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T h i s commit tee p r e s e n t e d a t l a s t y e a r ' s 
m e e t i n g a r e p o r t on t h e r i s e i n m a i n t e n ­
ance c o s t s f r o m 1935 t o 1947. The i n t e r e s t 
i n t h i s r e p o r t was so e x t e n s i v e t h a t i t 
was d e c i d e d t o i s s u e t h e i n d e x on a s e m i ­
a n n u a l b a s i s . I n J u n e o f t h i s y e a r we 
computed t h e i n d e x f o r t h e f i r s t h a l f o f 
1948 . A r e p o r t on t h e s u b j e c t was d i s ­
t r i b u t e d t h r o u g h o u t t h e S t a t e s i n the hope 
t h a t i t w o u l d be o f v a l u e t o t h e h ighway 
d e p a r t m e n t s i n s u b s t a n t i a t i n g t h e i r budge t s 
f o r t h e coining y e a r . 

t h e most s u b s t a n t i a l r i s e , seven p e r c e n t 
o v e r 1947 a n d 113 p e r c e n t o v e r 1 9 3 5 
(Graph 1 ) . M a t e r i a l c o s t s have i n c r e a s e d 
11 p e r c e n t o v e r 1947 (Graph 2 ) . T l i i s i s 
p r i n c i p a l l y due t o t h e l a r g e r i s e i n t h e 
c o s t o f b i t u m i n o u s m a t e r i a l , a p p r o x i m a t e l y 
t w o c e n t s p e r g a l l o n . E q u i p m e n t c o s t s 
have a l s o i n c r e a s e d m a t e r i a l l y , 12 p e r c e n t 
ove r 1947 ( ( j r aph 3 ) . As u s u a l , t h e o v e r ­
head c o s t s have r i s e n l e a s t o f a l l , f i v e 
p e r c e n t s i n c e 1947 (Graph 4 ) « Even t h i s 
f i v e p e r c e n t i n c r e a s e i s due p r i n c i p a l l y 

TABLE 1 

COST TRENDS 

HIGHWAY MAINTENANCE AND OPERATION 

Year Labor M a t e r i a l Equipment Overhead Tota l 

1935 100.00 100.00 100.00 100.00 100.00 
1936 102.19 104.31 97.97 100.29 101.24 
1937 108.48 104.42 99.31 102.50 104.46 
1938 110.17 103.73 103.51 103.97 106.36 
1939 111.29 101.64 105.87 105.83 107.23 
1940 112.33 100.30 107.12 110.20 108.13 
1941 121.16 102.86 '110.11 111.33 113.30 
1942 134.93 115.68 113.27 113.93 122.83 
1943 151.82 117.76 114.46 116.87 130.88 
1944 162.42 123.22 116.77 119.81 137.34 
1945 171.16 130.10 129.89 135.01 147.52 
1946 180.56 132.62 141.28 148.30 156.40 
1947 198.40 145.83 153.39 162.38 171.28 

F i r s t 1/2 
1948 212.74 161.20 171.60 170.42 186.42 

The m a i n t e n a n c e c o s t i n d e x f o r t h e 
f i r s t h a l f o f 1948 showed an i n c r e a s e o f 
e i g h t p e r c e n t o v e r 1947, 72 p e r c e n t o v e r 
1940 and 86 p e r c e n t o v e r 1935 ( G r a p h 5 
and T a b l e 1 . ) Labor has , o f c o u r s e , shown 

t o t h e r i s e i n t h e l o w e r s a l a r i e s a n d 
wages; t h e e n g i n e e r i n g s a l a r i e s have gone 
up even l e s s . 

We a r e c u r r e n t l y engaged i n c o m p i l i n g 
t h e i n d e x f o r t h e second h a l f o f 1948. To 
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d a t e , s u f f i c i e n t d a t a have n o t been r e ­
c e i v e d t o i n d i c a t e an e x a c t i n d e x f i g u r e . 
I t I S e s t i m a t e d , howeve r , f r o m t h e d a t a 
so f a r r e c e i v e d t h a t t h e i n d e x f o r t h e 
l a s t h a l f o f 1948 w i l l be a p p r o x i m a t e l y 
190, two p e r c e n t o v e r t h e f i r s t h a l f o f 
1948 and 90 p e r c e n t h i g h e r than 1935. I n 
t h i s case , t h e average c o s t o f main tenance 
f o r t h e y e a r 1948 w o u l d be 88 p e r c e n t 

1949 

above t h e 1935 c o s t . I n o t h e r w o r d s , the 
1948 d o l l a r p roduced , i n terms o f t h e 1935 
d o l l a r , o n l y f i f t y - t h r e e c e n t s w o r t h o f 
m a i n t e n a n c e . 

T h i s r a p i d i n c r e a s e i n c o s t s i n d i c a t e s 
t h a t we, as m a i n t e n a n c e a d m i n i s t r a t o r s , 
mus t d e v i s e new and i m p r o v e d ma in t enance 
equipment and new and i m p r o v e d m a i n t e n ­
ance methods and p r o c e d u r e s i n o r d e r t o 
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i n c r e a s e t h e p r o d u c t i v i t y o f our m a i n t e n ­
ance e f f o r t and t h e r e b y i n c r e a s e the v a l u e 
o f t h e maintenance d o l l a r . 

W i t h t h i s i n c r e a s e d p r o d u c t i o n we can 
a f f o r d t o improve o u r wage s t anda rds w i t h ­
o u t i n c r e a s i n g the a c t u a l c o s t o f the w o r k . 
As an i l l u s t r a t i o n o f t h i s , we can r e c a l l 
the p l i g h t o f the c o a l mine r s i n the p i c k 
and s h o v e l d a y s . T o d a y , t h e B i t u m i n o u s 
Coal I n s t i t u t e r e p o r t s , more than 9 1 p e r ­
c e n t o f a l l b i t u m i n o u s c o a l mined u n d e r ­
g round I S m e c h a n i c a l l y c u t , abou t 60 p e r ­
cen t I S m e c h a n i c a l l y loaded and o n l y f o u r 
p e r c e n t i s mined b y p i c k and s h o v e l 
m e t h o d s . T h i s has n o t o n l y made b e t t e r 
wages p o s s i b l e b u t has a l s o i m p r o v e d t h e 
w o r k i n g c o n d i t i o n s o f the coa l m i n e r . 

W h i l e these d a t a r e f l e c t the advance­
ments i n o t h e r f i e l d s , i t must be r e c o g -
ni7 ,ed t h a t ou r ma in tenance o r g a n i z a t i o n s 
have a l s o made g r e a t s t r i d e s i n h o l d i n g 
t h e i n c r e a s e i n t h e c o s t s o f c e r t a i n 

o p e r a t i o n s w e l l below the i n c r e a s e i n t h e 
g e n e r a l l e v e l o f p r i c e s . An i n d i c a t i o n 
o f the i n c r e a s e d p r o d u c t i v i t y o f the ma in ­
t e n a n c e man, o r a t l e a s t t h e i n c r e a s e d 
use o f the h ighways t h a t he was c a l l e d on 
t o s e r v i c e , may be o b t a i n e d f r o m t h e r e ­
c o r d s o f r e v e n u e - p r o d u c i n g t r a f f i c . The 
f o l l o w i n g i n c r e a s e s have o c c u r r e d p e r 
ma in tenance man employed i n 1947 as com­
p a r e d t o t h e number o f men e m p l o y e d i n 
1936: 

1947 percent 
i n c r e a s e over 

Item 1936 for each 
maintenance man 

employed 

Motor v e h i c l e r e g i s t r a t i o n . 60 
V e h i c l e mi les of t r a v e l . . . 79 
Ton-miles of t r a f f i c . . 120 

I t I S t o be n o t e d t h a t t h e 1947 m a i n -
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t e n a n c e man was a s s i g n e d t o r e p a i r t h e 
d e t e r i o r a t i o n s caused on h ighways by t h e 
movenient o f o v e r t w i c e as many t o n - r a i l e s 
o f t r a f f i c a s was t h e c a s e 1 1 y e a r s 
e a r l i e r . 

An a n a l y s i s o f t h e d i s t r i b u t i o n o f t h e 
e x p e n d i t u r e s f o r l a b o r , m a t e r i a l a n d 
e q u i p m e n t b e t w e e n t h e v a r i o u s h i g h w a y 
main tenance o p e r a t i o n s i s shown g r a p h i c a l ­
l y on C h a r t 6 . Ch t h i s c h a r t , t h e o v e r ­
h e a d c h a r g e s have been d i s t r i b u t e d b e ­
tween t h e l a b o r , m a t e r i a l and e q u i p m e n t 
I t e m s . T h i s c h a r t i n d i c a t e s t h a t h a l f 
o f t h e t o t a l m a i n t e n a n c e e x p e n d i t u r e i s 
used i n m a i n t a i n i n g t h e h ighway s u r f a c e . 
" R i i s , based on t h e 1947 e x p e n d i t u r e f o r 
S t a t e h i g h w a y m a i n t e n a n c e , m a i n t e n a n c e 
overhead and maintenance equ ipment , amounts 
t o 220 m i l l i o n d o l l a r s . B a s e d on t h e 
t o t a l m a i n t e n a n c e e x p e n d i t u r e o f t h e 
N a t i o n ( S t a t e s , c o u n t i e s , t o w n s h i p s and 
m u n i c i p a l i t i e s ) i n 1947 , i t amounts t o 
a b o u t 570 m i l l i o n d o l l a r s . The s i z e o f 
t h i s e x p e n d i t u r e i n d i c a t e s the l a r g e sav­
i n g s t h a t c o u l d be a c c o m p l i s h e d by i n ­
c r e a s i n g t h e p r o d u c t i v i t y o f t h e d i r e c t 
l a b o r engaged i n t h e s e s u r f a c e m a i n t e n ­
ance o p e r a t i o n s . I t has been e s t i m a t e d 
by t h e A u t o m o b i l e M a n u f a c t u r e r s A s s o c i a ­
t i o n t h a t 30 p e r c e n t o f t h e 1946 pay r o l 1 
c o s t s o f U n i t e d S t a t e s i n d u s t r y was a t t r i ­
b u t a b l e t o m a t e r i a l h a n d l i n g . I t i s 
f u r t h e r e s t i m a t e d t h a t 80 p e r c e n t o f t h i s 
h a n d l i n g was p e r f o r m e d by manual methods. 

T h e u se o f a l m o s t h a l f o f t h e s u r f a c e 
m a i n t e n a n c e f u n d s f o r d i r e c t l a b o r shows 
t h a t we, t h e h ighway maintenance i n d u s t r y , 
a r e n o t d o i n g much b e t t e r . 

M a t e r i a l h a n d l i n g i s an i m p o r t a n t p a r t 
o f a l l o u r main tenance o p e r a t i o n s . Due t o 
t h e l a r g e e x p e n d i t u r e f o r s u r f a c e m a i n ­
t e n a n c e , i t i s p a r t i c u l a r l y i m p o r t a n t i n 
t h i s o p e r a t i o n . H e r e t h e m a t e r i a l f o r 
s u r f a c e t r e a t m e n t o r p a t c h i n g , b i t u m e n 
and s t o n e , must be p i c k e d u p , e i t h e r f r o m 
a p l a n t , s t o c k p i l e o r f r o m t h e s u r f a c e 
i t s e l f ; i n some cases graded and sc reened ; 
t r a n s f e r r e d t o sane t y p e o f m i x i n g o p e r a ­
t i o n ; and , f i n a l l y , p l a c e d e v e n l y on t h e 
s u r f a c e and c o m p a c t e d . As you can see , 
t h i s i n v o l v e s p o s s i b l y f o u r s e p a r a t e 
h a n d l i n g o p e r a t i o n s , l o a d i n g , two t r a n s f e r s 
and p l a c i n g . D u r i n g t h e pas t 20 y e a r s , we 
have made many i m p o r t a n t advances i n t h e 
h a n d l i n g o f t h e s e m a t e r i a l s a n d s t i l l 
a l m o s t h a l f o f o u r s u r f a c e m a i n t e n a n c e 
e x p e n d i t u r e i s used f o r l a b o r . 

S e v e r a l new t y p e s o f e q u i p m e n t a r e 
b e i n g deve loped t h a t s h o u l d measurab ly i n ­
c r e a s e t h e p r o d u c t i v i t y o f t h i s o p e r a t i o n . 
Two e q u i p m e n t u n i t s t h a t w i l l p e r f o r m 
p a r t s o f t h e s u r f a c e r e c o n d i t i o n i n g o p e r a ­
t i o n a r e b e i n g f i e l d t e s t e d . One t e a r s ' 
up t h e o l d s u r f a c e and p u l v e r i z e s i t f o r 
f u r t h e r m a n i p u l a t i o n . The o t h e r p i c k s up 
p r e v i o u s l y s c a r i f i e d m a t e r i a l f r o m w i n ­
d r o w s and p u l v e r i z e s i t , d i s c a r d i n g t h e 
f i n e s on t h e s u r f a c e and w i n d r o w i n g t h e 
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Graph 6. The Main tenance D o l l a r . Kis in tenance and 0 | } e r a t i o n 
o f S t a t e Highway Systems, 1948. 

c l e a n m a t e r i a l f o r r e m i x i n g . B o t h o f 
these machines s h o u l d reduce the h a n d l i n g 
c o s t s on t h i s type o f w o r k . A s m a l l c o n ­
t i n u o u s m i x p l a n t has r e c e n t l y been d e ­
v e l o p e d t h a t p r e p a r e s and l o a d s o r s t o c k 
p i l e s p a t c h i n g m a t e r i a l w i t h o u t i n t e r ­
m e d i a t e manual h a n d l i n g . Many new t y p e s 
o f t r a c t o r - and t r u c k - l o a d e r s have been 
p l a c e d on t h e marke t r e c e n t l y . These a l l 
r educe o r e l i m i n a t e t h e n e c e s s i t y f o r hand-
l o a d i n g . 

C h a r t 6 a l s o d i s c l o s e s t h a t t h e n e x t 
m o s t c o s t l y o p e r a t i o n i s r o a d s i d e and 
d r a i n a g e m a i n t e n a n c e . T w o - t h i r d s o f t h e 
c o s t o f t h i s o p e r a t i o n w h i c h amounts t o 
s l i g h t l y l e s s than o n e - q u a r t e r o f the t o t a l 
ma in t enance e x p e n d i t u r e i s dl ie t o d i r e c t 
l a b o r c h a r g e s . The t w o mos t i m p o r t a n t 
i n d i v i d u a l o p e r a t i o n s i n v o l v e d a r e t h e 

mowing and d i s p o s i n g o f r o a d s i d e v e g e t a t i o n 
and t h e c l e a n i n g o f and t h e d i s p o s i n g o f 
t h e s p o i l f r o m the r o a d s i d e d i t c h e s . Here 
a g a i n , t h e h a n d l i n g o f t h e c u t t i n g s and 
s p o i l I S t h e m o s t c o s t l y p a r t o f t h e 
o p e r a t i o n . 

We have deve loped i n the pas t few y e a r s , 
mowers t h a t a r e much more a d a p t a b l e t o 
h ighway work t h a n the o r i g i n a l f a r m t y p e s . 
We can now c u t a t a lmos t any a n g l e , e i t h e r 
above o r b e l o w t h e h o r i z o n t a l . We have 
s m a l l mowers t h a t can be u s e d on v e r y 
r o u g h t e r r a i n . We have mowers t h a t can 
c u t b rush up t o t h r e e i n c h e s i n d i a m e t e r . 
The d i f f i c u l t y i s t h a t we must d i s p o s e o f 
t h i s m a t e r i a l a f t e r i t i s c u t . T h i s i s 
t h e p a r t o f t h e o p e r a t i o n t h a t now r e ­
q u i r e s t h e g r e a t e s t l a b o r e f f o r t . Some 
o f o u r S t a t e s have d e v e l o p e d r a k i n g d e -
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v i c e s w h i c h c o l l e c t t h e c u t t i n g s . They 
m u s t s t i l l be l o a d e d a n d h a u l e d t o a 
s u i t a b l e d u m p i n g a r e a . A m a c h i n e i s 
b e i n g d e v e l o p e d w h i c h w i l l p u l v e r i z e t h e 

c u t t i n g s . T h i s m a t e r i a l can then be depo­
s i t e d on most r o a d s i d e s w i t h o u t c r e a t i n g a 
f i r e h a z a r d o r s p o i l i n g t h e v i e w . The 
deve lopmen t o f a m o b i l e i n c i n e r a t o r such 
as i s u sed i n a n o t h e r i n d u s t r y has a l s o 
been s u g g e s t e d . The c u t t i n g s c o u l d be 
b u r n e d a n d t h e a s h d e p o s i t e d on t h e 
s h o u l d e r o r r o a d s i d e . 

S e v e r a l o f t h e S t a t e s are e x p e r i m e n t i n g 
w i t h o r havp adopted the use o f some t y p e 
o f h e r b i c i d e . TTiese s e l e c t i v e c h e m i c a l s 
k i l l o f f t h e most t r o u b l e s o m e v e g e t a t i o n 
and a l l o w the b e t t e r grasses t o grow. I n 
t h i s way t h e n e c e s s i t y f o r r e m o v i n g t h e 
c u t t i n g s i s reduced o r e l i m i n a t e d . 

The c l e a n i n g o f t h e r o a d s i d e d i t c h e s 
a l s o e n t a i l s much hand l a b o r . Many types 
o f t o w and power g r a d e r s have been d e ­
v e l o p e d w h i c h w i l l do an e x c e l l e n t j o b o f 
c l e a n i n g and r e s h a p i n g the d i t c h e s . Here 
a g a i n , t h e d i f f i c u l t y i s t h a t we m u s t 
d i s p o s e o f t h e excess m a t e r i a l . T h i s i s 
a h a n d l i n g o p e r a t i o n , l o a d i n g and h a u l i n g . 
R e c e n t l y , power l o a d e r s have become a v a i l ­
a b l e t h a t w i l l l o a d t h i s m a t e r i a l a t a 
f r a c t i o n o f t h e c o s t o f hand l a b o r . I t 
i s r e p o r t e d t h a t t h e a c t u a l l o a d i n g c o s t 
can be r e d u c e d t o t h r e e c e n t s p e r c u b i c 
y a r d . I t I S necessa ry i n most cases , how­
e v e r , t o b l ade t h i s s p o i l o n t o the s h o u l d ­
e r o r s u r f a c e o f t h e h ighway i n o r d e r t o 
make i t a v a i l a b l e t o the l o a d e r . T h i s i s 
n o t a d v i s e a b l e on many o f our s u r f a c e t ypes 
s i n c e t h e s p o i l u s u a l l y c o n t a i n s an excess 

o f f i n e s . "Hiese s h o u l d n o t be a l l o w e d t o 
l o w e r t h e q u a l i t y o f the s t a b l e s h o u l d e r 
o r s u r f a c e m a t e r i a l . A m a c h i n e w h i c h 
w o u l d shape t h e d i t c h and a t t h e same 
t i m e c a r r y t h e s p o i l o v e r t h e s h o u l d e r 
i n t o a t r u c k a p p e a r s t o be a d e s i r a b l e 
deve lopmen t . 

O v e r h a l f t h e c o s t o f t h e r e m a i n i n g 
m a i n t e n a n c e o p e r a t i o n s w h i c h t o g e t h e r 
a c c o u n t - f o r o v e r o n e - q u a r t e r o f o u r m a i n ­
t enance e x p e n d i t u r e can be a t t r i b u t e d t o 
l a b o r . The i n t r o d u c t i o n o f new equipment 
t ypes t o g e t h e r w i t h t h e consequent i m p r o v e ­
ment i n o u r ma in t enance methods and p r o ­
c e d u r e s s h o u l d m a t e r i a l l y i n c r e a s e t h e 
p r o d u c t i v i t y and d e c r e a s e t h e c o s t o f 
these o p e r a t i o n s . 

We have w i t h us t oday t w o men who w i l l 
d i s c u s s f r o m t h e s t a n d p o i n t o f economy 
t w o v e r y common m a i n t e n a n c e o p e r a t i o n s . 
These two men w i l l g i v e you t h e b e n e f i t 
o f t h e i r e x p e r i e n c e i n comba t ing t h e h i g ^ 
c o s t o f ma in t enance t h r o u g h the d e v e l o p ­
m e n t o f new m a i n t e n a n c e e q u i p m e n t a n d 
new m a i n t e n a n c e m e t h o d s . T h a t t h e y a r e 
w e l l i n f o r m e d on t h e s u b j e c t o f c o s t s w i l l 
be r e a d i l y a p p a r e n t when I t e l l you t h a t 
between them t h e y a re r e s p o n s i b l e f o r t h e 
e x p e n d i t u r e o f o v e r $ 8 0 , 0 0 0 , 0 0 0 on t h e 
ma in t enance , o p e r a t i o n and improvement o f 
t h e i r S t a t e h i g h w a y s . 

M r . F o r r e r o f V i r g i n i a w i l l d i s c u s s 
t h e s a v i n g s t h a t can be a c c o m p l i s h e d by 
t h e u se o f m e c h a n i c a l l o a d i n g m e t h o d s . 
M r . B e c k l e y o f P e n n s y l v a n i a w i l l d i s c u s s 
t h e c o s t o f r e s u r f a c i n g d i s i n t e g r a t e d 
pavements. I f e e l su re t h a t t h e i r e x p e r i ­
ence w i l l be o f v a l u e t o a l l o f u s . 
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COST OF M E C H A N I C A L L O A D E R S I N D I T C H C L E A N I N G 

AS C O M P A R E D W I T H COSTS OF H A N D 

O P E R A T I O N S I N V I R G I N I A 

J . J . FORRER, Maintenance Engineer 
V i r g i n i a Depar tment o f H i ^ w a y s 

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

The V i r g i n i a D e p a r t m e n t o f H i g h w a y s 
m a i n t a i n s 9 , 0 0 0 m i l e s o f p r i m a r y r o a d s 

d i t c h e s o n t o t h e s h o u l d e r s o f t h e r o a d . 
The comple te d i s p o s a l o f t h i s m a t e r i a l was 
a r e a l n e c e s s i t y and p r e s e n t e d a b i g p r o ­
b l e m . L a b o r n o t b e i n g a v a i l a b l e , i t b e ­
came e v i d e n t t h a t t h e l o a d i n g o f t h i s ma t ­
e r i a l o n t o t r u c k s w o u l d have t o be done 

ENGINEERS' REPORTS - COMPARING COSTS AND SAVINGS OF THE MECHANICAI. U M D I N C 

o r DITCH CLEANING OVER HAND U B C B METHODS 

Uechanical Loading Costs Per Mi la Hand Labor Loading Costa Per Mile 
(Both Ditches) (Uoth Ditches) Di f fe rence in 

Estiisstes of Nnisber of 
Lsborers Replaced by 

Loading Equipment 

Test Sections Coat Per Mi le Teat Sectiona Cost Per Mile 

1 t 40 on 1 1 274 00 t 234 00 
2 111 00 2 274 00 163 00 
3 SI 16 3 462 60 431 44 
4 23 65 4 76 39 52 74 
5 75 00 S 130 00 55 00 
f, I2B 58 6 500 00 371 42 
7 135 00 7 225 00 90 00 
S 100 00 S 165 00 65 00 
9 SO 00 9 100 00 20 00 

10 95 00 10 165 00 70 00 
I I 35 00 I I 102 00 67 00 
12 62 13 12 275 92 213 99 

NOn-The engineera reported a NOTE-Tbe engineera reported a 
rate of progreaa of from 1 to 5 rate o f progreas of from 1/4 to 
n i l e a per day H mi la per day 

The o u t f i t a conaiated of Hie o u t f i t a conaiated of 
1 Foreman 1 Foreman 
1 One-man or t r ac to r pal led 1 One-man or t r ac to r pu l l ed 

grader and operator grader and operator 
I Mechanical Loader end Operator 
4 to S IS Ton dump body trucka 4 to 6 IK Ton dump body trocka 

and d r i . e r a and dr ivera 
1 Rotary pover broom 
2 to 3 Laborera 12 to 16 Laborera 

Reporting Replaced 

25 
30 
40 
SO 
eo 

and 38 ,000 m i l e s o f s econda ry r o a d s . As 
i n most S t a t e s , d u r i n g and s i n c e t h e war , 
a v e r y d e f i n i t e s h o r t a g e o f hand l a b o r 
has e x i s t e d . A t the same t i m e , n a t u r a l l y , 
many m i l e s o f d i t c h e s were becoming c l o g ­
ged w i t h g ra s s and washed i n d e b r i s . I n ­
adequa t e d r a i n a g e was c a u s i n g e x c e s s i v e 
base and s u r f a c e f a i l u r e s . Grader e q u i p ­
ment , b o t h one-man and t r a c t o r p u l l e d , was 
a v a i l a b l e f o r p u l l i n g m a t e r i a l f r o m t h e 

by m a c h i n e r y . I t was necessa ry t h a t such 
a machine be capab le o f p i c k i n g up wet o r 
d r y sandy o r c l a y e y m a t e r i a l s c o n t a i n i n g 
g r a s s , r o o t s o r s m a l l s tones and l o a d them 
o n t o t r u c k s w o r k i n g i n l i n e so t h a t t h e r e 
w o u l d be a m i n i m u m o f i n t e r f e r e n c e t o 
t r a f f i c . A l s o t h e machine w o u l d have t o 
be c a p a b l e o f m o v i n g r a p i d l y f r o m one 
l o c a t i o n t o a n o t h e r under i t s own power . 

I n a t t e m p t i n g t o a r r i v e a t c o m p a r i s o n 
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TABLE 2 

TIME STUDIES OF LOADING ONE TBUCK 
(3 Cubic Yard Load) 

y^^^ Mechanical Loading Hand Loading 
Average Time Recorded Average Time Recorded 

Minutes Minutes 
Number 

1 1/4 3 
2 1/2 5 
3 2/3 10 
4 2/3 12 
5 1 12 
6 1 15 
7 1 25 
8 1-1/4 17X 
9 1-1/2 25 

10 2 10 
11 2 12 
12 2 20 
13 2-1 /2 7X 
14 2-1 /2 10 
15 2-1 /2 I S 
16 3 10 
17 3 15 
18 3 12 
19 4 20 
20 5 12 

TABLE 3 

COST STUDIES OF LOADING ONE TRUCK 
(3 Cubic Yard Load) 

T e s t Number Mechanical Loading Hand Loading 
Average Cost Recorded Average Cost Recorded 

1 S 0. 12 S 0.70 
2 0.24 1. 33 
3 0.25 , 2.88 
4 0.33 1.63 
5 0.39 1.55 
6 0.43 1.23 
7 0.72 2. 13 
8 0.78 4.07 
9 0.81 1.65 

10 0.91 3.17 
11 0.92 2.19 
12 0.95 1.50 
13 1.01 2.06 
14 1.05 2 01 
15 1.32 4 89 
16 1 67 5.87 
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c o s t s I t soon became o b v i o u s t h a t p r a c t i ­
c a l l y e v e r y r o a d had i t s p e c u l i a r i t i e s 
w h i c h r e f l e c t e d i n t h e c o s t o f t h e o p e r a ­
t i o n , i . e . , t h e amount o f m a t e r i a l f r o m 
t h e d i t c h , t h e k i n d o f m a t e r i a l h a n d l e d , 
and t h e d i s t a n c e t h a t t h e excess m a t e r i a l 
had t o be h a u l e d f o r d i s p o s a l , e t c . 

The d i s p o s a l o f the m a t e r i a l s f r o m t h e 
d i t c h e s , w i t h i n a r e a s o n a b l e h a u l , does 
n o t p r e s e n t any p r o b l e m . "Hie m a t e r i a l s 
t h a t c o n t a i n good s o i l and g r a s s a re used 
e x t e n s i v e l y f o r t o p d r e s s i n g s l o p e s and 
f i l l s . I h e m a t e r i a l s t h a t c o n t a i n s tones 
o r c l a y a r e dumped u n i f o r m l y o v e r t h e 
f i l l s . O f t e n t h e m a t e r i a l i s g i v e n t o 
c i t i z e n s a l o n g t h e r o a d f o r f i l l i n g l o w 
s p o t s i n f i e l d s and house l o t s . I n many 
cases t h e c i t i z e n s a r e so a n x i o u s t o g e t 
t h e m a t e r i a l s t h a t t h e y w i l l f u r n i s h t r u c k s 
a t t h e i r expense . 

The w i d e v a r i a t i o n i n o p e r a t i o n s and 
l o c a t i o n s accoun t s f o r t h e w ide v a r i a t i o n s 

i n r e p l i e s r e c e i v e d f r o m t h e f i e l d e n g i n ­
e e r s ( T a b l e 1 - 3 ) . A l s o t h e t e r r a i n i n 
V i r g i n i a v a r i e s f r o m t h e t i d e w a t e r a r e a 
i n t h e e a s t , r o l l i n g c o u n t r y i n t h e c e n ­
t r a l s e c t i o n and m o u n t a i n o u s c o n d i t i o n s 
i n t h e w e s t . The s o i l s i n each a r ea a r e 
w i d e l y d i f f e r e n t , v a r y i n g f r o m s a n d y 
loams t o heavy c l a y s . 

I h e machines capab l e o f l o a d i n g d i t c h 
m a t e r i a l s a r e a l s o u s e d f o r many o t h e r 
pu rposes such as l o a d i n g a g g r e g a t e s f r o m 
s t o c k p i l e s , l i g h t e x c a v a t i o n work i n w i d ­
e n i n g n a r r o w g r a d e s , a n d f o r l o a d i n g 
snow. We a r e now o p e r a t i n g i n V i r g i n i a 
85 mechanica l l o a d e r s f o r these purposes . 

I t w o u l d be v e r y d e s i r a b l e t o have a 
machine t h a t w o u l d c l e a n d i t c h e s , and m 
t h e same o p e r a t i o n l o a d the m a t e r i a l o n t o 
t r u c k s . Such a machine, so f a r as known, 
has n o t been d e v e l o p e d . I t i s b e l i e v e d 
t h e r e i s a d e f i n i t e f i e l d f o r s u c h a 
machine . 




