
I 

IJ. S .  Department of Agricul tu2e 
i S o i l  Conservation Serv ice  

August 19, 1969 

4 Engineering Div is ion  

Design Branch 

DESIGN >TQTr: NO. 

Sub jec t :  Var i a t ion  i n  j o i n t  e x t e n s i b i l i t y  requirements a s  s e c t i o n a l  
conduit  i s  moved up o r  down from embankment-foundation 
i n t e r f a c e .  (See TR No. 18)  

I 
The s u b j e c t  p re sen t s  s e v e r a l  moot quest ions.  V i r t u a l l y  no f a c t u a l  e v i -  
dence, e i t h e r  from theory  o r  f i e l d  observa t ions ,  e x i s t s  t o  e s t a b l i s h  
design c r i t e r i a .  For t h i s  reason the  fol lowing recomnendations r e l y  
heav i ly  on judgment and a s  sound reasoning a s  we can muster. 

We a r e  concerned wi th  t h e  v a r i a t i o n  i n  t he  r equ i r ed  j o i n t  e x t e n s i b i l i t y  
along an a r b i t r a r y  v e r t i c a l  l i n e  "A" formed by the  i n t e r s e c t i o n  of a  
v e r t i c a l  plane through t h e  c e n t e r l i n e  of t h e  conduit  and a  v e r t i c a l  p lane  
through t h e  embankment c e n t e r l i n e ,  a s  t h e  condui t  l o c a t i o n  is  moved up 
i n t o  the  embankment. The o r i g i n ,  o r  zero  p o i n t ,  on t h i s  l i n e  "A" is 
taken a t  t he  i n t e r f a c e  between t h e  embankment and foundat ion where t h e  
r equ i r ed  j o i n t  e x t e n s i b i l i t y  is "J" as  computed by procedures o u t l i n e d  
i n  TR No. 18 "Computation of J o i n t  E x t e n s i b i l i t y  Requirements ." 
It seems reasonable t o  assume t h a t  t h e  h o r i z o n t a l  t e n s i l e  s t r a i n s  decrease  
along Line "A" a s  t h e  condui t  p o s i t i o n  i s  moved up i, t, th,e imbanknlent and 

-- become zero a t  some d i s t a n c e  cuH above the  i n t e r f a c e .  %f a l s o  seems r e a -  

m sonable thaz t he se  v a r i a t i o n s  would be q u i t e  gradual  f o r  smalfiy+$lues of 
y. The value y is  t h e  d i s t a n c e  from the  o r i g i n  on l i n e  "A" t o  t h e  w e r -  

w. 

s e c t i o n  of t he  conduit  i n v e r t  with l i n e  "A." See F igure  No. 1. 

Such a  variation can be approximated by an equat ion  of t he  fol lowing form. 

hiere  Jy = t he  r equ i r ed  j o i n t  e x t e n s i b i l i t y  a t  y d i s t a n c e  above t h e  o r i g i n  
i n  inches 

J = t he  r equ i r ed  j o i n t  e x t e n s i b i l i t y  a t  t h e  i n t e r f a c e  ( y  = o)  i n  
inches 

y = d i s t a n c e  above t h e  i n t e r f a c e  of t he  conduit  i n v e r t  on l i n e  
"A" i n  feet  a s  determined from TR No. 18 

1 

w = a. r a t i o  

H = he igh t  of t h e  embankment above the  i n t e r f a c e ,  a long l i n e  "A," 
i n  f e e t  

n  = an exponent g r e a t e r  than  1 
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It i s  our  b e s t  e s t i m a t e  t h a t  a shou ld  be 0.75 and n shou ld  be 2 .  Thus 
e q u a t i o n  (1) becomes 

F o r  example i f  y = O . l H ,  i . e .  t h e  i n v e r t  of t h e  c o n d u i t  on l i n e  "A" is  
0 . 1 H  above t h e  i n t e r f a c e ,  t h e  r e q u i r e d  j o i n t  e x t e n s i b i l i t y  f o r  t h e  
c o n d u i t  is  
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Quest ions have been r a i s e d  about t h e  e f f e c t  of p l ac ing  compacted f i l l  
under t h e  conduit  on the  requi red  j o i n t  e x t e n s i b i l i t y .  Our p re sen t  
understanding i n d i c a t e s  t h a t  compacted f i l l  under t h e  condui t  of any 
reasonable e x t e n t  w i l l  have such a  smal l  e f f e c t  on r equ i r ed  j o i n t  
e x t e n s i b i l i t y  a s  t o  be considered n e g l i g i b l e  i n  any case  where t h e  
r equ i r ed  j o i n t  e x t e n s i b i l i t y  would r e q u i r e  s p e c i a l  j o i n t s  o r  r educ t ion  
i n  length  of pipe s e c t i o n s .  

As t h e  conduit  i s  moved downward from the  i n t e r f a c e  i n t o  the  foundat ion,  
wi th in  p r a c t i c a l  l i m i t s  which would ensure  f r e e  o u t l e t  f o r  t h e  condui t ,  
t h e  r educ t ion  i n  r equ i r ed  j o i n t  e x t e n s i b i l i t y ,  J, is  be l ieved  t o  be s o  
smal l  t h a t  i t  may be neglected.  Hence f o r  a l l  l oca t ions  of the  condui t  
below the  i n t e r f a c e  t h e  va lue  of J a t  t h e  i n t e r f a c e  should be used 
without  modi f ica t ion .  

A smal l  d i s c o n t i n u i t y ,  such a s  a compacted "pad" under a  condui t ,  which 
i s  l i m i t e d  i n  depth and l a t e r a l  e x t e n t  has v e r y  l i t t l e  e f f e c t  on t h e  
movements i n  t h e  l a r g e  mass of e a r t h  under an embankment where j o i n t  
movement is  a p t  t o  be a  problem. The foundat ion is  t h r e e  dimensional 
and t h e  s t r a i n s  and deformations i n  i t  govern t h e  movement i n  the  condui t ,  
a  d i s c o n t i n u i t y  i n  i t s e l f .  




