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C. A . HOGENTOGLER, C h o i r n o n 

REPORT OF COMMITTEE ON 

FROST H E A V E AND FROST ACTION 

IN SOIL 

K . B . WOODS, Chairman, CHARLES W. ALLEN, EARL F. BENNETT, 
J . E. UWRENCE, A. E. MATTHEWS, FRANK R. OLMSTEAD, H. R. SMITH, 

J . H. SWANBEBG 

SYNOPSIS 

The present Projec t Coonit tee on Frost HesTe and Fros t A c t i o n i n S o i l 
was c o n s t i t u t e d i n June, 1947. I t s scope i s intended t o cover a l l phases 
of f r o s t a c t i o n i n s o i l s . I t i s an outgrowth of a committee on "Freeie-
p r o o f i n g Treatment of So i l s and Calcium Ch lo r ide" which was o r i g i n a l l y or-
gan i i ed i n the f a l l o f 1943 to study the use o f calc ium c h l o r i d e i n pre 
ven t i ng de t r imen ta l f r o s t heave i n subgrades. The o r i g i n a l committee ôn 
f r eezeproof ing treatment of s o i l s w i t h calcium ch lo r ide i s being continued 
as a subcommittee under the new p r o j e c t committee. 

This r epor t i s a summary of the f i n d i n g s of the o r i g i n a l committee. 
The scope of the o r i g i n a l committee was t w o f o l d , namely; (1) to study the 
use of ca lc ium c h l o r i d e as an admixture w i t h s o i l s f o r min imiz ing f r o s t 
heave; and (2 ) the use of ca lc ium c h l o r i d e mixed w i t h subgrade s o i l s t o 
minimize f r o s t ac t ion and the r e s u l t i n g f r o s t damage to pavements. 

There has been much laboratory work performed i n t h i s f i e l d dur ing the 
past several years and the a v a i l a b l e data i n d i c a t e s t r o n g l y tha t ca lc ium 
c h l o r i d e mixed w i t h s o i l w i l l minimize or e l im ina t e f r o s t heave when the 
calcium c h l o r i d e i s used i n s u f f i c i e n t q u a n t i t i e s and when the chemicals 
are not leached f rom the s o i l under cond i t ions of adverse water f l o w . 

F i e l d i n s t a l l a t i o n s o f ca lc ium c h l o r i d e mixed or added t o subgrade 
s o i l s have been made on pro jec t s i n Minnesota, Indiana, Michigan, and Mass
achusetts i n areas where severe f r o s t heave or f r o s t damage has been noted. 
The r e s u l t s o f these f i e l d experiments have been e r r a t i c . I n severa l o f 
the i n s t a l l a t i o n s no apparent b e n e f i t resu l ted from use o f the chemical t o 
minimize the f r o s t heave. The data c o l l e c t e d by the committee i n d i c a t e 
that i n some of these cases, adverse water condit ions may have been respon
s i b l e , i n p a r t , f o r the f r o s t heave; l i k e w i s e , these adverse water con
d i t i o n s may have been la rge ly responsible f o r leaching the soluble chemical 
from the t rea ted subgrade. 

As a r e s u l t of these l a r g e l y negat ive r e s u l t s , the committee f e e l s 
t h a t i t i s not wor thwhi le t o cont inue the f i e l d experiments to e l i m i n a t e 
d i f f e r e n t i a l f r o s t heave; however, a program i s being developed to determine 
the e f f e c t i v e n e s s o f the use o f ca l c ium c h l o r i d e i n subgrades and base 
courses f o r the purpose of min imiz ing the amount of break-up which occurs 
on some roads d u r i n g the sp r ing o f the year because of s a t u r a t i o n of the 
subgrade d u r i n g the m e l t i n g p e r i o d . 
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The Sub-Committee on Freezeproof-
i n g Treatment o f S o i l w i t h Calc ium 
C h l o r i d e was appoin ted i n the f a l l 
o f 1943 f o r the purpose o f e v a l u 
a t i n g the p r a c t i c a b i l i t y o f t r e a t 
i n g subgrades w i t h ca lc ium c h l o r i d e 
t o e l i m i n a t e f r o s t h e a v e , f r o s t 
a c t i o n , and f r o s t damage. The com
m i t t e e has had f i v e meetings s ince 
i t was a p p o i n t e d and a number o f 
f i e l d i n s t a l l a t i o n s have been made 
i n M i n n e s o t a , M i c h i g a n , I n d i a n a , 
and M a s s a c h u s e t t s . Most o f t h e 
f i e l d i n s t a l l a t i o n s t o da t e have 
been made f o r the purpose of t r e a t 
i n g subgrades which heave p e r i o d i 
c a l l y . Most o f the highway p r o j e c t s 
were su r f aced w i t h p o r t l a n d cement 
concre te . The method o f t rea tment , 
i n most cases, cons i s ted o f d r i l l i n g 
holes through the pavement, removing 
s o i l f r o m benea th the h o l e s , and 
f i l l i n g t h e spaces w i t h c a l c i u m 
c h l o r i d e or w i t h c a l c i u m c h l o r i d e 
b r i n e . Wherever p o s s i b l e s i m i l a r 
s e c t i o n s were l e f t u n t r e a t e d so 
t h a t a comparison could be made be
tween t r e a t e d and un t rea ted sec t ions . 

MINNESOTA, J . H . Swanberg 
T. H. No. 12 - 2.8 Mi l e s East 

of Willmar 

I n a s h a l l o w c u t a s e r i e s o f 
s h a r p heaves o c c u r r e d a n n u a l l y 
w i t h i n a l e n g t h o f about 400 f e e t . 
The v e r t i c a l movement amounted t o 
about 0 .5 f o o t i n the most severe 
h e a v e . A s e c t i o n , 160 f e e t i n 
l e n g t h , was t r e a t e d i n August , 1944. 
Holes spaced 3 f e e t apa r t were dug 
f r o m each edge o f the s l ab w i t h 6-
inch post hole augers. These holes 
extended beneath the s lab t o w i t h i n 
one f o o t o f the center o f the pave
ment and were i n c l i n e d s l i g h t l y 
downward toward the center o f s l a b , 
the bot tom o f the holes be ing f rom 
one t o one and o n e - h a l f f e e t below 
the b o t t o m o f s l a b . C o m m e r c i a l 
ca lc ium c h l o r i d e was then placed i n 
each ho le a t the r a t e o f about 80 
l b . per h o l e , u s i n g a p i p e and a 

rammer t o fo rce the ca lc ium c h l o r i d e 
i n t o t h e h o l e s . Some w a t e r was 
poured i n t o d i s so lve the c h l o r i d e . 
A t o t a l o f 8500 l b . o f c a l c i u m 
c h l o r i d e was used, which was equ iv 
a l e n t t o s l i g h t l y less than 27 l b . 
per sq . y d . o f s u r f a c e . S o i l s i n 
the subgrade v a r i e d , but s i l t loam 
pockets i n medium t o f i n e sand ap
p a r e n t l y were the cause o f the more 
severe heaving c o n d i t i o n s . Ground 
wa te r l e v e l was more t h a n 6 f e e t 
below the bottom of the s l a b . 

A f r o s t p r o o f bench mark was 
p l a c e d and p r o f i l e l e v e l s were 
t a k e n on c e n t e r l i n e and 6 f e e t 
r i g h t and l e f t o f c e n t e r l i n e i n 
A u g u s t , 1944: J a n u a r y 1 9 . 1945: 
March 7 , 1945; J anua ry 16, 1946; 
March 18, 1946: and on February 12. 
1947. 

These w i n t e r p r o f i l e s i n d i c a t e 
v e r y l i t t l e , i f any , decrease i n 
the amount o f h e a v i n g w i t h i n the 
t r e a t e d s e c t i o n . 

T. H. No. 61-3.2 Miles South 
of Bush City 

A se r ies o f s i x sharp heaves oc
cur red every year i n a cut 400 f e e t 
i n l e n g t h . The s o i l s i n t h i s area 
cons i s t o f a sand mantle o f v a r i a b l e 
depth o v e r l y i n g f i f t e sandy loam and 
c l a y loam t i l l s . The grade l i n e 
c u t s t h r o u g h the sand m a n t l e i n 
t h i s c u t , and at the c r e s t o f each 
heave, the p l a s t i c s o i l s are found 
d i r e c t l y beneath the pavement. A t 
the low p o i n t s between the c r e s t s 
o f the heaves, medium t o f i n e sand 
i s found f o r some dep th below the 

pavement s l a b . A 200 f o o t s e c t i o n 
o f t rea tment was p laced t o i n c l u d e 
the most severe heaves which had a 
maximum v e r t i c a l r i s e of about 0 .4 
f e e t . 

Holes were d r i l l e d v e r t i c a l l y 
t h r o u g h the s l a b u s i n g pneumat ic 
d r i l l s , w i t h a 2-5/8 i n c h s t a r b i t . 
The h o l e s were d r i l l e d on 3 - f o o t 
c e n t e r s s t a r t i n g 1-1/2 f e e t f r o m 
t h e edge o f t h e 1 8 - f o o t s l a b . 
Below the s l a b the ho le s were en-
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l a r g e d w i t h s o i l augers and a i r 
j e t s so t h a t a h o l e f r o m 6 inches 
t o 8 inches i n diameter and f rom 12 
inches t o 18 inches below the bot tom 
o f s l a b was fo rmed . A t o t a l 9000 
pounds o f commercial c a l c i u m c h l o 
r i d e was p laced i n these h o l e s , an 
average o f about 22..5. l b . per > q . 
y d . Water was poured i n to d i s so lve 
the c h l o r i d e a f t e r which the holes 
were f i l l e d w i t h sand. Th i s t r e a t 
ment was comple t ed i n September , 
1944. 

P r o f i l e l e v e l s were t aken over 
t h i s t rea tment on October 4, 1944, 
January 25, 1945 and March 12, 1945-
These l e v e l s i n d i c a t e d no r e d u c t i o n 
i n heaving i n the t r e a t e d s e c t i o n . 

I n O c t o b e r , 1945 , a d d i t i o n a l 
c h l o r i d e was p l a c e d i n a 15 f o o t 
s e c t i o n o f t h i s t r e a t m e n t a t t he 
c r e s t of the most severe heave. On 
t h e l e f t h a l f o f t h e s l a b , 400 
pounds o f c h l o r i d e was added and on 
t h e r i g h t h a l f o f t he s l a b 1200 
pounds o f c h l o r i d e was added. I n 
t h i s t r e a t m e n t t h e c h l o r i d e was 
f i r s t d i s s o l v e d , and the s o l u t i o n 
poured i n t o the holes over a p e r i o d 
o f two weeks. 

P r o f i l e l e v e l s were taken over 
t h i s t rea tment on January 17, 1946r 
and on March 14, 1946. These l e v e l s 
showed a r e d u c t i o n i n heave over 
the 15 f o o t s e c t i o n hav ing the r e -
t reatment of f rom 1 t o 1-1/2 inches , 
b u t a heave o f f r o m 2 t o 3 inches 
s t i l l e x i s t e d . 

The cos t o f the o r i g i n a l t r e a t 
ment on t h i s s e c t i o n was $1.35 per 
square y a r d . 

CONCLUSIONS 
From the d a t a o b t a i n e d , i t ap

peared t h a t these t r e a t m e n t s were 
i n e f f e c t i v e . P r i n t s showing t h e 
d e t a i l s o f t he se t r e a t m e n t s and 
p r o f i l e s have been p r e v i o u s l y sub
m i t t e d t o the commit tee . 

INDIANA, R.. E . F r o s t 

Route U. S. No. 30, i n n o r t h e r n 
I n d i a n a , has s e v e r a l s e c t i o n s o f 

dua l lane pavement which were con
s t r u c t e d i n 1936 and 1937, i n which 
i t was necessary t o make some deep 
c u t s . Some s eve re f r o s t heaves 
developed i n s e v e r a l o f these deep 
c u t s on s e c t ons o f t h i s road i n 
P o r t e r County j u s t s o u t h o f V a l 
p a r a i s o . I n the f a l l o f 1944 one 
o f these heaves was t r e a t e d w i t h 
c a l c ium c h l o r i d e t o see whether or 
not the heave could be min imized . 

The s e c t i o n o f t he pavement , 
which was t r e a t e d , was i n the n o r t h 
lane between S t a t i ons 1157 / 98 and 
1158 / 38 . The heave area i n the 
s o u t h l ane was l e f t u n t r e a t e d so 
t h a t the use of ca lc ium c h l o r i d e i n 
the n o r t h lane c o u l d be e v a l u a t e d . 
A t o t a l o f 1800 pounds o f c a l c i u m 
c h l o r i d e was a p p l i e d t o the sub-
grade o f t h i s c u t s e c t i o n th rough 
h o l e s d r i l l e d i n t o t he c o n c r e t e 
pavement and i n a t r ench a long the 
south edge o f the pavement. Flake 
c a l c i u m c h l o r i d e was used t o f i l l 
each h o l e w h i c h had been d r i l l e d 
through the p o r t l a n d cement concrete 
pavement and then water was poured 
i n t o the hole t o d i s so lve the chem
i c a l . The procedure was repea ted 
u n t i l the d e s i r e d q u a n t i t y of c a l 
cium c h l o r i d e had been a p p l i e d . 

S o i l samples were t a k e n f r o m 
severa l o f the holes d r i l l e d through 
the P o r t l a n d xement concre te pave
ment at 12, 24, and 30- inch depths . 
I n a d d i t i o n , s i x t h r e e - i n c h g a l 
van ized i r o n downspout p ipes were 
i n s t a l l e d f o r making g round-wate r 
o b s e r v a t i o n s . 

I n the e a r l y s p r i n g o f 1945 de
t a i l e d s u r v e y s were made on t h e 
t r e a t e d and u n t r e a t e d s e c t i o n s o f 
t h i s r o a d . I t was found t h a t the 
heave w h i c h had been t r e a t e d was 
r a i s e d a maximum o f 0 .18 f e e t as 
compared w i t h a maximum o f 0 .68 
f e e t i n o t h e r a d j a c e n t , u n t r e a t e d 
sec t ion ' s o f t he n o r t h l a n e . The 
maximum heave i n the south lane i n 
a comparable s i t u a t i o n t o the f r o s t 
heave o f the n o r t h lane was 0.20 
f e e t . From t h i s i t was concluded 
t h a t the s a l t had not s topped the 
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heave, b u t t h a t i t may have m i n i 
mized the t o t a l amount somewhat. 
However, the g round-wate r r ecords 
i n d i c a t e t h a t the re i s a t ransverse 
f l o w o f w a t e r t h r o u g h t h i s c u t 
which probably leached the chemical 
f rom the s o i l . 

MASSACHUSETTS, J . E. Lawrence 

I n the s p r i n g and f a l l o f 1944 
s e v e r a l p r o j e c t s i n Massachuset ts 
were t r e a t e d e x p e r i m e n t a l l y w i t h 
c a l c i u m c h l o r i d e t o de te rmine the 
e f f e c t i v e n e s s o f t he c h e m i c a l i n 
reducing f r o s t heave. One o f these 
r o a d s was on A u t o Rou te 12 7 i n 
D i s t r i c t No. 5, Town o f B e v e r l y , 
The road was a b i t u m i n o u s macadam 
and t h e t r e a t m e n t was b e t w e e n 
S t a t i o n 1100 and 1100/20. Calc ium 
c h l o r i d e was a p p l i e d t o 2 1 /2 - inch 
d i ame te r ho les t r e a t e d t o a dep th 
o f two f e e t . A t o t a l of nine pounds 
per square yard was app l i ed i n t h i s 
f a s h i o n . I n the f a l l o f 1944 ad
d i t i o n a l c h e m i c a l s t o t a l i n g 18.7 
pounds per square yard were app l i ed 
t o t h i s expe r imen ta l s e c t i o n . Ob
s e r v a t i o n s made i n the s p r i n g o f 
1945 i n d i c a t e d t h a t the t rea tments 
were somewhat e f f e c t i v e i n m i n i 
m i z i n g f r o s t h e a v e . D u r i n g t h e 
w i n t e r o f 1945-1946 the f r o s t heav
i n g was reduced t o a maximum o f 2 
inches w i t h s l i g h t break up i n the 
macadam s u r f a c e . 

I n D i s t r i c t 4 , Town o f Ha rva rd , 
A u t o Route 1 1 1 . some e x p e r i m e n t s 
were i n i t i a t e d i n t h e s p r i n g o f 
1944 be tween S t a t i o n 6900 / 4 5 . 
The pavement was a sand and g r a v e l 
t a r s u r f a c e . The ca l c ium c h l o r i d e -
was a p p l i e d i n f l a k e fo rm t h r o u g h 
2 1 /2- inch diameter ho les , two f e e t 
on c e n t e r , t o a depth o f e i g h t e e n 
i n c h e s be low the s u r f a c e o f t h e 
r o a d . The s o u t h h a l f o f a r o a d 
o n l y was t r e a t e d w i t h a t o t a l o f 
f o u r pounds pe r s q u a r e y a r d p f 

ca lc ium c h l o r i d e . I n Q c t o b e r , 1944, 
e ' i g h t e e n a d d i t i o n a l pounds per 
square y a r d was a p p l i e d t o t h i s 

s e c t i o n . I n the s p r i n g o f 1945 
o b s e r v a t i o n s were made and i t was 
concluded t h a t the ca lc ium c h l o r i d e 
had been e f f e c t i v e i n m i n i m i z i n g 
the amount o f heave. D u r i n g the 
w i n t e r o f 1 9 4 5 - 1 9 4 6 , t h e f r o s t 
h e a v i n g was g r e a t l y r educed , b u t 
the road s u r f a c e was so badly dam
aged and b r o k e n up t h a t i t was 
necessary t o r e b u i l d the su r f ace . 

I n D i s t r i c t No. 5, Town of Nor th 
Andover , Auto Route 114, a severe 
heave was t r e a t e d a t S t a t i o n 16200 
/ 30 . Chemica l s were a p p l i e d i n 
1942, 1943, and 19 44- I t i s known 
tha t the road heaved at t h i s l o c a t i o n 
t o as much as ten inches each year. 
F o l l o w i n g the years o f a p p l i c a t i o n 
o f chemical , the heave was e n t i r e l y 
e l i m i n a t e d . D u r i n g the w i n t e r o f 
1945-1946 no no t i ceab le heaving was 
o b s e r v e d and no c r a c k i n g o f t he 
c o n c r e t e s u r f a c e r e s u l t e d . T h i s 
road i s now being r econs t ruc t ed . A 
summary o f t h e e x p e r i m e n t s show 
t h a t wh i l e there was a r e d u c t i o n i n 
the heaving due t o the use o f c a l 
c i u m c h l o r i d e t h e r e was s u r f a c e 
damage r e s u l t i n g f r o m the c h l o r i d e 
t r ea tmen t . 

MICHIGAN, A. E. Matthews 

I n o r d e r t o d e t e r m i n e the e f 
f e c t i v e n e s s o f t r e a t i n g subgrade 
s o i l s w i t h ca lc ium c h l o r i d e f o r the 
p r e v e n t i o n o f d e t r i m e n t a l f r o s t 
a c t i o p , f o u r l o c a t i o n s were se l ec 
ted i n M i c h i g a ) ! . F o l l o w i n g i s a 
b r i e f d e s c r i p t i o n o f the work a t 
these l o c a t i o n s : 

Stanwood Location 
US-31, Mecosta County, Approxi

mately 500 Feet North of the 
Village of Stanwood 

T h i s heave occurred i n concre te 
pavement. I t i s 50 f e e t i n l e n g t h . 
The maximum amount o f heave i s 3 
i n c h e s . The e n t i r e heave was 
t r e a t e d i n September, 1944. Holes 
( 2 - 5 / 8 " d i a m e t e r ) were d r i l l e d 
t h r o u g h t h e pavement on 3 - f o o t 
c e n t e r s . A combina t ion o f a i r j e t 
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and auger was used t o en la rge the 
ho le s i n the subgrade t o 6 inches 
i n d i a m e t e r and t o 12 i n c h e s i n 
d e p t h . T h i r t e e n pounds o f c a l c ium 
c h l o r i d e i n s o l u t i o n form was added 
t o each h o l e . A f t e r the s o l u t i o n 
had soaked away t h e h o l e s were 
f i l l e d w i t h g r ave l and covered w i t h 
c o l d patch m a t e r i a l . S o i l p r o f i l e s 
were d e t e r m i n e d by auger b o r i n g s 
along the outs ide edges o f the s lab 
( 1 0 ' R. & L . o f C / L ) . The subgrade 
s o i l i s v a r i a b l e bu t the heave was 
caused mainly by very f i n e sand and 
s i l t w i t h some c l a y . 

A f r o s t p roo f bench mark was es
t a b l i s h e d . P r o f i l e l e v e l s were taken 
along the ou t s ide edge o f the s labs 
on March 14, 1944, November 1 , 1944, 
January 23 , 1945, and February 26, 
1945. 

The t reatment was i n e f f e c t i v e i n 
reducing the amount o f heaving. 

Gladwin Location 
M-61, Gljodwm County, Approximately 

1-1/2 Miles West of the K i l l a g c 
of Gladwin 

T h i s heave i s i n a b i t u m i n o u s 
su r face t r e a t e d g rave l road . I t i s 
on ly 10 f e e t i n l e n g t h . The maximum 
amount o f heave i s 1-1/4 i n c h e s . 
The heave was t r e a t e d i n September, 
1944. Holes on 3 f o o t centers were 
dug t h r o u g h t h e r o a d s u r f a c e . 
These were extended w i t h a 6 i n c h 
pos t h o l e anger t o a dep th o f 12 
inches below the g r a v e l . T h i r t e e n 
pounds o f c a l c i u m c h l o r i d e i n s o 
l u t i o n f o r m was added t o each h o l e . 
A f t e r the s o l u t i o n had soaked away 
the ho les were f i l l e d w i t h g r a v e l 
and capped w i t h c o l d patch m a t e r i a l . 

P r o f i l e s o f the subgrade s o i l 
were d e t e r m i n e d by auger b o r i n g s 
12 ' R. & 12' L - o f C / L . The heave 
was caused by a S D I B I I p o c k e t o f 
v e r y f i n e sand and s i l t w i t h some 
c l a y . 

P r o f i l e l e v e l s ( F i g . 1 ) were 
taken at center and along each edge 
o f the s u r f a c e on March 14, 1944, 
September 1, 1944, January 19, 1945, 
and March 6, 1945-

p<mriL( or ptvtHCNT BiroRC a d o 
Un* TRtATMtNT WITH CALCIUM 

100 T 

100 • 

100 r 

STATE PROJECT 2 6 - l > STA ( I I t 00 TO STA 6S2 *<tO 
H - e i i t Mills WEST or THE VILLAGE Or OLAOWIN 

Figure 1 . P r o f i l e P l o t o f a Pave
ment Before and A f t e r Treatment 

w i t h Calc ium C h l o r i d e . 

The t reatment was i n e f f e c t i v e i n 
reducing the amount o f heaving. 

Saginaw West Location 
M-U7, Saginaw 'County, Approxi

mately i / 4 Mtle South of Junction 
vith US-10 

T h i s s l i g h t heave i s i n a con
c r e t e pavement. I t extends beyond 
the l i m i t s o f our 27 ' ' foo t t rea tment . 
The o l d pavement was removed i n 
A u g u s t , 1944, on .a p a t c h i n g c o n 
t r a c t . The r i g h t h a l f o f the sub-
grade a t t h i s t ime was t r e a t e d as 
f o l l o w s : Holes 6 inches i n diameter 
and 12 inches i n depth were dug i n 
t h e s u b g r a d e on 3 » f o o t c e n t e r s . 
T h i r t e e n pounds of ca lc ium c h l o r i d e 
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( f l a k e form) was added t o each h o l e . ' 
The s o i l p r o f i l e 10 ' R. o f (2. 

was d e t e r m i n e d by auger b o r i n g s 
a l o n g t h e edge o f t h e s l a b . The 
subgrade s o i l i s v a r i a b l e htit the 
heave was caused m a i n l y by v e r y 
f i n e sand and s i l t . 

P r o f i l e l e v e l s were t a k e n a t 
cen ter and 9' R. & L* o f cen te r on 
November 2 1 , 1944, January 19, 1945, 
and March 6, 1945-

A compar i son was made between 
the t r e a t e d s e c t i o n and the a d j a 
cent un t rea ted s e c t i o n . The t r e a t 
ment was i n e f f e c t i v e i n r e d u c i n g 
the amount of heaving. 

B r i g h t o n North Location 
US-23, 3.8 B i l e s North of J u n c t i o n 

vith VS-16 Near 
Brighton, Livings ton County 

Thi s heave occurs i n a concre te 
pavement. I t i s a p p r o x i m a t e l y 35 
f e e t i n l e n g t h . The maximum amount 
o f heave i s 2.5 i n c h e s . The east 
h a l f o f t h i s heave was t r e a t e d i n 
September, 1945. Holes (6" diame
t e r ) were d r i l l e d through the pave
ment on 3 f o o t c e n t e r s . Holes i n 
t h e subgrade were e n l a r g e d t o 8 
i n c h e s i n d i a m e t e r and 12 t o 15 
i n c h e s i n d e p t h . T w e n t y - f i v e 
pounds o f ca lc ium c h l o r i d e ( s o l u t i o n 
form) were added t o each on Septem
ber 13, October 3, and November 1 , 
1945. The ho les were then f i l l e d 
w i t h g r a v e l and covered w i t h c o l d 
pa t ch m a t e r i a l . 

P r o f i l e s o f t he subgrade s o i l 
were d e t e r m i n e d by auger b o r i n g s 
along each edge o f the s lab (10* R. 
& L* o f The s o i l i s v a r i a b l e 
b u t the heave i s caused m a i n l y by 
very f i n e sand and s i l t . 

P r o f i l e s l e v e l s were taken 5' R. 
& L . o f (2. at 10' i n t e r v a l s on Sep -
tember 7, 1945, February 25, 1946, 
and May 22, 1946.' By comparing the 
t r e a t e d s e c t i o n w i t h the a d j a c e n t 
un t rea ted s e c t i o n , we note tha t the 
t r e a t m e n t was i n e f f e c t i v e i n r e 
ducing the amount o f heaving. S o i l 
samples were taken d u r i n g May, 1946, 

t o determine the ex ten t o f m i g r a t i o n 
of ca lc ium c h l o r i d e . prom the t e s t 
d a t a , we n o t e t h a t t h e d e s i r e d 
m i g r a t i o n o f c a l c i u m c h l o r i d e has 
n o t taken p lace or t h a t a g r e a t e r 
p a r t o f the m a t e r i a l has l eached 
away. 

CONCLUSIONS 

From the i n f o r m a t i o n assembled 
i n t h i s work, we conclude tha t c a l 
cium c h l o r i d e has not been e f f e c t i v e 
i n r educ ing f r o s t heaving and t h a t 
the d e s i r e d m i g r a t i o n o f c a l c i u m 
c h l o r i d e has n o t ' t a k e n p l a c e o r 
t h a t a g rea te r pa r t o f the m a t e r i a l 
has leached away. 

PURDUE UNIVERSITY, F. 0 . Sla te 

Our e x p e r i m e n t s c o v e r " P e r 
manence o f Calcium C h l o r i d e i n Sub-
grade and S t a b i l i z e d Bases and I t s 
E f f e c t i v e n e s s on Base Course Dens i 
t i e s . " 

Ca lc ium C h l o r i d e i s mixed i n t o 
the base course o f a road p r i m a r i l y 
t o o b t a i n and m a i n t a i n a more or 
l e s s f a v o r a b l e m o i s t u r e c o n t e n t 
and, as a r e s u l t , o b t a i n a r e l a 
t i v e l y h i g h d e n s i t y . The purpose 
o f t h i s work was t o de te rmine the 
base cour se d e n s i t i e s o f s e v e r a l 
b i t u m i n o u s r o a d s t h u s t r e a t e d , 
a f t e r s eve ra l years o f use, and to 
de te rmine how much o f the c a l c i u m 
c h l o r i d e o r i g i n a l l y p l a c e d t h e r e 
s t i l l r e m a i n s . 

Two sampl ings have been made--
the f i r s t i n the summer o f 1942 and 
the l a s t i n the summer o f 1946-- to 
de te rmine the changes o f d e n s i t y 
and c h l o r i d e c o n t e n t w i t h t i m e . 
I n f o r m a t i o n on the o r i g i n a l c o n 
d i t i o n s o f d e n s i t y and c h l o r i d e 
c o n t e n t o f t h e roads i s i n some 
cases so meager and u n r e l i a b l e t h a t 
conc lus ions as t o changes f r o m the 
o r i g i n a l c o n d i t i o n s o f the roads 
cannot be made. However, changes 
f r o m the t ime o f f i r s t sampling t o 
t h a t o f the second have been measur
ed and are r e p o r t e d . 
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Five roads are sampled: Hiwassee 
Dam Access Road, N . C . , b u i l t i n 
1 9 3 8 ; D i e t r i c h - M o n t r o s e R o a d , 
I l l i n o i s , 1937; Musca t i ne County 
BoadC, Iowa, 1939; Lawton-Marcel lus 
R o a d , M i c h i g a n , 1 9 3 8 - 3 9 ; and 

K u t t a w a - F r e d o n i a Road, K y - , 1941. 
Base course d e n s i t i e s were measured 
by t h e sand m e t h o d . Samples o f 
base-course and subgrade m a t e r i a l 
were analyzed f o r hygroscopic water 
c o n t e n t , and f o r c h l o r i d e c o n t e n t 

TABLE 1 

DENSITIES OF BASE COURSES TREATED WITH CALCIUM CHLORIDE 

Road 
Year 

Hole 
Reported Dry Moisture True a/ 

Maximum Road Sampled Hole CaClq used Density Content Sp. Gr. Theore t ica l 
Dry Density 

l b . per l b . per % l b . per 
sq. yd. sq. yd. cu. f t . 

Hiwassee 1942 1 '2.7 2.4 2 .75=/ 161 
n 1942 2 2.7 144^/ 2.6 2.75 160 
n 1942 3 2.7 147^/ 2.5 2 . 7 5 « ' 161 
n 1946 1 2.7 ISO 2.3 2.70 158 
It 1946 2 2.7 142 1.9 2.76 163 
ft 1946 3 2.7 141 2.3 2.80 164 

D i e t r i c h 1942 1 1.7 159 d/ 4.0 2 .76?/ 155 
It 1942 2 1.7 147 3.3 2.76 S/ 158 
n 1942 3 1.7 155 1.8 2.76 S/ 164 
n 1946 1 1.7 163 ^ / 4.6 2.76 153 
n 1946 2 1.7 148 3.4 2.80 159 
It 1946 3 1.7 137 2.8 2.72 158 

Muscatine 1942 1 1.5 152 2.8 2. 68 £/ 156 
It 1942 2 l . S " 3 . / 2.8 2.68 S/ 156 
n 1942 3 1.5 156^/ 3.0 2 .68=/ 155 
It 1946 1 1.5 134 3.5 2.70 154 
It 1946 2 1.5 132 2.3 2.65 154 
n 1946 3 1.5 145 1.7 2.70 161 

Lawton 1942 1 1.1 146 5.0 2.80 S/ 153 
It 1942 2 1.1 146 4.3 2.80 156 
n 1942 3 1.1 145 4.5 2,80 155 
It 1946 1 1.1 151 4.5 2.79 155 
It 1946 2 1.1 146 2.2 2.77 162 
n 1946 3 1.1 143 3.4 2.84 162 

Kuttawa 1946 1 2.7 146 5.8 2.70 146 
It 1946 2 2.7 137 6 7 2.71 145 
II 1946 3 2.7 143 5 7 2.71 147 

Formula used; 

S/ 
4/ 

v o l . s o i l ( c u . f t ) + v o l . water (cu. f t ) = 1 cu. f t . (assuming 
complete sa tura t ion) 

l e t X = dry wt. ( l b . ) ; since v o l . given as 1 cu. f t . 
X = dry densi ty ( l b . per cu. f t . ) 
5 * M-.C? « 

( t rue sp. g r . ) (62.4) (100) (62.4) = 1 ; 
« = [ (6240) ( t rue sp. g r . ) 1 

100 + (56 M.C.) ( t rue sp. g r . ) 

Determined by Bernard Thomas. 
Average of 1946 values f o r same road. 
Impossible value; experimental e r r o r . 
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by t h e Mohr t i t r a t i o n m e t h o d . 
C h l o r i d e values f rom roadside blanks 
were s u b t r a c t e d f r o m the amounts 
f o u n d under t he pavements . 
Table 1 l i s t s the d e n s i t i e s o f the 
base courses sampled. The va lues 
l a b e l l e d "Maximum T h e o r e t i c a l D r y -
D e n s i t y a t M. C. Found" were c a l 
c u l a t e d t o d e t e r m i n e whe the r t he 
d e n s i t y va lues found are p o s s i b l e 
va lues (most o f the va lues are so 
h i g h , approaching those o f concrete 
tha t doubt might be expresed as t o 
t h e i r p o s s i b i l i t y ) . 

F i g u r e 2 shows t h e c a l c i u m 
c h l o r i d e c o n t e n t s o f t h e base 
courses and subgrades , c a l c u l a t e d 
f r o m the c h l o r i d e f o u n d . N o t h i n g 
i s known o f the ca lc ium i o n , or the 
manner i n w h i c h t h e c h l o r i d e i s 
p r e s e n t , except t h a t i t i s wa te r -
s o l u b l e . A l l depths represent d i s 
tances down f r o m the bot tom o f the 
pavement. Values o f c a l c i u m c h l o 
r i d e are expressed as the d i h y d r a t e , 
t he commerc ia l f o r m i n w h i c h the 
c h e m i c a l i s u s u a l l y used i n r o a d 
w o r k . A l l pe r cen t ages are based 
on the d r y weight o f the s o i l . 

The h o r i z o n t a l l i n e s across the 
graphs represen t the t o t a l ca l c ium 
c h l o r i d e a p p l i e d (as r e p o r t e d ) , | 
c a l c u l a t e d as though i t were mixed 
e v e n l y t h r o u g h o u t t h e 36 i n c h e s 
below the pavement, i n c l u d i n g base 
course and subgrade. I n these c a l 
c u l a t i o n s , an average d e n s i t y o f 
iOO pounds per c u b i c f o o t was as
sumed f o r the e n t i r e 36 inches . I n 
the Musca t ine graph i t i s obv ious 
t h a t more c h e m i c a l was used than 
was r e p o r t e d , p e r h a p s f o r d u s t 
c o n t r o l i n t h e y e a r s p r e c e d i n g 
pavement. 

I n a few years the 1946 v a l u e s ' 
are s l i g h t l y h i g h e r than the 1942 
V a l u e s . T h i s m i g h t be caused by 
changes i n ground-water c o n d i t i o n s . 

s i n c e t h e v e r t i c a l m i g r a t i o n o f 
c h l o r i d e i s s e n s i t i v e t o r i s e and 
f a l l o f wa te r , bu t the d i f f e r e n c e , 
are too s m a l l t o be s i g n i f i c a n t i n 
any case. 

The d e n s i t y values found are un
u s u a l l y h i g h , bu t there are no blank 
v a l u e s ( f r o m u n t r e a t e d s e c t i o n s ) 
f o r comparison. A f t e r a p e r i o d o f 
f i v e t o t e n y e a r s , o n e - t h i r d t o 
one -ha l f o f the c h l o r i d e o r i g i n a l l y 
p laced s t i l l remained. Almost the 
e n t i r e l o s s o c c u r r e d d u r i n g the 
f i r s t f i v e yea r s . 

COMMITTEE SUMMARY 

The work o f t he c o m m i t t e e t o 
da te has been c o n f i n e d l a r g e l y t o 
t h e e x p e r i m e n t a l t r e a t m e n t o f 
e x i s t i n g f r o s t heaves w i t h c a l c ium 
c h l o r i d e . F i g u r e s 3 t o 8, w h i c h 
f o l l o w , show t y p i c a l procedures and 
r e c o r d s . R e s u l t s have n o t been 
p a r t i c u l a r l y encouraging s i n c e , i n 
most i n s t a n c e s , t h e r e has been no 
d i m i n i s h i n g o f the o r i g i n a l amount 
o f the heave. I n c o n t r a s t , however, 
some r e p o r t s i n d i c a t e some b e n e f i t 
and, i n one i n s t a n c e , a comple te 
cure . Since l a b o r a t o r y experiments 
have i n d i c a t e d t h a t a moderate con
c e n t r a t i o n o f c a l c i u m c h l o r i d e i n 
the s o i l w i l l p r a c t i c a l l y e l i m i n a t e 
f r o s t heave, i t i s the commit tee ' s 
o p i n i o n , which i s based i n p a r t on 
e x p e r i m e n t a l da ta> t h a t adver se 
wate r c o n d i t i o n s have leached the 
chemical f r o m the s o i l thus making 
the t r ea tmen t s i n e f f e c t i v e i n some 
i n s t a n c e s . 

The commit tee has n o t expanded 
i t s a c t i v i t i e s t o i nc lude the t r e a t 
ment o f subgrades i n g e n e r a l , f o r 
the purposes o f s ee ing whether or 
n o t the f r o s t l i n e can be lowered 
i n the subgrade and thus decrease 
t h e amount o f p a v e m e n t s p r i n g 
b r e a k - u p . 
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F i g u r e 2 . C a l c i u m C h l o r i d e C o n t e n t s o f Subgrades and Base Courses 
o f Several Roads. ( H o r t . do t t ed l i n e s i n d i c a t e amount 

o f chemical r epor ted o r i g i n a l l y used) . 
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A p p l i c a t i o n of Calcium C h l o r i d e . 
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F i g u r e 4 . Subgrade S o i l P r o f i l e 
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Figure 5. T y p i c a l Temperature Record Used f o r Fros t A c t i o n S tud ies . 
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F i g u r e 6 . T y p i c a l P r e c i p i t a t i o n Record Used f o r F r o s t A c t i o n S t u d i e s . 

F i g u r e 7 . A d d i t i o n o f C a l c i u m 
C h l o r i d e and Water to the Sub-

grade o f a Highway. 

F i g u r e 8 . C a l c i u m C h l o r i d e B e i n g 
Poured I n t o a T r e n c h A l o n g s i d e 

a Pavement . 
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REPORT OF COMMITTEE ON 

SOIL CEMENT ROADS 

CARL R. REID, Chairman, HAROLD ALLEN, M. D. CATTON, L . D. HICKS, 
C. A. HOGENTAGLER, JR. , W. S. HOUSEL, T. A. MIDDLEBROOKS, F. V. 
REAGEL, T. E. STANTON, E. A. WILLIS, HANS F. WINTEfiKORN 

SYNOPSIS 

This report reviews the maintenance costs and condi t ions i n service of 
s o i l - c e m e n t ' r o a d s , as inspec ted and r e p o r t e d t o the committee by the 
several s ta tes . 

The cons t ruc t i on d e t a i l s , age, t r a f f i c and present c o n d i t i o n of the 
soil-cement base of these p ro jec t s provides a complete h i s t o r y . 

Many var iables i n the cons t ruc t ion , c l imate and t r a f f i c i nd i ca t e tha t 
s i x inches of soi l -cement base p rope r ly cons t ructed i s e n t i r e l y adequate 
f o r the purpose. 

The committee desires tha t records of the condi t ion of these and other 
e a r l i e r soi l -cement p r o j e c t s be cont inued by the s ta tes and tha t subse
quent studies be made. 

Other uses o f s^i l -cement mixtures and cement-modified s o i l binders 
f o r s o i l aggregate mixtures were considered by the committee and f u r t h e r 
s tudies recommended. 

I n 1945 the Committee on S o i l -
Cement Roads resumed a c t i v i t i e s . 
At the suggest ion o f the committee, 
t he c h a i r m a n c i r c u l a r i z e d S t a t e 
Highway Departments to ob t a in main
t e n a n c e c o s t d a t a on t h e o l d e r 
so i l - cemen t roads i n s e r v i c e . The 
roads s e l e c t e d were those i n c l u d e d 
i n t h e 1940 c o m m i t t e e r e p o r t ' o n 
C o n d i t i o n Survey o f S o i l - C e m e n t 
Roads, repor ted on pages 812 t o 820 
i n c l u s i v e of the Proceedings of the 
T w e n t i e t h A n n u a l M e e t i n g o f t he 
Highway Research Board. The r epo r t s 
f r o m the v a r i o u s s t a t e s r e p l y i n g 
were r e c e i v e d q u i t e l a t e i n t h e 
year . As a r e s u l t , a v a i l a b l e data 
was d i s c u s s e d a t t he c o m m i t t e e 
m e e t i n g h e l d e a r l y i n 1946 a t 
Oklahoma C i t y and r e p o r t i n g o f the 
d a t a d e f e r r e d u n t i l more o f t he 
s t a t e s c o u l d r e t u r n the q u e s t i o n 
n a i r e s . 

The data requested on maintenance 
c o s t c o n s i s t e d o f a year by year 
t a b u l a t i o n o f maintenance e x p e n d i 

t u r e s f o r the s o i l - c e m e n t base , 
main tenance e x p e n d i t u r e s f o r the 
bi tuminous su r f ace , and t o t a l main
t e n a n c e f o r t h e p r o j e c t . T h i s 
w o u l d p e r m i t c a l c u l a t i o n o f t h e 
maintenance cos t per m i l e per year 
o f tke so i l - cemen t base, the b i t u 
m i n o u s s u r f a c e , and t h e t o t a l . 
D a t a was a l s o r e q u e s t e d on t h e 
average t r a f f i c volume per day o f 
commerc ia l v e h i c l e s and passenger 
ca r s . I n a d d i t i o n , i t was requested 
t h a t a r a t i n g be made o f the present 
o v e r a l l c o n d i t i o n o f t he p r o j e c t . 

A s t u d y o f a l l d a t a r e p o r t e d 
revealed t h a t many v a r i a b l e s entered 
i n t o t he base c o s t . W i t h r e spec t 
t o b i tuminous s u r f a c i n g i t was im
p r a c t i c a l , i f n o t i m p o s s i b l e , t o 
t a b u l a t e t he r e t u r n s f o r s a t i s 
f a c t o r y comparison and t h i s i n f o r 
mat ion was t h e r e f o r e , no t i n c l u d e d 
i n Table No. 1 showing maintenance 
c o s t s . F u r t h e r , f o r the sake o f 
s i m p l i c i t y , the data was reduced to 
show age o f p r o j e c t , d a i l y t r a f f i c , 
t o t a l s o i l - o e m e n t base maintenance 
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cos t d u r i n g i t s l i f e , the c o r r e s 
ponding maintenance c o s t per m i l e 
per year and the repor ted c o n d i t i o n 
or r a t i n g o f the p r o j e c t . 

The m a i n t e n a n c e c o s t o f t h e 
s o i l - c e m e n t base , T a b l e No . 1 , 
shows t h a t the 1940 survey p r o j e c t s 
had an age v a r y i n g f r o m SH t o 9 
y e a r s . E i g h t e e n p r o j e c t s are r e 
p o r t e d and o f these there had been 
no maintenance e x p e n d i t u r e on the 
so i l - cemen t on 15 o f them. On the 
remain ing th ree p r o j e c t s , the base 
maintenance cos t per m i l e per year 
was S IO. , $24 . , and $81 . Twelve of 
t h e p r o j e c t s had a p r e s e n t c o n 
d i t i o n r a t i n g o f E x c e l l e n t , f o u r of 
them had a r a t i n g o f Good, and one 
a r a t i n g o f Average. 

A l s o i n c l u d e d i n the t a b u l a t i o n 
are n ine p r o j e c t s b u i l t s i n c e the 
1940 s u r v e y . The age a t t ime o f 
r e p o r t i n g was f o u r y e a r s , excep t 
f o r a t h r e e year j o b i n G e o r g i a . 
On ly one j o b had any s o i l - c e m e n t 
base maintenance cost r epo r t ed , and 
i t had an average maintenance cos t 
o f $39.00 per a i l e per year . Seven 
o f the j o b s were r a t e d E x c e l l e n t 
and two were ra ted Good. 

T r a f f i c da ta was n o t s u b m i t t e d 
f o r a l l j o b s , but o f those r e p o r t e d , 
the commercial t r a f f i c v a r i e d f rom 
a minimum o f e i g h t t r u c k s per day 
t o a maximum o f 500 t rucks per day, 
and t o t a l t r a f f i c v a r i e d f r o m a 
minimum o f 40 veh ic l e s per day t o a 
maximum o f 2500 veh i c l e s per day. 

Comments w i t h r e t u r n s by many 
s t a t e s i n d i c a t e d maintenance c o s t 
r e c o r d s p r e c l u d e d s e p a r a t i o n o f 
annua l or t o t a l charges f o r o n l y 
the base or su r f ace course , or the 
a c t u a l ' o u t l a y f o r t h e r o a d b e d , 
a l s o , i n many instances two or more 
types o f improvement were i n c l u d e d 
i n the mi leage or s e c t i o n covered 
by t h e ma in t enance c o s t r e c o r d . 
These p r e v a i l i n g methods i n main
t enance a c c o u n t s i n d i c a t e d t h a t 
o t h e r procedure would be r e q u i r e d 
i n these cases t o o b t a i n adequate 
da ta on the c o n d i t i o n s i n s e r v i c e 

o f so i l -cement roads. 
I n o r d e r t o ex tend the r e c o r d 

o f t h e c o n d i t i o n i n s e r v i c e o f 
t h e s e e a r l y s o i l - c e m e n t r o a d 
p r o j e c t s , t h i s commit tee prepared 
another q u e s t i o n n a i r e designed t o 
de t e rmine the a c t u a l square yards 
o f s o i l - c e m e n t base r e q u i r i n g r e 
p a i r , the t i m e , l o c a t i o n and cause 
o f f a i l u r e i f e v i d e n t , the h i s t o r y 
o f c o n s t r u c t i o n o f the base, t o 
gether w i t h s i m i l a r da ta w i t h r e f 
erence t o the b i t u m i n o u s s u r f a c e s 
and the d a i l y and t o t a l t r a f f i c on 
the roads. 
^ The q u e s t i o n n a i r e was fo rwarded 
i n 1946 and 1947 t o the 23 s t a t e s 
i n c l u d e d i n t h e 1940 c o n d i t i o n 
s u r v e y and a l s o t o e i g h t o t h e r • 
s t a t e s t h a t had c o n s t r u c t e d s o i l -
cement r o a d s t o t h i s t i m e , o r a 
t o t a l o f 31 s t a t e s and 128 s o i l -
cement base p r o j e c t s . A g r e a t e r 
number o f s t a t es and p r o j e c t s , were 
t h u s i n c l u d e d i n t h i s c o n d i t i o n 
survey than i n 1940 or the main te 
nance cos t s o f 1946 as r e p o r t e d i n 
Table 1 . A l s o , improved personnel 
i n many Highway Depar tments made 
p o s s i b l e i nc reased d e t a i l s i n r e 
p o r t s f o r t h i s survey. Nineteen o f 
the s t a t e s were able t o o b t a i n , o r 
had a v a i l a b l e , data t o prepare and 
r e t u r n r e p o r t s cover ing 59 p r o j e c t s . 

C o n s i d e r a b l e da ta was s u p p l i e d 
by t h i s ques t i onna i r e which i n c l u d 
ed l e n g t h , w i d t h and depth o f p r o j 
e c t , the type o f s o i l p r o c e s s e d , 
cement c o n t e n t u sed , d a i l y t r u c k 
and t o t a l t r a f f i c , age o f p r o j e c t 
a t t i m e o f s u r v e y , age a t w h i c h 
f i r s t f a i l u r e o c c u r r e d and square 
y a r d s o f t o t a l f a i l e d a r e a s o f 
so i l -cement base. A d d i t i o n a l da ta , 
not p r a c t i c a l t o t a b u l a t e f o r com
p a r i s o n and s t u d y i n t h i s r e p o r t , 
gave the age o f the base a t t ime 
f i r s t s u r f a c i n g was p laced and the 
type o f S u r f a c i n g . Many r e p o r t e d 
the t y p e and t i m e o f s u b s e q u e n t 
s u r f a c e courses and present s e r v i c e 
a b i l i t y or c o n d i t i o n . A very com
p l e t e h i s t o r y o f these p r o j e c t s 
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f r o m t h e i r c o n s t r u c t i o n up t o the 
present , is p rovided by t h i s survey. 

T a b l e 2 i n c l u d e s the d a t a on 
s o i l - c e m e n t base f o r a l l p r o j e c t s 
r epor t ed by the severa l s t a t e s . I t 
was i m p r a c t i c a l t o t a b u l a t e t he 
many v a r i a b l e s i n b i t uminous s u r 
f a c i n g . 

Summarizing the data on s o i l ce
ment base, the w i d t h va r i ed from 10 
t o 35 f e e t , and depth o f t r ea tment 
f rom 5 t o 10.25 inches . F o r t y - e i g h t 
o f the 59 p r o j e c t s r e p o r t e d were 
s i x i n c h e s t h i c k . 

The cement c o n t e n t used v a r i e d 
f rom 6 t o 14 percent by volume w i t h 
t h e m a j o r i t y o f t h e work b e i n g 
b u i l t w i t h 10 p e r c e n t by vo lume . 
The s o i l s p r o c e s s e d had l i q u i d 
l i m i t s v a r y i n g f r o m 2 t o 72 and 
p l a s t i c i t y i n d e x e s v a r y i n g f r o m 
n o n - p l a s t i c t o 35. A cons ide rab l e 
number had p l a s t i c i t y indexes o f 
the o r d e r o f 10 or more. 

The age o f the p r o j e c t s a t the 
time they were surveyed va r i ed f rom 
2 years t o 10 y e a r s , w i t h the ma
j o r i t y b e i n g 5 years o l d or more. 

Data was submit ted on a t o t a l o f 
59 p r o j e c t s r e p r e s e n t i n g 273 mi l e s 
o f r o a d . On 32 o f the p r o j e c t s 
there were no f a i l u r e s o f any nature 
r e p o r t e d f o r the so i l - cemen t base. 
On 27 o f the p r o j e c t s some s o i l -
ceirent base f a i l u r e was r e p o r t e d , 
b u t on 18 o f t he se p r o j e c t s t he 
f a i l u r e s were o f a very minor e x t e n t , 
on th ree p r o j e c t s the breakage was 
l e s s t han 5 p e r c e n t and was n o t 
s i g n i f i c a n t . T h i s leaves on ly s i x 
jobs on which the ex ten t o f breakage 
was s u f f i c i e n t t o warrant a n a l y s i s . 

The K e r n C o u n t y , C a l i f o r n i a 
p r o j e c t on Route 139 had 2500 square 
yards or 20 pe rcen t f a i l u r e , w i t h 
the r e p o r t t h a t cons iderable o f the 
su r face was d r y , dus ty and not k n i t 
t o g e t h e r , i n d i c a t i n g i n a d e q u a t e 
c o n s t r u c t i o n c o n t r o l . 

The Cheboygan County , M i c h i g a n 
j o b on M-16 had 59 percent repor ted 
as r e p l a c e d and t h i s i n c l u d e d an 
u n s p e c i f i e d amount removed d u r i n g 

subsequent changes i n grade on the 
p r o j e c t . P ro f e s so r Housel advised 
i n c o m m i t t e e m e e t i n g t h a t more 
d e t a i l s on the reasons f o r r ep lace 
ment would be obta ined and supp l i ed 
to the committee. 

F i f t e e n p e r c e n t b reakage was 
r e p o r t e d on t h e N u c k o l l s C o u n t y , 
Nebraska p r o j e c t . Breakage was 
r e p o r t e d due t o i n s u f f i c i e n t base 
t h i c k n e s s (5 i nches ) f o r the type 
o f subgrade and t r a f f i c , low cement 
content f o r type o f s o i l processed, 
t o g e t h e r w i t h poor c o n s t r u c t i o n 
p r a c t i c e s . 

Ten p e r c e n t b reakage was r e 
p o r t e d on t h e T h a y e r - F i l l m o r e , 
Nebraska p r o j e c t . Breakage was re
p o r t e d as p r o b a b l y due t o i n s u f 
f i c i e n t base t h i c k n e s s (5 inches ) 
f o r the v e r y poor subgrade s o i l s 
t h a t ex i s t ed on the p r o j e c t . 

On the Lewis C o u n t y , New York 
p r o j e c t , 10 p e r c e n t breakage was 
r e p o r t e d on t h i s s i n g l e lane con
s t r u c t i o n , but da t a was n o t sub
m i t t e d t o i n d i c a t e the n a t u r e o f 
breakage. 

On the E r i e County, Pennsylvania, 
Route 25018. p r o j e c t , 33 percent o f 
the area was broken as a r e s u l t o f 
f r o s t heave induced by a h igh water 
t ab l e i n a s i l t loam subgrade. 

The fo r ego ing record o f breakage 
on a few j o b s i n d i c a t e s t h a t major 
f a c t o r s i n v o l v e d i n c l u d e d f a u l t y 
subgrade and improper c o n s t r u c t i o n . 
The o v e r a l l r e c o r d i s e x c e l l e n t , 
p a r t i c u l a r l y when i t i s compared 
w i t h common e x p e r i e n c e s w i t h low 
cost c o n s t r u c t i o n . 

An i n t t f ' r e s t i n g f a c t i s s u p p l i e d 
by the da ta on the age a t t ime o f 
f i r s t f a i l u r e . I t w i l l be no ted 
t h a t w i t h f i v e excep t i ons the r e 
por ted breakage occurred d u r i n g the 
f i r s t two years o f s e r v i c e , which 
i n d i c a t e s f u r t h e r t h a t the f a i l u r e s 
were due to subgrade c o n d i t i o n s or 
f a u l t y c o n s t r u c t i o n . D e f i n i t e data 
were submit ted showing t h a t breakage 
a t l a t e r ages was due to u n u s u a l l y 
heavy t r u c k i n g a t t ime o f breakage 
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and i n two cases to poor d ra inage 
and bad subgrade c o n d i t i o n s . I n 
the f i f t h case r e l a t i v e t o breakage 
a t l a t e r ages no date was g i v e n , 
b u t the breakage amounted t o o n l y 
one square ya rd and i s o f no s i g 
n i f i c a n c e . 

The t r a f f i c r e p o r t e d on t h e 
p r o j e c t s i n t h i s c o n d i t i o n survey 
v a r i e d f r o m a minimum o f 7 t r u c k s 
per day to a maximum o f 265 t r u c k s 
per day, w i t h t o t a l t r a f f i c v a r y i n g 
f r o m a minimum o f 43 v e h i c l e s to a 
maximum o f 2250 v e h i c l e s . 

There i s no ev iden t c o r r e l a t i o n 
between the type o f s o i l processed, 
t r u c k t r a f f i c and breakage. I t i s , 
t h e r e f o r e , i n d i c a t e d t h a t the 6-
i n c h d'bpth was adequate f o r t he 
' v a r i a b l e s e n c o u n t e r e d on t h e 
p r o j e c t s r e p o r t e d t o da t e w h i c h 
cove r s many t y p i c a l c o n d i t i o n s i n 
the severa l s t a t e s . 

A l l t he d a t a i n c l u d e d i n t h e 
t a b l e s on so i l - cemen t base main te 
nance c o s t and s o i l - c e m e n t base 
c o n d i t i o n i n d i c a t e t h a t these many 
r o a d s are s e r v i n g t h e i r pu rpose 
q u i t e adequa te ly and e c o n o m i c a l l y 
f o r t h e v a r i a b l e c o n d i t i o n s o f 
c l i m a t e , subgrade and t r a f f i c en
c o u n t e r e d . A r e p o r t on t o t a l 
mileage o f so i l - cemen t roads b u i l t 
t o d a t e was r e q u e s t e d f r o m t h e 
P o r t l a n d Cement A s s o c i a t i o n , which 
shows more than 1500 mi les of s o i l -
cement roads have been b u i l t i n 39 
s t a t e s . 

The v e r y v a l u a b l e d e t a i l e d i n 
f o r m a t i o n s u p p l i e d by the s e v e r a l 
s t a t e s and the i n d i v i d u a l s who i n 
spec ted the p r o j e c t s and p repared 

the r e p o r t s , i s very much a p p r e c i 
a t e d by t h i s c o m m i t t e e and p a r 
t i c u l a r l y f r o m the f a c t we are 
f u l l y aware o f the personnel s h o r t 
ages w i t h which they were c o n f r o n t e d . 

The v a l u e o f these h i s t o r i c a l 
da ta on s o i l - c e m e n t roads w i l l be 
g r e a t l y i n c r e a s e d i f c o n t i n u e d 
s tud ies can be evaluated a f t e r f i v e 
years or more of a d d i t i o n a l s e rv i ce . 
I t i s , t h e r e f o r e , the des i re o f the 
committee tha t each s ta te f o l l o w up 
the se rv ice behavior o f a l l e a r l i e r 
p r o j e c t s , both f o r t h e i r own i n f o r 
mat ion and t o make the data a v a i l 
ab l e f o r c o m p a r a t i v e s t u d i e s and 
r e p o r t i n g i n subsequent years . 

The committee discussed the use 
o f s o i l - c e m e n t and s o i l - c e m e n t 
m i x t u r e s f o r bases f o r c o n c r e t e 
pavements t o p r e v e n t pumping and 
d i s t o r t i o n on heavy t ex tu r ed s o i l s , 
f o r use as back f i l l a t b r i d g e 
a b u t m e n t s and t o r e d u c e vo lume 
changes and d i sp l acemen t problems 
.in e a r t h f i l l s . The p r o d u c t i o n o f , 
c e m e n t - m o d i f i e d s o i l b i n d e r s i n 
g r a n u l a r base m a t e r i a l s was d i s 
cussed. The i r poss ib le economy was 
exp lo red f o r areas where use would 
r e s u l t i n lower c o n s t r u c t i o n cos ts 
than would r e s u l t f r o m the use o f 
s o i l - c e m e n t bases i n v o l v i n g f i n e 
g r a m s o i l s , p r e d o m i n a n t e l y c l a y s 
and h i g h cement c o n t e n t s o f the 
o r d e r o f 16 p e r c e n t by volume or 
more. 

I t was the sense o f the Committee 
t h a t these severa l - uses o f s o i l -
cement and s o i l - c e m e n t m i x t u r e s 
war ran t f u r t h e r s tudy and i n v e s t i 
g a t i o n . 
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REPORT OF COMMITTEE ON 

SOIL CALCIUM CHLORIDE ROADS 

H. F. CLEMMER, Chairman. HENRY AARON, SHREVE CLARK, L . D. HICKS. 
W. J . HUTCMIN, F. V. REAGEL, G. R. RICHARDSON, H. R. SMITH, 

J . F. raiBBLE, E. A. WILLIS 

The Commit tee on S o i l C a l c i u m 
C h l o r i d e Roads has d i v i d e d i t s p r o 
gram o f s t u d y i n t o t h r e e phases . 

1 . The r e v i e w o f a l l a v a i l a b l e 
data and the p r e p a r a t i o n o f a b i b l i 
ography. 

2 . L a b o r a t o r y s t u d i e s t h r o u g h 
research and t e s t s t o e v a l u a t e the 
use o f c a l c i u m c h l o r i d e w i t h v a r i 
ous t ypes o f s o i l s and t o d e t e r 
mine phenomena which w i l l a s s i s t i n 
p l a n n i n g f i e l d p r o j e c t s t o d e t e r 
mine the q u a n t i t a t i v e value of c a l 
cium c h l o r i d e f o r s t a b i l i z a t i o n . 

3 . The s t u d y o f e x p e r i m e n t a l 
f i e l d p r o j e c t s t o more d e f i n i t e l y 
eva lua t e the r e s u l t s o f l a b o r a t o r y 
s t u d i e s under a c t u a l f i e l d c o n d i 
t i o n s . 

The f i r s t phase o f the work has 
been completed and a b u l l e t i n p r e 
s e n t i n g a complete b i b l i o g r a p h y o f 
a v a i l a b l e i n f o r m a t i o n , compi led by 
Dr . Cuthber t then o f P r ince ton U n i 
v e r s i t y , and publ i shed by the H i g h -
waiL. Research Board i n 1945 as Re
search Report 2 - F . The b i b l i o g r a p h y 
has been a most impor tan t f a c t o r i n 
the f u r t h e r work of the commit tee. 

A s t udy o f the v a r i o u s r e p o r t s 
and papers as c a l l e d t o the a t t e n 
t i o n o f the Committee by t h i s b i b 
l i o g r a p h y and p a r t i c u l a r l y those 
papers presented i n the proceedings 
of the Highway Research Board d u r 
i n g the pas t few years d e f i n i t e l y 
showed the q u a l i t a t i v e v a l u e o f 
c a l c i u m c h l o r i d e f o r s t a b i l i z a t i o n 
o f s o i l s f o r roads and bases . It 
i s , however, o f impor tance t o d e 
t e rmine the q u a n t i t a t i v e v a l u e o f 
ca lc ium c h l o r i d e i n s o i l s . Labora
t o r y experiments have been conduct
ed t o e s t a b l i s h the d i r e c t i o n o f 

t he f i e l d r e s e a r c h and e l i m i n a t e 
u n p r o f i t a b l e phases o f the research. 
The most comprehensive l a b o r a t o r y 
r e s e a r c h conducted by the Commit
tee was a p r o j e c t conducted i n the 
s o i l s l a b o r a t o r y o f t h e c i v i l 
e n g i n e e r i n g department o f the U n i 
v e r s i t y o f Maryland under the d i 
r e c t i o n o f P r o f e s s o r Morgan John 
s o n . P r o f e s s o r Johnson presen ted 
a r e p o r t b e f o r e the Research Board 
l a s t year . Some f u r t h e r s tudy has 
been c a r r i e d on by P ro fes so r John
son w h i c h w i l l be i n c l u d e d i n the 
r e p o r t o f the committee but i s not • 
t o be presented on t h i s program. 

A l a b o r a t o r y p r o j e c t was a l s o 
c a r r i e d on a t Purdue U n i v e r s i t y 
under the d i r e c t i o n o f P r o f e s s o r 
Woods and r e p o r t e d i n the Proceed
ings o f the Board, V o l . 26. by Mr. 
Yoder. Th i s s t udy was most e x t e n 
s i v e and presented r e s u l t s of wide 
i n t e r e s t . A f u r t h e r p r o g r a m o f 
s tudy as t o the " E f f e c t o f Ca lc ium 
C h l o r i d e on the Compactive E f f o r t 
and Water R e t e n t i o n C h a r a c t e r i s t i c s 
o f S o i l s " and a r e p o r t was p r e 
s en t ed by P r o f e s s o r Yoder a t the 
2 7 t h A n n u a l M e e t i n g o f the Board 
and i s i n c l u d e d i n V o l . 27 of the 
Proceedings. 

W i t h t h i s l a b o r a t o r y exper ience 
as a background the Committee be
l i e v e d t h e r e was ample j u s t i f i c a 
t i o n f o r the c o n s t r u c t i o n of f i e l d 
p r o j e c t s t h i s yea r and two such 
p r o j e c t s have been p romoted - -one 
i n V i r g i n i a w i t h t he c o o p e r a t i o n 
o f two members o f the C o m m i t t e e , 
Mr. Shreve C l a r k and Mr. Shelbourne 
and one i n Alabama w i t h the c o 
o p e r a t i o n o f M r . T r i b b l e , C o n 
s t r u c t i o n E n g i n e e r f o r the S t a t e 
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Highway Depar tment . These are co 
o p e r a t i v e p r o j e c t s b e t w e e n t h e 
Highway Research Board and the r e 
spec t ive highway departments . 

Mr. A . U . Theuer , f o r m e r l y w i t h 
the N a t i o n a l Bureau o f S t anda rds 
and now Research Engineer f o r the 
Highway Research Board d i s c u s s e s 
the programs f o r these f i e l d s tud ies 
i n h i s paper which i s i n c l u d e d i n 
t h i s B u l l e t i n . 

The Committee has h e l d one gen
e r a l meeting t h i s year and s e v e r a l 
o f the members have been ab le t o 
v i s i t the f i e l d p r o j e c t s i n V i r g i n i a 
and Alabama and p rov ide ass i s tance 

i n the work. 
The Committee be l i eve s i t would 

be e x t r e m e l y d e s i r a b l e i f a s e r i e s 
o f such expe r imen t s c o u l d be c o n 
duc ted on a l a r g e sca le among the 
s t a t e s making use o f g r anu l a r s t a 
b i l i z a t i o n . Such t e s t s s h o u l d be 
c o r r e l a t e d and should cover as wide 
a range of s o i l types as p o s s i b l e . 
A c c o r d i n g l y , the Committee i s p l a n 
n i n g f o r o ther f i e l d p r o j e c t s f o r 
the coming season. I t i s b e l i e v e d 
the r e s u l t s of these s t u d i e s w i l l 
p rov ide data upon which a more r a 
t i o n a l approach t o the d e s i g n o f 
s t a b i l i z e d roads may be made. 

F I E L D STUDIES TO DETERMINE 
THE VALUE OF CALCIUM CHLORIDE 

FOR COMPACTION OF SOILS 
A. U. THEUER, Research Engineer 

Highway Research Board 

The f a v o r a b l e r e s u l t s a t t a i n e d 
i n the l a b o r a t o r y w i t h the use o f 
ca l c ium c h l o r i d e as an i n t e g r a l ad
mixture i n sand-c lay base ma te r i a l s , 
has l e d the S o i l C a l c i u m C h l o r i d e 
Roads S t a b i l i z a t i o n Commit tee , t o 
e x t e n d the scope o f i t s work t o 
f u l l s c a l e f i e l d i n v e s t i g a t i o n s . 

D u r i n g the past summer the Com
m i t t e e i n i t i a t e d two c o o p e r a t i v e 
p r o j e c t s and f o r m u l a t e d plans f o r 
s eve ra l more next year . Due t o de
l a y s i n g e t t i n g t h e a c t u a l w o r k 
underway, however, c o n s t r u c t i o n on 
o n l y one of two p r o j e c t s has been 
completed. This i s loca ted i n near
by V i r g i n i a . The second p r o j e c t , 
loca ted i n Alabama was s t a r t e d l a s t 
month and i s now i n p rogress . 

As s t a t e d by the Committee, the 
purpose of these f i e l d i n v e s t i g a 
t i o n s i s t o s t u d y c o n s t r u c t i o n 
methods, d u r a b i l i t y , and p e r f o r m 
a n c e , as w e l l as t h o s e p r i m a r y 
f a c t o r s , d e n s i t y , m o i s t u r e , com-
p a c t i v e e f f o r t and s t r e n g t h . Each 
p r o j e c t f o l l o w i n g c o n s t r u c t i o n i s 
t o remain under o b s e r v a t i o n f o r a 
minimum p e r i o d o f one y e a r . Time 

w i l l a l s o be spent i n a comparative 
s t u d y of methods f o r d e t e r m i n i n g 
s t r e n g t h r e l a t i o n s h i p s . 

I w i l l g ive a very b r i e f rev iew 
of the V i r g i n i a p r o j e c t , and a few 
data j u s t by way o f i n d i c a t i n g what 
i s being under taken. 

S e v e r a l p o s s i b l e l o c a t i o n s f o r 
s t a r t i n g the f i r s t i n v e s t i g a t i o n 
were made a v a i l a b l e by the V i r g i n i a 
Department of Highways l a s t August . 
From t h e s e , a 3 ^ - m i l e r e c o n s t r u c 
t i o n p r o j e c t loca ted i n the Coas ta l 
r e g i o n was s e l e c t e d . The r e c o n 
s t r u c t i o n c a l l e d f o r a 10- inch s t a 
b i l i z e d s a n d - c l a y base and a two 
coat a spha l t w e a r i n g su r f ace . Ma
t e r i a l f o r the base was s e c u r e d 
f r o m a nearby p i t and was placed i n 
two 5 - inch courses . 

For purpose o f the exper iment , a 
3 0 0 0 - f o o t s e c t i o n , s u b d i v i d e d i n t o 
1000- foo t lengths was s e l e c t e d . For 
the f i r s t s e c t i o n a 2K-pound per 
s q . y d . t r e a t m e n t was u sed . The 
second or c o n t r o l s e c t i o n was un 
t r e a t e d . The t h i r d s e c t i o n was 
g i v e n a 5 l b . per s q . y d . t r e a t 
ment. ' 
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The base m a t e r i a l as r e c e i v e d 
f r o m the p i t was a q u i t e u n i f o r m 
s a n d - c l a y c o m i n g u n d e r t h e PRA 
c l a s s i f i c a t i o n as an A . 2 m a t e r i a l . 
I t had a l i q u i d l i m i t of 21 .8 , a P I 
o f 4 . 7 , and a Standard Proc tor Den
s i t y o f 128 l b . per s q . f t . a t an 
optimum moisture of 9 .2 p e r c e n t . 

The e x p e r i m e n t a l s e c t i o n s were 
f i r s t b r o u g h t up t o a p p r o x i m a t e 
grade and p r o f i l e . The des igna ted 
amount of c a l c ium c h l o r i d e was then 
s p r e a d u n i f o r m l y o v e r t h e t w o 
t r e a t e d s e c t i o n s . I t was thorough
l y mixed w i t h the t o p 5 i n c h e s , 
c o m p a c t e d d e p t h , by means o f a 
s c a r i f i e r and a Seaman P u l v i - M i x e r . 
Water t o b r i n g the m a t e r i a l up t o 
n e a r o p t i m u m was added i n t h e 
course of the m i x i n g o p e r a t i o n . The 
u n t r e a t e d s e c t i o n was c o n s t r u c t e d 
i n i d e n t i c a l l y the same way as the 
o the r two, except t h a t no c h l o r i d e 
was added i n the m i x i n g o p e r a t i o n . 

Compaction f o l l o w e d m i x i n g . Im
media te ly a f t e r compaction the road 
was thrown open t o t r a f f i c . E i g h 
t e e n days a f t e r c o n s t r u c t i o n the 
aspha l t wear ing su r face was p laced . 
Maintenance d u r i n g t h i s i n t e r v e n i n g 
per iod cons i s ted o f a l i g h t b l a d i n g 
and the a d d i t i o n o f wt i te r t o the 
unt rea ted s e c t i o n f o r l a y i n g d u s t . 

I t was intended t o make a se r i es 
o f d e n s i t y measurements a t i n t e r 
v a l s d u r i n g the process o f compac
t i o n . Wi th the equipment ava i l ab l e , 
t h i s d i d not prove p r a c t i c a l . (How
ever , measurements, t o e s t a b l i s h a 
r e l a t i o n between compact ive e f f o r t 
and d e n s i t y , are be ing made on the 
Alabama p r o j e c t now i n p r o g r e s s . ) 
Compaction was accomplished by means 
o f a se l f -powered sheepsfoot r o l l e r 
and a r u b b e r - t i r e d power t r a c t o r . 
When the f i r s t d e n s i t y measurements 
were made t h e y were f o u n d t o be 
a p p r o x i m a t e l y 100 percen t s t andard 
P r o c t o r d e n s i t y . No a d d i t i o n a l 
compaction was a t t e m p t e d . Jus t as 
an i n d i c a t i o n of r e l a t i v e d e n s i t i e s 
o f three sec t ions immediately a f t e r 
c o m p a c t i o n , the f o l l o w i n g v a l u e s 
may be g i v e n : 

For the 2H-lb. treatoent 130 l b . per cu. f e . 
For the S-lb. treatment 125K l b . per cu. f t . 
For the untreated section 128 l b . per cu. f t . 

same as standard 
Proctor density. 

D e n s i t y measurements were made 
a t 1 , 5, 7 and 15 days , f o l l o w i n g 
c o n s t r u c t i o n and a r e now b e i n g 
made every 30 days. 

Other measurements made be fo re 
s u r f a c e t r e a t m e n t , i n c l u d e d pH-
values of the base m a t e r i a l s , c a l 
c ium c h l o r i d e con ten t s of roadway 
s a m p l e s , s u r f a c e roughness and 
s t r e n g t h measurements. 

For d e t e r m i n i n g s t r e n g t h s , the 
Burggraf Shear Apparatus was adoptr 
e d . T h i s appara tus i s d e s c r i b e d 
i n d e t a i l i n the 1938 Proceedings 
o f the Highway Research Board. The 
apparatus cons i s t s o f a c a l i b r a t e d 
j a c k and p l u n g e r w i t h a t t a c h e d 
p r e s s u r e g a u g e . A s t r e n g t h 
measurement i s made by p l a c i n g the 
j a c k i n a c a r e f u l l y prepared hole 
dug i n the roadway, and a p p l y i n g a 
h o r i z o n t a l t h r u s t th rough a para
b o l i c p l a t e bear ing aga ins t a v e r 
t i c a l s u r f a c e . Measurements w i t h 
t h i s appara tus are b e i n g made a t 
d i f f e r e n t depths down t o and i n 
c l u d i n g the subgrade. 

A g a i n , merely as an i n d i c a t i o n 
o f r e l a t i v e shear s t r e n g t h s ob
t a i n e d t o d a t e t h e f o l l o w i n g 
values were found: 

at 4-dava af ter compaction: 
for 2K-lb. treatment 31.5 ps i .a t 4.7X moisture 
for S-lb. treatment 17.7 ps i .a t 5.3% * 
for untreated 18.1 pa i .a t 4.6% " 
at ll-davs a f te r compaction these valuea were: 
for 2M-lb. treatment 31.6 p s i . a t 4.8% moisture 
for S-lb. treatment 15.8 ps i . at 6.7X " 
for untreated 11.6 ps i . a t 6.4% " 

These v a l u e s are a l l f o r the 
top S-inch l a y e r . 

Since the t e s t s and t e s t da ta 
are s t i l l i n c o m p l e t e , n o t h i n g i n 
the way of conclus ions can be p r e 
sented a t t h i s t i m e . 
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SYNOPSIS 

Cont ro l o f i n t e r n a l s o i l s t a b i l i t y i s c h i e f l y a matter o f moisture 
c o n t r o l . Where the desired drainage i s to be i n s t a l l e d at a considerable 
depth beloir the top of an embankment or where disturbance of a developed 
su r face is not d e s i r a b l e , the economy o f i n t r o d u c i n g d r a i n pipes by 
s t a t i c or dynamic j a c k i n g should be considered. Jacking of pipes under 
r a i l r o a d t r acks and under heavy t r a f f i c highway pavements has become 
standard p r a c t i c e . The procedures have developed as an a r t w i t h l i t t l e 
or no attempt to compute expected loads or required i n s t a l l a t i o n f o r c e s . 
This repor t summarixes the p r a c t i c a l development of i n s t a l l a t i o n methods 
and evaluates empi r i ca l and t h e o r e t i c a l resistances which may be used as 
a guide to the design of jaeked-in-place drainage and other p ipe . 

Pipes may be i n s t a l l e d c l o s e d 
end when s u f f i c i e n t l y la rge j a c k i n g 
pressures can be p rov ided and when 
t h e s o i l d i s p l a c e m e n t 'wi11 n o t 
cause undes i rab le heave a t the s u r 
f a c e o f t he f i l l s . S m a l l s i z e 
p i p e s , p r o b a b l y n o t e x c e e d i n g 4_ 
inchesi i n d iameter can be i n s e r t e d 
by the v i b r a t o r y impulses f r o m an 
a i r d r i v e n jack-hammer. To i n t r o 
duce l a rge r pipe into the s o i l w i t h 
out removal o f the d i s p l a c e d s o i l 
r e q u i r e s too h i g h s t a t i c pressures 
and has no advantages. Up t o about 

J^f i Aiam^tat-B open end p ipes 
must be c leaned o f d i s p l a c e d s o i l 
by e i t h e r w a t e r j e t , p r e f e r a b l y 
combined w i t h compressed a i r , or by 
a u g e r s , a l t h o u g h 24 i n c h p ipe has 
been i n s t a l l e d w i t h hand e x c a v a t i o n . 
L a r g e r p ipes can be e x c a v a t e d by 
hand , w i t h c a b l e d r a g scoops or 
s m a l l whee lba r rows t o remove the 
s p o i l . S t a t i c pressures are a p p l i e d 
w i t h j a c k s , bo th screw and pneumatic 
types are used, m o d i f i e d t o provide 
long movement i n each throw to r e 
duce the t ime loss i n r e - b l o c k i n g . 
The f o r w a r d end o f t h e p i p e i s 
u s u a l l y r e i n f o r c e d by a c u t t i n g 
edge , and i n s o f t g round i s p r o 
t e c t e d by a meta l s h i e l d overhang

i n g the p ipe e n d . Proper back 
pressure r e s i s t a n c e must be p r o 
v i d e d t o t ake the maximum j a c k 
p ressu re , i n the f o r m of anchored 
or braced shee t ing i n the approach 
p i t , or by deeply i n s e r t e d p i l e s . 

SMALL PIPE INSTALLATIONS 

Boring. The s i m p l e s t method f o r 
s m a l l pipes i s t o p rov ide a h o r i 
z o n t a l l y bored hole by a i r d r i v e n 
e a r t h b o r e r . The Hydrauger Corp . 
o f San F r a n c i s c o l i s t s t h r e e 
models o f b o r i n g machines w h i c h 
are r e p o r t e d t o be c o n s i s t e n t l y 
s t r a i g h t b o r i n g f o r the underground 
d i s t ances up t o 200 f t . , a t r a t e s 
f rom 20 t o 40 f t . per hour . Power 
i s p rov ided by a i r d r i v e n motors , 
u s i n g 90 l b . a i r p r e s s u r e , and 
wa t e r under p r e s su re c l e a r s the 
h o l e . B o r i n g bar s e c t i o n s are 2 
f t . i n l e n g t h , b o r i n g t o o l s are 2 
i n . diameter and reamers up t o 14K 
i n . diameter are a v a i l a b l e . Except 
i n l i q u i d s o i l s t h e r e i s l i t t l e 
d i f f i c u l t y i n p repa r ing a hole f o r 
the i n s e r t i o n of a p i p e . For such 
smal l d iameters , the hole w i l l not 
c l o s e up and t h e r e i s no danger 
of excessive pressures on the p i p e . 
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so that minimum standard w a l l t h i c k 
ness, cons i s t en t w i t h expected loss 
f r o m c o r r o s i o n , chemica l and e l e c 
t r o l y t i c , can be used ( F i g . 1 ) . 

Figure 1 . No T r a f f i c I n t e r r u p t i o n 

V i b r a t i n g Hammer. Closed end p ipe , 
up t o 2 - i n . d i a m e t e r , can be i n 
s e r t e d i n n a t u r a l or f i l l ground 
n o t c o n t a i n i n g b o u l d e r s or r o c k 
f i l l w i t h a s t a n d a r d a i r d r i v e n 
pavement b r eake r , u s i n g a s p e c i a l 
d r i v i n g t o o l . The l eng th which can 
be i n s e r t e d i s independent of the 
d e p t h o f c o v e r s i n c e the r a d i a l 
p r e s s u r e on the p i p e i s s m a l l . 
C a r e f u l a l i g n m e n t of hammer and 
p ipe i s necessary t o p r e v e n t the 
p i p e p o i n t t r a v e l l i n g o f f l i n e , 
e s p e c i a l l y when the amount of cover 
i s s m a l l . The A t l a n t i c S t e e l Co. 
o f New York m a n u f a c t u r e s d r i v i n g 
po in t s and heads t o f i t f rom one t o 

two i n c h p ipe s i z e s , and d r i v i n g 
shanks of 1-1/8 and 1-1/4 hexagon 
s i z e s t o f i t s t a n d a r d pavement 
breakers . The po in ts are t runca ted 
cones with a base p r o j e c t i n g s l i g h t 
l y beyond the p i p e . A u n i v e r s a l 
j o i n t i s provided between the shank 
and the d r i v i n g head t o widen the 
d - r i v i n g range i n t i g h t w o r k i n g 
spaces . D r i v i n g speed o f 25 f t . 

pe r hour i n o r d i n a r y s o i l s i s 
c l a i m e d by m a n u f a c t u r e r s . 

Jacfe ing . Four 6 - i n . p ipes were 
j a c k e d th rough a r a i l r o a d f i l l a t 
a d e p t h o f 19 f t . i n 1928 , near 
Birmingham, A l a . Pipe was s tandard 
weigh t wrought i r o n , equipped w i t h 
a fo rged s t e e l p o i n t , 2 f e e t l o n g , 
welded t o a l e n g t h of e x t r a heavy 
p i p e . Each pipe was pushed under 
10 r a i l r o a d t r a c k s , f o r a d i s t ance 
of 200 f t . i n 15 hours t i m e . The 
j a c k was a h y d r a u l i c c y l i n d e r w i t h 
6 i n . p i s t o n and 5 f t . 3 i n . 
s t r o k e , e q u i p p e d w i t h a m o t o r 
d r i v e n h y d r a u l i c pump. Maximum 
pump p r e s s u r e was 4500 l b s . per 
s q . i n . but the usua l pressure was 
2000 l b s . To m a i n t a i n p r o p e r 
a l i g n m e n t , a b o u t 15 f t . o f p i p e 
was h e l d i n the open a p p r o a c h 
t r e n c h b e t w e e n s t e e l c h a n n e l 
gu ides . ( i ) ^ 

I n San D i e g o , Ca 1 i f o r n i a , 100 
f t . o f gas main was l a i d i n 1947 
a c r o s s a busy i n t e r s e c t i o n by 
d r i l l i n g t h r o u g h the s e c t i o n s o f 
p ipe w i t h an auger d r i l l , t a k i n g 
out 3 f t . b i t e s of e a r t h and j a c k 
i n g the pipe i n t o the hole ( 2 ) -

Fusion Piercing. I n e x t r e m e l y 
hard g round , the process o f " F u s 
i o n P i e r c i n g " , p a t e n t e d by the 
Linde A i r Products Co. can be em
p loyed t o pene t r a t e s o l i d s t r a t a . 
The method was deve loped f o r r e 
duc ing the cost and t ime of d r i l l 
i n g b l a s t h o l e s i n i r o n o r e . A 
hole i s made by b u r n i n g a m i x t u r e 
o f oxygen and a f l u x b e a r i n g f u e l 
and d i r e c t i n g the f l a m e a g a i n s t 
the end of the c a v i t y . The f lame 
temperature of 4000 F. causes some 
r o c k s t o s p a l l and f l a k e and 
o t h e r s t o m e l t . P ressu re o f the 
f l a m e gases f o r c e s the f l a k e s or 
m o l t e n m a t e r i a l p a s t a w a t e r 
s p r a y . The sudden heat exchange 
f u r t h e r p u l v e r i z e s the hot rock or 
s o i l and a t the same time changes 
the wa t e r i n t o steam under p r e s -

^Ital ic ized figures in parentheses refer to l i s t of references at the end of the paper. 
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su re w i t h i n the r e s t r i c t e d Tolane 
o f the excavated h o l e . Such steam 
under pressure a u t o m a t i c a l l y cleans 
the h o l e o f r o c k and s o i l c h i p s . 
S ix i n c h diameter holes 30 f t . deep 
were f u s i o n p i e r ced i n a low grade 
a b r a s i v e i r o n ore a t an ave rage 
r a t e o f 10 f t . pe r h r . I n thiar 
type of m a t e r i a l o r d i n a r y d r i l l i n g 
speeds average 1 f t . per h r . Pipes 
i n s e r t e d i n holes so prepared have 
no e x t e r i o r loads t o c a r r y , s i n c e 
the f u s i o n o f the a n n u l a r volume 
around the hole s o l i d i f i e s the ma
t e r i a l t o f o r m , i n e f f e c t , a s t r u c 
t u r a l t u n n e l w h i c h can t r a n s f e r 
overburden and l a t e r a l loads i n t o 
the u n d i s t u r b e d s o i l " reg ions . 

IFater J e t s Jacked. H o r i z o n t a l l y 
d r i v i n g o f w e l l p i p e s f o r w a t e r 
c o l l e c t i o n , a method deve loped by 
Leo Ranney of O n t a r i o , Canada, can 
be used a l s o as d ra inage pipe i n 
s t a l l a t i o n s . A t Canton , O h i o , 36 
s e p a r a t e 8 - i n . p i p e s were j e t t e d 
o u t w a r d t h r o u g h t h e s i d e s o f a 
s h a f t , 1 2 . 5 f t . i n d i a m e t e r and 
147.5 f t . deep. The maximum l e n g t h 
o f 8 - i n . s c r e e n p ipe was 175 f t . 
Each s l o t t e d screen pipe was f i t t e d 
w i t h a h o l l o w c a s t s t e e l c o n i c a l 
d i g g i n g p o i n t h a v i n g s l o t s i n the 
w a l l and connected t o an i n t e r i o r 
2 - i n , bleeder p i p e . As the pipe was 
p r o j e c t e d by h y d r a u l i c j a c k s , the 
d i s p l a c e d f i n e s o i l came t h r o u g h 
the s c r e e n p i p e i n t o the s h a f t ; 
about 3 c u . f t . o f sand was removed 
f o r each f o o t o f p i p e p r o j e c t e d 
f r o m the s h a f t ( 3 ) . 

A s i m i l a r system was used t o de-
water the ground i n the v i c i n i t y of 
the B r o o k l y n end o f the B r o o k l y n -
B a t t e r y v e h i c u l a r t u n n e l i n New 
Y o r k C i t y . From the b o t t o m o f a 
v e r t i c a l s h a f t , 1 1 . 5 f t . i n s i d e 
d i ame te r and 70 f e e t deep, twe lve 
8 i n . screen p i p e s , t o t a l l i n g 1100 
l i n . f t . w e r e p r o j e c t e d by h y d r a u l i c 
j a c k s . The d i g g i n g head was b u l l e t 
shaped w i t h s l o t s , connected t o a 
2 i n . b l e e d e r p ipe t o remove the 
d i sp l aced s o i l , f l o w i n g through the 

s l o t s under h y d r o s t a t i c p r e s s u r e . 
The water t a b l e l e v e l was about SO 
f t . above the p i p e s . To avo id e x 
cess ive s o i l r emova l , f i n e screens 
f i l t e r e d out a l l coarse p a r t i c l e s 
which w^re d i s p l a c e d . The longes t 
p ipe p r o j e c t e d was a lmos t 200 f t . 
f r o m the s h a f t ( 4 ) ' 

Loads and Stresses. Where ho le s 
are prepared f o r the i n s e r t i o n of a 
p ipe or c o n d u i t , whether by auger 
or f u s i o n methods, no loads are i m 
media te ly imposed on the p i p e . With 
t i m e , i t i s poss ib le t o have an i n 
t e r n a l s o i l r e a d j u s t m e n t w h i c h , 
f r o m a v e r t i c a l s l i p or a l a t e r a l 
s q u e e z e , w i l l impose p r e s s u r e 
aga ins t the p i p e . Since the methods 
are on ly a p p l i c a b l e t o s m a l l s i zed 
p i p e s , and the s t r e n g t h under the 
t h r ee edge b e a r i n g method o f ASTM 
C-14j which probably d u p l i c a t e s the 
wors t poss ib le load a p p l i c a t i o n , i s 
1100 l b . per l i n . f t . f o r 4- and 6-
i n . p l a i n concrete p i p e , no s p e c i a l 
i n v e s t i g a t i o n i s n e c e s s a r y f o r 
l o a d i n g s t r e s s e s . The s t r e s ses o f 
pipes i n s t a l l e d by j e t t i n g or j a c k 
i n g are s i m i l a r t o those on l a r g e 
p ipes , d iscussed i n S e c t i o n B6 be
low. 

LARGE PIPE INSTALLATIONS 

The method o f j a c k i n g p i p e s 
under r a i l r o a d f i l l s t o e l i m i n a t e 
the d i s tu rbance t o t r a c k and t r a f 
f i c f r o m open c u t t r e n c h i n g was 
s t a r t e d by the N o r t h e r n P a c i f i c 
R.R. p r i o r t o 1900. A t f i r s t t h i s 
method was l i m i t e d t q c a s t i r o n 
p i p e , and soon became s t a n d a r d 
p r a c t i c e f o r s e v e r a l r a i l r o a d s . 
C o r r u g a t e d i r o n p i p e was f i r s t 
j a c k e d i n 1922; p r e c a s t c o n c r e t e 
p i p e was f i r s t used m j a c k i n g 
o p e r a t i o n s i n 1927. The s m a l l e s t 
p r a c t i c a l s i z e i s 30 i n . and the 
l a r g e s t s i z e r e p o r t e d i s a 9 6 - i n . 
r e i n f o r c e d c o n c r e t e s . e c t i on used 
f o r a p e d e s t r i a n underpass , and a 
9 6 - i n . - 8 ga . c o r r . i r o n c u l v e r t . 
There i s a gap i n s i z e f r o m 6- t o 



24 

3 0 - i n . , because e x c a v a t i o n by 
methods o the r than hand shove l and 
and w h e e l b a r r o w r e q u i r e s p e c i a l 
equipment . There i s no j u s t i f i c a 
t i o n f o r a v o i d i n g the s izes smal l e r 
than 3 0 - i n . because water j e t excava
t i o n w i t h i n a pipe can be performed 
under c o n t r o l w i t h o u t danger o f 
s l i d e s and - s o i l f a i l u r e s a t the 

SOILS 

f r o n t of the p i p e , 

Concrete pipe i n s t a l l a t i o n s are de
sc r ibed a t l ength i n "Concrete Pipe 
L i n e s " 1942, by the American Con
c r e t e Pipe A s s o c i a t i o n of Chicago. 
Some i n s t a l l a t i o n s of concrete pipe 
by j a c k i n g methods w i t h p e r t i n e n t 
da ta are l i s t e d m Table 1 . 

TABLE 1 

CONCRETE PIPE INSTALLATIONS BY JACKING METHOD 

Date 
Pipe Soil Size of Lengths Cutting 

Item Date Sue Cover Jacks Jacked Edge Location 
i n . f t . T. f t . 

1. 1927 60 Rt. - 80 steel Coraopolis, Pa. 
2. 1930 72 12 & FR. 2-350 105 steel Youngwood, Pa. 
3. 1930 48 4 & RR. 2-screw 48 none Rochester, N.Y. 
4. 1930 42 16 & RR. 2-30 s. 76 none Be l l ev i l l e , N.J. 
5. 1931 30 RR. 2-250 h. 100 none (Xiantico, Va. 
6. 1931 36 RR. 2-250 h. 100 none (^antico, Va. 
7. 1931 60 RR. 2-250 h. 100 none Qttantico, Va. 
8- 1931 66 RR. 2-250 h. 100 none ^ a n t i c o , Va. 
9. 1931 60 45 & RR. 2-50 96 none Stockholm, S.D. 

10. 1932 84 3 & m . - 48 Hagerstown, Md. 
11. 1932 36 8 & BR. 2-175 h. 40(atopped) - King Co., Wash. 
12. 1935 60 4 & m . 2-100 s. 52-32 steel Rutland, Vt . 
13. 1935 60 4 & RR. 2-100 s. 46(stopped) steel Rutland, Vt. 
14. 1935 36 Street car 50 h. steel Buffalo, N.Y. 
15. 1935 60 30 rock f i l l 2-100 s. 100 - Winston-Salem, N.C. 
16. 1936 60 slag dump - 96 Rutland, Vt . 
17. 1936 42 FR. - 64 Rutland, V t . 
18. 1936 42 Highway - 72 - Rutland, Vt. 
19. 1936 36 FR. 41&42 Rutland, Vt . 
20. 1936 33 RR. - 88 Rutland, Vt. 
21. 1938 72 18 & RR. - 96 none Huff , N.D. 
22. 1939 42 FB. 2-screw 75 Henrico Co., Va. 
23. 1939 48 8 & RR. 2-75 s. 55 steel Hammond, Ind. 
24. 1939 48 RR. 2-100 a i r 70 steel Hammond, Ind. 
25. 1939 48 RR. 2-100 a i r 85 steel Hammond, Ind. 
26. 1939 '48 RR. 2-100 a i r 60 steel Haimiond, Ind. 
27. 1939 60 RR. 2-100 s. 4 9 100 steel Charlotte, N.C. 
28. 1939 60 RR. 2-100 s. 168 steel Greenville, S.C. 
29. 1940 96 15 & RR. 4-100 h. 69 steel Elmira, N.Y. 
30. 1942 54 14 & RR. 2-100 h. 148 steel Warren, 0. 
31. 1946 48 5 & RR. 265 h. 75 steel Chicago, 111. 
32. 1934 54 2-100 79 steel Elwood, Pb. 

Note: A l l of the above ins ta l la t ions are described i n "Concrete Pipe Lines", 1942, publish* 
ed by American Concrete Pipe Association, Chapter IV, p. 59-84, except items 11, re fer . ( 5 ) : 
30, refer . (6) ; 31, refer . (7) ; and 32, re fer . (18). Ihder the Site of Jacks, s, denotes screw 
and Jij denotes hydraulic jacks. 
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Precast pipe used i n j a c k i n g i n 
s t a l l a t i o n s s h o u l d be r e i n f o r c e d 
c o n c r e t e c u l v e r t p i p e ( A . S . T . M . 
C 7 6 ) , p r e f e r a b l y e x t r a s t r e n g t h . 
The d i f f e r e n c e i n c o s t b e t w e e n 
" e x t r a - s t r e n g t h " and " s t a n d a r d 
s t r e n g t h " i s s m a l l i n s u r a n c e f o r 
the expensive c o r r e c t i o n shou ld a 
p i p e s e c t i o n b r e a k f r o m u n e q u a l 
j a c k i n g s t r a i n s . P i p e l e n g t h s 
should be 4 f t . and where s p e c i a l l y 
m a n u f a c t u r e d f o r the j o b , l o n g e r 
s e c t i o n s w i l l e x p e d i t e t h e work 
e s p e c i a l l y i f the j a c k s have a run 
of more than 4 f t . Since the p r o 
j e c t i o n s of the b e l l s would g r e a t l y 
increase the s o i l r e s i s t a n c e , pipe 
j o i n t s must not be o f g rea te r o u t 
s ide d iamete r than the pipe b e i n g 
j a c k e d , even t h o u g h the c u t t i n g 
edge may p r o j e c t beyond the p ipe 
c i r cumference . 

F igure 3. F u l l Ring S h i e l d 

Figure 2 . Par t S h i e l d 

S t e e l pipe i n s t a l l a t i o n s are a l l o f 
c o r r u g a t e d or f l u t e d p l a t e s h e l l s , 
c o u p l i n g s h o r t l e n g t h s t o g e t h e r . 
S tandard w e i g h t s t e e l p ipe can be 
used i f the sho r t lengths are e i t h e r 
w e l d e d t o g e t h e r , or f o r s m a l l e r 
s i z e s , c o n n e c t e d by means o f i n 
t e r n a l s l e e v e s , such as are used 
f o r s p l i c i n g s t e e l s h e l l p i l e s . 
Some examples o f s t e e l pipe i n s t a l 
l a t i o n s a r e l i s t e d i n T a b l e 2 . 
S t a n d a r d t y p e Armco c o r r u g a t e d 
p i p e s were u s e d , w i t h f l a t s l i p 
p l a t e s sometimes c o v e r i n g the end 

of the l ead ing s e c t i o n . In I t em 7, 
t he s l i p p l a t e s were c o r r u g a t e d 
sheets w i t h r idges running p a r a l l e l 
t o the pipe a x i s , but a f l a t p l a t e 
cou ld have been used w i t h the same 
r e s u l t . In I t em 1 , the s o i l was a 
f i n e d ry sand o v e r l y i n g hard y e l l o w 
c l a y , both m a t e r i a l s encountered i n 
the heading. The*f ine sand ran i n 
t o the c o r r u g a t i o n s and the j o i n t s 
between s e c t i o n s , caus ing the pipe 
t o f r e e z e a t 26 f t . p e n e t r a t i o n . 
Operaidons were con t inued f rom the 
oppos i te end and the 100 Ton j a c k 
i n g p r e s s u r e was s u f f i c i e n t t o 
d r i v e the 54 f t . needed f o r c l o s u r e , 
where s p e c i a l precaut ions were t a k 
en to avo id sand runs i n t o the p i p e . 
Corrugated i r o n pipe i s obta ined i n 
sec t ions f rom 10 t o 20 f t . long and 
p r o v i s i o n must be made i n the ac
cess p i t f o r connect ion of sec t ions 
by r i v e t t i n g or w e l d i n g t o f o r m a 
cont inuous compression u n i t . 

C a s t i r o n p i p e was used i n the 
e a r l i e s t j a c k i n g i n s t a l l a t i o n s , by 
the Nor the rn P a c i f i c R.R. p r i o r t o 
1900, the G r e a t Wes t e rn R .R . i n 
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I TABLE 2 

CORRUGATED IRON PIPE INSTALLATIONS BY JACKING METHOD 1 

Pipe Size of Lengths 
I tern Date Size Cover Jacks JacKed Location Referenc 

i n . f t . T. f t . 

1. 1927 60 . 2-50 26, 54 DOTer, N. H. (16) 
2. 1929 60 7 2-25 track 80 Lorain, 0. (17) 
3. 1930 3-36 5 sere* 14, 15, 20 Crosby, Minn. (8) 

4. 1931 52 9 screw 32 Nashville, Tenn. (15) 
5. 1932 36 8 1-200 h. 118 King Co., Wash. (5) 
6. 1936 42 - - 30-50-(buckled) Vermont (9) 

7. 1937 36 66 2-50 h. 210 Pittsburgh, Pa. (10) 
8. 1927 42 5 2-50 s. 4 8 70 Buffa lo , N. Y. (19)(24) 
9. 1927 12 15 1-35 h. 36 Imperial Co., O l i f . (20) 

10. 1929 48 34 2-50 h. 126 San Diego, C ^ l i f . (21) 
11. 1926 60 30 2-50 8 . 68 Plattsmouth, Nebr. (22) 
12. 1926 42 47 (2-50 s. 80 Varna, N. Y. (23) 

H 
(1-50 s. 25 

13. 1926 42 . . 56 Claremore, Okla. (22) 
U . 1926 36 11 1-25 a. 40 Exeter, N. H. (25) 
15. 1927 36 - 1-50 s. 35 Sheridan Co., Kans. (26) • 

See Table 1 for notation. References to instal lat ions are given under numbers in parentheses. 
Armco Drainage & Metal Products, Inc. report completion of 830 separate pipes t o t a l l i n g about 
56,000 l i n . f t . , in the period 1922-1947, of corrugated metal pipe from 28to96 inches in size. 

1911 and Sou thern P a c i f i c R.R. i n ' 
C a l i f o r n i a i n 1915 . C r e d i t i s 
g iven t o Mr. Augustus G r i f f i n , now 
of C a l g a r y , A l b e r t a , f o r p o p u l a r - fS:'"' 
i z i n g the j a c k i n g method o f p ipe 
i n s t a l l a t i o n below r a i l r o a d t r a c k s . 
Concrete and c o r r u g a t e d s t e e l pipe 
have e n t i r e l y r e p l a c e d the use of 
c a s t i r o n because o f the s m a l l e r 
a p p r o a c h p i t s n e c e s s a r y and the 
e a s i e r m a n i p u l a t i o n of the s h o r t e r 
lengths of pipe . 

E x c a v a t i o n Methods. P ipe s have 
been j a c k e d i n a l l types o f s o i l , 
f rom l i q u i d mud to rock f i l l s . Ex
c a v a t i o n procedures are dependent 
upon the s o i l s encountered. Gener
a l l y d ra inage of ground water can 
be a u t o m a t i c a l l y provided by s t a r t 
i n g the pipe f rom the lower end and 
pumping f r o m a sump i n the access Figure 4. Excavat ion a t Heading 
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p i t . I n v e r y we't a r e a s , w e l l 
p o i n t s a re used f o r l o w e r i n g the 
g round w a t e r and may even be i n 
se r t ed i n the heading f o r s t i f f e n 
i n g up runn ing s o i l . 

Hand excavation methods are l i m i t e d 
to>pipe i n s t a l l a t i o n s o f 30 i n . and 
g rea te r s i z e s . Shor t handled p icks 
and shovels, notmorethan 1 8 - i n . long 
can be used t o l o o s e n h a r d ' s o i l . 
I n t o u g h c l a y s o i l s , p n e u m a t i c 
spades c u t the heading t o proper 
shape. B o u l d e r s can be broken by 
a i r hammers or by a p p l y i n g heat and 
w a t e r . O i l to rches have been used 
f o r t h i s purpose . 

The size of tjte e x c a v a t i o n depends 
upon the s o i l type and the poss ib le 
damage f r o m loss of s o i l . I n hard 
ground , excava t ions can be as t u n 
n e l s 4 f t . o r more ahead o f the 
lead pipe and seve ra l inches l a rge r 
i n d i a m e t e r , so t h a t the j a c k i n g 
p r e s s u r e s r e q u i r e d a r e l o w . To 
prevent the pipe f rom moving out o f 
l i n e o r l e v e l , t h e e x c a v a t i o n 
should be about one i n c h outs ide o f 
the pipe a t the top and s i d e s , but 
the b o t t o m must be c u t n e a t . I n 
s o f t g r o u n d , no c u t t i n g ahead o f 
the lead p ipe i s p o s s i b l e , and i n 
v e r y l a rge pipe j o b s , t imber b u l k 
heads may b^ needed a t the face t o 
brace the heading and prevent cave-
i n s . I n t he 8 f t . i n s t a l l a t i o n 
( I t e m 29, Table 1 ) , a louvre b u l k 
head was p r o v i d e d , p e r m i t t i n g exca
v a t i o n a t f o u r d i f f e r e n t l e v e l s . 

E x c a v a t i o n i n we t and l o o s e 
s o i l s i s d i f f i c u l t and d e - w a t e r i n g 
methods are a d v i s a b l e . Where the 
ground i s s o f t , or where, as under 
r a i l r o a d t r a c k s no loss or l oosen 
i n g o f the s o i l cover can be pe r -
Aii t ted, a c u t t i n g s h i e l d should be 
ex tended f r o m the lead p i p e . The 
u s u a l s h i e l d i s a 3 / 8 - i n . s t e e l 
sheet bent t o the shape of the pipe 
and fas tened by b o l t s or o therwise 
t o the o u t s i d e o f the s h e l l . P ro 
j e c t i o n o f the s h i e l d f r o m 6 t o 18 

inches has been used i n var ious i n 
s t a l l a t i o n s . W i t h a s h i e l d , the 
e x c a v a t i o n must not encroach w i t h 
i n the normal slope o f the exposed 
s o i l , w i t h the c u t t i n g edge of the 
s h i e l d f u l l y b u r i e d . The s h i e l d 
need not extend lower than the mid-
he igh t of the p i p e . 

I n p l a s t i c c l a y s , even though 
t h e r e are no c a v e - i n s , l o s s o f 
g round f r o m the e x p a n s i o n o f the 
exposed head ing may cause s e t t l e 
ment o f t h e s u p p o r t e d t r a c k or 
roadway. I n such s o i l s a c u t t i n g 
edge i s a d v i s a b l e and e x c a v a t i o n 
should not be c a r r i e d to the end of 
t h e l ead p i p e . E x p e r i e n c e i n d i 
cates t h a t 18 inch unexcavated p ro 
t e c t i o n ( f o r a 60 i n . p ipe ) i s s u f 
f i c i e n t t o prevent loss o f ground. 

P i p e l i n e s w i l l n o t m a i n t a i n 
proper a l ignment as e x c a v a t i o n and 
j a c k i n g advance the heading unless 
p roper p r e c a u t i o n s are t a k e n . I n 
g r a n u l a r s o i l s , i f the j o i n t s are 
n o t kep t f r e e o f sand g r a i n s , the 
p ipe w i l l r i s e . I n c l a y s o i l s , a 
s h i e l d w i l l keep the pipe i n l i n e . 
I n the example l i s t e d as I t e m 2 , 
T a b l e 1 , a s t e e l bar 4 f e e t l o n g 
was a t t a c h e d t o the c rown o f the 
l e a d p i p e t o a c t as a g u i d e i n t o 
the s o i l and prevented d e f l e c t i o n 
o f the pipe f r o m the d e s i r e d l i n e . 

The approach p i t excava't ion must 
be l a r g e en>ugh t o enc lose a f u l l 
l e n g t h o f p ipe s e c t i o n , the j a c k s 
and t h e i r back-s tops , together w i t h 
w o r k i n g roo i f o r o p e r a t i o n of the 
j a c k s and f >r c o n n e c t i n g the p ipe 
s e c t i o n s . 1 he subgrade of the p i t 
shou ld p rov ide a guide r a i l s e t - u p 
on which the pipe s e c t i o n w i l l r e s t 
and s l i d e i n the proper d i r e c t i o n 
and d e s i r e d s lope ( F i g . 5 ) . 
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Figure 5. T y p i c a l Access P i t Set-up 

Progress of pipe i n s t a l l a t i o n i s 
dependent upon speed of excava t ion . 
In t h e P i t t s b u r g h j o b ( I t e m 7, 
Table 2) a 3 6 - i n . c o r r u g a t e d i r o n 
pipe p r o g r e s s e d abou t 10 f t . per 
3 s h i f t day average d u r i n g the 200 

f t . o f j a c k i n g . S i m i l a r p rogress 
r a t e i s r e p o r t e d i n the 3 6 - i n . 
c o r r u g a t e d i r o n p ipe l i n e 118 f t . 
long i n s t a l l e d i n King Co. Washing
t o n , i n Vrater-beanng c lay and f i n e 
sand s t r a t a ( I t e m 5, Table 2 ) . I n 
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L o r a i n , Ohio, a 
i n very compact 
1.22 f t . per hour 
I n Hammond, Ind . 
25 and 26, Table 

6 0 - i n . Armco pipe 
c l a y was advanced 
(Item 2, Table 2 ) . 
, work (Items 24, 
1) 4 8 - i n . concrete 

pipe was advanced from 14 to 17 f t . 
per 8 h r . day i n water b e a r i n g 
sandy s o i l , with water table lower
ed by w e l l - p o i n t s , and no excava
t i o n a l l o w e d ahead of the l e a d 
pipe. Dai ly progress in completing 
60 and 7 2 - i n . concrete pipe under 
r a i l r o a d t r a c k s (Items 21, 27 and 
28, .Table 1) var ied from 5 to 7 f t . 
although the e a r l i e r recorded i n 
s t a l l a t i o n s seemed to tend to con
tinuous operation, to avoid " f r e e z 
ing of the pipe", the time i n t e r v a l 
between s i n g l e s h i f t s per day i s 
not s u f f i c i e n t to allow an appreci
able consol idation of the disturbed 
ground at the pipe s u r f a c e , and no 
t r o u b l e has been found from the 
more economical s i n g l e s h i f t per 
day work s c h e d u l e . 

Jacking devices employed are screw 
j a c k s , r a t c h e t j a c k s , a i r p i s t o n 
c y l i n d e r s and h y d r a u l i c j a c k s . 
Only in a w e l l made hydraul ic jack 
can any record be made of actin-g 
p r e s s u r e s . The g r e a t e r ease of 
operat ion and bet ter contro l make 
i t advisable to use hydraulic jacks 
e x c l u s i v e l y . 

The operation i s an intermittent 
pushing of the pipe forward to the 

Figure 7. Access P i t Arrangement 

Note: Fig. 6 from Armco Culvert Mfts. Co. 
Figs. 1-2-3-4-5-7 from Eng. News-Record. 

f u l l s t r o k e of the j a c k p i s t o n , 
r e t r a c t i o n of the p i s t o n and i n 
s e r t i o n of b lock ing , then another 
push forward. The longer the j a c k 
s t roke , the fewer stops in forward 
mot ion. The i d e a l s e t - u p i s to 
have a jack stroke somewhat longer 
than the pipe s e c t i o n s , so that no 
intermediate temporary blocking i s 
required ( F i g s . 6 and 7 ) . 

C o r r e c t i o n of alignment can be 
accomplished by e c c e n t r i c pressure 
a p p l i c a t i o n ' , w i t h s i n g l e j a c k s . 
This is done by o f f se t t ing the con-

Upatrtom SKM Oownsfreom Sde 

iiiili i f i i ^ 
Figure 6. Diagram of Operat ion f o r "Armco" Pipe 
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t a c t between j a c k and j a c k i n g 
f r a m e . W i t h m u l t i p l e j a c k s , the 
e c c e n t r i c i t y can be a p p l i e d by 
v a r y i n g i n d i v i d u a l j a c k p ressures , 
w i t h o u t c h a n g i n g t h e s e t - u p o f 
e q u i p m e n t . A n o t h e r advan tage o f 
m u l t i p l e j a c k s i s the p o s s i b i l i t y 
o f " r o c k i n g " the p i p e t o reduce 
s u r f a c e f r i c t i o n , by w o r k i n g the 
j a c k s s e p a r a t e l y f o r s h o r t pe r iods 
( i i ) . 

The f r a m e d i s t r i b u t i n g j a c k 
p res su re i n t o the p i p e s h o u l d be 
des igned t o t r a n s m i t the maximum 
j a c k f o r c e i n t o the p i p e w i t h o u t 
t o o much d e f l e c t i o n , w h i c h would 
mean a loss i n j a c k ex tens ' ion , and 
w i t h f a i r l y u n i f o r m load a p p l i c a 
t i o n on the f u l l p e r i m e t e r o f the 
p ipe . A wood r i n g frame t o f i t the 
g roove o f the p ipe s e c t i o n , w i t h 
g r i l l a g e beams f o r t a k i n g the j a c k 
c o n c e n t r a t i o n s i s found most s u i t 
a b l e . 

S u f f i c i e n t pass ive s o i l res is-- . 
tance must be developed f o r the r e 
a c t i o n o f t h e j a c k s . T h i s i s 
u s u a l l y a c c o m p l i s h e d by t i g h t 
s h e e t i n g a t the back of the access 
p i t , w i t h v e r t i c a l beam or r a i l 
f ramework, a g a i n s t which the j a c k 
ing support r e s t s . Where no access 
p i t i s r e q u i r e d , a backstop of t i m 
b e r s , o f t e n r a i l r o a d t i e s i s s e t 
i n t o the g r o u n d , w i t h a d i a g o n a l 
support f o r the top r e a c t i n g aga in 
s t imbedded anchorages. The amount 
o f r e s i s t a n c e t o be used should be 
h a l f o f the maximum p a s s i v e s o i l 
r es i s tance on the imbedded sheet ing 
a r e a , t o avo id excess ive d e f l e c 
t i o n s and movements i n t o the s o i l . 
Resistance of va r ious types of s o i l 
and the r e s i s t i n g value of imbedded 
anchors and p i l e s are summarized i n 
Proceedings Highway Research Board, 
1943, p . 403 ( i 2 ) . 

An u n u s u a l t y p e o f r e s i s t a n c e 
was d e v i s e d a t the Q u a n t i c o , Va . 
i n s t a l l a t i o n of f o u r concrete pipes 
runn ing through a r a i l r o a d f i l l l o 

ca t ed i n t i d a l swamp lands ( I t ems 
5, 6, 7 and 8, Table 1 ) . Four 2 -
i n . i r o n p i p e s were f i r s t pushed 
through the f i l l s at each i n s t a l l a 
t i o n , so loca ted t h a t they are o u t 
s ide o f the pipe d i a m e t e r . Cables 
were t h r e a d e d t h r o u g h the p i p e s , 
anchored t o a t i m b e r b u l k h e a d a t 
the f a r end and t i e d t o a t i m b e r 
b a c k s t o p a g a i n s t w h i c h 2-250 Ton 
h y d r a u l i c j a c k s r e a c t e d . 

Loads and Stresses w h i c h must be 
c o n s i d e r e d m a j a c k i n g i n s t a l l a 
t i o n depend on the type of s o i l and 
the method of o p e r a t i o n . The e a r t h 
load c a r r i e d by a p ipe d u r i n g i n 
s t a l l a t i o n i s p r o b a b l y l e s s than 
the load a f t e r the d i s t u r b e d s o i l 
vo lume has c o n s o l i d a t e d . The 
amount of j a c k i n g pressure r equ i r ed 
t o overcome f r i c t i o n a l r e s i s t a n c e 
i s a l s o dependent upon the type of 
s o i l and the method o f o p e r a t i o n , 
as w e l l as the l e n g t h o f pipe i m 
b e d d e d . T h e r e a r e a number o f 
cases which must be separa te ly con
s i d e r e d . 

Case A . Open end p i p e j a c k e d 
t h r o u g h a bore excavated ahead o f 
the p i p e . 
Case B. Open end pipe j acked i n t o 
the s o i l w i t h excava t ion ins ide the 
pipe o n l y . 
Case C. C l o s e d end p i p e j a c k e d 
th rough the s o i l w i t h o u t any exca
v a t i o n . 

L i t t l e e m p i r i c a l data i s a v a i l 
able t o check t h e o r e t i c a l a n a l y s i s 
o f any o f these cases . Where the 
amount o f j a c k i n g pressure a t any 
s t a t e d c o n d i t i o n s i s known, the 
t o t a l r a d i a l e a r t h pressure on the 
pipe can be computed, i f the weight 
o f the p ipe and the c o e f f i c i e n t of 
f r i c t i o n between pipe and s o i l , and 
the c o e f f i c i e n t of i n t e r n a l f r i c 
t i o n of the s o i l have been r e c o r d 
e d . Some i d e a o f t h e r ange o f 
probable values can a l s o be o b t a i n 
ed f r o m the p u l l i n g r e s i s t a n c e o f 
p i l e s and f rom the recorded data on 
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s h i e l d t unne l j a c k i n g pressures . 
The p e n e t r a t i o n o f a pipe l a t e r 

a l l y i n t o the ground i s a somewhat 
d i f f e r e n t case than the i n t r o d u c 
t i o n of a pipe v e r t i c a l l y i n t o the 
g r o u n d . The f r i c t i o n a l r e s i s t 
ances , however, are s i m i l a r , even 
though - in -the fo rmer case the i n 
t e r n a l s t r e s s o f t h e s o i l pene
t r a t e d , p r i o r t o the d i s t u r b a n c e , 
i s f a i r l y c o n s t a n t , because b o t h 
are problems i n v i s cous f l o w . I n 
v i s c o u s or l i n e a r f l o w , d i s p l a c e 
ments r e s u l t f r o m s h e a r i n g f o r c e s 
a c t i n g over a t ime i n t e r v a l . The 
f r i c t i o n a l r e s i s t a n c e o f the s o i l 
i s t hen 

( 1 ) i ndependen t o f t he e x t e r n a l 
loads on the s u r f a c e o f f a i l u r e . 
( 2 ) equal t o zero i f the v e l o c i t y 
i s zero and i s d i r e c t l y p r o p o r t i o n 
a l t o the v e l o c i t y o f r e l a t i v e d i s 
p l a c e m e n t s a l o n g the s u r f a c e o f 
f a i 1 u r e . 
( 3 ) p r o p o r t i o n a l t o the area o f 
t he s u r f a c e s i n c o n t a c t . 

The d e t e r m i n a t i o n o f b e n d i n g 
s t r e s s e s i n the p i p e d u r i n g i n 
s t a l l a t i o n i s not necessary, s i nce 
the load ings are much more u n i f o r m 
t h a n unde r t h e w o r s t p o s s i b l e 
s t a t i c l o a d i n g a f t e r the s u r r o u n d 
i n g s o i l has c o n s o l i d a t e d a round 
t h e c o m p l e t e p i p e . The p i p e 
s t r e n g t h as a column must be i nves 
t i g a t e d , a l t h o u g h exper ience shows 
t h a t t h e a d j a c e n t s o i l , even i f 
t he p i p e i s b e i n g pushed i n t o a 
pre-excavated t u n n e l , provides s u f 
f i c i e n t l a t e r a l suppor t t o prevent 
b u c k l i n g . 

Case-A. The amount o f j a c k i n g 
p r e s s u r e r e q u i r e d f o r any s e t o f 
c o n d i t i o n s can only be app rox ina t ed . 
I n Case A , the o n l y r e s i s t a n c e i s 
a l o n g the o u t s i d e o f the imbedded 
p i p e and t h a t can a c t o n l y where 
the s o i l i s i n c o n t a c t w i t h the 
p i p e . Where the ground pene t ra t ed 
has s u f f i c i e n t i n t e r n a l shear r e 
s i s t a n c e t o p e r m i t the e x c a v a t i o n 

o f an u n l i n e d t u n n e l w i t h o u t t e n 
s i o n f a i l u r e and f a l l i n g down o f 
the overhanging m a t e r i a l above the 
t u n n e l and w i t h o u t l a t e r a l squeeze 
a t the s i d e s , t h e o n l y s t a r t i n g 
r e s i s t a n c e t o be overcome i s the 
f r i c t i o n a l component o f the p ipe 
weight r e s t i n g on the bottom of the 
e x c a v a t i o n . K r y n i n e i n 1945 ana
lyzed the i n t e r n a l s o i l c o n d i t i o n s 
which are necessary f o r such beha
v i o u r (13). L i g h t w e i g h t c o r r u 
gated i r o n pipe r equ i r e s less j a c k 
i n g f o r c e than concrete p ipe , where 
the s o i l can be p u t i n t o a s e l f -
s u s t a i n i n g t u n n e l , because of smal
l e r c o n t a c t s u r f a c e w i t h the s o i l . 
Th i s e x c a v a t i o n procedure must not 
be a l l o w e d where any l a t e r a l s o i l 
movement t o f i l l the v o i d s a l o n g 
the per imeter w i l l cause se t t l ement 
of , t r a c k or pavement a t the top of 
the f i l l , and, of course, i s espec
i a l l y dangerous i n shal low f i l l s . 

I n f o u r examples o f Case A i n 
s t a l l a t i o n s , t h e r e are enough r e 
corded data t o evaluate the sur face 
r e s i s t ance : 

( 1 ) I t e m 7 , T a b l e 2 , a 3 6 - i n . 
co r ruga t ed pipe pene t ra t ed 210 f t . 
i n a compacted e a r t h f i l l 66 f t . 
deep, w i t h on ly 100 Ton j a c k pres 
sure a v a i l a b l e . I f a l l the p r e s 
sure was used, and the e n t i r e p e r i 
meter were in con tac t w i t h the s o i l , 
the res i s tance was 101 l b s . per sq . 
f t . of pipe s u r f a c e . 
( 2 ) I t e m 5, T a b l e 2 , a 3 6 - i n . 
c o r r u g a t e d m e t a l p ipe p e n e t r a t e d 
117 f t . i n wet c l a y and most ly r u n 
n ing sand, w i t h a 8 f t . cover under 
r a i l r o a d t r a c k s . D u r i n g the f i r s t 
60 f t . j a c k i n g a t the r a t e o f less 
than one f o o t per h o u r , p r e s s u r e 
i n c r e a s e d u n i f o r m l y t o a 20 Ton 
Value , or 50 l b . per sq . f t . o f the 
e x t e r i o r p i p e s u r f a c e . Rate o f 
p r o g r e s s f o r t he r e s t o f t h e j o b 
was increased t o 1-1/2 f t . per hour. 
The j a c k i n g p r e s s u r e s t i l l i n 
c reased u n i f o r m l y w i t h d i s t a n c e , 
but a t the ra te of 0.5 tons per f t . 
p e n e t r a t i o n , or 106 l b . per sq . f t . 
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res i s t a n c e . 
( 3 ) I t e m 30 , T a b l e 1 , a S 4 - i n . 
c o n c r e t e p ipe w i t h S - l / 2 > i n . w a l l 
t h i c k n e s s p e n e t r a t e d 148 f t . i n a 
dry c l a y s o i l w i t h a large percen t 
age o f g r a v e l , 14 f t . deep, w i t h an 
a c t u a l maximum j a c k pressure of 1,60 
Tons. I f the e n t i r e pipe per imeter 
were i n con t ac t w i t h the s o i l , the 
r e s i s t a n c e was 127 l b . per sq . f t . 
o f pipe s u r f a c e . 
( 4 ) I t e m 9, T a b l e 1 , a 7 2 - i n . 
c o n c r e t e p i p e w i t h 7 - i n . w a l l 
th ickness penetra ted 96 f t . i n com
pac ted d r y b l a c k loam and c l a y , a 
maximum o f 45 f t . cover , w i t h o n l y 
100 Ton j a c k p r e s s u r e a v a i l a b l e . 
I f a l l the j a c k pressure was used, 
and the e n t i r e pipe p e r i m e t e r was 
i n c o n t a c t w i t h the s o i l , the r e 
s i s t a n c e was 92 l b . per sq . f t . o f 
pipe s u r f a c e . 

I n i n s t a l l a t i o n of Case A type , 
i t would seem t o be s u f f i c i e n t t o 
expect a j a c k pressure requ i rement 
o f 100 l b . per s q . f t . o f t o t a l 
s o i l imbedment o f the p ipe p e r i 
m e t e r , w i t h p r o v i s i o n s f o r about 
25 p e r c e n t o v e r l o a d . The a c t u a l 
r e s i s t a n c e per s q . f t . o f c o n t a c t 
i s probably three times t h i s va lue , 
bu t c o n t a c t over more than 1/3 o f 
the sur face is not poss ib le i n Case 
A. 

A f t e r c o m p l e t i o n , the s o i l w i l l 
e v e n t u a l l y come i n t o i n t i m a t e c o n 
t a c t w i t h the pipe over i t s e n t i r e 
l e n g t h . I n the type of s o i l s where 
Case-A method can be used, the p r o 
b a b i l i t y o f l o a d f i r s t coming on 
t h e r o o f o f t h e p i p e i s g r e a t . 
T h i s w i l l be e q u i v a l e n t t o t h e 
l o a d i n g known as "Minneso t a Bear
i n g " i n t he l a b o r a t o r y t e s t s o f 
p i p e s . S p a n g l e r ( i 4 ) e v a l u a t e s 
t h i s l o a d i n g as 1.37 t i m e s the 
s e v e r i t y o f the sand b e a r i n g t e s t 
and 0 .91 as severe as the t h r e e -
edge b e a r i n g t e s t . The comparable 
pipe bedding c o n d i t i o n f o r the most 
f a v o r a b l e r e s u l t a f t e r s o i l c o n 
s o l i d a t i o n above the pipe i s what 
Spangler c a l l s " F i r s t C lass" , d i t c h 

b e d d i n g , ( l i ) , b u t t h e r e i s the 
p o s s i b i l i t y o f t h e more s e v e r e 
l o a d i n g , e s p e c i a l l y i f r i g i d p ipe 
i s used. A maximum l o a d , l b . per 
f t . o f p ipe , of 400 d2, where d f t . 
i s the o u t s i d e d i a m e t e r , seems t o 
be a reasonable value f o r the nec
essary s t r e n g t h of the p i p e . 

Case-B. I n Case B , i n a d d i t i o n t o 
the f r i c t i o n a l o n g the o u t s i d e o f 
the imbedded pipe l e n g t h , there i s 
the f o r c e necessary t o squeeze out 
t h e s o i l i m m e d i a t e l y i n f r o n t o f 
t h e w a l l t h i c k n e s s o f the l e a d 
p i p e . A s h i e l d or c u t t i n g edge r e 
duces the l e t t e r r es i s t ance by sep
a r a t i n g the s o i l t o be placed i n t o 
( 1 ) an annula r r i n g under compres
s i o n , and (2 ) i n t e r i o r s o i l i n mo
t i o n towards the excava t ion bounded 
on the outs ide by the s t e e l c u t t i n g 
p l a t e . The s t r e s s c o n d i t i o n s i n 
t h i s case , a f t e r c o m p l e t i o n , a re 
s u b s t a n t i a l l y i d e n t i c a l t o those i n 
a s h i e l d d r i v e n t u n n e l , where no 
compressed a i r i s used and the e x 
cava t ion i s 100 percent of the t u n 
n e l s e c t i o n . D u r i n g i n s t a l l a t i o n , 
the j a c k i n g pressure f o r a s h i e l d 
f r o m 16 t o 20 l o n g advanced 20 t o 
30 inches i s no t comparable w i t h ' 
the case of a p ipe , 100 f t . or more 
i n l e n g t h , being moved b o d i l y . The 
s o i l i m m e d i a t e l y a d j a c e n t t o the 
p i p e c i r c u m f e r e n c e i s i n v i s c o u s 
m o t i o n , d u r i n g the j a c k i n g ope ra 
t i o n , and the shear r e s i s t a n c e o f 
t h e s o i l i s i n d e p e n d e n t o f t h e 
depth of the cover , and i s a d i r e c t 
f u n c t i o n o f the area o f imbedded 
pipe and of the v e l o c i t y of p r o p u l 
s i o n . The e f f e c t o f v i b r a t i o n , 
f r o m t r a f f i c a t the su r f ace of the 
f i l l , i s t o reduce the v i s c o s i t y of 
the s o i l i n m o t i o n , and t h e r e f o r e 
reduce the necessary j a c k i n g p re s 
s u r e . T h i s r e s u l t was n o t e d i n 
s e v e r a l of the i n s t a l l a t i o n records. 
Another f avorab le f a c t o r o f t e n men
t i o n e d i s t he s u r p r i s i n g l y s m a l l 
l o a d r e q u i r e d t o s t a r t t he p i p e 
moving a g a i n , a t the b e g i n n i n g o f 
the s h i f t , and the l ack of " f r e e s -
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i n g " over n i g h t . The e x p l a n a t i o n 
i s , o f course , the low v e l o c i t y o f 
n o t i o n a t the resumpt ion of work . 

I n two examples of Class B t y p e , 
the a c t u a l j a c k i n g p r e s s u r e s r e 
q u i r e d were measured and recorded : 

( 1 ) I t e m 2 9 , Tab le 1 , a 9 6 - i n . 
c o n c r e t e p i p e w i t h 9 - i n . w a l l 
t h i c k n e s s p e n e t r a t e d 69 f t . w i t h 
j a c k i n g pressures i n c r e a s i n g almost 
e x a c t l y w i t h l e n g t h o f imbedment a t 
the r a t e of 4.S tons per l i n . f t . , 
i n a misce l laneous f i l l 6 f t . deep 
and u n d e r a s e r i e s o f r a i l r o a d 
t r a c k s . The res i s t ance at the pipe 
s u r f a c e i n c o n t a c t w i t h the s o i l 
was 300 l b . per s q . f t . 
( 2 ) I t e m 3 1 , Tab le 1 . a 4 8 - i n . 
c o n c r e t e p i p e w i t h a S - i n . w a l l 
th ickness penet ra ted 75 f t . i n f i n e 
sand and some g r a v e l , d r a i n e d by 
w e l l p o i n t s , w i t h 5.5 f t . c o v e r 
under a s e r i e s o f r a i l r o a d t r a c k s . 
A t 55 f t . imbedment , the j a c k i n g 
p re s su re was 127 t o n s , or 300 l b . 
per sq . f t . ; a t 75 f t . the j a c k i n g 
p ressure was 185 t o n s , or 325 l b . 
per sq . f t . Necessary pressure t o 
m a i n t a i n f o r w a r d mot ion decreased 
as t r a i n s passed over the s i t e , and 
t h e p r e s s u r e n e c e s s a r y t o s t a r t 
mo t ion a f t e r a p e r i o d o f s toppage, 
was l e s s t h a n t h a t r e q u i r e d t o 
ma in t a in constant forward movement. 

The j a c k i n g p r e s s u r e c a p a c i t y 
f o r a s h i e l d d r i v e n t u n n e l , where 
f o r w a r d s h i e l d m o t i o n i s about 2 
inches per m i n u t e , i s f r o m 3 t o 4 
t o n s per s q . f t . o f s h i e l d p e r i 
m e t e r s u r f a c e , a l t h o u g h a c t u a l 
pressures r e q u i r e d are o n l y a p a r t 
o f the c a p a c i t y . The problem d i f 
f e r s f rom t h a t of pipe j a c k i n g be
cause o f the t u n n e l face r e s i s t ance 
developed by the r i g i d s h i e l d pres 
s i n g a g a i n s t the ou t s ide s o i l , and 
t h e s t i f f e n i n g up o f t h e s u b 
aqueous s i l t , sand or c l a y by the 
cons tan t l e ach ing o f the conpressed 
a i r through the face of the s h i e l d . 
Rate of progress d u r i n g j a c k i n g i s 
a t l e a s t t en t imes as f a s t as the 

normal p i p e o p e r a t i o n s . 
J a c k i n g p r e s s u r e f o r a Case-B 

pipe i n s t a l l a t i o n should be p r o v i d 
ed t o a l l o w f r o m 300 t o 350 l b . per 
sq . f t . o f imbedded s u r f a c e . Th i s 
value i s s u b s t a n t i a l l y equal t o the 
u l t i m a t e r e s i s t ance o f average type 
c l ay and s i l t s o i l s . 

A f t e r c o m p l e t i o n , the p ressure 
on the imbedded p ipe , w i t h the ou t 
s ide s u r f a c e i n i n t i m a t e c o n t a c t 
w i t h the s o i l on the e n t i r e p e r i 
m e t e r , i s l e s s t h a n i n the most 
f a v o r a b l e d i t c h c o n d i t i o n analysed 
t h e o r e t i c a l l y and e x p e r i m e n t a l l y by 
Spangle r , ( l i ) , so t h a t the s t a n d 
a r d r e i n f o r c e d c o n c r e t e or s t e e l 
dra inage pipes can be s a f e l y used. 

Case-C. P i p e s i n t r o d u c e d w i t h 
c l o s e d ends by e i t h e r s t a t i c or 
dynamic loads are s i m i l a r t o p i l e s 
be ing j acked or d r i v e n h o r i z o n i . a l -
l y . C o n s i d e r a b l e r e s i s t a n c e t o 
p e n e t r a t i o n can be e l i m i n a t e d w i t h 
water j e t s , a l t hough normal c o n d i 
t i o n s w i l l n o t r e q u i r e such a i d . 
The c losed end pipe must be pushed 
by a f o r c e l a r g e r than the f r i c 
t i o n a l r e s i s t a n c e a c t i n g on the 
sur face of the e n t i r e l eng th of i m 
bedded p ipe p l u s the f o r c e neces
sary t o squeeze the d i s p l a c e d s o i l 
i n t o the a d j a c e n t v o l u m e s . The 
f r i c t i o n a l r e s i s t a n c e t o overcome 
can be reduced, d u r i n g the d r i v i n g 
p e r i o d , by adding an overs ized c u t 
t i n g r i n g a t the fo rward end o f the 
p ipe ; b u t , o f course, t h i s i nc reas 
es the volume o f s o i l t o be d i s 
p l aced . Tes ts w i t h v e r t i c a l p i l e s 
and undermined c a i s s o n s i n d i c a t e 
t h a t the f r i c t i o n a l r e s i s t a n c e on 
such v e r t i c a l s t r u c t u r e s i s o f the 
order of 600 l b . per sq . f t . o f i m 
bedded s u r f a c e . For h o r i z o n t a l l y 
imbedded p i p e s , a s i m i l a r v a l u e 
should be expected, except a t large 
d e p t h s . Th^e 6 - i n . l i n e s n o t e d 
above r equ i r ' ed a maximum f o r c e t o 
overcome a f r i c t i o n a l res i s tance of 
405 l b . per s q . f t . o f embedded 
s u r f a c e , i f the displacement f a c t o r 
i s d i s r ega rded . I t would t h e r e f o r e 
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seem s u f f i c i e n t , i n p l a n n i n g t h i s 
type o f j a c k i n g , t o p rov ide e q u i p 
ment an'd back-s top resis.tance equal 
t o 600 l b . per s q . f t . o f maximum 
imbedded s u r f a c e . 

Costs. The c o s t o f i n s t a l l i n g 
p i p e s b e l o w r a i l r o a d t r a c k s o r 
deve loped pavements c a r r y i n g c o n 
s i d e r a b l e t r a f f i c volume by the 
j a c k i n g method i s l e s s t h a n the 
cos t o f open c u t methods when the 
b a c k f i l l i n g and r e s t o r a t i o n are i n 
c l u d e d , even i f no a l l o w a n c e i s 
made f o r delay and inconvenience o f 
t r a f f i c . A c t u a l cos ts r e p o r t e d i n 
s eve ra l o f the i n s t a l l a t i o n s l i s t e d 
i n the tab les were: 

Table 1 , I tem 16, 6 0 - i n . concrete 
p i p e , 96 f t . l o n g i n a s l a g dump 
f i l l , $ 2 5 . 5 5 pe r l i n . f t . t o t a l 
c o s t ( 1 9 3 6 ) . 

T a b l e 1 , I t e m 12 and 1 3 , 6 0 - i n . 
concre te p i p e , 84 and 88 f t . l o n g , 
S 2 5 . 9 8 pe r l i n . f t . t o t a l c o s t 
( 1 9 3 5 ) . 

Tab le 2 , I t e m 2 , 6 0 - i n . Armco 
p i p e , 80 f t . long w i t h 7 f t . cover , 
shoved a l a b o r c o s t o f $ 5 . 2 0 per 
l i n . f t . ( 1 9 2 9 ) , and I t e m 10 , 48-
i n . Armco p i p e , 126 f t . l o n g w i t h 
34 f t . c o v e r a l s o shows a l a b o r 
cos t o f S5.00 per l i n . f t . ( 1 9 2 9 ) . 

T a b l e 1 , I t e m 3 0 , 5 4 - i n . c o n 
c r e t e p i p e , 148 f t . l o n g , showed a 
l a b o r c o s t o f S 4 . 3 1 per l i n . f t . 
( 1 9 4 2 ) . 

T a b l e 2 , I t e m 5, 3 6 - i n . c o r r u 
gated p i p e , 200 f t . long and 66 f t . 
d e e p , S24 .50 pe r l i n . f t . t o t a l 
c o s t , h a l f o f w h i c h was f o r d i r e c t 
l a b o r i n j a c k i n g and e x c a v a t i o n 
( 1 9 3 7 ) . 

T a b l e I , I t e m 3 2 , S 4 - i n . c o n 
c r e t e p i p e 79 f t . l o n g , i n good 
s o i l f i l l , S 1 8 . 4 5 pe r l i n . f t . 
t o t a l c o s t ( 1 9 3 4 ) . 

CONCLUSION 

The p rocedure o f j a c k i n g p i p e 
f o r d r a i n a g e c o n n e c t i o n s and as 
s leeves t o c a r r y sewer, w a t e r , gas 
o r e l e c t r i c a l u t i l i t i e s a c r o s s 

h e a v i l y t r a v e l l e d r o a d w a y s and 
th rough h i g h f i l l s has been d e v e l 
oped t o a p o i n t where c o s t s and 
c o n s t r u c t i o n r e q u i r e m e n t s can be 
c l o s e l y a p p r o x i m a t e d . ' The method 
should be c a r e f u l l / cons ide red be
f o r e c u t t i n g t h r o u g h an i m p o r t a n t 
highway because i t w i l l e l i m i n a t e 
t r a f f i c h a z a r d s , d e l a y and a c c i 
dents so common i n the v i c i n i t y o f 
d e t o u r s and c o n s t r u c t i o n o p e r a -
t i o n s . 
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DISCUSSION 

HOWARD F. PECKWORTfl, ilfonoging Director. 
American Concrete Pipe Association 

I n p r a c t i c e the c o n c r e t e p i p e 
manufac turer f i n d s t h a t the use o f 
heav i e r j a c k s r a t h e r than l i g h t e r 
j a c k s f a c i l i t a t e s the j a c k i n g p r o 
cess g r e a t l y because of the « d d e d 
speed of o p e r a t i o n . I n gene ra l , i n 
j a c k i n g concre te pipes i n s i zes 36 
inches and o v e r , t h e c o n t r a c t o r 
l i k e s t o use two 100 ton h y d r a u l i c 
j a c k s i r r e s p e c t i v e o f the e x a c t 
j a c k i n g pressures needed. 

Of p r a c t i c a l importance i n main
t a i n i n g the grade i s care i n s t a r t 
i n g the process. This can be f a c i 
l i t a t e d by c o n s t r u c t i n g a t i m b e r 
saddle a t the s t a r t , long enough t o 
h o l d two leng ths o f pipe which are 
s e t ' a t grade b e f o r e the j a c k i n g 
s t a r t s . I n e x c a v a t i n g i n s i d e the 
pipe as the process proceeds i t i s 
g e n e r a l l y h e l p f u l t o excavate about 

an i n c h ou t s ide the ou t s ide diame
t e r o f the pipe at the t o p , l e a v i n g 
abou t an i n c h o f m a t e r i a l i n the 
b o t t o m h i g h e r t h e n the f i n i s h e d 
g r a d i e n t . 

The smal les t concre te pipe j a c k 
i n g ope ra t ion on our records i s the 
18- inch r e i n f o r c e d concrete pipe a t 
West Memphis, Arkansas, and i n t h i s 
case excava t ion was accomplished by 
u s i n g a 1 5 - i n c h post ho le d i g g e r . 

The l a r g e s t concre te pipe j a c k 
i n g ope ra t i on on our records i s the 
96 - inch P e d e s t r i a n Underpass under 
t h e R. F . & P. R a i l r o a d a t t h e 
Potomac Y a r d s n e a r A l e x a n d r i a , 
V i r g i n i a . The top of t h i s concrete 
pipe i s on ly 2% f e e t below the base 
o f r a i l s u b j e c t e d t o e x t r e m e l y 
heavy t ra f f i c . 

S i n c e r e c e i v i n g the o r i g i n a l 
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d r a f t o f D r . F e l d ' s p a p e r on 
October 2nd, I have t r i e d t o com
p l e t e h i s Table 1 and b r i n g i t up 
to da te . This has been most d i f f i 
c u l t because no a t t e m p t has been 
made by the i n d u s t r y to keep a l i s t 
o f a l l such i n s t a l l a t i o n s . The en
c l o s e d l i s t t o supplement Table 1 
i s o n l y a s m a l l percentage o f the 
t o t a l number of concrete pipe j a c k 
i n g i n s t a l l a t i o n s , a process w h i c h 
i s i n common o c c u r r e n c e now i n 
e v e r y S t a t e i n t h e U n i o n . 

The f o l l o w i n g e n c l o s u r e s were 

deemed t o be o f i n t e r e s t t o t h i s 
pape r : 

1 . A d d i t i o n s t o Table 1 . 
2 . Photos showing j a c k i n g three 

l i n e s o f 6 0 - i n c h r e i n f o r c e d c o n 
c r e t e p i p e a t W a t e r t o w n , S o u t h 
D a k o t a . 

3. A c t u a l l y j a c k i n g pressures as 
r e c o r d e d i n the a r t i c l e " 7 2 - i n c h 
Reinforced Concrete Pipe Jacked 144 
Feet Through E a r t h Embankment", by 
L i o n e l Pedley f r o m the August 20 , 
1943 i s s u e o f " S o u t h w e s t B u i l d e r 
and C o n t r a c t o r " . 

ADDITIONS TO TABLE 1 (FELD) 

CONCRETE PIPE INSTALLATIONS BY JACKING METHOD 

Date 
Pipe Soil Site of Lengths Cott i i i 

Date Sizes Cover Jacks Jacks EdRe 
i n . f t . T. f t . 

1936 30 3 
1936 30 40 
1936 30 40 
1936 30 40 
1937 36 42 
1937 36 36 
1937 42 60 
1937 42 60 
1941 36 36 
1941 72 42 
1941 42 
1943 3-60 2-100 84 
194S 96 132 
1945 4-48 112 
1945 72 
1945 72 
1946 18 1-50 None 

1946 36 1-50 None 

1946 2-36 20 None 
1946 36 42 
1946 36 42 
1947 36 15 1-75 None 
1947 36 36 
1947 72 42 
1947 42 60 

33 60 
42 60 
66 60 
48 120 
72 40 
72 40 
72 80 
54 140 

Location 

U.S. 70, Memphis, Tenn. 
Minnesota State Highway 
Minnesota State Highway 
Minnesota State Highway 
Village of Hopkins, Minn. 
Village of Hopkins, Minn. 
City of Minneapolis, Minn. 
City of Minneapolis, Minn. 
Village of Edina, Minn. 
Redwood County, Minn. 
Northern Pacific FR, Wash. 
Watertom, South Dakota 
R.F.& P. FR, Potomac Yard, Va. 
R.F.& P. FB, Alexandria, Va. 
Renville County, Minnesota 
Renville County, Minnesota 
West Memphis, Arkansas 
Rock Island, Railroad 
W. Memphis, Ark. Rock Island 
Railroad 
U.S. 51, Winona, Mississippi 
Ci ty of Rochester, Minn. 
City of Rochester, Minn. 
U.S. 78, Tupelo, Mississippi 
Village of Watson, Minn. 
Freeborn County, Minnesota 
Village of Kasson. Minn. 
Norfolk, Virginia 
Franklin, Virginia 
Franklin, Virginia 
Newport News, Virginia 
Portsooatb, Virginia 
Portland, Maine 
Peterson, New Jersey 
Peterson, New Jersey 
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MAY 1943 WATERTOWN SOUTH DAKOTA 
Three 60-inch reinforced concrete 
pipe c u l v e r t s a f t e r j a c k i n g was 
completed (the one 24-inch culvert 
was placed previously) . 

MAY 1943 WATERTOWN SOUTH DAKOTA 
Upstream view of the same project-

MAY 1943 WATERTOWN SOUTH DAKOTA 
J a c k i n g 60- inch r e i n f o r c e d pipe 
culverts through railway embankment-

MAY 1943 WATERTOWN SOUTH DAKOTA 
Jacking 60-inch reinforced concrete 
pipe cu lver t s through railway em
bankment. 

MAY 1943 WATERTOWN SOUTH DAKOTA 
Jacking 60-inch reinforced concrete 
pifie cu lver t s through railway em
bankment. 
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72-INCH STORM DRAIN, WILLIAM MEAD HOMES 
HOUSING PROJECT, LOS ANGELES 

Chart showing pressure required to jack eighteen 8-foot sections of 72-inch 
reinforced concrete pipe 20 feet below four main line tracks of the Santa Fe 
Railroad. Soil composition: Sand and gravel, moist. Total distance 144 
feet. Equipment: Four 200-ton jacks, on manually operated pump. 
Started August 24, 1942; finished September 30, 1942. 

Pipe 
See. 

Hours 
a 

Hours 
Be i , 

GKOE REftDIHC IN TOHS 

Bo. Soo, SeOa 100 200' SOO 400 600 600 700 800 900 

1 32 6 

2 23 5 

3 18 3 

4 17 6 

S 23 16 

6 31 8 

7 52 18 

« 22 4 

9 28 23 

10 24 4 

11 28 6 

12 45 8 

13 42 10 

14 51 46 

IS 47 S 

16 67 27 

17 60 6 

18 88 

GECBGE E. SHAFER, Chief Engineer 
Armco Drainage and Metal Prod

ucts, Inc ., Middletotan, Ohio 

I would l i k e t o take the oppor
t u n i t y t o c o n g r a t u l a t e Dr . Fe ld on 
h i s e x c e l l e n t paper c o v e r i n g the 
i n s t a l l a t i o n o f p ipes by the j a c k 
i n g m e t h o d . Not o n l y does t h i s 
paper represent a l o t o f Dr . F e l d ' s 
v a l u a b l e t i m e b u t i t a l s o b r i n g s 
be fo re an impor tan t group l i k e t h i s 

the f a c t t h a t i t i s n o t a l w a y s 
necessary to a l l ow open c u t t i n g o f 
i m p o r t a n t highways f o r the purpose 
o f i n s t a l l i n g new c u l v e r t s , sewer 
l i n e s , p i p e l i n e s , e t c . S i n c e 
s a f e t y t o the highway t r a v e l e r i s 
the i m p o r t a n t i s s u e i n h i g h w a y 
b u i l d i n g and maintenance , one way 
t o he lp t h i s issue i s not t o a l l o w 
the open cut method o f i n s t a l l a t i o n 
unless i t becomes a b s o l u t e l y neces
sa ry . 
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I t i s obvious , however, t h a t due 
t o c e r t a i n s o i l c o n d i t i o n s , d i a 
m e t e r s , l e n g t h s , e t c . t h a t t h e 
j a c k i n g method o f pipe i n s t a l l a t i o n 
has l i m i t a t i o n s . T h e r e f o r e , be
cause o f these l i m i t a t i o n s I would 
l i k e t o ment ion ano ther means, or 
method, o f i n s t a l l i n g pipes or con
d u i t s which i s used where the j a c k 
i n g method i s n o t p r a c t i c a l o r 
f e a s i b l e . I t i s the t u n n e l method 
o f i n s t a l l a t i o n t o w h i c h I r e f e r 
and t h i s method i s becoming more 
p o p u l a r e v e r y d a y w i t h c i t i e s and 
r a i l r o a d s s ince a l l work i s c a r r i e d 
on underground w i t h no i n t e r r u p t i o n 
t o su r face t r a f f i c . 

As ment ioned i n D r . F e l d ' s pa
per , t he re i s a p o s s i b i l i t y o f the 
p i p e " f r e e z i n g u p " due t o s e v e r a l 
c o n t r i b u t i n g f a c t o r s such as ground 
c o n d i t i o n s , d i a m e t e r , l e n g t h , e t c . 
As most o f you know, t u n n e l s have 
been i n s t a l l e d under most u n f a v o r 
a b l e c o n d i t i o n s and l e n g t h s have 
n o t been a l i m i t i n g f a c t o r . D i a 
meters are l i m i t e d t o the a b i l i t y 
o f s u p p o r t i n g m a t e r i a l s . However, 
diameters f rom 50 i n . t o 144 i n . w i t h 
which we are most v i t a l l y concern
ed, can be s a f e l y supported f o r un
l i m i t e d l e n g t h s . S u p p o r t i n g 
m a t e r i a l c o n s i s t s n o r m a l l y o f t u n 
n e l l i n e r p l a t e s or t i m b e r s . 

Tunnel l i n e r p l a t e s are made o f 
s t e e l or i r o n u s u a l l y v a r y i n g i n 
t h i c k n e s s f r o m 14 gage up t o 3 , 
w i t h the e x c e p t i o n o f l a r g e v e h i 
c u l a r t u n n e l s , d e p e n d i n g on the 
l oads w h i c h they are expec t ed t o 
c a r r y or the expected s e r v i c e l i f e 
or bo th . The i n d i v i d u a l p la tes are 
so f a b r i c a t e d t h a t complete e r e c 
t i o n can be made f r o m the i n s i d e . 
They vary i n w i d t h f rom 16 i n . t o 18 
i n . and each 16 or 18 i n ; r i n g i s compos
ed o f s u f f i c i e n t p l a t e s t o complete 
the shape and dimensions o f the de
s i r e d t u n n e l c r o s s s e c t i o n . By 
us ing va r ious p r o t e c t i v e devices a t 
the " f a c e " o f the t u n n e l , such as 
b r e a s t b o a r d s , s h i e l d s , p o l i n g 
p l a t e s , e t c . , 18 i n . of m a t e r i a l i s 
mucked out t o a l l o w the e r e c t i o n o f 

a p l a t e . T h i s i s con t inued around 
each r i n g u n t i l a complete segment 
o f p la tes i s i n p lace . This opera
t i o n i s cont inued u n t i l the des i r ed 
l e n g t h o f t unne l i s completed. 

L i n e r p l a t e s are a v a i l a b l e i n 
v a r i o u s shapes such as c i r c u l a r , 
e l l i p t i c a l , horseshoe shape, e t c . , 
and are used f o r c o n d u i t s , d r a i n s , 
underpasses and sewers where i t i s 
d e s i r a b l e t o i n s t a l l these s t r u c 
tures w i t h o u t having t o d i s t u r b the 
s u r f a c e . 

To f u r t h e r break down the above 
uses, the f o l l o w i n g w i l l g ive more 
d e t a i l : 

1 . Underpasses: Underpasses are 
used by c i t i e s , c o u n t i e s , s t a t e s 
and i n d u s t r i e s t o a l l ow pedes t r ians 
a sa fe walkway under busy highways, 
r a i l r o a d s , p l a n t s and b u i l d i n g s . 
They are a l so used by i n d u s t r y f o r 
t r a n s p o r t a t i o n of products f rom one 
b u i l d i n g t o a n o t h e r where t hese 
b u i l d i n g s are separated by highways 
or r a i l r o a d s . 

Armco Drainage & Metal Produc ts , 
I n c . o f M i d d l e t o w n , Ohio, r e c e n t l y 
p u b l i s h e d a "Manual o f Underpasses 
and S e r v i c e T u n n e l s " wh ich b r i n g s 
out some o f the advantages of these 
s t r u c t u r e s . 

2 . C o n d u i t s : Where i t i s n o t 
p r a c t i c a l t o j a c k c o n d u i t s f o r 
c a r r y i n g p i p e l i n e s , sewers or o ther 
u t i l i t y l i n e s , the tunne l method o f 
i n s t a l l a t i o n can s a f e l y be used f o r 
i n s t a l l a t i o n o f such c o n d u i t s . I n 
many i n s t a n c e s i t i s p o s s i b l e t o 
pu t s e v e r a l u t i l i t y l i n e s i n one 
l a r g e t u n n e l r a t h e r than i n sepa
r a t e c o n d u i t s . Th i s cou ld r e a d i l y 
r e s u l t i n s a v i n g t ime as w e l l as 
expense . 

3 . D r a i n s : a. Under n o r m a l 
c o n d i t i o n s a g a l v a n i z e d or g a l 
vanized a s p h a l t coated l i n e r p l a t e 
s t r u c t u r e can be t u n n e l e d i n t o 
p o s i t i o n thus a c t i n g as the f i n i s h 
ed s t r u c t u r e . 

b . Under abnormal c o n d i t i o n s such 
as a c i d s o i l s , a b l a c k l i g h t gage 
l i n e r p l a t e can be used t o make the 
necessary hole th rough the embank-
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n e n t t h e n t h e d e s i r e d f i n i s h e a 
s t r u c t u r e can be " t h r e a d e d " through 
t h i s h o l e and the a n n u l a r space 
f i l l e d w i t h a lean mix ture of pres
s u r e g r o u t . I n t h i s c a s e , t h e 
l i n e r p l a t e s i m p l y ac t s as a c o n 
s t r u c t i o n t o o l . 

I n numerous i n s t a n c e s , due t o 
l e n g t h o r d i a m e t e r o f p r o p o s e d 

opening or s o i l c o n d i t i o n s , i t has 
been found more economica l t o use 
the t u n n e l method r a t h e r than t r y 
i n g t o j a c k . C o n s u l t a t i o n w i t h 
competent men who are f a m i l i a r w i t h 
both methods should be h e l p f u l when 
the re i s any doubt i n the minds o f 
the des igner or s p e c i f y i n g o f f i c e r . 
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