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STATMMT OF PROBLEM

T h is  i n v e s t i g a t i o n  was c o n d u c te d  t o  d e t e r m i n e  t h e  

a f f e c t  of l o a d i n g  t i m e ,  h a u l i n g  t i m e , e a r t h  m a t e r i a l  t y p e ,  

s i z e  of a u x i l i a r y  p u s h e r ,  and  number o f  a u x i l i a r y  p u s h e r s  

on t h e  p e r f o r m a n c e  of  s e l f - p r o p e l l e d  s c r a p e r s .

OBJECTIVE

The o b j e c t  o f  t h i s  i n v e s t i g a t i o n  i s  t o  c a l c u l a t e  and  

compare t h e  optimum l o a d i n g  t i m e s  of  two d i f f e r e n t  s e l f -  

p r o p e l l e d  s c r a p e r s  w ork ing  i n  two t y p e s  of  s o i l  when th e  

s c r a p e r s  were  b e in g  pu sh e d  by d i f f e r e n t  c o m b i n a t i o n s  o f  t r a c k -  

t y p e  t r a c t o r s .

1



i r a e D u c T i o i

G e n e r a l  A p p l i c a t i o n  o f  S c r a p e r s

S c r a p e r s  a r e  e a r th - m o v in g  m ach ines  c a p a b l e  o f  d i g g i n g , 

l o a d i n g ,  h a u l i n g ,  dum ping , and s p r e a d i n g  h u n d r e d s  o f  c u b ic  

y a r d s  o f  e a r t h  m a t e r i a l  d u r i n g  a  w ork ing  day .  I n  r e c e n t  

y e a r s ,  s c r a p e r s  have  been  u se d  f o r  moving e a r t h  b e c a u s e  o f  

t h e  h i g h  sp e e d s  a t  w h ich  t h e y  can  t r a v e l .

S e l f - p r o p e l l e d  s c r a p e r s  a r e  u sed  i n  o p e n - p i t  m in in g  

o p e r a t i o n s  f o r  s t r i p p i n g  a l l u v i u m ,  u n c o n s o l i d a t e d  o v e r b u r d e n , 

and o r e . The e x t e n s i v e  use  o f  t h i s  ty p e  of  e a r th - m o v in g  

equ ipm ent  i n  m in ing  j u s t i f i e s  an  economic a n a l y s i s  o f  t h i s  

m ethod .

Types o f  R u b b e r - T i r e d  S c r a p e r s

There  a r e  two b a s i c  t y p e s  of  r u b b e r - t i r e d  s c r a p e r s :  

t h e  o v e r -h u n g  t y p e  u s in g  a  tw o -w h e e l  t r a c t o r ,  and  t h e  t r a i l e r  

t y p e  u s i n g  a  f o u r - w h e e l  t r a c t o r .

Two-Wheel T r a c t o r

The s c r a p e r  w i t h  a  tw o -w h e e l  t r a c t o r  i s  b a s i c a l l y  

s u i t e d  f o r  a l l  t y p e s  o f  e a r th - m o v in g  o p e r a t i o n s .  I t  p e r fo rm s  

b e s t  u n d e r  good t o  a d v e r s e  c o n d i t i o n s  and on medium t o  s h o r t  

h a u l  d i s t a n c e s .  The tw o -w h ee l  t r a c t o r  has  g r e a t e r  w e ig h t  on 

t h e  d r i v e  w h e e l s  t h a n  t h e  f o u r - w h e e l  t r a c t o r  o f  s i m i l a r  s i z e ;
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t h u s  i t  c a n  d e v e lo p  more t r a c t i v e  e f f o r t . The tw o-w hee l  

t r a c t o r ,  due t o  i t s '  p o s i t i v e - t y p e . s t e e r i n g  a r r a n g e m e n t ,  

h a s  b e t t e r  m a n e u v e r a b i l i t y  and can  maneuver under  a lm o s t  

any  u n d e r f o o t  c o n d i t i o n .  T h is  s t e e r i n g  c h a r a c t e r i s t i c  i s  

i m p o r t a n t  when t h e  s c r a p e r  i s  w ork ing  i n  mud o r  sandy  m a t e r ­

i a l .  Because  of  t h e  h a r d  r i d i n g  c h a r a c t e r i s t i c s  of  t h e  two- 

w hee l  s c r a p e r  t h e  o p e r a t o r  may n o t  m a i n t a i n  t o p  s p e e d .

Four -W hee l  T r a c t o r

The s c r a p e r  w i t h  a  f o u r - w h e e l  t r a c t o r  i s  p r i m a r i l y  

d e s i g n e d  f o r  h a u l s  over  long d i s t a n c e s  on r o a d s  t h a t  a r e  i n  

good c o n d i t i o n .  A f o u r - w h e e l  t r a c t o r  i s  d i f f i c u l t  t o  s t e e r  

i n  mud or  sa n d  c o n d i t i o n s ,  and t h e  s m a l l  f r o n t  t i r e s  have 

a  t e n d e n c y  t o  s e t t l e  i n t o  t h e  mud or s a n d ,  t h u s  r e q u i r i n g  

more r i m p u l l  t o  move the  t r a c t o r .  S c r a p e r s  w i t h  f o u r - w h e e l  

t r a c t o r s  a r e  c a p a b l e  of  g r e a t e r  h a u l  sp e ed  b e c a u s e  of  t h e i r  

s t e e r i n g  and h a n d l i n g  q u a l i t i e s .  The c o h v e n t i o n a l - t y p e  

s t e e r i n g  of  t h e  f o u r - w h e e l  t r a c t o r  g i v e s  t h e  o p e r a t o r  g r e a t e r  

c o n f i d e n c e  inasm uch  a s  t h e  s c r a p e r  h a n d l e s  more l i k e  a t r u c k  

from t h e  s t a n d p o i n t  o f  m a n e u v e r a b i l i t y  and r i d a b i l i t y .

S c r a p e r s  i n  Tandem .

The tw o -w h e e l  t r a c t o r  i s  a l s o  used t o  p u l l  s c r a p e r s  

i n  t an dem .  S c r a p e r s  i n  tahdem were  d e v e lo p ed  on t h e  t h e o r y  

t h a t  t h e  f i r s t  few y a r d s  of  e a r t h  m a t e r i a l  l o a d e d  r e q u i r e d  

t h e  l e a s t  amount of  t im e  s i n c e  two s c r a p e r s  o f  a  g iv e n  s i z e
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w i l l  a lways l o a d  s u b s t a n t i a l l y  f a s t e r  t h a n  a  s i n g l e  s c r a p e r  

o f  t h e  same t o t a l  c a p a c i t y . ^  A lso  t h e  s m a l l e r  w i d t h  and 

h e i g h t  o f  s c r a p e r s  i n  tandem do n o t  i n t e r f e r e  w i t h  t r a f f i c  

on t h e  h a u l  r o a d s  or  h ighways when moving be tw een  j o b s .  The 

l e n g t h  o f  s c r a p e r s  i n  tandem i s  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h e  

l e n g t h  o f  a  s i n g l e  s c r a p e r  o f  t h e  same c a p a c i t y ,  b u t  i t  i s  

n o t  t w i c e  t h a t  o f  t h e  s i n g l e  s c r a p e r . The t u r n i n g  r a d i u s  

r e q u i r e d  f o r  t h e  tandem  s c r a p e r s  i s  t w e n t y - f i v e  p e r c e n t  g r e a t e r  

t h a n  t h a t  o f  a  s i n g l e  s c r a p e r  o f  t h e  same c a p a c i t y . ^

Twin-Power S c r a p e r s  .

A n o th e r  t y p e  of s c r a p e r  i s  t h e  t w i n - p o w e f - S c r a p e r .

The o b j e c t i v e  o f  t h i s  t y p e  o f  s c r a p e r  i s  t o  f u r n i s h  s u f f i ­

c i e n t  power f o r  l o a d i n g  i t s e l f  w i t h o u t  t h e  use  o f  p u s h e r s . ^  

Twin-power s c r a p e r s  have  h i g h e r  m a n e u v e r a b i l i t y  i n  l o a d i n g  

th a n  do s i n g l e - p o w e r e d  s c r a p e r s  w i t h  p u s h e r s ;  h ow ever ,  t h e  

a d d i t i o n a l  h o r se p o w e r  o f  t h e  tw in - p o w e r  s c r a p e r  i s  n o t  r e ­

q u i r e d  when t h e  s c r a p e r  t r a v e l s  o ve r  t h e  h a u l  r o a d .  T h is  

r e s u l t s  i n  an i n c r e a s e  i n  t h e  e x c a v a t i o n  c o s t  o f  t h e  e a r t h  

m a t e r i a l . ^

•^Tandem S c r a p e r s ;  Hew-Old C o m p e t i t i v e  T o o l , t$ Roads 
and S t r e e t s  ( F e b r u a r y ,  I 9 6 0 ) ,  p .  7 7 .

2I b i d .

2See  A pp en d ix  E ,  G l o s s a r y .

^"Leo J .  R i t t e r ,  J r . ,  "Big Power f o r  P u s h i n g  S c r a p e r s , "  
E n g i n e e r i n g  Hews R ecord  ( A p r i l  28 ,  I 9 6 0 ) ,  pp .  3 1 - 3 3 .



HFLUMCE OF SOILS

F a c t o r s  A f f e c t i n g  P r o d u c t i o n

The s o i l  t y p e  i s  a  v i t a l  f a c t o r  whenever  an  e a r t h -  

moving o p e r a t i o n  i s  b e in g  p l a n n e d  or  c o n d u c t e d .  The te rm  

ws o i l w i s  h e r e  a p p l i e d  t o  t h e  m a t e r i a l s  n o r m a l ly  h a n d le d  by  

s c r a p e r s . The s c r a p e r  i s  u n a b le  t o  h a n d le  v e r y  s o f t  o r g a n i c  

s o i l  i n  swamp l o c a t i o n s  or  t h e  r o c k  which  r e q u i r e s  b l a s t i n g  

f o r  r e m o v a l .  How ever9 be tw een  t h e s e  e x t re m e s  e v e r y  k i n d  of  

s o i l  i n  a n y  c o n d i t i o n  w i t h i n  t h e  o b v io us  l i m i t s  o f  t e r r a i n ,  

w e a t h e r ,  and  w a te r  c o n d i t i o n s  can c o n c e i v a b l y  be h a n d le d  by 

s c r a p e r s . I t  i s  n o t  i m p l i e d  t h a t  s c r a p e r s  would  be t h e  most 

e c o n o m ic a l  method o f  h a n d l i n g  e v e r y  t y p e  o f  m a t e r i a l  i n  any 

c o n d i t i o n ;  h o w e v e r , i t  does i n d i c a t e  t h a t  t h e s e  m ach ines  can 

o p e r a t e  i n  many t y p e s  o f  s o i l .

The v a r i a b l e s  a f f e c t i n g  t h e  p r o f i t a b l e  e x c a v a t i o n ■o f  

s o i l s  by s c r a p e r s  i n c l u d e  t h e  f o l l o w i n g ;  l o a d i n g  c h a r a c t e r ­

i s t i c s  , w e i g h t  t o  volume r e l a t i o n s h i p s ,  dumping c h a r a c t e r i s t i c s , 

r o l l i n g  r e s i s t a n c e  and t r a c t i o n .  These  v a r i a b l e  a r e  d i r e c t l y  

i n f l u e n c e d  by  t h e  f o l l o w i n g  m a jo r  f a c t o r s ;  g r a d a t i o n  o f  s o i l  

p a r t i c l e s ,  m o i s t u r e  c o n t e n t , s o i l  s t r u c t u r e ,  c o h e s i o n  and 

m i n e r a l  c o m p o s i t i o n ,  and s o i l  p r o f i l e .

i
Leo J .  R i t t e r ,  J r . ,  wS o i l  a s  a  C o n s t r u c t i o n  . M a t e r i a l , tf 

Modern Highways ( A p r i l ,  1 9 5 9 ) ,  p p .  9 - 1 0 .
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G r a d a t i o n  i s  a  t e rm  used  by  e n g i n e e r s  t o  r e f e r  to
o

t h e  r e l a t i v e  s i z e  o f  s o i l  p a r t i c l e s ,  J The more u n i fo rm  s o i l s  

o f  th e  s m a l l e r - p a r t i c l e  s i z e  w i l l  be e a s i e r  t o  l o a d  t h a n  w i l l  

be t h e  g r a d e d  s o i l s  h a v in g  a  wide  v a r i a n c e  i n  p a r t i c l e  s i z e .

The u n i fo rm  s o i l  o f f e r s  l e s s  l o a d i n g  r e s i s t a n c e  b e c a u s e  o f  

t h e  lower  d e n s i t y  and s m a l l e r  a r e a  of  c o n t a c t  of s o i l  w i th  

t h e  s c r a p e r  bow l .

The m o i s t u r e  c o n t e n t  o f  t h e  s o i l  h a s  an  i n f l u e n c e  

on t h e  l o a d i n g  c h a r a c t e r i s t i c s  o f  t h e  s o i l  and  t h e  r o l l i n g  

r e s i s t a n c e  and t r a c t i o n  o f  t h e  s c r a p e r .  A s m a l l  amount of 

m o is t t i r e  in  l o o s e  s a n d ,  f o r  e x a m p le , may i n c r e a s e  t h e  t r a c ­

t i o n  of  t h e  a u x i l i a r y  p u s h e r  and s c r a p e r  w i t h o u t  g r e a t l y  

i n c r e a s i n g  t h e  r o l l i n g  r e s i s t a n c e  or  d e n s i t y  o f  t h e  s a n d .

To t h e  e n g i n e e r ,  t h e  s o i l  p r o f i l e  i s  a  c r o s s  s e c t i o n  

of  t h e  a c t u a l  s o i l  d e p o s i t  from t h e  e a r t h  s u r f a c e  down t o  

t h e  d e p th  which  he c o n s i d e r s  i m p o r t a n t  f o r  h i s  p u r p o s e . ^  Hot 

o n l y  a r e  s o i l  d e p o s i t s  v a r i a b l e  v e r t i c a l l y ,  b u t  t h e y  a r e  a l s o  

v a r i a b l e  h o r i z o n t a l l y .  I n f o r m a t i o n  a s  t o  t h e  s o i l  p r o f i l e  

and l a t e r a l  v a r i a t i o n  p a y  be p a r t i c u l a r l y  v a l u a b l e  t o  c o n t r a c -
I

t o r s  when t h e y  a r e  p r e p a r i n g  t o  b i d  on an e a r t h - m o v i n g  p r o j e c t .

D i m i t r i  P .  K ry n in e  and W i l l i a m  R, Ju d d ,  P r i n c i p l e s  
o f  E n g in e e r i ng Geology  and G e o t e c h n i c s , e d .  H a m e r  E. Davis  
(McGraw-Hil l  C i v i l  E n g i n e e r i n g  S e r i e s ;  McGraw-Hil l  Book Company, 
Hew York,  1 9 5 7 ) ,  p .  129.

3 I b i d . , p .  125.



PROCEDURE OF INVESTIGATION

In  o r d e r  t o  o b t a i n  d a t a  f rom  which an  a n a l y s i s  c o u ld  

be made i t  was n e c e s s a r y  t o  use  l o a d - g r o w t h  c u r v e s  of t h e  

s c r a p e r s  f o r  t h e  c a l c u l a t i o n s .  The c a l c u l a t e d  v a l u e s  r e p r e ­

s e n t i n g  t h e  c o s t  p e r  c u b ic  y a r d  f o r  e x c a v a t i n g  e a r t h  m a t e r i a l s  

and t h e  volume of  m a t e r i a l  t h a t  c o u l d  be  removed by t h e  

s c r a p e r s  were  t h e n  com pared .

Load-Growth Curves

A l o a d - g r o w t h  c u rv e  d e p i c t s  t h e  amount o f  s o i l  t h a t  

a  s c r a p e r  h a s  l o a d e d  i n  i t s  bowl a t  any  g i v e n  i n s t a n t  of  t im e  

d u r i n g  t h e  p e r i o d  o f  l o a d i n g . ,  These  b a s i c  d a t a  r e p r e s e n t  

t h e  p r o d u c t i o n  p e r fo rm a n c e  of  t h e  s c r a p e r  ( s e e  F i g u r e  1 ) .

I n  exam in ing  a  typ icS .1  l o a d - g r o w t h  c u rv e  shown i n  F i g u r e  1, 

i t  i s  e v i d e n t  t h a t  t h e  volume o f  e a r t h  m a t e r i a l  t h a t  i s  lo aded  

i n t o  t h e  s c r a p e r  i n c r e a s e s  a s  t h e  t im e  expended i n  lo a d in g  

t h e  s c r a p e r  i n c r e a s e s .  D uring  t h e  f i r s t  m in u te  o f  l o a d i n g  

t im e  a p p r o x i m a t e l y  s i x t e e n  c u b ic  y a r d s  of  e a r t h  m a t e r i a l  a r e  

l o a d e d  i n t o  t h e  s c r a p e r ;  whereas  i n  t h e  s e c o n d  m in u te  o f  

l o a d i n g  t im e  a p p r o x i m a t e l y  two c u b i c  y a r d s  a r e  l o a d e d .  The 

e f f e c t s  o f  a u x i l i a r y  p u s h e r  a s s i s t a n c e  a r e  a l s o  r e f l e c t e d  i n  

t h e  r a t e  of  change  i n  s l o p e  o f  t h e  l o a d - g r o w t h  c u r v e s .

L o ad -g ro w th  c u r v e s  w ere  o b t a i n e d  f rom  a  h e a v y - e q u ip m e n t  

m a n u f a c t u r e r  f o r  two s e l f - p r o p e l l e d ,  r u b b e r - t i r e d  s c r a p e r s .





1One s c r a p e r  i n v e s t i g a t e d  had a  s t r u c k  c a p a c i t y  o f  tw e n ty -  

e i g h t  c u b ic  y a r d s  and a n o t h e r  s c r a p e r  h ad  a  s t r u c k  c a p a c i t y  

of tw e n ty - o n e  c u b ic  y a r d s . The s c r a p e r s  o p e r a t e d  i n  b o th  

m o is t  sand  and c l a y  loam. L oad -g ro w th  c u r v e s  i n  Appendix  A 

r e p r e s e n t  t h e  a b i l i t i e s  o f  t h e  two s c r a p e r s  t o  l o a d  each o f  

t h e s e  m a t e r i a l s .  M o is t  sand  h a s  a  bank w e ig h t  of  3 ,300  

pounds p e r  c u b ic  yard, and c l a y  loam h a s  a  bank  w e ig h t  of  

3 ,6 0 0  pounds p e r  c u b ic  y a r d .

S t a n d a r d  t r a c k - t y p e  t r a c t o r s  were  u se d  a s  p u s h e r s  t o  

l o a d  t h e  s c r a p e r s .  The t r a c t o r s  w ere  d e s i g n a t e d  on th e  g r a p h s  

i n  pounds o f  a v a i l a b l e  d raw bar  p u l l . ^  The d raw bar  p u l l  

d e v e lo p e d  by t h e  t r a c t o r s  i s  d e p e n d e n t  upon t h e  c o e f f i c i e n t  

of t r a c t i o n  o f  t h e  e a r t h  m a t e r i a l .

Ownership  and O p e r a t i n g  Cost  o f  Equipment

I n  e v a l u a t i n g  t h e  p e r f o r m a n c e  of  t h e  e a r th - m o v in g  

equ ipm en t  i t  i s  e s s e n t i a l  t o  know t h e  o w nersh ip  and o p e r a t i n g  

c o s t  o f  t h e  e q u ip m e n t .  A c o n s i s t e n t  fo rm  o f  c a l c u l a t i o n  was 

used  so t h a t  u n i f o r m i t y  c o u ld  be m a i n t a i n e d .  S in c e  a b s o l u t e  

v a l u e s  f o r  i n d i v i d u a l  p i e c e s  o f  equ ipm ent  a r e  n o t  n e c e s s a r y  

f o r  c o m p a r a t i v e  p u r p o s e s ,  a v e r a g e  v a l u e s  have  been  c a l c u l a t e d  

( s e e  F i g u r e s  2 t o  5 ) .

•^See Appendix  E, G l o s s a r y .  
2See Append ix  B, G l o s s a r y .
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I t  i s  assum ed t h a t  th e  economic l i f e  o f  a s c r a p e r  

p u l l e d  by a  r u b b e r - t i r e d  t r a c t o r  work ing  one s h i f t  under 

a v e r a g e  j o b  c o n d i t i o n s  i s  f i v e  y e a r s .  The a n n u a l  d e p r e c i a ­

t i o n  r a t e  o f  t h e  equ ipm ent  i s  t a k e n  t o  be e q u a l  t o  th e  t o t a l

i n i t i a l  i n v e s t m e n t  d i v i d e d  by t h e  economic l i f e  o f  t h e

e q u ip m e n t .  Thus,  t h e  a v e r a g e  a n n u a l  i n v e s tm e n t  o f  t h e  e q u i p ­

ment i s  e q u a l  t o  (n - 1 ) / 2 N  x t o t a l  i n i t i a l  i n v e s t m e n t ,  where

n e q u a l s  t h e  economic l i f e  of t h e  equipm ent  in  y e a r s .  I n t e r e s t ,  

t a x e s ,  and s t o r a g e  w ere  e s t i m a t e d  a s  12 p e r  c e n t  p e r  y e a r  o f  

t h e  a v e r a g e  i n i t i a l  i n v e s t m e n t .  I n  c a l c u l a t i n g  t h e  o p e r a t i n g  

c o s t  o f  t h e  r u b b e r - t i r e d  s c r a p e r ,  an  e x p e r i e n c e  f a c t o r  of 

90 p e r  c e n t  o f  t h e  a n n u a l  d e p r e c i a t i o n  was a s s i g n e d  as  t h e
1c o s t  t o  c o v e r  t h e  i t e m s  o f  r e p a i r s ,  m a i n t e n a n c e ,  and s u p p l i e s .

Assuming a maximum t i r e  l i f e  o f  5 ,000  h o u r s  under  

i d e a l  work ing  c o n d i t i o n s ,  t h e  t i r e  l i f e  was r e d u c e d  t o  compen­

s a t e  f o r  a v e r a g e  w ork ing  c o n d i t i o n s .  The maximum l i f e  o f  t h e  

t i r e  was r e d u c e d  by f a c t o r s  which  com pensa ted  f o r  t i r e  m a i n t e n ­

a n c e ,  maximum s p e e d ,  r o a d  s u r f a c e  c o n d i t i o n s ,  w h ee l  p o s i t i o n ,
o

l e n g t h  o f  h a u l  d i s t a n c e ,  l o a d i n g ,  and t i r e  i n f l a t i o n .  The 

t o t a l  t i r e  c o s t  was i n c r e a s e d  by an e x p e r i e n c e  f a c t o r  o f  f i f t e e n  

p e r  c e n t  t o  com pensa te  f o r  r e p a i r s .  The wages of  t h e  o p e r a t o r s  

were  e s t i m a t e d  a t  t h r e e  d o l l a r s  p e r  hour  w i t h  a  f o r t y  p e r  c e n t

1 D r e v d a h l ,  op .  c i t . ,  i i ,  p .  8 .
o

I b i d . , p .  12.
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WORK SHEET

ESTIMATE OF OWNERSHIP AND OPERATING COST
"EQUIPMENT OUTPUT CALCULATION

c a p a c i t y  28 c u b ic  y a r d s  s t r u c k  a v e r a g e
v a l u e s  c a l c u l a t e d No. Shifts Operated 1

Production per hr .
Weight & price, fob fact. 90 , 200 $ 79 ,0 0 0 tons or yds
Additional equipment . . $ . 1— .. . -

Blocking
Freight $ 4 .0 0 (Tot wt) 90SCIfi1 $ 3 ,6 0 0

FIGURE 2 .  "Unloading & moving $
$ ■

Sub Total $ 8 2 ,6 00  ,
Deduct Tire Cost $ 18 ,000
item 1. Total Investment $ .6 4 ,6 0 0
Item 2. Economic Life yrs 1 0 .0 0 0  hrs
Item 3. Ave Invest .60^ % of 1 $ 3 8 .800

Cost/yr Cost/hr

Item 5. Inf., Taxes & Ins. 12% of Item 3

Item 6. Total fixed cost 4 & 5 Total

Item 7. Repairs, m a i n f & suppiies
,Q0 % of Stem 4/yr

Item 8. Fuel, tub. ,  Power & Misc.
Consump. cost/gal. cost/hr

1 7 .5  ■ ' $ .18 $ 3 .1 5a. Fuel/hr
b. Power
c . Lub./hr
d o Spec LuU" 
e.

.61
JOL

$  1.00  $- . .61
$ 1 .0 0  $ .30

f . Total Fuel, Lub, Power & Misc. $ 4 .0 6

Item 9. Tires ' ' ■ ' Cost/tire
a . No. fires 2 Life 1680  hrs(free) $ 9 ,0 0 0
b. No. fires 2 Life 1 0 1 0 'hrs(driver) 9 ,0 0 0
c . . , _ - $________
d . TofaI Tire Cost +15% for Repairs, e tc .

Item SO. Labor
a . operator
b. oiler
c . pit man
d.

no.
1

per hr
1 .7.00

e . Total wages . . .
f. Overtime Q % of e
g. Sub total (wages & overtime)
h. Liability Ins. 40 % of g
i . Total Labor

3 . 0 0

$ 3 .0 0
$ 1.20
$ 4 .20

item 11 . TotalDirect Cost 6 ,7 / 8/ 9/ & 10 Total 
Item 12. indirect Cost, Engr. Overhead> e tc .
Item 13. Total Cost 11, & 12 total

Item 14. Cost per ton or yard. (Cost/hr)'
•__________  _̂_ / Prod hr ̂

$ 12 .910
$ 4 .6S0

r u s e o .

$ 11 .610

8 .1 1 0

$ 32,  900

8 .4 0 0

78 ,5 8 0

' $787580"

T

6 .46
 ̂ 2 .3 3

$ 8 .7 9

$ 5 , 8 1

$_4.06.

$ 5 .3 0
$ 8 . 9 0

$ 16 .20

$ 4 .2 0

$ 3 9 . 4 0

$ 39 . 4U

Per Ton or yd
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ESTIMATE OF OWNERSHIP AND OPERATING COST

12

MACHINE DESCRIPTION . S e l f - p r o p e l l e d "EQUIPMENT OUTPUT CALCULATION

Ifem 2. Economic Life 
Item 3. Ave Invest 6.0

nrs

W U I Cl gvV JL 9 V  Ci _L e#ty A-' -L v  VIM -l.Vf

A v erag e  V a lu e s  C a l c u l a t e d No. Shifts Operated 1

Weight & price, fob fact. 69 ,7Q0 $ 6 2 ,9 0 0
Production per hr

tons or yds
Additional equipment $
Blocking . '

2 ,,7 8 0Freight $4 • 0 0 (Tot wt) 6970#T $
' FIGURE .3Unloading & moving $

$
Sub Total $ 6 5 ,6 8 0  ■
Deduct Tire Cost $ 1 6 ,0 0 0
Item 1 . Total Investment $ . 4 9 ,6 8 0

. , - ?..xy—----------------

• Cost/yr Cost/hr
Item 4. . Dep. 20 % of Item 1/yr ■ $ 9 ,9 2 0 $ 4 .9 6
Item 5. Int., Taxes & Ins. 12% of Item 3 $ 3 , 5 8 0 $ 1 . 7 9

item 6. Total fixed cost 4 & 5 TotaT

Item 7. Repairs, maint., & supplies
90 % of Item 4/yr

%13.S00 6 . 7 5

$ 8 . 9 2 0 $ 4 . 4 6

Item 8. Fuel, tub .. Power & Misc.
Consump. . cost/gal 

d. Fuel/hr 1 2 . 8  ' $ . 1 8
cost/hr 

$ 2 . 3 0
b. Power 1 $
c . Lub./hr . 44 $ 1 . 0 0 $ - . 4 4
d. Spec tub .2 2  $ 1 . 0 0 $ . 2 2
e.  ’ ' $ $ •
f. Total Fuel, Lub> Power & Misc. $. 2 . 9 6 $ 5 , 9 1 0 $ 2 . 9 6  . '

-
Item 9 . Tires
d . No. tires 2 Life 1680 hrs(free)

Cost/tire 
$ 8 , 0 0 0 •. ■ $ 4 . 7 6  .

b. No. fires % Life 1010  hrs(drlver) 8 , 0 0 0 $ 7 . 90
C l  .......... . .

$ _ ^ _

d . Total Tire Cost + 15S& for Repairs, e tc . $ 2 9 ,1 0 0 • $ 1 4 .5 6  •

item 10. Labor no. . per hr
a. operator 1 $ 3 . 0 0
b. oiler ■ $
c . pit man $
d. $ ■ ' -

e . Tota l wages $ 3 . 0 0
f. Overtime Q % of e $
g. Sub total (wages & overtime) $ 3 . 0 0
h . Liability Ins. % of g $ 1 . 2 0
i . 4 . 2 0 $ 8 ,400 $ 4 . 2 0 -

Item 11. Total Direct Cost 6 , 7 , 8 , 9 ,  & 10 Total 
Item 12. Indirect Cost, Engr. Overheady e tc .
Item 13. Total Cost 11, & 12 Total

$6 5 ,8 3 0
$6 5 , 8 3 0

% 3 2 . 9 3
$ 3 2 . 9 3
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ESTIMATE OF OWNERSHIP AND OPERATING COST

MACHINE DESCRIPTION B u l ld o z e r . 230  HP EQUIPMENT OUTPUT CALCULATION
( F ly w h e e l)  P u sh e r  T r a c k , A v e r a g e  V a lu e s
C a lc u la t e d No. Shifts Operated 1 . : . .

Weight & price, fob fact. 47  ? 290 $ 4 9 , 0 0 0
Production per hr ' ■ • ‘ 

tons or yds : /
Additional equipment $
Blocking
Freight $4 . 0G (Tot wt) 472 . 9CWT $ 1 ,890
Unloading & moving $ , ' FIGURE 4 ■

. > ; $ •
Sub Total $ 5 0 , 8 9 0
Deduct Tire Cost $
Item 1. Total Investment $ . 5 0 , 8 9 0
Stem 2. Economic Life 5  Xr$ 1 0 , 000 ... hrs
Item 3. Ave Invest GO % of 1 $ 30 „ 600 . • . 1;

Cosf/yr ' Cost/hr • ;
Stem 4. Dep. 20 % of Item 1/yr ■ $ 10,200  • $ 5 . 0 9  ■ h
Item 5. Inf., Taxes & Ins. 12% of Item 3 $ " 5 7 5 8 0 •$ 1 . 8 4  /

Item 6 . Total fixed cost 4 & 5 Total $ 1 3 . 8 8 0 5 _._7 ,.93_ /

Item 7. Repairs, mainf. ,  & supplies 
95 % of Item 4/yr =$ 9,600 $ 4 . 8 0  . .1

. .. - ■ :  ■ '!
Item 8 . Fuel, Lub., Power & Misc.

Consump. • cosf/gal 
a. Fuel/hr 8 . 8  $ .1 8

cost/hr 
$ 1 . 5 6

b. Power $ .
c. Lub./hr .1 0  $ 1 . 0 0 $ .10 • , ■ ■ ‘ ' |/
d; Spec Lub .0 2  $ 1 . 0 0 $ .02
e.  F i l t e r  . 0 4  $ 1 . 0 0 $ . 0 4
f . Total Fuel, Lub, Power & Misc. $. 1 .7 2 $ 3 ,  440  ' ' $ 1 .7 2  .

. • . - ' ! •! ■ :
Item 9. Tires
a . No. fires Life hrs(free)

Cost/tire 
$ - $ ■ : /

b. No. tires Life hrs(drlver) '. $ _ L______:  :
c . $ $ .
d. Total Tire Cost -t 15% for Repairs, e tc . '•$ ■'.$ j

Stem 10. TaKr no. 
a . operator . 1

per hr 
$ 3 . 0 0  ■ I

b. oiler $ • . ■ • j
c . pit man $
d. $ ■ . " ■' ■ • '  i
e .  Total wages $ 3 . 0 0 • - i
f. Overtime 0 % of e $ . ; _ r
g . Sub total (wages & overtime) $ 3 . 0 0
h. Liability Iris. 40 % of g $ 1 . 2 0 -  / I
?., Total Labor ' $ 4 . 2 0  " . $ 8 , 4 0 0  ' $ 4 .2 0  ' • ?!

Item 11. Total Direct Cost 6 , 7 , 8 , 9 ,  & 10 Total $ 3 5 , 3 2 0 i  1 8 . 6 5
Item 12. Indirect Cost, Engr. Overhead,r etc . $ $ : .

Item 13. Total Cost 11, & 12 Total % 3 5 ,2 2 0 $JL8:.6_5 . : '
■ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  /  ’

item 14. Cost per ton or yard (Cost/hr) * ~r . "  $ Per Ton or yd
 _____    :_____ ,___(Prod/hr)___ '. . -  . . _____ !__ :____    :__  :___ !_______
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MACHINE DESCRIPTION B u l l d o z e r ,  380 HP EQUIPMENT OUTPUT CALCULATION

a

•Item 14. Cost per ton or yard (Cpst/hr). 
 __• ■ "    (Prol/hrl

C a l c u l a t e d N o. Shifts. Operated 1
. Production per hr

Weight & price, fob fact. 6 4 T 400 $ 63 ,004 tons or yds
Additional equipment $
Blocking
Freight $4 . 0 0 (Tot wt) 644 CffT $ 2 , 5 8 0 1
Unloading & moving ‘ $ .

$ F i g u r e  5
Sub Total $ 6 5 ,5 8 4
Deduct Tire Cost $
Item 1. Total Investment $ .6 5 ,5 8 4
Item 2. Economic Life 5 yrs 1 0 , 0 0 0  hrs
Item 3. Ave Invest 00 % of 1 $ 3 0 . 4 0 0

Cost/yr Cost/hr
Item 4. Dep. 20 % of Item 1/yr $13,100 $ 6 .5 5
Item 5. Int., Taxes & Ins. 12% of Item 3 $ 4 , 7 3 0 .......... $ 2 .36  ......

Item 6. Total fixed cost 4 & 5 Tota 1 $17,830 $ 8 .91

Item 7. Repairs, maint., & supplies 
%  of Item 4/yr

1 •
' $12.450 $ 6 . 2 2

Item 8. Fuel> Lub. ,  Power & Misc.
Consiimp. , cost/gal 

a. Fuel/hr 13 08 $ .18
cost/hr 

$ 2 . 4 8  "
b- Power . 1 1  1 . 0 0 $ . i i
c . Lub./hr $ $
d .' Spec Lub .0 3  $ 1 . 0 0 $ . 03
e .  F i l t e r  . 0 4  $ 1 . 0 0 $ . 0 4
f. Total Fuel, Lub, Power & Misc. $. 7 .6 6 $ 5 . 3 2 0 2 . 6 6  . '

Stem 9. Tires
a . No. tires Life hrs(free)

Cost/tire
$ $

b. No. tires Life hrs(driver) $
c . $ $
d. Total Tire Cost + 15S& for Repairs, etc. $ : $

Item lO. Labor no. per hr
a . operator 1 . $ 3 . 0 0
b. oiler $
c . pit man $
d. $
e . Total wages . $ 3 .0 0
f. Overtime 0 % of e $ •
g. Sub total (wages & overtime) $ 3 .0 0
h. Liability Iris. 40 % of g $ 1 .2 0 ' ,
?. Total Labor $ 4 . 2 0  . $ 8 , 4 0 0 $ 4 . 2 0

.

Item 11. Total Direct Cost 6 , 7 , 8 , 9, & 10 Total $_J.4.J)00..... $ 91 .QQ
Item 12. Indirect Cost, Engr. Overhead, e tc . ■ $ $
Item 13. Total Cost 11, & 12 Total .$  4 3 ,9 6 0  - $ 2 1 .9 9  ■

Per Ton or yd
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i n c r e a s e  f o r  l i a b i l i t y  i n s u r a n c e ,  s o c i a l  s e c u r i t y  and f r i n g e  

b e n e f i t s .

The h o u r l y  o w n e rsh ip  and  o p e r a t i n g  c o s t  of  t h e  t r a c k -  

t y p e  t r a c t o r s  was t h e n  computed i n  a  manner s i m i l a r  t o  t h a t  

of t h e  s c r a p e r s .

T r a c t i o n  L i m i t a t i o n s

B ecause  t h e r e  was a  d i f f e r e n c e  i n  t h e  t y p e s  of e a r t h  

m a t e r i a l ,  i t  became n e c e s s a r y  t o  c a l c u l a t e  t h e  a c t u a l  drawfe 

b a r  p u l l  t h a t  t h e  a u x i l i a r y  p u s h e r  d e v e lo p e d  when i t  was 

engaged i n  t h i s  t y p e  o f  e a r th - m o v in g  o p e r a t i o n . The e n g in e  

of  any t r a c t o r  i s  p r i m a r i l y  d e s i g n e d  t o  ""dev e l  op ho rsepo w er  

which  can  be c o n v e r t e d  i n t o  t r a c t i v e  e f f o r t .  The maximum 

t r a c t i v e  e f f o r t  of  t h e  t r a c t o r  can  be d e v e lo p e d  o n ly  when t h e  

f r i c t i o n  be tween  t h e  d r i v i n g  w h e e ls  o r  t r a c k s  of  t h e  t r a c t o r  

and t h e  ro a d  s u r f a c e  i s  s u f f i c i e n t l y  d e v e l o p e d . T h e  maximum 

t r a c t i v e  e f f o r t  be tw een  t h e  t r a c t o r  and t h e  r o l l i n g  s u r f a c e  

i s  computed by m u l t i p l y i n g  t h e  t o t a l  w e igh t  o f  t h e  t r a c t o r  by 

t h e  c o e f f i c i e n t  of  t r a c t i o n  of  t h e  r o l l i n g  s u r f a c e . The 

c o e f f i c i e n t  o f  t r a c t i o n  of m o is t  s a n d  i s  0 . 3 0 ,  and  th e  c o e f f i -
9

c i e n t  o f  t h e  t r a c t i o n  o f  c l a y  loam i s  0 . 9 0 .

On a l l  o f  t h e  g r a p h s  ( f i g u r e s  6 t o  16) t h e  p u s h e r s  

a r e  d e s i g n a t e d  by t h e  symbols o f  1A, 2A, 3A, o r  2B t o g e t h e r

1D r e v d a h l ,  o p . c i t . ,  i i i ,  p .  9 .

2J b i d . , p .  10.
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w i t h  t h e  t r a c t i o n  l i m i t a t i o n s  o f  each  u n i t . The f i r s t  f i g u r e  

i n d i c a t e s  t h e  number o f  t r a c k - t y p e  p u s h e r s  which  d e v e lo p e d  

t h e  draw bar  p u l l ,  and  t h e  second  f i g u r e  i n d i c a t e s  t h e  model  

o f  t h e  p u s h e r .  I t  i s  n o t e d  t h a t  t h e  model  A p u s h e r  i s  l a r g e r  

t h a n  t h e  model B p u s h e r .  I t  was a l s o  assumed t h a t  b e c a u s e  

of  t h e  h i g h  w e i g h t - t o - h o r s e p o w e r  r a t i o  of t h e  s c r a p e r  when 

l o a d e d ,  t h e  g r e a t e r  p a r t  o f  t h e  e n g in e  h o rsepo w er  was c o n v e r t e d  

i n t o  t r a c t i v e  e f f o r t .

C a l c u l a t i o n s

C o s t s  on P e r - M l h u t e  B a s i s

D e lay s  su c h  a s  w a i t i n g  t i m e ,  o p e r a t o r  i n e f f i c i e n c i e s ,  

r e f u e l i n g ,  a n d  o t h e r  m inor  i n t e r r u p t i o n s  have b e e n  e s t i m a t e d  

f rom  e x p e r i e n c e  t o  amount t o  f i f t e e n  m in u te s  o f  e a c h  w ork ing  

h o u r .  T h e r e f o r e  t h e  c a l c u l a t i o n s  a r e  b a s e d  upon a  f o r t y -  

f i v e  m in u te  work ing  h o u r .  The h o u r l y  o w n e rsh ip  and o p e r a t i n g  

c o s t  o f  t h e  t r a c t o r s  and  s c r a p e r s  were d i v i d e d  by f o r t y - f i v e  

t o  g iv e  t h e  o w n e r s h ip  and o p e r a t i n g  c o s t  o f  t h e  equipm ent  on 

a p e r - m i n u t e  b a s i s .  T h i s  c a l c u l a t i o n  was made so t h a t  m a t e r i a l  

moved by  t h e  s c r a p e r  d u r in g  f o r t y - f i v e  m in u te s  o f  t im e  would  

be c h a r g e d  w i t h  a  s i x t y  m in u te  hour  o f  ow nersh ip  and  o p e r a t i n g  

c o s t s .

P u s h e r  L oad ing  Cost

The l o a d i n g  t im e  s p e n t  by t h e  t r a c k - t y p e  p u s h e r s  was

^ D re v d a h l ,  op .  c i t . ,  i i i ,  p .  28.
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d i v i d e d  i n t o  (1) f i x e d  l o a d i n g  t i m e ,  (2) v a r i a b l e  l o a d i n g  

t i n e .

F i x e d  l o a d i n g  t im e  i n c l u d e d  t h e  t im e  u se d  by th e  p u s h e r  

a s  i t  a p p ro a c h e d  t h e  s c r a p e r ,  t h e  t im e  s p e n t  i n  a c c e l e r a t i n g  

t h e  s c r a p e r  a f t e r  l o a d i n g ,  t h e  t im e  n e c e s s a r y  f o r  t h e  o p e r a t o r  

o f  t h e  p u s h e r  t o  r e v e r s e  t h e  g e a r s ,  t h e  t im e  u se d  by th e  p u s h e r  

i n  moving i n  t h e  r e v e r s e  d i r e c t i o n ,  and t h e  t i m e  used  by t h e  

o p e r a t o r  t o  s h i f t  i n t o  t h e  f o r w a r d  p o s i t i o n .  The d i v i s i o n  

o f  t h e s e  t im e s  f o r  t h e  p u s h e r  i s  shown i n  T a b le  I .  I t  was 

assumed t h a t  th e  f i x e d  l o a d i n g  t i m e s  would be t h e  same f o r  

b o th  of  t h e  t r a c k - t y p e  p u s h e r s  c o n s i d e r e d  i n  t h i s  i n v e s t i g a ­

t i o n .  The t o t a l  f i x e d  l o a d i n g  t i m e  f o r  each  p u s h e r  was m u l t i ­

p l i e d  by t h e  o w n e rsh ip  and o p e r a t i n g  c o s t  p e r  m i n u t e .  T h i s  

c a l c u l a t i o n  gave a  f i x e d  l o a d i n g  c o s t  f o r  e ac h  p u s h e r .

The v a r i a b l e  l o a d i n g  c o s t  o f  each  p u s h e r  was c a l c u l a t e d  

by m u l t i p l y i n g  e a c h  in c r e m e n t  of t h e  v a r i a b l e  l o a d i n g  t im e  

f rom  0 . 3  m in .  t o  1 .6  min .  ( e x p r e s s e d  i n  t e n t h s  o f  a  m in u te )  

by t h e  o w n e rsh ip  and o p e r a t i n g  c o s t  p e r  m i n u t e .  The t o t a l  

l o a d i n g  c o s t  of  e a c h  p u s h e r  i s  t h e  sum of  t h e  f i x e d  lo a d i n g  

c o s t  and  t h e  v a r i a b l e  l o a d i n g  c o s t .

S c r a p e r  Load ing  Cost

The l o a d i n g  c o s t  o f  each s c r a p e r  was c a l c u l a t e d  by 

m u l t i p l y i n g  t h e  i n c r e m e n t s  o f  l o a d i n g  t im e  by t h e  o w n e rsh ip  

and o p e r a t i n g  c o s t  p e r  m i n u t e .
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TABLE I  

PUSHES FIXED TIKES*

One Two Three
P u s h e r  P u s h e r s  P u s h e r s

T im e(m in .)  T im e (w in .)  T im e(w in . )

A pproach 0 .1 0 0 .2 0 0 .4 0

A c c e l e r a t e 0 .1 5 0 .1 5 0 .1 5

S h i f t - R e v e r s e 0 .0 5 0 . 0 5 0 .0 5

R e v e r se 0 .4 0 0 .4 0 0 .4 0

S h i f t - F o r w a r d 0 .0 5 0 . 0 5 0 .0 5

T o t a l 0 . 7 5 0 .8 5 1 .05

^Elm er  S .  B r e v d a h l , J r . ,  P r o f i t a b l e  Use o f  E x c a v a t i o n  
Equipment  ( L im i t e d  e d . , Tucson ,  A r i z o n a ;  T e c h n i c a l  P u b l i c a -  
t i o n s  D e s e r t  L a b o r a t o r i e s , I n c . ,  1 9 6 1 ) ,  i i i ,  p .  2 6 .

T o t a l  L oad ing  Cost  o f  S c r a p e r  and P u s h e r  

The t o t a l  l o a d i n g  c o s t  o f  each  s c r a p e r  and  p u sh e r  

c o m b in a t io n  was f i n a l l y  o b t a i n e d  b y . ad d ing  t h e  l o a d i n g  c o s t  

of  t h e  s c r a p e r  t o  t h e  l o a d i n g  c o s t  o f  t h e ,p u s h e r  f o r  each 

i n c r e m e n t  o f  l o a d i n g  t i m e .  T h is  sum was t h e n  d i v i d e d  by t h e  

number o f  c u b ic  y a r d s  of e a r t h  m a t e r i a l  t h a t  was i n  t h e  s c r a p e r  

bowl a t - e a c h  in c re m e n t  o f  l o a d i n g  t i m e . The l o a d i n g  c o s t  

p e r  c u b ic  y a r d  o f  e a r t h  m a t e r i a l  f o r  each  c o m b i n a t i o n  o f  

s c r a p e r  and p u s h e r  was t h e n  p l o t t e d  a g a i n s t  t h e  l o a d in g  t im e  

( s e e  A ppend ix  B ) .
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S c r a p e r  H a u lag e  Cost

The h a u l a g e  t im e  was assumed t o  be t h e  t o t a l  c y c l e  

t im e  minus t h e  l o a d i n g  t i m e .  On t h i s  b a s i s  t h e  h a u la g e  c o s t s  

were  com puted .

C yc le  t im e  i s  d e f i n e d  a s  th e  t im e  r e q u i r e d  f o r  t h e  

s c r a p e r  t o  t r a v e l  t h e  round t r i p  d i s t a n c e .  T o t a l  c y c l e  t im e  

c o n s i s t s  of f i x e d  and v a r i a b l e  t im e s  f o r  each  s c r a p e r .  The 

f i x e d  c y c l e  t im e  f o r  a  s c r a p e r  i n c l u d e s  t h e  t i m e  t h a t  t h e  

l o a d e d  s c r a p e r  sp e n d s  h a u l i n g  t h e  e a r t h  m a t e r i a l ,  t h e  t im e  

r e q u i r e d  f o r  dumping and t u r n i n g ,  and t h e  r e t u r n  t im e  f o r  t h e  

empty s c r a p e r .  The v a r i a b l e  t im e  a c c o u n te d  f o r  t h e  a c t u a l  

t im e  t h a t  t h e  s c r a p e r s  s p e n t  l o a d i n g .  A n a l y s e s  were  c o n d u c te d  

f o r  f i x e d  c y c l e  t im e s  o f  1 ,  2, 3, 4 ,  5 ,  10, 20 and 30 m i n u t e s . 

The o w n e r s h ip  and o p e r a t i n g  c o s t  p e r  m in u te  f o r  each  s c r a p e r  

was m u l t i p l i e d  by  each  f i x e d  c y c l e  t im e  t o  g i v e  t h e  h a u la g e  

c o s t .  Each h a u l a g e  c o s t  was t h e n  d i v i d e d  by t h e  number of  

c u b ic  y a r d s  o f  e a r t h  m a t e r i a l  t h a t  e ach  s c r a p e r  lo a d e d  and 

h a u l e d .  The r e s u l t  o f  t h i s  c a l c u l a t i o n  i s  t h e  h a u la g e  c o s t  

p e r  c u b ic  y a r d .

T o t a l  C os t  o f  Loading  and H a u l in g  

The p u s h e r - s c r p a e r  l o a d i n g  c o s t  p e r  c u b i c  y a r d  of  

e a r t h  m a t e r i a l  was t h e n  ad ded  t o  t h e  s c r a p e r  h a u l i n g  c o s t  p e r  

c u b ic  y a r d  t o  g i v e  t h e  t o t a l  p r o d u c t i o n  c o s t  p e r  c u b ic  y a r d .

A s e r i e s  o f  p r o d u c t i o n - c o s t  c u r v e s  were  p l o t t e d  f o r  each 

c o m b i n a t i o n  of  s c r a p e r ,  p u s h e r ,  and  t y p e  o f  e a r t h  m a t e r i a l
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( s e e  Append ix  C ) „ These  s e r i e s  o f  c u r v e s  show t h e  r e l a t i o n ­

s h ip  be tw een  t h e  c o s t  o f  l o a d i n g  and  h a u l i n g  and t h e  t im e  

s p e n t  i n  l o a d i n g . The c u r v e s  show a l s o  t h e  r e l a t i o n s h i p  

b e tw een  t h e  l o a d i n g  and  h a u l i n g  c o s t  p e r  c u b ic  y a r d  and t h e  

t r a v e l  d i s t a n c e s .  On t h e  g r a p h s  t h e  p o i n t s  w h ich  gave t h e  

l o w e s t  p r o d u c t i o n  c o s t  f o r  v a r i o u s  c y c l e  t i m e s  a r e  d e s i g n a t e d  

by c i r c l e s .

P r o d u c t i o n

To o b t a i n  t h e  r e l a t i o n s h i p  be tw een  h o u r l y  p r o d u c t i o n  

and l o a d i n g  t im e  t h e  number o f  c y c l e s  t h a t  each  s c r a p e r  t r a v e l e d  

i n  an h o u r  was d e t e r m i n e d .  T r a v e l  t im e s  o f  1, 2 f 3, 4, 5 ,

10, .20, and  30 m i n u t e s  were  a d d ed  t o  t h e  i n c r e m e n t s  o f  l o a d i n g  

t im e  of  0 . 1  m in u te  t h r o u g h  1 .6  m in u te s  t o  o b t a i n  t h e  t o t a l  

c y c l e  t i m e s .  To o b t a i n  t h e  number o f  c y c l e s  p e r  h ou r  t h e  

t im e  p e r  c y c l e  was d i v i d e d  i n t o  t h e  w ork ing  h o u r  o f  f o r t y -  

f i v e  m i n u t e s .  T h e r e f o r e  t h e  h o u r l y  p r o d u c t i o n  was o b t a i n e d  

by m u l t i p l y i n g  t h e  c y c l e s  p e r  h ou r  by t h e  c u b ic  y a r d s  t h a t  

w ere  moved p e r  c y c l e .  T h is  h o u r l y  p r o d u c t i o n  was t h e n  p l o t t e d  

a g a i n s t  t h e  t im e  t h a t  t h e  s c r a p e r  s p e n t  l o a d i n g  ( s e e  Append ix  

D ) . T h is  s e t  o f  c u r v e s  a l s o  shows t h e  r e l a t i o n s h i p  between 

t h e  h o u r l y  p r o d u c t i o n  and h a u l a g e  t i m e .  The s c r a p e r  l o a d i n g  

t im e  which  gave t h e  l a r g e s t  h o u r l y  p r o d u c t i o n  i n  c u b ic  y a r d s  

i s  d e s i g n a t e d  on t h e  c u r v e s  by a  c i r c l e .

Optimum C urves

The two m ost  i m p o r t a n t  e l e m e n t s  c o n t r o l l i n g  t h e  optimum 

p r o d u c t i o n  o f  e a r t h  m a t e r i a l  by means of  a  s c r a p e r  were
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c a l c u l a t e d  and t h e n  p l o t t e d  ( s e e  A p p e n d ic e s  C and  D ) . These  

e l e m e n t s  a r e  t h e  t im e  t h a t  t h e  s c r a p e r  c ou ld  sp e n d  l o a d i n g  

t h a t  g i v e s  t h e  l o w e s t  p r o d u c t i o n  c o s t  p e r  c u b ic  y a r d ,  and 

t h e  t im e  t h a t  t h e  s c r a p e r  c o u l d  sp e n d  l o a d i n g  w h ic h  g i v e s  t h e  

l a r g e s t  h o u r l y  p r o d u c t i o n  i n  c u b ic  y a r d s .  From t h e  g rap h s  

i t  i s  s e e n  t h a t  t h e r e  e x i s t s  a  c l o s e  r e l a t i o n s h i p  be tw een  

t h e  two l o a d i n g - t i m e s  and t h e  t r a v e l  t i m e s  f o r  w h ich  t h e y  

were  com pu ted .  The p o i n t s  of minimum p r o d u c t i o n  c o s t  f o r  

t h e  i n c r e m e n t s  o f  l o a d i n g  t im e  were  p l o t t e d  and a r e  d e s i g n a t e d  

on t h e  c u r v e s  by c i r c l e s .  The p o i n t s  o f  maximum h o u r l y  p r o ­

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

i n  t h e  c u r v e s  by X’ s .  A d a s h e d  c u r v e  was drawn h a l f  way 

be tw een  t h e  two s o l i d - l i n e  c u r v e s  t o  i n d i c a t e  t h e  optimum 

lo a d i n g  t im e  f o r  each  c o m b i n a t i o n  o f  s c r a p e r  and p u sh e r  

( s e e  F i g u r e s  6 t o  1 6 ) .  The c u r v e s  a r e  t e rm ed  optimum b e c a u s e  

t h e y  i n d i c a t e  t i m e s  t h a t  t h e  s c r a p e r s  c o u ld  s p e n d  l o a d i n g  

w hich  w ould  a l l o w  f o r  a  compromise  be tw een  maximum y a rd a g e  

o f  e a r t h  removed and  minimum c o s t  o f  e x c a v a t i o n .
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COHCLUSXOHS

L o a d in g -C o s t  Curves

The l o a d i n g - c o s t  c u r v e s  of  t h e  s c r a p e r s  show t h a t  

as  t h e  number of  p u s h e r s  i n c r e a s e  t h e  l o a d i n g  c o s t s  p e r  

c u b ic  y a rd  i n c r e a s e .  M oreover ,  t h e  c o s t  p e r  y a r d  of  u s in g  

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

c o s t  p e r  y a r d  when u s i n g  two l a r g e  p u s h e r s . T h is  i n d i c a t e s  

t h a t  t h e  s i z e  and  number of  t r a c t o r s  used f o r  p u s h in g  a  

s c r a p e r  a r e  c r i t i c a l  ( s e e  A ppend ix  B ) .

P r o d u c t i o n - C o s t  Curves

The t e rm s  ws h o r t  h a u l  t i m e , "  t8medium h a u l  t i m e , *  

and " lo n g  h a u l  t im e "  a r e  used  t o  d i v i d e  t h e  h a u l  t im e s  

a n a l y s e d  i n  t h i s  i n v e s t i g a t i o n  i n t o  g r o u p s .  S h o r t  h a u l  

t im e s  i n c l u d e  t im e s  from  z e r o r  t h r o u g h  two m i n u t e s ,  medium 

h a u l  t im e s  i n c l u d e  t im e s  from two m in u te s  t h r o u g h  f i v e  m i n u t e s ,  

and long h a u l  t im e s  a r e  any t im e s  g r e a t e r  t h a n  f i v e  m i n u t e s .

I n  an a n a l y s i s  o f  T ab le  I I  and Append ix  C, i t  i s  

a p p a r e n t  t h a t  t h e  use  of  t h r e e  p u s h e r s  i n  tandem i s  above 

th e  economic l i m i t .  I n  m o is t  s a n d ,  t h e  s i n g l e  p u s h e r  a p p e a r s  

to  be t h e  most e c o n o m ic a l  f o r  s h o r t  h a u l  t im e s  and two p u s h e r s  

i n  tandem  a p p e a r  t o  be t h e  most  economic f o r  medium and lo n g  

h a u l  t i m e s .  I n  c l a y  loam t h e  s i n g l e  p u sh e r  a p p e a r s  t o  be t h e
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most e c o n o m ic a l  f o r  s h o r t  and medium h a u l  t i m e s ,  and  two 

p u s h e r s  i n  tandem a p p e a r  t o  be t h e  most  e c o n o m ic a l  f o r  long  

h a u l  t i m e s .

When c o m p ar ing  t h e  c u r v e s  t h a t  r e p r e s e n t  two s c r a p e r s  

work ing  i n  m o is t  sand  and  h a u l i n g  i n  t h e  medium t im e  r a n g e ,  

two p u s h e r s  a r e  t h e  most  e c o n o m ic a l .  However, i n  c l a y  loam 

o n l y  one p u s h e r  i s  n e e d e d  f o r  t h e  l a r g e  s c r a p e r .  T here  i s  

a l s o  an i n d i c a t i o n  t h a t  t h e  s m a l l e r  p u s h e r s  i n  tandem  a r e  

n o t  a s  eco no m ica l  a s  t h e  l a r g e r  p u s h e r s  i n  tandem .  An exam ina­

t i o n  of  t h e  c u r v e s  on e a c h  s i d e  o f  t h e  p o i n t s  of  minimum 

c o s t  i n d i c a t e s  t h a t  the.  l o a d i n g  t im e  i s  no t  a s  c r i t i c a l  f o r  

s h o r t  and. medium h a u l  t im e s  a s  i t  i s  f o r  t h e  long  h a u l  t i m e s .

P r o d u c t i o n  Curves

The s c r a p e r s  can  e x c a v a t e  l a r g e r  amounts o f  m o is t  

s a n d  t h a n  c l a y  loam i n  e q u i v a l e n t  t im e s  p r e s u m a b ly  b e c a u s e  

o f  t h e  b e t t e r  l o a d i n g  c h a r a c t e r i s t i c s  o f  t h e  m o i s t  s a n d .  I t  

i s  o b s e r v e d  t h a t  t h e  p o r t i o n  o f  t h e  c u r v e s  on e a c h  s i d e  o f  

t h e  p o i n t  o f  maximum p r o d u c t i o n  h a s  a  g r e a t e r  s l o p e  change 

f o r  t h e  s h o r t  h a u l  t i m e s  t h a n  i t  h a s  f o r  t h e  medium and lo n g  

h a u l  t i m e s .

O p t im um -P ro d u c t io n  Curves

The optimum l o a d i n g  t im e  o f  a  s c r a p e r  i s  a f f e c t e d  by 

t h e  h a u l  d i s t a n c e  ( s e e  F i g u r e s  6 t o  1 6 ) .
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FEODTDCfxen COST IK'CSffTS PER CUBIC YARD

M O I S T  S A N D

S c r a p e r P u s h e r 1
T r a v e l  

2 3
Time 
- 4

i n  M inutes
T  W - 20 30

28 y d . 1A 8 . 4 1 2 .2 1 5 . 7 1 9 .0 2 2 .1 3 6 .8 6 5 . 5 9 5 .1

28 y d . 2A 845 11 .6 1 4 .51 16 .3 20 .0 3 3 .2 5 8 .6 8 3 .8

28 y d . 3A 10 .2 1 3 .1 1 5 .9 1 8 .6 21 .4 3 4 .6 6 0 .3 85 .6  .

28 y d . 2B 9 .6 1 3 .1 1 6 .5 1 9 .7 2 2 .8 3 8 .2 6 8 .0 97 .3

21 y d . 1A 8 .1 0 1 1 .7 15 .3 1 8 .2 2 1 .4 3 5 .8

LO

..

92 .9

21 y d . 2A 8 . 7 1 1 .7 14 .6 1 7 .4 2 0 .1 3 3 .5 5 9 .5 8 4 .7

21 y d . 2B 9 .5 1 2 .9 16 .1 1 9 .2 22 .3 3 6 .7 6 5 .2 9 3 .2

C L A Y L O A M

..  T r a v e l Time i n  M in u te s
S c r a p e r P u s h e r 1 2 - 7 .4 T  - “ TO 20 30

28 y d . 1A 8 .3 1 1 .9 1 5 .2 1 8 .3 2 1 .4 3 5 .9 6 3 . 4 9 1 .7

28 y d . 2A 9 .6 1 2 .9 15 .9 1 8 .8 21 .6 3 5 .6 6 2 . 8 8 9 .7

21 y d . 1A 7 .9 1 1 .3 14 .6 1 7 .8 2 0 .9 3 6 .4 66 .9 9 7 .2

21 y d . 2A 8 . 9 1 2 .0 1 4 .9 1 7 .8 2 0 .6 3 4 .3 6 0 . 4 8 6 .5
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T w e n t y - l i g h t  Yard S c r a p e r  i n  M o is t  Sand

When t h e  op t i ranra- load ing  c u r v e s  of  p u s h e r  combina­

t i o n s  l i t ,  2A, and 34 f o r  t h e  same h a u l  t im e s  a r e  compared ,  

i t  i s  o b s e r v e d  t h a t  a  d e c r e a s e  i n  p u s h in g  e f f o r t  r e s u l t s  i n  

an i n c r e a s e  i n  t h e  optimum l o a d i n g  tame ( s e e  F i g u r e s  6 t o  

9 ) .  When t h r e e  t r a c t o r s  a r e  u se d  f o r  p u s h i n g , t h e  r an g e  o f  

optimum l o a d i n g  t im e s  e x t e n d s  f rom  0 . 3  m in u te  o f  l o a d i n g  t im e  

f o r  a  h a u l  t im e  o f  one m in u te  t o  1 .0  m inu te  o f  l o a d i n g  t im e  

f o r  a h a u l  t im e  of t h i r t y  m in u te s  ( s e e  F i g u r e  8 ) .  When one 

t r a c t o r  i s  u se d  f o r  p u s h i n g ,  t h e  r a n g e  o f  optimum l o a d i n g  

t im e s  e x t e n d s  f rom  0 .6  m in u te  o f  l o a d i n g  t im e  f o r  a  h a u l  

t im e  of  one m in u te  t o  1 .5 5  m in u te s  o f  l o a d i n g  t im e  f o r  a 

h a u l  t im e  o f  t h i r t y  m in u te s  ( s e e  F i g u r e  6 ) .

The m in im um-cos t  and t h e  maximum-pro d u c t  i o n  c u r v e  

f o r  a  s c r a p e r  c o n v e rg e  a s  t h e  p u s h i n g  e f f o r t  d e c r e a s e s  ( s e e  

F i g u r e s  6 t o  9 ) .  T h is  r e l a t i o n s h i p  i s  more e v i d e n t  f o r  t h e  

c u r v e s  r e p r e s e n t i n g  a  s c r a p e r  b e in g  pushed  by a  s i n g l e  p u s h e r  

( s e e  F i g u r e  6 ) .  Fo r  h a u l  t im e s  o f  l e s s  t h a n . f o u r  m in u te s  

t h e  c u r v e s  become a lm o s t  h o r i z o n t a l  and t h e  l o a d i n g  t im e  i s  

i m p o r t a n t  * The optimum l o a d i n g  c u r v e s  f o r  h a u l  t im e s  be tw een  

f o u r  and e i g h t  m in u te s  have a  d i s t i n c t  change i n  s l o p e . T h is  

change  i s  a  r e s u l t  of  ch an g e s  i n  t h e  l o a d - g r o w t h  c u r v e s . As 

t h e  l o a d - g r o w t h  c u r v e s  of  t h e  s c r a p e r  become h o r i z o n t a l ,  t h e  

optimum l o a d i n g  c u rv e  becomes v e r t i c a l .

I t  i s  o b s e r v e d  t h a t  t h e  optimum l o a d i n g  t im e s  of  

s c r a p e r s  b e in g  pushed  by t h e  two c o m b in a t io n s  o f  two p u s h e r s
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TABLE I I I  

PRODUCTION BT CUBIC YARDS PEE HOUR

M 0 1 S T ,S 1 TSf D
- - • T r a v e l  Time i n M in u te s

S c r a p e r P u s h e r 1 ' 2 3 4 5 10 “ 20 30

28 y d . 1A 660 409 304 245 206 116 62 42

28 y d . 21. 870 527 384 305 253 139 73 50

28 y d . 31 986 576 412 322 265 142 74 50

28 y d . 2B 225 443 326 259 216 118 63 42

21 y d . ' 11 609 369 273 218 182 101 54 36

21 y d . 21 777 460 333 262 216 116 61 41

21 y d . 2B 655 397 290 230 191 104 55 37

C L A Y L O A M

T r a v e l  Time i n  M in u te s
S c r a p e r P u s h e r 1 2 3 4

_ 5 _
10 20 30

28 y d . 11 690 434 325 262 220 123 66 45 .

28 y d . 21 819 504 369 292 242 131 69 47

21 y d . 11 604 373 272 215 179 97 51 34

21 y d . 21 720 432 337 249 206 113 59 40
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e ach  a r e  c l o s e l y  r e l a t e d ;  h o w e v e r , t h e  optimum l o a d i n g  

t im e s  of t h e  two s m a l l e r  p u s h e r s  a r e  s l i g h t l y  g r e a t e r  t h a n  

f o r  t h e  two l a r g e r  p u s h e r s  ( s e e  F i g u r e s  7 and  9 ) .

Twenty-O ne Y ard S c r a p e r  i n  M ois t  Sand

When t h e  c u r v e s  f o r  t h e  tw e n ty - o n e  c u b i c  y a r d  s c r a p e r  

a r e  com pared ,  i t  i s  o b s e r v e d  t h a t  a s  t h e  u s a b l e  t r a c t i v e  

e f f o r t  o f  t h e  p u s h e r s  i n c r e a s e s  t h e  optimum l o a d i n g  t im e  o f  

t h e  s c r a p e r  d e c r e a s e s  ( s e e  F i g u r e s  12 t o  1 4 ) .  The minimum- 

c o s t  c u rv e  and t h e  m ax im um -produc t ion  c u rv e  r e p r e s e n t i n g  t h e  

two l a r g e r  p u s h e r s  d i v e r g e  a s  t h e  t r a v e l  t im e s  i n c r e a s e  ( s e e  

F i g u r e  1 3 ) .  When t h e  two s c r p a e r s  work under  t h e  same c o n d i ­

t i o n s ,  i t  i s  o b s e r v e d  t h a t  t h e  s m a l l e r  s c r a p e r  s h o u l d  spe n d  

l e s s  t im e  l o a d i n g  t h a n  t h e  l a r g e r  s c r a p e r  ( s e e  F i g u r e s  7 

and 1 3 ) .

T w enty-B igh t  Yard and Twenty-One Yard S c r a p e r s  i n  
C lay  Loam

The same g e n e r a l  i n t e r p r e t a t i o n s  c an  be made from t h e  

o p t im u m - lo a d in g  c u r v e s  of t h e  t w e n t y - e i g h t  y a r d  and tw en ty -O n e  

y a r d  s c r a p e r s  w ork ing  i n  c l a y  loam a s  were made from t h e  

o t h e r  o p t im u m - lo a d in g  c u r v e s  o f  t h e  s c r a p e r s  w ork ing  i n  m o i s t  

sa n d  ( s e e  F i g u r e s  10 and 11 and F i g u r e s  15 and 1 6 ) .  Under 

t h e  same p u s h in g  and h a u l i n g  c o n d i t i o n s  s c r a p e r s  sh o u ld  

g e n e r a l l y  spend  more t im e  l o a d i n g  c l a y  loam t h a n  l o a d i n g  m o i s t  

s a n d .



39

Recommendations

O th e r  v a r i a t i o n s  o f  l o a d - g r o w t h  c u r v e s  f o r  d i f f e r e n t  

c o m b i n a t i o n s  o f  s c r a p e r s , p u s h e r s , and s o i l  t y p e s  s h o u l d  be 

a n a l y z e d  i n  a  s i m i l a r  manner so t h a t  more e m p i r i c a l  r e l a t i o n ­

s h i p s  c a n .be  d e v e l o p e d .  These  r e l a t i o n s h i p s  c o u ld  h e l p  

c o n t r a c t o r s  and o p e r a t o r s  o f  e a r th - m o v in g  equ ipm en t  to  s e l e c t  

optimum l o a d i n g  t im e s  f o r  i n d i v i d u a l  s c r a p e r s  f o r  s p e c i f i c  

w o rk ing  c o n d i t i o n s .

F i e l d  t e s t s  s h o u ld  be c o n d u c te d  t o  d e t e r m i n e  a d d i t i o n a l  

v a l u e s  f o r  t h e  c o e f f i c i e n t  o f  t r a c t i o n  of s o i l  t y p e s .

A d d i t i o n a l  f i e l d  t e s t s  s h o u l d  be c a r r i e d  ou t  t o  d e t e r m i n e  

t h e  p h y s i c a l  p r o p e r t i e s  of s o i l  so  t h e  d e s i g n  o f  e a r th - m o v in g  

equ ipm en t  can  be more c l o s e l y  r e l a t e d  t o  p a r t i c u l a r  w ork ing  

c o n d i t i o n s .



SHSteKY

P r o d u c t i o n - C o s t  Curves

T h e re  i s  an  economic r a n g e  of  p u s h e r  s i z e s  f o r  e ac h  

ty p e  o f  e a r t h  m a t e r i a l  and each  s i z e  o f  s c r a p e r . One example  

i n  t h i s  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  t h r e e  p u s h e r s  of  t h e  

same s i z e  a r e  no t  a s  e c o n o m ic a l  t o  u se  a s  two p u s h e r s  o f  

t h e  same s i z e .  T here  i s  a l s o  a  t r e n d  which i n d i c a t e s  t h a t  

f o r  long  p e r i o d s  o f  h a u l  t im e  i t  i s  more e c o n o m ic a l  t o  u se  

two p u s h e r s  t h a n  i t  i s  t o  use  one p u s h e r .

C a l c u l a t i o n s  i n d i c a t e  t h a t  th e  more h o rse p o w e r  and  

w e ig h t  t h a t  can  be c o n t a i n e d  i n  one p u s h e r  t h e  low er  t h e  

p r o d u c t i o n  c o s t  of  t h e  e a r t h  m a t e r i a l .  The p r o d u c t i o n  c o s t  

o f  e a r t h  m a t e r i a l  i s  g r e a t e r  when s e v e r a l  s m a l l  p u s h e r s  a r e  

u sed  t h a n  i t  i s  when a  few l a r g e  p u s h e r s  a r e  u s e d .

P r o d u c t i o n  C o s t

The s c r a p e r  w i t h  t h e  m ost  p u s h in g  power d e v e l o p s  t h e  

h i g h e s t  h o u r l y  p r o d u c t i o n  o f  e a r t h  m a t e r i a l .

Optimum Curves

I t  i s  o b s e r v e d  t h a t  a s  t h e  u s a b l e  e f f o r t  o f  a  p u s h e r  

i n c r e a s e s  t h e  optimum l o a d i n g  t im e  d e c r e a s e s .  I n  a l l  i n s t a n c e s  

s c r a p e r  l o a d i n g  t i m e  t o  g i v e  minimum p r o d u c t i o n  c o s t  i s  l e s s  

t h a n  s c r a p e r  l o a d i n g  t im e  t o  g i v e  maximum p r o d u c t i o n .  The
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d a t a  i n d i c a t e  t h a t  a  s c r a p e r  s h o u l d  spend  l e s s  t im e  l o a d i n g  

e a r t h  m a t e r i a l  w i t h  a  h i g h  c o e f f i c i e n t  o f  t r a c t i o n  t h a n  

e a r t h  m a t e r i a l  w i t h  a  low c o e f f i c i e n t  o f  t r a c t i o n .
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PRODUCTION CUSTES

























APPENDIX E 

G L O S S A R Y



-G L 0 S S A ,B Y

PUSHER: T h is  te rm  i s  a p p l i e d  t o  any r u b b e r - t i r e d  or

t r a c k - t y p e  t r a c t o r  u se d  f o r  p u sh in g  a  s c r a p e r  w h i l e  i t  i s  

l o a d i n g .

DRAWBAR PULL;; T h is  te rm  i s  d e f i n e d  a s  t h e  maximum 

e f f e c t i v e  p u l l  w hich  a  t r a c t o r  can e x e r t  u n d e r  a  g iv e n  s e t  

o f  c o n d i t i o n s .  The d raw bar  p u l l  does n o t  i n c l u d e  t h e  p u l l  

n e c e s s a r y  t o  move t h e  t r a c t o r .

STRUCK CAPACITY; S t r u c k  c a p a c i t y  i s  d e f i n e d  as th e  

p r o d u c t  o f  t h e  w id th  be tw een  t h e  s c r a p e r  s i d e  p l a t e s  m u l t i ­

p l i e d  by th e  a r e a  of one s i d e  p l a t e .  E j e c t o r  e x t e n s i o n s  do 

n o t  add to  th e  s t r u c k  c a p a c i t y .  The volume o c c u p ie d  by 

i n t e r n a l  p r o j e c t i o n s  i n  t h e  bowl i s  n o t  d e d u c te d  from  th e  

s t r u c k  r a t i n g .

HEAPED CAPACITY: The h e a p e d  c a p a c i t y  o f  a  s c r a p e r  i s  

e s s e n t i a l l y  t h e  s t r u c k  c a p a c i t y  p l u s  a  heap  bounded  by f o u r  

f o r t y - f i v e  d e g re e  p l a n e s  e x te n d in g  up from t h e  t o p  o f  th e  

a p ro n ,  th e  e j e c t o r  and th e  s i d e  p l a t e s .
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