  m in e s  w e r e  not p r e s e n t l y  a c t i v e .  The  

f i le  inc luded  s o m e  d e t a i l s  about m in e  l o c a t i o n s ,  but  not about  com pany  o r  

m in e  m a i l i n g  a d d r e s s e s .  Some c r o s s - c h e c k i n g  of th e  two l i s t i n g  ty p e s  led  

to  th e  c o n c lu s io n  th a t  t h e  HSAC l i s t s  could be  u s e d  as  the  f r a m e  fo r  s u r v e y  

s a m p l e  s e l e c t io n .  The  HSAC l i s t ,  a l though  not  a c o m p le te  l i s t i n g  of a c t iv e  

m i n e s ,  and t h e r e f o r e  not a c o m p le te  f r a m e ,  w as  judged to  be  a s a t i s 

f a c t o r y  s u r r o g a t e  f o r  a c o m p le t e  f r a m e .  (A m o r e  d e ta i l e d  d i s c u s s io n  

of t h e  s u r v e y  m a t t e r s , inc lud ing  f r a m e  c o n s i d e r a t i o n s , i s  co n ta ined  in

V.
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Appendix A4.)  The  to ta l  n u m b e r  of a c t iv e  m i n e s  in the  m in e  r e f e r e n c e  

f ile  w as  13 , 96 9 .

T a b le  4 -9  shows the  n u m b e r  of m in e s  f r o m  the  HSAC l i s t  which 

w e r e  s e l e c t e d  for  the  s u r v e y  s a m p l e .  T h e  HSAC l i s t  was  a r r a n g e d  by 

s t a t e .  The  s a m p l e  s e l e c t io n  m ethod  u sed  w as  s y s t e m a t i c  s a m p l i n g ,  

tha t  i s ,  e v e r y  k t i l i t e m  w as  s e l e c t e d  with a r a n d o m  s t a r t .  In the  c a s e  

of u n d e r g ro u n d  m i n e s ,  th e  v a lu e  used  was  k = 4.  F"or s u r f a c e  m i n e s ,  the  

v a lue  was  k = 8. A g r e a t e r  p r o p o r t i o n  of u n d e r g r o u n d  m i n e s  w as  s e l e c t e d  

b e c a u s e  review- of the  MESA ac c id e n t  i n v e s t ig a t io n  r e p o r t s  showed tha t  

f a l l - o f - g r o u n d  a c c id e n t s  w e r e  m uch  m o r e  f r e q u e n t  in u n d e r g ro u n d  m i n e s .  

A c c o rd in g ly ,  it was  d e s i r a b l e  to  ob ta in  a m o r e  p r e c i s e  e s t i m a t e  of the  

m a c h i n e s  of i n t e r e s t  u s e d  in u n d e r g r o u n d  m i n e s  an d ,  b e c a u s e  the  s u r v e y

T a b le  4 - 9 .  C o m p o s i t io n  of S urvey  S am ple  
(Equ ipm en t  Survey)

Mine C la s s

N u m b e r  of 
Mines  on 

HSAC L is t

. - -_1 

N u m b e r  of 
Mines  Se lec ted  

fo r  S am ple
Sam pl ing

Rat io

U n d e rg ro u n d  (RS-U) 444 111 1 '4

Open P i t  (RS-O) 1441 182 1 / 8

C r u s h e d  Stone (RS-C) 2320 291 1/8

Sand and G ra v e l  (RS-S) 3164 396 1/8

T O T A L 7369 980 13/100
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f o r m  a l s o  ask ed  fo r  i n f o r m a t i o n  on n o - i n j u r y  a c c i d e n t s ,  to  ob ta in  a 

l a r g e r  s a m p l e  f r o m  u n d e r g r o u n d  m in e s  t h a n  u s in g  k = 8 f o r  a l l  m in e s  

would p r o d u c e .

m in e s  to  73% fo r  u n d e r g r o u n d  m i n e s .  (The d e t a i l s  of r e s p o n s e s ,  

fo l low -up  a c t io n s  and f ina l  r e s p o n s e  r a t e s  a r e  in Appendix A 4 .) The  

s i z e  of the  s u r v e y  r e s p o n s e  in r e l a t i o n  to  th e  t o t a l  n u m b e r  of m i n e s ,  

r a t h e r  than  to  th e  n u m b e r  s a m p l e d ,  is  shown in T a b le  4 - 1 0 .  The  o v e r a l l  

p e r c e n t a g e  of r e s p o n s e s  r e l a t i v e  to  th e  m in e s  on the  HSAC l i s t  was  

7.5%; r e l a t i v e  to Mine R e f e r e n c e  F i l e ,  it was  4%. Tha t  i s ,  th e  i n f e r 

e n c e s  d r aw n  c o n c e r n i n g  m a c h i n e  p opu la t ion  a r e  b a s e d  on a m od if ied  

r a n d o m  s a m p l e  of 4% of th e  to t a l  a c t iv e  m e t a l - n o n m e t a l  m i n e s  in the  

U .S .  The  i n f e r e n c e s  d r a w n  c o n c e r n in g  m a c h in e  p opu la t ion  in u n d e r g ro u n d  

m i n e s  a r e  b a s e d  on a m odif ied  r a n d o m  s a m p l e  of about 12% of t h o s e  

m i n e s .

th i s  would be so was  one of th e  s e v e r a l  r e a s o n s  fo r  u s in g  s y s t e m a t i c  

s a m p l in g .  (In Appendix A4 t h e r e  is  a t a b le  which show s  th e  s a m p l e  and 

r e s p o n s e  n u m b e r s  f o r  a l l  s t a t e s  and fo r  the  fo u r  m in e  type  c l a s s i f i c a 

t i o n s .  ) In add i t ion  to  th e  r e s p o n s e s  f r o m  th e  s u r v e y  s a m p l e ,  t h e r e  w e r e  

81 m a c h in e  d a ta  r e s p o n s e s  r e c e i v e d  with th e  a c c id e n t  h i s t o r y  (AH) 

q u e s t i o n n a i r e s .  T h e s e  w e r e  r e c o r d e d  s e p a r a t e l y  f r o m  the  s u rv e y  

s a m p l e .  T h e y  w e r e  not u sed  d i r e c t ly  in m ak in g  i n f e r e n c e s  about the  

m a ch in e  popu la t ion  and s u b - p o p u l a t i o n s ,  but  th ey  w e r e  em ployed  in 

v a r i o u s  s t a t i s t i c a l  c o m p a r i s o n s .  In s h o r t ,  t h ey  w e r e  t r e a t e d  as  r e s u l t s  

of an e n t i r e ly  s e p a r a t e  co n v e n ien ce  s a m p l e .

The  e s t i m a t e  of the  t o t a l  popu la t ion  of m a c h in e s  of i n t e r e s t  in 

m e t a l - n o n m e t a l  m in e s  is  shown in F i g u r e  4 - 1 1 .  The n u m b e r  49 ,293 is

The  s u r v e y  r e s p o n s e  r a t e s  v a r i e d  f r o m  45% fo r  c r u s h e d  s to n e

E v e ry  s t a t e  is r e p r e s e n t e d  in  the  t o t a l  s a m p l e .  To a s s u r e  tha t

V
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T a b le  4 - 1 0 .  R e s p o n s e s  as  P e r c e n t a g e  of T o ta l  M e ta l - N o n m e t a l  Mines

Survey  Mine 
Type  

C l a s s i f i c a t i o n

N u m b e r  on 
MESA "M ine  

R e f e r e n c e  F i l e "
N u m b e r  on 
IISAC L is t

N u m b e r  of 
R e s p o n s e s  
to C u t -O ff

R e s p o n s e s  as  
P e r c e n t a g e  of 

Mine R e f e r e n c e  
F i l e  N u m b e r

R e s p o n s e s  as  
P e r c e n t a g e  of 

HSAC L is t  
N u m b er

RS-U 668 444 81 12.1% 18.2%

R S-O 1 ,756 1 ,441 126 7.2% 8.7%

RS-C 4 ,0 2 9 2 ,3 2 0 132 3 . 3% 5.7%

RS-S 7 ,536 3 ,164 216 2 . 9  % 6.8%

T o ta l 1 3 ,989 7 ,3 6 9 555 4 .0% 7.5%

P lu s  AH R e s p o n s e s 81

T O T A L 636 4 .5% 8.6%

Key: R an d o m  s a m p l e  (RS) m in e s :

RS-U  = U n d e rg ro u n d  RS-O - Open Pit

RS-C  = C r u s h e d  Stone RS-S = Sand and G r a v e l

AH r e f e r s  to th o se  m i n e s  which r e c e i v e d  " a c c id e n t  h i s t o r y "  q u e s t i o n n a i r e s .



r

1 ,215
2 .5  %

F i g u r e  4 - 1 1 .  M e ta l - N o n m e ta l  Mines  
E s t i m a t e s  of P o p u la t io n ,  

M ach ines  of I n t e r e s t  
Tota l :  4 9 ,2 9 3
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the  m id -p o in t  of the  conf idence  i n t e r v a l  for  the  e s t i m a t e .  Only a s m a l l  

p e r c e n t a g e  of the  popu la t ion  (2.5%) is u s e d  in u n d e r g ro u n d  o p e r a t i o n s .  

The  t e r m  "u se d  in" is  e m ployed  h e r e  to ca l l  a t t e n t io n  to the  fac t  th a t  

s o m e  of the  m a c h i n e s  of i n t e r e s t  which be lo n g  to u n d e rg ro u n d  m in e s  a r e  

not u se d  u n d e r g r o u n d ,  but r a t h e r  in the  s u r f a c e  o p e r a t io n s  a s s o c i a t e d  

with u n d e r g ro u n d  m i n e s .  T h e r e  a r e  a p p r o x i m a te ly  600 m a c h i n e s  in th is  

c a t e g o r y .

p e r c e n t a g e s  of the  t o t a l ,  u s e d  in u n d e r g r o u n d  m i n e s ,  f o r  each  of the  

f ive ty p e s  of m a c h in e s  of i n t e r e s t .  As one would e x p e c t ,  m o r e  th an  ha l f  

of the  to ta l  is  c o m p o se d  of f r o n t - e n d  l o a d e r s ,  it should  be noted tha t  the 

n u m b e r s  of m a c h i n e s  g iven  in F i g u r e  4 -1 2  a r e  b a s e d  on the  r e s p o n s e s  to 

the  s u r v e y  a n d ,  in c a s e s  w h e r e  the s u r v e y  r e s p o n s e  ind ica ted  a s m a l l  

n u m b e r  of a m ac h in e  type,  the con f idence  in t e rv a l  is  wide.  The 

s u rv e y  p ro d u ced  m i d - i n t e r v a l  e s t i m a t e s  of 72 fo r  g r a d e r s  and 36 fo r  

p r i m e  m o v e r s  u s e d  u n d e r g r o u n d .  While  it is known tha t  both ty p e s  of 

m a c h in e s  a r e  u s e d  in u n d e r g ro u n d  o p e r a t i o n s ,  the  v a l id i ty  of the  a b so lu te  

n u m b e r s  e s t i m a t e d  is not h igh .

p e r c e n t a g e s  of the  t o t a l ,  u s e d  in s u r f a c e  m e t a l - n o n m e t a l  m in in g ,  for  

each  of the  f ive  ty p e s  of m a c h i n e s  of i n t e r e s t .  A ga in ,  f ro n t - e n d  l o a d e r s  

a r e  m o r e  than  ha l f  of the  to t a l .

The d i f f e r e n t  m o d e l s  of m a c h in e  ty p e s  r e p o r t e d  in the  s u r v e y  w e r e

of i n t e r e s t  to enab le  the  c a lc u la t io n  of e s t i m a t e s  of the  f in a n c ia l  i m p l i c a 

t io n s  of p o s s i b l e  R O P S / F O P S  r e t r o f i t  p o l i c i e s ,  a s  d i s c u s s e d  in S e c 

t io n  4 . 6 .  The  e s t i m a t i n g  m ethod  u s e d  did not r e q u i r e  d e ta i l e d  a n a ly s i s  

of e v e r y  m o d e l  r e p o r t e d .  The  m o s t  f r e q u e n t ly  r e p o r t e d  m o d e l s  w e r e  

iden t i f ied  and u s e d  to p r e p a r e  ROPS a c q u i s i t i o n  c o s t s ,  HOPS in s t a l l a t i o n

F i g u r e  4 -1 2  shows the  e s t i m a t e s  of the  n u m b e r s  of m a c h i n e s ,  and

F ig u re  4 -13  shows the  e s t i m a t e s  of n u m b e r s  of m a c h i n e s ,  and

V ' T O O * .
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c o s t s ,  RO PS t r a n s p o r t a t i o n  c o s t s ,  and RO PS c o s t / m a c h i n e  v a lu e  

i n fo r m a t io n .

F i g u r e  4 -1 4  shows th e  p e r c e n t a g e  of m a c h i n e s  of eac h  type  which 

p r e s e n t l y  h a v e  s o m e  f o r m  of p r o t e c t i v e  s t r u c t u r e  i n s t a l l e d .  With few 

e x c e p t i o n s ,  m a c h i n e s  which w e r e  r e p o r t e d  to  h a v e  a " R O P S "  in s ta l l e d  

had a c o m m e r c i a l  ROPS which was d e s ig n e d  and m a n u f a c t u r e d  to e i t h e r  

SAE o r  C o rp s  of E n g in e e r s  s t a n d a r d s .  H o w e v e r ,  m an y  m a c h i n e s  which 

r e p o r t e d  p r o t e c t iv e  s t r u c t u r e s  o t h e r  t h a n  RO PS had  n o n - c o m m e r c i a l  

s t r u c t u r e s  , u s u a l ly  d es ig n e d  and b u i l t  in m in e  sh o p s  , o r  s o m e  f o r m  of 

c o m m e r c i a l  cab o r  canopy lo c a l ly  m odif ied  to  p r o v id e  a d d i t io n a l  f a l l in g  

ob jec t  p r o t e c t i o n .  The  f ig u r e  r e f l e c t s  a l l  i n s t a l l a t i o n s  w h ic h ,  in the  

j u d g m e n t  of the  r e p o r t i n g  m i n e s ,  p r o v id e  f a l l in g  ob jec t  a n d / o r  r o l l - o v e r  

p r o t e c t io n .

F ig u re  4 -15  shows th e  e s t i m a t e  of the  d i s t r i b u t i o n  of the  m a c h i n e s  

of i n t e r e s t  a c c o r d i n g  to t h e  y e a r  of m a n u f a c t u r e  g r o u p in g s  u s e d  in th is  

s tudy .  A p p ro x im a te ly  46% of the  t o t a l  pop u la t io n  is  c o m p o se d  of 

m a c h in e s  m a n u f a c t u r e d  in th e  y e a r s  1970 th ro u g h  1975. T h e r e  a r e  

a few m a c h in e s  in th e  popu la t ion  which  a r e  m o r e  t h a n  25 y e a r s  old.  

T h r e e - q u a r t e r s  of the  m a c h in e s  m a n u f a c tu r e d  in 1949,  o r  e a r l i e r ,  a r e  

in two type  c a t e g o r i e s ,  d o z e r s  and g r a d e r s .  W heeled  f r o n t - e n d  l o a d e r s  

w e r e  not m a d e  in l a r g e  n u m b e r s  un t i l  th e  l a t e  f i f t i e s .  C r a w l e r  l o a d e r s  

w e r e  a v a i l a b le  e a r l i e r ,  but only a few m o d e l s  w e r e  a v a i l a b l e  in the  f o r t i e s .  

The e s t i m a t e s  fo r  m a c h i n e s  in the  "1949 o r  e a r l i e r "  age  c a t e g o r y  m ay  be 

h ig h ,  p r i m a r i l y  b e c a u s e  t h e  s a m p l e  fo r  th a t  c a t e g o r y  w as  s m a l l  and the  

p r o p o r t i o n  e s t i m a t o r s  in the  r a n g e  be low 0 .0 5  do not p e r m i t  the  c o n s t r u c 

t ion of good conf idence  i n t e r v a l s .

F i g u r e  4-16  shows th e  a p p r o x i m a te  p e r c e n t a g e s  of m a c h in e s  of 

i n t e r e s t ,  by  the  " y e a r  of m a n u f a c t u r e "  g r o u p s ,  which hav e  p r o t e c t i v e
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F i g u r e  4 - 1 5 .  Date  of M a n u f a c tu r e ,  
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F i g u r e  4 - 1 6 .  P r o t e c t i v e  S t r u c t u r e  S ta tu s  — 1975 
(M ach ines  of I n t e r e s t  by Y e a r  of M a n u fa c tu re )
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s t r u c t u r e s  i n s t a l l e d .  The  p ie  c h a r t s  in th i s  f i g u r e  a r e  d ra w n  so  tha t  

t h e  a r e a  of each  is  a p p r o x i m a te ly  p r o p o r t i o n a l  to  the  p e r c e n t a g e  of the  

popu la t ion  to which it r e l a t e s .

In s u m m a r y ,  th e  fo l lowing  can be s t a t e d  about  t h e  e f fo r t  in th is

sec t ion :

1) The  s u r v e y  of a p p r o x i m a te ly  4% of a l l  of th e  a c t iv e  m e ta l  

and n o n m e ta l  m in e s  p ro v id e d  th e  b a s i s  fo r  the  e s t i m a t e  

of the  p opu la t ion  of m a c h in e s  of i n t e r e s t .  The  to ta l  p o p u 

la t io n  w as  e s t i m a t e d  to  be about  4 9 ,0 0 0  m a c h i n e s ,  of 

which a l l  bu t  1200 a r e  u sed  in s u r f a c e  o p e r a t i o n s .

2) N e a r ly  46% of t h e  m a c h i n e s  w e r e  m a n u f a c t u r e d  a f t e r  

1969; n e a r l y  32% in 1965 th ro u g h  1969; and a p p r o x i m a te ly  

22% b e f o r e  1965 .

3) N e a r ly  t h r e e - f o u r t h s  of th e  m a c h i n e s  m a n u f a c t u r e d  a f t e r  

1969 have  p r o t e c t i v e  s t r u c t u r e s  in s t a l l e d ;  a p p r o x i m a te ly  

o n e - t h i r d  of t h o s e  m a n u f a c tu r e d  in 1965 th ro u g h  196 9 

h a v e  p r o t e c t i v e  s t r u c t u r e s ;  and l e s s  than  o n e - f i f th  of 

t h o s e  m a n u f a c tu re d  b e f o r e  1965 h a v e  p r o t e c t iv e  s t r u c t u r e s .

It should  not be i n f e r r e d  tha t  a l l  of the  m a c h in e s  in th e  popu la t ion  

a r e  u s e d  e x c lu s iv e ly  fo r  m in in g ,  o r  even  fo r  w o rk  d i r e c t ly  r e l a t e d  to 

m in ing .  In f a c t ,  m an y  of the  m a c h i n e s ,  p a r t i c u l a r l y  in sand  and g r a v e l  

o p e r a t i o n s ,  a r e  u s e d  in w o rk  not d i r e c t l y  r e l a t e d  to m in ing  m uch  of the  

t i m e .  The  s u r v e y  did not a t t e m p t  to d e t e r m i n e  the  p r o p o r t i o n  of o p e r a t i n g  

t i m e  a m a c h in e  was  u s e d  in m in in g .  Many t e le p h o n e  in q u i r i e s  w e r e  

r e c e i v e d  about  w h e th e r  a m a c h in e  which w a s  u sed  only "a s m a l l  f r a c t i o n  

of th e  t i m e "  o r  "a  few w eeks  a y e a r "  should  be  r e p o r t e d  in Sect ion  3 of 

th e  s u r v e y  f o r m .  The  a n s w e r  was  to r e p o r t  a l l  m a c h in e s  u sed  at the
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m i n e ,  r e g a r d l e s s  of the  am oun t  of t i m e  u s e d  t h e r e .  The  m a c h in e s  of 

i n t e r e s t  a r e  ty p e s  which h a v e  g r e a t  w o rk  v e r s a t i l i t y .  None is  d i s t in c t ly  

iden t i f ied  with the  m in in g  i n d u s t r y .  It is l ik e ly  the  r e l a t i v e l y  high p r o 

p o r t i o n  of m a c h in e s  which hav e  p r o t e c t i v e  s t r u c t u r e s  i n s t a l l e d  is  r e l a t e d  

to t h e i r  v e r s a t i l i t y ,  th a t  i s ,  they  a r e  a l s o  u s e d  in w o rk  in which OSHA 

or  s t a t e  ROPS r e q u i r e m e n t s  app ly .

' % R Z t k -
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The av a i l a b i l i ty  of R O P S / F O P S  u n i t s  f o r  t h e  ty p e s  of m in ing  

eq u ip m en t  s tud ied  on th i s  p r o g r a m  h a s  b e e n  d e t e r m i n e d .  The  y e a r l y  

R O P S / F O P S  p r o d u c t io n  c a p a c i ty  e x c e e d s  3 0 0 ,0 0 0  - 3 5 0 ,0 0 0  u n i t s  p e r  

y e a r .  T h r e e  p r i m a r y  s o u r c e s  of in fo r m a t io n  w e r e  u s e d  to  deve lop  the  

s t a t u s  of R O P S / F O P S  p r o d u c t io n  c a p a b i l i ty  and to d e t e r m i n e  the  a v a i l 

ab i l i ty  of ROPS d e s ig n s  fo r  the  v a r i o u s  m o d e l s  of e q u ip m en t  in th e  f ie ld .

I n fo rm a t io n  S o u rce s

A r e p o r t  p r e p a r e d  by W oodw ard  A s s o c i a t e s  fo r  the  O c cu p a t io n a l  

Safety and H ea l th  A d m i n i s t r a t i o n  in 1974 en t i t l ed  "Study to D e t e r m i n e  

the  E n g in e e r in g  and E c o n o m ic  F e a s i b i l i t y  of R e t r o f i t t i n g  RO PS on p r e -  

Ju ly  1, 1969 C o n s t ru c t io n  E q u ip m e n t"  (DOL C o n t r a c t  L -73-158)  c o n ta in s  

in fo r m a t io n  on the  RO PS P r o d u c t i o n  c a p a c i ty  in the  U .S .  in 1973. This  

m a t e r i a l  has  been  r e v i e w e d  and u p - d a t e d  to r e f l e c t  the  i n d u s t r y  c a p a 

b i l i ty  in 1975. Th is  r e p o r t  h a s  a l s o  b e e n  u s e d  as  a b a s i s  to  d e t e r m i n e  

the  a v a i l a b i l i ty  of R O P S / F O P S  fo r  d i f f e r e n t  m o d e l s  of e q u ip m e n t .

D i r e c t  co n ta c t s  with m a j o r  ROPS m a n u f a c t u r e r s  have  p ro v id e d  

a d d i t iona l  in fo r m a t io n  on the  a v a i l a b i l i ty  of ROPS d e s ig n s  for  th e  m an y  

m o d e ls  of e q u ip m e n t .  I n fo rm a t io n  on p ro d u c t io n  c a p ab i l i ty  ch an g es  

was  a l s o  r e c e i v e d .  S e v e r a l  of t h e s e  R O P S / F O P S  m a n u f a c t u r e r s  p r o 

vided p h o to g ra p h s  of R O P S / F O P S  in s t a l l e d  on m in in g  e q u ip m e n t .  T h e s e  

p h o to g ra p h s  a r e  included l a t e r  with tex t  d e s c r i b i n g  s o m e  of the  R O P S /  

FO PS m a n u f a c t u r e r s .

Addi t iona l  i n fo r m a t io n  on R O P S / F O P S  a v a i la b i l i ty  was  r e c e i v e d  

d u r in g  v i s i t s  to  ROPS m a n u f a c t u r e r s ,  e q u ip m en t  m a n u f a c t u r e r s ,  and 

m in in g  o p e r a t i o n s .

4 .4  COMMERCIAL AVAILABILITY OF R O P S /F O P S
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C u r r e n t  R O P S / F O P S  P r o d u c t i o n  C ap a b i l i ty

T h e r e  a r e  a p p r o x i m a te ly  50-60  m a n u f a c t u r i n g  c o n c e r n s  in t h e  

United S ta tes  th a t  p r o d u c e  R O P S / F O P S  a s  a p r i m a r y  b u s i n e s s  p ro d u c t  

l in e .  T h e s e  c o m p a n ie s  r a n g e  in p r o d u c t io n  c a p a c i ty  f r o m  the  l e v e l  of 

100-200 u n i t s  p e r  y e a r  up to  f i r m s  th a t  p r o d u c e  1 0 ,0 0 0 -1 5 ,0 0 0  p e r  y e a r .  

The  top te n  R O P S / F O P S  m a n u f a c t u r e r s  p r o d u c e  a y e a r l y  p ro d u c t io n  of 

5 0 , 0 0 0 - 6 0 , 0 0 0  un i t s  and h a v e  th e  f a c i l i ty  c a p a c i ty  to  p r o d u c e  c lo s e  to

100.000 u n i t s  p e r  y e a r .  In add i t ion  to  t h e  in dependen t  R O P S / F O P S  

m a n u f a c t u r e r s ,  th e  o r ig i n a l  e q u ip m en t  m a n u f a c t u r e r s  a l s o  p r o d u c e  

RO PS f o r  m an y  of t h e i r  own new v e h i c l e s .

The  to ta l  RO PS p ro d u c t io n  c a p a c i ty  in 1973 was  e s t i m a t e d  at

3 6 0 .0 0 0  u n i t s / y e a r  by W oodw ard  A s s o c i a t e s  in a p r o g r a m  conducted  

fo r  the  O cc u p a t io n a l  Safety and H eal th  A d m i n i s t r a t i o n .  T h is  c a p ac i ty  

h a s  not b e e n  r e q u i r e d  s in c e  the  d em a n d  fo r  ROPS h a s  not r e a c h e d  the  

e s t i m a t e s  m a d e  by in d u s t r y  d u r in g  th e  1970-1972 p e r i o d  when OSHA was  

f o r m u l a t i n g  and p r o m u l g a t i n g  RO PS r e g u l a t i o n s  fo r  th e  c o n s t r u c t i o n  

in d u s t r y .  The  RO PS m a n u f a c t u r e r s  co n ta c te d  d u r in g  the  c u r r e n t  s tudy  

fo r  th e  U .S .  B u r e a u  of M ines  e x p r e s s e d  th e  op in ion  th a t  t h i s  p r o d u c t io n  

c ap a c i ty  is  s t i l l  a v a i l a b l e  but  h a s  not expanded  s ig n i f i c a n t ly .  Since th e  

to t a l  p ro d u c t io n  of m a c h i n e s  of i n t e r e s t ,  f o r  a l l  a p p l i c a t io n s  (m in ing ,  

c o n s t r u c t i o n ,  lo g g in g ,  e t c . )  is  a p p r o x i m a te ly  250 ,000  - 27 0 ,0 0 0  p e r  

y e a r ,  t h e r e  is  su f f ic ien t  RO PS p r o d u c t io n  c a p a c i ty  to  supp ly  ROPS o r  

F O P S  fo r  any co n c e iv a b le  new RO PS o r  F O P S  r e g u l a t i o n  th a t  m igh t  be  

p r o m u l g a t e d  by  MESA.

The R O P S / F O P S  m a n u f a c t u r e r s  tend  to  d iv ide  into two g e n e r a l  

c l a s s i f i c a t i o n s .  The  f i r s t  c l a s s i f i c a t i o n  c o n ta in s  th e  m a n u f a c t u r e r s  tha t  

supp ly  R O P S / F O P S  d i r e c t l y  to the  e q u ip m en t  m a n u f a c t u r e r .  Th is  c l a s s

V
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of ROPS m a n u f a c t u r e r  t e n d s  to  p r o d u c e  l a r g e  q u a n t i t i e s  of r e l a t i v e l y  

few m o d e l s  of R O PS .  T h e  RO PS m a y  be  sh ip p e d  to  t h e  e q u ip m e n t  m a n u 

f a c t u r e r  w h e r e  t h e y  a r e  i n s t a l l e d  on new  v e h i c l e s  and th e n  d e l i v e r e d  to  

d e a l e r s .  The  s e c o n d  c l a s s i f i c a t i o n  of RO PS m a n u f a c t u r e r s  m a y  a l s o  

h a v e  ROPS p ro d u c t io n  c o n t r a c t s  with e q u ip m e n t  m a n u f a c t u r e r s  but  t e n d s  

to  depend m o r e  h e a v i ly  on supp ly ing  r e t r o f i t  R O P S  o r  a f t e r - m a r k e t  ROPS 

d i r e c t  to  t h e  eq u ip m e n t  o w n e r .  T h is  m a n u f a c t u r e r  m u s t  h a v e  a l a r g e  

s e l e c t io n  of ROPS d e s ig n s  a v a i l a b l e  fo r  p r o d u c t io n .  T a b le  4 -1 1  h a s  b e e n  

e x t r a c t e d  f r o m  the  p r e v i o u s l y  r e f e r e n c e d  RO PS s tu d y  c o n d u c te d  fo r  

OSHA. While  a d m i t t e d ly  i n c o m p l e t e ,  it s e r v e s  to  i n d i c a t e  t h a t  RO PS 

a r e  a v a i l a b l e  fo r  e q u ip m en t  m a n u f a c t u r e d  a s  e a r l y  a s  th e  1 9 4 0 ’s and 

1 950’s .  T h e r e  a r e  s e v e r a l  RO PS m a n u f a c t u r e r s  th a t  h a v e  o v e r  500 d e s ig n s  

a v a i l a b le ;  a few c o m p a n ie s  h a v e  o v e r  400 d e s ig n s  a v a i l a b l e  f o r  p r e - 1 9 7 0  

eq u ip m en t  a lo n e .  T h is  e x t e n s iv e  s e l e c t io n  of RO PS m o d e l s  i s  i l l u s t r a t e d  

in T a b le  4 - 1 2 .  T h i s  t a b l e  i s  a p a r t i a l  l i s t  of R O PS  m o d e l s  a v a i l a b l e  f r o m  

a ROPS m a n u f a c t u r e r  th a t  s u p p l i e s  bo th  the  r e t r o f i t  m a r k e t  and th e  e q u i p 

m e n t  m a n u f a c t u r e r .  T h i s  l i s t i n g  i s  s o m e w h a t  r e p r e s e n t a t i v e  of th e  s c o p e  

of e q u ip m e n t  m o d e l s  c o v e r e d  by th e  RO PS i n d u s t r y .

The ROPS m a n u f a c t u r e r s  c o n ta c ted  d u r in g  th i s  s tudy  c o m m e n te d  

on th e  i n c r e a s e  in r e q u e s t s  fo r  RO PS un i t s  to  be  i n s t a l l e d  on m a c h in e s  

m a n u f a c tu r e d  b e f o r e  1969. One RO PS m a n u f a c t u r e r  s t a t e d  tha t  about  

40% of h i s  RO PS r e t r o f i t  b u s i n e s s  in the  f i r s t  s ix  m o n th s  of 1975 w as  

f o r  p r e - 1 9 6 9  u n i t s .  T h is  p a r t i c u l a r  m a n u f a c t u r e r  h a s  o v e r  900 ROPS 

d e s ig n s  a v a i l a b l e .  D es ig n s  a r e  a v a i l a b l e  fo r  s o m e  m a c h i n e s  m a n u f a c 

t u r e d  b a ck  a s  f a r  as  1938. Many ROPS m a n u f a c t u r e r s  h a v e  RO PS d e s ig n s  

a v a i l a b l e  fo r  m a c h in e s  m a n u f a c t u r e d  in the  1 9 5 0 's .
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T a b le  4 - 1 1 .  RO PS A va i lab i l i ty  fo r  P r e - 1 9 7 0  V e h ic le s
(Incom ple te)

C r a w l e r s

C a t e r p i l l a r
D4 - 4G (1936)
D4 - 7U (1947)
D6 - 8U (1947)
D7 - 3T (1944)
D8 - 2U (1946)
D9 - 18A (1954)

A l l i s  - C h a l m e r  s
H D -6 B (1955)
H D -9 (1953)
H D -9B (1956)
HD - 1 IB (1955)
H D - 1 1 E (1958)
H D-16D (1959)
H D -21 (1954)

I n t e r n a t i o n a l

TD -24 (1956)
TD -2 5 (1962)
TD -30 (1962)
TD -20 (1958)
TD -15 (1958)
TD -9 (1953)

W heeled  L o a d e r s S c r a p e r s

C a t e r p i l l a r
944 (1959)
966 (I960)

H ough
H 3 0 F  & R (I960)
H60 (1961)
H70 (1959)
H90 (1959)
H 100 (1962)

T r o j a n
134 1959)

C r a w l e r  L o a d e r s

C a t e r p i l l a r

933C (1955)
955C (1955)
977D (1955)

A li i  s - C h a lm e  r  s
H D -7G  (1962)
H D -11G  (1959)
H D -21G C (1956)

C a t e r p i l l a r

619 (1959)
D W -20 (1955)
DW-21 (1953)
632 (1962)
641 (1962)
630 (1962)
631 (I960)
657 (1962)
660 (1962)
666 (1962)

M o to r  G r a d e r s

C a t e r p i l l a r

112 ( 1962)

14 (1962)
12-9K (1938)
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T a b le  4 - 1 2 .  R O P S / F O P S  Model  A va i lab i l i ty  
( F u r n i s h e d  by  S a f - T - C a b ,  Inc .  , F r e s n o ,  C a l i fo rn ia )

F i a t - A l l i s  ( A l l i s - C h a l m e r s ) C a t e r p i l l a r

C r a w l e r  T r a c t o r s C r a w l e r  T r a c t o r s

H D -3 HD' 6 H D -1 2 G HD-4 1 D-2 D - 4 D-5 D-6

H D -4 HD' 7 H D-16 D -7 D - 8 D - 9

HD-5 HD-11 HD-21
C r a w l e r  L o a d e r s

Wh eel  L o a d e r
933 941 951 955

D- 1 0 D- 21 T L - I 4 T L - 5 4 5 977 983
D-14 1-600 T L - 2 0 T I . - 6 4 5

D-15 T L - 1 0 T L - 3 0 T U - 7 4 5
S c r a p e r s

D-17 T L - 1 2 TL- 4 i) DW -1 0 619 621 623

DW-15 62 7 630 631
S c r a p e r s

DW'-20 633 641 650

260E T S - 360 DW-21 651 657 660

460 T S- 5 6 2 613

Motor G r a d e r s Motor G r a d e r s

D 45 \ l - 7 0 M -1 50 21 2 112 120 12

DD M-65 M -1 00 M -2 00 140 14 16 12G

A g r ic u l tu r a l  T r a c t o r s 14G

160 185 200 7050 W h ee l  L o a de r s

170 190 6040
920 922 930 944

1 80 19 0xT 7030
950 966 980 988

992

Austin W e s t e r n W h ee l  D o z e r s  & C o m p a c t o r s

81 4 815 824 825

Motor G r a d e r s 830 834 835

R8 200 P a c e r 300 Super 500 P a c e r

99 200 Sup er 400 P a c e r 500 Super Champion

100 300 P a c e r 400 Super
Motor G r a d e r s

M obile  C r an e s
D - 56 0 D -5 62 D-56 5 D - 6 0 0

110 220
D -6 40 D -6 50 D-6R0 I )- 686

210 410

C la r k - Michigan
B ros

W h ee l  L o a de r s
R o l l e r s

12 B 35 AWS 5 5 AI 55 AH
SP 54B SPY 735 S p  3000 s p  10000

55 Hi 55 III A 75 75 V
^PV 370 SPY 84 5 ^P 3500

75 MI 75 HI A 85 AM 85 A!
SPY 725 SP 2800 SP 6000

85 AIT 85 m 85 rriA 125 AI

1 26 Air 125 III A 1 75 Al 175 AH
C a se

175 III 175 III A 275 AI 275 AH

275 II! 275 UI A 475
C r a w l e r  T r a c t o r s

310 350 450 750 W h ee l  D o z e r s

850 1150 180 1 180 III 280 1 280 m

280 IIIA 380 I 380 II 380 III

W hee l  L o a de r s 380 A 38 0 i ll A 4R0

W-3 W -8 W -12 \ \ -24 S c r a p e r s

\Y - 5 \Y -0 W - 8 \Y - 26
U 0 - H T 1 10- 11 1 10 -1 2 1 1 0 -1 4

W-7 \Y -1 0 W-  20
1 10 -1 5 210 2 1 0 - H 310

310-1 310-111 3 1 0 - III 3 1 0 - f I
Wh eel  T r a c t o r s

410
480 500 5 30 580

68 0 780 1 5 3 0B 1 737 L o a de r - B a ck ho e

1740 700

R o l l e r s

RW -1 40 R W - 1 81

V
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T a b le  4 - 1 2 .  R O P S / F O P S  Model  A va i lab i l i ty  (Cont) 
( F u r n i s h e d  by S a f - T - C a b ,  Inc .  , F r e s n o ,  C a l i fo rn ia )

C urt is  Wright

S c r a p e r s

226

C r a w l e r  T r a c t o r s

40 C 350

2010

W hee l  T r a c t o r s

40 300

40 0 410

510 544

760 860

2010 2510

S c r a p e r s

760 \  860

Motor Gra der

570

I .oa der  / Ra c kh oe

•\n
200

C r a w l e r  ' D oz er  

1 0 3 - C

O f f- i l i g h w a v  T r u c k s

R - 3 5 

R - 70

R -50  

R - 1 0 0

r t i l i t v  T r a c t o r s

301

420

620

1010

3010

R -75 

R - 1 1 0

310

500

644

1520

5010

800 820 821 F o r d s o n  Super  Major

850 2000 3000 F o r d s o n  Dexta

3 500 40 00 4022 Countv Sup er 4

5000 7000 841 County Sup er 6

3400 40 00

\ g r i o u l t u r a l T r a c t o r s

2N 8 X \ A A Golde n J u b i l ee

9 \ 541 600 601

701 740 800 2000

3000 3300 3400 4 000

5000 7000

Motor G r a d e r s

101 

1 1 8 
160 T. 

T - 4 0 0 A  

T -6 0 0

104

1 IB B K C  

303  

T - 500  

T - 6 0 0 R

3 - 5  Ton  T ändern

8 - 1 2  Ton T a nd em  

10 - 1 2  Ton 3 - W h e e l

9 - T  - 15 9 - Wheel

Ifo-nrock ^Michigan)

S c r a p e r s

282

Motor G r a d e r s

M - 5 2 

M -6 50  

D - 1 1 0 0  

F - 1500

M - 500

OD
I )- 1 3 00

n - 1700

C-451  \ 

( -55 0

Compa cto r\s 

( ' - 3 5 0 \ 

C - 5 3 0

In g e r s o l l  Rand

R o l l e r s

^P 4 2

3 - 5 T o n  5 - 8  T o ’

R T o n  3 - w h e e l  

10 T o n  3 - w h e e l  

14 T o n  3 - w n e e l

!n t e r n a t i o n a l  H a r v e s t e r

C r a w l e r  T r a r t o r s

T D - 5  T T) - 7

T D - 1 4  T D - 1 5

T H - 2 4  T O - 2 5

104 R^ C

160 

4 50

T -5 0 0  \

1 0 4 M S e r i e -

160 M * r  

503

T - 5 00 I

5 - 8  T ^n T a n d e m  

1 0 -1 4  T o n  P an dem  

12-1 4 T o n  3 - \ \  h e e l

M - 5 5 0  M-600

10D Hi)
I )- 14 00 D- 1500

r - m o o

8-  12 Ton 1 0- 14  T )  

2ROOP 1 1 - 27 00  

0 - 34 00 - P 1 3 - 2 3 0 0

T D- 8 

T D - 1 8 

T D - 3 0
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T a b le  4 - 1 2 .  R O P S / F O P S  Model  A v a i lab i l i ty  (Cont) 
(F u r n i s h e d  by  S a f - T - C a b ,  Inc. , F r e s n o ,  C a l i fo rn ia )

In t e rn a t io n a l  H a r v e s t e r  (cont)

Cr aw ler  I .oader

T- 3 4 0  

150 

TD -6  

T D- 20

500 - C

175 B&C 

TF")-9

100-C 125-C

250 250 R&C

TD -1 5  TD-18

TD-75

E-270  

495

P avhau ler s

100 

340

Wheel  T ra ct o rs

300 

606 

2444 

26 06 

3444 

3R00

E-200

295

140

350

444

706

2500

2656

3514

4100

E - 2 1 ' l  

295 B

270

F-29 5

504

2400

2504

3200

3544

560 D 

2424 

2544 

3414 

3616

F a r m a l l  Cub

HH 
HM

H-30B  

ÏÏ-60 

H-65

n - n o

Wheel Do zers

n - n o c  d - i o o i

0-500 
\pr ic u ltu r al  T r a c t o r s

IT AC 

H M  C 

IF-40 

If-6 0B 
If-70 

11-100

FFA1F

h o d

7 r - 5 0  

H - 6 0 C  

n - 7 o o  

[ Ï -  120

I IF

II - 25 B 

1F - 50C 

H-60C,

H - H 0

r j -boo

A A F B BN

H Super 11 M Super M

F - 140 F -3 00 F - 3 5 0 F - 400

F -4 50 1-454 F460 1-464

1-544 F-5 44 1-574 F -606

F-6 56 1-656 F -666 ¡-674

h" - 706 F -756 F - 76 6 F-806

F-R26 F - R 5 6 F - 906 F -056

F - 966 F -1056 F -1066 F -1206

F - 1256 F -1 266 F - 14 56 F - 1466

2300 2400 2500 2656

Wheel  T ra ct o rs  

E - 10

Koehring

Fi o i l er  - Com pactor s 

60 100

Cr aw le r Tractor?

D-55 

0-85
D-60

D-125

I ) - 6 5 

D-155

I .oaders

B U T  60 R0

P r im e  Movers 

15 0
i - loss

Ml. 3 09 Ml. 325

200 

A - 1 0 0

Mas sev  Ferontson

Cr aw le r Tra ct or s

2244 3366 300 5H0

Wheel  Tra ct or s

1 1 20 30 35

40 5 0 6 5 70

175 180 202 204

Wheel  T ra ct o rs  iCont'

102 302 T'<3 470

1080 2135 2200 2244

3165

XfiricuUural  T ra ct o rs

20 25 

40 135

3 0 

201

3 '

150

165 202 203 204

205 401 1100 1 105

1135 1150 1155 2135

I .n a d e r ' Backhoe

KDK K ! ) F

Crawler

Cle r t r ac

Wheel  Tractors

2-44 2-62

77 0 ! ' 5 0

- S 7 S Z A .
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/ --------------------------------------------------------------------------------------- \

T a b le  4 - 1 2 .  R O P S / F O P S  M odel  A va i lab i l i ty  (Cont) 
( F u rn i s h e d  by S a f - T - C a b ,  Inc. , F r e s n o ,  C a l i fo rn ia )

R av go  / W a g n e r Y i b r o  P l u s  M )v n a p ar )  ( c on t '

H o l l e r s M o to r  G r a d e r s  ( A d a m s '  Con t

2 - 3 6 45 60 400 777 7 7 7 -  R 888

404 600
C)ff-Hi ghwav T r u c k s

M ot or  G r a d e r
35 50 7 5 -R 85 - C

G i a n t 120R 1 5 OR

C o m p a c t o r s  ^W a gn er ) Wh e el  I . o a d e r s  <Srooprnohi le>

S F -1 7 W C - 3 1 7 W C-3 1 7 H HA HP 

I . D - 5 P  I . [>-7 A F 1)- 8 \

H P!)

I .D -1 25
T a m p o

1.1)- 150 300 550 40 0R

H o l l e r s 500 1200

R S- 1 6  

RTf-48

R S- 2 8 

R P - 1 6

R S- 3 8  

S P - 3 1 2

R S - 166. \ 

^ P  - 7 5 0
W a g n e r  (See R a v g o  ' W a g n e r '

S P - 9 5 0 W a ldo n

T e r e x I .oa de r

C r a w l e r  T r a c t o r s
5000

C -6 8 2 - 3 0 8 2 - 4 0 8 2 - 8 0 W o r th  i ngton

W h e el  I . o a d e r s W h e el  T r a c t o r

f . - 1 5 / 7 2 - 1 0 I . -20 72- 21 G- 6

I . - 2 0 ' 7 2 - 2 0 I . -25 72- 31

I . - 2 5 ' 7 2 - 3 0 I . -30 72- 41

I . - 30  /72 - 40 7 2- 51 72- 71

72- 81

S c r a p e r s

S- 7 > - U  K TS - 1 4 S- 1R

r < -  i r S-  24 T S - 2 5 S-2R

s  -32 T S - 3 2 S - 3 5 F

T r o j a n

W h e e l  I . o a d e r s

104 114 124 134

154 164 204 204-  \

254 300 304 400

404 1500 1700 1000

2000 3000 4000 6000

8000

V i b r o  P l u s  (D v n ap ac )

R o l l e r

C \ - 25

■"' (' rapprs M e T o u r n e a u - U e s t i n g h o u s e i

( - P u l l C - 222 \ 10 1 - F 11 1 - A

R - 70 222-1-' 2 2 r> - F 33 3-  \

33 3- F ' 533- F T 3 3 0 - F

Mo t o r  G r a d e r s i \ d a m s 1

220 312 330 330-Ff

412 440 440 -! I 444

512 5 50 555 610

660 660 - R 666 666 - R
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As m e n t io n e d  e a r l i e r  in t h i s  s e c t i o n ,  t h e r e  a r e  50-60  ROPS 

m a n u f a c t u r e r s  in th e  United S ta te s .  W oodw ard  A s s o c i a t e s ,  Inc .  c o n 

t a c t e d  s e v e r a l  of t h e s e  c o m p a n ie s  d u r in g  th e  c o u r s e  of t h i s  s tudy  to 

g a t h e r  i n fo r m a t io n  and to  s o l i c i t  op in ions  of v a r i o u s  a s p e c t s  of p o t e n 

t i a l  R O P S / F O P S  r e t r o f i t  r e g u l a t i o n s .  S e v e r a l  ROPS m a n u f a c t u r e r s  

a r e  a l r e a d y  supp ly ing  ROPS to m in ing  c o m p a n ie s  and s o m e  a r e  w o rk in g  

d i r e c t l y  with th e  m a n u f a c t u r e r s  of s p e c i a l i z e d  m in in g  e q u ip m e n t .

R O P S / F O P S  M a n u f a c t u r e r s

The fo l lowing  p a r a g r a p h s  give b r i e f  d e s c r i p t i o n s  of s e v e r a l

R O P S / F O P S  m a n u f a c t u r e r s  tha t  supp l ied  in fo r m a t io n  in s u p p o r t  of t h i s  

U .S .  B u r e a u  of M ines  p r o g r a m .  T h is  l i s t i n g  of s p e c i f i c  c o m p a n ie s  is  

not m e a n t  to  im p ly  e n d o r s e m e n t  of t h e i r  p r o d u c t s  by th e  U .S .  B u r e a u  

of M ines  o r  by W oodw ard  A s s o c i a t e s ,  Inc.

It i s  of i n t e r e s t  to  note  th a t  s o u r c e s  fo r  ROPS a r e  a v a i l a b l e  in

a l l  p a r t s  of t h e  United S ta te s .  S e v e r a l  RO PS m a n u f a c t u r e r s  p ro v id e d  

p h o to g ra p h s  of t y p i c a l  m in in g  m a c h in e s  with R O P S / F O P S  in s t a l l e d .  

T h e s e  a r e  p r e s e n t e d  in F i g u r e s  4 -1 7  th ro u g h  4 - 2 9 .

The Egging C om pany  

G u r le y ,  N e b r a s k a  69141 

(308) 884-2233

M a n u fa c tu r e s  an  e n v i r o n m e n ta l ly  c o n t ro l l e d  p r o t e c t iv e  
e n c l o s u r e  fo r  the  C a t e r p i l l a r  D8 c r a w l e r  t r a c t o r  and 
fo r  C a t e r p i l l a r  660B p r i m e  m o v e r .  Also m a n u f a c t u r e s  
ROPS cab s  fo r  i n d u s t r i a l  t r a c t o r s  such  a s  J o h n  D e e r e ,  
C a s e ,  A l l i s - C h a l m e r s , and I n t e r n a t i o n a l - H a r v e s t e r .

V
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F le c o  C o r p o r a t io n  

J a c k s o n v i l l e ,  F l o r i d a  32203 

(904) 354-8361

M a n u fa c tu r e s  r e t r o f i t  RO PS fo r  m a n y  d i f f e r e n t  
C a t e r p i l l a r  v e h ic l e s  inc lud ing  c r a w l e r  d o z e r s ,  
c r a w l e r  l o a d e r s , w hee l  l o a d e r s , s c r a p e r s ,  and 
m o t o r  g r a d e r s .

I n d u s t r i a l  Cab Com pany  

E s s e x ,  M a s s a c h u s e t t s  01929 

(617) 768-6931

M a n u fa c tu re s  ROPS c a b s  fo r  F i a t - A l l i s  l o a d e r s  and 
d o z e r s ,  I n t e rn a t io n a l  H a r v e s t e r / H o u g h  l o a d e r s  ,
G M - T e r e x  l o a d e r s  and d o z e r s ,  and C l a r k - M i c h i g a n  
l o a d e r s .

Medford  Steel  

M ed fo rd ,  O re g o n  97501 

(503) 779-1970

M a n u fa c tu r e s  ROPS and ROPS ca b s  fo r  b r o a d  r a n g e  
of C a t e r p i l l a r  c r a w l e r  d o z e r s  and c r a w l e r  l o a d e r s  ,
G M - T e r e x  c r a w l e r  l o a d e r s ,  and K o m a ts u  c r a w l e r  
d o z e r s  and c r a w l e r  l o a d e r s .  M edford  s u p p l i e s  ROPS 
for  both th e  r e t r o f i t  m a r k e t  and th e  new v e h ic l e  
m a r k e t .

P a l m  I n d u s t r i e s ,  Inc.

L i t c h f i e ld ,  M inneso ta  55355 

(612) 693-2492

M a n u fa c tu r e s  ROPS and ROPS c a b s  f o r  e q u ip m en t  
m a n u f a c t u r e d  by  F i a t - A l l i s  , C a s e ,  G M - T e r e x ,
G a l ion ,  Aust in  W e s t e r n , C a t e r p i l l a r ,  D e e r e ,  F o r d ,
I n te rn a t io n a l  H a r v e s t e r ,  C l a r k - M i c h i g a n , and 
o t h e r s .  Suppl ies  both  r e t r o f i t  RO PS and RO PS fo r  
new e q u ip m e n t .  L a r g e  n u m b e r  of RO PS  m o d e l s  
a v a i l a b l e .

__________________________________________________________________________________________w i .
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Rom e I n d u s t r i e s  

C e d a r to w n ,  G eo rg ia  30125 

(404) 748-4450

M a n u fa c tu re s  both r e t r o f i t  ROPS and ROPS for  new 
v e h i c l e s .  M odels  a v a i l a b le  for  C a t e r p i l l a r  c r a w l e r  
d o z e r s ,  c r a w l e r  l o a d e r s ,  s c r a p e r  p r i m e  m o v e r s ,  
wheel  l o a d e r s ,  w heel  d o z e r s ,  and m o to r  g r a d e r s .
Affi l ia ted  with Medford  Steel.

S a f - T - C a b ,  Inc.

F r e s n o ,  C a l i fo rn ia  93745 

(209) 268-5541

M a n u fa c tu r e s  both r e t r o f i t  HOPS and  ROMS fo r  new 
v e h i c l e s .  V e r y  l a r g e  n u m b e r  of ROPS m o d e ls  
a v a i l a b l e .  Units a v a i l a b le  for  F i a t . - A l l i s ,  Aust in  
W e s t e r n ,  B r o s ,  C a s e ,  C a t e r p i l l a r ,  C h a m p io n ,
C l a r k - M i c h i g a n , C u r t i s  W r ig h t .  D eere  , Dvnahoe,
E i m c o ,  E u c l id ,  F o r d ,  G a l ion .  G r a d a l l .  G ro v e ,
H an co ck ,  TTuber, H v s t e r , In g e rso l l  Rand .  I n g r a m ,
In te rn a t io n a l  H a r v e s t e r ,  J a c o b s e n ,  K o e h r in g ,
K o m a t s u ,  L i m a ,  L ong ,  L o r a i n e ,  M - l i - S ,  M asse y  
F e r g u s o n ,  M ul t ihoe ,  O l i v e r ,  F a c t o r ,  Raygo-  
W a g n e r ,  T a m p o ,  G M - T e r e x ,  T r o j a n ,  Y ib ro  P l u s ,
Wabco , S co o p m o b i le ,  W aldon ,  and W o r th in g to n  
v e h i c l e s .  Both ROPS and ROPS cab s  a v a i l a b le  
for  m any  m o d e l s .

Sequoia M an u fa c tu r in g  C o m p an y ,  Inc.

F r e s n o ,  C a l i fo rn ia  93727 

(209) 255-1611

M a n u fa c tu re s  ROPS and ROPS cabs  for  m a c h in e s  
m a n u f a c tu r e d  by A l l i s - C h a l m e r s  , C a s e ,  C a t e r p i l l a r ,
F o r d ,  G a l ion ,  TTy-Dynamics , I n t e rn a t io n a l  H a r v e s t e r  ,
D e e r e ,  K o m a t s u ,  M a ss e y  F e r g u s o n ,  ATichigan,
GAT-Terex,  Wabco and o t h e r s .
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Sim s C ab s  , Inc .

P a y n e ,  Ohio 45880 

(419) 263-2321

M a n u fa c tu r e s  RO PS and ROPS cab s  fo r  m a n y  i n d u s 
t r i a l  t r a c t o r s  and f r o n t - e n d  l o a d e r s .  ROPS cab 
m o d e l s  a r e  a v a i l a b le  fo r  David B r o w n ,  F o r d ,  I n t e r 
na t io n a l  H a r v e s t e r ,  D e e r e ,  and M a s s e y  F e r g u s o n  
v e h i c l e s .

T u b e - L o k  P r o d u c t s  

P o r t l a n d ,  O re g o n  97202 

(503) 234-9731

M a n u fa c tu r e s  RO PS and ROPS ca b s  fo r  c o m p le t e  
C a t e r p i l l a r  v e h ic le  l i n e .  ROPS and RO PS ca b s  
a r e  a l s o  m a n u f a c t u r e d  fo r  G M - T e r e x ,  I n te rn a t io n a l  
H a r v e s t e r  and Ray Go e q u ip m e n t .  Both  r e t r o f i t  
ROPS and RO PS fo r  new  e q u ip m e n t  a r e  m a n u f a c t u r e d .

Young C o r p o r a t io n  

V a n c o u v e r ,  W ash in g to n  98661 

(206) 694-3313

M a n u fa c tu r e s  ROPS and RO PS c a b s  fo r  C a t e r p i l l a r ,
I n te rn a t io n a l  H a r v e s t e r , E u c l id ,  G M - T e r e x ,  D e e r e ,
M a s s e y  F e r g u s o n ,  L o r a i n e ,  A l l i s - C h a l m e r s , W a b co ,
M ic h ig a n ,  T r o j a n ,  C a s e ,  G a l io n ,  H u b e r ,  I n g r a m ,
O l i v e r ,  S c o o p m o b i le ,  F o r d ,  A u s t in  W e s t e r n ,  Buffa lo  
S p r in g f ie ld ,  and W a g n e r .  Many d i f f e r e n t  m o d e l s  
a v a i l a b le ;  bo th  r e t r o f i t  RO PS and RO PS fo r  new  
e q u i p m e n t .
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F i g u r e  4 - 1 7 .  Egging  HOPS Cab on 
C a t e r p i l l a r  C r a w l e r  D o ze r

F i g u r e  4 - 1 8 .  I n d u s t r i a l  Cab C om pany  ROPS Cab 
on G M - T e r e x  C r a w l e r

V

4-72



4-73

~ % 7fZZ ± -



F i g u r e  4 - 2 0 .  F l e c o  ROPS on C a t e r p i l l a r  
C r a w l e r  D ozer

F i g u r e  4 - 2 1 .  S im s  C a b s ,  Inc. ROPS on 
M a s s e y  F e r g u s o n  In d u s t r i a l  T r a c t o r
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F i g u r e  4 - 2 2 .  M edfo rd  S tee l  RO PS on 
K o m a tsu  C r a w l e r  L o a d e r ;

ROPS Cab on K o m a t s u  C r a w l e r  D ozer
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F i g u r e  4 - 2 3 .  P a l m  I n d u s t r i e s  RO PS Cab on 
G M - T e r e x  R u b b e r - T i r e d  L o a d e r

F i g u r e  4 -2 4 .  Sequoia ROPS Cab on 
C a t e r p i l l a r  P r i m e  Alover (S c rap e r )

V _________________________________________________________________ ___________________ W L
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F i g u r e  4 - 2 5 .  S a f - T - C a b  RO PS on E uc l id  
O ff -R oad  Dump T r u c k s ;

RO PS Cab on F o r d  I n d u s t r i a l  T r a c t o r
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F i g u r e  4 - 2 6 .  S a f - T - C a b  ROPS Cabs on 
C a t e r p i l l a r  M otor  G r a d e r  and on 

C a t e r p i l l a r  C r a w l e r  L o a d e r
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F i g u r e  4 - 2 7 .  T u b e - L o k  ROPS Cab on 
C a t e r p i l l a r  R u b b e r - T i r e d  L o a d e r ;  

ROPS on C a t e r p i l l a r  C r a w l e r  D ozer
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F i g u r e  4 - 2 8 .  Young C o r p o r a t io n  RO PS Cab on 
C la r k  R u b b e r - T i r e d  L o a d e r ;

ROPS on W ag n e r  LHD
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F i g u r e  4 - 2 9 .  Young C o r p o r a t io n  RO PS on 
M a s s e y - F e r g u s o n  I n d u s t r i a l  T r a c t o r ;

ROPS on M a s s e y - F e r g u s o n  R u b b e r - T i r e d  L o a d e r
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(--------------------------------------------------------- ^
In s u m m a r y ,  it a p p e a r s  tha t  ROPS tha t  m e e t  the  ROPS s t r u c t u r a l  

p e r f o r m a n c e  given in SAE J1040a " P e r f o r m a n c e  C r i t e r i a  f o r  R o l l - o v e r  

P r o t e c t i v e  S t r u c t u r e s  (ROPS) fo r  E a r t h m o v i n g ,  C o n s t r u c t i o n ,  Logg ing ,  

and I n d u s t r i a l  V e h i c l e s " ,  da ted  F e b r u a r y  1975, o r  the  ROPS p e r f o r m a n c e  

r e q u i r e d  in the  C orp s  of E n g i n e e r s  Safety M anual  E M -3 85-1 -1 ,  Change 

1, P a r a g r a p h  18. A. 20, da ted  M arch  27, 1972, a r e  av a i l a b le  fo r  a lm o s t  

a l l  pos t-1959 m o d e ls  of th e  " m a c h in e s  of i n t e r e s t "  c o v e re d  by th i s  

s tudy .  L ikew ise  FO P S  tha t  m ee t  th e  p e r f o r m a n c e  s t a n d a r d s  given in 

SAE J231 " M in im u m  P e r f o r m a n c e  C r i t e r i a  for  F a l l in g  Object  P r o t e c 

t iv e  S t ru c tu r e  (F O P S )" ,  da ted  May 1971 a r e  an i n t e g r a l  p a r t  of m o s t  

ROPS s y s t e m s  o r  can  e a s i ly  be  added to t h o s e  tha t  do not now have  

FO PS  capab i l i ty .

The only qua l i f ica t ion  in the  a r e a  of R O P S /F O P S  av a i lab i l i ty  

c o n c e r n s  the  l ight  i n d u s t r i a l  t r a c t o r s  s o m e t i m e s  u sed  to  tow s m a l l  o r e  

t r a i l e r s  o r  as  p e r s o n n e l  c a r r i e r s  (boss  b u g g ie s ) .  While  ROPS a r e  

g e n e ra l ly  a v a i l a b le  and can  be  r e a d i ly  in s t a l l e d  on the  p o s t -1964 m o d e l s ,  

t h e r e  a r e  s o m e  s t r u c t u r a l  p r o b le m s  a s s o c i a t e d  with mount ing  ROPS on 

s o m e  pre-1965  m o d e l s .  A ls o ,  the  FOPS ro u t in e ly  p ro v id e d  with the  

ROPS on l ight  i n d u s t r i a l  t r a c t o r s  a r e  des igned  to m ee t  SAE J167 

" P r o t e c t i v e  F r a m e  with O v e rh ead  P r o t e c t i o n - T e s t  P r o c e d u r e s  and 

P e r f o r m a n c e  R e q u i r e m e n t s . "  T h is  FO PS  p e r f o r m a n c e  s t a n d a r d  does  

not p ro v id e  the  s a m e  le v e l  of o p e r a t o r  p r o te c t io n  as  do the  FO PS that  

m ee t  SAE J231.
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4 . 5  R O P S / F O P S  R E T R O F IT  CONSIDERATIONS

This  s e c t io n  r e v i e w s  th e  p r i m a r y  e n g in e e r in g  and o p e r a t io n a l  

f a c t o r s  th a t  m u s t  be c o n s id e r e d  in f o rm u la t in g  a R O P S / F O P S  r e g u la t io n  

th a t  a c c o m p l i s h e s  th e  p r i m a r y  goal  of i n c r e a s e d  o p e r a t o r  s a fe ty  without  

undue  a d v e r s e  e f fec t s  on the  ind iv idua l  m in in g  o p e r a t io n  o r  on th e  m in in g  

i n d u s t r y  a s  a w hole .  The  i n t e r r e l a t i o n  of th e  v a r i o u s  c o n s id e r a t i o n s  i s  

c o m p lex  and m u s t  inc lude  an  e c o n o m ic  ev a lu a t io n .  T h is  s e c t io n  a d d r e s s e s  

t h e  i s s u e s  independen t  of the  e co n o m ic  f a c t o r s .  Sec t ion  4 . 7 ,  " E c o n o m ic  

E f fec ts  of P o s s i b l e  R O P S / F O P S  R e t ro f i t  P o l i c i e s , "  a d d r e s s e s  the  e c o 

n o m ic  im p l i c a t i o n s  of the  m a t e r i a l  d i s c u s s e d  in th i s  s e c t io n .

E n g in e e r in g  Viewpoint

The c u r r e n t  ROPS r e g u l a t i o n s  p r o m u l g a t e d  by MESA for  the  s u r 

f ac e  a r e a s  of coa l  m in e s  and by OSHA fo r  th e  c o n s t r u c t i o n  in d u s t r y  r e q u i r e  

ROPS on s p e c i f i c  e q u ip m en t  m a n u f a c tu r e d  a f t e r  J u ly  1 , 1969. One r e a s o n  

given fo r  th i s  cutoff  d a te  was  th a t  e q u ip m en t  m a n u f a c tu r e d  e a r l i e r  than  

J u ly  1 , 1969 did not h av e  c h a s s i s  s t r e n g t h s  su f f ic ien t  to  a c c e p t  th e  s t r u c 

t u r a l  lo a d s  th a t  m igh t  be  e x p e r i e n c e d  d u r in g  a r o l l - o v e r .  Subsequen t  to  

p r o m u lg a t io n  of the  OSHA ROPS r e g u l a t i o n ,  t h e  Office of S ta n d a rd s  of 

OSHA c o n t r a c t e d  with Woodward  A s s o c i a t e s  t o ,  am o n g  o th e r  t a s k s ,  

i n v e s t i g a t e  th e  p r o b l e m s  a s s o c i a t e d  with r e t r o f i t t i n g  ROPS on p r e - 1 9 7 0  

e q u ip m e n t .  The  following i n fo r m a t io n  w as  d e r iv e d  in p a r t  f r o m  tha t  

s t u d y .

ca p a b i l i ty  of m in in g  and c o n s t r u c t io n  eq u ip m e n t  of the  t y p e s  s tud ied  on 

t h i s  p r o g r a m  to a c ce p t  th e  lo a d s  th a t  w il l  b e  t r a n s m i t t e d  into the  v e h ic le  

c h a s s i s  d u r in g  a r o l l - o v e r  o r  d u r in g  a r o c k  fa l l .  The  q u e s t io n  of v e h ic l e  

c h a s s i s  s t r u c t u r a l  c ap a b i l i ty  c e n t e r s  a r o u n d  th e  t h e s i s  th a t  th e  o r ig in a l  

eq u ip m en t  m a n u f a c t u r e r s  des igned  and p ro d u c e d  e q u ip m e n t  fo r  m any

A s ig n i f i c a n t  and v a l id  c o n c e r n  e x i s t s  r e l a t i v e  to  th e  s t r u c t u r a l

V
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y e a r s  with no p r o v i s i o n  fo r  m o u n t in g  ROPS o r  F O P S  u n i t s  on the  v e h i c l e s .  

S ince  t h e r e  w e r e  no na t ionw ide  ROPS o r  F O P S  r e g u l a t io n s  , the  o r ig in a l  

eq u ip m en t  m a n u f a c t u r e r  did not " d e s ig n  in" th e  s t r u c t u r a l  a r e a s  n e c e s 

s a r y  fo r  a t t a c h in g  RO PS m ou n t in g  b r a c k e t s  and n e c e s s a r y  fo r  r e a c t i n g  

th e  lo a d s  tha t  might  be  e x p e r i e n c e d  d u r in g  a r o l l - o v e r  o r  d u r in g  a r o c k  

fa l l .  Thus  th e  q u e s t io n  of v e h ic le  s t r u c t u r a l  c a p a b i l i ty  r e s o l v e s  to  

d e t e r m i n i n g  th e  y e a r  th a t  each  o r ig in a l  eq u ip m en t  m a n u f a c t u r e r  b eg an  

p ro d u c in g  v e h i c l e s  with c h a s s i s  and f r a m e s  d es igned  to a c c e p t  RO PS.

The o r ig in a l  eq u ip m e n t  m a n u f a c t u r e r s ,  when a sk ed  to  def ine  which

of t h e i r  v e h ic l e s  w il l  a c c e p t  R O P S ,  s t a t e  v e h ic l e  m a n u f a c t u r e  da tes  th a t  

a r e  c o n s i s t e n t  with t h e i r  ROPS d e v e lo p m e n t  and v e h ic le  c h a s s i s  m o d i f i c a 

t ion  p r o g r a m s .  C h a r a c t e r i s t i c a l l y ,  they  s t a t e  th a t  in  1965 o r  1966 o r  

1967,  they  r e a l i z e d  th a t  t h e r e  would b e  f u tu r e  r e q u i r e m e n t s  to  p ro v id e  

RO PS on c o n s t r u c t io n  v e h ic l e s  and p e r h a p s  on m in in g  e q u ip m e n t  and th a t  

th ey  b e g an  to  r e d e s i g n  t h e i r  v e h ic l e  c h a s s i s  and f r a m e s  to a c c o m m o d a t e  

th e  in s t a l l a t i o n  of RO PS.  The  v e h i c l e  c h a s s i s  w e r e  a n a ly t i c a l ly  e x a m in e d  

fo r  s t r u c t u r a l  ad eq u a cy  a n d ,  w h e r e  n e c e s s a r y ,  they  w e r e  m odif ied  to 

p r o v id e  the  n e c e s s a r y  s t r e n g th  to  acce p t  th e  s t r u c t u r a l  lo ad s  i m p a r t e d  

th ro u g h  the  RO PS to th e  c h a s s i s  d u r in g  a r o l l - o v e r  (or at l e a s t  d u r in g  

a s ta t i c  l a b o r a t o r y  t e s t ) .

w e r e  not i m m e d i a t e l y  r e f l e c t e d  in ch anges  to th e  v e h ic l e s  on th e  p r o 

duct ion  l in e .  Some m o d e l s  of v e h i c l e s  w e r e  m odif ied  soon a f t e r  the  

d e c i s io n  to a c c o m m o d a t e  R O P S ,  but s o m e  o th e r  m o d e l s  w e r e  not .  The  

t i m e  f r o m  the  d e c i s io n  to modify  the  v e h ic l e  c h a s s i s  to  a c c e p t  ROPS to  

the  t i m e  when th e  p r o d u c t io n  v e h ic l e s  a r e  d e l iv e r e d  off the  end of the  

p ro d u c t io n  l in e  with the  r e d e s i g n e d  c h a s s i s  can  be  a s  s h o r t  a s  one y e a r  

but  could b e  as  long a s  fo u r  to s ix  y e a r s .

As is  n o r m a l  in a m a n u f a c tu r in g  c o n c e r n ,  t h e s e  d e s ig n  ch an g es
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The o r ig in a l  eq u ip m en t  m a n u f a c t u r e r s  h av e  s e t  "ROPS 

a c c o m m o d a t io n "  d a te s  tha t  a r e  c o n s i s t e n t  with t h e i r  m o d i f ic a t io n  p r o 

g r a m s  and th a t  r e f l e c t  t h e i r  con f id en ce  in  th e  ab i l i ty  of t h e i r  m a c h in e s  

to a c ce p t  an  a p p ro v e d  RO PS.  T h e s e  d a te s  v a r y  f r o m  1965 to  a s  l a t e  as  

e a r l y  1972. A few m a n u f a c t u r e r s  h a v e  in d ic a ted  th a t  t h e y  th ink  (but 

don ' t  k n o w ) th a t  s o m e  of t h e i r  m a c h in e s  m a n u f a c tu r e d  a s  e a r l y  a s  1961 

could a c c e p t  R O PS.

All o r ig in a l  e q u ip m en t  m a n u f a c t u r e r s  e x p r e s s  c o n c e r n  about  

in s t a l l i n g  RO PS on m a c h in e s  th a t  h a v e  b e e n  in u s e  fo r  any s ig n i f ic a n t  

l eng th  of t i m e .  The  unknown cond i t ion  of th e  v e h ic l e  f r a m e  a f t e r  e x p o 

s u r e  to  the  m in ing  o r  c o n s t r u c t i o n  w o rk  e n v i r o n m e n t  p r o m p t s  th e  m a n u 

f a c t u r e r  to s t a t e  th a t  t h e i r  co n f id en ce  about  i n s t a l l i n g  ROPS on t h e i r  

v e h ic l e s  only ap p l i e s  to  new v e h i c l e s .

In conf l ic t  with th e  t e c h n i c a l  ju d g m en t  o f fe r e d  by th e  e q u ip m e n t  

m a n u f a c t u r e r s  is  th e  fac t  th a t  m a n y  v e h ic l e s  m a n u f a c t u r e d  p r i o r  to t h e i r  

sp ec i f i e d  "RO PS a c c o m m o d a t io n "  da te  have  RO PS in s t a l l e d  on t h e m  now 

and a r e  in u s e  in t h e  f ie ld .  Many s c r a p e r s  and f r o n t - e n d  l o a d e r s  m a n u 

f a c t u r e d  in 1967,  1968 and 1969 and u se d  in C a l i f o rn i a  h a v e  RO PS in s t a l l e d  

b e c a u s e  th e  C a l i f o rn i a  C o n s t r u c t io n  Safety  O r d e r s  h av e  r e q u i r e d  ROPS 

on t h e s e  v e h ic l e s  if  m a n u f a c tu r e d  a f t e r  August  8 ,  1966. Many ty p e s  of 

v e h ic l e s  u s e d  on c o n s t r u c t io n  p r o j e c t s  m a n a g e d  by  the  U .S .  A r m y  C o rp s  

of E n g i n e e r s  h a v e  had  ROPS in s ta l l e d  s in c e  th e  C o r p s  s t a r t e d  r e q u i r i n g  

o v e r t u r n  p r o t e c t i o n  in add i t ion  to f a l l in g  o b jec t  p r o t e c t i o n  in 1959. The  

U .S .  D e p a r t m e n t  of I n t e r i o r ,  t h e  s t a t e s  of C a l i f o r n i a ,  O r e g o n ,  and 

W ash in g to n  a l s o  had s o m e  r e q u i r e m e n t s  fo r  o v e r t u r n  and f a l l in g  ob jec t  

p r o t e c t i o n  in 1959.

Th is  a p p a r e n t  p a r a d o x  w h e r e  (1) the  v e h i c l e  m a n u f a c t u r e r  s t a t e s  

th a t  h is  v e h ic l e  i s  not des ig n e d  to a c c e p t  th e  p o s s i b l e  s t r u c t u r a l  lo ad s  

p r o d u c e d  by  a r o l l - o v e r  event  b e f o r e  a c e r t a i n  d a te  and (2) th e  fact th a t
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v e h ic le s  th a t  a r e  now in u s e  th a t  w e r e  m a n u f a c tu re d  b e f o r e  th a t  da te  

hav e  had RO PS in s t a l l e d  i s  r e a l l y  not a p a r a d o x  a t  a l l .  T h e  e q u ip m e n t  

m a n u f a c t u r e r  is  c o r r e c t  in  s ta t in g  th a t  he  k n o w s , t h ro u g h  e n g in e e r in g  

a n a l y s i s ,  tha t  v e h ic l e s  m a n u f a c tu r e d  a f t e r  a c e r t a i n  da te  a r e  s t r u c t u r a l l y  

c a p a b le  of w i th s tan d in g  th e  r i g o r s  of a r o l l - o v e r .  T h e s e  v e h ic l e s  w e r e  

d es ig n e d  with ROPS as  a known a c c e s s o r y  a n d ,  in f a c t ,  h a v e  b e e n  s u b 

j e c te d  to s t a t i c  l a b o r a t o r y  t e s t s .  The  e q u ip m en t  m a n u f a c t u r e r  is  a l so  

s a y in g ,  though not d i r e c t l y ,  th a t  th e  r e a s o n  he  is  not conf iden t  about  

e a r l i e r  v e h ic le  m o d e l s  a c c e p t in g  ROPS i s  b e c a u s e  no e n g i n e e r i n g  a n a l y s i s  

h a s  b e e n  conduc ted  to def ine  the  v e h ic l e  c h a s s i s  o r  f r a m e  c a p a b i l i ty .  It 

i s  p r o b a b le  th a t  m any  of t h e s e  v e h ic l e  f r a m e s  would be c a p a b le  of s u c c e s s 

fully su p p o r t in g  the  ROPS d y n am ic  lo ad s  t r a n s f e r r e d  d u r in g  a r o l l - o v e r .

It i s  a l so  p r o b a b l e  tha t  s o m e  would no t .  The  co s t  of r e a n a l y z i n g  each  

v e h ic le  m ode l  p r o d u c e d  in the  United  S ta tes  would be  p r o h ib i t i v e  and 

p r o b a b ly  not e n t i r e l y  c o n c lu s iv e .

Even if a l l  p r e v i o u s l y  m a n u f a c tu r e d  v e h i c l e s  w e r e  a n a ly t i c a l l y  

e x am in ed  fo r  c h a s s i s  s t r e n g t h ,  the  s e r i o u s  q u e s t io n  of i n - u s e  c h a s s i s  

s t r e n g th  d e g r a d a t io n  is  s t i l l  u n a n s w e r e d .  The  i n - u s e  o r  s e r v i c e  r e l a t e d  

c h a s s i s  s t r e n g t h  d e g r a d a t io n  is  not e a s i ly  d e t e r m i n e d .  D i s c u s s io n s  

with m ine  o p e r a t o r s ,  c o n s t r u c t i o n  c o n t r a c t o r s  and d e a l e r s  of u s e d  m in in g  

and c o n s t r u c t io n  e q u ip m en t  r e v e a l  tha t  i t  i s  not u n c o m m o n  fo r  an o w n e r  to  

"m o d ify "  a v e h ic l e  to  fit h i s  p a r t i c u l a r  n e e d s .  He m a y  " d r i l l  a ho le  h e r e "  

and "weld  a b r a c k e t  t h e r e "  a s  r e q u i r e d  fo r  a t t a c h in g  a sun s h a d e  o r  adding  

an a c c e s s o r y .  T h is  o w n e r  m o d i f ic a t io n  could  hav e  v e r y  d e t r i m e n t a l  i m 

p a c t  on the  v e h ic le  c h a s s i s  s t r e n g t h  in  l o c a l  a r e a s .  If t h e s e  lo c a l  a r e a s  

of c h a s s i s  w eak en in g  a r e  co inc iden t  with a s t r u c t u r a l  load path  r e q u i r e d  

to a b s o r b  the  f o r c e  and e n e rg y  i m p a r t e d  d u r in g  a r o l l  o v e r ,  a f a i l u r e  in 

t h o s e  a r e a s  is p o s s i b l e .
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An i m p o r t a n t  f a ce t  of th e  eq u ip m en t  m a n u f a c t u r e r ’s r e l u c t a n c e  

to  c o n f i r m  the  s t r u c t u r a l  c a p a b i l i ty  of e a r l i e r  v e h ic l e  f r a m e s  to a c c e p t  

RO PS m a y  be  r e l a t e d  to  an  u n d e r s t a n d a b l e  d e s i r e  to  r e f r a i n  f r o m  

" b l e s s i n g "  a q u e s t io n a b le  s t r u c t u r e  fo r  p r o d u c t  l i a b i l i ty  r e a s o n s .

A n o th e r  fac t  to  r e m e m b e r  is  th a t  th e  v e h ic l e  m a n u f a c t u r e r  is  

u s u a l ly  s ta t in g  th a t  he  cannot  p r e d i c t  the  a b i l i ty  of h i s  o ld e r  v e h ic le  

f r a m e s  to p a s s  s u c c e s s f u l l y  an SAE ROPS s t a t i c  t e s t .  Only th e  SAE 

ROPS p e r f o r m a n c e  s t a n d a r d s ,  th ro u g h  th e  s t a t i c  t e s t i n g  r e q u i r e d ,  b r in g  

th e  v e h ic l e  c h a s s i s  o r  f r a m e  d i r e c t l y  into th e  ROPS s y s t e m .  The  " C o r p s  

of E n g i n e e r s "  ty p e  of RO PS r e q u i r e m e n t  i g n o r e s  th e  fac t  th a t  th e  v e h ic l e  

f r a m e  m a y  be  th e  w eak  l ink in the  ROPS s y s t e m .

Since the  C o r p s  of E n g i n e e r s  ty p e  of ROPS is  a c c e p ta b l e  fo r  r e t r o 

f i t t ing  p r e - 1970 e q u ip m en t  to m an y  F e d e r a l  and S ta te  a g e n c i e s  ( inc luding 

MESA and OSHA) without  s t a t i c  t e s t i n g  o r  f ie ld  r o l l - o v e r  t e s t i n g ,  th i s  

p o te n t i a l  weak  link  could r e m a i n  h id d en  un t i l  an  a c tu a l  r o l l - o v e r  a c c id e n t .  

Th is  m ay  be  of l e s s  c o n c e r n  th a n  is  o b v io u s .  To d a t e ,  WAI h a s  not 

r e v i e w e d  any m in in g  o r  c o n s t r u c t io n  a c c id e n t  r e c o r d s  tha t  d i s c u s s  the  

f a i l u r e  of an a p p ro v e d  ROPS s y s t e m  d u r in g  a " n o r m a l "  r o l l - o v e r .

F u r t h e r ,  in  c o n v e r s a t i o n s  with in d u s t r y  p e r s o n n e l ,  no m en t ion  of th i s  

type  of o c c u r r e n c e  h a s  been  m a d e .  T h is  l a c k  of i n f o r m a t io n  on f a i l u r e  

of ROPS s y s t e m s  d u r in g  a c tu a l  fie ld  o v e r t u r n s  i s  a v e r y  p o s i t i v e  i n d i c a 

t ion tha t  th e  g r e a t  c o n c e r n  o v e r  v e h i c l e  f r a m e  s t r u c t u r a l  c ap ab i l i ty  m ay  

be  o v e r s t a t e d .  C e r t a i n l y  it is  not a f a c t o r  to  be  i g n o r e d ,  but on the  

l a r g e r  m in in g  and c o n s t r u c t i o n  v e h i c l e s ,  t h e  f r a m e s  a r e  g e n e r a l ly  

d es ig n e d  to s u r v i v e  u s e  in a v e r y  r u g g e d  , d e m a n d in g  e n v i r o n m e n t .

P e r h a p s  m o r e  i m p o r t a n t  th an  th e  c o n c e r n  about  th e  in h e r e n t  s t r e n g th  of 

t h e  v e h ic l e  f r a m e  is  a c o n c e r n  about  the  p o s s i b l e  l i m i t e d  a t t a c h m e n t  

a r e a s  a f fo rd ed  on s o m e  v e h i c l e s .  It m a y  be  n e c e s s a r y  to  p r o v id e  s o m e  

lo ca l  r e i n f o r c i n g  of the  v e h ic l e  f r a m e  th ro u g h  u s e  of d o u b le r  p l a t e s  o r



r
r ib b e d  s t r u c t u r e s  to  s p r e a d  the  load out o v e r  a l a r g e r  r e a c t i o n  a r e a .

The  s m a l l e r  i n d u s t r i a l -  o r  a g r i c u l t u r a l - t y p e  t r a c t o r  u s e d  in m in in g  as  

p e r s o n n e l  c a r r i e r s  o r  to tow s m a l l  o r e  t r a i l e r s  p r e s e n t  a m o r e  d if f icu l t  

r e t r o f i t  p r o b l e m  th a n  th e  l a r g e r  u n i t s .  Som e of t h e  s m a l l  f a r m - t y p e  

t r a c t o r s  m a n u f a c tu r e d  up to  the  l a t e  1960’s and e a r l y  1970 's  h a v e  v e r y  

l im i t e d  a t t a c h m e n t  a r e a s ;  indeed  on s o m e  u n i t s  the  only p o te n t i a l  a t t a c h 

m en t  a r e a s  a r e  on th e  r e a r  ax le  h o u s in g s .  T h e s e  a r e a s  a r e  of known 

w e a k n e s s  in. s p m e  v e h i c l e s  and h a v e ,  at  t i m e s ,  exh ib i ted  f a i l u r e  when  

su b je c te d  to  ROPS t e s t i n g .

As w as  shown in Sec t ion  4 . 4 ,  t h e r e  a r e  c o m m e r c i a l  ROPS a v a i l 

ab le  fo r  a b r o a d  r a n g e  of v e h ic l e  m o d e l s  and d a t e s  of m a n u f a c t u r e .  The  

co n c lu s io n  of the  OSHA r e v i e w  of r e t r o f i t  p r o b l e m s  on p r e - 1 9 7 0  e q u ip 

m ent  w as  th a t  ROPS w e r e  a v a i l a b l e  and could be  i n s t a l l e d  on m o s t  "h eav y "  

c o n s t r u c t i o n  e q u ip m e n t  m a n u f a c tu re d  a f t e r  1960,  and on m an y  l ight  

i n d u s t r i a l  t r a c t o r s  m a n u f a c tu re d  a f t e r  1965.

O p e r a t io n a l  Viewpoint

The in s t a l l a t i o n  of a R O P S / F O P S  on a m in ing  m a c h in e  can  c a u s e  

p r o b l e m s  th a t  a r e  f a r - r e a c h i n g  and th a t  can  h av e  e f fec ts  on the  m in ing  

p r o c e d u r e s  and on th e  u s e  of th e  m a c h in e  and i t s  new R O P S / F O P S .  A 

d i f f e ren t  s e t  of p o te n t i a l  p r o b l e m s  ex is t  fo r  t h e  c a s e  of equ ipm en t  u s e d  

in s u r f a c e  a r e a s  and th e  c a s e  of equ ipm en t  u sed  u n d e r g r o u n d .

In th e  s u r f a c e  a r e a  a p p l i c a t i o n ,  the  n eg a t iv e  a s p e c t s  of R O P S /  

F O P S  in s t a l l a t i o n  b eg in  with the  i n s t a l l a t i o n  p r o c e d u r e  i t s e l f .  In th e  

in s t a n c e  w h e r e  a m a c h in e  is  b e in g  r e t r o f i t t e d  with a R O P S / F O P S  at  th e  

m ine  s i t e ,  p r o v i s i o n  m u s t  be m ad e  to h a v e  a c r a n e  of su f f ic ien t  c a p a c i ty  

a v a i l a b le  to  lift  the  R O P S /F O P S  into p o s i t io n  on th e  m a c h in e .  The 

m oun t ing  b r a c k e t s  m u s t  be  welded  to the  p r o p e r  a r e a s  of the  m a c h in e
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c h a s s i s  by a w e ld e r  c e r t i f i e d  to sp e c i f i c  AWS c r i t e r i a .  The  R O P S / F O P S  

m u s t  th en  be  a t t a c h e d  (bolted o r  welded  depend ing  on th e  des ign)  to  the  

m oun t ing  b r a c k e t s .  The  m a c h in e  can  now b e  p l a c e d  b a c k  in s e r v i c e .

The  to ta l  e l a p s e d  t i m e  fo r  th i s  in s t a l l a t i o n  o p e r a t i o n  r a n g e s  f r o m  

2-3  h o u r s  fo r  s m a l l  i n d u s t r i a l  t r a c t o r s  to  10-12 h o u r s  fo r  l a r g e r  

m a c h i n e s .  Two o r  t h r e e  m e n  m a y  be  r e q u i r e d  to c o m p le t e  th e  o p e r a 

t io n .  T h e r e  a r e  R O P S / F O P S  th a t  t a k e  up to 80 -100  m a n h o u r s  to i n s t a l l .

T h is  cos t  i s  not i n s ig n i f i c a n t ,  e s p e c i a l l y  when the  m a c h i n e ’s n o n 

p r o d u c t iv e  h o u r s  a r e  c h a r g e d  a g a in s t  t h e  R O P S / F O P S  in s t a l l a t i o n .

As with any sa fe ty  d e v i c e ,  the  u s e r  (in t h i s  c a s e  th e  m a c h in e  

o p e r a t o r )  wil l  h a v e  an opinion on th e  m e r i t s  of t h e  R O P S / F O P S .  The  

c o n s t r u c t io n  i n d u s t r y  h a s  b e e n  in s t a l l in g  ROPS on m a c h i n e s  fo r  s e v e r a l  

y e a r s  and h as  m e t  m ix e d  r e s p o n s e  f r o m  m a c h in e  o p e r a t o r s .  The  l o w e r e d  

v i s i b i l i t y ,  the  u n c o m f o r t a b l e  s e a t  b e l t s ,  and the  r e d u c e d  ab i l i ty  to  ju m p  

a r e  f r e q u e n t  s o u r c e s  of co m p la in t  f r o m  c o n s t r u c t i o n  i n d u s t r y  m a c h in e  

o p e r a t o r s .  Accident  r e c o r d s  in the  c o n s t r u c t i o n  in d u s t r y  in d ic a te  the  

r e d u c e d  r i s k  of in ju ry  o r  dea th  if an o v e r t u r n i n g  m a c h in e  h a s  a ROPS 

and the  o p e r a t o r  is  u s in g  h i s  s e a t  b e l t .  Many o p e r a t o r s  s t i l l  p r e f e r  to  

t a k e  t h e i r  c h a n c e s  in t r y i n g  to  ju m p  f r o m  an o v e r t u r n i n g  m a c h i n e .  If 

the  m a c h in e  h a s  a RO PS in s t a l l e d  and th e  o p e r a t o r  t r i e s  to  j u m p ,  he  

m a y  be  c r u s h e d  by the  ROPS i t s e l f .  The  p r o b l e m  of o p e r a t o r  a c c e p ta n c e  

h a s  b e e n  e x p e r i e n c e d  in the  c o n s t r u c t i o n  in d u s t r y  and is  to be ex p ec ted  

in the  m in in g  in d u s t r y .

C e r t a i n  m i n o r  w o r k - f u n c t io n  p r o b l e m s  m a y  be  e x p e r i e n c e d  a f t e r  

a R O P S / F O P S  is  in s t a l l e d  on a m a c h in e .  A c o m m o n  p r o b l e m  invo lves  

u s in g  a f r o n t - e n d  l o a d e r  to  c l e a n  up th e  a r e a  u n d e r  a lo ad ing  b in  o r  l o a d 

ing h o p p e r .  The  he igh t  of th e  R O P S / F O P S  m a y  p r e v e n t  th e  f ro n t - e n d  

l o a d e r  f r o m  e n t e r i n g  the  a r e a  u n d e r  th e  h o p p e r .  A s m a l l e r  f r o n t - e n d  

l o a d e r  wil l  h av e  to  be  u s e d  to  p e r f o r m  th i s  t a s k .

v ___________________________________________________________________________________________________________
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On the  p o s i t i v e  s i d e ,  an  e n c lo s e d  R O P S / F O P S  p r o v id e s  o p e r a t o r  

p r o t e c t io n  f r o m  a d v e r s e  w e a t h e r  cond i t ions  and p e r m i t s  t h e  o p e r a t o r  

to e f fec t iv e ly  w o rk  h i s  m a c h in e  d u r in g  p e r i o d s  when an open m a c h in e  

could not be  o p e r a t e d .  P r o t e c t i v e  e n c l o s u r e s  a r e  a v a i l a b l e  th a t  have  

h e a t e r s ,  a i r  c o n d i t i o n e r s ,  p o s i t iv e  p r e s s u r e  s y s t e m s ,  a i r  f i l t e r s  and 

n o ise  c o n t ro l  p a c k a g e s .  T h e s e  un i ts  a r e  m o r e  ex p en s iv e  th an  the s t a n d a rd  

open R O P S / F O P S  but m a y  pay fo r  t h e m s e l v e s  in i n c r e a s e d  p ro d u c t iv i ty .  

Even  the  open R O P S / F O P S  p r o v id e s  i n c r e a s e d  o p e r a t o r  c o m f o r t  d u r in g  

d r i z z l e s  and l igh t  r a i n s .

The u s e  of R O P S / F O P S  in u n d e r g ro u n d  m i n e s  p r e s e n t s  th e  s a m e  

in s t a l l a t i o n  and o p e r a t o r  a c c e p ta n c e  p r o b l e m s  e x p e r i e n c e d  in s u r f a c e  

m i n e s  p lu s  added p r o b l e m s  in the  a r e a  of w o r k - f u n c t io n  l i m i t a t i o n s .

Since m a c h in e  r o l l - o v e r s  in u n d e r g ro u n d  m i n e s  a r e  v e r y  r a r e ,  t h e r e  

is  l i t t l e  need  fo r  RO PS on eq u ip m en t  u s e d  u n d e r g r o u n d .  F a l l - o f - g r o u n d  

is  a s e r i o u s  a c c id e n t  c a u s e  in c e r t a i n  a r e a s  of u n d e r g r o u n d  m i n e s .  If 

F O P S  a r e  r e q u i r e d  on e qu ipm en t  w o rk in g  f o r w a r d  of the  u n s u p p o r te d  

ro o f  o r  in any a r e a  of an  u n d e r g ro u n d  m i n e ,  a p r o b l e m  of " c l e a r a n c e "  

i s  e n c o u n te r e d .  The  m a c h in e  th a t  p r e v i o u s l y  w o rk ed  in a p a r t i c u l a r  

m ine  a r e a  m ay  not be ab le  to con t inue  th a t  w o rk  if a F O P S  is  i n s t a l l e d .

The  p r e s e n t  p r a c t i c e  of s o m e  u n d e r g ro u n d  m in e  o p e r a t o r s  is  to t r y  to 

m in e  th e  m i n e r a l i z e d  zone  with as  low a m in e  b ac k  a s  p o s s i b l e  and with 

th e  l a r g e s t  load  c a p a c i ty  m a c h in e s  a s  p o s s i b l e  c o n s i s t e n t  with th e  low 

heigh t  of th e  b a c k .  A s im p le  e x a m p le  i s  a m in e  with a h o r i z o n ta l  3 foot 

t h i c k  m i n e r a l i z e d  zo n e .  The  he igh t  of the  b a c k  m a y  v a r y  b e tw e en  4 and 

7 fee t  in d i f f e r e n t  a r e a s  of th e  m i n e .  T h is  he igh t  is  d e t e r m in e d  by  the  

eq u ipm en t  u s e d  in th e  m in e .  If it w e r e  p o s s i b l e ,  the  m in e  o p e r a t o r  would 

l ike  to m in e  only th e  3 foot m i n e r a l i z e d  zone but  th i s  i s n ’t p r a c t i c a l  fo r  

e x i s t in g  p e r s o n n e l  and eq u ip m en t  r e a s o n s .  The  m in e  o p e r a t o r  wi l l  u s e  

th e  l a r g e s t  c ap ac i ty  o r e  m ov in g  m a c h i n e s  p o s s i b l e  in h is  m in e .  One

V
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5 cubic  y a r d  c a p a c i ty  l o a d - h a u l - d u m p  uni t  i s  m o r e  p r o d u c t iv e  and m o r e  

c o s t - e f f e c t i v e  th an  t h r e e  2 cub ic  y a r d  l o a d - h a u l - d u m p  u n i t s .  T h e s e  

l a r g e r  m a c h i n e s  tend  to  " c r o w d "  th e  b a c k  o r  the  ro o f .

If c a n o p ie s  a r e  r e q u i r e d  on e q u ip m e n t  u s e d  in u n d e r g ro u n d  m in e s  

th a t  h a v e  low b a c k s ,  the  m i n e  o p e r a t o r  m u s t  e i t h e r  r a i s e  the  he igh t  of 

the  m in e  b a ck  (a v e r y  e x p e n s iv e  and n o n - p r o d u c t i v e  o p e ra t io n )  o r  s u b 

s t i t u t e  s m a l l e r  m in in g  eq u ip m en t  ( an o th e r  v e r y  e x p e n s iv e  a l t e r n a t iv e  

th a t  d o e s n ’t i n c r e a s e  p ro d u c t io n ) .

Th is  type  of p r o b l e m  is not e x p e r i e n c e d  in u n d e r g r o u n d  m in e s  

with high b a c k s .  L a r g e  u n d e r g r o u n d  s a l t  m i n e s  a r e  good e x a m p le s  of 

m in e s  w h e r e  the  b ac k  o r  ro o f  m ay  be  30 -100  fee t  h igh .

The c l e a r a n c e  p r o b l e m  is  not  a lw ay s  so lved  by hav in g  m in e  b ac k  

high enough to  a l low  a F O P S -e q u ip p e d  m a c h in e  to t r a v e l .  It is  c o m m o n  

p r a c t i c e  to  h an g  w a t e r  l i n e s ,  c o m p r e s s e d  a i r  l i n e s ,  and ven t  l in e s  f r o m  

the  m in e  b a c k .  T h e s e  can  c a u s e  c l e a r a n c e  p r o b l e m s  fo r  th e  F O P S -  

equ ipped  m a c h i n e .  F i g u r e s  4 -3 0  and  4-31 i l l u s t r a t e  th i s  p r o b l e m .

A n o th e r  p o te n t i a l  p r o b le m  could  deve lop  f o r  s u r f a c e  o r  u n d e r g r o u n d  

m in e  o p e r a t o r s  if  a F O P S  p e r f o r m a n c e  c r i t e r i a  d i f f e r e n t  th an  SAE J231 

is  u s e d  in a F O P S  r e t r o f i t  r e g u l a t i o n .  If th e  new F O P S  c r i t e r i a  r e q u i r e s  

s t r u c t u r a l  c a p a b i l i t i e s  g r e a t e r  th an  SAE J 2 3 1 ,  m an y  of the  R O P S / F O P S  

un i ts  th a t  h a v e  b ee n  p r e v i o u s l y  su p p l ied  and i n s t a l l e d  m u s t  be  s t r e n g th e n e d  

in s o m e  m a n n e r .  The  m in e  o p e r a t o r  i s  faced  with m od ify ing  the  R O P S /  

F O P S -e q u ip p e d  m a c h i n e s  he  a l r e a d y  owns in  ad d i t io n  to a c q u i r i n g  new 

F O P S  f o r  h i s  m a c h i n e s  th a t  do not p r e s e n t l y  have  F O P S  o r  RO PS.

The p o s s i b i l i t y  of F O P S  r e g u la t io n  th a t  would a l low  i n - t h e - f i e l d  

m o d i f i c a t io n  of an  e x i s t i n g  RO PS o r  F O P S  i s  of c o n c e r n  to  t h e  ROPS 

m a n u f a c t u r e r s .  In the  p a s t  s e v e r a l  y e a r s ,  both  RO PS m a n u f a c t u r e r s
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and th e  eq u ip m en t  m a n u f a c t u r e r s  h a v e  b ee n  involved in an i n c r e a s i n g  

n u m b e r  of l i a b i l i ty  l a w s u i t s  r e s u l t i n g  f r o m  r o l l - o v e r  and f a l l in g  o b jec t  

a c c i d e n t s  in the  c o n s t r u c t i o n  i n d u s t r y .  T y p i c a l l y ,  the  c o u n s e l  r e p r e 

s e n t in g  the  in ju re d  o p e r a t o r  o r  the  widow of th e  o p e r a t o r  a t t e m p t s  to 

show th a t  th e  eq u ip m en t  m a n u f a c t u r e r  o r  t h e  ROPS m a n u f a c t u r e r  c o n 

t r i b u t e d  to  the  a c c id e n t  th ro u g h  faul ty  d e s ig n ,  fau l ty  w o r k m a n s h i p ,  o r  

f au l ty  in s t a l l a t i o n .  If f ie ld  m o d i f i c a t io n s  o r  f ie ld  r e p a i r  of ROPS and 

F O P S  a r e  p e r f o r m e d ,  the  ROPS m a n u f a c t u r e r  f e e l s  tha t  t h e r e  m u s t  be 

s o m e  m ethod  of i n s u r i n g  th a t  the  f ie ld  w o r k  does  not d e g r a d e  the  p e r 

f o r m a n c e .  W elding  s t a n d a r d s  fo r  f ie ld  w o r k  a r e  a h e lp  but do not i n s u r e  

th a t  the  m in e  o p e r a t o r ' s  m o d i f i c a t io n s  a r e  sound f r o m  an e n g in e e r in g  

s tan d p o in t .  R e q u i r in g  a d e s ig n  a p p r o v a l  by  a r e g i s t e r e d  p r o f e s s i o n a l  

e n g in e e r  is  one way of p la c in g  th e  e n g in e e r in g  r e s p o n s i b i l i t y ,  h o w e v e r ,  

t h e  " e n e r g y  a b s o r p t i o n "  d e s ig n  a p p r o a c h  u s e d  in SAE ROPS is  not u n d e r 

s tood by m o s t  n o n - s t r u c t u r a l  r e g i s t e r e d  p r o f e s s i o n a l  e n g i n e e r s .  It i s  

p o s s i b l e  tha t  th e  s t r u c t u r a l  c h a n g e s  p e r f o r m e d  by th e  m in e  o p e r a t o r  in 

t r y i n g  to  m e e t  t h e  F O P S  p e r f o r m a n c e  r e q u i r e m e n t s  m a y ,  in s o m e  w ay ,  

a l t e r  the  e n e r g y  a b s o r p t i o n  c a p ab i l i ty  of th e  RO PS d e s ig n .  In any c a s e ,  

ROPS m a n u f a c t u r e r s  w il l  t a k e  the  p o s i t io n  tha t  any m o d i f i c a t io n s  to t h e i r  

ROPS wil l  i n v a l id a te  th e  w a r r a n t y  and the  SAE p e r f o r m a n c e  c e r t i f i c a t i o n .

The  r e q u i r e m e n t  to  in s t a l l  F O P S  m e e t in g  a new p e r f o r m a n c e  

c r i t e r i a  on new m a c h i n e s  m a n u f a c tu r e d  a f t e r  s o m e  d a te  in the  fu tu r e  

is  an a p p r o a c h  to u p g ra d in g  the  l i f e - s a v i n g  c a p a b i l i ty  of F O P S  without  

in v a l id a t in g  the  FO P S  tha t  a r e  a l r e a d y  in u s e .  T h is  a p p ro a c h  w as  u s e d  

by MESA and OSHA in t h e i r  e x i s t in g  ROPS r e g u l a t i o n s .  M ach in es  m a n u 

f a c t u r e d  b e f o r e  a sp e c i f i e d  da te  can  b e  f i t ted  with ROPS tha t  m e e t  any one 

of s e v e r a l  ap p ro v ed  ROPS s t a n d a r d s  (State of C a l i f o rn i a ,  U .S .  A rm y  

C o rp s  of E n g i n e e r s ,  and B u r e a u  of R e c la m a t io n ) .  M ach in es  m a n u f a c tu r e d  

a f t e r  the  sp e c i f i e d  da te  m u s t  be f i t ted  with ROPS m e e t in g  the  SAE

V .



(--------------------------------------------------------- ^
p e r f o r m a n c e  c r i t e r i a .  As t i m e  p a s s e s  and the  o ld e r  m a c h in e s  a r e  

p h a s e d  ou t ,  the  p e r c e n t a g e  of m a c h in e s  co v e re d  with ROPS tha t  m ee t  

the  m o r e  o p t im u m  SAE c r i t e r i a  g ro w s  l a r g e r  and l a r g e r .  Th is  s a m e  

a p p ro a c h  could be u s e d  on FO PS.
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4 .6  ECONOMIC E F F E C T S  O F  P O SSIB LE P R O T E C T I V E  S TR U C T U R E
R E T R O F IT  PO L IC IE S

T h is  s e c t io n  d e a l s  with  the  f in a n c ia l  i m p l i c a t i o n s  of fo u r  p o s s i b l e  

p o l i c i e s  r e l a t i v e  to r e t r o f i t t i n g  p r o t e c t i v e  s t r u c t u r e s  on th e  m a c h i n e s  

of i n t e r e s t .  It was  shown in Sect ion  4 . 4  th a t  a p p r o x i m a t e l y  48% of the  

popu la t ion  of the  m a c h i n e s  of i n t e r e s t  a l r e a d y  a r e  equ ipped  with s o m e  

f o r m  of p r o t e c t i v e  s t r u c t u r e .  A v e r y  l a r g e  p r o p o r t i o n  of t h e s e  s t r u c t u r e s  

is  c o m p o se d  of what  a r e  c o m m o n ly  c a l le d  " c o m m e r c i a l  R O PS " :  th ey  

w e r e  p u r c h a s e d  as  i n s t a l l e d  eq u ip m en t  on th e  m a c h i n e s ,  p u r c h a s e d  f r o m  

th e  m a c h in e  m a n u f a c t u r e r  and in s t a l l e d  in th e  f i e ld ,  o r  p u r c h a s e d  f r o m  

a ROPS m a n u f a c t u r e r  fo r  f ie ld  i n s t a l l a t i o n .  ( "F ie ld  i n s t a l l a t i o n , "  as  

u s e d  h e r e ,  i n c lu d es  i n s t a l l a t i o n  by a d e a l e r ,  a s  d i s t in g u i s h e d  f r o m  f a c t o r y  

i n s t a l l a t i o n . )  Most  of t h e s e  " c o m m e r c i a l  ROPS" a r e  d e s ig n e d  and c o n 

s t r u c t e d  so a s  to m e e t  o r  ex ceed  th e  SAE J231 F O P S  p e r f o r m a n c e  s t a n d 

a r d .  That  is  to s a y ,  m o s t  h a v e  th e  SxAE J231 c ap ab i l i ty  and m o r e .  How 

much m o r e  is r e l a t e d  c lo s e ly  to th e  g r o s s  v e h ic le  weight  of the  m a c h in e  

fo r  which  th e  ROPS is  d e s ig n e d .  A c c o r d in g ly ,  f o r  th is  a n a l y s i s ,  it w as  

a s s u m e d  tha t  the  p r o p o r t i o n  of t h e  m a c h in e  popu la t ion  which was  e s t i 

m a t e d , b a s e d  on the  s u r v e y  d i s c u s s e d  in Sect ion  4 . 3 ,  to  h av e  ROPS 

in s t a l l e d ,  had  " c o m m e r c i a l  R O P S , "  and t h e r e f o r e  a l s o  had  at l e a s t  the  

SAE J231 FO PS c a p a b i l i ty .  In f a c t ,  s o m e  c o m m e r c i a l  RO PS fo r  s m a l l  

m a c h in e s  do not have  SxAE J231 cap ab i l i ty  and s o m e  m a c h in e s  in the  

popu la t ion  hav e  " shop  bu i l t  RO PS" which w e r e  c o n s t r u c t e d  to  d es ign  

s t a n d a r d s  known only to  the  m in e s  which bu i l t  t h e m .  H o w e v e r ,  the  

n u m b e r s  of t h e s e  a r e  not  su f f ic ien t ly  l a r g e  to  in v a l id a te  the  a s s u m p t i o n  

s ta t e d  above  with r e s p e c t  to  e s t i m a t i o n  of t o t a l  c o s t s  to r e t r o f i t  l a r g e  

n u m b e r s  of m a c h i n e s .

49 ,2 9 3  m a c h in e s ;  2 3 ,5 2 4  of t h o s e  w e r e  e s t i m a t e d  to hav e  ROPS i n s t a l l e d .

The e s t i m a t e  fo r  the  popu la t ion  of m a c h in e s  of i n t e r e s t  is

' V I S * .
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T h e  q u e s t io n  a d d r e s s e d  h e r e  i s :  "What a r e  th e  c o s t s  to  r e t r o f i t  the  

e s t i m a t e d  25 ,765 m a c h i n e s  which  do not h av e  RO PS i n s t a l l e d ? "  In 

add i t ion  to  a n s w e r i n g  th i s  q u e s t i o n ,  th e  f in a n c ia l  im p a c t  on s o m e  of the  

m a c h in e  o w n e r s  who h a v e  s m a l l  f l e e t s  of only p r e - 1 9 7 0  m a c h i n e s  is  

c o n s id e r e d  and th e  i n d i r e c t  f in a n c ia l  i m p l i c a t i o n s  of ROPS and FO PS  

on m a c h i n e s  of i n t e r e s t  which a r e  u sed  u n d e r g r o u n d  a r e  d i s c u s s e d .

S o u rc e s  of F i n a n c i a l  I n fo r m a t io n

It i s  a p p r o p r i a t e  to  e x p r e s s  t h e  c o s t s  of r e t r o f i t  not only in a b s o 

lu te  t e r m s ,  but a l s o  in r e l a t i v e  t e r m s ,  s p e c i f i c a l l y  a s  a p e r c e n t a g e  of 

the  a v e r a g e  m a r k e t  v a lu e  of t h e  m a c h i n e s  c o n s id e r e d  fo r  r e t r o f i t .  To 

do t h i s ,  it is  n e c e s s a r y  to  hav e  d a ta  f r o m  a r e c o g n i z e d  s o u r c e  of m a r k e t  

in f o r m a t io n .  In th i s  s tu d y ,  the  m a r k e t  v a lu e  da ta  w e r e  ta k e n  f r o m  l a t e s t  

r e v i s i o n s  of the  G re e n  G u id e , p u b l i sh e d  by the  E q u ip m e n t  Guide — Book 

C o m p a n y ,  P a l o  A l to ,  C a l i f o r n i a .  The  " m a r k e t  v a lu e "  u s e d  in the  c o m p u 

ta t i o n s  w as  th e  " a v e r a g e  r e s a l e  v a lu e "  g iven  in th e  G r e e n  Guide for  

m a c h i n e s  w ithout  " e x t r a s . "

The to ta l  cos t  of i n s t a l l i n g  a c o m m e r c i a l  ROPS on a m a c h in e  w as  

c a lc u la te d  by adding  to th e  RO PS m a n u f a c t u r e r ’s FO B p r i c e  an a v e r a g e  

t r a n s p o r t a t i o n  cos t  of $7 p e r  100 pounds  of RO PS w eigh t  and in s t a l l a t io n  

c o s t s  v a r y in g  f r o m  $125 to  $250 ,  depend ing  on ROPS s i z e .  The  t r a n s 

p o r t a t i o n  and in s t a l l a t i o n  cos t  e s t i m a t e s  w e r e  o b ta ined  th ro u g h  c o n s u l t a 

t ion  with  ROPS m a n u f a c t u r e r s .  The  t r a n s p o r t a t i o n  co s t  w il l  v a r y ,  of 

c o u r s e ,  with the  d i s t a n c e  sh ipped  and th e  m o d e  e m p lo y e d .  In s ta l l a t io n  

cos t  depends  on a g r e a t  m an y  f a c t o r s ,  not t h e  l e a s t  of which  is  in th e  

d e s ig n  of th e  RO PS m o u n t in g s .  I n s t a l l a t io n  c o s t  q u o ta t io n s  fo r  one 

m a c h in e  v a r i e d  f r o m  $150 to $600.  F o r  the  c a l c u l a t i o n s ,  the  m e d ia n  

v a lu e s  of e s t i m a t e s  w e r e  u s e d  b e c a u s e  they  w e r e  c o n s i s t e n t ly  l e s s  th a n  

th e  a v e r a g e s .  The  a s s u m p t i o n  im p l i c i t  in t h i s  c h o ice  is  tha t  m in e s
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g e n e r a l l y  h a v e  the  to o l s  and the  s k i l l s  r e q u i r e d  to  do th e  i n s t a l l a t i o n  

w o rk  v e r y  e f f ic ie n t ly .  No c o s t s  w e r e  inc luded  in the  t o ta l  RO PS cos t  

e s t i m a t e  fo r  lo s t  p r o d u c t io n  t i m e .  It w as  a s s u m e d  tha t  in s t a l l a t i o n  

would be  done d u r in g  a t i m e  when m a c h in e s  w e r e  out of s e r v i c e  f o r  

o th e r  r e a s o n s .  The  RO PS p r i c e s  u s e d  in the  c a l c u l a t i o n s  a r e  a v e r a g e s  

of s e l e c t e d  high and low RO PS m a n u f a c t u r e r ’s c a ta lo g  p r i c e s  (FOB) in 

ef fec t  d u r in g  the  f i r s t  q u a r t e r  of 1975.  Some r e p r e s e n t a t i v e  ROPS 

r e t r o f i t  c o s t s  a r e  g iven  in T a b le  4 - 1 3 .  The  m e th o d  of u s in g  the  ROPS 

c o s t s  was  to  c o n s t r u c t  a m a c h in e  " type  p r o f i l e "  fo r  each  m a c h in e  age 

g ro u p  in both  u n d e r g ro u n d  and s u r f a c e  m in e  c a t e g o r i e s .  The  p r o f i l e  

is  a l i s t  of m o d e l s  w h ic h ,  in t e r m s  of RO PS c o s t s  and m a c h in e  v a l u e s ,  

p r o p e r l y  r e p r e s e n t  the  m a c h i n e s  in a g iven  age  g ro u p .  A p r o p o r t i o n  

w as  a s s ig n e d  to  each  m o d e l ,  f r o m  the  s u r v e y  d a t a ,  so th a t  a w eigh ted  

a v e r a g e  of m a c h in e  v a lu e  and RO PS r e t r o f i t  cos t  could be  c a l c u l a t e d  fo r  

each  age  g ro u p .

r e t r o f i t  cos t  and m a c h in e  v a lu e .  F i g u r e  4 -3 2  p e r t a i n s  to th e  C a t e r p i l l a r  

D8 c r a w l e r  t r a c t o r .  A c o m m e r c i a l  RO PS is  a v a i l a b le  fo r  m a c h i n e s  of 

th i s  g e n e r a l  m o d e l  d es ig n a t io n  which  a r e  m o r e  th a n  20 y e a r s  old.  In the  

i l l u s t r a t i o n ,  th e  y e a r s  1953-1973 w e r e  u s e d .  The  a v e r a g e  ROPS r e t r o f i t  

c os t  fo r  1972 and 1973 m a c h in e s  is  $1510; t h e  a v e r a g e  fo r  the  o ld e r  

m a c h in e s  i s  $1920.  The  d i f f e r e n c e  is  r e l a t e d  p r in c ip a l ly  to  t h e  fac t  th a t  

m any  of th e  n e w e s t  m a c h in e s  a r e  m a n u f a c t u r e d  with ROPS m oun t ings  

i n s t a l l e d .  Although th e  RO PS r e t r o f i t  co s t  is co n s tan t  o v e r  m an y  m o d e l  

y e a r s ,  the  m a r k e t  v a lu e  of th e  o ld e r  m a c h in e s  is  s te a d i ly  d e c r e a s i n g ,  

a s  shown by  th e  m a r k e t  v a lu e  c u r v e .  T h u s ,  f o r  o l d e r  m a c h i n e s ,  ROPS 

r e t r o f i t  m ay  r e p r e s e n t  a l a r g e  p r o p o r t i o n  of m a c h in e  v a lu e .  In the  

i l l u s t r a t i o n ,  RO PS r e t r o f i t  cos t  f o r  a 1957 m a c h in e  is  35% of the  m a r k e t  

v a lu e  of th e  m ac h in e ;  f o r  a 1953 m a c h in e  it i s  48%.

F i g u r e s  4 -3 2  and 4 -33  i l l u s t r a t e  the  r e l a t i o n s h i p  b e tw e en  ROPS
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T a b le  4 - 1 3 .  R e p r e s e n t a t i v e  ROPS R e t r o f i t  C o s t s

MACHINE

TYPE

MACHINE

MODEL

YEAR
OF

MANUFACTURE

PRESENT

MARKET

VALUE

AVERAGE 

ROPS 

COST FOB

AVERAGE

ROPS

WEIGHT

AVERAGE
TRANSPORTATION

COST

AVERAGE

INSTALLATION

COST

AVERAGE 

TOTAL 

ROPS COST

ROPS COST 

A S  Z OF 

MACHINE MARKET VALUE

TRACTOR Ford 4100 1973 $ 3850 $ 498 500# $ 35 $ 125 $ 658 17.1

TRACTOR Deere 300 1969 1500 700 550# 38 125 863 57.5

TRACTOR Massey MF30 1975 5300 700 600# 42 130 872 16.5

TRACTOR Case 580 1966 1700 7 30 680# 48 125 903 53.1

TRACTOR Cat 814 1970 19,000 1260 1350# 95 220 1575 8.3

TRACTOR Mich 280 III 1964 14,000 1450 1040# . 73 210 1733 12.4

TRACTOR IH TD-18 1955 2250 1100 1200# 84 200 1384 61.5

DOZER Cat D-4 1953 1500 1220 810# 57 175 1452 96.8

DOZER Cat D-7C 1957 6600 1290 1290# 90 200 1580 23.9

DOZER A-C HD11B 1973 25,750 1225 1340# 94 220 1539 6.0

DOZER IH TD-15 1962 4300 1230 1430# 100 225 1555 36.2

DOZER IH TD-25B 1969 32,000 1535 2320# 162 240 1937 6.1

DOZER Cat D-6C 1973 32,750 1422 990# 69 200 1691 5.2

DOZER Terex 82-30 19 70 31,000 1450 2092# 146 230 1826 5.9

GRADER Cat 14G 1974 62,000 1172 1500# 105 230 1507 2.4

GRADER Cat 12 1949
1500 1175 1500# 105 230 1510 100.0

GRADER Gallon T500L 1973 29,750 1150 642# 45 130 1325 4.5

GRADER Deere 570A 1972 19,000 1400 1490# 104 2 30 1734 9.1

GRADER Adams 660 1955 3500 1300 1370# 96 220 1616 46.2

GRADER Wabco 777B 1968 16,000 1300 1300# 91 200 1591 9.9

LOADER Cat 988 1965 37,000 1685 2360# 165 250 2100 5.7

LOADER Cat 966C 1974 52,000 1500 1700# 119 240 1859 3.6

LOADER Cat 955H 1962 8250 1190 1090# 76 200 1466 17.8

LOADER Cat 950 1969 24,000 1500 1350# 95 240 1835 7.6

l o a d e r Cat 992B 1974 180,000 3870 4046# 283 250 4403 2.4

LOADER Mich 275 1972 58,500 1700 2180# 153 240 2093 3.6

LOADER Mich 175 1969 29,500 1520 1820# 127 230 1877 6.4

LOADER Mich 75 1969 15,000 1335 1320# 92 220 1647 11.0

LOADER Mich 125AI 1961 5450 1475 1820# 127 230 1832 33.6

LOADER A-C TL14 1962 4250 1030 630# 44 175 1249 29.4

LOADER Deere DJ644A 1973 25,000 1700 1540# 108 240 2048 8.2

LOADER Case W-26 1969 19,500 1243 980# 69 200 1512 7.8

LOADER Terex 72-15 1971 29,500 1400 1170# 82 200 1682 5.7

LOADER Trojan 300 1966 9000 1300 13 00# 91 220 1611 17.9

PRIME
MOVER

Cat 651 1967 49,000 2005 25 30 # 177 250 2432 5.0

PRIME
MOVER

Cat 633C 1973 84,000 1850 16 80# 118 230 2198 2.6

PRIME

MOVER

Mich 210 1969 27,000 1340 1220# 85 200 1625 6.0

PRIME

MOVER

Euclid SS-18 1960 8500 1700 1145# 80 200 1980 23.2

PRIME

MOVER

Terex S-24 1972 84,000 2080 2320# 162 240 2482 3.0

PRIME
MOVER

Cat DW21 1955 6300 1470 1320# 92 220 1782 28.3
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It i s  a p p r o p r i a t e  to  c a l l  a t t e n t io n  h e r e  to t h r e e  po in t s  of s p e c i a l  

i n t e r e s t  with r e g a r d  to  f in a n c i a l  a n a l y s i s  of ROPS r e t r o f i t .

F i r s t ,  t h e  cos t  of ROPS r e t r o f i t  a s  a p e r c e n t a g e  of m a c h in e  v a lu e  

is  g e n e r a l l y  l o w e r  fo r  h e a v y  m a c h i n e s  th a n  fo r  l i g h t e r  m a c h i n e s .  T h is  

point  is  i l l u s t r a t e d  by c o m p a r i n g  F i g u r e  4 -32  to  F i g u r e  4 - 3 3 .  F i g 

u r e  4 -3 2  r e l a t e s  to  a m a c h i n e  in  the  5 0 ,0 0 0  pound c l a s s  of g r o s s  v e h ic le  

w e igh t .  F i g u r e  4 -33  r e l a t e s  to  one in th e  6000 pound c l a s s .

Second , th e  ROPS r e t r o f i t  c o s t s  u s e d  in th i s  s tudy  a r e  fo r  what  

m a y  be  t e r m e d  the  " m i n i m u m  R O P S , "  th a t  i s ,  ROPS which  do not h av e  

any of th e  " o p t i o n s . "  A c c o r d in g ly ,  th e  c o s t s  a r e  s u b s t a n t i a l l y  l o w e r  th an  

t h o s e  which  ac tu a l ly  would be  i n c u r r e d  if r e t r o f i t  w e r e  r e q u i r e d .  F o r  

e x a m p l e ,  t h e  $1920 a v e r a g e  ROPS r e t r o f i t  cos t  u s e d  in the  D8 i l l u s t r a t i o n  

in F i g u r e  4 -3 2  does  not  in c lude  c u rv e d  f ro n t  s w e e p s ,  t an k  g u a r d ,  b a c k  

s c r e e n  o r  s id e  s c r e e n s .  Adding t h e s e  would i n c r e a s e  th e  co s t  to  $2935.  

Adding the  t ank  g u a rd  on ly ,  an  option which is  v e r y  f r e q u e n t ly  c h o s e n ,  

i n c r e a s e s  the  ROPS r e t r o f i t  cos t  to about  $2040.  The  ROPS u se d  in the  

a n a ly s i s  h e r e  i s  the  k ind u s u a l ly  r e f e r r e d  to  in th e  t r a d e  l i t e r a t u r e  as  

a "RO PS c a n o p y , "  a s  d i s t in g u i s h e d  f r o m  a "RO PS c a b . "  A "R O P S  cab"  

c o s t s  two to  fo u r  t i m e s  as  m uch  a s  a "RO PS c a n o p y , "  depend ing  upon the  

type  of m a c h in e  and the  m a n u f a c t u r e r .

T h i r d ,  th e  m a n u f a c t u r e r s ’ p r i c e s  fo r  new m a c h in e s  and a t t a c h 

m e n t s  i n c r e a s e d  s u b s t a n t i a l l y  in  1975. F o r  e x a m p l e ,  th e  G re e n  Guide 

r e p o r t e d  th a t  "new p r i c e  a v e r a g e  i n c r e a s e s "  fo r  w hee l  t r a c t o r s  of 7% 

to 41%, depend ing  upon th e  m a n u f a c t u r e r ,  had  o c c u r r e d  s in c e  th e  s e c t io n  

f r o m  which da ta  w e r e  t ak en  fo r  th i s  s tudy  w as  p r in t e d .  P r i c e  i n c r e a s e s  

fo r  a t t a c h m e n t s  w e r e  in th e  r a n g e  7% to 48%. U nder  t h e s e  co n d i t io n s ,  

u sed  m a c h in e  m a r k e t  v a lu e s  i n c r e a s e  a l s o ,  a p p r o x im a te ly  in p r o p o r t i o n  

to th e  new m a c h in e  p r i c e  i n c r e a s e s .  ROPS r e t r o f i t  cos t  a s  a p e r c e n t a g e

' T O O * .
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of m a c h in e  v a lu e  is  not changed  a p p r e c i a b l y ,  but the  e s t i m a t e s  of d o l l a r  

c o s t s  to  r e t r o f i t  ROPS given  in t h i s  s tu d y  m u s t  be m u l t ip l ie d  by s o m e  

v a lu e  to ob ta in  a good e s t i m a t e  fo r  th e  t i m e  p e r i o d  in  which r e t r o f i t  

m igh t  a c tu a l ly  b e  a c c o m p l i s h e d .  The  WAI e s t i m a t e  of the  m u l t i p l i e r  fo r  

l a t e  1976 r e t r o f i t  i s  1 .24 ;  th e  e x p ec te d  change  in  p r i c e s  w il l  be  24% 

b e tw e e n  e a r l y  1975 and l a t e  1976.

F i g u r e  4 -33  p e r t a i n s  to a l ight  w h ee led  t r a c t o r  (6000 pound c l a s s )  

i l l u s t r a t i o n .  The  M a s s e y  F e r g u s o n  M F - 3 0 2 ,  304 and e a r l i e r  303 m o d e l s  

a r e  e x a m p le s  of th i s  weight  c l a s s .  The  a v e r a g e  cos t  of r e t r o f i t  of the  

a v a i l a b l e  c o m m e r c i a l  ROPS is  $880 fo r  m a c h in e s  m a n u f a c t u r e d  d u r in g  

th e  17 y e a r s  g iven  on th e  g r a p h .  The  m a r k e t  v a lu e  of 1959 m a c h in e s  is  

$900.  F o r  m a c h i n e s  m a n u f a c t u r e d  b e f o r e  1959,  th e  ROPS r e t r o f i t  cos t  

e x c e e d s  the  m a r k e t  v a lu e .  The  r e t r o f i t  cos t  fo r  a 1956 m a c h in e  is  170% 

of i t s  m a r k e t  v a lu e .

To conc lude  the  d i s c u s s io n  of ROPS r e t r o f i t  cos t  r e l a t i v e  to  

m a c h in e  a g e ,  F i g u r e  4 -3 4  is  a g r a p h  which i l l u s t r a t e s  the  m a t t e r  in 

a g g r e g a t e  t e r m s .  The  ROPS cos t  c u r v e  is  f la t  o v e r  a l a r g e  r a n g e  of 

m a c h in e  a g e s , but it s lo p e s  downw ard  s l ig h t ly  at the  low age end and 

u p w a rd  at the  high age  end .  The  r e a s o n  fo r  t h e  dow nw ard  s lo p e  is  th a t  

n e w e r  m a c h i n e s  a r e  bui l t  with ROPS m o u n t in g s  i n s t a l l e d .  The  r e a s o n  

fo r  th e  u p w ard  s lo p e  is  th a t  the  unit  RO PS co s t  is  h i g h e r  fo r  s o m e  v e r y  

old m a c h i n e s  which a r e  v e r y  few in n u m b e r .  A RO PS i s  " c o m m e r c i a l l y  

a v a i l a b l e "  in the  s e n s e  tha t  one can  b e  p u r c h a s e d  f r o m  a RO PS m a n u f a c 

t u r e r , but if it i s  r e l a t e d  to  a m a c h in e  fo r  which the  m a n u f a c t u r e r  h as  

had  no p r e v i o u s  ROPS s a l e s ,  the  cos t  could be  h ig h .  At s o m e  a g e ,  A , 

t h e  a g g r e g a t e  ROPS r e t r o f i t  cos t  w i l l  eq u a l  the  a g g r e g a t e  m a r k e t  v a lu e  

of m a c h i n e s  of th a t  ag e .

T a b le  4 -1 4  show s  the  e s t i m a t e s ,  f r o m  Sec t ion  4 . 3 ,  of th e  n u m b e r s  

of p r e s e n t  m a c h in e s  of i n t e r e s t  which  do not h a v e - p r o t e c t i v e  s t r u c t u r e s
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T a b le  4 - 1 4 .  R O P S / F O P S  R e t r o f i t  C o s t s

Machine  Type

Y e a r  of M an ufac tu re

P o s t - 1 9 6 9 1965-1969 1960-1964 B e f o r e  1 960 T o ta l s  fo r  Types

F r o n t - E n d  L o a d e r s

No. of M ac hines  
R e t ro f i t  Cost  
T o ta l  R e t ro f i t  Cost

4 ,457
$ 1 ,976 

8 ,8 0 7 ,0 3 2

6 ,239
$ 1 ,905 

11 ,885 ,295

2 ,377
$ 1 ,564 

3 , 7 1 7 ,6 2 8

1,053
$ 1 ,412 

1 , 486,836

14,126

$ 25 ,8 9 6 ,7 9 1

D oz er s

No. of M ac h in es  
Ret ro f i t  Cost  
T o ta l  Ret ro f i t  Cost

459
1,775

814 ,725

1,675
1,683 

2 ,8 1 9 ,0 2 5

1,053
1,806 

1 ,9 0 1 ,7 1 8

1,485
1 ,644 

2 ,441 ,340

4 ,6 7 2

7 , 9 7 6 ,8 0 8

G r a d e r s

No. of Machines  
Ret ro f i t  Cost  
T o ta l  Ret ro f i t  Cost

297
1,607

477,279

729
1,574 

1 ,1 4 7 ,4 4 6

513
1,508 

773,604

972
1,493 

1 ,4 5 1 ,1 9 6

2,511

3 ,849 ,5 25

T r a c t o r s

No. of M ac h in es  
R e t ro f i t  Cost  
To ta l  Ret ro f i t  Cost

378
1,301 

491,778

1,405
1,498 

2 ,1 0 4 ,6 9 0

324
1,432 

463 ,968

756
1,412 

1 ,0 6 7 ,4 7 2

2,863

4 , 1 2 7 ,9 0 8

P r i m e  M o v e r s

No. of M ach in es  
Ret ro f i t  Cost  
T o ta l  R e t ro f i t  Cost

324
1,810

586,440

594
1,782 

1 ,0 5 8 ,5 0 8

405
2 ,000

810 ,000

270
1,434 

387 ,180

1 ,593

2 ,8 4 2 ,1 2 8

T o ta l s  f o r  Age Group s  

No. of Mac h ines  

T o ta l  Ret ro f i t  Cost

5 ,915

$1 1 , 177,254

10,642

$ 1 9 , 0 1 4 ,9 6 4

4 ,672

$ 7 ,6 6 6 ,9 1 8

4,536

$ 6 , 8 3 4 ,0 2 4

25 ,765

$4 4 ,6 9 3 ,1 6 0

Note: ROPS unit  r e t r o f i t  co s t s  a r e  weighted a v e r a g e s  for  m a c h in e  t y p e s .
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i n s t a l l e d .  The  t a b l e  s e p a r a t e s  the  m a c h i n e s  by  type  and age  g ro u p .  

The  uni t  cos t  fo r  r e t r o f i t  of m a c h in e s  in ea c h  b lock  in the  t y p e - a g e  

m a t r i x  was  deve loped  in th e  m a n n e r  d i s c u s s e d  above th ro u g h  the  u s e

ag e  b lo c k .  M ult ip ly ing  th e  w e igh ted  a v e r a g e  by  the  n u m b e r  of m a c h i n e s  

in th e  popu la t ion  to  which it a p p l i e s  g ives  the  r e t r o f i t  co s t  e s t i m a t e s  

shown.

A po l icy  d e c i s io n  to  r e t r o f i t  F O P S  with g r e a t e r  ca p a b i l i ty  th an  

SAE J 2 3 Î  r e q u i r e s  would r a i s e  a c o r o l l a r y  q u e s t io n  about the  e s t i m a t e d  

cos t  of m odify ing  RO PS a l r e a d y  in s t a l l e d  to  a t t a in  tha t  s a m e  c ap ab i l i ty .  

T h i s  q u es t io n  is f r a u g h t  w ith  a g r e a t  m any  im p l i c a t io n s ,  t e c h n ic a l ,  

f inanc ia l  and p o l i t i c a l .  It is the kind of q u e s t io n  which  can  be a n s w e r e d  

fully  if it can  be a n s w e r e d  a t  a l l ,  only th ro u g h  an e x t e n s iv e  s tudy.

T a b le  4 -15  p r o v id e s  the  e s t i m a t e s  of c o s t s ,  fo r  r e t r o f i t  of c o m 

m e r c i a l  ROPS on a l l  m a c h in e s  not p r e s e n t l y  R O P S - e q u i p p e d , a s  a p e r 

cen tag e  of m a c h in e  v a lu e .  The  e s t i m a t e s  of m a c h in e  m a r k e t  v a lu e  w e r e  

deve loped  f r o m  a " type  p r o f i l e "  in the  s a m e  m a n n e r  as  the  RO PS r e t r o f i t  

cos t  e s t i m a t e s  w e r e  done.

F o r  s o m e  of th e  m a c h in e s  in the  p o p u la t io n ,  the  c o s t s  of ROPS 

r e t r o f i t  r e p r e s e n t  but a f r a c t i o n  of th e  f in a n c ia l  im p l i c a t i o n s  of a RO PS 

r e t r o f i t  p o l icy .  T h e s e  a r e  the  m a c h in e s  u s e d  in low b a c k  u n d e rg ro u n d  

m i n e s ,  tha t  i s ,  m in e s  with a ro o f  he igh t  l e s s  th an  12 f e e t .  The  point 

to be  e m p h a s iz e d  h e r e  is  th a t  m a c h in e s  u s e d  in  th i s  kind of m i n e ,  a l though 

few in n u m b e r  r e l a t i v e  to the  to ta l  p o p u la t io n ,  r e p r e s e n t  a s p e c i a l  kind 

of f in a n c ia l  p r o b l e m .  The  r e t r o f i t  of a c o m m e r c i a l  ROPS co u ld ,  in m any  

c a s e s ,  m a k e  the  m a c h i n e s  u n u s a b le  in the  m i n e s  u n l e s s  the  b a c k s  w e r e  

m a d e  h i g h e r .  T h is  would r e q u i r e  e x te n s iv e  r e m o v a l  of ad d i t io n a l  m a t e r i a l

of the  " type  p r o f i l e .  " It i s  a w eigh ted  a v e r a g e  fo r  m a c h i n e s  in t h e  ty p e -

'ViZZV
4 - 1 0 6



T a b le  4 - 1 5 .  RO PS R e t r o f i t  C o s t s  a s  P e r c e n t a g e  of M ach in e  V alue

M a c h i n e  T y p e

Y e a r  o f  M a n u f a c t u r e

P o s t - 1 9 6 9 1 9 6 5 - 1 9 6 9 1 9 6 0 - 1 9 6 4 B e f o r e  1960 T o t a l s  f o r  T y p e s

F r o n t - E n d  L o a d e r s

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of  V a l u e

$ 8 , 8 0 7 , 0 3 2  
2 6 3 , 4 7 5 , 5 5 5

3 . 3 4 %

$ 1 1 , 8 8 5 , 2 9 5  
141 , 8 6 2 , 3 8 2

8.  38%

$ 3 , 7 1 7 , 6 2 8  
1 9 , 6 4 5 , 9 0 5

1 8 . 9 2 %

$ 1 , 4 8 6 , 8 3 6  
3 , 2 8 0 , 0 9 5

4 5 . 3 3 %

$ 2 5 , 8 9 6 , 7 9 1  
4 2 8 , 2 6 3 , 9 3 7

6 . 0 5 %

D o z e r s

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of  V a l u e

814 , 7 2 5  
2 3 , 4 7 7 , 8 5 0

3 . 4 7 %

2 , 8 1 9 , 0 2 5
3 6 , 8 0 8 , 1 2 5

7.  66%

1 , 9 0 1 , 7 1 8  
1 6 , 1 3 8 , 2 7 9

1 1 . 7 8 %

2 , 4 4 1 , 3 4 0  
4 , 6 4 5 , 0 8 0

5 2 . 5 6 %

7 , 9 7 6 , 8 0 8  
81 , 0 6 9 , 3 3 4

9.  84%

G r a d e r s

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of  V a l u e

4 7 7 , 2 7 9
8 , 5 5 0 , 0 3 6

5 . 5 8 %

1 , 1 4 7 , 4 4 6  
1 0 , 9 7 1 , 4 5 0

1 0 . 4 6 %

7 7 3 , 6 0 4  
3 , 6 0 1  , 2 6 0

2 1 . 4 8 %

1 , 4 5 1 , 1 9 6  
2 , 7 5 3 , 6 7 6

5 2 .  70%

3 , 8 4 9 , 5 2 5  
2 5 , 8 7 6 , 4 2 2

1 4 . 8 8 %

T r a c t o r s

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of  V a l u e

4 9 1 , 7 7 8  
9 , 2 7 3  , 4 7 4

5 . 3 0 %

2 , 1 0 4 , 6 9 0
2 0 , 4 2 8 , 7 0 0

1 0 . 3 0 %

4 6 3 , 9 6 8  
1 , 3 1 7 , 0 6 0

3 5 . 2 3 %

1 , 0 6 7 , 4 7 2  
1 , 4 6 8 , 9 0 8

7 2 . 6 7 %

4 , 1 2 7 , 9 0 8
3 2 , 4 8 8 , 1 4 2

1 2 . 7 1 %

P r i m e  M o v e r s

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of  V a l u e

586 , 4 4 0  
2 2 , 7 0 8 , 5 1 2

2.  58%

1 , 0 5 8 , 5 0 8  
1 9 , 4 5 3 , 5 0 0

5 . 4 4 %

8 1 0 , 0 0 0
5 , 6 2 9 , 5 0 0

1 4 . 3 9 %

3 8 7 , 1 8 0  
1 , 5 9 9 , 7 5 0

2 4 . 2 0 %

2 , 8 4 2 , 1 2 8  
4 9 , 3 9 1 , 2 6 2

5 . 7 5 %

T o t a l s  f o r  Ag e  G r o u p

R O P S  R e t r o f i t  C o s t  
M a c h i n e  V a l u e  
C o s t  a s  % of V a l u e

$ 1 1 , 1 4 7 , 2 5 4  
$ 3 2 7 , 4 8 5 , 4 2 7

3 . 4 0 %

$ 1 9 , 0 1 4 , 9 6 4  
$ 2 2 9 , 5 2 4 , 1 5 7

8.  28%

$ 7 , 6 6 6 , 9 1 8  
$ 4 6 , 3 3 2 , 0 0 4

16.  55%

$ 6 , 8 3 4 , 0 2 4  
$ 1 3 , 7 4 7 , 5 0 9

4 9 . 7 1 %
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at g r e a t  e x p e n s e  o r ,  a l t e r n a t i v e l y ,  d i sc o n t in u in g  th e  u s e  of th e  m a c h i n e s  

and r e p l a c i n g  t h e m  with " low p r o f i l e "  ty p e s  o r  s m a l l e r  c a p a c i ty  u n i t s ,  

a l s o  at g r e a t  e x p e n s e .  C l e a r l y ,  a d e ta i l ed  a n a l y s i s  of a l t e r n a t i v e s  fo r  

a l l  m i n e s  which  would be  a f fec ted  is  beyond  th e  s c o p e  of t h i s  s tudy .

H o w e v e r ,  th ro u g h  m in e  v i s i t s ,  d i s c u s s i o n s ,  and c o r r e s p o n d e n c e  d u r in g  

th e  c o u r s e  of th i s  s tudy  it b e c a m e  ev iden t  th a t  s o m e  u n d e r g r o u n d  m in e  

p e o p le  v i g o r o u s l y  oppose  any thought  of R O P S / F O P S  r e t r o f i t  of a l l  

m a c h i n e s  of i n t e r e s t .  T h e i r  r e a s o n s  a r e  c l e a r  and p e r s u a s i v e .  It is  

t r u e  tha t  a c o m m e r c i a l  RO PS i n c r e a s e s  the  he ig h t  of th e  m a c h i n e .  Th is  

is  a p r o b l e m  even  in th e  c o n s t r u c t i o n  in d u s t r y .  When m a c h in e s  a r e  

m o v ed  f r o m  s i t e  to  s i t e  u n d e r  o v e r p a s s e s ,  it i s  s o m e t i m e s  n e c e s s a r y  

to  r e m o v e  the  RO PS.  T h e  low back  m in e s  would h av e  a p r o b le m  fo r  

which  no low co s t  so lu t ion  s e e m s  p o s s i b l e .

The  ROPS could  b e  r e d u c e d  s o m e w h a t  in h e ig h t ,  but not without  

s a c r i f i c i n g  a s ig n i f ic a n t  d e g r e e  of p r o t e c t io n  ca p a b i l i ty  as  w el l  a s  

r e s t r i c t i n g  o p e r a t o r  v i s io n  and f r e e d o m  of m o v e m e n t  and e g r e s s .  The  

low b a c k  m in e  o p e r a t o r s  point  ou t ,  c o r r e c t l y  a c c o r d i n g  to the  MESA 

d a t a ,  th a t  t h e r e  a r e  v e r y  few f a l l - o f - g r o u n d  a c c id e n t s  which involve  th e  

m a c h in e s  of i n t e r e s t  and th a t  u n d e r g ro u n d  r o l l - o v e r s  invo lv ing  the  

m a c h i n e s  of i n t e r e s t  a r e  e x t r e m e l y  r a r e .

T a b le  4 -16  show s the  e s t i m a t e  of t h e  m a c h in e s  of i n t e r e s t  o p e r 

a ted  by u n d e r g ro u n d  m i n e s  and the  e s t i m a t e s  of t h o s e  which a r e  a c tu a l ly  

u s e d  u n d e r g ro u n d  e i t h e r  f u l l - t i m e  o r  p a r t - t i m e .  It does  not show how 

m an y  a r e  u s e d  in low b a c k  u n d e r g ro u n d  m i n e s .  The  s u r v e y  did not s e e k  

th i s  in fo r m a t io n  and WAI cannot  p ro v id e  a conf iden t  e s t i m a t e  of the  

n u m b e r .  The  in fo r m a t io n  in T a b le  4 -16  is  p r e s e n t e d  h e r e  b e c a u s e  a 

p o s s i b l e  RO PS r e t r o f i t  po l icy  m ight  be  one which r e q u i r e d  r e t r o f i t  of 

m a c h i n e s  of i n t e r e s t  m a n u f a c tu r e d  a f t e r  a s e l e c t e d  d a t e ,  excep t  t h o s e
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T a b le  4 - 1 6 .  E s t i m a t e  of M a ch in e s  of I n t e r e s t  

U sed  Only U n d e rg ro u n d  o r  U n d e rg ro u n d  and S u r fa c e

ROPS
No

ROPS T o ta l P e r c e n t

F r o n t - E n d  L o a d e r s 241 509 750 61.7%

D o z e r s 36 44 80 6.6%

G r a d e r s 10 62 72 5.9%

T r a c t o r s 9 268 277 22.8%

P r i m e  M o v e rs 27 9 36 3.0%

T o ta l

P e r c e n t

323

26.6%

892

73.4%

1215

100.0%

u s e d  in c e r t a i n  u n d e r g ro u n d  m i n e s .  U nder  t h o s e  c i r c u m s t a n c e s ,  it 

would be  a p p r o p r i a t e  to  e s t i m a t e  th e  cos t  of i m p l e m e n t i n g  th e  po l icy  by 

s u b t r a c t i n g  f r o m  th e  t o t a l  po p u la t io n  s o m e  p r o p o r t i o n  of th e  n u m b e r s  in 

T a b le  4 -16  which  r e p r e s e n t s  th e  m a c h i n e s  u s e d  in u n d e r g ro u n d  low b a c k  

m i n e s .  T h e  d i s c u s s i o n  abo v e  does  not app ly  to  r o o m  and p i l l a r  m in e s  

which  have  v e r y  high  b a c k s  (as in s o m e  s a l t  m i n e s  and l e a d  m in e s  c o n 

t a c t e d  d u r in g  th i s  study) o r  at  l e a s t  does  not app ly  to  th e  s a m e  d e g r e e .

F i g u r e  4 -35  shows th e  t o t a l  e s t i m a t e d  pop u la t io n  of m a c h in e s  of 

i n t e r e s t  by  f le e t  s i z e  and c o m p o s i t i o n .  Of s p e c i a l  i n t e r e s t  i s  th e  e s t i m a t e  

th a t  n e a r l y  15% of t h e  o w n e r s  have  f l e e t s  of 1 to 5 which  co n ta in  only p r e -  

1970 m a c h i n e s .  Som e ad d i t io n a l  a n a l y s i s  was  m a d e  of the  s a m p l e  da ta  

f o r  t h e s e  s m a l l  f l e e t s  with a v iew  to  e s t i m a t i n g  what  p r o p o r t i o n  of the  

o w n e r s  of f l e e t s  of 1 to  5 m a c h i n e s  of i n t e r e s t  owned only m a c h in e s  of 

i n t e r e s t  and only p r e - 1 9 7 0  m a c h i n e s  b e c a u s e  t h e  f in a n c ia l  im p a c t  on

4 - 1 0 9



% 
OF

 
TO

TA
L 

M
A

C
H

IN
ES

 
OF

 
IN

T
E

R
E

S
T

r
60

50

40

30

20

10

50 .7

>niiir rrr m v i  r

Q  ONLY P R E - 1 9 7 0  MACHINES

p i  MIXED P R E - 1 9 7 0  AND 
Eiia P O S T -1 9 6 9  MACHINES

ONLY P O S T - 1969 MACHINES

3 6 .2

13.1

mmmmm
OWNERS 
OF 1-5

OWNERS 
OF 6-15

OWNERS 
OF >15

F i g u r e  4 - 3 5 .  F l e e t  Size and C o m p o s i t io n  — M ach ines  of I n t e r e s t

4 -110



r ■\

such  o w n e r s  m ight  be r e l a t i v e l y  m uch  g r e a t e r  th a n  fo r  any o t h e r  o w n e r  

g ro u p .

of a l l  of t h e  o w n e r s  had  f l e e t s  of one to  f ive  c o m p o s e d  of m a c h in e s  of 

i n t e r e s t  o n ly ,  a l l  of which w e r e  m a n u f a c t u r e d  b e f o r e  1970. In o t h e r ,  

m o r e  p r e c i s e ,  t e r m s ,  t h e r e  a r e  a p p r o x i m a te ly  980 m i n e s  which have  

s e l f - p r o p e l l e d  m a c h in e  f l e e t s  (except  t r u c k s )  c o m p o s e d  only of m a c h in e s  

of i n t e r e s t  m a n u f a c t u r e d  b e f o r e  1970. A p p r o x im a te ly  60% of t h e s e  

o w n e r s  h av e  no p r o t e c t i v e  s t r u c t u r e s  on any of t h e i r  m a c h in e s  of i n t e r e s t .  

So, t h e r e  a r e  about  600 o w n e r s  of 1 to  5 m a c h i n e s  of i n t e r e s t  f o r  w hom  

a ROPS r e t r o f i t  r e q u i r e m e n t  which  c o v e r e d  a l l  p r e - 1 9 7 0  m a c h i n e s  would 

r e p r e s e n t  a f in a n c i a l  b u r d e n  of 15% to  60% of th e  m a r k e t  v a lu e  of th e  

m a c h i n e s .  The  m a j o r i t y  of t h e s e  o w n e r s  a r e  in t h e  sand  and g r a v e l  

i n d u s t r y .  F o r  a v e r y  s m a l l  n u m b e r  of o w n e r s ,  RO PS r e t r o f i t  would 

r e p r e s e n t  a co s t  of 90% to  100% of the  m a r k e t  v a lu e  of the  m a c h i n e s .

T h is  does  not  m e a n ,  of c o u r s e ,  th a t  t h e  g r e a t e s t  f in a n c ia l  im p a c t  in 

d o l l a r  t e r m s  of RO PS r e t r o f i t  would  b e  on th e  s m a l l  f lee t  o w n e r s .  Some 

l a r g e  f lee t  o w n e r s  a l s o  h a v e  l a r g e  n u m b e r s  of m a c h i n e s  which  a r e  not 

equ ipped  with p r o t e c t i v e  s t r u c t u r e s .  One c o m p a n y ,  which o p e r a t e s  

s e v e r a l  m i n e s ,  r e p o r t e d  n e a r l y  90 m a c h i n e s  of i n t e r e s t .  M o re  t h a n  60 

w e r e  p r e - 1 9 7 0  m a c h in e s  which had no p r o t e c t i v e  s t r u c t u r e s  in s t a l l e d .

The  co s t  of to t a l  r e t r o f i t  of RO PS to t h i s  c o m p a n y  would e x ceed  $ 1 2 0 ,0 0 0  

f o r  th e  p r e - 1 9 7 0  m a c h i n e s  a lo n e .

B a s e d  on the  s u r v e y  d a t a ,  it i s  e s t i m a t e d  th a t  a p p r o x i m a te ly  7%
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F i g u r e  4 -36  s u m m a r i z e s  th e  i n d u s t r y  c o s t s  of c o m p ly in g  with 

f ive po l icy  a l t e r n a t i v e s  r e l a t e d  to p ro v id in g  R O P S /R O P S  c a p a b i l i ty .

The  f ive p o l i c i e s  a r e :

1) No r e t r o f i t  r e q u i r e m e n t ,  c o n s id e r  only RO PS on new 

e q u i p m e n t .

2) R e t r o f i t  with c o m m e r c i a l  ROPS a l l  m a c h in e s  of i n t e r e s t  

m a n u f a c t u r e d  a f t e r  J a n u a r y  1, 1970.

3) R e t r o f i t  a l l  m a c h i n e s  of i n t e r e s t  m a n u f a c t u r e d  a f t e r  

J a n u a r y  1 , 1965.

4) R e t r o f i t  a l l  m a c h in e s  of i n t e r e s t  m a n u f a c t u r e d  a f t e r  

J a n u a r y  1, 1960.

5) R e t ro f i t  a l l  m a c h i n e s .

F i g u r e  4 -36  d i s p l a y s  t h e  e s t i m a t e d  cos t  to equip  with RO PS a l l  m a c h i n e s  

of i n t e r e s t  not  a l r e a d y  so equ ip p ed .  A p p r o x im a te ly  48% a l r e a d y  h a v e  

R O PS .  The  e s t i m a t e s  a r e  fo r  f o u r th  q u a r t e r  1974 p r i c e s  and v a lu e s  

excep t  f o r  1975 m a c h i n e s .  An a p p r o p r i a t e  m u l t i p l i e r  m u s t  be  u sed  to 

e s t i m a t e  c o s t s  fo r  th e  t i m e  p e r io d  in which r e t r o f i t  m ay  b e  c o n s id e r e d .

The  m a c h in e  p opu la t ion  e s t i m a t e s  a r e  fo r  fo u r th  q u a r t e r  1975.
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R O P S / F O P S  R E T R O F I T  COSTS 
(IN MILLIONS O F  DOLLARS)

PO L IC Y  1 -  NO R E T R O F I T  R E Q U IR E M E N T S ,  CONSIDER ONLY R O P S /  
F O P S  ON NEW E Q U IP M E N T

PO LICY  2 -  R E T R O F I T  A L L  MACHINES OF I N T E R E S T  M A N UFA CTU RED 
A F T E R  JANUARY 1,  1970

PO LIC Y  3 -  R E T R O F I T  A L L  MACHINES O F  IN T E R E S T  M A N U F A C T U R E D  
A F T E R  JANUARY 1 ,  1965

PO L IC Y  4 -  R E T R O F I T  A L L  MACHINES OF I N T E R E S T  M A N U FA CT U RE D  
A F T E R  JANUARY 1 ,  1960

P O L IC Y  5 -  R E T R O F I T  A L L  MACHINES

F i g u r e  4 - 3 6 .  R O P S / F O P S  R e t r o f i t  C o s t s  v s .  P e r c e n t  of 
V e h ic le  P o p u la t io n  ( J a n u a r y  1, 1976) R O P S / F O P S  Equipped 

________________________________________________________________________________________
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S ECTION 5 .0  

R E F E R E N C E S

The fo l lowing l i s t  of p u b l i c a t io n s  is  p r e s e n t e d  fo r  th e  r e a d e r  who 

is i n t e r e s t e d  in th e  d e t a i l s  of m an y  of th e  r e p o r t s ,  p e r f o r m a n c e  s t a n d a r d s ,  

r e g u l a t i o n s ,  e t c .  , th a t  a r e  r e f e r e n c e d  in t h i s  r e p o r t .

R O P S / F O P S  R E P O R T S

1) CANOPY — A C o m p u te r  P r o g r a m  fo r  the  S t r u c t u r a l  

A n a ly s is  of Space  F r a m e  P r o t e c t i v e  C an o p ie s  , B u r e a u  

of M ines  In fo rm a t io n  C i r c u l a r  IC 8546 ,  by D r .  S tephen 

Saw yer

2) Des ign  and I n s t a l l a t io n  of ROPS f o r  A r m y  R e t ro f i t  

P r o g r a m ,  by P a u l  D. H o p le r  and W i l l i a m  O. S tew ar t  

(SAE P a p e r  730752)

3) D ynam ic  T e s t in g  of T r a c t o r  P r o t e c t i o n  C a b s ,  by 

H a ro ld  Ason M o b e rg  (SAE P a p e r  730761)

4) E a r t h m o v i n g  Eq u ip m en t  Cab D e s ig n ,  by G a r d n e r  P .

B ur ton  (SAE P a p e r  730433)

5) E l a s t i c  P l a n e  F r a m e  A n a ly s i s  of S e m i s y m m e t r i c  Cabs  

and C an o p ie s  Used on U n d e rg ro u n d  E l e c t r i c  F a c e  

E q u i p m e n t ,  B u r e a u  of M ines  R e p o r t  of I n v e s t i g a 

t io n s  RI 7799 ,  by D r .  S tephen  Saw yer  and D a r r y l  

B r o g a n
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6 )

7)

8)

9)

10 )

11)

12 )

13)

E n g in e e r in g  B a s i c s  of Roll  O v e r  P r o t e c t i v e  S t r u c t u r e s ,  

by G. L. K lo s e  (SAE P a p e r  690569)

E u r o p e a n  L e g i s l a t i v e  R e q u i r e m e n t s  fo r  A g r i c u l tu r a l  

T r a c t o r s  and F a r m  M a c h i n e s ,  by H o r a c e  F .  Howell  

(SAE P a p e r  730788)

E x p e r i m e n t a l  V e r i f i c a t i o n  of the  C o m p u te r  P r o g r a m  

CANOPY by  th e  S ta t ic  T e s t i n g  of a Cont inuous  M in e r  

C anopy ,  MESA In fo r m a t io n a l  R e p o r t  IR 1004,  by 

D r .  S tephen S a w y e r ,  D a r r y l  D. B r o g a n ,  J o h n  L. D a h l e , 

and G e o r g e  J .  K a r a b i n ,  J r .

N e b r a s k a  T r a c t o r  T e s t  — P r o g r a m s  and P h i lo s o p h y ,  

by W. E .  S p in t e r ,  G. W. S t e i n b r u e g g e , D. E.  L a n e ,  

and L. F .  L a r s o n  (SAE P a p e r  730763)

A N or th  E u r o p e a n  T r a c t o r  C ab ,  by E. G unner  A h l a s t r o m  

(SAE P a p e r  730792)

R o l l - O v e r  P r o t e c t i v e  S t r u c t u r e s  fo r  F a r m  and C o n 

s t r u c t i o n  T r a c t o r s  — A 5 0 - Y e a r  R e v ie w ,  by J a m e s  F .  

A rndt  (SAE P a p e r  710508)

ROPS Safety  C o m p l ia n c e  T e s t i n g ,  by R o b e r t  W. Weed 

and H a r tw e l l  C. Davis  (SAE P a p e r  710694)

Study to D e t e r m i n e  the  E n g in e e r in g  and E c o n o m ic  

F e a s ib i l i t y  of R e t ro f i t t i n g  RO PS on P r e - J u l y  1, 1969 

C o n s t ru c t io n  E q u ip m e n t ,  by W oodw ard  A s s o c i a t e s  

(DOL C o n t r a c t  No. L -7 3 -1 5 8 )

^ % 7 *Z A .
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14) S u b s tan t ia l  U n d e rg ro u n d  C abs  and C anop ies  P r o v id e  

Needed  P r o t e c t i o n  fo r  Eq u ip m en t  O p e r a t o r s ,  by 

D r .  S tephen S aw y er  and John  M c C o r m i c k ,  a r t i c l e  

p u b l i sh ed  in Coa l  Mining and P r o c e s s i n g  M agaz ine

15) A T e s t i n g  P r o c e d u r e  fo r  the  C e r t i f i c a t i o n  of U n d e r 

g round  P r o t e c t i o n  Cabs  and C a n o p i e s ,  MESA 

In fo r m a t io n a l  R e p o r t  IR 1002,  by D r .  S tephen Sawyer  

and D a r r y l  B r o g a n

R O P S / F O P S  REGULATIONS

1) B u r e a u  of R e c l a m a t i o n ,  Safety  and H ea l th  R eg u la t io n s  

fo r  C o n s t r u c t i o n ,  P a r t  II — p a r a g r a p h s  9 .6  t h r u  9 .9  

(ROPS,  FOPS)

2) C o r p s  of E n g i n e e r s ,  Safety M an u a l ,  G e n e r a l  Safety 

R e q u i r e m e n t s ,  EM 3 8 5 -1 -1  inc lud ing  Change  1,

M a rc h  27 ,  1972 — p a r a g r a p h  18. A. 20 (RO PS,  FOPS)

3) Mining E n f o r c e m e n t  and Safety A d m i n i s t r a t i o n ,

P a r t  75,  Coal  Mine H ea l th  and Safety  — p a r a 

g ra p h  7 5 .1 7 1 0 -1  (FOPS)

4) Mining E n f o r c e m e n t  and Safety  A d m i n i s t r a t i o n ,

P a r t  77 ,  Coal  Mine H ea l th  and Safety — p a r a 

g r a p h s  7 7 .4 0 3 ,  7 7 .4 0 3 a  (ROPS,  FOPS)

5) O c cu p a t io n a l  Safety and H ea l th  A d m i n i s t r a t i o n ,

P a r t  1928,  O c c u p a t io n a l  Safety and H ea l th  S ta n d a rd s  

fo r  A g r i c u l tu r e ;  S ubpar t  C ,  R o l l - O v e r  P r o t e c t i v e  

S t r u c t u r e s  — p a r a g r a p h  1928.51 (ROPS)
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6) O c cu p a t io n a l  Safety  and H ea l th  A d m i n i s t r a t i o n ,

Subpar t  W, R o l l - O v e r  P r o t e c t i o n  S t r u c t u r e s ;  O v e rh e a d

P r o t e c t i o n  — p a r a g r a p h s  1926. 1000 t h r u  1926 .1003

(ROPS,  FOPS)

R O P S / F O P S  -  P E R F O R M A N C E  STANDARDS

Society  of A u to m o t iv e  E n g i n e e r s ,  Inc.  , 400 C o m m o n w e a l th  

D r i v e ,  W a r r e n d a l e ,  P e n n s y lv a n ia  15096

SAE J16 7 — P r o t e c t i v e  F r a m e  with O v e rh e a d

P r o t e c t i o n  — T e s t  P r o c e d u r e s  and 

P e r f o r m a n c e  R e q u i r e m e n t s

SAE J168  — P r o t e c t i v e  E n c l o s u r e s  — T e s t  P r o c e d u r e s

and P e r f o r m a n c e  R e q u i r e m e n t s

SAE J231 — M in im u m  P e r f o r m a n c e  C r i t e r i a  fo r

F a l l in g  Objec t  P r o t e c t i v e  S t r u c t u r e  

(FOPS)

SAE J3 3 3 a  — O p e r a t o r  P r o t e c t i o n  fo r  Wheel  Type

A g r i c u l t u r a l  and I n d u s t r i a l  T r a c t o r s

SAE J334a  — P r o t e c t i v e  F r a m e  T e s t  P r o c e d u r e s  and

P e r f o r m a n c e  R e q u i r e m e n t s

SAE J10 4 0 a  — P e r f o r m a n c e  C r i t e r i a  fo r  R o l l - O v e r  

P r o t e c t i v e  S t r u c t u r e s  (ROPS) for  

E a r t h m o v i n g ,  C o n s t r u c t i o n ,  L ogg ing ,  

and I n d u s t r i a l  V e h ic le s
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SAE J397a  — D e f le c t io n  L im i t in g  V olum e fo r  L a b o r a t o r y

E v a lu a t io n  of R o l l - O v e r  P r o t e c t i v e  S t r u c t u r e s  

(ROPS) and F a l l i n g  O b jec t  P r o t e c t i v e  S t r u c 

t u r e s  (FOPS) of C o n s t r u c t io n  and I n d u s t r i a l  

V e h ic l e s

SAE J320b — M in im u m  P e r f o r m a n c e  C r i t e r i a  fo r  R o l l - O v e r

P r o t e c t i v e  S t r u c t u r e s  (ROPS) fo r  P r i m e  

M o v e r s

SAE J3 9 4 a  — M in im u m  P e r f o r m a n c e  C r i t e r i a  f o r  R o l l -

O v e r  P r o t e c t i v e  S t r u c t u r e s  fo r  Wheeled 

F r o n t - E n d  L o a d e r s  and W heeled  D o z e r s

SAE J3 9 5 a  — M in im u m  P e r f o r m a n c e  C r i t e r i a  fo r  R o l l - O v e r

P r o t e c t i v e  S t r u c t u r e s  fo r  T r a c k - T y p e  

T r a c t o r s  and T r a c k - T y p e  F r o n t - E n d  L o a d e r s

SAE J396a  — M in im u m  P e r f o r m a n c e  C r i t e r i a  f o r  R o l l - O v e r

P r o t e c t i v e  S t r u c t u r e s  fo r  M oto r  G r a d e r s

Note:  T h e  SAE R e c o m m e n d e d  P r a c t i c e  SAE J1040a  i n c o r p o r a t e s  

m a t e r i a l  f o r m e r l y  pub l i shed  a s  SAE J320 ,  J394 ,  J395 ,  and J396.

P L A ST IC  DESIGN P R IN C IP L E S

Applied P l a s t i c  D es ign  in S te e l ,  by  R. D isque  

P l a s t i c  A n a ly s i s  of S t r u c t u r e s ,  by  P .  Hodge 

P l a s t i c  A n a ly s i s  and D e s ig n ,  by  C. M a ss o n n e t  

P l a s t i c  D es ign  of S teel  F r a m e s ,  by L. B e e d le  

P l a s t i c  M ethods  of S t r u c t u r a l  A n a l y s i s ,  by  B.  Neal  

P l a s t i c  M ethods  of S t r u c t u r a l  A n a l y s i s ,  by  B.  N ea l  

S t reng th  of M a t e r i a l s ,  by  F .  Shanley
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A P P E N D IX  A1 

F O P S  C E R T IF IC A T IO N  PR O C E D U R E S

A fa l l in g  ob jec t  p r o t e c t i v e  s t r u c t u r e  (FOPS) m u s t  be  d e s ig n e d  to 

s t r i c t  s t a n d a r d s  to  a c h i e v e  a s t r u c t u r e  which w il l  p e r f o r m  s a t i s f a c t o r i l y  

u n d e r  th e  c o m p le x  load ing  e n v i r o n m e n t  d u r in g  a r o c k  f a l l .  A r o c k  fa l l  

i m p a r t s  d y n am ic  lo ad s  to  the  F O P S  which  a r e  r e a c t e d  by  the  e l a s t i c  and 

s o m e t i m e s  p l a s t i c  d e f o r m a t io n  of the  c a n o p y ,  v e h ic l e  c h a s s i s ,  a x le s  and 

t i r e s .  An e x t e n s iv e  e n g in e e r in g  s tu d y  w as  p e r f o r m e d  to  e s t a b l i s h  p r a c t i 

c a l  m e th o d s  of c e r t i f y in g  F O P S .  D e s ig n s  c e r t i f i e d  to  t h e s e  s t a n d a r d s  

h a v e  b e en  shown to  exh ib i t  e n e r g y  a b s o r b i n g  c h a r a c t e r i s t i c s  n eed ed  to  

w i th s ta n d  th e  r o c k  fa l l  k in e t i c  e n e r g y  r e q u i r e m e n t .

C e r t i f i c a t i o n  R e q u i r e m e n t s

F O P S  m a y  be  r e q u i r e d  on th e  following e q u ip m e n t  u s e d  in s u r f a c e  

m e t a l - n o n m e t a l  m in e s  and th e  s u r f a c e  a r e a s  of u n d e r g r o u n d  m e t a l -  

n o n m e ta l  m in e s :

•  T r a c k - t y p e  o r  w h ee led  f r o n t - e n d  l o a d e r s

•  D o z e r s

•  T r a c t o r s  (excluding  o v e r  the  r o a d  type  t r a c t o r s )

•  M o to r  g r a d e r s

•  P r i m e  m o v e r s

F O P S  i n s t a l l e d  on t h e s e  v e h i c l e s  m u s t  m e e t  m a t e r i a l ,  w e ld in g ,

i m p a c t  r e s i s t a n c e ,  and s t a t i c  l o a d / d e f l e c t i o n  r e q u i r e m e n t s  s p ec i f ie d  in 

th e  fo l lowing p a r a g r a p h s .

A l - l



The m a t e r i a l  u sed  in the  f a b r i c a t i o n  of the  canopy and a t t a c h m e n t  

s t r u c t u r e  m u s t  m e e t  th e  C h a rp y  V -n o tch  im p a c t  s t r e n g t h s  s p e c i f ie d  in 

Sect ion  7 .0  of th e  " P e r f o r m a n c e  C r i t e r i a  fo r  R o l l - O v e r  P r o t e c t i v e  

S t r u c t u r e s  (ROPS) fo r  E a r t h m o v i n g ,  C o n s t r u c t i o n ,  L o g g in g ,  and I n d u s 

t r i a l  V eh ic le s  — SAE R e c o m m e n d e d  P r a c t i c e  J 1 0 4 0 . "  T h e s e  v a lu e s  a r e  

r e p e a t e d  in T a b le  A l - 1 .  S t r u c t u r a l  m e m b e r s  of the  canopy  and a t t a c h 

m en t  to  the  v e h ic l e  s h a l l  be  m a d e  of s t e e l s  tha t  have  C h a r p y  V -n o tc h  

i m p a c t  s t r e n g t h s  as  shown in T a b le  A1-1 at - 3 0 ° C  ( - 2 0 ° F ) .  S p e c im e n s  

a r e  to  b e  " lo n g i tu d in a l"  and t a k e n  f r o m  f la t  s t o c k ,  t u b u l a r ,  o r  s t r u c t u r a l

M a te r i a l  R e q u i r e m e n t s

T a b le  A l - 1 .  C h a rp y  V -N o tc h  Im p a c t  S t ren g th s

S p ec i m e n  S ize ,  m m J F t - L b

10 x 10a 11 . 0

oCO

1 0 x 9 10 .0 7 . 5

1 0 x 8 9 . 5 7 . 0

1 0 x 7 .  5a 9 . 5 7 . 0

1 0 x 7 9. 0 6 . 5

1 0 x 6 . 7

LOCD LOC
D

1 0 x 6 CO o

OC
D

10 x 5a 7 . 5 5 . 5

1 0 x 4 7 . 0 5 . 0

10 x 3 . 3

oC
D 4 . 5

1 0 x 3 6 . 0 4 . 5

10 x 2 . 5a 5 .5 4 . 0

In d ic a te s  p r e f e r r e d  s i z e .  S p e c im e n  s i z e  s h a l l  b e  no l e s s  th a n  the 
l a r g e s t  p r e f e r r e d  s i z e  th a t  the  m a t e r i a l  w il l  p e r m i t .

R e f e r e n c e :  ASTM A 3 7 0 -6 8 ,  S tan d a rd  Methods  and Def in i t ions  fo r  
M e c h a n ic a l  T e s t i n g  of S teel  P r o d u c t s .



sec t ions  b e fo re  fo rm in g  o r  welding for  u se  in the canopy. Spec imens 

f ro m  tu b u la r  or  s t r u c tu r a l  se c t io n s  a r e  to be taken f r o m  the middle  of 

the  s ide of g r e a te s t  d im e n s io n ,  not to include welds .

Bolts  and nuts used  to a t tach  the canopy to the  veh ic le  f r a m e  and 

to connect  s t r u c tu r a l  p a r t s  of the  canopy sha l l  be  SAE Grade  5 o r  8.

Welding R e q u i re m e n ts

All welding on the canopy and a t tachm ent  s t r u c t u r e  to the veh ic le  

must  comply with the "Specif ica t ion  for  Welding R o l lo v e r - F a l l in g  Object  

P ro te c t iv e  S t ru c tu re s  (ROPS and FOPS)" c u r r e n t ly  be ing p r e p a r e d  by the 

A m e r ic an  Welding Soc ie ty 's  D14h Subcom m it tee .  F ina l  publ ica t ion  is 

scheduled for the f i r s t  half  of 1976. Adherence  to th is  spec i f ica t ion  is 

r e q u i r e d  dur ing  fa b r i c a t io n ,  ins ta l la t ion  and r e p a i r  of the  canopy and 

a t tachm ent  s t r u c t u r e .  This  spec i f ica t ion  c o v e rs  in de ta i l  r e q u i r e m e n t s  

for  b a se  m e ta ls ;  welding p r o c e s s e s  and consum ables ;  joint and w e lder  

quali f ication;  joint p re p a ra t io n ;  w orkm ansh ip  and weld quality r e q u i r e 

m ents ;  inspect ion;  ins ta l la t ion ;  and field r e p a i r  and m odif ica t ion .

Canopy Top Design R e q u irem en ts

The canopy top m ust  be designed to p ro te c t  the veh ic le  o p e ra to r  

f ro m  pene t ra t io n  of the fal l ing objec t .  Com pliance  with th is  r e q u i r e m e n t  

shal l  be e s tab l ished  by e i th e r  of the following:

1) Meeting specif ied  design gu idel ines .

2) Successfully  p a s s in g  a SAE J231 drop t e s t .

Canopy Top Design Guidelines — The canopy top sha l l  be  covered  

with a s t ee lp la te  with a th ickn ess  of 0 .1875 o r  g r e a t e r ;  o r  it sha l l  be 

covered by s te e l  m esh  0 .50  inch m in im um  d ia m e te r  with a 2 .0  x 2 .0  inch 

m ax im u m  c e n t e r - t o - c e n t e r  grid  spac ing .  An equivalent  m esh  fab r ica ted



with b a r  s tock can a lso  be u se d .  With e i th e r  of the design concep ts ,  the 

m ax im um  unsuppor ted  span d is tance  between roof  r e in fo rc e m e n t  m e m b e r s  

cannot be g r e a t e r  than 24 inches .  A dynamic drop  t e s t  is not r eq u i re d  

fo r  designs  m ee t ing  th e s e  configura tion r e q u i r e m e n t s .

Dynamic Drop T es t  — Designs not m eeting  the guidel ines specif ied 

above can be ce r t i f ied  by a dynamic  drop  t e s t .  The te s t  m ust  be c o n 

ducted in a c c o rd a n c e  with SAE Recom m ended  P r a c t i c e  J231 which s p e c i 

f ies  the m in im u m  p e r f o r m a n c e  c r i t e r i a  fo r  fal l ing object  p ro tec t iv e  

s t r u c tu r e  (FOPS). The t e s t  r e q u i r e s  tha t  a 500-pound weight with an 

im pac t  d i a m e te r  of 8 .0  inches be  dropped onto the c e n te r  of the  canopy.

All of the  r e f e r e n c e s  to the  c r i t i c a l  zone in SAE J231 sha l l  be dele ted.  

In s tead ,  a r e q u i r e m e n t  that  the m ax im u m  deflect ion at the point of impact  

sha l l  not exceed 4 .0  inches  unde r  the f i r s t  or  any subsequent  im pac ts  of 

the  drop t e s t  object  sha l l  be added.

Static Top Load R eq u irem en t

P ro te c t iv e  canopies  a r e  r e q u i r e d  to e la s t ic a l ly  support  a s ta t ic  

load of 36,000 pounds applied to the plan view a r e a  of the canopy top 

applied within the middle  ninth of the  plan view a r e a .  F o u r  accep tab le  

m ethods  of ce r t i f i c a t io n  have been  developed as  follows:

1) Static t e s t  of the canopy, a t tachm en t  jo in t s ,  vehic le  

c h a s s i s  and axle  s t r u c tu r e .

2) Static t e s t  of the canopy and noncom pute r  an a ly s is  of 

the  a t tachm en t  jo ints  and veh ic le  c h a s s i s .

3) N oncom puter  ana ly s is  of the canopy,  a t tachm en t  joints 

and veh ic le  c h a s s i s .

4) C om pute r  ana lys is  of the  canopy and noncom pute r  ana lys is  

of the a t tachm en t  s t r u c t u r e  and veh ic le  c h a s s i s .

V
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Method 1 — A s ta t ic  t e s t  of the e n t i r e  FOPS including p ro tec t iv e  

canopy, a t tachm en t  j o in t s ,  veh ic le  c h a s s i s ,  and ax les  is  r e q u i r e d  with 

Method 1 . The p r o c e d u r e  involves the  d is t r ibu t ion  of s ta t ic  loads n e a r  

the c en te r  of the p ro tec t iv e  s t r u c t u r e ’s top and the  m e a s u r e m e n t  of 

v e r t i c a l  deflect ion at the  c en te r  of the load appl ica t ion .  The canopy is 

t e s te d  while mounted on the veh ic le  c h a s s i s  which is r ig id ly  a t tached  to 

the  t e s t  p la t fo rm  at the ax le s .

With Method 1 all of the  load c a r r y in g  FOPS components  a r e  

te s ted ;  t h e r e f o re  s t r u c tu r a l  an a ly s is  is not r e q u i r e d .  Option A of the  

FOPS T es t  P r o c e d u r e  (Appendix A3) p r e s e n t s  a s t e p - b y - s t e p  sequence  

for  conducting th is  t e s t .

Method 2 — A s ta t ic  t e s t  of the  canopy a t tached  to a r ig id  p l a t 

f o r m ,  eng ineer ing  computat ions  of the  a t tachm en t  s t r u c t u r e  and a d h e ren c e  

to ce r ta in  design guidel ines is r e q u i r e d  with Method 2. The t e s t  p r o 

cedure  is iden t ica l  to that  d e sc r ib e d  in Method 1 except  the  t e s t  spec im en  

includes only the canopy. Since the  joint and the  s t r u c tu r e  a t tach ing  the 

canopy to the  veh ic le  a r e  not t e s t e d ,  an eng ineer ing  an a ly s i s  is r e q u i r e d .

If the canopy is mounted to the main  veh ic le  f r a m e  and m ee ts  specif ied  

design g u ide l ines ,  no ana lys is  of the  veh ic le  f r a m e  is r e q u i r e d .  An 

eng ineer ing  an a ly s i s  of the  veh ic le  f r a m e  is r e q u i r e d  for  designs  not 

meeting  th e s e  r e q u i r e m e n t s .

Option B of the FOPS T es t  P r o c e d u r e  (Appendix A3) p r e s e n t s  a 

s t e p - b y - s t e p  sequence  for conducting th is  t e s t .

Method 3 — A noncom puter  ana lys is  of the canopy,  a t tachm en t  

jo ints  and veh ic le  c h a s s i s  is re q u i re d  with Method 3. The de ta i l s  of the 

ana lys is  p ro c e d u re  a re  d e sc r ib e d  in the  FOPS Design Guide (Appendix A2).

In g e n e ra l  the ana lys is  r e s u l t s  m ust  d e m o n s t r a te  that  the  FOPS can

V _ ___________________________________________________________________________________________________________' T O S * .
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e la s t ic a l ly  suppor t  a s ta t i c  load of 36 ,000 pounds applied to the  plan view 

a r e a  of the canopy top within the  middle  ninth of the  plan view a r e a .

Specified sa fe ty  f ac to r s  a r e  r e q u i r e d  for  the  a t tachm en t  jo in ts .  If the 

canopy is mounted to the  main  veh ic le  f r a m e  and m e e ts  specif ied  design 

g u ide l ines ,  no ana lys is  of the  veh ic le  f r a m e  is r e q u i r e d .

Method 4 — A com puter  an a ly s is  of the  canopy and noncom puter  

ana lys is  of the a t tachm en t  s t r u c tu r e  and v eh ic le  c h a s s i s  is r eq u i re d  with 

Method 4. This  method of cer t i fy ing  the s ta t ic  top load r e q u i r e m e n t  is 

outlined in the FOPS Design Guide (Computer  Method) (Appendix A2).

As d e sc r ib e d  in the Design Guide, the c o m p u te r  p r o g r a m  CANOPY can 

be ut i l ized if the p r o g r a m  is modified to include p la te  e lem en ts  and 

buckling checks  of the  s t r u c tu r a l  m e m b e r s .
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APPENDIX A2

FOPS DESIGN GUIDES

The p r o c e d u r e s  p re s e n te d  in th is  appendix w e re  developed as  

guidel ines fo r  analy t ica l ly  cer t i fy ing  the  s t r u c t u r a l  in te g r i ty  of fa l l ing 

object  p ro tec t iv e  s t r u c t u r e s  (FOPS) fo r  u se  in m e ta l -n o n m e ta l  m in e s .  

The p r o c e d u r e s  a r e  applicab le  to FO PS ins ta l led  on the following type 

of equipment used  in s u r f a c e  m ines  and s u r f a c e  a r e a s  of underg round  

m ines :

•  T r a c k - ty p e  or  wheeled f ro n t -e n d  lo a d e r s

•  Dozers

•  T r a c t o r s  (excluding over  the road  type t r a c t o r s )

•  Motor g r a d e r s

•  P r i m e  m o v e r s

Methods of d e te rm in in g  in te rn a l  loads and s t r e s s e s  in the  canopy 

top p la te ,  b eam  m e m b e r s  and suppor t  co lumns a r e  d e s c r ib e d .  Safety 

fac to r  r e q u i r e m e n t s  fo r  the canopy and a t tach m en t  jo in ts  a r e  a lso  s p e c i 

fied. Severa l  co m p u te r  p r o g r a m s  a r e  c o m pared  and a p r a c t i c a l  method 

of com pute r  an a ly s i s  is  r e c o m m e n d ed .

G enera l  Approach fo r  De term in ing  In te rn a l  Loads of FOPS Designs

Most p ro tec t iv e  canopies  a r e  s ta t ica l ly  in d e te rm in a te  s t r u c t u r e s .  

T h e re fo re  r e a c t io n s  and in te rn a l  loads  cannot be d e te rm in e d  f r o m  the
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conditions for  s ta t ic  eq u i l ib r ium .  A r ig o r o u s  solut ion for  a s t r u c tu r e  

with mult ip le  redundancy  is quite complex  and usua l ly  be s t  approached  

with a c o m pu te r  method.

What a l t e r n a te  a p p ro a ch e s  a r e  fea s ib le  for  the  ana lys t  that  does

not have a com pu te r  o r  com p u te r  p r o g r a m  avai lab le  ? The a n sw e r  to th is  

quest ion depends som ew hat  on the  configura t ion  of the  canopy and a t t a c h 

ment s t r u c tu r e .

Some fo u r -p o s t  canopies  can be  analyzed  by the methods  p re s e n te d

in B ure au  of Mines Repor t  of Inves t ig a t io ns ,  RI7799, "E la s t i c  P la n e  

F r a m e  Analysis  of S e m is y m m e tr i c  Cabs and Canopies Used on U n d e r 

ground E le c t r i c  F a c e  E q u ip m e n t . "  This  r e p o r t  d e s c r ib e s  methods  by 

which som e  t h r e e - d im e n s io n a l  space  f r a m e  p ro tec t iv e  canopies  can be 

analyzed by employing the  th eo ry  of p lane  f r a m e  a n a ly s i s .  C e r ta in  g eo 

m e t r i c  a r r a n g e m e n ts  m us t  be p r e s e n t  to enable  r e a so n a b ly  a c c u ra te  

approx im at ion  of t h r e e - d im e n s i o n a l  behav io r :

1) The canopy m ust  be s y m m e t r i c  about at l e a s t  one p lane .

2) S t ru c tu re s  with one o r  m o r e  top m e m b e r s  in the  long 

d i rec t io n  tha t  do not f r a m e  into the columns should be 

a p p ro x im a te ly  twice  as long as they a r e  wide and have 

two o r  m o r e  in te rn a l  top m e m b e r s  in the  sh o r t  d i rec t ion .

3) Canopies  with s y m m e t r i c  tops  that  have se t s  of legs  that 

do not v a ry  in length m o r e  than  10% m ay  be t r e a te d  as 

s y m m e t r i c  about one p lane .

Even when the r e q u i r e d  g e o m e t r i c a l  configura t ions  a r e  p r e s e n t

a pprox im at ions  m us t  be  m ade  to  r e d u c e  the s t r u c t u r e  to a s e r i e s  of 

in te rco n nec ted  p lane  f r a m e s .  All m e m b e r s  in the  loaded plane of the 

s t r u c tu r e  that  do not f r a m e  into columns a r e  modeled  as  s im ply  suppor ted

V
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b e a m s .  T h ese  a pprox im at ions  ignore  the m o m e n ts  at the  ends of in te rn a l  

top m e m b e r s ,  which in troduce  sm a l l  e r r o r s  in ca lcu la t ion  of r e s u l ta n t  

s t r e s s e s .  To account  for th e s e  e r r o r s  sa fe ty  f a c to r s  m us t  be  applied 

to the  computed e la s t ic  s t r e n g th .  Safety f a c to r s  rang ing  f ro m  1.05 to 

1.33 a r e  reco m m e n d ed  depending on the g e o m e t r i c a l  configura t ion  of the 

canopy.

Two-post  p ro tec t iv e  canopies  a r e  in c re a s in g ly  po p u la r  on th e se  

equipment types .  The tw o-pos t  configura t ion  does not m ee t  the  g e o m e tr ic  

r e q u i r e m e n t s  as  d e sc r ib e d  p re v io u s ly .  In m ost  c a s e s ,  h o w e v e r ,  th e s e  

designs  a r e  e a s i e r  to evaluate  s ince  the  d e g re e  of redundancy  is lo w e r .

Genera l ly  the suppor t  c o lu m n s ,  m e m b e r s  AB and CD shown in 

F ig u r e  A2-1 ,  can be  evaluated us ing  the following approach .

D I F

F ig u r e  A2-1.  T w o -P o s t  Canopy

V________________________________too*.
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Compute the to ta l  load applied to the canopy, 

T L  = (p)(L)(W)

w here

p = D is t r ibu ted  fo rce  

L = Length of canopy top 

W = Width of canopy top

The suppor t  co lumns should be analyzed a cco rd in g  to the specif ied  

buckling p r o c e d u r e  in the  sec t ion  enti t led "Buckling.  " The conse rva t iv e  

approx im at ion  of the  applied s im p le  b e a m  bending moment  for  each 

m e m b e r  is:

M 1 = (0. 50)( T L ) ( L /2)

The applied c o m p r e s s iv e  load ,

P  = (0. 50)(TL)

After  computing and P  the fac to r  of sa fe ty  can be de te rm ined  by c o m 

plet ing  the buckling ana ly s is  p r o c e d u r e .

The roof  r e in fo rc e m e n t  beam  m e m b e r s  can usua l ly  be analyzed 

by m aking c o n se rv a t iv e  load d is t r ibu t ion  e s t im a te s  to r e d u c e  the deg ree  

of redundancy .  As an e x am p le ,  c o n s id e r  m e m b e r  BE  which m ust  t r a n s f e r  

a po r t io n  of the  bending loads due to the  roof  overhang  to the support
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p o s t s .  An unco nse rv a t iv e  e s t im a te  would be that  m e m b e r s  B E ,  GK and 

DF each c a r r y  1/3 of the  applied overhang  load.  M em ber  GK would not 

c a r r y  an equal s h a r e  of the  load s ince  it does not a t tach  d i rec t ly  to a 

suppor t  co lumn. T h e r e fo r e  overlapping  a ssu m p t io n s  should be m ade  to 

a s s u r e  c on se rva t ive  r e s u l t s .  M em ber  BE wil l be a s su m e d  to r e a c t  

1/2 of the to ta l  load and m e m b e r  GK will r e a c t  1/3 of the  to ta l  load.

can be p e r f o r m e d  quickly and econom ica l ly  while s t i l l  obtaining r e s u l t s  

leading to a safe  design .  O ther  m o r e  r ig o ro u s  techniques  based  on 

s t i f fn ess  co n s id e ra t io n s  a r e  accep tab le  and r e s u l t  in l igh te r  weight 

s t r u c t u r e s .

Top P la te

The canopy top pla te  m ust  be designed to p ro tec t  the  veh ic le  

o p e ra to r  f ro m  pene t ra t ion  of the  fal l ing object  and to d i s t r ib u te  the applied 

u n i fo rm  loads to the  roof  support  m e m b e r s .  The p ro b le m  of local  p e n e 

t r a t io n  is a d d re s s e d  in the  FOPS C er t i f ica t ion  P r o c e d u r e  with specif ied 

design gu idel ines  and tes t ing  r e q u i r e m e n t s .  The p r o c e d u r e  fo r  ve r i fy ing  

the  s t r u c tu r a l  adequacy of the top p la te  to  d i s t r ib u te  loads to the roof  

suppor t  m e m b e r s  is p re sen te d  in the following p a r a g r a p h s .

of 74,000 pounds divided by the plan view a r e a  of the roof  applied over  

the plan view a r e a  of the  roof.  The top p la te  is e ffect ively divided into 

s e v e r a l  s m a l l e r  p la tes  by roof  r e in fo rc e m e n t  b eam  m e m b e r s .  The 

length and width of the p la tes  is d e te rm ined  by the  spac ing  of these  b e am  

m e m b e r s .  The edge fixity of the  p la te s  is dependent upon the bending 

s t i f fness  of the  b eam  on which the p la te  r e s t s .

Methods for  de te rm in in g  edge fixity conditions and p la te  s t r e s s e s  

a r e  p re s e n te d  in the B ureau  of Mines Repor t  of Inves t iga t ions ,  RI7799,

This  exam ple  is included to i l l u s t r a t e  the  type of a n a ly s i s  which

The canopy roof  p la te  m ust  suppor t  a un i fo rm ly  d is t r ibu ted  load

V
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"E la s t ic  P lane  F r a m e  Analyses of S e m is y m m e tr i c  Cab and Canopies 

Used on Underground E le c t r i c  F a c e  E q u ip m en t ,"  pages 36 and 37. 

Equation D - l  e s t a b l i s h e s  H ,  the p a r a m e t e r  indicat ing  the  s t reng th  of 

suppor t ing  b e am  with r e s p e c t  to the  p la t e ,  which is r e q u i r e d  to define 

the  edge fixity condition of the p la te .  The m ax im u m  s t r e s s  in a r e c t a n 

gu lar  p la te  suppor ted  along all  four edges can be computed f ro m  

fo rm ula  D-2. Equation D-3 defines the  r e la t io nsh ip  for  d e te rm in in g  the 

m ax im u m  s t r e s s  for  a p la te  suppor ted  on two opposi te  s ides  and f r e e  on 

the  o th e r s  which is equivalent  to  the  re la t io n sh ip  for a pinned end b e a m .

A safety  fac to r  of 1 .0  or g r e a t e r  b a sed  on the  m in im u m  te n s i le  

yield s t reng th  of m a te r i a l  is r e q u i r e d  for  the top p la te .  The safe ty  f ac to r  

is computed a s  follows:

F,
ty

a
P

w h ere

= M a te r ia l  m in im um  te n s i l e  s t reng th

<j = Maximum s t r e s s  in p la te  
P

Evaluat ion  of S t r e s s e s

S t r e s s e s  should be computed for  al l  c r i t i c a l  points in the FOPS 

s t r u c t u r e .  The applied or  induced s t r e s s e s  m ust  be  d e te rm ined  and 

co m p a red  to the  allowable  s t r e s s  of the  m a t e r i a l  to e s tab l ish  the safety  

f a c to r .  The p r o c e d u r e  for  obtaining the safe ty  f ac to r  is s t r a ig h t fo rw a rd
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for  a un id irec t iona l  applied s t r e s s ,  but b e c o m e s  m o re  com pl ica ted  for  

combined s t r e s s e s .  F o r  the  un id i rec t io na l  case :

FSF = —

w here

F = Allowable s t r e s s  

f = Induced s t r e s s

F o r  the combined s t r e s s  condition:

f f ' f f 
p  „ _R - J Z i  R - _ b 2 _  p  . s

a F a b l  Fx b2 Fx s Fty ty ty su

w here

R = Axial,  bending and s h e a r  s t r e s s  r a t io s

F = Minimum te n s i le  y ield  s t ren g th  of m a te r i a l

f^ = Induced bending s t r e s s  in 1 and 2 d i rec t ions

F = Minimum u l t im a te  s h e a r  s t ren g th  of m a t e r i a lsu &

f = Induced s h e a r  s t r e s s  due to d i rec t  s h e a r  and
to r s io n a l  moment
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The re su l t in g  safety  fac to r  is:

SF 1

Buckling

The suppor t  co lum ns of the  canopy m ust  be  checked for co l lapse  

due to buckling.  A s im pli f ied  ap p ro x im a te  method of a d d re s s in g  the  

buckling p ro b le m  is p r e s e n te d  below.

The bending moment  in a b eam  column with a c o m p r e s s iv e  load P

is de r iv ed  f r o m  the bending moment in a s im p le  b e a m  with no axia l  load 

by the following re la t ionsh ip :

M = Bending moment in the  b e a m  column

= Bending moment  in a s im p le  b e a m  r e s i s t i n g
the s a m e  loading without c o m p r e s s iv e  load P

P  = Applied c o m p r e s s iv e  load

2 2P = E u le r  buckling load ,  tt E I /L

E = Modulus of e la s t ic i ty

I = Moment of in e r t i a

M
1 - ( P / P  )c r

w h ere

L = Column length 

A2-8
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The e xam p le ,  F ig u re  A 2 -2 ,  f u r th e r  i l l u s t r a t e s  the approach:

M

F ig u r e  A2-2 .  B eam  Buckling. Exam ple

3 .0  in .  s te e l  pipe

L = 80 in

A = 21,228 in

I = 3 .017 in.

C 1.75 in.

E = 29 x 10 ps i

F, = 36,000 psi  
t y

Loads and rea c t io n s

P = 25,000 1b

M = 40 ,000 i n . - l b

M 1 40,000
R 1 = R 2 L 80 = 500 lb

A2-9



Compute  the  E u le r  buckling load ,

p  = ¿ E I  = ( , 2 )(29 X 106 )(3.017) = 134>925 1b

L 2 (80)

The bending m om ent  in the  b e am  co lum n,

1
M 40 ,000

1 - ( P / P  ) " 1 - (25 ,000 /134 ,925)  ~ ' m * “c r

Compute  the  applied b e am  column bending s t r e s s ,

_ Me _ (49 ,097X1.75)  _ 
fb - i - 3 . 017 " ±28 .478 pSi

Compute  the  ax ia l  c o m p r e s s iv e  s t r e s s ,

f  p  = o = _ 11>220 p s i
a A 2 .228  H

T h e r e fo r e  s t r e s s  r a t i o s  can be d e te rm in e d  as follows:

P _ a _ 11,220 _
Ra - F t " 36 ,000  '  ° - 312

t y

b _ 28 ,478  _
Rb '  F ’ 36,000 '  ° ' 791

t y

A2-10
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The re su l t in g  safety  fac to r  i s ,

SF R + R 0 .312  + 0.791 ° - 907
a b

Compute the allowable  axia l  load ,

P  __ = (SF)(P) = (0. 907)(25,000) = 22,675 1ballow.

These  r e s u l t s  show that  the exam ple  b e a m  cannot withs tand the 

applied c o m p r e s s iv e  load of 25 ,000 pounds and the 40 ,000  i n . - l b  end 

m o m en t .  The m ax im u m  allowable  axia l  c o m p re s s io n  load is 22,675 pounds ,  

ap p rox im ate ly  10% under  the applied value.

F o r  p u rp o se s  of i l lu s t ra t in g  the  need fo r  r e q u i r in g  a buckling 

check in the an a ly s i s  p r o c e d u r e ,  rec o m p u te  the  safety  fac to r  fo r  the 

exam ple  without cons ider ing  buckling .  Compute  the applied bending 

s t r e s s ,

_ Me (40,000X1.75)
fb " T ~  - ------ 3TÒT7-----------±23 ,202  psi

The s t r e s s  r a t io  is de te rm in ed  a s ,

J b _  = 23,202 =
Kb F 36 ,000 U‘b44

t y
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Since the  ax ia l  s t r e s s  r a t io  does not change ,  the safety  fac to r  i s ,

SF ~ R + R 0 .312  + 0 .644  1,046a b

Recompute  the  a l lowable  axial  load ,

P  „  = (SF)(P) = (1 .046)(25,000) = 26 ,150 1ballow.

The m ax im u m  allowable  axia l  c o m p r e s s io n  load as p red ic ted  by 

the  p ro c e d u re  not including a buckling  c o r r e c t io n  is  26,150 pounds; o r  

about 5% over  the  induced load of 25 ,000 pounds.  An analys t  would 

t h e r e f o r e  i n c o r r e c t ly  ce r t i fy  that  the  m e m b e r  had a 1.046 pos i t ive  safety  

f a c to r  when in fact  the  safety  f ac to r  is  0 .907  and the m e m b e r  would l ikely 

fai l  at a load 15% below p red ic t io n .

This  exam ple  c le a r ly  shows the  need for  a buckling an a ly s i s .  

S t ru c tu ra l  m e m b e r s  with h igher  s l e n d e r n e s s  r a t i o s  will show c o n s i d e r 

ably g r e a t e r  d i f fe rences  be tween  an a ly se s  which do and do not include 

buckling c o r r e c t io n .

C om pute r  Method of FOPS Analysis

The r e s u l t s  of th is  study indica te  that  a c o m p u te r  method of 

cer t i fy ing  canopy s t r u c tu r e s  is f ea s ib le .  A cost  effect ive  and techn ica l ly  

a ccep tab le  method would,  h o w e v e r ,  r e q u i r e  addit ional  com pute r  p r o g r a m  

development  e ffor t .

Two com pute r  p r o g r a m s  w e re  evaluated  dur ing  the  study:

1) CANOPY — A co m p u te r  p r o g r a m  for  the  s t r u c tu r a l  

a n a ly s is  of a s p a c e - f r a m e  p ro te c t iv e  canopy.

V
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2) E l a s t i c / P l a s t i c  SAP — A non l inear  g e n e ra l  an a ly s i s  

p r o g r a m .

D esc r ip t ion  of CANOPY

The com pu te r  p r o g r a m  CANOPY was developed at the  U .S .  

B u reau  of Mines P i t t sb u rg h  T echn ica l  Support C e n te r .  Informat ion  

C i r c u l a r  8546 w r i t te n  by Stephen G e ra rd  Sawyer d e s c r ib e s  the  p r o g r a m .

a canopy for  a v a r i e ty  of s ta t ic  loading condit ions .  S t r e s s e s  in ,  and 

d isp lac em e n ts  of ,  each s t r u c tu r a l  m e m b e r  a r e  computed and p r in ted  out. 

Addi t ional ly ,  ident if icat ion of a l l  m e m b e r s  that  have  com m enced  y ie ld ing ,  

weight of the  canopy,  to ta l  loads  on the  canopy ,  and m ax im um  loads  that  

the  canopy can sus ta in  e la s t ic a l ly  a r e  output.

method of ana lys is  to d e te rm in e  a s t r u c tu r e s  e la s t ic  r e s p o n s e  to s ta t ic  

loadings .  Axia l ,  bending ,  sh e a r in g ,  and to r s io n a l  de fo rm a t io n s  a r e  

cons idered  in the solution ro u t in e s .  The p r o g r a m  is divided into 

five phases  as follows: compila t ion  of s t r u c tu r e  da ta ,  fo rm a t ion  of 

s t i f fness  m a t r ix ,  compila t ion  of load d a ta ,  ca lcula t ion  of joint d i s p l a c e 

m e n t s ,  and ca lculat ion of m e m b e r  s t r e s s e s .

D esc r ip t ion  of E l a s t i c / P l a s t i c  SAP

The com pu te r  p r o g r a m  SAP was developed at the  U nivers i ty  of 

Ca l i fo rn ia  at B e rk e ley  by Dr.  Edward Wilson. P la s t i c  rou t ines  w e re  

added by Woodward A sso c ia te s  p e r s o n n e l  fo r  the  U.S .  A rm y  Mobility 

Equipment  R e s e a r c h  and Development  C e n te r .

SAP is a gen e ra l  p u rp o se  f inite  e lem en t  s t r u c t u r a l  an a ly s is  p r o 

g ra m  for  the  s ta t ic  and dynamic r e s p o n s e  of l in e a r  t h r e e - d im e n s io n a l

The p r o g r a m  p e r m i t s  r ap id  ca lcu la t ion  of the  e la s t ic  s t ren g th  of

CANOPY is  a s p a c e - f r a m e  p r o g r a m  which u s e s  the  s t i f fness
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s y s t e m s .  E l a s t i c / P l a s t i c  SAP a lso  inc ludes  ro u t in es  to analyze  

non l inear  de fo rm a t ion  of b e a m s  and p la te s  and g e o m e t r i c  c o r r e c t io n s  

for  l a r g e  d i sp la c e m e n ts .  The p r o g r a m  is w r i t ten  to analyze  s t r u c tu r e s  

which a r e  idea l ized  by combinat ions  of s t r u c tu r a l  e lem ent  type as follows:

1) T h re e -d im e n s io n a l  t r u s s  m e m b e r

2) T h r e e -d im e n s io n a l  b e a m  e lem ent

3) P la n e  s t r e s s  m e m b ra n e  e lem ent

4) T w o -d im en s ion a l  finite e lement

5) T h re e -d im e n s io n a l  solid e lement:  8 nodal  b r ick

6) P la te  and she l l  e lem en ts  (quodr i la te ra l )

7) Boundary  e lem ent

8) T h re e -d im e n s io n a l  th ick she l l  e lem ent  (16 notes)

9) T h re e -d im e n s io n a l  be am  e lem ent  (plas t ic  modif ication)

10) P la n e  s t r e s s  m e m b r a n e  e lem en t  (plas t ic  modification)

T h e re  is p ra c t ia l ly  no r e s t r i c t i o n  on the  n u m b er  of e le m e n ts  u s e d ,  

the nu m b er  of load c a se s  or  the bandwidth of the  s t i f fness  m a t r ix .  Each 

nodal point in the sy s te m  can have f ro m  ze ro  to  six  d isp lacem en t  d e g re es  

of f r ee d o m .

The e la s t ic  solution rou t ine  beg ins  by fo rm in g  a s t r u c tu r a l  s t i f f 

n e s s  m a t r ix .  The an a ly s is  is  continued by solving the  equations of 

equ i l ib r ium  followed by computat ion of e lem ent  s t r e s s e s .

The p r o g r a m  conta ins  an e lem ent  modif ica t ion  technique  which 

c a u se s  specif ied  t h r e e - d im e n s io n a l  b e a m  e le m e n ts  to r e sp o nd  as  e la s t i c /  

p la s t i c  b e a m s .  This  is  accom pl ished  by r e p la c in g  the  modulus of

V
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e la s t ic i ty  of th e s e  e lem en ts  with one that  r e f l e c t s  the  com pos i te  effect 

of d i s t r ibu ted  e la s t ic  and p la s t i c  r e s p o n s e s  throughout  the c r o s s  sec t ion  

of the  b e a m .  The effective modulus d e r ived  in th is  m a n n e r  r e p r e s e n t s  

the  secan t  modulus which would be obtained in the  e la s t ic  p la s t ic  sec t ion  

when the  loca l  loads a r e  r e a c t e d .  Solutions a r e  obtained by applying the 

loads in in c re m e n ts  and by i te ra t in g  each load s tep  to obtain convergence .  

This  p e r m i t s  evaluat ion of b e am  s t r u c t u r e s  th rough  a r a n g e  of loads 

w here  in the  individual  b e a m s  a r e  p a r t i a l ly  e la s t ic  and p a r t i a l ly  p la s t i c .  

Once a b eam  b e co m es  incapable  of suppor t ing  the applied lo a d s ,  the  

convergence  p r o c e s s  will fai l  and the  solut ion will t e r m in a t e .  It is 

p oss ib le  to i n t e r p r e t  th is  solution t e rm in a t io n  as the co l lapse  load for  

the  s t r u c tu r e  whenever  the  p r i m a r y  m e m b e r s  a r e  r e s p o n s ib le  for  the  

f a i lu re .  In any even t ,  th is  fa i lu re  is  indicat ive  of com ple te  f a i lu re  of 

a m e m b e r  to support  addit ional  applied loads .

The p r o g r a m  a lso  contains a s i m i l a r  modif ica t ion technique for  

the  p lane  s t r e s s  m e m b ra n e  e lem en t .

C om par ison  of C om pute r  P r o g r a m s

The com pu te r  p r o g r a m s  CANOPY, SAP and E l a s t i c / P l a s t i c  SAP 

a r e  co m pared  in Table  A2-1 .  The in form at ion  contained in the  char t  is 

im por tan t  for  evaluating the  p r o g r a m s  for  p o ss ib le  u se  as a c e r t i f ica t ion  

m e th o d .

It is c l e a r ,  f rom  the  g e n e ra l  d e sc r ip t io n  and d isc u ss io n  of e lem ent

ty p es ,  that  the  p r o g r a m s  v a ry  widely in complexity  and capabil i ty .  In 

g e n e r a l ,  it is m ost  efficient  to u se  a p r o g r a m  which c lose ly  m a tches  the  

complexity  of the p ro b lem  to be analyzed .  Using a g e n e ra l  p u rp o se  

p r o g r a m  to analyze  a s m a l l  specif ic  p ro b lem  r e s u l t s  in w asted  m achine  

t i m e ,  o p e ra to r  effort  fo r  input and o p e ra to r  effort  to evaluate  the output

m s * .
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Table  A2-1.  C om par ison  of R O P S /F O P S  Com pute r  P r o g r a m s

CANOPY SAP ELASTIC/PLASTIC SAP

Description o Space frame elastic 
analysis

o Elastic finite element 
analysis

o Elastic/plastic finite element 
analysis

Element types o Beam o Truss, beam, membrane, 
2-D finite element, 3-D 
solid element, plate and 
shell, boundary, and 3-D 
thick shell.

o All SAP elastic elements 
o Beam and plate plastic elements

Required machine 
capacity

o 4 OK core storage o 300K core storage o 300K core storage

Input r e q u i r e 
ments

o Simple (6 hours/canopy) o Moderately complex 
(16 hours/canopy)

o Complex (20 hours/canopy)

Output data o Very easy to interpret o Computation of stresses 
from loads and moments 
required

o Stresses printed out. 
o Moderate interpretation 

required

Analyst r e q u i r e 
ment

o General engineer o Structural engineer o Structural engineer with b a c k 
ground in ROPS/FOPS analysis

Accuracy o Good with any space 
frame comprised only 
of beams

o Excellent in elastic 
range of material

o Excellent in elastic range 
o Acceptable in plastic range 

of material

Cost (Machine 
time)

o $5/canopy o $30/canopy o $200/canopy

Total cost 
(machine time and 
analyst )

o $200/canopy o $ 500/canopy o $800/canopy



data .  In c o n t r a s t ,  using  a p r o g r a m  of inadequate  capabil i ty  will r e s u l t  

in an in a c c u ra te  solution o r  e x ce ss iv e  input t im e  while a t tem pt ing  to 

fo rm u la te  a r e a l i s t i c  m a th e m a t i c a l  m odel .

The p r o g r a m  CANOPY is  l im i ted  to b e am  m e m b e r s  as c o n t ra s ted  

to ten  e lem ent  types  in E l a s t i c / P l a s t i c  SAP. The co m p u te r  ana lyses  

conducted dur ing  th is  study indicated that  beam  and pla te  e le m e n ts  a r e  

n e c e s s a r y  to adequate ly  eva lua te  a cab o r  canopy. P r o t e c t iv e  canopies  

a r e  gene ra l ly  c o ns t ru c ted  with r e c t a n g u la r  tub ing ,  sq u a re  tubing ,  round 

tubing ,  s q u a r e  b a r  s tock ,  o r  round b a r  s tock .  In any c a s e ,  th e s e  can 

be modeled as  b e am  m e m b e r s .

FOPS canopies  a lso  usua l ly  have s tee l  p la tes  cover ing  th e i r  tops .  

Enclosed  cabs u t i l ize  p la te s  ex tens ive ly .  Since a lm os t  al l  cabs and 

canopies  u se  p la tes  in t h e i r  c o n s t ru c t io n ,  it is ap p a ren t  that  a plate  

e lement  is  a v e ry  use fu l  com pute r  ana lys is  too l .  The co m p u te r  p r o g r a m  

CANOPY does not have  a p la te  e lement ;  t h e r e f o re  p la te s  m u s t  be modeled 

as equivalent  b e am s  o r  not included in the  a n a ly s i s .  Both of th ese  a l t e r 

na tes  can r e s u l t  in poor  a cc u ra c y  and ex t ra  input e ffor t .  SAP includes 

a p la te  e lement  which can be effect ively used in the  ana lys is  of cabs 

and c a n o p ie s .

The re q u i re d  com pu te r  s ize  is im por tan t  s ince  it a ffects  the  u s e 

fu lness  of the p r o g r a m  beca u se  of geograph ica l  locat ion .  The v e ry  l a r g e  

co m p u te rs  and data t e r m in a l s  a r e  genera l ly  only avai lab le  in l a rg e  

m et ropo l i tan  a r e a s .  The p r o g r a m  SAP r e q u i r e s  a l a r g e  CDC, IBM or  

UNIVAC machine  to handle  the co re  s to ra g e  r e q u i r e m e n t s .  A s m a l l e r  

com pu te r  can be used with CANOPY s ince  only a 40K c o re  s to ra g e  is 

needed.  This  is an im por tan t  fac to r  if the com pute r  ana ly se s  a r e  going 

to be conducted by mine  companies  which a r e  commonly located  in r e m o te  

geograph ica l  a r e a s .



A
The data  input r e q u i r e m e n t s  fo r  CANOPY a r e  s t r a ig h t fo rw a rd

and eas i ly  in te r p r e t e d .  An ana lys t  should be able  to input a s im p le  

canopy p ro b lem  in a p p ro x im a te ly  six  h o u r s .  The input for  SAP is  m o re  

complex and would r e q u i r e  an e s t im a te d  16-20 m a n h o u rs .  A m o re  

exper ienced  analyst  is needed s ince  the  input r e q u i r e s  m o r e  in te rp re ta t io n .

of the  in fo rm at ion  n e c e s s a r y  to adequate ly  evaluate  a p ro tec t iv e  canopy. 

The output of SAP includes  only bending m om ents  and f o r c e s .  S t r e s s e s  

and a s so c ia te d  safe ty  f a c to r s  m ust  be  d e te rm in e d  by the  ana lys t .  E la s t i c /  

P l a s t i c  SAP computes  and p r in t s  out all  s t r e s s  data  for  b e a m s ,  but it 

does not evaluate  sa fe ty  fa c to r s  or  load capabil i ty  of the canopy.

iden t ica l  p r o b le m s  and co m p a r in g  the so lu t ions .  The r e s u l t s  c o r r e la t e d  

c lose ly  for  p ro b le m s  fal l ing within the  l im i ta t io n  bounds of CANOPY.

No a t tem pt  was m ade  to evaluate  CANOPY for  configura t ions  with p la te s  

s ince  the  a c c u ra c y  would depend la rg e ly  on input model  s im ula t ion .

g rad ua te  o r  p e r s o n  exper ienced  in s t r u c t u r a l  a n a ly s i s  to  conduct ana ly se s  

of p ro tec t iv e  s t r u c t u r e s .  E l a s t i c / P l a s t i c  SAP r e q u i r e s  a S t ruc tu ra l  

E ng ineer  with a background in p la s t i c  a n a ly s i s .  The analyst  m ust  p r e 

judge points  of high s t r e s s  and input p la s t i c  b e a m  e le m e n t s .  If h is  ju d g 

ment is i n c o r r e c t ,  and an e la s t ic  b e a m  exceeds  the  p ro po r t ion a l  l im i t  of 

the  m a t e r i a l ,  the com pu te r  solut ion m u s t  be  r e p e a te d  at addit ional  o v e ra l l  

cost .

p r o g r a m .  The to ta l  cost  includes  com pute r  m ach ine  t im e  cos ts  and lab o r  

cos ts  a s so c ia te d  with the  ana lys t  p r e p a r in g  the input data and in te rp re t in g  

the output r e s u l t s .  The e s t im a te d  cost  fo r  a com p u te r  ana ly s is  of an

As d i sc u sse d  p re v io u s ly ,  the output f r o m  CANOPY includes m os t

The a c c u ra c y  of CANOPY and SAP was e s tab l ish ed  by inputting

The p r o g r a m  CANOPY could be used  by any g e n e ra l  eng ineer ing

O vera l l  cost  is an im por tan t  co ns id e ra t io n  in se lec t in g  a com pute r

H A .
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a v e ra g e  canopy configura t ion  us ing  the p r o g r a m  CANOPY would be $200, 

c o m p r i se d  of $5 m achine  t im e  and 10 l ab o r  h o u r s .  As a d i r e c t  c o m p a r i 

son ,  the sa m e  ana ly s is  us ing  SAP would cost  about $500, including $30 of 

m achine  t im e  and 20 lab o r  h o u r s .  A m o r e  ex tens ive  p la s t i c  ana lys is  

us ing  E l a s t i c / P l a s t i c  SAP would cost  app ro x im a te ly  $800.

In s u m m a r y ,  it a p p e a r s  that  s ince  a p l a s t i c  a n a ly s i s  is not r e q u i r e d  

as p a r t  of the c e r t i f ica t io n  c r i t e r i a  the  u se  of E l a s t i c / P l a s t i c  SAP is not 

w a r r a n te d .  The e la s t ic  p r o g r a m  SAP is  tech n ic a l ly  accep tab le  as a 

c e r t i f ica t io n  m ethod.  H ow ever ,  the  e s t im a te d  cost  for  p e r f o r m in g  a 

com ple te  ana lys is  of a canopy is 2 .5  t im e s  that  of us ing the  p r o g r a m  

CANOPY. The lack  of a p la te  e lem ent  in the  c u r r e n t  v e r s io n  of CANOPY 

p r e s e n t s  a t e c h n ica l  def ic iency .  CANOPY a p p e a rs  to be  the  b e s t  c o m 

p u te r  p r o g r a m  fo r  a c e r t i f ica t io n  tool  if the changes  r e c o m m e n d e d  in the 

following sect ion  a r e  i n c o rp o ra te d .

Recom m ended  Com pute r  P r o g r a m  Changes

Two modif ica t ions  should be added to the  com pute r  p r o g r a m  

CANOPY to m ake  it a t echn ica l ly  accep tab le  method fo r  cer t i fy ing  p r o 

tec t ive  canopies .  The two re c o m m e n d e d  addit ions a re :

loads and o u t -o f -p lane  bending loads .  S t r e s s e s  should be p r in ted  for  both 

su r f a c e s  at the c e n te r  of the  p la te .

The r e c o m m e n d ed  buckling rou t ine  should be based  on g e n e ra l  

b e a m  column th e o ry .  L a t e r a l  deflect ions  which change the  m oment  a r m s  

of the  ax ia l  c o m p re s s io n  f o rc e s  would be c o n s id e re d .  T h e r e f o r e ,  the

1) P la te  e lement

2) B eam  buckling p red ic t ion

As a m in im u m ,  the  p la te  e lem ent  should handle  in -p lane  m e m b r a n e

V
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c r i t i c a l  buckling load would be d e te rm in e d  for  each b e a m  element  in the  

model  us ing  the  p r i m a r y  bending m om ent  as  p red ic te d  by CANOPY and 

the  se co nd a ry  (axial load induced) bending m o m en ts  computed within the  

new rou t ine .

The p la te  and buckling m odif ica t ions  should be included as  a s u b 

rou t ine  to the  ex is t ing  CANOPY p r o g r a m .  T h ese  changes  would not add 

signif icant ly  to  the  complexi ty  of the p r o g r a m  s ince  they  would not affect 

the  s t i f fness  m a t r ix .  The addit ion of the p la te  e lem ent  would add s l ightly  

to the  input complex i ty .  No addit ional  input data  would be r e q u i r e d  for  

the  buckling ro u t in e .  The output should be s t r u c tu r e d  to  be d i rec t ly  

applicab le  to evaluat ing  canop ies .

Additional C ons ide ra t ions

The m ethods  p re s e n te d  in th is  appendix a r e  guidel ines to help the 

ana lys t  in s e v e r a l  of the  im p or tan t  a r e a s  of FOPS design .  It m ust  be 

em phas ized  tha t  o ther  m ethods based  on sound eng ineer ing  p r inc ip le s  a r e  

accep tab le  and in som e  c a s e s  m o r e  a c c u r a t e  than  the  m ethods  outlined 

h e r e .  Sound methods of an a ly s i s  depend on the  configura t ion  of the FO PS.  

A complete  an a ly s i s  p e r f o r m e d  by a com peten t  eng ineer  should be s u b 

m it ted  for  each design to be cer t i f ied  by a n a ly s i s .  In addi t ion ,  the c r i 

t e r i a  spec i f ied  in Appendix A1 m ust  be  m e t .

m a .
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APPENDIX A3

FOPS TEST PROCEDURE

The t e s t in g  p r o c e d u r e  specif ied  in th is  document was developed

as a method of ce r t i fy ing  the s t r u c t u r a l  in tegr i ty  of fa l l ing object  p r o 

tec t iv e  s t r u c t u r e s  (FOPS) fo r  u se  in m e ta l -n o n m e ta l  m in e s .  The p r o 

c edure  is app licab le  to FOPS ins ta l led  on the following type of equipment 

used  in s u r f a c e  m ines  and s u r f a c e  a r e a s  of underg round  m ines :

•  T r a c k - ty p e  o r  wheeled f ro n t -e n d  lo a d e r s

•  Dozers

•  T r a c t o r s  (excluding ove r  the road  type t r a c t o r s )

•  Motor g r a d e r s

•  P r i m e  m o v e r s

Two te s t in g  p r o c e d u r e  options a r e  p r e s e n t e d .  Option A includes

a s ta t ic  t e s t  of the  e n t i r e  FOPS including p ro tec t iv e  canopy,  a t tachm ent  

j o in t s ,  veh ic le  c h ass i s  and a x le s .  T es t ing  of som e  of the  FOPS co m p o 

nents  or  the  canopy alone is r e q u i r e d  with Option B. The r e m a in d e r  of 

components  m ust  be ce r t i f ied  with eng ineer ing  ca lcu la t ions  o r  by m ee t ing  

c e r ta in  specif ied  and re q u i r e d  design  guidel ines .

Option A

A s ta t ic  t e s t  of the e n t i r e  FOPS including p ro te c t iv e  canopy, 

a t tachm ent  j o in t s ,  vehic le  c h a s s i s  and axles  is spec i f ied .  In addit ion,  

s e v e r a l  des ign  and fabr ica t ion  r e q u i r e m e n t s  m ust  be m et .  The
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r e q u i r e m e n t s  a r e  b r ie f ly  s u m m a r i z e d  below and d e sc r ib ed  in the  FOPS 

Cer t i f ica t ion  P r o c e d u r e  (Appendix Al) .

•  The canopy and a t tachm en t  s t r u c t u r e  m u s t  be fab r ica ted  

with s t e e l  m ee t ing  spec i f ied  Charpy V-notch impact  

s t r e n g t h s .

•  The A m e r ic an  Welding Society spec i f ica t ion  fo r  welding 

r o l l - o v e r  and fa l l ing  object  p ro tec t iv e  s t r u c t u r e s  m ust  

be  followed dur ing  f a b r ic a t io n  and in s ta l la t ion  of the 

canopy and a t tachm en t  s t r u c t u r e .

•  The top of the canopy m u s t  m ee t  m in im u m  design gu ide

l ines  o r  be t e s te d  to SAE Recom m ended  P r a c t i c e s  J231. 

which spec i f ies  the  m in im u m  p e r f o r m a n c e  c r i t e r i a

fo r  FO PS.

•  A s ta t ic  load m ust  be applied n e a r  the c e n te r  of the 

p ro tec t iv e  s t r u c t u r e ' s  top.  The canopy will be ins ta l led  

on the  veh ic le  in the  n o r m a l  m a n n e r  and suppor ted  in 

the  t e s t  bay  at the  axle  loca t ion .

S tep-by-S tep  T es t  P r o c e d u r e  (Option A)

P r o t e c t iv e  canopies  a r e  r e q u i r e d  to e la s t ic a l ly  suppor t  a s ta t ic  

load of 36 ,000 pounds applied within the  middle  ninth of the  plan view 

a r e a  of the canopy top.  Detailed t e s t  r e q u i r e m e n t s  a r e  p r e s e n te d  in the  

following p a ra g r a p h s :

a. Tes t  P r e p a r a t io n

The canopy sha l l  be  mounted to the veh ic le  c h a s s i s  in 

the  s a m e  m a n n e r  as it is for  n o r m a l  ope ra t ion .  All 

a t tachm en t  m ethods  such as  weld ing ,  bolt types  and 

in s ta l la t ion  to rq u e  v a lues  sha l l  be in acc o rd a n c e  with



es tab l ished  p r o c e d u r e s .  The t e s t  spec im en  wil l include 

al l  of the  m a jo r  load c a r r y in g  s t r u c tu r a l  m e m b e r s  in 

the  load t r a i n  be tween the canopy top and the  a x le s .

The axles  of the  veh ic le  sha l l  be mounted to a r ig id  

p la t fo rm .  A r ig id  p la t fo rm  is defined as a s u r f a c e  of 

such f i r m n e s s  that  it cannot be p e n e t ra ted  o r  a p p rec iab ly  

deflected  dur ing  loading. O ther  suppor t  points  beyond 

the  axle loca t ions  m ust  be accom pan ied  by eng ineer ing  

ca lcu la t ions  which show that  they do not r e a c t  m o r e  than 

10% of the  applied s ta t ic  t e s t  load .

T es t  Loading

The canopy wil l be loaded within the  middle  ninth of its 

plan view a r e a  with a load equal to 36 ,000 pounds.  

Detailed exam ples  of th is  loading c r i t e r i o n  a r e  shown 

in MESA Informat ion  Repor t  IR 1002, "A T es t in g  P r o 

cedure  for the C er t i f ica t ion  of Underground P ro te c t iv e  

Cabs and C a n o p ie s . "

The loading r e q u i r e m e n t s  d e sc r ib e d  above a r e  adequate  

for  cer t i fy ing  m ost  canop ies .  In so m e  in s t a n c e s ,  

h o w e v e r ,  th is  loading location does not r e p r e s e n t  a 

r e a so n a b le  v e r i f ica t ion  of the canopies  funct ional  c h a r a c 

t e r i s t i c s .  An exam ple  is a canopy in which the vehic le  

o p e ra to r  is located  under  a c an t i lev e red  overhang  por t ion  

of the  roof .  It is a pparen t  f r o m  th is  example  that  a te s t  

with the load applied over  the middle  ninth of the  plan 

view a r e a  does not d e m o n s t r a te  the  s t r u c tu r a l  adequacy 

of the  design to p ro te c t  the o p e ra to r .
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A second te s t  is r e q u i r e d  when it is judged that the 

v e r t i c a l  deflect ion due to a load applied within the 

middle  ninth of the plan view a r e a  is l e s s  than  the 

p red ic te d  deflect ion when a load is applied over  the 

o p e ra to r .  In th is  c a se  the  load will be cen te re d  over  

the  head of the o p e ra to r  while in the  n o r m a l  opera t ing  

posi t ion  and can be d is t r ibu ted  within an a r e a  equal to 

one-ninth  of the plan  view a r e a  of the canopy top.  It is 

r e q u i r e d  that  th is  t e s t  sha l l  follow the c e n te r  load tes t  

and meet  deflection c r i t e r i a  e s tab l ish ed  for  the f i r s t  

t e s t .

c . In s t rum en ta t ion  A ccuracy  R e q u i re m e n ts

F o r c e  and deflect ion m e a s u r e m e n t s  a r e  r e q u i r e d .  The 

in s t ru m e n ta t io n  used  to m e a s u r e  fo rc e  applied to the 

canopy must  have  an a c c u ra c y  of ±5% of m ax im um  fo rce .  

The v e r t i c a l  deflect ion of the cen t ro id  of the loaded a r e a  

m ust  be  m e a s u r e d  to an a cc u ra c y  of +5% of m axim um  

deflect ion.  The above p e rc e n ta g e s  a r e  nom inal  ra t ings  

of the  a c c u ra c y  of the  in s t ru m e n ta t io n  and should not be 

taken  to ind ica te  that  com pensa t ing  o v e r t e s t  is r e q u i r e d .

d. M e asu rem en t  R e q u i re m e n ts

As a m in im um  the following m us t  be m e a s u r e d  and 

rec o rd ed :

1. The v e r t i c a l  deflect ion of the  cen t ro id  of the p r o 

tec t ive  s t r u c t u r e ' s  top which is caused  by the 

applica t ion  of the to ta l  load.

2. The value of the m ax im u m  load.

V.
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3. The r e s i d u a l  v e r t i c a l  deflect ion of the  cen t ro id  

of the  p ro te c t iv e  s t r u c t u r e ’s top a f te r  the load is 

r e m o v e d .  This  r e p r e s e n t s  the  p e rm a n e n t  v e r t i c a l  

deflect ion of the  canopy top.

4. If a t e s t  with the  load applied over  the o p e ra to r  is 

r e q u i r e d ,  m e a s u r e m e n t s  1 and 3 wil l be  taken  at 

the cen t ro id  of the load applica t ion .

Additional deflect ion m e a s u r e m e n t s  may be r e c o r d e d  at

va r io u s  load in c r e m e n t s  to m o r e  a cc u ra te ly  c h a r a c t e r i z e

the b ehav io r  of the FOPS.

e . T es t  Acceptance C r i t e r i a

The following c r i t e r i a  m ust  be m et  to su c ce ss fu l ly  p a s s

the  s ta t ic  top load te s t :

1. The r e c o rd e d  r e s id u a l  de fo rm at ion  as m e a su re d  in 

Steps d .3  o r  d .4  m us t  be l e s s  than  10% of the r e c o rd e d  

m ax im um  v e r t i c a l  deflection as m e a s u r e d  in Steps d. 1 

or d .4 .

2. V isib le  f a i lu re  of welds or  any s t r u c tu r a l  m e m b e r  is 

not p e rm i t t e d .

f . Special  C ons ide ra t ions

1. Should the r e s id u a l  deflection be g r e a t e r  than  10%, 

the canopy cannot be cer t i f ied  nor  r e t e s t e d  b ecause  

damaging p e rm a n en t  de fo rm at ion  of som e  of the 

s t r u c t u r e ' s  m e m b e r s  has  p robab ly  o c c u r r e d .

2. Two t e s t s  a r e  r e q u i r e d  for  ad jus tab le  canop ies .  The 

f i r s t  t e s t  should be conducted with the canopy in the

V
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highes t  posi t ion  and m us t  m ee t  the  accep tance  

c r i t e r i a  of Step e. The second te s t  will be  con 

ducted with the canopy in the  lowest  posi t ion .

3. Hydraulic  r a m s  or  cy l in d e rs  may be rep la ce d  with 

equivalently  stiff  s t r u c t u r a l  m e m b e r s .

A s ta t i c  t e s t  of the canopy a t tached to a r ig id  p la t fo rm  in the s a m e  

m a n n e r  as it is  to  be  a t tached  dur ing  ac tual  u se  is spec i f ied .  In addit ion ,  

eng ineer ing  ca lcu la t ions  m ust  be  p r e p a r e d  and s e v e r a l  design and f a b r i c a 

t ion r e q u i r e m e n t s  m us t  be  m e t .  The r e q u i r e m e n t s  of Option A and the 

following i t e m s  apply for  Option B:

•  E ng ineer ing  ca lcu la t ions  a r e  r e q u i r e d  to e s tab l ish  the 

adequacy of the a t tachm en t  s t r u c t u r e  to the veh ic le  

f r a m e .

•  The a t tachm ent  loca t ion  of the canopy to the vehic le  

f r a m e  m ust  m ee t  specif ied  guidel ines .

S tep-by-Step  T es t  P r o c e d u r e  (Option B)

a . Static Top Load T es t

The r e q u i r e m e n t s  of Option A apply except for som e 

m odif ica t ions  to the specif ied  t e s t  p r e p a r a t i o n ,  Option A, 

Step a. Instead the canopy sha l l  be  a t tached  d i rec t ly  to 

a r ig id  p la t fo rm  in a m an n e r  which s im u la te s  the actual  

a t tachm en t  to the  veh ic le .

b . At tachment  S t ru c tu re  Analysis  R e q u i re m e n ts

The s t r u c t u r a l  components  of the  a t tach m en t  s t r u c tu r e  

be tween the  canopy which was t e s te d  in Step a and the

Option B

m a .
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main veh ic le  f r a m e  m us t  be ce r t i f ied  with eng ineer ing  

ca lcu la t ions .  The a t tachm en t  s t r u c t u r e  loads should 

be obtained by d e te rm in in g  the re a c t io n s  of the canopy 

as a f r e e  body sub jec ted  to the  applied top load of 

Option A, Step b .  A f ac to r  of safe ty  of 2 .0  above the 

m in im u m  yield  s t r e n g th  of the  m a t e r i a l  is  r e q u i r e d  

for  p r i m a r y  weld and bolt  jo in t s .  A fa c to r  of safety  

of 1 .0  m us t  be  shown for  all  o ther  p a r t s  of the  a t t a c h 

ment  s t r u c tu r e .

Vehicle  F r a m e  R eq u i re m e n ts

Analysis  of the  v eh ic le  f r a m e  is not r e q u i r e d  if the  

canopy is a t tached to a m ain  s t r u c tu r a l  f r a m e  m e m b e r .  

If the canopy is mounted to a seco n d a ry  f r a m e  m e m b e r ,  

a de ta iled  eng ineer ing  ana lys i s  is r e q u i r e d  to show a 

fac to r  of safety  of 1 .0  co m p a red  to the  m in im u m  yield 

s t reng th  of the  veh ic le  f r a m e  m a t e r i a l .



APPENDIX A4

EQUIPMENT POPULATION SURVEY

Survey sam pl ing  was the  m ean s  of obtaining data  f r o m  which to 

m ake  in fe re n ce s  about the populat ion of the "m ach ines  of i n t e r e s t "  used  

in m e ta l  and nonm eta l  mining  o p e r a t i o n s .

MESA provided  a co m p u te r  l i s t in g ,  cal led "M eta l -N o nm eta l  Mine 

R efe rence  F i l e . "  It l i s te d  al l  of the  m in e s ,  t h e i r  lo c a t io n s ,  and data  about 

n u m b er  of e m p lo y e e s ,  l a s t  MESA inspec t ion ,  p roduct  by SIC code,  and 

o ther  f a c t o r s .  It was dated August 8, 1975. T h e r e  w e re  13 ,989 m ines  

identified as  ac t ive .  Six hundred  s ix ty -e igh t  of th e s e  w e r e  underg round  

m ines ;  1756 w e r e  open pit m ines ;  4029 w e re  c ru sh ed  rock  m ines ;  and 

7536 w e re  sand and g rave l  m in e s .

A v is i t  to MESA in Washington and to the  offices of the  staff  of the 

M in e ra ls  Y earbook  p roduced  the in fo rm at ion  that  mine  l i s t s  u sed  in the 

annual "canvas"  for  M inera ls  Yearbook  data  w e re  a v a i lab le ,  but only a f te r  

s e v e r a l  weeks and at cons ide rab le  expense  for  the  m ach ine  t im e  to p roduce  

th em .  The l i s t s  w e re  l a r g e  co m p ared  to the  Mine R e fe ren c e  F i l e .  T h e re  

w e re  approx im ate ly  13 ,000 on the  M inera ls  Y earbook  sand and g rav e l  

l i s t  alone; the  Mine R efe rence  F i le  had a to ta l  of 8913 in th is  ca tegory  

(7536 ac t ive) .  D iscuss ions  on the M inera ls  Yearbook l is t  sugges ted  that  

it included m o r e  inactive  and sp o rad ic  o pe ra t ions  than  the Mine R e fe ren ce  

F i l e  and that  the l a t t e r  was a v e ry  s a t i s f a c to ry  f r a m e  fo r  a su rv e y  of the 

type planned.

The MESA Health and Safety Analysis  C en te r  (HSAC) provided 

two o ther  m ach ine  l i s t in gs  enti t led "Surface  M e ta l -N onm eta l  Mines
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Report ing  to Mining E nforcem ent  A d m in is t ra t ion  in 1974."  T hese  l i s t in g s  

had a to ta l  of 7369 m in e s .  They w e re  c o m pared  to the  Mine R efe rence  

F i le  in s e v e r a l  ways and the d i f fe rences  ana lyzed .  The conclusion was 

that  the HSAC l i s t ,  although not a com ple te  f r a m e  as the  Mine R efe rence  

F i le  i s , was a s a t i s f a c to r y  s u r r o g a te  for  a comple te  f r a m e  with r e s p e c t  

to the  su rv e y  for  th is  p a r t i c u l a r  study.

Table  A4-1 shows the  su rvey  sa m p le  s e le c te d .  Sys tem at ic  s e l e c 

t ion was employed on the  HSAC l i s t ,  which was a r r a n g e d  by s t a t e s .

E very  i tem  in each mine  ca tegory  (underground ,  open p i t ,  c ru sh ed  

r o c k ,  sand and gravel)  was se lec ted  f ro m  a r an do m  s t a r t .  F o r  u n d e r 

ground m in e s ,  k was 4; for  all  su r f a c e  m in e s ,  k was 8.

Table  A4-2 shows the ove ra l l  r e s p o n s e  achieved by the  su rv e y  by 

s t a te .  One of the  s e v e r a l  r e a s o n s  for us ing  sy s te m a t i c  sam pl ing  was to 

make c e r ta in  that  all  mining reg ions  and a l l  s t a te s  w e re  r e p r e s e n t e d  in 

the  s a m p le .  It was c l e a r  f ro m  e a r ly  d i sc u ss io n s  of the study with mining 

people  that  th is  f ea tu re  would be d e s i r a b l e .

Table  A4-1.  Composit ion of Survey Sample 
(Equipment Survey)

Mine C lass

Number of 
Mines on 

HSAC Lis t

N um ber  of 
Mines Selected 

for  Sample
Sampling

Ratio

Underground (RS-U) 444 111 1/4

Open P i t  (RS-O) 1441 182 1/8

C rushed  Stone (RS-C) 2320 291 1/8

Sand and G rave l  (RS-S) 3164 396 1/8

TOTAL 7369 980 13/100
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Table  A4-2 .  Survey Response  S um m ary  by State

RS-U RS-O RS-C RS-i3 Tota l

State Samples R e s p . Samples R e s p . Samples R e s p . Samples R e s p . Samples R e s p . Rate

AL 1 1 4 4 6 0 8 3 19 8 42%
AK 0 0 0 0 1 0 1 1 2 1 50%
AZ 4 3 8 6 1 1 7 5 20 15 75%
AR 1 1 1 1 5 3 5 1 12 6 50%

CA 4 1 14 9 7 1 23 18 48 29 60%
CO 18 17 5 5 4 2 8 5 35 29 83%
CT 0 0 0 0 1 1 6 3 7 4 57%
DE 0 0 1 0 0 0 1 1 2 1 50%

F L 0 0 4 2 9 5 3 2 16 9 56%
GA 4 3 14 8 5 4 3 2 26 17 65%
HI 0 0 1 1 2 2 0 0 3 3 100%
ID 1 1 2 1 1 1 4 3 8 6 75%

IL 6 4 5 3 19 7 21 11 51 25 49%
IN 0 0 4 3 9 6 12 7 25 16 64%
IA 2 1 2 2 33 4 21 8 58 15 26%
KS 3 1 5 3 14 10 9 7 31 21 68%

KY 5 4 1 1 9 4 3 2 18 11 61%
LA 0 0 1 0 1 1 6 3 8 4 50%
ME 0 0 1 1 0 0 4 2 5 3 60%
MD 1 1 3 2 1 1 2 1 7 5 71%
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T ab le  A4-2.  Survey R esponse  Su m m ary  by State (Cont)

RS-U RS-O RS- C RS- S Tota l

State Samples R e s p . Samples R e s p . Samples Resp . Samples R esp . Samples R e s p . Rate

MA 0 0 1 1 1 0 8 5 10 6 60%
MI 2 2 3 1 3 2 15 9 23 14 61%
MN 0 0 6 5 6 5 11 9 23 19 83%
MS 0 0 2 2 1 0 4 2 7 4 57%

MO 9 8 9 7 18 7 6 1 42 23 55%
MT 4 3 3 2 0 0 3 1 10 6 60%
NE 0 0 1 1 2 0 23 13 26 14 54%
NV 4 1 5 5 1 1 5 3 15 10 67%

NH 0 0 0 0 0 0 2 1 2 1 50%
NJ 0 0 1 1 4 2 7 5 12 8 67%
NM 8 6 4 2 1 0 6 4 19 12 63%

.NY 7 5 6 5 6 3 17 10 36 23 64%

NC 1 1 6 4 10 5 16 .12 33 22 67%
ND 1 1 0 0 0 0 3 2 4 3 75%
OIT 2 1 8 7 12 7 29 17 51 32 63%
OK 0 0 3 1 4 2 5 1 12 4 33%

OR 1 1 1 0 7 5 5 2 14 8 57%
PA 3 2 1.0 5 18 8 11 3 42 18 43%
Hi 0 0 0 0 1 0 2 1 3 1 33%
SC 0 0 3 1 2 1 0 0 5 2 40%



Table  A4-2 .  Survey R esponse  Sum m ary  by State (Cont)

RS-U RS-O RS-C RS-i Tota l

State Samples R e s p . Samples R e s p . Samples R e s p . Samples R e s p . Samples R e s p . Rate

SD 1 1 2 2 1 0 5 3 9 6 6 7%
TN 3 1 6 5 11 7 4 2 24 15 63%
TX 1 0 8 6 9 5 17 4 35 15 43%
UT 5 4 4 3 0 0 5 3 14 10 71%

VT 2 2 2 2 1 1 3 1 8 6 75%
VA 1 0 4 3 12 4 8 2 25 9 36%
WA 0 0 2 0 8 3 13 7 23 10 43%
WV 2 2 1 1 4 0 0 0 7 3 43%

Wì 1 0 2 1 19 10 15 8 37 19 51%
WY 3 2 3 1 1 1 1 0 8 4 58%

Total 111 81 182 126 291 132 396 21.6 980 555 57%



Table  A4-3 shows the "usab le  data"  r e s p o n s e  r a t e s .  F o r  the 

sam p le  shown in Table  A4-1 ( r e f e r r e d  to as the  "RS" sam ple )  the  u sab le  

data  r e s p o n s e  r a t e  was 50%. R e sp o n se s  that  r e p o r t e d  the m ines  sold 

w e re  the  subject  of follow-up act ions  when the new owner could be id en t i 

fied. T h ese  w e re  few in num ber ;  m ost  of the r e s p o n s e s  in the  "c losed  

o r  sold" column w e re  c losed .  Table  A4-3 a lso  includes  data  obtained 

f ro m  the acc ident  h i s to r y  inqu ir ie s  ( r e f e r r e d  to as  the  "AH" sam p le ) .  

T h ese  data  w e re  used  only fo r  c o m p a r iso n  a n a ly ses  with the  RS s a m p le .

In the  t a b le ,  "RS-U" is  the  underg round  mine  da ta .  "RS-O" is open pit 

m ines ;  "RS-C" r e f e r s  to c ru sh ed  s tone  and "RS-S" to sand and g ra v e l .

The AH data  a r e  divided into "AH-U" for  un derg round  m ines  and "AH-A" 

for  al l  o th e r .

The su rv ey  in s t ru m e n t  used  is shown in F ig u r e s  A4-1 and A4-2.  

F ig u re  A4-1 is the face  s ide  with i l lu s t r a t iv e  e n t r i e s .  When rece ived  

by the a d d r e s s e e ,  the  only e n t r i e s  w e re  the identifying nu m b er  in the 

u p pe r  le f t -hand  c o r n e r  and check m a r k s  in the s q u a r e s  in front  of 

"Section 2" and "E qu ip m en t ,  Section 3 . "  The n u m b e r s  w e re  ass igned  

in d i s t r i c t  b locks fo r  each mine ca tego ry  and,  in addit ion ,  the RS and 

U, O, C ,  o r  S b locks  w e re  co lo r  coded for  each mine  ca teg o ry .  This 

was done to m in im ize  in it ia l  da ta  p r o c e s s in g  e r r o r s  and the t im e  expended 

by r e s e a r c h  a s s i s t a n t s  in da ta  so r t i n g  and r e c o r d in g .  The equipment 

and acc ident  e n t r i e s  shown on the  fo rm  fo r  i l l u s t r a t io n  a r e  som e  actual ly  

r e c e iv e d ,  although not f ro m  a s ing le  m ine .  Of c o u r s e ,  not all  r e s p o n s e s  

w e re  as c l e a r  o r  as com ple te  as  th o se  shown h e r e .  The " e s t im a te d  

r e m a in in g  l ife" data  w e re  used  only to fo r m  som e  e s t im a te s  about the 

a v e ra g e  m ach ine  li fe  in d ifferent  mining o p e ra t io n s .

F ig u r e  A4-2 shows the r e v e r s e  o r  mai l ing  s ide  of the su rv ey  

f o r m .  It is s e l f -e x p la n a to ry .
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Table  A 4 -3 .  "Usab le  Data"  R espo n se  Rates

Mine 
C las s  Code

Sample
Size

Tota l
Response

Tota l
Complete

Closed 
or  Sold

Some 
Info. 

Refused

O vera l l
R esponse

Rate

Usable
Data

Response
Rate

RS-U 111 81 60 20 1 73% 54%

01m 182 126 112 12 2 6 9% 62%

RS-C 291 132 118 11 3 45% 41%

RS-S 396 216 196 19 1 55% 49%

RS Subtotal 980 555 486 62 7 57% 50%

ATT-II 76 56 47 2 7 74% 62%

AH-A 37 25 20 4 1 6 8% 54%

AH Subtotal 113 81 67 6 8 72% 59%

TOTAL 1093 636 553 68 15 5 8% 51%

y
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BUREAU OF MINES 
Fall of Ground and Equipment Survey

F a ll o f  G ro u n d  
S ec tio n  1

C o n ce rn in g  th e  a cc id e n t on

Please p ro v id e  th e  in fo rm a t io n  reques ted  in  th e  sec tions  checked  o n ly . See e x p la n a t io n s  o n  reverse.

_19_____ in v o lv in g and in ju r ie s  to , w h a t was the

C o n ce rn in g  the  a cc id e n t on  19 in v o lv in g and in ju r ie s  to , w h a t was th e

C o n ce rn in g  the  a cc id e n t o n ____________1 9 ______ in v o lv in g and in ju r ie s  to , w h a t was the

CO

¡22 S e c t io n  2
In  th e  ta b le  b e lo w , id e n t if y  any  fa ll-o f-g ro u n d  acc iden ts  (u n d e rg ro u n d  o r su rface ) s ince Jan , 1972  w h ic h  d id  n o t in v o lv e  in ju r ie s . 

M o n th /Y r .  F a ll D is tance  ( f t . )  V o l (cu . f t . )  o r  D im e n , ( f t . ) M a te r ia l Est. W e ig h t F e ll F ro m
1974 18-20 30’ x 30’ x 2-1/2’

10/73 5' x 3' 6"
S tone 

Trona

200 ton Layer

0.5 ton Back

______ E q u ip m e n t In vo lved_______
None

Continuous bore miner

K )  E q u ip m e m  
S ec tio n  3

Id e n t i f y  aM _se lf-p rope lled e q u ip m e n t, n o t re m o te ly -o p e ra te d , w h ic h  is p re se n tly  used a t y o u r  m in e  b y  c o m p le t in g  th e  ta b le  b e lo w , ( I f  m o re  th a n  15, please
c o n tin u e  lis t in g  o n  a n o th e r sheet.)

1.
2.

3
4.
5.
6 .

7.
8 . 

9.
10.

11
12.
13
14 
15.

E q u ip m e n t T ype  
FËL 

LHD

Mucker

Dozer

FEL

Grader

M a n u fa c tu re r  
C a t . 

Wagner 

Eimco
C a t .____

Cat.____

Ca t .

M ode l
977

ST5B

12B

950

12E

Y r . M ade o r SN  
1965

1972

1973

1972

41K2210

99E5227

P r im a ry  Use 
U n de rg d . S u r f. B o th

X 'Sf' L i i ,
\>X. I 1 Cl

I : I
!"' [ j

i i a/r i !
i !*r [ ■

Is ROPS  
In s ta lle d 7
Yes

Yes

No

Yes

Yes

ROPS M a n u fa c tu re r  
Shop built 

Shop built

C a t . 

C a t .

E s tim a te d  
R e m a in in g  L ife

No

F ig u re  A4-1.  USBM F a l l -o f -G ro u n d  and Equipment Survey F o r m



Exp lanatory Notes:
Section 2

— "D im ensions": State length, w idth, and thickness in feet.
— "M ateria l" : State type of basic mine ore (E X A M P L E : fluorspar, limestone, salt, gold).
— "F e ll F ro m " might be back, face, pile, bench, shovel bucket, shaft, etc.
— If no equipment involved, state "N one", otherwise state type (E X A M P L E : FE  loader, dozer). 

Section 3
— "Equ ipm ent T yp e " : (E X A M P L E : F E  loader, dozer, tractor, grader, fork lif t , LH D , truck).
— "Y e a r M ade": State, if  known, otherwise state serial number.
— "Prim ary Use": Check one of the three blocks to indicate whether the machine is used 

underground, on the surface, or both.
— "R O P S  Installation”  refers to any "protective canopy", “armor", or RO PS/FO PS designed 

to protect the operator in roll-over or fall-of-ground accidents. Answer "Y e s "  or "N o " .
— "R O P S  M anufacturer": Name commercial supplier, or "Shop B u ilt"  for protective structures 

designed and built in your facilities.
— "Rem ain ing L ife " : Your estimate of time, in years, the equipment can be used to do the 

same w ork it is doing now.

BU SIN ESS R E P L Y  M AIL  
First Class Permit No. 1, Genoa, NV.

WOODWARD ASSO CIATES 
Bureau of Mines Survey 
Box 116
Genoa. Nevada 89411

A f te r  c o m p le t io n  o f  fo rm , p lease fo ld ,  seal and  m a il.

gure A4~2
USBM F a l i - 0f . G

(Reverse ^ u*Pnient SiSide) ^ lent Sur v e y  For m



F ig u r e  A4-3 is the cover  l e t t e r  which was m ai led  with the su rvey

f o r m ,  l e s s  a d d re s s  and sa lu ta t ion .  The fact  that  the Government  T echn ica l  

P r o j e c t  Officer  p e r m i t t e d ,  in fact e n co u rag ed ,  the  u se  of such a l e t t e r  

accounts  l a rg e ly  for  the  re la t iv e ly  high su rv e y  r e s p o n s e  r a t e s  achieved.

The in it ia l  m ai l ings  w e re  made in B u reau  of Mines f ranked  e n v e lo p e s , 

which a lso  im proved  the  r e s p o n s e  by d e c re a s in g  the n u m b er  of fo rm s  

d i s c a rd e d  by s e c r e t a r i e s  and so fo r th .  The GTPO coopera ted  in many 

o ther  ways to m ake  the su rv ey  s u c c e s s fu l .  His effect ive  a n sw e rs  to 

mine  in q u i r i e s  and his  p rom pt  handling of unde l iv e red  l e t t e r s  made the  

su rv e y  p ro b le m s  s m a l l  co m p ared  to th o se  ex per ienced  in s i m i l a r  work 

in the  p a s t .

typ ica l  of a l l  su rv e y s  of th is  kind,  a r e  s u m m a r i z e d  in Table  A4-4.

Each of th e se  c a s e s  was t r e a te d  as a p ro b le m  si tuat ion  and in most  

c a s e s  an individual  l e t t e r  was w r i t ten  to a t tem pt  to p ro d u ce  a u sab le  

r e s p o n s e .  The exception to the individual l e t t e r  fo l low-up was the 

t h r e e  re sp on d en ts  who said  that  they re fu sed  to p rov ide  any da ta .  One 

of th e s e  was a l a r g e  "RS-S" company; one was a l a r g e  "RS-U" mine; 

the  th i rd  was a sm a l l  "RS-O" m ine .  Tab le  A4-5 shows the effect of 

fo l low-up a c t io n s ,  both the  individual ac t ions  and rou t ine  ac t ions  for  

m ines  that  had not responded  within six  weeks of r ec e iv in g  the in it ia l  

su rv e y  m ai l ing .  A fo rm  follow-up l e t t e r  was sent  to the  n on - re sp o n d en ts  , 

enc los ing  a new su rvey  f o r m  and a copy of the  cover  l e t t e r .  Only a s ingle  

s tage  m ai l  fol low-up was u s e d ,  with so m e  te lephone  supp lem en ts .

Tab le  A4-5 shows r e s u l t s  which a r e  s l igh t ly  above the  expec ta t ions  f ro m  

p a s t  e x p e r ien c e .  T h e r e  was about 37% re s p o n s e  to the RS m ai l ings  

b e fo re  the  follow-up and about 57% a f t e r .  This  r e s p o n s e  is  c o n s ide red  

exce l len t .  The su rv e y  was s t r u c tu r e d  to be valid  if only 28% of the

Some of the  su rv e y  a d m in is t r a t io n  p ro b le m s  on th is  su rv e y ,

H A .

A4 -10



U n ited  States D ep artm e n t o f  th e Interior

BUREAU OF MINES
4RÍ10 F O R B F . S  A V F . N l ’E 

P i l l  S B l ' R G H ,  P E N N S Y L V A N I A  1 5 2 13

Pittsburgh Mining and Safety Research Center

Industrial Hazards 
and Communications

As a part of the continuing research in mine safety, the Bureau of 
Mines is conducting a study of metal and non metallic mines. Contract 
J0357110 has been awarded to Woodward Associates of Redlands, Calif
ornia, to perform some of the study work.

One part of the study pertains to fall-of-ground accidents. The term 
"accident" refers, in this study, to any unplanned or unforeseen 
event that may, or may not, have resulted in an occupational injury 
or damage to property. We seek to augment and up-date fal1-of-ground 
accident data by obtaining information from you and from others in the 
mining industry.

The second part of the study relates to self-propelled machines presently 
in use in mining operations, except machines which are remotely operated. 
We seek to authenticate various estimates which have been made by means 
of sample machine inventories from a few mining firms.

We would greatly appreciate your assistance in the study. Specifically, 
it would be very helpful if you would provide the information identified 
on the enclosed survey form at your earliest convenience. Should you 
wish to ask questions about the form, please call (702) 782-5815 or 
write to Woodward Associates, Nevada Operations Office, Box 116, Genoa, 
Nevada, 89411 or contact me at (412) 892-2400.

Thank you for your cooperation in this matter.

utin*, Respectfully

•6-19^ Government Technical Projccr Officer
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Table  A4-4 .  Survey P r o b le m  
Situations — Individual Fol low-Up L e t t e r s  Sent

P r o b l e m  A rea Num ber  of C a ses

Incomplete  in fo rm a t ion  provided 28

A d d re ssee  d ec la re d  su rv e y  fo rm  los t 5

A d d re s s e e  d e c la re d  su rv e y  fo rm  
n e v e r  rece iv ed

28

A d d re ssee  d e c la re d  fo rm  s e n t ,  but 
not rec e iv e d  by WAI

Specia l  c i r c u m s ta n c e s :

1

Data included in r e p o r t  on o ther  
o pe ra t ion

1

Opera t ion  l im i ted  to 3-5  d a y s /  
3 y e a r s

1

D ec la red  no m a c h in e ry  used 1

Mine sold 7

F o r m  r e f e r r e d  to ano ther  p a r ty 2

A d d re ssee  re fu sed  to p rov ide  any 
data

2

A d d re ssee  re fu sed  to p rov ide  any 
data  u n le s s  com pensa ted

1

Definit ional  quest ions 22

V er if ica t ion  of su rv e y  au thor i ty  
r eq u e s te d

1

P r o t e s t  of "governm en t  su rv e y s" 1

TOTAL 101

A4-12

w \ .



Table  A4-5.  Equipment  Survey R esponse

Mine 
C las s  Code

Sample
Size

R e sp o n ses
B efo re

Fol low-Up

Follow - Up 
L e t t e r s  

Sent
Tota l

R e sp o n ses

RS-U 111 57 53 81

RS-O 182 73 107 126

RS-C 291 91 200 132

RS-S 396 140 255 216

RS Subtotal 980 361 615 555

AH-U 76 42 34 56

AH-A 37 19 18 25

AH Subtotal 113 61 52 81

TOTAL 1093 422 667 636

m ines  rece iv ing  su rvey  fo rm s  provided usable  information .  As with 

p rev ious  su rv e y s ,  it is expected that  r e s p o n s e s  will continue fo r  two to 

th re e  months  a f te r  th is  r e p o r t  is published.

Table  A4-6 s u m m a r i z e s  a su rvey  p ro b le m  a r e a  for  which we can 

p rov ide  no sa t i s fa c to ry  explanat ion.  T h e re  w e re  16 c a s e s  in which the 

USPS re tu rn e d  the in i t ia l  m ai l ing  as u n d e l iv e ra b le ,  although the a d d r e s s e s  

w e re  c o r r e c t  acco rd ing  to the HSAC l i s t .  T h ese  16 l e t t e r s  w e re  put in 

new envelopes and sen t  out with the s a m e  a d d r e s s . None was ever  

r e tu rn e d  and s e v e r a l  reach e d  th e i r  intended des t ina t ions  b e c a u se  su rv e y

v _____________________________________________________________________________________ T K S k .
A4-13
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Table  A4-6.  Survey P r o b le m  
Situations — Second Mailings R equired

P r o b l e m  A rea Num ber  of C ases

Initial  l e t t e r  and fo rm  dec la red  
u n de l ive rab le  by P o s ta l  Serv ice

16

Fol low-up  l e t t e r  and fo rm  d e c la red  
u nde l iv e rab le  by P o s ta l  Serv ice 14

TOTAL 30

r e s p o n s e s  w e re  r e c e iv e d .  An even m o r e  puzzl ing  p ro b le m  o c c u r re d  with 

14 follow-up l e t t e r s .  T hese  w e re  sent  to mine  owners  who had not 

responded  to the in i t ia l  m ai l ings  and whose in it ia l  m ai l ings  had not been 

r e tu r n e d  by the USPS. The sa m e  a d d r e s s e s  w e re  used on the follow-up 

l e t t e r s ,  but  the  14 w e r e  r e tu r n e d  as  un d e l iv e ra b le .  It does not s e e m  

l ike ly  that  14 m ines  did an a d m in i s t r a t iv e  van ish ing  act within a s ix -w eek  

p e r io d .  It is left to the  r e a d e r  of th is  r e p o r t  to explain  th is  m a t t e r  to his  

s a t i s fac t io n .

T h e re  w e re  two types of r e s p o n s e s  which re f le c ted  that the 

r e sp o nd en ts  had no m ach ines  of in te r e s t :

1) Mine c losed .

2) Mine o pe ra t iona l  but m ach ine  fleet  does not include 

any m ach ines  of i n t e r e s t .

T hese  w e r e  r e p r e s e n t e d  as  a p ro p o r t io n  of the m ines  sam pled  which had 

no m a c h in e s .  The sa m p le  p rop o r t io n  was used  as  the  e s t im a to r  of the 

n u m b er  of "ac t ive  m in e s"  in the Mine R e fe re n c e  F i le  which had no 

m ach ines  of i n t e r e s t .

V
A4-14
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Table  A4-7 shows the e s t im a te s  for the  population of m ach ines  of

i n te r e s t  by m ach ine  type and age group .  The methods  of e s t im a t in g  a r e  

s u m m a r i z e d  below.

The n u m b ers  of m ach ines  of in t e r e s t  r e p o r t e d  by each responden t

who owned one o r  m o r e  w e re  used  to ca lcu la te  a sa m p le  m ean  and sa m p le  

s tand ard  devia tion.  The sa m p le  m ean  was used  as  the  e s t im a t o r  of the  

population m ean .  The 95% confidence in te rv a l  for  the populat ion m ean  

was ca lcu la ted  as:

k is the confidence m u l t ip l i e r  (1.96 in this  case)  

a is the  sa m p le  s tand ard  devia tion

n is the sa m p le  s ize  (number of r e sp o nd en ts  with one o r  
m o r e  m ach ines  of in te re s t )

x is the  sa m p le  m ean

The es t im a ted  population m ean  and confidence l im i ts  w e re  used  with the 

n um ber  of m ines  in the Mine R e fe ren c e  F i le  which had one o r  m o re  

m ach ines  of i n t e r e s t  to e s t im a te  the  populat ion.  The populat ion used  in 

Sections 4 .3  and 4 .6  of th is  r e p o r t  is the m id-po in t  of the  95% confidence 

in te r v a l ,  which is 44 ,827  to 53 ,759.

P ro p o r t io n s  of the  populat ion r e p r e s e n t in g  v a r io u s  m achine  age 

g ro u p s ,  f leet s i z e s  and in s ta l led  p ro tec t iv e  s t r u c tu r e s  (and the  owners

A
x  -4- v
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w here
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Table  A4-7. Machines of In te re s t  Popula t ion  E s t im a te s  
(Total Popula tion  49,293)

P O S T - 1 9 6 9 196 5 - 1969 1 9 6 0 - 1964 1 9 5 0  - 1 9 5 9 19 4 9  & E A R L I E R T O T A L S

W I T H

R O P S
W I T H O U T
R O P S

W I T H
R O P S

W I T H O U T
R O P S

W I T H

R O P S
W I T H O U T
R O P S

W I T H
R O P S

W I T H O U T
R O P S

W I T H
R O P S

W I T H O U T
R O P S

W I T H
R O P S

W I T H O U T
R O P S

F R O N T

E N D

L O A D E R

1 1 , 0 2 0 4 , 4 5 7 3 , 0 2 5 6 ,239 378 2 , 3 7 7 108 1 , 0 2 6 27 27 1 4 , 5 5 8 1 4 , 1 2 6

D O Z E R 2 , 8 6 3 459 1, 080 1 , 6 7 5 378 1 , 0 5 3 162 1 , 2 4 2 27 243 4 , 510 4 , 6 7 2

G R A D E R 432 297 54 729 54 513 108 594 27 378 675 2 , 5 1 1

T R A C T O R 1 , 5 9 4 378 351 1 ,405 270 324 81 675 81 81 2 , 3 7 7 2 , 8 6 3

P R I M E

M O V E R S

675 324 594 594 108 405 27 270 0 0 1 ,404 1, 593

T O T A L S 1 6 , 5 8 4 5 , 9 1 4 5 , 1 0 4 1 0 , 6 4 2 1 ,188 4 , 6 7 2 486 3 , 8 0 7 162 729 2 3 , 5 2 4 * 25 , 765*

* D I F F E R E N C E  O F  4 F R O M  T O T A L  P O P U L A T I O N  F I G U R E  D U E  T O  R O U N D I N G



of no m a c h i n e s , as mentioned above) w e re  e s t im a te d  us ing  a p p ro p r i a te  

s a m p le  p ro p o r t io n s .  T h e s e  w e re  then  used  with the to ta l  populat ion 

e s t im a te  to compute  the  e s t im a te d  n u m b e r s  of m ac h in e s  in each ca teg o ry .  

The n u m b e r s  used  in Sections 4 .4  and 4 .7  w e r e  computed f r o m  m i d 

points  of 95% confidence in te rv a l s  for  population p r o p o r t io n s .  T h ese  

confidence in te rv a l s  w e re  ca lcu la ted  as:

j .  i A p ±  ko-p o r

w here

p is  the sa m p le  p ro p o r t io n

k is the  confidence m u l t ip l i e r  (1.96 in th e s e  c a se s )  

n is the  sa m p le  s ize  

N is  the  population s ize

The confidence in te rv a l s  v a ry  g rea t ly  with d ifferent  va lues  of p.  An 

i l lu s t r a t iv e  calculat ion  for  the  p rop o r t io n  of the  populat ion of m ach ines  

of in t e r e s t  r e p r e s e n te d  by m ach ines  with t h r e e  a t t r ib u te s  i ,  j , k is :

i is f ron t -en d  lo a d e r s  

j is p o s t - 1969 age group 

k is ROPS-equipped

V



= 0.2236

= 0.2236 ±  1.96 (0. 0098)(0.9813)

= 0.2236 + 0.0188

or  0 .2048 to 0 .2424

The 95% confidence in te rv a l  for  m ach ines  with a t t r ib u te s  i ,  j and k would 

be 10,095 to 11 ,949.  The f inite  population c o r r e c t io n  f a c to r ,  

v a r i e s  l i t t le  within the confidence l im i t s  of N.

V 44' « . ^ - 825 •

E s t im a te s  of the LHD type m ach ines  and fo rk l i f t s  used  underground  

a r e  given in Table  A4-8 .  The to ta l  of th e s e  two m ach ine  types  is n e a r ly  

78% of the  to ta l  of all  m ach ines  of i n t e r e s t  used  underground  and th e i r  

e xp o su re  to  fa l l -o f -g ro u n d  danger  a r e a s  is gene ra l ly  g r e a t e r  than for  the 

m ach ines  of i n t e r e s t .

F ig u r e s  A 4-4 ,  A 4-5 ,  A4-6 and A4-7 show the e s t im a te s  of the 

n u m b e r s  of ow ners  who have 1-5 m ach ines  of i n t e r e s t ,  6-15 and >15 

for  the  four  mine  c l a s s e s  used in the  s tudy. Note tha t  t h e r e  is a g r e a t e r  

p ro p o r t io n  of m ach ines  in l a r g e  f lee ts  in underg round  m ines  than in the 

o ther  t h r e e  c l a s s e s .

■ ,.3338 1 , » 6  V 0-2^ 7”»’

V
N - n 
N - 1 '
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Table  A4-8 .  E s t im a te s  of LHD Type and F o rk l i f t s  Used Underground

Some F o r m  of 
P r o te c t iv e  S t ru c tu re

No
P r o te c t iv e  S t ruc tu re Tota l

LHD Type 357 241 598

Fork l i f t  Type 98 250 348

TOTAL 455 491 946

48. 1% 51.9% 100%

A4 -19



% 
OF

 
TO

TA
L 

M
A

C
H

IN
ES

 
OF

 
IN

T
E

R
E

S
T

r
60

I I ONLY PR E-1970  MACHINES

50
MIXED PR E-1970  AND 
POST-1969 MACHINES

ONLY POST-1969 MACHINES

40

30

20

10

OWNERS 
OF 1-5

OWNERS 
OF 6-15

OWNERS 
OF 15

F ig u r e  A4-4.  Underground Mines — D is t r ibu t ion  of Machines of 
In t e r e s t  by Owner F lee t  Size and Composi t ion

V
A4-20



% 
OF

 
TO

TA
L 

M
A

C
H

IN
ES

 
OF

 
IN

T
E

R
E

S
T

60

50

□ONLY P R E - 1 970 
MACHINES

MIXED P R E - 1 9 7 0 AND 
POST-1969 MACHINES

ONLY POST-1969 
MACHINES

40

30

10

OWNERS 
OF 1-5

OWNERS 
OF 6-15

OWNERS 
OF >15

F ig u re  A4-5.  C rushed  Stone Mines — Dis t r ibu t ion  of Machines of 
In te re s t  by Owner F lee t  Size and Composit ion

A4 -21

m a .



A

O F 1-5 OF 6-15 OF >15

F ig u r e  A4-6 .  Sand and G ra v e l  Mines — D is t r ibu t ion  of Machines of 
In t e r e s t  by Owner F lee t  Size and Composit ion

A4-22



% 
OF

 
TO

TA
L 

M
A

C
H

IN
ES

 
OF

 
IN

T
E

R
E

S
T

r

OF 1-5 OF 6-15 OF >15

F ig u re  A4-7.  Open Pit  M-NM Mines — D is tr ibu t ion  of Machines of 
In te re s t  by Owner F lee t  Size and Composi t ion

A4-23



r
APPENDIX A5 

ACCIDENT DATA SURVEY

During the  p r e l i m i n a r y  planning re la te d  to th is  s tudy ,  WAI staff  

m e m b e r s  f a m i l i a r i z e d  th e m se lv e s  with the  MESA acc ident  r e p o r t in g  and 

inves t igat ion  p r o c e d u r e s .  P a r t i c u l a r  a t ten t ion  was given to the  p r e p a r 

ation and p r o c e s s in g  of USBM F o r m  6 -1 5 5 5 -S ,  "M etal  and Nonmetal  

Mine Injury  and I l lness  R epor t"  and to the contents  of acc ident  i n v e s t i 

gation r e p o r t s  made pu rsu a n t  to c lau se  (1) of Section 4 of the F e d e ra l  

Metal and Nonmeta l l ic  Mine Safety Act (80 Stat.  772).

The USBM F o r m  6-1555-S  h a s ,  in Section C, sp ace  in which 

accident  o c c u r r e n c e  data  is to be r e p o r t e d .  The in s t ru c t io n s  r e q u i r e  

that  the r e p o r t in g  off icial  " d e s c r ib e  fully the  c i r c u m s ta n c e s  u nder  which 

the a cc id en t ,  in jury  o r  i l lness  o c c u r r e d "  and "nam e  equ ipm ent ,  m a t e r i a l ,  

or  tool  invo lved ,"  including model  n u m b e r .  Although the d e sc r ip t io ns  

given a r e  usua l ly  adequate  to give the r e a d e r  an unders tand ing  of the 

n a tu re  of the acc id en t ,  they se ldom  provide  a l l  of the  p hy s ica l  de ta i l s  

needed to ca lcu la te  the energy  leve ls  involved. Accident f requency data  

by type of acc iden t ,  and los t  t im e  da ta ,  a r e  r ead i ly  obtained f rom  an 

ana lys is  of the  fo rm s  submitted  during a given p e r io d .  How ever ,  for  

the specif ic  p u rp o se s  of th is  s tudy,  the p r in c ip a l  value of the fo rm s  

seem ed  to be the ident ificat ion of the  locations and companies  which 

had exper ienced  fa l l -o f -g round  a cc id en ts .  The in it ia l  study planning 

included p r o c e d u r e s  for  us ing the fo rm s  in this  way,  p rovided  that  

a c c e s s  to a c e n t r a l  collec t ion file could be obtained and provided  that
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A
a l l  of the fo rm s  pe r t inen t  to fa l l -o f -g ro u n d  acc iden ts  could be so r ted  

econom ical ly  f ro m  the r e s t .

Law 89-577" p r e s c r i b e s  the  p r o c e d u r e s  and r e p o r t  contents  fo r  i n v e s t i 

gations of fatal  a cc id e n ts .  Section 9C of the  m anua l  r e q u i r e s  that  "a  

fo rm a l  r e p o r t  sha l l  be p r e p a r e d  and d i s t r ib u ted  fo r  all  fa ta l i t ie s  d e t e r 

mined to be  ch a rgeab le  to the  m in e r a l  i n d u s t r i e s . "  P a r a g r a p h  9C(3) 

r e q u i r e s  that  the content shal l  include a d e sc r ip t io n  of the  accident  in 

"deta i led  n a r r a t i v e "  f o r m .  It spec i f ies  a lso  tha t  "a  su i tab le  sketch of 

the  acc ident  scene  should be p r e p a r e d  and included in the  r e p o r t . "

With the p e r m is s io n  of M r.  E.  Levi B r a k e ,  Phoenix  Subdis tr ic t  M a n ag e r ,  

MESA, and the  coopera t ion  of MESA p e rs o n n e l  in the  Reno Fie ld  Office ,  

WAI staff  m e m b e r s  ex am ined ,  in the  c o u rs e  of p r e l i m i n a r y  planning for  

th is  s tudy,  a s tack  of a pprox im ate ly  150 MESA acc iden t  inves t igat ion  

r e p o r t s .  It was obse rved  th a t ,  although the r e p o r t s  succeed  adm irab ly  

in identifying and expla in ing accident  c a u s e s ,  and in p re s e n t in g  r e c o m 

mendations  for  im proved  sa fe ty ,  they often do not include all  of the 

p hy s ic a l  de ta i l s  of the f a l l - o f - g ro u n d . F o r  e x a m p le ,  som e  s ta te  the  

weight of the rock  which fe l l ,  but do not give the fall  d is tance  o r  suff icient  

d im ens iona l  in fo rm a tion  in the n a r r a t i v e  or  ske tch  f ro m  which to d e t e r 

mine  fal l  d i s tan c e .  Some s ta te  the  pall d i s t a n c e ,  but do not give the  s ize  

o r  weight of the  m a t e r i a l  that  fel l .  H ow ever ,  they  a r e  excel len t  so u rc e s  

of in fo rm at ion  concern ing  the n a tu re  and loca t ion  of a c c id e n ts ,  the people 

who w i tnessed  or  inves t iga ted  the a c c id e n t s ,  and som e  of the physica l  

d e ta i l s .  Used co l lec t ive ly ,  the r e p o r t s  of fa ta l  f a l l -o f -g ro u n d  acc iden ts  

p rov ide  much data  which,  we b e l iev e d ,  could eas i ly  be augmented through 

m ai l  q u e s t io n n a i re s  which asked for  spec i f ic  p h ys ica l  d e ta i l s .  F u r t h e r ,  

it was c l e a r  that  MESA had published a l a r g e  n u m b er  of inves tigat ion  

r e p o r t s  on non-fa ta l  a cc id e n ts .  The WAI staff people  o b s e rv e d ,  f ro m  the

A manual  enti t led "Inspect ion  and Invest iga tion Manual ,  Public

V
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sam p le  included in the r e p o r t s  ava i lab le  for  rev ie w  in the  Reno F ie ld  Office,  

that  these  w e r e ,  for  the  p u rp o s e s  of th is  s tudy ,  quite  as  use fu l  as  the  fata l  

acc ident  r e p o r t s .  Accord ing ly ,  it was  decided to u s e  the  MESA acc ident  

inves t igat ion  r e p o r t s ,  fata l  and n o n - fa ta l ,  as  the  p r in c ip a l  s o u r c e  of needed 

fa l l -o f -g ro u n d  acc ident  da ta ,  and to obtain the data  not given in the r e p o r t s  

through m ai l  inqu ir ies  to individual m ines  in which the  acc iden ts  had 

o c c u r r e d .

This  p r e l im in a r y  planning a lso  included a l i t e r a t u r e  r e v i e w ,  p a r t i 

cu la r ly  of pe r t inen t  documents  avai lab le  in the  MESA and B u re au  of Mines 

fac i l i t ie s  in Reno; the l i b r a r y  of the  Mackay School of M ines ,  U n ivers i ty  

of Nevada; and the  Nevada State  L ib r a r y .  One docu m en t ,  enti t led  

A dm in is t ra t ion  of Publ ic  Law 89-577 in 1973, Annual Repor t  to C o n g re ss  

of the  S e c re ta ry  of I n t e r i o r , s ta ted  that  t h e r e  w e re  568 fa ta l  a cc iden ts  in 

the  per iod  1971 through 1973 in all  m ines  and m i l l s .  Of t h e s e ,  approxi  

m ate ly  90 involved som e  " fa l l -o f -g ro u n d "  o r  c lose ly  r e l a te d  phenom ena .  

MESA Safety Reviews indicated that  t h e r e  w e r e  a pp rox im ate ly  t h r e e  t im e s  

as many r e p o r t e d  (F o rm  6-1555-S) f a l l -o f -g ro un d  no n - fa ta l  acc iden ts  as 

f a ta ls .  T h e re  was no way found to d e te rm in e  read i ly  what p e rcen tag e  of 

the  r e p o r te d  no n - fa ta ls  w e re  covered  by f o r m a l  MESA accident  inves t igat ion  

r e p o r t s .  C onversa t ions  with v a r iou s  MESA people  and a count of the non- 

fa ta ls  in the chance sam p le  of r e p o r t s  exam ined  in the Reno F ie ld  Office 

suggested  that  as many as 25% might have been  the sub jec t  of fo rm a l  

MESA inves t igat ion  r e p o r t s .  A ccord ing ly ,  it was e s t im a te d  that  t h e r e  

would be an a ve rag e  of about 50 avai lab le  MESA acc ident  inves t igat ion  

r e p o r t s  a y e a r .  If th is  e s t im a te  was c o r r e c t ,  it was expected that  data  on 

about 175 fa l l -o f -g rou n d  acc iden ts  might be obtained if only those  which 

had o c c u r r e d  s ince  Jan u a ry  1972 w e re  c o n s id e re d .  T h u s ,  when the study 

began ,  em phas is  was p laced on rec e iv in g  all ava i lab le  fo rm a l  MESA 

accident  inves t iga t ion  r e p o r t s  for the y e a r s  1972 through m id-1975 .
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In the  c o u rs e  of the w o rk ,  a few r e p o r t s  of i n t e r e s t  on acc iden ts  which

o c c u r r e d  p r i o r  to 1972 w e re  found and w e re  included in the  s tudy.  Tables  

and d i sc u ss io n  in l a t e r  p a r a g r a p h s  of th is  appendix r e l a t e  the acc iden ts  

examined to the  y e a r s  in which they o c c u r r e d .  A lso ,  when the final  design 

of the  equipment  su rv e y  was being  c o n s id e re d ,  it was decided to combine 

the  su rv ey  with the  acc iden t  q u e s t io n n a i r e  and to add a sec t ion  in which 

re spo n d en ts  could identify f a l l -o f -g ro u n d  acc iden ts  which did not involve 

i n ju r i e s .  Such acc iden ts  would,  with a few e x cep t io n s ,  not have been  

included in the  MESA da ta .  L a te r  tab les  and d i sc u ss io n  show how much 

in fo rm at ion  fo r  the  study was obtained in th is  way.

Data R e q u i rem en t

One of the  ob jec t ives  of th is  study was to d e te rm in e  the s t r u c tu r a l  

r e q u i r e m e n t s  fo r  FOPS to be  used  on unde rg rou n d  and su r f a c e  equipment 

fo r  m e ta l -n o n m e ta l  m in e s .  This  r e q u i r e d  that  a d e te rm in a t io n  be made 

of the  s iz e  of rock  fa l ls  m os t  often e x p e r ien ced  and the d is tance  they fe l l .

The mining equipment  that  was of p a r t i c u l a r  i n t e r e s t  is defined e a r ly  in 

th is  r e p o r t .

The data  r e q u i r e m e n t ,  in o the r  w o r d s ,  is to  obtain data  which show 

the  energy  t r a n s fo r m a t io n  capabil i ty  a p ro te c t iv e  s t r u c t u r e  m us t  have to 

p ro te c t  the o p e r a to r s  of c e r t a in  m ach in es  f r o m  in ju r ie s  due to " fa l l -o f -  

ground" a cc id e n ts .

One of the  two needed types  of ene rg y  data  is that  r e l a te d  to a 

n e a r ly  u n i fo rm  loading of the p ro te c t iv e  s t r u c t u r e .  Kinetic  energy  is the 

quanti ty  des i red :

Ek = l / 2 m v 2
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where

Ek = kinet ic  e nergy  in foot-pounds 

m = m a s s  in s lugs  

v = veloci ty  in feet  p e r  second

It i s  the  kinet ic  energy  of the  fal l ing object  which the p ro tec t iv e  

s t r u c tu r e  m us t  t r a n s f o r m  in one way or a n o the r .  If the energy  lo s s  due 

to a i r  f r ic t ion  is  ig n o red ,  b e c a u se  it is v e ry  s m a l l ,  the p r in c ip le  of c o n 

s e rv a t io n  of energy  r e q u i r e s  that  the  kinet ic  energy  of a fal l ing object  at 

any point in i ts  fal l  be equal  to the po ten t ia l  e nergy  it has  lo s t .  An object  

of weight "w" which is held  at a height  "h" above som e  r e f e r e n c e  plane  

(such as the  f loor  of a mine) has  po ten t ia l  energy  equal to the p roduc t  of 

i t s  weight and height  (E^ = wh).

The kinet ic  energy  of a ro ck  fall can be defined at a r e f e r e n c e  plane 

that  is the  sa m e  as the leve l  at the top of the FOPS.  This  leve l  may be 

f ro m  about five feet  to t h i r t e e n  feet  above the su r f a c e  on which the  machine  

is  ope ra t ing .  The r e f e r e n c e  p lane  defined by the FOPS top is cal led the 

"p ro tec t ion  l e v e l" .  How the  "p ro tec t ion  leve l"  was se lec te d  for  each 

acc ident  in the data  ana lyses  is d i sc u sse d  in l a t e r  p a r a g r a p h s .  Of c o u r s e ,  

the  to ta l  kinet ic  energy  at the  p ro tec t io n  leve l  is  not n e c e s s a r i l y  the amount 

with which the design of the p ro tec t iv e  s t r u c tu r e  m ust  be  c once rned .  In 

many c a s e s ,  only a p a r t  of the  energy  affects  the s t r u c t u r e .  The method 

of handling th is  fact in the data  an a ly s is  is a lso  d i s c u s se d  in l a t e r  p a r a 

graphs  of th is  appendix.

The second of the two needed types of energy  data  is that r e l a te d  

to sm a l l  a r e a  (point) loading of the p ro tec t iv e  s t r u c t u r e .  F o r  som e  fa l l -  

of-ground a c c id e n ts ,  the p rov is ion  of p ro tec t io n  depends upon the capabil i ty  

of the  s t r u c tu r e  to r e s i s t  ex tens ive  d e fo rm a t io n ,  o r  top p la te  ru p tu r e .
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Kinetic  energy  data  a r e  needed and,  in addit ion,  in fo rm at ion  about the 

shape  of the  fal l ing ob jec t ,  e sp ec ia l ly  the  impact  a r e a .  The m an n e r  of 

handling the  data  in th is  r e s p e c t  is d i sc u sse d  l a t e r .

Data Acquisi tion

through MESA of f ic ia l s ,  to  r ev iew  MESA accident  inves t iga t ion  r e p o r t s .

The f i r s t  r ev iew s  w e re  m ade  in the MESA Reno F ie ld  Office. When work 

on all of the r e p o r t s  ava i lab le  at that location had been  com ple ted ,  

addit ional  rev iew s  w e r e  a r r a n g e d  at the Health and Safety Analysis  C e n te r ,  

D enver ,  w here  a c e n t r a l  r e p o s i to r y  of fa ta l  acc ident  inves t iga t ion  r e p o r t s  

is m ain ta in ed ,  and at MESA h e a d q u a r t e r s  in A rl ing ton ,  w here  a l a rg e  file 

of nonfatal  acc ident  inves t iga t ion  r e p o r t s  is m a in ta ined .  At D enver ,  

acc ident  inves t iga t ion  r e p o r t s  fo r  e ve ry  fa ta l  m e ta l  and nonm eta l  mine 

acc iden t  s ince  J a n u a ry  1 , 1972, w e re  rev iew ed  and data  w e re  ex tra c ted  

and r e c o rd e d  for  e v e ry  accident  of p o ss ib le  in te r e s t  in th is  study which 

had not been p rev io u s ly  rev iewed in Reno. S im i la r ly ,  in A r l ing ton ,  data  

w e re  r e c o rd e d  for  e v e ry  acc ident  r e p o r t  which had not been  rev iewed in 

Reno or  Denver .  Some r e p o r t s  of sp e c ia l  i n t e r e s t  for  the  y e a r s  1970 and 

1971 w e re  reviewed in Reno. Table  A5-1 shows the n u m b er  of MESA 

acc iden t  r e p o r t s  rev iewed by y e a r  and type .  The to ta l  is 1005. Most 

of the  acc iden ts  which involved som e  fa l l -o f -g ro u n d  w e re  so designated 

by the MESA officials  who w e re  re s p o n s ib le  fo r  the inves t iga t ions .  A few, 

h o w e v e r ,  w e re  u nder  o ther  d e s ig n a t io n s ,  apparen t ly  b e c a u se  fa l l -o f -g rou n d  

was not the  p r i m a r y  acc iden t  c au se .  The n u m b e r s  of f a l l -o f -g ro un d  

acc iden ts  which w e re  con s id e re d  to be  of in t e r e s t  to th is  study a r e  given 

in Table  A5-2 by y e a r  and type.  The to ta l  is 152. Sufficient in formation  

to sa t i s fy  the  data  r e q u i r e m e n t s  d i s c u s se d  above was ava i lab le  in only a 

f r ac t io n  of the inves t igat ion  r e p o r t s .  Table  A5-3 shows the n u m b ers  of

The in i t ia l  act ion at the  beginning of th is  s tudy was to a r r a n g e ,

V
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Table  A5-1 .  MESA Accident Invest iga tion R epor ts  
( P r e - Survey Review)

F a ta l  Accident R epor ts

D enver ,  HSAC

Y e ar  1972 139

1973 168

1974 146

1975 57

F a ta l  and N o n -F a ta l  Accident Repor ts

A rl ing ton ,  MESA

All Y e a r s 191

Reno,  MESA

All Y e a r s 304

TOTAL 1005

re p o r t s  in which needed data  w e re  c o m ple te ,  by y e a r  and type of acc iden t .  

The ove ra l l  p e rc en ta g e  of acc iden ts  of i n t e r e s t  which had all r eq u i re d  

data  in the r e p o r t s  was 14.5%. One hundred  th i r ty  of the 152 identified 

in Table A5-2 had insuff icient  in fo rm at ion  fo r  the data  r e q u i r e m e n t  of 

th is  study. The 130 acc iden ts  w e r e  th ose  about which m ai l  inqu ir ies  w e re  

m ad e ,  using  the  Bureau  of Mines F a l l -o f -G ro u n d  and Equipment Survey 

fo rm  d iscu ssed  below. Table  A5-4 is a s u m m a r y  of the  130 acc iden ts  by 

mine type (underground o r  su r face )  and type of accident  (fatal or non-fa ta l) .  

The tab le  a lso  sh o w s ,  in the  f i r s t  co lum n,  the n u m b e rs  of ques t io n na i re s  

which w e re  m ai led  to obtain data  not avai lab le  in the accident inves t igat ion

V
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T a b le  A 5 -2 .  F a l l - o f - G r o u n d  A cc id en ts  — 

Iden t i f ied  f r o m  MESA A cc id en t  In v es t ig a t io n  R e p o r t s

Y e a r F a t a l N o n - F a t  al T o ta l

1975 5 6 11

1974 24 18 42

1973 21 15 36

1972 22 8 30

P r i o r  to 1972 26 7 33

All Y e a r s 98 54 152

T a b le  A 5-3 .  F a l l - o f - G r o u n d  A c c id en ts  — 
P h y s i c a l  Data  C o m p le t e  in MESA R e p o r t s

Y e a r F a t a l N o n - F a t a l T o ta l P e r c e n t

1975 0 1 1 9 .1

1974 8 1 9 21 .4

1973 2 3 5 13 .9

1972 2 3 5 16 .7

P r i o r  to 1972 1 1 2 6 .1

All Y e a r s 13 8 22 14.5

V
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T a b le  A 5 -4 .  A cc iden t  H i s to r y  (AH) Q u e s t io n n a i r e s
M ailed  and N u m b e r s  of A c c id e n t s  Involved

Mine Type
AH

M ail ings
F a t a l

A c c id e n ts
N o n - F a t a l  
A cc id en ts

T o ta l
A c c id e n ts

U n d e rg ro u n d 76 56 37 93

S u r face 37 29 8 37

T O T A L 113 85 45 130

r e p o r t s .  T h e r e  a r e  f e w e r  q u e s t i o n n a i r e s  t h a n  a c c i d e n t s  b e c a u s e  s e v e r a l  

u n d e r g ro u n d  m i n e s  had m o r e  th an  one a c c id e n t  about  which  i n q u i r i e s  

w e r e  m a d e .

The  q u e s t i o n n a i r e  u s e d  is  shown in F i g u r e  A 5 -1 .  It i s  Sec t ion  1 

of the  s u r v e y  f o r m  which is  d i s c u s s e d  in m o r e  d e t a i l  in Appendix  A4.

T h r e e  i l l u s t r a t i v e  i n q u i r i e s  a r e  shown on th e  q u e s t i o n n a i r e .  The  130 a c c i 

den ts  w e r e  n u m b e r e d  s e r i a l l y  s t a r t i n g  with A H - 101. T h e  "AH" r e f e r r e d  

to  m in e s  which  had  an " a c c id en t  h i s t o r y "  r e f l e c t e d  in t h e  MESA ac c id e n t  

i n v e s t ig a t io n  r e p o r t s .  E q u ip m en t  d a ta  which  w as  a l s o  ob ta ined  on the  

AH s u r v e y  f o r m s  w e r e  c o m p i led  s e p a r a t e l y  f r o m  th o s e  ob ta ined  on f o r m s  

with o th e r  d e s ig n a t i o n s ,  a s  d i s c u s s e d  in Appendix  A4.

T a b le  A5-5 shows the  n u m b e r s  of f a t a l  and n o n - f a t a l  a c c id e n t s  

f o r  which  th e  da ta  r e q u i r e d  w e r e  ob ta ined  f r o m  r e s p o n s e s  to  the  m a i l  

q u e s t i o n n a i r e s .  The  to t a l  is  86. The  " s u c c e s s  r a t e "  of the  q u e s t i o n n a i r e  

was  86 /130  = 0 .66  2 , o r  about  66%. The  o v e r a l l  r e s p o n s e  r a t e  was  h i g h e r .  

Some r e s p o n d e n t s  did not p ro v id e  the  in fo r m a t io n  r e q u e s t e d ,  and a few
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Iv i AH r  1 RS No- 77 7

B U R E A U  O F  M IN E S  

F a ll o f  G ro u n d  and E q u ip m e n t S u rvey

i i
Please provide the in form ation requested in the sections checked only. See explanations on reverse.

Fall of Ground 
Section 1

Concerning the accident on 5 / 5  1975 involving a b a c k  f a l l  and injuries to ^ , what was the

d i s t a n c e  m a t e r i a l  f e l l  b e f o r e  s t r i k i n g  v i c t i m ;  w e ig h t  ( o r  d im e n s io n s )  o f  t h e  m a t e r i a l  w h ic h f e l l .

Concerning the accident on 4 / 4  19 74  involving a r i b  f a l l and injuries to S m ith , what was the

w e ig h t  ( o r  d im e n s io n s )  o f  t h e  m a t e r i a l  w h ic h  f e l l ;  m a n u f a c t u r e r ,  m o d e l ( o r  s e r i a l )  n u m b e r  a n d  y e a r  o f
m a n u f a c tu r e  o f  t h e  F r o n t  E n d  L o a d e r  i n v o l v e d .  
Concerning the accident on t3 / J  19 73  involving a b a c k  f a l l and injuries to D . Doe , what was the

w e ig h t  ( o r  d im e n s io n s )  o f  t h e  r o c k  w h ic h  f e l l ;  t y p e ,  m o d e l ( o r s e r i a l )  n u m b e r ,  m a n u f a c t u r e r a n d  y e a r o f

[.'i
m a n u f a c t u r e  o f  t h e  m a c h in e  i n v o l v e d .

Section 2
In the table below, identify any fall-of-ground accidents (underground or surface) since Jan, 1972 which did not involve injuries. 

M onth/Y r. Fall Distance (ft.) Vol (cu. ft.) or Dimen. (ft.) Material Est. Weight Fell From Equipment Involved

: x Equipment 
Section 3

Identify all self-propelled equipment, not remotely-operated, which is presently used at your mine by completing the table below. ( If  more than 15, please 
continue listing on another sheet.) Primary Use I-RQPS

Equipment Type Manufacturer Model Yr. Made or SN Undergd. Surf. Both Installed? ROPS Manufacturer Remaining Life

1. n  □ □

2. n  n n

3. L )  [ . ] r;>

4 n  □ u

5. □  □ n

6. □  n □

7. L3 □ □

8. □  □ □

9. n  n n

10. r j  □ n

11 n  n □

12.

□□I

□

13. n  n L'J

14. □  n [".i

15. n  n n

F i g u r e  A 5 -1 .  A cc iden t  H i s t o r y  Q u e s t io n n a i r e  
(Sect ion 1 — USBM F a l l - o f - G round  and E q u ip m en t  Survey)



T a b le  A 5 -5 .  F a l l - o f - G r o u n d  Acc iden t  D a ta  
O bta ined  T h ro u g h  Use  of A cc id en t  H i s t o r y  Q u e s t io n n a i r e

Y e a r  
of Acciden t

F a t a l
A cc id en ts

N o n - F a t a l  
A c c id e n ts

T o ta l
A c c id en ts

1975 4 5 9

1974 10 13 23

1973 13 8 21

1972 13 2 15

P r i o r  to  1972 16 2 18

T O T A L 56 30 86

86S u c c e s s  R a te :  -----  = 0 .6 6 21 3U

p ro v id e d  it in a f o r m  which could not be quan t i f ied  a c c u r a t e l y  fo r  e n e rg y  

c a l c u l a t i o n s .

In add i t ion  to  the  da ta  obta ined  f r o m  th e  q u e s t i o n n a i r e ,  f r o m  

Sect ion  1 of the  s u r v e y  f o r m ,  and f r o m  the  MESA r e p o r t s  which had c o m 

p le te  a c c id e n t  i n f o r m a t i o n ,  90 f a l l - o f - g r o u n d  a c c id e n t s  which p ro d u c e d  

no in ju r i e s  w e r e  obta ined  in Sect ion  2 of the  s u r v e y  f o r m .  (See F i g 

u r e  A 5 - 1 . )  On the  "AH" s u r v e y  f o r m s  m a i l e d  as  wel l  a s  on the  "RS" 

f o r m s ,  r e c i p i e n t s  w e r e  r e q u e s t e d  to  c o m p le te  both Sec t ions  2 and 3.

Data fo r  s ix  a c c id e n t s  w e r e  ob ta ined  th ro u g h  f ie ld  t r i p s  to  m i n e s .
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T a b le  A5-6 show s the  to t a l  n u m b e r  of a c c id e n t s  f o r  which  da ta  

w e r e  ob ta ined  in t h i s  s tu d y .  The  t a b l e  s e p a r a t e s  the  a c c id e n t s  by  y e a r ,  

by  type  of m in e  and by  in ju ry  c a t e g o r y .  The  d a ta  f r o m  the  t o t a l  of 198 f a l l -  

o f -g ro u n d  a c c id e n t s  w e r e  t h o s e  on which  th e  a n a l y s e s  w e r e  b a s e d .

T a b le  A 5 -6 .  A cc iden t  D ata  Obta ined  by 
Mine Type  and Ex ten t  of In ju ry

U n d e r g r o u n d S u r f a c e T o ta l s

F I N F I N F I N

1975 2 0 22 2 0 10 4 0 32

1974 11 8 26 6 2 8 17 10 34

1973 10 11 9 5 0 9 15 11 18

1972 8 3 3 5 4 2 13 7 5

E a r l i e r
and
No D ate

17 4 4 1 1 5 18 5 9

T O T A L S 48 26 64 19 7 34 67 33 98

T o t a l  U n d e r g r o u n d 138

T o t a l  S u r f a c e 60

198

K ey:  F = F a t a l
I = I n ju r y  
N = No In ju ry
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T a b le  A5-7 shows th e  r e s p o n s e  p e r f o r m a n c e  f r o m  th e  113 "AH" 

f o r m s  m a i l e d .  (See Appendix  A4 f o r  "RS" r e s p o n s e  p e r f o r m a n c e . )  T h e r e  

w e r e  82 f o r m s  r e t u r n e d  with t h e  i n f o r m a t i o n  r e q u e s t e d  in S ec t ion  1, o r  

with  s o m e  s t a t e m e n t  e x p r e s s i n g  a r e a s o n  fo r  not  p r o v id in g  a n s w e r s  to  th e  

Sect ion  1 q u e s t io n s .  The  m o s t  f r e q u e n t  r e a s o n  w as  th a t  th e  m in e  had  b e e n  

c lo se d  o r  th a t  o w n e r sh ip  had  c h a n g ed .  T h e  n ex t  m o s t  f r e q u e n t  r e a s o n  

w as  a s t a t e m e n t  to  the  effec t  th a t  a l l  known i n f o r m a t i o n  w a s  in th e  MESA 

a c c id e n t  i n v e s t ig a t io n  r e p o r t .  The  o v e r a l l  r e s p o n s e  r a t e  w as  82 /113  =

0 . 7 2 6 ,  o r  about  73%. N e a r ly  20% of the  r e s p o n d e n t s  p r o v id e d  Sect ion  2 

i n f o r m a t i o n  on "no i n ju ry "  a c c i d e n t s .  Many o t h e r s  r e p o r t e d  t h a t ,  a l though  

su ch  a c c i d e n t s  had o c c u r r e d ,  no  r e c o r d s  w e r e  kep t  and no d a t a  w e r e  

a v a i l a b l e .

D ata  A n a ly s is  P r o c e d u r e s

The f a l l - o f - g r o u n d  p h y s i c a l  d a ta  a v a i l a b l e ,  w h e t h e r  f r o m  a c c id e n t  

in v e s t ig a t io n  r e p o r t s ,  f r o m  th e  q u e s t i o n n a i r e s  m a i l e d ,  o r  f r o m  d i r e c t

T a b le  A 5-7 .  "AH" Q u e s t io n n a i r e  R e s p o n s e  In fo r m a t io n

T o ta l  "AH" f o r m s  sen t 113 100.0%

F u l l  r e s p o n s e  p ro v id e d 73

R e s p o n s e ,  but  no d a t a ,  Sec t ion  1 7

R e s p o n s e ,  da ta  i n c o m p le t e  o r  u n u s a b le ,  
Sect ion 1

2

T o ta l  r e s p o n s e s  to cutoff 82 72.6%

No r e s p o n s e  o r  u n d e l i v e r a b l e  by  USPS 31

R e s p o n s e s  with da ta  in  bo th  Sec t ion  1 
and Sect ion  2

22 19.5%
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i n t e r v i e w s ,  w e r e  i m p e r f e c t  in m any  r e s p e c t s .  It w as  n e c e s s a r y  to 

deve lop  g u id e l in e s  and c o r r e c t i o n  c o n s ta n t s  with which  to t r e a t  th e  

r e p o r t e d  d a t a .  The  o b je c t iv e  w as  to a c c u r a t e l y  c h a r a c t e r i z e  the  f a l l s  

with r e s p e c t  to  th e  e n e rg y  which  would b e  " s e e n "  by  a p r o t e c t i v e  s t r u c t u r e .  

The  p r o c e d u r e s  and c o r r e c t i o n s  c h o sen  w e r e  t h o s e  which  would a t t a in  

t h e  o b j e c t i v e ,  bu t  n e v e r  u n d e r e s t i m a t e  f a c t o r s  which a f fec t  e n e r g y  c a l 

c u l a t i o n s .  T h e  b i a s  which  e x i s t s  in th e  f ina l  d a ta  i s  in th e  d i r e c t i o n  of 

o v e r e s t i m a t i o n .  The  d e g r e e  of b i a s  i s  judged  in Sect ion  4 .  1 and r e f l e c t e d  

in F i g u r e  4 - 5 .

E a r l y  in th e  s tudy  i n t e r e s t  fo cu se d  on th e  s u r f a c e  a c c id e n t s  

b e c a u s e  t h e  s i z e  of s o m e  f a l l s ,  a s  r e p o r t e d  in w eigh t  t e r m s ,  w as  v e r y  

l a r g e .  Data  w e r e  a v a i l a b l e  fo r  a few a c c i d e n t s  f r o m  which  a n a l y s e s  

could be  m a d e  to  judge  th e  m a x i m u m  weight  and v o lu m e  th a t  would a c tu a l ly  

a f fec t  a p r o t e c t i v e  s t r u c t u r e .  It qu ick ly  b e c a m e  a p p a r e n t  th a t  th e  k ine t ic  

e n e r g y  with which  a p r o t e c t i v e  s t r u c t u r e  could  h a v e  b e e n  a f fec ted  was  

u s u a l ly  v e r y  m u c h  s m a l l e r  th an  tha t  of t h e  to t a l  f a l l .  S e v e r a l  m o d e ls  fo r  

a n a l y s e s  p u r p o s e s  w e r e  c o n s i d e r e d .  One is  d i s c u s s e d  be low  to  i l l u s t r a t e  

how the  p h y s i c a l  d a ta  on f a l l - o f - g r o u n d  a c c i d e n t s  w e r e  t r e a t e d .

Model  fo r  S u r fa c e  M ine  Ground  F a l l s

Not a l l  of th e  weigh t  in a l a r g e  v o lu m e  fa l l  of n o n - c o h e s i v e  m a t e r i a l  

can  i m p a c t  in a s m a l l  a r e a .  It would be  i n a p p r o p r i a t e  to e s t i m a t e  the  

k in e t i c  e n e r g y  a p r o t e c t i v e  s t r u c t u r e  m u s t  t r a n s f o r m  by  a s s u m i n g  th a t  

a l l  of th e  f a l l in g  m a t e r i a l  would im p a c t  on i t .  A m e th o d  which  p r o v id e s  

m o r e  a c c u r a t e  e s t i m a t e s  is  n e e d e d .  If t h e  d e t a i l s  of th e  fa l l  g e o m e t r y  

w e r e  known in each  c a s e ,  a v e r y  a c c u r a t e  e s t i m a t e  could  be  m a d e .  H o w 

e v e r ,  a s  ex p la in ed  e a r l i e r ,  in m an y  c a s e s  l i t t l e  about  th e  p h y s i c a l  d e t a i l s  

of th e  a c c id e n t  i s  known.  It is  s o m e t i m e s  d i f f icu l t  to  ob ta in  good i n f o r 

m a t io n  even about  such  fu n d a m e n ta l  th in g s  as  the  fa l l  d i s t a n c e  and v o lu m e



" \

of fa l len  m a t e r i a l .  S e v e r a l  m o d e l s  which  would  p r o v id e  r e a s o n a b l e  

e s t i m a t e s  of im p a c t  weight  and k in e t i c  e n e r g y  on the  p r o t e c t i v e  s t r u c t u r e s  

w e r e  w o rk e d  out and t e s t e d .  It w as  f in a l ly  dec id ed  to  u s e ,  fo r  t h i s  r e p o r t ,  

a v e r y  b a s i c  one .  Although th e  m o d e l  r e q u i r e s  s e v e r a l  s im p l i fy in g  

a s s u m p t i o n s  r e g a r d i n g  th e  g e o m e t r y  and k i n e m a t i c s  of e a r t h  f a l l s ,  it 

p r o d u c e s  s a t i s f a c t o r y  a p p r o x i m a t i o n s  which  c o m p a r e  f a v o ra b ly  with t h o s e  

ob ta ined  th ro u g h  m o r e  r e f in e d  m o d e l s .  F u r t h e r ,  it s a t i s f i e s  th e  p r i n c i p a l  

o b j e c t iv e ,  n a m e l y ,  to p r o d u c e  r e a s o n a b l e  e s t i m a t e s  with b i a s  only in the  

d i r e c t i o n  of l a r g e r  v a l u e s ,  a s  w i l l  b e  a p p a r e n t  in the  d i s c u s s io n  which 

f o l l o w s .

th a t  it f a l l s  v e r t i c a l l y ,  and th a t  th e  m a c h in e  upon  which  it i m p a c t s  is  

d i r e c t l y  u n d e r  t h e  f a l l ,  p a r a l l e l  to  the  f a c e ,  and as  n e a r  to  th e  f a c e  as  

i t s  n o r m a l  w o rk  a l lo w s .

a n e a r l y  v e r t i c a l  f a c e  o r  w a l l .  A few w e r e  f r o m  a r e a s  above  u n d e r c u t s .  

S o m e ,  h o w e v e r ,  w e r e  s l id e s  no m o r e  th an  about  30° above  h o r i z o n ta l .  

The  m a c h in e s  involved  w e r e  u s u a l ly  not f a r  f r o m  th e  w a l l ,  but w i th in  

m a c h in e  w o rk in g  d i s t a n c e  f r o m  i t .

m a s s  of e a r t h  h a s  b ee n  exposed  f o r  a t i m e  to  th e  e l e m e n t s .  O r ,  it i s  

def ined as  the  ang le  with th e  h o r i z o n ta l  at  which m a t e r i a l  wil l  s tand  when 

p i led .  The "an g le  of s l id e "  is the  ang le  at which  m a t e r i a l  wil l  f low.

T a b le  A5-8 show s ang le  of r e p o s e  v a lu e s  fo r  s e v e r a l  m a t e r i a l s .  T a b le  A5-9 

g ives  s o m e  ang le  of s l id e  v a l u e s .  A fa l le n  n o n - c o h e s i v e  m a t e r i a l  w i l l  f o r m  

s o m e  angle  with the  h o r i z o n ta l  a f t e r  i m p a c t .  The  ang le  wil l  be  one b e tw e e n  

i t s  ang le  of r e p o s e  and ang le  of s l i d e .  In the  m o d e l ,  40°  w as  a s s u m e d  fo r  

a l l  c a s e s .

A s s u m e  th a t  t h e  m a t e r i a l  f a l l s  in a  s in g l e ,  n e a r l y  c o h e s iv e  m a s s ,

In m o s t  of th e  a c c i d e n t s  in the  s a m p l e ,  th e  fa l l  w as  indeed  f r o m

The " an g le  of r e p o s e "  i s  u s u a l ly  def ined  in one of two w a y s .  It 

i s  th e  ang le  which  th e  " n a t u r a l  s lo p e "  m a k e s  with  t h e  h o r i z o n ta l  when a

V
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T a b le  A 5 -8 .  Angle of R e p o s e ,  S om e C o m m o n  M a te r i a l s

M a t e r i a l Angle (Deg. ) So u rce

C l a y ,  D r y ,  L o o s e 37 1

C la y ,  D r y ,  Bank 45 1

G r a v e l ,  C l e a n ,  L o o s e 37 1

Rock (Riprap) 45 1

Sand,  Wet 22 1

S and ,  C l e a n ,  L o o se 34 1

S c r e e n e d  I ro n  and 
C o p p e r  O r e

37 2

Source :  1. Mining  E n g i n e e r ' s  Handbook; P e e l e ,  R o b e r t  ( e d . ) ,  
Jo h n  W iley  and S ons ,  N. Y. , 1961.

2. M a r k s '  S tan d a rd  Handbook f o r  M e ch an ic a l
E n g i n e e r s ;  B a u m e i s t e r ,  T h e o d o re  (ed .) ;  7th Edi t ion;  
M c G ra w - H i l l  Book C o m p a n y ,  N. Y. , 1967.

T a b le  A 5 -9 .  Angle  of Slide

M a t e r i a l Angle (Deg. )

M in e -R u n  O re  

O r e ,  F i n e  R em o v ed

35-40

30

S o u rce :  M a r k s '  S ta n d a rd  Handbook f o r  M e c h a n ic a l  E n g i n e e r s ;
B a u m e i s t e r ,  T h e o d o re  (ed . ) ;  7th Edi t ion ;  M c G ra w - H i l l  
Book C o m p a n y ,  N. Y. , 1967.
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S t r i c t l y  s p e a k in g ,  " d e n s i t y "  is  th e  m a s s  p e r  un i t  v o lu m e  of a

m a t e r i a l .  Its un i t s  a r e  s lu g s  p e r  cubic  foot o r  l b - s e c ^ - f t - ^ . T h e  weight  

p e r  unit  v o lu m e  is  "w eigh t  d e n s i t y , "  o r  " r e l a t i v e  w e igh t"  e x p r e s s e d  in 

pounds  p e r  cubic  foo t .  H o w e v e r ,  " d e n s i ty "  i s  c o m m o n ly  u s e d  to m e a n

weight  p e r  un i t  v o l u m e ,  and it i s  so  u s e d  h e r e .  T a b le  A 5-10 g ives  d e n s i ty  

v a l u e s  fo r  s o m e  of the  m a t e r i a l s  in th e  a c c id e n t  s a m p l e s  and th e  s o u r c e s  

f r o m  which t h e s e  v a lu e s  w e r e  t a k e n .  In m o s t  c a s e s ,  th e  h ig h e s t  v a lu e  

given in s t a n d a r d  r e f e r e n c e s  fo r  the  m a t e r i a l  b e in g  c o n s id e r e d  w as  u s e d .  

In th e  few c a s e s  fo r  which th e  m a t e r i a l  w as  not know n,  and could not be 

e s t i m a t e d  f r o m  a v a i l a b l e  i n f o r m a t i o n ,  a d e n s i ty  of 150 pounds  p e r  cubic  

foot was  u s e d .  It w as  a lw ay s  a s s u m e d  th a t  th e  m a t e r i a l  which fe l l  had 

th e  s a m e  d en s i ty  a s  the  o r e  b e in g  m i n e d ,  a l though  in s o m e  c a s e s  it was  

c l e a r  th a t  the  fa l le n  m a t e r i a l  (o v e rb u rd e n )  a c tu a l ly  w as  l i g h t e r  than  th e  

o r e .

It w as  a s s u m e d  tha t  f a l l s  f r o m  a f ace  o r  wal l  o c c u r r e d  f r o m  a 

s in g le  p l a c e ,  r a t h e r  th a n  f r o m  a long  l a t e r a l  a r e a  of th e  w a l l .

The  g e n e r a l  m o d e l  is  i l l u s t r a t e d  in F i g u r e  A 5 - 2 ,  which  a l s o  show s  

th e  s y m b o l s  u se d  in  th e  d i s c u s s i o n  and t a b l e s  which  fo l low.

C o n s id e r  now what  is  th e  m a x i m u m  v o lu m e  of " lo o s e "  m a t e r i a l  

which could r e s t  e n t i r e ly  on the  top of a p r o t e c t i v e  s t r u c t u r e  a f t e r  f a l l in g ,  

g iven  the  cond i t ions  of the  m o d e l .  The  v o lu m e  i s ,  of c o u r s e ,  dependen t  

upon the  a r e a  of the  top of th e  p r o t e c t i v e  s t r u c t u r e  and w h e th e r  it i s  f l a t .  

E x a m in a t io n  of d e s ig n  da ta  fo r  ROPS p r e s e n t l y  a v a i l a b le  c o m m e r c i a l l y  

sh o w s  th a t  one of th o se  with the  l a r g e s t  top a r e a  is  a RO PS f o r  the  

D9 C a t e r p i l l a r  c r a w l e r  t r a c t o r .  It i s  a n e a r l y  f la t  top  with d im e n s io n s  

a p p r o x i m a te ly  70 in c h e s  by 90 i n c h e s .  T h i s  a r e a ,  6 300 s q u a r e  i n c h e s ,  

o r  4 3 .7 5  s q u a r e  f e e t ,  i s  u s e d  in the  a n a l y s i s  h e r e .
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T a b le  A 5 -1 0 .  D en s i ty  of M a te r i a l s
(Lb.  P e r  Cu.  F t . )

M a te r i a l
D ens i ty
Range

A v e r a g e
D ens i ty So u rce

A s b e s to s  O r e  o r  Rock
Bank 141 1
L o o se 81 1

B a s a l t 169-200 184 2
150-190 3
171-201 181 4

Clay 112-162 3
Dry 63 2
And G r a v e l ,  Dry 100 2
C o m p ac t  Bank 111 1
L o o s e ,  D ry 70 4
M ar l 112-162 137 2

C o n c r e t e
C e m e n t ,  S tone ,  Sand 137-150 144 2

C o p p e r  O r e
Sulf ides  and Up to

10% C o p p e r ,  Bank 163-178 1
L o o se 113-120 1

P y r i t e s 256-269 262 2

D o lo m i te 181 2
177 3

Bank 148-163 1
L o o se 90-104 1

E a r t h
D r y ,  P a c k e d 95 2
M o is t ,  P a c k e d 96 2
D r y ,  C layey n o 1

V
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T a b le  A 5 -1 0 .  D ens i ty  of M a t e r i a l s  (Cont)
(Lb. P e r  Cu.  F t . )

M a t e r i a l
D ens i ty
R ange

A v e ra g e
D ens i ty S o u rc e

F e l d s p a r 159-172 3
Bank 152-167 1
L o o se 100-111 1
O r t h o c l a s e 156-169 162 2

G ra n i t e 160-170 166 4
163-169
165-173

165 2
3

Bank 148-163 1
L o o se 96-104 1

G rav e l
Wet 125 4
Dry 112 4
B a n k ,  Wet 111-126 1
L o o s e ,  Wet 100-120 1
B a n k ,  D ry 104-115 1
L o o s e ,  Dry 90-100 1

G ypsum 144-145 3
L o o se 90-100 1
A l a b a s t e r 144-175 159 2

Iron  O re
H e m o t i t e 325 2
L im o n i te 225-250 237 2
M agnet i te 306-325 315 2
H e m a t i t e 306-330 3
M agnet i te  
O r e ,  60% Iron

306-324 3

Bank 237-259 1
L o o se  

O r e ,  50% Iron
156-170 1

Bank 211-230 1
L o o se  

O r e , 30% Iron
141-152 1

Bank 167-185 1
L o o se 119-137 1
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T a b le  A 5 -1 0 .  D ens i ty  of M a te r i a l s  (Cont)

(Lb. P e r  Cu.  F t . )

M a te r i a l
D ens i ty
R ange

A v e ra g e
D ens i ty S o u rce

L e ad  O r e
G alena 456-475 465 2
G a lena 4 60-470 3

L i m e s t o n e 131-178 155 2
167-171 3
168-178 4

Bank 148-163 1
L o o s e 89-104 1

M a n g a n ese  O r e
P y r o l u s i t e 231-288 259 2

M a rb le 160-177 3
163-179 170 2

P h o s p h a te  Rock
A pa t i te 200 2

P o r p h y r y 162-181 3
163-181 172 2

Q u a r tz 165 3
F l in t 165 2

R ip ra p
L i m e s t o n e 80-85 2
S ands tone 90 2
Shale 105 2

Sand
D r y , B ank 100-111 1
D r y ,  L o o s e 89-111 1
D a m p , Bank 119-130 1
D a m p ,  L o o se 111-122 1
And G r a v e l ,  D r y ,  L o o se 90-105 2
And G r a v e l ,  Wet 118-135 126 2

V________________________________________ _________
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T a b le  A 5 -1 0 .  D en s i ty  of M a t e r i a l s  (Cont) 
(Lb.  P e r  Cu.  F t . )

M a te r i a l
D ens i ty
Range

A v e ra g e
D ens i ty S o u rc e

Salt
G r a n u l a r ,  Bank 111-119 1
G r a n u l a r ,  L o o se 70-78 1
Rock 136 3

Slate 162-205 3
Shale 163-181 172 2

Sylv ite 125 3

T a lc 168-174 3
Bank 126-133 1
L o o s e 85-89 1

T r e m o l i t e 181-200 3

T r o n a 132-134 3

U ra n in i te 406-606 3

Z in c  O re
B lende 244-263 253 2

S o u r c e s :
1. SME Mining E n g in e e r in g  Handbook;  C u m m i n s ,  A r th u r  B. and 

G iven ,  Ivan A . ;  Socie ty  of Mining E n g i n e e r s ;  A m e r i c a n  
In s t i tu te  of M in ing ,  M e ta l l u r g i c a l  and P e t r o l e u m  E n g i n e e r s ,  
Inc .  , N .Y .  , 1973.

2. M a r k s '  S tan d a rd  Handbook fo r  M e c h a n ic a l  E n g i n e e r s ;  
B a u m e i s t e r ,  T h e o d o re  (ed . ) ;  7th Edi t ion;  M c G ra w - H i l l  Book 
C o m p a n y ,  N . Y . ,  1967.

3. Handbook of C h e m i s t r y  and P h y s i c s ,  54th Edit ion;  C h e m i c a l /  
R u b b e r  P u b l i s h in g  Co.  , C l e v e l a n d ,  1973.

4. Mining E n g i n e e r ' s  Handbook;  P e e l e ,  R o b e r t  ( e d . ) ,  John  Wiley 
and Sons ,  N .Y .  , 1961.
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a = S L O P E  O P  TH E F A L L E N  M A T E R IA L ,  40°

p = " P R O T E C T I O N  L E V E L "  OR H EIGHT OF A P R O T E C T I V E  
S T R U C T U R E  ABOVE TH E SU R F A C E  ON WHICH THE 
MACHINE O P E R A T E S

f = T O T A L  F A L L  DISTANCE

F i g u r e  A 5 -2 .  G e n e r a l  M odel  of Rock F a l l

The  m a x i m u m  v o lu m e  of m a t e r i a l ,  wi th  a 4 0 °  ang le  of r e p o s e ,  

which  can  b e  r e t a i n e d  e n t i r e l y  on th e  top a r e a ,  w i l l  o c c u r  when the  p r o 

t e c t i v e  s t r u c t u r e  i s  d i r e c t l y  u n d e r  the  fa l l  and the  m a t e r i a l  p i l e s  s y m 

m e t r i c a l l y  with r e s p e c t  to th e  c e n t e r  l in e  of t h e  s t r u c t u r e ' s  top .  The  

sh a p e  of the  m a t e r i a l  a t  r e s t  is  shown in th e  fo l lowing  s k e tc h .
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t a n  40°  = 0 .8 3 9  = h35 in.

h = 2 9 .3 7  in .

V = j  (70 x 70K29.37)  + |  (70 x 20)(29.37)

= 4 7 ,9 7 1  + 2 0 ,5 5 9  = 6 8 ,5 3 0  cu .  in.  = 3 9 .6 6  cu .  ft .

W = Vd = 39 .66  cu. f t .  x 150 l b s . / c u .  f t .  = 5 ,9 4 9  l b s .

T h is  c a lc u la t io n  is  im p o r t a n t  only in th a t  it show s  tha t  a r e l a t i v e l y  s m a l l  

fa l l  of l o o s e  m a t e r i a l ,  up to  about 6000 p o u n d s ,  m igh t  be  r e t a i n e d  e n t i r e ly  

on the  p r o t e c t i v e  s t r u c t u r e ,  p ro v id e d  tha t  th e  in i t i a l  con tac t  a r e a  w as  

so m e w h a t  s m a l l e r  t h a n  70 in ch e s  by  90 in c h e s  = 4 3 .7 5  s q u a r e  fe e t .

An e s t i m a t e  m ay  b e  m a d e  of th e  m a x i m u m  weight  and v o lu m e  which 

m igh t  im p a c t  upon the  p r o t e c t iv e  s t r u c t u r e .  The  m e a n  t h i c k n e s s  ( v e r t i c a l  

d im en s io n )  of the  n e a r  v e r t i c a l  (>6 5°) fa l l s  fo r  which th e  v e r t i c a l  d i m e n 

s ion  was  r e p o r t e d  w as  4 . 5  f e e t .  The  r a n g e  w a s  0 .5  to  10 f e e t .  H o w e v e r ,  

t h e r e  w e r e  s o m e  fa l l s  with a v e r t i c a l  d im e n s io n  of 50 f e e t ,  judging f r o m  

th e  a cc id en t  in v e s t ig a t io n  d a ta .  T h e s e  a l l  invo lved  w a l l  c o l l a p s e .  The
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g e o m e t r y  of the  w a l l  c o l l a p s e s  s u g g e s t  th a t  th e  e f fec t iv e  t h i c k n e s s  of the  

p o r t i o n  which  m igh t  h a v e  im p a c te d  on top  of a m a c h in e  lo c a te d  at a m i n i 

m u m  w o rk in g  d i s t a n c e  f r o m  the  w a l l  w as  no g r e a t e r  th a n  about  10 f e e t .

All  of l a r g e  c o l l a p s e s  e x a m in e d  involved m a t e r i a l  of d en s i ty  <150 pounds  

p e r  cub ic  foo t .  A m a x i m u m  t h i c k n e s s  v a lu e  of 10 fee t  was  u s e d  in the 

m o d e l ,  m a k in g  the  e s t i m a t e  f o r  the  m a x i m u m  p r o t e c t i v e  s t r u c t u r e  im p a c t  

v o lu m e  70 in c h e s  by 90 in c h e s  by  120 in c h e s  = 75 6 ,0 0 0  cubic  in c h e s  o r  

4 3 7 .5  cubic  f e e t .  In th e  d a ta  a n a l y s e s  and the  p r e s e n t a t i o n s  of k in e t ic  

e n e r g y  at t h e  p r o t e c t io n  l e v e l ,  no g r e a t e r  v a lu e  t h an  th i s  w as  c o n s id e r e d  

f o r  im p a c t  v o lu m e  r e l e v a n t  to  the  p r o t e c t i v e  s t r u c t u r e .  In th o s e  a c c id e n t s  

in which fa l l  d i s t a n c e  w as  l e s s  than  18 f e e t ,  th e  v o lu m e  w as  c a lc u la t e d  

f r o m  th e  p r o t e c t i v e  s t r u c t u r e  a r e a  (43 .75  s q u a r e  feet)  m u l t ip l ie d  by  (f - p ) , 

and a p p r o p r i a t e  r e l a t e d  a d j u s t m e n t s  w e r e  m a d e  in  t h e  weight  fo r  t h o s e  

c a s e s .  T h e  b a s i s  fo r  th i s  p r o c e d u r e  is  th e  p r o t e c t i v e  s t r u c t u r e  h e ig h t ,  p ,  

which  w as  t a k e n  to be  a  m i n i m u m  of 8 f e e t  f o r  th e  m o d e l  (but 6 f e e t  in the  

u n d e r g r o u n d  m o d e l ) .  In f a c t ,  s o m e  of t h e  m a c h i n e s  of p r i m a r y  i n t e r e s t  

in th i s  s tudy  a r e  equipped with HOPS which h av e  h e ig h ts  in th e  10 to  14 foot 

r a n g e .  When the  m a c h in e  involved  w as  kn o w n ,  a p p r o p r i a t e  v a lu e s  w e r e  

found in m a n u f a c t u r e r ' s  d a ta  and p w as  u s u a l l y  t ak e n  to be  the  g iven  v a lu e  

m in u s  one foot.  T ab le  A5-11 show s  HOPS h e ig h t s  f o r  s o m e  of the  m a c h in e s  

of i n t e r e s t .

It w as  s u s p e c t e d  e a r l y  in  the  s tudy  th a t  t h e r e  m igh t  be  l a r g e  e r r o r s  

in weigh t  and d im e n s io n  e s t i m a t e s .  It w a s  c l e a r  f r o m  d i s c u s s io n s  d u r in g  

t h e  m in e  v i s i t s  with s a fe ty  o f f ic ia l s  and with MESA i n s p e c t o r s  on s e v e r a l  

o c c a s i o n s  tha t  s o m e t i m e s  the  d i m e n s i o n s  r e p o r t e d  w e r e  m e r e l y  " e y e b a l l  

e s t i m a t e s . "  In c a s e s  w h e r e  m e a s u r e m e n t s  w e r e  m a d e ,  the  m e a s u r e m e n t  

w as  of th e  void  f r o m  which  the  fa l l  c a m e .  Even  if  one a s s u m e s  th a t  th e  

l e n g t h ,  wid th  and t h i c k n e s s  d i m e n s io n s  g iv en  a r e  a c c u r a t e ,  t h e  v o lu m e  

of t h e  r o c k  th ey  d e s c r i b e  w i l l  not b e  c o r r e c t  if th e  d i m e n s i o n s  a r e  s im p ly



T a b le  A 5 -1 1 .  P r o t e c t i o n  L e v e l s ,  S e le c ted  M a c h i n e s ,
A p p r o x im a te  Height  of M ach ine  P lu s  RO PS

M ach ine
P r o t e c t i 6 h  "Level 

(Fee t )

D o z e r s

C a t e r p i l l a r  D-8 11 .4

A l l i s - C h a l m e r s  HD21 11.0

L o a d e r s

Hough H -400 14.6

M ich igan  175 12.5

M ich igan  275 13 .3

A l l i s - C h a l m e r s  745 11 .7

A l l i s - C h a l m e r s  945 1 3 .8

T e r e x  72-71 13 .3

C a t e r p i l l a r  950 10 .8

C a t e r p i l l a r  977 11 .3

C a t e r p i l l a r  988 12 .5

S c r a p e r s

M ich igan  210 11.4

Wabco 333 13. 1

T e r e x  TS24 12 .6

A l l i s - C h a l m e r s  261 11 .8

C a t e r p i l l a r  627 10 .8

C a t e r p i l l a r  637 1 1 .9

G r a d e r s

A l l i s - C h a l m e r s  200C 11 .4

Wabco 444 10 .8

C a t e r p i l l a r  16 11 .8
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m u l t ip l i e d .  The  point  is e a s i l y  i l l u s t r a t e d  by c o n s id e r in g  a s p h e r e  with 

d i a m e t e r  D in s id e  a cube  which is  D on a s id e .  If th e  v o lu m e  of th e  s p h e r e  

i s  e x p r e s s e d  in t e r m s  of the  l e n g th ,  width and he igh t  of t h e  c u b e ,  i t  i s  D . 

But t h e  a c tu a l  v o lu m e  of t h e  s p h e r e  is  1/6 n-D^. The  e r r o r  is  r e p r e s e n t e d  

by 7r/6 = 0 . 5 2 4 ,  th a t  i s  to s a y ,  the  a c t u a l  v o lu m e  of the  s p h e r e  i s  about  

ha l f  of what  it would be  s t a t e d  to  be  if  t h e  d i m e n s i o n s  of th e  cube w e r e  

u s e d  to  c a lc u la t e  i t .  Suppose  th e  s p h e r e  w e r e  an i r r e g u l a r  s h a p e ,  what  

’’c o r r e c t i o n  c o n s ta n t "  would h a v e  to  b e  ap p l ied  to  ob ta in  an a c c u r a t e  

v o lu m e  if only t h e  d i m e n s i o n s  of th e  cube  w e r e  k n o w n ?  T h is  is  th e  kind 

of q u e s t io n  fo r  which  a r e a s o n a b l e  e s t i m a t e d  a n s w e r  w a s  s o u g h t .  The  

m e th o d  w as  to ob ta in  n in e  f a l le n  r o c k s  of v a r i o u s  s h a p e s  and s i z e s  f r o m  

m i n e s  f o r  an e x p e r i m e n t .  The  g r e a t e s t  l e n g th ,  wid th  and t h i c k n e s s  of 

each  r o c k  was  m e a s u r e d  and a v o lu m e  c a lc u la t e d  f r o m  t h e s e  f i g u r e s .  The  

am oun t  of w a t e r  each  r o c k  d i sp la c e d  when i m m e r s e d  was  m e a s u r e d  to t h e  

n e a r e s t  0. 5 ounce  and a v o lu m e  c a l c u l a t e d .  The  r a t i o  of th e  second  

v o lu m e  to the  f i r s t  w as  then  c a l c u l a t e d .  The  r e s u l t s  a r e  shown in 

T a b le  A 5-12 .  The  m e a n  V ^ / V j  v a lu e  w as  0 . 4 0 6 .  It s u g g e s t s  th a t  the  

c o r r e c t i o n  c o n s ta n t  which  should  b e  em p lo y ed  fo r  v o lu m e s  c a lcu la te d  

f r o m  r e p o r t e d  fa l l  d i m e n s io n s  should  b e  about  0 . 4 .  H o w e v e r ,  0 .7 5  was  

u s e d .  The  r e a s o n  i s  th a t  a n o th e r  e x p e r i m e n t  showed tha t  the  t e s t  s u b je c t s  

qu i te  c o n s i s t e n t ly  u n d e r e s t i m a t e d  l e n g th ,  width  and t h i c k n e s s  when a s k e d  

to  e x p r e s s  t h e s e  r o c k  d im e n s io n s  in i n c h e s .  T he  r e s u l t i n g  e r r o r  w as  

0 .2 0  to 0 .3 0  of th e  v o lu m e  c a l c u la te d  f r o m  th e  t r u e  d i m e n s i o n s .  F u r t h e r ,  

a w e ig h t - v o lu m e  c o r r e l a t i o n  check  w as  done on th e  f i r s t  21 da ta  s e t s  

r e c e i v e d  in which  fa l l  weight  and fa l l  d i m e n s i o n s  w e r e  given and d e n s i t i e s  

w e r e  known with r e a s o n a b l e  a c c u r a c y .  The  check  in d ic a te d  tha t  a c o r 

r e c t i o n  f a c t o r  of about  0.  70 app l ied  to  th e  v o l u m e s  would m a k e  th e  w e igh ts  

and v o l u m e s  c o r r e l a t e  w e l l .  A f te r  s o m e  d i s c u s s i o n  of t h i s  m a t t e r ,  a 

c o r r e c t i o n  c o n s ta n t  fo r  v o l u m e s  of 0 .7 5  w as  ch o sen  fo r  v o lu m e s  c a lc u la t e d



T a b le  A 5 -1 2 .  M in e -R u n  Rock V o lu m e  S am ple

h 2o
S am p le D im e n s io n s y l D isp . v 2

No. (In.) ( I n . 3) (Oz.) (In. 3 ) v 2/v i

1 6 .1 2 5  
4. 875 
5 .0

149 .30 3 6 . G 6 4 .9 7 0 .4 3 5

2 3. 375 
3 .375  
8 .3 1 2 5

9 4 .6 8 18 .0 3 2 .4 8 0 .3 2 3

3 8 .75
4 .6 2 5
3 .5

141 .64 3 4 .0 6 1 .3 6 0 .4 3 3

4 5 .2 5  
3 .8 7 5  
7 .1 2 5

144 .95 3 2 .5 58 .65 0 .4 0 5

5 5 .9375
5 .0625
6 .8 7 5

206 .65 4 4 .0 79 .41 0 .3 8 4

6 15 .5
20 .625
11 .875

3 , 7 9 6 . 2 9 900. 5 1 , 6 2 5 .1 2 0 .4 2 8

7 34 .25  
12.75 
25 .125

1 0 , 9 7 1 .7 7 2 , 4 6 8 . 5 4 , 4 5 4 . 8 8 0 .4 0 6

8 16 .375  
29 .125  

9 .875

4 , 7 0 9 . 6 0 1 , 1 4 5 .6 3 2 ,0 6 7 .5 1 0 .4 3 9

9 37 .9375
18.5
11 .3125

7 ,9 3 9 .6 1 1 , 7 5 0 .9 8 3 , 1 5 9 . 9 8 0 .3 9 8

V 2Mean r— = 
1

0 .4 0 6

V______ ______________________________________________________________________ ' T O S * .
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f r o m  r e p o r t e d  d i m e n s i o n s .  A c o r o l l a r y  d e c i s io n  w as  to  t a k e  a l l  w e igh ts  

a s  r e p o r t e d ,  b a s e d  p r in c ip a l l y  on two c o n s id e r a t i o n s :  no s a t i s f a c t o r y  

b a s i s  f o r  c o r r e c t i n g  t h e m  could be  fo u n d ,  and it w as  judged  th a t  m i n e r s  

w e r e  l ik e ly  to  e s t i m a t e  weight  m o r e  a c c u r a t e l y  t h a n  any o t h e r  v a lu e .

T a b le  A5-13 g ives  th e  s tudy  d a t a ,  f r o m  a c c id e n t  r e p o r t s  o r  s u r v e y  

q u e s t i o n n a i r e s ,  f o r  th e  60 s u r f a c e  m in e  f a l l - o f - g r o u n d  a c c id e n t s  in the  

s a m p l e .  T h e  Wj and V j  co lu m n s  give the  v a lu e s  of weight  and v o lu m e  

as  r e p o r t e d .  W2 and V 2 c o lu m n s  give  th e  v a l u e s  a d ju s te d  a s  d i s c u s s e d  

a b o v e .  When Wj w as  not g iv e n ,  W2 w as  co m p u ted  f r o m  V j ,  with c o r r e c 

t i o n s .  V2 is  V! with c o r r e c t i o n  c o n s ta n t s  and ROPS a r e a  l i m i t s  a p p l ie d .  

T a b le  A 5-13 a l s o  show s  th e  r e s u l t s  of c a l c u l a t i o n s  of k in e t ic  e n e r g y  at 

th e  p r o t e c t io n  l e v e l .  T h e  m a c h in e s  invo lved  in t h e  a c c id e n t s  a r e  i n d i c a t e d ,  

th e  d e g r e e  of i n ju ry  n o te d ,  and the  o p e r a t i o n  b e in g  conduc ted  at the  t i m e  

of t h e  fa l l  is g iven  when known.

Model  fo r  U n d e rg ro u n d  Ground F a l l s

A m o d e l  s i m i l a r  to  tha t  fo r  t h e  s u r f a c e  m in e  a c c id e n t s  was  u s e d  

f o r  u n d e r g r o u n d  a c c i d e n t s .  One p r i n c i p a l  d i f f e r e n c e  is  th a t  th e  p r o t e c t io n  

l e v e l  w as  t a k e n  to  be  6 fee t  ( r a t h e r  t h a n  8 a s  in th e  s u r f a c e  m o d e l ) ,  o r  

1 foot l e s s  th an  th e  fa l l  d i s t a n c e ,  w h i c h e v e r  w as  s m a l l e r .  A no ther  is 

t h a t ,  r a t h e r  t h a n  u s in g  a 10 foot v e r t i c a l  d i m e n s i o n  l im i t  on fa l l  v o l u m e ,  

an 8 foot l i m i t  w as  u s e d  u n l e s s  the  r e p o r t e d  fa l l  t h i c k n e s s  w as  a v a i l a b l e .

In th a t  c a s e ,  the  r e p o r t e d  fa l l  t h i c k n e s s  w as  u s e d  with the  4 3 .7 5  s q u a r e  

foot ROPS top a r e a  to c o m p u te  the  l im i t i n g  v o l u m e ,  tha t  i s ,  t h e  m a x i m u m  

v o lu m e  which  would im p a c t  on th e  p r o t e c t i v e  s t r u c t u r e .

T a b le  A5-14 g iv es  the  d a t a ,  f r o m  a c c id e n t  r e p o r t s  o r  s u rv e y  

q u e s t i o n n a i r e s ,  fo r  the  138 u n d e r g r o u n d  f a l l - o f - g r o u n d  a c c id e n t s  in the  

s a m p l e .  The  t a b l e  a l s o  show s  the  k in e t i c  e n e r g y  c a lc u la t io n s  fo r  the

A 5-28
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T a b le  A 5 -1 3 .  R e p o r t e d  Data  and E n e rg y  C a lc u l a t i o n s
fo r  S u r fa c e  Mine F a l l - o f - G r o u n d  A c c id en ts

O r e

F a l l  D i s t a n c e  

( f - p )
(ft . )

F a l l  W e i g h t  

W  2 ( l b s )

F a l l

V o l u m e

2 (cu. f t . )

T o t a l  F a l l  

K i n e t i c  En. 

E k (ft. l b . )

K E ,  P r o t e c t i o n  

L e v e l  

E k p  (ft.  l b . )

M a c  h l n e  

I n v o l v e d

O p e r a t o r

P r o t e c t i o n

O p e r a t  i o n  & 

I n j u r y  C o d e

L i m e s t o n e 1 4 2 1 7 6 1 . 0 2 6 , 7 0 0 2 5 , 2 7 6 0 0 r
T r a p  R o c k 15 . 5 6 0 0 3. 5 14 , 1 0 0 9 , 3 0 0 0 0 F

S a n d / G r a v e l 27 3 0 , 6 1 8 2 4 3 1 , 0 7 1 , 6 3 0 8 2 6  , 6 8 6 C o n v e y o r U 1

P h o s p h a t e 52 8 7 , 5 0 0 4 3 7 . 5  * 4 . 8 6 x l 0 10 4 , 4 6 2 , 5 0 0 S c r a p e r U 1

S a n d / G r a v e l 38 5 5 , 1 2 5 4 3 7 . 5  * 1 1 8 , 1 2 5 , 0 0 0 2 , 0 9 4 , 7 5 0 M i c h  2 7 5  

F E L

C a n o p y F

S l a t e 7 50 . 3 7 5 0 3 5 0 1 - R E C M  2 5 0 /  

U R O  4 7 5  D r i l l

U F

S l a t e 2 5 4 , 0 0 0 314 5 4 0 , 0 0 0 1 0 8 , 0 0 0 S h o v e l U L o a d i n g /  N

C h a t 20 4 0  , 6 8 8 4 3 7 . 5  * 7 , 5 0 0 , 0 0 0 8 1 3 , 7 6 0 C a t .  9 5 0  
F E L ,  3 yd.

C a b L o a d  1 n g  / F

B a s a l t 12 1 , 1 Q 4 6 22  , 0 8 0 1 3 , 2 4 8 N W  1 8 0  D 

S h o v e l

U L o a d i n g /  F

M a r b l e  

( S l a b  T i p )

0 12 , 2 4 0 72 3 6 , 7 2 0 0 0 0 F

L i m e s t o n e 47 3 0 3 1. 7 1 6 , 6 6 5 1 4 , 2 4 1 0 0 F

L i m e s t o n e 10 7 2 , 0 0 0 2 3 0 , 0 0 0 2 1 4 , 0 0 0 0 0 N

L i m e s t o n e 72 2 , 0 0 0 1 6 0 , 0 0 0 1 4 4  , 0 0 0 0 0 N

L i m e s t o n e 82 1 , 5 0 0 1 3 5 , 0 0 0 1 2 3 , 0 0 0 0 0 N
G r a n i t e 32 7 2 , 6 2  5 4 3 7 . 5  * 1 4 , 9 4 0 , 0 0 0 2 , 3 2 4  , 0 0 0 P & H 

S h o v e l

C a b L o a d i n g /  F

C l a y / G r a v e l 2 2 , 0 0 0 2 4 , 0 0 0 4 , 0 0 0 C a t  D - 7  
D o z e r

U F

C o p p e r 27 8 , 0 0 0 2 8 0 , 0 0 0 2 16, 0 0 0 M a r l o n  1 9 1 M  

S h o v e l  ( N e a r )

u F

C o p p e r 2 7 4 0 0 1 4 , 0 0 0 1 0 , 8 0 0 G M C  1 . 5 T  

P i c k u p

0 N

C o p p e r 2 7 b , 0 0 0 2 1 0 , 0 0 0 1 6 2 , 0 0 0 M a r i o n  1 9 1 M  

S h o v e l

u N

U n k n o w n 27 6 5 , 6 2 5 4 3 7 . 5 * 3 , 5 0 0 , 0 0 0 1 , 7 7 1 , 8 7 5 I - R D M 4  

D r i l l

C a b F

L i m e s t o n e 11 1 , 0 0 0 2 0 , 0 0 0 1 1 , 0 0 0 1H T D - 6  & 

D r o t t  S h o v e l

U L o a d i n g  F

I r o n 6 3 8 , 2  50 2 2 5 6 1 2  , 0 0 0 22 9 , 5 0 0 B - E  15 0B  

S h o v e  1

u 1

G r a n i t e 35 50 2 , 5 0 0 1 , 7 5 0 1H H 4 0 0 C  

F E L

u L o a d  i n g  N

G r a n i t e 22 10 3 0 0 2 2 0 0 0 N

C l a y

( T r e n c h  C a v e )

2 2 0 0 1 , 6 0 0 4 0 0 0 0 1

L i m e  s t o n e  

( E a r t h  F a l l )

b 6 5 , 6 2  5 4 3 7 . 5  * 1 4 4  , 0 0 0 3 9 3 , 7 5 0 C a t  D o z e r u F

S h a l e 12 7 5 , 2 5 0 4 3 7 . 5  * 1 , 5 4 8 , 0 0 0 9 0 3 , 0 0 0 N W  M P 1 2  

S h o v e  1

u F

G r a v e l

( B o t t o m  S l i d e )

35 4 5 , 3 6 9 4 3 7 . 5  * 9 2 8 , 7 4 5 , 5 0 5 1 , 5 8 7 , 9 1 5 C a t  D 8 H  D o z e r  

Cat 627 Scraper C a b

u N

L i m e s t o n e 10 35 0 7 , 0 0 0 3 , 5 0 0 F E L u 1

R o c k 40 1 5 , 0 0 0 7 50, 0 0 0 6 0 0 , 0 0 0 C a t  D 8 

R i p p e r

u N

S a n d 37 2 , 7 0 0 20 1 2 5 , 5 0 0 9 9  , 9 0 0 0 0 F

G r a v e l 21 54 , 6 8 8 4 3 7 . 5  * 7 , 5 9 } , 7 5 0 1 , 1 4 8 , 4 4 8 H o u g h  H 5 0  

F E L

C a b F

S a n d / C l a y 10 4 8 , 5 6 3 4 3 7 . 5 3 , 4 9 6 , 5 0 0 4 5 5 , 6 3 0 C a t  9 4 4 E 

F E L

C a n o p y L o a d i n g  F

C l a y 17 2 4 , 5  31 2 2 1 6 1 1  , 8 8 8 4 1 7 , 0 2 7 0 0 N

L i m e s t o n e  
( F r o m  B u c k e t )

6 8 9 0 5 1 6 , 2 2 0 5 , 3 4 0 C a t  9 8 8  

F E L

C a b L o a d  i n g  N

L i m e  s t o n e 8 1 , 6 0 0 2 2 , 4 0 0 1 2 , 8 0 0 1 - R  C M 2  

D r i l l

U F

L i m e s  t o n e 12 3 , 0 0 0 6 0 , 0 0 0 3 6 , 0 0 0 0 0 N

r f a c e  a r e a .

[dent. No.

R e p o r t e d  

F a l l  D i S t .

£ (ft . )

R e p o r t e d  

F a l l  W e i g h t  

U x ( l b s )

R e p o r t e d  

F a l l  V o i  urne 

V, ( c u . f t . )

AH  O i l  

AH  0 1 2  

AH  0 1 5  

AH  0 2 0  

AH  1 4 8

AH  154

A H  1 5 4 - 2  

A H  1 4 9

A H  1 2 7

AH 111

AH  12 9  

A H  1 2 9 - 2  

A H  1 2 9 - 3  

A H  1 2 9 - 4  

A H  14 7

A H  14 3

A H  1 5 1

AH 1 5 1 - 2

A H  1 5 1 - 3

A H  17 4

A H  2 1 1

A H  1 9 3

A H  1 56

A H  1 5 6 - 2  

A H  2 0 0 - S

A H  12 3

A H  1 2 4

A H  1 7 6

A H  1 6 8  

A H  0 2 4

A H  1 4 5  

A H  1 1 6

A H  1 3 4 - 2  

A H  1 5 9

A H  1 1 0 - 2  

» I n d i c a t e s

1 5 0  

2 3.5

5 4 , 0 0 0  

2 5 0 , 0 0 0

2 ,000 

2 , 0 00  

1 , 5 0 0

2 , 0 00  

8 , 0 0 0  

4 0 0  

6 , 0 0 0  

100,000 

1 , 000

2 0 , 6  3 8 , 7 8 9

3 5 0  

1 5 , 0 0 0

3 2 4

5 , 4 0 0 , 0 0 0

2 5 , 0 0 0

1 , 6 0 0  

3 , 0 0 0

l i m i t e d  by  4 3 . 7 5  s q u

72

2 . 3 

4 0 . 5  

4 0  . 5 

2 7

1 , 2 8 0

6 0 0

2 , 7 0 0  

2 ,100 

2 9 4

f o o t  p r o t e c t i o n
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T a b le  A 5 -1 3 .  R e p o r t e d  Data  and E n e r g y  C a lc u la t io n s  
fo r  S u r f a c e  Mine F a l l - o f - G r o u n d  A cc id e n t s  (Cont)

Idei t . N o  .

R e p o r t e d  

F a l l  D i s  t . 

f ( f t . )

R e p o r t e d  

F a l l  W e i g h t  
W L ( l b s )

R e p o r t e d  

F a l l  V o l u m e  

V x ( c u .  ft . ) O r e

F a l l  D i s t a n c e  

( f - p )  
( f t . )

F a l l  W e i g h t

U 2 d b « )

F a l l  
V o l u a e  

2 ( c u .  f t . )

T o t a l  F a l l  
K i n e t i c  En. 

E k (f t .  l b . )

K E ,  P r o t a c t i o n  

L e v e l  

E k p  ( f t .  l b . )
M a c h i n e
I n v o l v e d

O p e r a t o r  

P r o  t e c  t I o n

O p e r a t i o n  & 

InJ u r y  C o d e

A ’rl 1 1 0 - 3 2 5 1 , 0 0 0 L i m e s t o n e 17 1 , 0 0 0 2 5 , 0 0 0 17 , 0 0 0 0 0 N

AH 1 1 0 - 4 3 Ü 9 , 0 0 0 L i m e s t o n e 22 9 , 0 0 0 2 7 0 , 0 0 0 1 9 8 , 0 0 0 0 0 N

AH 182 25 in , 0 0 0 1 2 0 T r a p  R o c k 17 1 0 , 0 0 0 2 5 0 , 0 0 0 1 7 0 , 0 0 0 C a t  9 7 7  

P E L

C a n o p y 1

RS 7 2 9b 1 3 50 0 G r a n i t e 5 5 0 0 6 , 5 0 0 2 , 5 0 0 B o o b  D e r r i c k U N

RS 7 2 9 b - 2 16 1 , 5 0 0 G r a n i t e 8 1 , 5 0 0 24  , 0 0 0 12 , 0 0 0 B o o n  D e r r i c k U N

RS 7 2 9 6 - 3 9 6 , 0 0 0 G r a n i t e 1 6 , 0 0 0 5 4 , 0 0 0 6 , 0 0 0 B o o b  D e r r i c k U N

RS 7 2 9 6 - 4 18 2 , 0 0  0 G r a n i t e 10 2 , 0 0 0 3b , 0 0 0 2 0 , 0 0 0 B o o n  D e r r i c k u N

RS 3 0 7 2 20 2 0 0 L i m e s t o n e 12 2 0 0 4 , 0 0 0 2 , 4 0 0 S h o v e l u N

RS 7 4 4 4 1 3 576 M a r b l e 5 7 3 , 4 4 0 4 32 9 5 4 , 7 2 0 3 6 7 , 2 0 0 B a r 0 N

RS 36 10 40 1 0 , 0 0 0 R o c k 32 74 , 37 5 4 3 7 . 5  * 4 , 0 0 0 , 0 0 0 2 , 3 8 0 , 0 0 0 0 0 N

RS 3 36 0 10 2 0 0 R i p  R a p 2 2 0 0 2 , 0 0 0 4 0 0 D u m p  T r u c k 0 N

RS 3 3 7 6 2 u 0 3 0 0 , 0 0 0 , 0 0 0 3 , 0 0 0  ,0 0 0 L i m e s t o n e 19 2 4 3 , 7 5 0 4 3 7 . 5  * 6 x 1 0 10 8 , 4 0 0 , 0 0 0 S h o v e l 11 N

RS 2 4 b 4 30 1 0 0 , 0 0 0 37 8 L i m e s t o n e 20 7 7 , 8 7 5 4 3 7 . 5  * 3 , 0 0 0  , 0 0 0 1 , 5 5 7 , 5 0 0 M i c h  F E L u N

RS 4 3 2 U 14 8 1 0 B a s a l t 4 8 0 , 5 0 0 4 3 7 . 5  * 1 , 5 6 4  , 9 2 0 3 2 2 , 0 0 0 F E L u N

RS 1 1 1 0 * 10 3 , 0 0 0 54 S a n d 10 3 , 0 0 0 5 4 , 0 0 0 3 0 , 0 0 0 H i c h  75 

F E L

u N

RS o 1 U 4 14 0 8 0 , 0  0 0 , 0 0  0 1 0 0  , 0 0 0 S a n d / C l a y 13 2 5 9 , 9 3 8 4 3 7 . 5  * 1 . 1 2  x 1 0 10 7 , 9 1 1 , 8 1 6 D r a g l l n e u 1

RS 7 4(H) 2 2 7 , 0 0 0 S a n d  s t o n e 14 7 , 0 0 0 1 5 4 , 0 0 0 9 8  , 0 0 0 0 0 N

RS 7 4 0 U - 2 8 1 , 3 3 0 ,  0 0 0 S a n d s t o n e 2 6 2 , 5 6 3 4 3 7 . 5  * 1 0 , 8 0 0 , 0 0 0 1 2 5 , 1 2 6 S l u a h e r u N

RS 7 4 0 0 —3 10 1 0 , 0 0 0 , 0 0 0 S a n d s t o n e 4 6 2 , 5 6 3 4 3 7 . 5  * 1 0 0 , 0 0 0 , 0 0 0 2 5 0 , 2 5 2 S l u s h e r u s

RS b ‘>92 20 5 9 , 4 0 0 C o a l 10 5 9 , 4 0 0 1, 1 8 8  , 0 0 0 5 9 4  , 0 0 0 C a t  D - 8  

D o z e  r

C a n o p y N

RS b 3 9 2 - 2 35 62 9 , 0 0 0 G r a v e l / C l a y 26 4 3 , 7 5 0 4 3 7 . 5  * 2 2 , 0 1 5 , 0 0 0 1 , 1 3 7 , 5 0 0 In t M 1, T D 2 5  

D o z e r

U N

RS 6 3 9 2 - 3 20 3 3 7 , 0 0 0 R o a d

B a l l a s t

12 4 8 , 1 2 5 4 3 7 . 5  * 6 , 7 4 0  , 0 0 0 5 7 7  , 5 0 0 S h o v e 1 u N

RS 6 3 9 2 - 4 4 5 10 8 , 0 0 0 R o a d

B a l l a s t

37 4 8 , 1 2 5 4 3 7 . 5 * 7 , 5 6 0  , 0 0 0 1 , 7 8 0  , 6 2 5 F E L C a b
*

l i m i t e d  Ij y ''*3.75
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T a b le  A5-14 .  R e p o r t e d  Data  and E n e rg y  C a lc u la t io n s
f o r  U n d e rg ro u n d  Mine F a l l - o f - G r o u n d  A c c id e n t s

Fall D I s t . 
f ( f t . )

R e p o r t e d  

Fa 1 1 W e i g h t  
U j (lbs)

Reported 
K a i l  V o l u m e  
V i (cu . ft.)

Fall Dista 
( f-p) 
(f t.)

F a U  
Vo 1 une 

V 2 (eu. fc . )

T o t a l  Fa ll 
K i n e t i c  En. 
E k (ft. lb. )

K E P r o t e c t i o n  
Le v e l  

E kp (ft. lb . )

AH 001 

AH 0 0 2

AH 00 3

AH 004

AH 00 5

Ali 00 6

AH 0 0 ft-2

AH 0 0 7

AH 0 0 8 

AH 0 0 9

AH 0 1) 
AH 014 

AH 0 16 

AH 0 I / 

AH 0 1 H

5 , 0 0 0 , 0 0 0 

20,000

¿ 7 , 0 0 0  

1 , U 0 0

198 

3 . 9

M a r b l e  

U ran 1 u

C o p p e r

P o t a s h

C o p p e r

L e a d / Z l n

L e a d / Z i n

L e a d / Z l n

tlypsum

I. e a d /Zinc

1 , 66 9

2 , 0 7 0

14 , 796

1,370

9 3

2 , 6 7 0

18,563
550

4 1 ,8 50 

14 0 , 7 5 0  

20,000 
9 0 , 4  39 

2 7 , 00 0 

1 ,0 0 0  

2 2 8

2 , 0 0 0  

5 ,002

1 3 , 3 5 2  

26 , 9  10

1 0 0 , 0 0 0  

3 ,60 0

1 6 2 , 7 5 6  

1 5 , 0 7 0

5 , 580

32 ,04 0 

1 2 9 , 9 4 1

6 ,600

1, 17  1 ,800 

100,000,000 

7 5 0 , 0 0 0  

6 4 , 3 9  5, 0 0 0  

4 5 9 , 0 0 0

2 5 . 0 0 0  

5 , 700

20 .000  

6 0 , 0 2 4

1, 3 3 8

1 4 , 4 9 0

7 0 . 0 0 0  

90 0

9 ,000

7 3 , 98 0

6 , 8 5 0

4 , 8 3 6

1 6 , 0 2 0  

1 8 , 5 6 3  

3 , 300

9 2 0 , 7 0 0  

, 0 8 2 , 5 0 0  

58 0 , 000 

9 0 4 , 3 9 0  

2 9 7 , 00 0

1 9 . 0 0 0  

4 , 3 3 2

8 , 000 

30 , 0 1 2

J a c k l e g  Dri l l

Dr i l l

D r i l l

111 J utfibo 

a 1 i ng T o w e  r S c a l i n g  /I

1. e a d / 1 i

1 )- 2 
1 )- 3 

1 1-4 

1 1
150

6,000

L e a d / Z i n

I.ead/Zln

l.ead/Zin

L e a d / Z i n

L e a d / Z l n

Gold

12 

0 . 2 

15 0 

6 , 00 0 

Î7 , 188

22,925 
2 2,925 
8,000

131 

1 3 1

3

1 , 500 

bO , 00 0 

1 , 7 2 1 , 2 5 0

48 9 , 0 38 

519,750 
88 , 000

1
60 0

2 4 . 0 0 0  

14 8 , 7  52

1 2 6 , 0 8 8  

9 1 , 700

4 0 . 0 0 0

6 . 7 

89 . 1 

2 4 0 

,800 

,512 
448

20

Copper 
L i me s t o

L e a d / Z i n c

l e a d / Z i n c

1 8
2 , 7 5 0  

1 2 , 4 6 0  

82 , 80 0 

6 2 , 3 0 0  

6 2 . 3 0 0  

59 ,808

6,975
5, 5 8 0

4 ,806

180

350

350

336

162 

2 7,500 
1 24 ,600 

662 ,400 

6 , 4 0 8 ,  000 

1 0 , 7 9  5,344 

7 1 7 ,696

9 0 , 6 7 5

7 2 , 5 4 0

38 , 4 4 8

1 , 2 8 5 , 2 0 0

54 

11,000 
49 , 84 0 

165 ,600 

24 9 , 200 

2 1 8 , 0 5 0  

3 5 8 , 84 8

4 8 , 8 2 5

3 9 , 0 8 0

9,612

3 2 0 , 6 8 8

R o o f  Bolt e 

Ro of Bo l t e

1-2 

F - 2

F- 2

C o n t i n u o u s
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T a b le  A 5 -1 4 .  R e p o r t e d  D ata  and E n e r g y  C a lc u la t io n s  
fo r  U n d e rg ro u n d  Mine F a l l - o f - G r o u n d  A cc id e n t s  (Cont)

Re po r te d 
Kail Jlst. 
f (ft.)

R epor ted 
Fall V olume 
V, (cu. ft.)

Fall Dis t a n c e  

(f-p) 
(ft.)

Fall 
V o l UBC

v2 (cu. ft.)

Tota l Fall 
K i n e t i c  En. 
Ek (ft. lb.)

KE P r o t e c t i o n  
L evel 

Ekp (ft. lb.) P r o t e c t i o n

1 2 , 000  

1 50
, 000 

150

AH 2 2 6 

AH 22 7

AH 2 I 8 

AH 2 13

2 0 0 

8.000

26 0. 00 0 

4 ,000

1.1 me stone 

L ea d / Z i n c

200 

, 000

,000

,912

,900

,900

, 000 

, 800

2 , 200 

96 , 000

30 ,000 

1 , 329 , 354

34,0 00  

2 17,8 00

1 ,000

48 .0 00

315 

6 , 000 

109 ,5 1b

16 7, 40 0

19 ,950

10 , 000

99.0 00

AH 2 0 9 

AH 2 JO

AH 194 

AH 2 1.’

20,000

10,000 Lead/Z In

I.ead/Zln 

Lead / Z 1 n

Ma gn 

Magn

,580 

, 000

, 000 
, 860

, 'i 0 0 

, 655

,813 
5 34

361 ,350 

85 , 8 0 0  

160 , 000

80 , 000 

37,200 

700 

78 7,500

1 3 9,860 

5, 516 

106 ,3 17  

8, 544

144 ,5 40  

34 , 320

40 . 0 0 0

2 0 . 0 0 0  

26. 04 0

280 

26 2, 50 0

69,9 30 

788

3 5.439 

4,272

Drill

Drill

18,0 00 

7 ,920

3,168

320 ,0 00

6 , 000 

3,168

29, 12 7

NMS Cont.

W e l t l n j  

Maint .

Ah 2i)4- 1 

AH 2 0 4-8 
AH 2 0 4-9 
AH 2 04 -1 0 

AH 2 0 4-11 

AH 2 04-12

AH J O m -13

, 000 
,0 00 

,000 
, 000 
,000 
,000 
,0 00 

, 000 
, 000 

, 000

a/Sh al e 

a /S ha 1 e 

a /S ha le 

a/Shalt 

a/S ha le 

a /S ha le 

a /S ha le

,979

, 000 
, 000 

,000 

, 000

2 19 

2 6 3

1 76 ,000 

6 4 0,000 

9 ,000

64 0 . 0 0 0  

4 , 800 , 000

320 .0 00

320 .0 00

320 .0 00

160.000 

1, 2 8 0 , 0 0 0

26 1 , 6 6 0

44 , 000 

58,2 54 

3 , 000 

58 , 2 54 

69,9 58  

8 0, 00 0 

80,0 00  

80,0 00  

4 0, 00 0 

9 3,100 

12 5,312

C o n t . Miner

Ma in  Belt Lin

Power L in e

1 , 2 8 1 , 6 0 0 18 7,256

J
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r T a b le  A 5 -1 4 .  R e p o r t e d  Data  and E n e rg y  C a lc u la t io n s  
f o r  U n d e rg ro u n d  M ine  F a l l - o f - G r o u n d  A c c id e n t s  (Cont)

900.000

400.000

6 00,000 
¿00 . 000 

50 . 000

, iHIU , uOO
, 000 , IHM)

ead/ ?1nc 

a 1t / Pot a

19, 384
2,149

2 18.8 
15.8

Total Fall 
Kinetic E n . 
Ek (fr. lb.)

17,000 
19 .000 
i . 000

180,000 
8.000 
S , 000

3,751
1.91«

6,000 
8 , 000 
1,200

14 , 8 0
78,7 68 

11,820

¿5,120

I 9 , ODO

300

3 2 1 ,6 9 2 
321, 692 
3 2 1, 692 
52 0 , 200 

65 1, 000 
t i l ,  000

3 5 5. 25« 
28 3, 500 

96 . 000

280 . 000 
¿0,000 
6 , 0(JT>

500. 850 
U , 000

¿1,760 
38 , 06 3 
20, 880 

5 17, 790 
51 7 , 790

48 4,000 

, 2 1 J ,000 

64 , 000

2 17. 000 
1 0 . 000

1 40, 000

} . 000 

420 . 000

Sky Rig 

blusher

j



p r o t e c t i o n  l e v e l .  The  m a c h in e s  i n v o lv ed ,  and o t h e r  i n f o r m a t i o n ,  a r e  

p ro v id e d  a s  in th e  t a b l e  fo r  s u r f a c e  m in e  a c c i d e n t s .

G r a p h s  which  s u m m a r i z e  the  d a ta  in T a b le s  A5-13 and A 5-14  

a r e  in  Sect ion  4 . 2 ,  " C h a r a c t e r i z a t i o n  of R o c k f a l l s . "

s t r u c t u r e .  U n f o r tu n a te ly ,  t h e  i n f o r m a t i o n  ob ta ined  fo r  t h i s  s tudy  p r o 

v ided  few d a ta  p o in t s  f r o m  which  to  e s t i m a t e  th e  c h a r a c t e r i s t i c s  of g round  

f a l l s  in t h i s  r e s p e c t .  T h e r e  w e r e  only 11 a c c i d e n t s  f r o m  which su f f ic ien t  

d a ta  w e r e  a v a i l a b le  to  m a k e  a g e n e r a l  a s s e s s m e n t  of t h e  m a t t e r .  F o r  

t h e s e  11 a c c i d e n t s ,  e s t i m a t e s  w e r e  m a d e  of  th e  s m a l l e s t  im p a c t  a r e a  

w hich  s e e m e d  l ik e ly .  N e g le c t e d ,  of c o u r s e ,  w e r e  th e  p o s s i b i l i t i e s  th a t  

an  i r r e g u l a r - s h a p e d  r o c k  would fa l l  so  th a t  a s h a r p  " t ip "  would im p a c t  

on th e  p r o t e c t i v e  s t r u c t u r e  with an im p a c t  a r e a  <1 s q u a r e  inch .  U s ing  

n a r r a t i v e  d e s c r i p t i o n s  of the  r o c k s  which  a c tu a l ly  fe l l  in  a c c i d e n t s ,  and 

o b s e r v a t i o n s  of m an y  r o c k s  in m in e  e n v i r o n m e n t s , a ju dgm en t  w as  f o r m e d  

about  a l ik e ly  a r e a  of i m p a c t .  The  r e s u l t s  a r e  shown in  T a b le  A 5-15 .  It 

d e s e r v e s  to  b e  r e p e a t e d  th a t  t h e s e  a r e  j u d g m e n t s  only .  They  a r e  c a r e f u l ly  

c o n s id e r e d  j u d g m e n t s ,  bu t  th e y  have  no sound founda t ion  in  t e s t  o r  c a r e 

ful ly  m e a s u r e d  e m p i r i c a l  d a ta .  The  ju d g m e n t s  a r e  r e l a t e d  to  SAE J231 

in t h e  t a b l e .  The  s y m b o l  "+" i n d i c a t e s  th a t  th e  fa l le n  weight  o r  the  

im p a c t  a r e a  is  g r e a t e r  th a n  the  SAE J231 s p e c i f i e d  v a lu e .  The  l a s t  

c o lu m n ,  " P o s s i b l e  P r o b l e m , "  i s  ch eck ed  in a p p r o p r i a t e  c a s e s  to  i n d i 

c a te  th a t  a m a c h in e  o p e r a t o r  m igh t  not have  b ee n  p r o t e c t e d  by a c o m m e r 

c ia l  RO PS.  The  SAE J231 t e s t  weigh t  i s  500 pounds ;  th e  t e s t  im p a c t  a r e a  

is 5 0 .26  s q u a r e  in ch es ;  th e  k in e t i c  e n e r g y  i s  8500 f e e t - p o u n d s .

Although th i s  s tu d y  w as  d i r e c t e d  to the  p h y s i c a l  c h a r a c t e r i s t i c s  

of a c c i d e n t s ,  in the  c o u r s e  of t ak in g  a c c id e n t  d a ta  f r o m  MESA a cc id en t

As no ted  u n d e r  the  " D a ta  R e q u i r e m e n t s "  s e c t io n  a b o v e ,  the  

sec o n d  ty p e  of d a ta  n e ed ed  is  r e l a t e d  to "poin t lo ad in g "  of th e  p r o t e c t i v e

A5-34
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T a b le  A 5 -1 5 .  S u m m a r y  of " P o in t  Lo ad "  F a l l s

A cc id e n t
S a m p le

No.

K in e t ic  E n e rg y  
at P r o t e c t i o n  

L e v e l  
( F t - L b ) ±  J231

Weight  
of F a l l  
( L b s .) + J  2 31

A r e a  of 
Im p a c t  

(Sq. In . ) + J231
P o s s i b l e
P r o b l e m

1 25 ,276 + 178 — 16 — X

2 4 ,3 3 2 — 228 — 40 —

3 54 — 18 — 12 —

4 99 ,0 0 0 + 19 ,800 + 36 — X

5 26 ,0 4 0 + 1 ,860 + 48 — X

6 788 — 788 — 42 —

7 3 ,8 3 9 — 213 — 49 —

8 4 ,2 7 2 — 534 + 48 —

9 2 ,6 4 0 — 1 ,320 + 72 +

10 6 ,000 — 2 ,0 0 0 + 54 +

1.1 3 ,1 6 8 — 792 + 30 —

J



i n v e s t ig a t io n  r e p o r t s ,  dependen t  i n f o r m a t i o n  on f a t a l  a c c id e n t s  w as  a l so  

e x t r a c t e d .  T h e r e  w e r e  98 f a l l - o f - g r o u n d  a c c id e n t s  f o r  which f a t a l i ty  

i n fo r m a t io n  was  a v a i l a b l e .  T a b le  A5-16 show s  th e  n u m b e r  of f a t a l i t i e s  

in t h e s e  98 a c c id e n t s  by  m in e  ty p e .  T h e r e  w e r e  125 f a ta l  a c c i d e n t s ,  

f a l l - o f - g r o u n d  and o th e r  ty p e s  r e l a t e d  to ROPS o r  F O P S  c o n s i d e r a t i o n s ,  

f o r  which dependen t  in fo r m a t io n  was  g iven .  T a b le  A 5-17  shows the  n u m b e r

T a b le  A 5 -1 6 .  N u m b e r  of F a t a l i t i e s  — F a l l - o f - G r o u n d  
A cc id en ts  in T h is  Study f r o m  MESA A cc iden t  In v e s t ig a t io n  R e p o r t s

No. of No. of
M ine Type A c c id en ts F a t a l i t i e s

U n d e rg ro u n d 67 75

S u r fac e 31 31

T O T A L 98 106

T a b le  A 5 -1 7 .  N u m b e r  of D ep enden ts  of V i c t i m s  of F a t a l  A cc id en ts

A cc iden t  Type
No. of 

A c c id e n ts
No. of 

F a t a l i t i e s
No. of 

S urv iv ing  D ependen ts

F a l l - o f - G r o u n d 83 90 270

O th e r  R O P S /  
F O P S  R e la te d

42 42 93

T O T A L 125 132 363

A5-36



of f a t a l i t i e s  and the  n u m b e r  of s u r v i v i n g  d e p e n d en ts  of th e  v i c t i m s  in 

t h e s e  125 f a ta l  a c c i d e n t s .  T h e s e  d a ta  a r e  not  f r o m  r a n d o m  s a m p l e s ,  but  

t h r e e  g e n e r a l  o b s e r v a t i o n s  s e e m  va l id :

1) T h e r e  i s  a g r e a t e r  p r o b a b i l i t y  of m u l t ip l e  f a t a l i t i e s  in 

an  u n d e r g r o u n d  f a l l - o f - g r o u n d  a c c id e n t  th an  in a s u r f a c e  

f a l l - o f - g r o u n d  a c c id e n t .

2) T h e r e  i s  a g r e a t e r  p r o b a b i l i t y  of m u l t i p l e  f a t a l i t i e s  in 

f a l l - o f - g r o u n d  a c c id e n t s  th a n  in m a c h in e  r o l l - o v e r  

a c c id e n t s  and o th e r  a c c i d e n t s  in which  RO PS m igh t  h a v e  

p r o v id e d  o p e r a t o r  p r o t e c t i o n .

3) A fa t a l  a c c id e n t  is  v e r y  c o s t l y  in  any  t e r m s  in which 

one w i s h e s  to  m e a s u r e  c o s t .

While  e x t r a c t i n g  f a l l - o f - g r o u n d  a c c id e n t  p h y s i c a l  d a t a ,  i n fo r m a t io n  

on o th e r  a c c id e n t s  r e l a t e d  to o p e r a t o r  p r o t e c t i v e  s t r u c t u r e s  w as  a l so  

r e c o r d e d .  The  r e a s o n s  w e r e  two:

1) Rev iew  of the  f i r s t  150 a c c id e n t  r e p o r t s  in the  MESA 

of f ices  in Reno  s u g g e s te d  tha t  th e  f r e q u e n c y  of fa ta l  

r o l l - o v e r  and o th e r  f a t a l  a c c id e n t s  in which a ROPS 

m ig h t  have  p r o t e c t e d  th e  o p e r a t o r  w as  g r e a t e r  t h a n  

th e  f r e q u e n c y  of fa ta l  f a l l - o f - g r o u n d  a c c i d e n t s .  Some 

c o m p a r i s o n s  would be  i n t e r e s t i n g  to  th e  r e a d e r  of th i s  

r e p o r t .

2) P r o t e c t i v e  s t r u c t u r e s  on heavy  m a c h in e s  a r e  an  a r e a  

of s p e c i a l  WAI i n t e r e s t .  Some ad d i t io n a l  da ta  about  

t h e i r  r e l e v a n c e  in m in in g  o p e r a t io n s  might  m a k e  

p o s s i b l e  s o m e  o b s e r v a t i o n s  of v a lu e  to  t h e  B u r e a u  of 

M in e s .

V



T a b le  A 5-18 i s  a s u m m a r y  of t h e  a c c id e n t s  o th e r  th a n  f a l l - o f - g r o u n d  fo r  

w hich  d a ta  w e r e  r e c o r d e d .  The  to ta l  n u m b e r  is  68.  Of t h e s e ,  58 w e r e  

f a t a l s .  T h is  n u m b e r  i s  a p p r o x i m a te ly  c o m p a r a b l e  to  38 f a t a l s  invo lv ing  

f a l l - o f - g r o u n d  and m a c h i n e s  of i n t e r e s t  p lu s  LHD ty p e s  (see  T a b le  A 6 -3 ) .  

A g a in ,  th e  s a m p l e  in  T a b le  A5-18 is  not a  r a n d o m  s a m p l e ,  but  s e v e r a l  

g e n e r a l  o b s e r v a t i o n s  s e e m  val id :

1) T h e  need  fo r  p r o t e c t iv e  s t r u c t u r e s  on m a c h i n e s  of 

i n t e r e s t  u s e d  in m in in g  o p e r a t i o n s  i s  g r e a t e r  with 

r e s p e c t  to  r o l l - o v e r  and o t h e r  m a c h i n e  a c c id e n t s  than  

with  r e s p e c t  to  f a l l - o f - g r o u n d  a c c i d e n t s .  In T a b le  A 5 -1 8 ,  

a l l  of the  r o l l - o v e r  and m a c h in e  fa l l  c a t e g o r i e s  a r e  s u r f a c e  

m in e  a c c i d e n t s .  The  o t h e r  c a t e g o r i e s  in c lu d e  both  u n d e r 

ground  and s u r f a c e  a c c i d e n t s . The  u n d e r g r o u n d  a c c id e n t s  

in c lu d e  s o m e  involv ing  LHD ty p e s  of m a c h i n e s .

2) To r e q u i r e  a ROPS without  s im u l t a n e o u s l y  r e q u i r i n g  

th a t  a s e a t  b e l t  b e  i n s t a l l e d  and u s e d  in cond i t ions  w h e r e  

r o l l - o v e r  o r  m a c h in e  fa l l  is  a  d a n g e r  i s  e x t r e m e l y  p o o r  

p o l icy .  Without a s e a t  b e l t  in u s e ,  the  ROPS m a y  a c tu a l ly  

i n c r e a s e  th e  h a z a r d  to  the  m a c h in e  o p e r a t o r  in r o l l - o v e r  

o r  m a c h in e  fa l l  s i t u a t i o n s .  ROPS and s e a t  b e l t s ,  when 

p r o p e r l y  u s e d ,  do not a s s u r e  a b s o lu te  s a fe ty  in r o l l - o v e r  

a c c i d e n t s ,  but  th ey  g r e a t l y  r e d u c e  the  p r o b a b i l i t y  of 

fa ta l  i n ju ry .

3) P r o p e r l y  d e s ig n e d  F O P S  on m a c h in e s  u s e d  u n d e r g ro u n d  

wil l  a l s o  p r o v id e  s o m e  high d e g r e e  of o p e r a t o r  p r o 

t e c t i o n  fo r  o th e r  t h a n  f a l l - o f - g r o u n d  a c c i d e n t s .  In 

p a r t i c u l a r ,  f o r  t h o s e  in which  th e  o p e r a t o r  s t r u c k ,  o r  

was  s t r u c k  b y ,  an  ob jec t  ( roof  s u p p o r t ,  o v e r h a n g ,

1 7 IZEL



T a b le  A 5 -1 8 .  R O P S / F O P S - R e l a t e d  A c c i d e n t s ,
E x cep t  F a l l - o f - G r o u n d , f o r  Which  Data  R e c o r d e d

\

A cc iden t  Type N u m b e r

Roll  O v er
(ROPS and SB s t a t u s  unknown)

16

Roll  O v e r
(No R O P S ,  no SB)

24

Roll  O ver  
(ROPS,  no SB)

2

Roll  O v er  
(ROPS and SB)

3

Roll  O v e r
(No R O P S ,  but  SB)

1

M achine  F a l l
(ROPS and SB s t a t u s  unknown)

7

M achine  F a l l  
(ROPS,  no SB)

1

M achine  O p e r a t o r  S t ru c k  O bjec t  
(No R O P S ,  no SB)

4

M achine  O p e r a t o r  S t ru c k  O bjec t  
(ROPS,  SB unknown)

1

F ly  Rock 2

O p e r a t o r  T h ro w n  f r o m  M ach ine 3

M ach ine  S t ru ck  by  O th e r  M ach ine 2

M ach ine  O p e r a t o r  S t ru ck  by D r i l l  Steel 2

TO T A L 68

Key: SB = Seat B e l t
ROPS = R o l l - O v e r  P r o t e c t i v e  S t r u c t u r e
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im b e d d e d  d r i l l  s t e e l ,  e t c . )  o r  a n o th e r  m a c h in e  ( c o n v e y o r ,  

b u ck e t  a r m ,  e t c . ) ,  a  p r o t e c t i v e  s t r u c t u r e  w i l l  g r e a t l y  

r e d u c e  the  p r o b a b i l i t y  of s e r i o u s  in ju r y .

4) A c a r e f u l ly  d e s ig n e d  t r a i n i n g  p r o g r a m  to i n c r e a s e

m a c h in e  o p e r a t o r s '  know ledge  of th e  b e n e f i t s  and l i m i t a 

t io n s  of p r o t e c t i v e  s t r u c t u r e s  and s e a t  b e l t s  s e e m s  h igh ly  

d e s i r a b l e .

v ^ .
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A PP EN D IX  A6

AC CID EN T DATA ANALYSIS

T h is  s e c t io n  is  a s u m m a r y  of the  w o rk  done with r e s p e c t  to  the  

c o l le c t io n  and a n a ly s i s  of i n f o r m a t i o n  about  Mf a l l - o f - g r o u n d "  a c c id e n t s

inc iden t  to  the  a c q u i s i t io n  of d a ta  c o n c e r n i n g  f a l l - o f - g r o u n d  p h y s ic a l  

c h a r a c t e r i s t i c s .  D e ta i l s  a r e  p r o v id e d  in Appendix A 5 ,  "A cc id en t  Data  

S u r v e y . "

S o u rc e s  of A cc iden t  In fo r m a t io n

The i n f o r m a t io n  about  th e  t i m e  and p l a c e  of f a l l - o f - g r o u n d  a c c i 

den ts  was  ob ta ined  p r in c ip a l l y  f r o m  fo u r  s o u r c e s .  T h e  f i r s t  w as  th e  

f a t a l  a c c id e n t  i n v e s t ig a t io n  r e p o r t s  p u b l i sh e d  by MESA and m a in ta in e d  

in a c e n t r a l  r e p o s i t o r y  by  th e  MESA H eal th  and Safety  A n a ly s is  C e n te r  

in D e n v e r .  The  s eco n d  w as  th e  n o n - f a t a l  a c c id e n t  i n v e s t i g a t io n  r e p o r t s  

p u b l i sh e d  by  MESA. T h e  t h i r d  was m in e s  which w e r e  s u r v e y e d  by  m a i l  

in th e  F a l l - o f - G r o u n d  and E q u ip m e n t  S urvey  (see  Appendix A 4 , " E q u i p 

m ent  P o p u la t io n  Survey")  and which p ro v id e d  i n fo r m a t io n  about  "no 

i n ju ry "  a c c i d e n t s .  The  fou r th  w as  th e  f ie ld  v i s i t s  m a d e  to  m in e s  of 

m any  ty p es  and s i z e s  th ro u g h o u t  th e  United S ta tes  by WAI s ta f f  m e m b e r s  , 

and d i s c u s s io n s  with MESA p e o p le  at s e v e r a l  MESA o f f i c e s .  The  n u m b e r  

of f a l l - o f - g r o u n d  a c c id e n t s  iden t i f ied  th ro u g h  t h e s e  s o u r c e s  was  211.

P h y s i c a l  Data  Co l lec t ion

The m in i m u m  da ta  r e q u i r e m e n t  fo r  each  a c c i d e n t ,  to  m e e t  the  

s p e c i f i c  n e e d s  of th i s  s tu d y ,  c o n s i s t e d  of th e  g e n e r a l  id en t i f i c a t io n  of the  

m a t e r i a l  tha t  f e l l ,  t h e  fa l l  d i s t a n c e ,  th e  d im e n s io n s  (or weight)  of the  

m a t e r i a l ,  w h e th e r  th e  fa l l  was  in an u n d e r g ro u n d  o r  s u r f a c e  m i n e ,  and

V
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t h e  id e n t i f i c a t io n  of any m a c h i n e s  invo lved .  Of th e  152 f a l l - o f - g r o u n d  

a c c id e n t s  iden t i f ied  t h ro u g h  MESA f a ta l  o r  n o n - f a t a l  a c c id e n t  in v e s t ig a t io n  

r e p o r t s ,  only 22 had  a l l  of the  p h y s i c a l  d a ta  n e e d e d .  A q u e s t i o n n a i r e  

w as  em p lo y ed  to a c q u i r e  th e  p h y s ic a l  da ta  about  t h e  a c c id e n t s  which was  

not a v a i l a b l e  in the  r e p o r t s .  Q u e s t io n n a i r e s  w e r e  s en t  to 113 m i n e s ,  

in q u i r i n g  about  s p e c i f i c  p h y s i c a l  d e t a i l s  of 130 a c c i d e n t s .  T h i r t y - s e v e n  

q u e s t i o n n a i r e s ,  r e l a t i n g  to  37 a c c i d e n t s ,  w e r e  s en t  to  s u r f a c e  m i n e s .  

S e v e n ty - s ix  q u e s t i o n n a i r e s ,  r e l a t i n g  to  93 a c c i d e n t s ,  w e r e  s en t  to  u n d e r 

ground  m i n e s .  R e s p o n s e  r a t e s  and r e l a t e d  i n f o r m a t i o n  c o n c e r n in g  the  

q u e s t i o n n a i r e s  a p p e a r  in Appendix  A5. Data  c o n c e r n i n g  198 f a l l - o f - g r o u n d  

a c c i d e n t s  w as  r e c e i v e d  th ro u g h  the  q u e s t i o n n a i r e s  and th ro u g h  r e s p o n s e s  

to th e  F a l l - o f - G r o u n d  and E q u ip m en t  S u rv ey .  T h e s e  a c c id e n t s  a r e  

s u m m a r i z e d  by type  of m i n e ,  ex ten t  of in ju ry  to p e r s o n s  and t i m e  p e r i o d s  

of o c c u r r e n c e  in T a b le  A6-1.

I m p o r t a n t  Def in i t ions

T h e r e  a r e  t h r e e  d e f in i t ions  em p lo y ed  c o n s i s t e n t ly  in th i s  s tudy 

which a r e  v e r y  im p o r t a n t  to  a c o r r e c t  u n d e r s t a n d i n g  of the  da ta  d i s c u s s e d  

in th i s  and s u b se q u e n t  s e c t io n s .

The  def in i t ion  of t h e  t e r m  " a c c id e n t "  w as  t a k e n  f r o m  th e  B u r e a u  

of M in e s ,  M i n e r s ’ C i r c u l a r  51, " in ju ry  S t a t i s t i c s  a s  an Aid in P r e v e n t i n g  

A c c id e n ts  in M eta l  and N o n m e ta l l i c  M i n e s , "  n a m e l y ,  "an  unp lanned  o r  

u n f o r e s e e n  even t  th a t  m a y  o r  m ay  not r e s u l t  in o cc u p a t io n a l  i n j u r y . "

T h is  de f in i t ion  w as  c h o s e n  b e c a u s e ,  a s  w as  d i s c u s s e d  in Sec t ion  4 .1 ,  

it w a s  p r i m a r i l y  the  p h y s i c a l  c h a r a c t e r i s t i c s  of f a l l - o f - g r o u n d  p h e n o m e n a  

with which  the  a c c id e n t  a n a l y s i s  p a r t  of the  s tudy  w as  c o n c e r n e d .

The  t e r m  " f a l l - o f - g r o u n d "  w as  def ined  to  m e a n  the  fa l l  of any 

m a t e r i a l  r e l a t e d  to  m in in g  o p e r a t i o n s  f r o m  any m in e  s u r f a c e ,  o r  f r o m  

any m a c h i n e  o r  s t r u c t u r e .
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Ta b le  A6-1.  A cc id en t  Data  Obta ined  by 

Mine T ype  and Exten t  of In ju ry

U n d e rg ro u n d S u r fa c e T o ta l s

F I N F I N F I N

1975 2 0 22 2 0 10 4 0 32

1974 11 8 26 6 2 8 17 10 34

1973 10 11 9 5 0 9 15 11 18

1972 8 3 3 5 4 2 13 7 5

E a r l i e r
and
No Date

17 4 4 1 1 5 18 5 9

TO TALS 48 26 64 19 7 34 67 33 98

T o ta l  U n d e rg ro u n d 138

T o ta l  S u r face 60

198

Key: F = F a t a l
I = In ju ry  
N = No In jury

The t e r m s  " m a c h i n e s  of p r i m a r y  i n t e r e s t " ,  " m a c h i n e s  of i n t e r e s t " ,  

o r  " e q u ip m en t  of p r i m a r y  i n t e r e s t "  r e f e r  to t h o s e  m a c h in e s  s p e c i f i c a l l y  

iden t i f ied  in the  In t roduc t ion  of th i s  r e p o r t -  To r e p e a t  t h e i r  i d e n t i f i c a t io n ,  

they  a r e  " s e l f - p r o p e l l e d ,  t r a c k - t y p e  ( c r a w l e r  mounted)  o r  w hee led  

( r u b b e r - t i r e d )  f ro n t - e n d  l o a d e r s ,  d o z e r s ,  t r a c t o r s  but not o v e r - t h e - r o a d  

type  t r a c t o r s ,  m o t o r  g r a d e r s ,  and p r i m e  m o v e r s  with or  without
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a t t a c h m e n t s . "  The  l o a d - h a u l - d u m p  type  m a c h i n e ,  a l though a f o r m  of 

f r o n t - e n d  l o a d e r ,  w as  not s p e c i f i c a l l y  in c lu d ed .  H o w e v e r ,  WAI dec ided  

to in c lude  da ta  about  t h e m  in p a r t s  of th e  a n a l y s e s .

L im i t a t i o n s  of the  A cc iden t  Data

T h e r e  a r e  s e v e r a l  l i m i t a t i o n s  of the  a c c id e n t  d a t a ,  in add i t ion  to 

t h o s e  in h e r e n t  in th e  s a m p l i n g  p r o c e d u r e s  u s e d ,  which should  be  t a k en  

into acco u n t  in m a k in g  i n f e r e n c e s  f r o m  th e  da ta  o b ta in ed .

F i r s t ,  it is  a f a c t ,  v e r i f i e d  by c o m m e n t s  on th e  q u e s t i o n n a i r e s

and s u r v e y  f o r m s  r e c e i v e d  f r o m  m in e  o f f i c i a l s ,  by  f ie ld  v i s i t s  to  m in e s  

and e x a m in a t io n  of r e c o r d s ,  and by d i s c u s s i o n s  with MESA m ine  i n s p e c 

t o r s ,  th a t  m any  " a c c i d e n t s , "  as  def ined  ab o v e ,  a r e  not r e c o r d e d  by 

anyone  an d ,  c o n s e q u e n t ly ,  w e r e  not r e p o r t e d  in t h i s  s tu d y .  Some of the  

known e x a m p l e s  of such  u n r e p o r t e d  a c c i d e n t s  a r e :

1) F a l l s  of g round  which o c c u r r e d  d u r in g  p e r i o d s  when no 

p e r s o n s  o r  m a c h i n e r y  w e r e  in th e  a r e a .  S e v e r a l  u n d e r 

g round  m in e s  s ta t e d  tha t  f a l l s  had  b e e n  o b s e r v e d  to  hav e  

tak en  p l a c e  d u r in g  t i m e s  when no sh if t  w as  w o rk in g .

Many s u r f a c e  m i n e s ,  p a r t i c u l a r l y  sand  and g r a v e l  o p e r a 

t i o n s ,  r e m a r k e d  about  f a l l s  which  o c c u r r e d  d u r in g  

p e r i o d s  of i n c l e m e n t  w e a t h e r  when  th e  pi t  was  not being  

w o r k e d .

2) F a l l s  of g round  which  o c c u r r e d  d u r in g  a c t iv e  w ork  

p e r i o d s ,  but which p ro d u c e d  no i n j u r i e s  to p e r s o n s  

o r  s e r i o u s  d a m a g e  to e q u ip m e n t .  S e v e r a l  m in e s  

r e m a r k e d  about  " o c c a s i o n a l , "  " f r e q u e n t "  o r  " r e g u l a r "  

f a l l s ,  m o s t ly  s m a l l  in s i z e ,  which o c c u r  in u n d e r g ro u n d  

m i n e s .  T h e s e  a r e  u s u a l ly  r e g a r d e d  as  n o r m a l  even ts
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in th e  w o rk in g  e n v i r o n m e n t ,  r a t h e r  t h a n  as  a c c i d e n t s .  

C a s e s  w e r e  m e n t io n ed  in which r o u t in e  b a r r i n g  down,  

s c a l in g  o r  s k i m m i n g  a c t iv i t i e s  p ro d u c e d  "unp lanned  o r  

u n f o r e s e e n "  f a l l s ,  in add i t ion  to  t h o s e  d e l i b e r a t e l y  

i n d u c e d .

3) A s p e c i a l  c a t e g o r y  of P a r a g r a p h  2) a b o v e ,  which  would 

be  p a r t i c u l a r l y  p e r t i n e n t  to  t h i s  s tu d y  if it could be  

quan t i f ied  p r o p e r l y ,  i s  t h o s e  a c c i d e n t s  in which  no 

i n j u r i e s  o c c u r r e d  b e c a u s e  th e  m a c h i n e s  involved  w e r e  

equ ipped  with RO PS o r  s o m e  o t h e r  o p e r a t o r  p r o t e c t io n  

s t r u c t u r e .  S e v e r a l  c a s e s  of t h i s  k ind w e r e  m en t io n e d  

d u r in g  m in e  v i s i t s  b u t ,  b e c a u s e  of the  d e a r t h  of i n f o r m a 

t ion  a v a i l a b l e ,  no good e s t i m a t e s  could  b e  m a d e  about  

t h e m .

4) F a l l s  of g round  which p r o d u c e d  m i n o r  i n j u r i e s  which  

w e r e  t r e a t e d  at t h e  m in e  f i r s t  a id  s t a t i o n ,  with no 

r e c o r d e d  " lo s t  t i m e . "  D ur ing  a few of th e  f ie ld  v i s i t s  

to m i n e s , o p p o r tu n i t i e s  w e r e  a v a i l a b l e  to  e x a m in e  

t r e a t m e n t  logs  in d i s p e n s a r y  o r  a id  s t a t i o n  f a c i l i t i e s .

It w as  o b s e r v e d  th a t  t r e a t m e n t s  fo r  m i n o r  i n j u r i e s  

iden t i f ied  with c a u s e s  such  as  " s t r u c k  by r o c k "  w e r e  

in c lu d e d ,  but th a t  t h e r e  w e r e  no p h y s i c a l  da ta  about 

t h e  a c c id e n t s  r e c o r d e d  t h e r e  o r  in any  o th e r  r e c o r d s .

Although t h e r e  a r e  a few m in e s  which r e c o r d  a l l  known g round

f a l l s ,  as  ev id en ced  by the  d e ta i led  in fo r m a t io n  r e c e i v e d  f r o m  s o m e  

s u r v e y  r e s p o n d e n t s ,  it i s  c l e a r  th a t  m o s t  do no t .  G e n e r a l l y ,  a c c u r a t e  

p h y s i c a l  data  a r e  a v a i l a b le  only fo r  a c c id e n t s  which r e s u l t e d  in s e r i o u s  

i n j u r i e s ,  but not fo r  a l l  such  a c c i d e n t s .

V
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Data  A n a ly s is  and I n f e r e n c e s

As e m p h a s i z e d  a b o v e ,  the  p r i n c i p a l  t h r u s t  of th e  a cc id en t  

a n a l y s e s  in th i s  s tudy r e l a t e d  to  th e  p h y s i c a l  c h a r a c t e r i s t i c s  of the  

f a l l - o f - g r o u n d  a c c i d e n t s .  H o w e v e r ,  it w a s  a l s o  d e s i r a b l e  to know the  

i m p o r t a n c e  of f a l l - o f - g r o u n d  a c c i d e n t s  r e l a t i v e  to  a l l  a c c i d e n t s ,  and 

to  know the  i m p o r t a n c e  of f a l l - o f - g r o u n d  a c c i d e n t s  which  involved 

m a c h in e s  of p r i m a r y  i n t e r e s t ,  r e l a t i v e  to  a l l  f a l l - o f - g r o u n d  a c c i d e n t s .  

T h e s e  th in g s  cannot be  known e x a c t l y ,  but  th ey  can  b e  e s t i m a t e d  

s a t i s f a c t o r i l y .

in v e s t ig a t io n  r e p o r t s ,  a t o t a l  of 1005 r e p o r t s  w as  e x a m in e d .  T h e s e  

r e p o r t s  do not  c o n s t i tu t e  a r a n d o m  s a m p l e  of a l l  a c c id e n t s  in m e t a l  and 

n o n m e t a l  m in e s  to  which th e  l aw s  of p r o b a b i l i t y  would p r o p e r l y  apply .

The  MESA r e p o r t s  do not in c lu d e  a l l  a c c i d e n t s ,  a s  th e  t e r m  " a c c id e n t "  

i s  u s e d  h e r e .  I n s t e a d ,  they  c o v e r  a l l  f a t a l s  and s o m e  s e l e c t e d  n o n - f a t a l s  

which  w e r e  i n v e s t ig a t e d  in th e  i n t e r e s t  of s a fe ty  a d m i n i s t r a t i o n .  F u r t h e r ,  

th e  s e t  of r e p o r t s  r e v ie w e d  is  c o m p le t e  only with r e s p e c t  to  1972 th ro u g h  

1974 f a t a l s ,  and o th e r  f a c t o r s ,  a s  d i s c u s s e d  above  u n d e r  " L i m i t a t i o n s  of 

th e  A c c id en ts  D a t a , "  app ly .  The  s a m p l e  i s ,  in th e  t e r m i n o l o g y  of 

s t a t i s t i c a l  a n a l y s i s ,  a " ju d g m e n t"  o r  " p u r p o s i v e "  s a m p l e .  The  WAI 

s ta f f  b e l i e v e s  it to be  r e a s o n a b l y  r e p r e s e n t a t i v e  of th e  m e t a l  and non-  

m e t a l  m in e  a c c id e n t  to t a l  popu la t ion  with r e s p e c t  to  the  p r o p o r t i o n  

invo lv ing  f a l l - o f - g r o u n d  p h e n o m e n a .  T h is  b e l i e f  d e r i v e s  f r o m  e x a m i n a 

t io n s  of a v a i l a b le  a c c id e n t  a n a l y s e s  which  s u g g e s t  th a t  the  p r o p o r t i o n  of 

f a l l - o f - g r o u n d  a c c id e n t s  i s ,  c o n s id e r i n g  th e  d e f in i t io n a l  l i m i t s  e m p lo y ed  

by d i f f e r e n t  a n a l y s e s ,  a p p r o x i m a te ly  0.15 fo r  n o n - f a t a l  as  w e l l  as  fo r  

f a ta l  a c c i d e n t s .  A c c o r d in g ly ,  t h e  e s t i m a t e  u s e d  in t h i s  s tudy is  th a t  

15% of a l l  a c c i d e n t s  in m e t a l  and n o n m e ta l  m i n e s  invo lve  f a l l - o f - g r o u n d  

p h e n o m e n a .  T a b le  A6-2  p r o v id e s  s o m e  c o m p a r a t i v e  da ta  c o n c e r n in g

In th e  c o u r s e  of r e v i e w in g  MESA fa ta l  and n o n - f a t a l  a cc id e n t
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T a b le  A 6 -2 .  F a l l - o f - G ro u n d  as  P e r c e n t a g e  of T o ta l  A cc id en ts

Y e a r T o ta l F O G
F O G  as  

P e r c e n t a g e  of T o ta l

MESA F a t a l  A cc iden t  R e p o r t s

1972 139 20* 14.4%

1973 168 20* 11.9%

1974 146 21* 14.4%

1975 (P a r t i a l ) 57 5* 8. 8%

S e c r e t a r y  of I n t e r i o r ,  R e p o r t  on P L  8 9 -5 7 7 ,  F a t a l s

1971-73 568 90 15.8%

All MESA R e p o r t s  Rev iew ed  by  WAI

1970-75
(P a r t i a l )

1005 152 15.1%

^Includes  only c a t e g o r i e s  " fa l l  of r o o f  o r  b a c k "  and " fa l l  of f a c e  
o r  s i d e . "
F O G  = F a l l - o f  Ground

f a l l - o f - g r o u n d  a c c id e n t s  a s  p e r c e n t a g e s  of v a r i o u s  t o t a l s .  WAI b e l i e v e s  

th a t  a r a n d o m  s a m p l e  of a l l  a c c id e n t s  s in c e  J a n u a r y  1970 would p r o d u c e  

a 95% conf idence  i n t e r v a l  fo r  th e  p r o p o r t i o n  of f a l l - o f - g r o u n d  a c c id e n t s  

of 0 .1 2  to 0 . 1 8 .  Of c o u r s e ,  t h i s  would apply  only to m e t a l  and n o n m e ta l  

m in e s  in the  a g g r e g a t e ,  not to  ind iv idua l  s e g m e n t s  of th e  i n d u s t r y ,  n o r  

to  ind iv idua l  y e a r s .  F o r  e x a m p l e ,  th e  MESA Safety  Rev iew  c o v e r in g  

in ju ry  e x p e r i e n c e  fo r  th e  sand  and g r a v e l  i n d u s t r y  in 1970 shows tha t  

only about 3% of the  n o n - f a t a l  i n j u r i e s  and about  16% of the  f a ta l  i n j u r i e s
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w e r e  due to " s l i d in g  o r  f a l l in g  m a t e r i a l . "  The  n u m b e r  of f a ta l s  was  

s m a l l  (4), so the  o v e r a l l  p e r c e n t a g e  of f a l l - o f - g r o u n d  i n j u r i e s  w as  

about 3%. T h e r e  a r e  no  c o m p a r a b l e  da ta  on a c c i d e n t s , as  def ined fo r  

t h i s  s tu d y ,  bu t  it i s  p o s s i b l e  th a t  such  d a ta  m igh t  show f a l l - o f - g r o u n d  

to  r e p r e s e n t  a s  m uch  a s  6% to  8% of th e  t o t a l  s an d  and g r a v e l  i n d u s t r y  

a c c i d e n t s .

In d i s c u s s i n g  th i s  s tudy  with m in in g  p eo p le  in g o v e r n m e n t  and in 

th e  i n d u s t r y ,  it b e c a m e  c l e a r  th a t  s o m e  t a k e  the  p o s i t io n  th a t  a l l  f a l l -  

o f -g ro u n d  a c c id e n t s  should  b e  c o n s i d e r e d .  The  m e r i t  of th i s  v iew  r e s i d e s  

p r in c ip a l l y  in the  idea  th a t  s o m e  n o - i n j u r y  a c c id e n t s  could w el l  have  

p r o d u c e d  i n j u r i e s  but  fo r  " f a t e , "  "good l u c k , "  e t c .  One m i n e r  s a id ,

"T h e  r e a s o n  I fm  a l ive  i n s t e a d  of dead  is  th a t  I m oved  eight in ch es  to  the  

le f t  a t  th e  r ig h t  t i m e . "  A no the r  c r e d i t e d  h i s  s u r v i v a l  without in ju ry  to 

th e  fac t  th a t  h i s  D-8 r i p p e r  had  a R O PS .  On the  o th e r  h a n d ,  s o m e  

p eo p le  took  th e  m o r e  p r a g m a t i c  v iew th a t  only a c c id e n t s  which r e s u l t e d  

in f a t a l i t i e s  o r  s e r i o u s  i n j u r i e s  need  be  c o n s i d e r e d .  T h is  v iew h a s  the  

m e r i t  of dea l in g  only with " h a r d "  d a t a ,  h o w e v e r  i n c o m p le t e .  The  MESA 

n o n - f a t a l  a cc id e n t  i n v e s t ig a t io n  r e p o r t s  do not c o v e r  a l l  s e r i o u s  in ju ry  

a c c i d e n t s ,  but  th ey  inc lude  s o m e  a c c i d e n t s  in which t h e r e  w e r e  no 

i n j u r i e s .

In t h i s  r e p o r t ,  WAI h a s  t r i e d  to a c c o m m o d a t e  both po in ts  of v iew 

in s o f a r  as  a v a i l a b le  data  and s u p p le m e n t a r y  s u b je c t iv e  in fo rm a t io n  

p e r m i t .  T h is  is  p a r t i c u l a r l y  t r u e  with r e s p e c t  to th e  p h y s i c a l  c h a r a c 

t e r i s t i c s  of f a l l - o f - g r o u n d  a c c i d e n t s .

The  WAI r e v i e w  of MESA a c c id e n t  in v e s t ig a t io n  r e p o r t s  (all 

f a t a l s  p u b l i sh ed  in 1972-1974 p lus  a v a i l a b l e  n o n - f a t a l s  and s e le c t e d  f a t a l s  

f o r  o t h e r  y e a r s )  iden t i f ied  152 f a l l - o f - g r o u n d  a c c i d e n t s .  N in e ty -e ig h t  

of t h e s e  w e r e  f a ta l  a c c i d e n t s .  In fo rm a t io n  about  the  v i c t i m s  was



r
e x t r a c t e d  f r o m  th o s e  r e p o r t s  in which it was  g iven .  S e v e r a l  of the  

a c c id e n t s  had  m o r e  t h an  one v i c t i m .  T h e r e  was  a t o t a l  of 106 f a t a l i t i e s  

in th e  98 f a ta l  a c c id e n t s  a n d ,  in a d d i t io n ,  t h e r e  w e r e  s e v e r a l  d i sa b l in g  

i n j u r i e s .  Age in fo r m a t io n  was  r e c o r d e d  f o r  94 p e r s o n s  f a ta l ly  i n j u r e d .  

In th i s  s a m p l e  of 94 ,  th e  age r a n g e  was 18 to  63. The  m e d ia n  ag e  was  

37 and th e  m e a n  3 8 .3 .  Surv iv ing  dependen t  i n fo r m a t io n  w as  r e c o r d e d  

f o r  90 of the  f a t a l i t i e s .  The  90 v i c t i m s  lef t  270 s u r v iv in g  d e p e n d e n t s .  

T h e s e  data  a f f i r m  once  m o r e  a fac t  th a t  r e a l l y  n eed s  no a f f i r m a t io n :  

th e  c o s t s  of a f a t a l  a cc id e n t  a r e  h ig h .  The  p e r t in e n t  q u e s t io n  in th i s  

s tudy is  how m u ch  of th e  t o t a l  cos t  of m e t a l  and n o n m e t a l  m in e  a c c id e n t s  

r e l a t e s  to f a l l - o f - g r o u n d  and th e  m a c h i n e s  of i n t e r e s t .  Som e e s t i m a t e s  

in th i s  r e g a r d  m ay  be  m ad e  f r o m  th e  data  c o l l e c te d .

It i s  i m p o r t a n t  to t r e a t  the  da ta  c o n c e r n in g  u n d e r g ro u n d  m in e  

a c c id e n t s  s e p a r a t e l y  f r o m  th a t  c o n c e r n in g  s u r f a c e  m in e  a c c i d e n t s ,  f o r  

the  r e a s o n  th a t  the  m a c h in e s  of i n t e r e s t  a r e  g e n e r a l ly  m o r e  p r o m i n e n t  

in s u r f a c e  m in ing  th a n  in u n d e r g ro u n d  o p e r a t i o n s .  The  s a m p l e s  in 

T ab le  A6-1 a r e  s m a l l  in both  c a t e g o r i e s ,  too s m a l l  in fac t  to  p e r m i t  the  

c o n s t r u c t io n  of con f idence  l i m i t s ,  u s in g  the  n o r m a l  a p p r o x i m a t i o n ,  f o r  

popula t ion  p r o p o r t i o n  e s t i m a t e s .  T ab le  A6-3 g ives  a s u m m a r y  of the  

da ta  f r o m  the  s a m p l e s .  In the  s u r f a c e  m in e  p o r t io n  of the  s a m p l e ,  

m a c h in e s  of p r i m a r y  i n t e r e s t  w e r e  involved in o n e - t h i r d  of the  f a l l - o f  - 

g round a c c i d e n t s ,  in 38.5% of the  f a ta l  and d i sa b l in g  in ju ry  a c c i d e n t s ,  

and in 36.8% of the  fa ta l s  . T h e s e  f ig u r e s  do not  p e r m i t  a good d e t e r 

m in a t io n  of how m any  a c c id e n t s  p e r  y e a r  involve  m a c h in e s  of i n t e r e s t  

b e c a u s e  the  s a m p l e ,  in addi t ion  to be ing  s m a l l ,  i s  not a c c u r a t e l y  t i m e -  

b ounded .  H o w e v e r ,  t h e r e  a r e  w ays  to  get  r a t e  f ig u r e s  fo r  f a ta l s  and 

s im u l t a n e o u s ly  to judge  how r e p r e s e n t a t i v e  is the s a m p l e .

F i r s t ,  it i s  known tha t  the  fa ta l  f a l l - o f - g r o u n d  a c c id e n t s  fo r  the  

y e a r s  1972-1974, as  they  a r e  def ined for  th i s  s tu d y ,  w e r e  22,  21 and 24,
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T a b le  A 6 -3 .  S u m m a r y  S t a t i s t i c s  - S a m p le s  of

Mine F a l l - o f - G r o u n d  A cc id en ts  R e p o r te d  in T h is  Study

S u r fa ce
M ines

U n d e r 
g round
M ines

To ta l  
M -N M  M ines

F a t a l  A cc iden ts 19 48 67

N o n - F a t a l  In ju ry  
A cc iden ts

7 26 33

No In ju ry  A c c id e n ts 34 64 98

T o ta l  FO G  A c c id e n ts 60 138 198

LHD Type

F a t a l  A c c id e n t s ,  
M ach ines  of 
I n t e r e s t  (MI)

7 2 3 12

N o n - F a t a l  In ju ry  
A c c id e n t s ,  MI

3 0 2 5

No In ju ry  A c c id e n t s ,
MI

10 0 3 13

To ta l  FOG 
A cc iden ts  Involv ing
MI

20 2 8 30

P e r c e n t  of F a t a l  
F O G  A cc id en ts  
Involv ing MI

36.8% 4.2% 16.7% 17.9%

P e r c e n t  of a l l  
F O G  A c c id en ts  
Involv ing MI

33.3% 1.4% 5.8% 15.2%

F O G  = F a l l - o f - G r o u n d
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r e s p e c t i v e l y .  The  to ta l  w as  67.  Of t h i s  t o t a l ,  21 w e r e  in s u r f a c e  m i n e s .  

Nine of the  21 s u r f a c e  m in e  f a t a l  f a l l - o f - g r o u n d  a c c i d e n t s  involved  

m a c h i n e s  of i n t e r e s t  f o r  th e  t h r e e  y e a r  p e r i o d .  T h e r e f o r e ,  t h e r e  w as  

an a v e r a g e  of 3 f a t a l  f a l l - o f - g r o u n d  a c c i d e n t s  in s u r f a c e  m i n e s  p e r  y e a r  

which involved  m a c h i n e s  of i n t e r e s t .

Second ,  u s in g  th e  d a ta  f r o m  th e  WAI s a m p l e  fo r  c o m p a r i s o n ,  

i t i s  s e e n  in  T a b le  A6-1 th a t  i n fo r m a t io n  w as  g a t h e r e d  on 45 f a t a l  f a l l -  

o f -g ro u n d  a c c id e n t s  f o r  the  y e a r s  1972, 1973 and 1974. S ix teen  of t h e s e  

w e r e  in s u r f a c e  m i n e s .  M ac h in e s  of i n t e r e s t  w e r e  invo lved  in 6 of th e  

16 s u r f a c e  m in e  f a t a l  f a l l - o f - g r o u n d  a c c i d e n t s .  The  s a m p l e  i n d i c a t e s  

an a v e r a g e  of 2 f a t a l  f a l l - o f - g r o u n d  a c c id e n t s  annua l ly  which involved  

m a c h i n e s  of i n t e r e s t  in s u r f a c e  m i n e s .  Us ing  th e  n u m b e r  of t o t a l  f a l l -  

o f -g ro u n d  a c c id e n t s  (45) s tu d ied  in th e  s a m p l e  and th e  t o t a l  known f a l l -  

o f -g ro u n d  a c c id e n t s  (67) f o r  the  s a m e  p e r i o d ,  an e s t i m a t e  of th e  f a l l -  

o f -g ro u n d  a c c id e n t s  o c c u r r i n g  in s u r f a c e  m i n e s  involv ing  m a c h in e s  of 

i n t e r e s t  can  b e  m a d e .  T h e  p r e d i c t i o n  is  3 f a t a l s  p e r  y e a r .

T h r e e  f a t a l  a c c id e n t s  a y e a r  r e p r e s e n t  about  2% of the  annual  

t o t a l  f a ta l s  in m e t a l  and n o n m e t a l  m in e s  fo r  t h e  y e a r s  1972-1974.

N o n - fa ta l  f a l l - o f - g r o u n d  s u r f a c e  m in e  a c c id e n t s  invo lv ing  m a c h in e s  

of i n t e r e s t  can  b e  e s t i m a t e d  u s in g  s i m i l a r  t e c h n i q u e s .  The  WAI e s t i m a t e  

is  tha t  t h e r e  m a y  be  as  m an y  as  133 n o n - f a t a l  a c c i d e n t s ,  a p p r o x im a te ly  

6 of which p r o d u c e s  s o m e  d e g r e e  of in ju r y .

In th e  u n d e r g ro u n d  p o r t i o n s  of th e  s a m p l e  (Tab le  A 6 - 3 ) ,  m a c h in e s  

of p r i m a r y  i n t e r e s t  w e r e  invo lved  in l e s s  th a n  2% of th e  f a l l - o f -g r o u n d  

a c c i d e n t s ,  in about  3% of the  fa ta l  and d i s a b l in g  i n ju ry  a c c i d e n t s ,  and 

in 4% of th e  f a t a l s .  In f a c t ,  t h e r e  a r e  only 2 a c c id e n t s  in the  s a m p l e  

which  invo lve  m a c h in e s  of i n t e r e s t ,  and bo th  w e r e  f a t a l s .
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Using the  s a m e  r e a s o n i n g  as  d i s c u s s e d  above  fo r  s u r f a c e  m i n e s ,  

an a v e r a g e  f r e q u e n c y  of f a t a l s  which  invo lve  m a c h i n e s  of i n t e r e s t  is  

e s t i m a t e d  at l e s s  th a n  one p e r  y e a r .

One f a ta l  a c c id e n t  a y e a r  r e p r e s e n t s  0 .7%  of the  t o t a l  annua l  

f a t a l s  in m e t a l  and n o n m e ta l  m in e s  f o r  th e  y e a r s  1972-1974.

The e s t i m a t i n g  te c h n iq u e  i n d i c a t e s  t h e r e  m a y  be  as  m an y  as  44 

n o n - f a t a l  f a l l - o f - g r o u n d  u n d e r g r o u n d  m in e  a c c i d e n t s  invo lv ing  m a c h in e s  

of i n t e r e s t  a y e a r ,  a p p r o x i m a te ly  28 of which  p r o d u c e  s o m e  d e g r e e  of 

in ju r y .

T h e r e  a r e  m a n y  m o r e  s u r f a c e  m i n e s  t h a n  u n d e r g r o u n d  m in e s  in 

th e  m e t a l  and n o n m e ta l  m in ing  i n d u s t r y .  The  n u m b e r s  u s e d  in th is  

s tudy  a r e  668 a c t iv e  u n d e r g r o u n d  m i n e s  and 13,321 a c t iv e  s u r f a c e  m i n e s .  

A cco rd in g  to the  MESA c l a s s i f i c a t i o n s ,  1756 of t h e  s u r f a c e  m in e s  a r e  

open p i t ,  4029 a r e  c r u s h e d  s to n e  o p e r a t i o n s  and 7536 a r e  s an d  and 

g r a v e l  o p e r a t i o n s .

T h e r e  a r e  m o r e  f a l l - o f - g r o u n d  a c c i d e n t s  in u n d e r g r o u n d  m in e s  

t h an  in s u r f a c e  m i n e s .  T h e r e  a r e  a p p r o x i m a te ly  329 such  a c c id e n t s  

annua l ly  in s u r f a c e  m i n e s ,  and a p p r o x i m a te ly  877 in u n d e r g ro u n d  m i n e s .  

H o w e v e r ,  t h e r e  a r e  f e w e r  f a l l - o f - g r o u n d  a c c i d e n t s  invo lv ing  m a c h in e s  

of i n t e r e s t  in u n d e r g ro u n d  m i n e s  than  in s u r f a c e  m i n e s .  The  annual  

r a t e  fo r  u n d e r g r o u n d  m i n e s  i s  a p p r o x i m a t e l y  44; fo r  s u r f a c e  m in e s  it 

i s  a p p r o x i m a te ly  13 3. T a b le  A 6-4  s u m m a r i z e s  t h e  WAI e s t i m a t e s  of 

f a l l - o f - g r o u n d  a c c i d e n t s  invo lv ing  m a c h i n e s  of i n t e r e s t .

It m a y  be  e s t i m a t e d  th a t  th e  add i t ion  of a " p e r f e c t "  o p e r a t o r  

p r o t e c t i v e  s t r u c t u r e  on a l l  m a c h i n e s  of i n t e r e s t  which  do not a l r e a d y  

h av e  s o m e  f o r m  of fa l l ing  ob jec t  p r o t e c t i o n ,  p r e s e n t l y  w o rk in g  in m e t a l  

and n o n m e ta l  m i n e s ,  m igh t  r e d u c e  th e  f a t a l  f a l l - o f - g r o u n d  a c c id e n t s  by
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about 4 p e r  y e a r  and th e  a c c i d e n t s  which c a u s e  s o m e  d e g r e e  of n o n - f a t a l  

in ju ry  by 90. T h i s  e s t i m a t e  m u s t  be  q ua l i f ied  by s e v e r a l  f a c t o r s .  The  

two m o s t  i m p o r t a n t  of t h e s e  a r e :

1) P r o t e c t i v e  s t r u c t u r e s  p r o t e c t  th e  m a c h in e  o p e r a t o r s  

only when they  a r e  in t h e  o p e r a t o r s ’ n o r m a l  o p e r a t i n g  

p o s i t i o n s .  In s o m e  of the  f a l l - o f - g r o u n d  a c c id e n t s  

which  involve  m a c h i n e s  of i n t e r e s t ,  th e  o p e r a t o r  is 

not in h i s  n o r m a l  o p e r a t i n g  p o s i t i o n .

2) The  d e g r e e  of p r o t e c t i o n  a f fo rd e d  a m a c h in e  o p e r a t o r  

by a p r o t e c t iv e  s t r u c t u r e  d epends  upon th e  en e rg y  

a b s o r p t i o n  ca p a b i l i ty  of th e  s t r u c t u r e  r e l a t i v e  to  the  

e n e r g y  involved  in t h e  g round  fa l l .  It i s  c l e a r  th a t  t h e r e  

a r e  s o m e  f a l l - o f - g r o u n d  a c c i d e n t s  fo r  which  no c o n 

c e iv a b le  m a c h i n e - m o u n te d  p r o t e c t i v e  s t r u c t u r e  could 

p r o v id e  c o m p le te  o p e r a t o r  p r o t e c t i o n .

S u p p le m e n ta ry  Note C o n c e rn in g  M a ch in e s  of the  L o a d -H a u l - D u m p  Type

The low p r o f i l e  l o a d - h a u l - d u m p  (LHD) m a c h in e s  a r e  co m m o n ly  

u sed  in u n d e r g r o u n d  m in e s  in a r e a s  in which the  l a r g e r  m a c h i n e s  of 

i n t e r e s t  cannot  b e  e m p lo y e d .  In d eed ,  th e  LHD and s i m i l a r  t y p e s  w e r e  

deve loped  l a r g e l y  f o r  tha t  r e a s o n .

In the  s a m p l e ,  T ab le  A6-3 .f t h e r e  w e r e  8 f a l l - o f - g r o u n d  a c c id e n t s

in u n d e r g ro u n d  m i n e s  which involved  m a c h in e s  of th e  LHD ty p e .  T h r e e  

of t h e s e  w e r e  f a t a l s  and 2 p ro d u c e d  s o m e  d e g r e e  of n o n - f a t a l  i n ju ry .  

The  LHD type  w as  involved  in n e a r l y  6% of the  u n d e r g ro u n d  m in e
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f a l l - o f - g r o u n d  a c c i d e n t s .  The  annua l  f a t a l  and in ju ry  r a t e s  a r e  g r e a t e r  f o r  

th e  LHD type  in u n d e r g ro u n d  m i n e s  th an  fo r  a l l  of th e  ty p e s  of m a c h i n e s  

of i n t e r e s t  s p e c i f ie d  f o r  t h i s  s tu d y .  The  r e a s o n  is  obvious:  they  a r e  

m o r e  of ten  ’’w h e r e  the  a c t io n  i s , ” tha t  i s ,  t h e i r  e x p o s u r e  r a t e  to  a r e a s  

in which  f a l l - o f - g r o u n d  o c c u r s  m o s t  f r e q u e n t ly  is  h igh  r e l a t i v e  to  th a t  

of t h e  m a c h i n e s  of i n t e r e s t .  Only in m in e s  which  h a v e  v e r y  high b a c k s  

( so m e  l e a d  and s a l t  m i n e s , fo r  ex am p le )  do th e  m a c h i n e s  of i n t e r e s t  

f i g u r e  p r o m i n e n t l y  in t h e  ty p e  of u n d e r g r o u n d  o p e r a t io n  which  have  

h igh  f a l l - o f - g r o u n d  e x p o s u r e .

T a b le  A 6 -4 .  E s t i m a t e s  of A v e r a g e  Annual  
F  a l l - o f - G r o u n d  A c c id e n ts  Which Involve  M ac h in e s  of I n t e r e s t

S u r fac e
M ines

U n d e rg ro u n d
M ines

T o ta l  
M -N M  M ines

N u m b e r  of A ct ive  M ines 13,321 668 13 ,989

F O G  A cciden t  C l a s s

F a t a l 7 15 22

N o n - F a t a l  In ju ry 153 570 723

No In jury 169 292 461

T o ta l  FO G 329 877 1 ,206

F a t a l ,  MI 3 1 4

N o n - F a t a l  I n ju r y ,  MI 62 28 90

No In ju ry  , ' MI 68 15 83

T o ta l  F O G  Involv ing 
MI

133 44 . 177

V
A6-14


