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COMPUTATION OF JOINT EXTENSIBILITY REQUIMMENTS 

This t e c h n i c a l  r e l e a s e  p re sen t s  t h e  procedure and working t o o l s  r equ i r ed  
f o r  t h e  computation of t he  j o i n t  e x t e n s i b i l i t y  t h a t  may be r equ i r ed  i n  a  
drop i n l e t  b a r r e l  cons t ruc ted  of a r t i c u l a t e d  segments which a r e  essen-  
t i a l l y  f r e e  t o  move wi th  t h e  ad j acen t  p a r t s  of t h e  embankment o r  e a r t h  
foundation. The d i scus s ion  and procedures t h a t  a r e  e s t a b l i s h e d  f o r  
determining t h e  depth "d" i n  which foundat ion compression occurs ,  t h e  
average foundat ion shear  s t r e n g t h  "st' a s  used t o  compute foundat ion 
s t r e s s  r a t i o ,  and t h e  corresponding foundat ion se t t l emen t  ''6" r e l a t e  
only t o  t h e  computation of 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  of condui t s  
on y i e ld ing  foundat ions.  The foundat ion is  considered a s  a body and 
condui t  c u t s  o r  pads a r e  no t  considered as  i n f luenc ing  t h e  t o t a l  founda- 
t i o n  deformations.  These procedures do no t  n e c e s s a r i l y  apply t o  s i t u a -  
t i o n s  involving a  de te rmina t ion  of  t o t a l  foundat ion se t t l emen t .  

An explana t ion  of  t h e  s t r a i n s  produced a t  o r  near  t he  i n t e r f a c e  of an 
/- 

e a r t h  dam embankment and i t s  compre'ssible foundat ion is contained i n  two 
r e p o r t s .  They a r e  (1) "Report on I n v e s t i g a t i o n  of Deformations i n  
Foundations of Ea r th  Embankments Containing Concrete Pressure  Pipe 
Conduits" by Moran, P roc to r ,  Mueser and Rutledge, Consul t ing Engineers ,  
dated September 1960 and ( 2 )  "Report on Study of Movements of A r t i c u l a t e d  
Conduits Under Ear th  Dams on Compressible Foundations" by Mueser, 
Rutledge, Wentworth and Johnston,  Consul t ing Engineers ,  dated June 1968. 
These r e p o r t s  provide t h e  b a s i c  d a t a  and procedure which a r e  used h e r e i n  
t o  e s t ima te  j o i n t  e x t e n s i b i l i t y  requirements .  

The depth of t h e  compressible foundat ion,  d ,  w i l l  be obvious i n  some 
cases  but i n  o t h e r s  it may be obscure u n t i l  conso l ida t ion  computations 
based on proper  eva lua t ion  of  foundat ion condi t ions  and l abo ra to ry  t e s t s  
i n d i c a t e  t h e  depth below which conso l ida t ion  may be neglec ted .  When t h e  
compressive u n i t  s t r a i n  i n  f e e t  per  f o o t  i n  any s t r a tum under t h e  c e n t e r  
of t h e  embankment and a t  a  depth of about 0.25H o r  more becomes less than 
10 percent  of t h e  compressive u n i t  s t r a i n  of t h e  s t r a t a  above, and s t r a t a  
wi th  a  h igher  compressive u n i t  s t r a i n  do no t  e x i s t  below t h e  s t r a tum i n  
ques t ion ,  i t  may be assumed t h a t  t he  depth of t h e  compressible foundat ion 
has been a t t a i n e d .  Obviously judgment is  r equ i r ed  i n  e s t ima t ing  d and 
the  conso l ida t ion  p o t e n t i a l  of t h e  foundation. R e l a t i v e l y  l a r g e  c o n s o l i -  
d a t i o n  can be expected on l o e s s i a l  s o i l s  which have no t  been preloaded,  
medium s t i f f  r e s i d u a l  s o i l s  o r  s p e c i a l  f i n e  gra ined  m a t e r i a l  such a s  
g l a c i a l  l ake  depos i t s  whereas r e l a t i v e l y  low o r  i n s i g n i f i c a n t  consol ida-  
t i o n  should be a n t i c i p a t e d  from o rd ina ry  SCS dams on g l a c i a l  till, s t ream 
t e r r a c e s ,  o r  a l l u v i a l  coarse  sands and g rave l s .  



It i s  important t h a t  t he  ma.ximum se t t l emen t ,  6 ,  be est imated with 
reasonable accuracy. A quota t ion  from page 39 of t he  1968 r e p o r t  
reads a s  fol lows,  "It i s  recommended t h a t  t h e  s e t t l emen t  ana. lysis  
concent ra te  t t t e n t i o n  on t h e  eva lua t ion  of t he  probable preconsol i -  
da t ion  condi t ion  determined from conso l ida t ion  t e s t s ,  but a l s o  
u t i l i z i n g  geologica, l  evidence and d a t a  from undrained shear  t e s t s .  
I f  i t  can be es t imated  t h a t  the  foundat ion is  overconsol idated,  a 
nominal value of recompression index should be used i n  computing 
se t t l emen t s ,  r a t h e r  than t o  e s t ima te  Ae d i r e c t l y  from the  e - log p 
curve." The s t r a i g h t - l i n e  semi-log recompression index o rd ina . r i l y  
may be est imated wi th in  the  range from 0.04 f o r  l i g h t l y  over-  
consol ida ted  p l a s t i c  c l ays  t o  0.015 f o r  heav i ly  over-consol idated 
hard o r  dense mixtures of s i l t  and c l a y  with sand o r  grave l .  The 
recompression index i s  a dimensionless parameter which equals  the  
v o i d - r a t i o  decrement f o r  one cyc le  of i nc rease  of e f f e c t i v e  s t r e s s .  

The shea r  s t r e n g t h  of t he  foundat ion,  s ,  must be es t imated  as  
r e a l i s t i c a l l y  a s  poss ib le .  The shear  s t r e n g t h  i n  quest ion i s  an 
average s t r e n g t h  of the  weakest s t r a tum i n  the  foundat ion a t  o r  
near  t he  i n t e r f a c e  with the  embankment. M r .  Homer Cappleman 
es t imated  i n  a paper t i t l e d  "Movements i n  Pipe Conduits Under Ear th  
Dams" published i n  Jou rna l ,  S o i l  Mechanics and Foundations Div is ion ,  
ASCE, November 1967, t h a t  foundat ion s t r a t a  a t  a depth of more than 
0.1B could be ignored i n  t h i s  determinat ion.  

I f  t h e  s i z e  of t he  e a r t h  dam j u s t i f i e s  f a i r l y  ex tens ive  t e s t i n g  of 
undisturbed samples of foundat ion s o i l s ,  the shea r  s t r e n g t h  may be 
est imated a s  follows. The probable average shea r  s t r e n g t h  a t  t he  
end of cons t ruc t ion  under a smal l  e a r t h  dam is obtained from a 
consolidated-undrained t r i a x i a l  t e s t  i n  which t h e  chamber pressure  
is s e t  equal  t o  about two-thirds  t h e  average e f f e c t i v e  s t r e s s ,  F, a t  
t h e  depth i n  quest ion.  

The average e f f e c t i v e  s t r e s s ,  P, a t  t h e  completion of  t he  embankment 
i s  

Where - 
p = average e f f e c t i v e  s t r e s s  on s t r a tum i n  l b . / f t . 2  

y = depth i n t o  t h e  foundat ion from t h e  embankment-foundation 
i n t e r f a c e  t o  the  s t r a t u m  i n  ques t ion  i n  f e e t .  

yf' = submerged weight of foundat ion ma te r i a l  i n  l b ,  / f t . 3  

I f  d e t a i l e d  s t r e n g t h  t e s t i n g  is no t  j u s t i f i e d ,  t he  shear  s t r e n g t h s  may 
be es t imated  from preconsol ida t ion  d a t a  i n  t h e  fol lowing manner, The 



preconsol ida t ion  s t r e s s ,  P,  has a  very  s i g n i f i c a n t  e f f e c t  on shear  
s t r e n g t h  and may be used t o  determine t h e  average shear  s t r e n g t h  f o r  
s i l t s ,  c lays  and o the r  f i n e  grained s o i l s  with a  high percentage of 
s i l t  o r  c l a y  o r  both. For s o i l s  i n  which the  preconsol ida t ion  s t r e s s  
exceeds the  load t o  be appl ied  by the  embankment, t he  shear  s t r e n g t h ,  
s ,  should be taken as  0.3P. For underconsol idated s o i l s  where the  
preconsol idated s t r e s s  i s  l e s s  than  appl ied  load,  the  shear  s t r e n g t h  
should be taken a s  0.3 of t he  e f f e c t i v e  s t r e s s  a t  t h e  s t r a tum i n  
quest ion and under t h e  midheight of t h e  e a r t h  dam embankment ( t he  
average e f f e c t i v e  s t r e s s )  mu l t ip l i ed  by a  f a c t o r  C which ranges 
between 0.75 and 0.9. 

The f a c t o r  C i s  es t imated  between 0.75 and 0.9 from a  cons ide ra t ion  of 
the  depth of t he  s t r a tum and t h e  s t r e n g t h  of t he  ma te r i a l  between i t  
and the  i n t e r f a c e .  I f  t h e  s t r a tum under cons ide ra t ion  is  j u s t  below 
the  i n t e r f a c e  t h e  f a c t o r  C should be taken a s  0.75 where a s  i f  it is  
a  depth y which approaches 0.1B and t h e  s t r e n g t h  of foundat ion s t r a t a  
above a r e  s i g n i f i c a n t l y  g r e a t e r ,  then  C should be taken a s  0.9. 

Consol idat ion t e s t s  of undisturbed samples from the  var ious  foundat ion 
s t r a t a  w i l l  i n d i c a t e  t h e  preconsol ida t ion  s t r e s s .  Geologic h i s t o r y  of 
t he  s i t e  is  va luable  i n  p r e d i c t i n g  the  p o s s i b i l i t y  of preconsol ida t ion  
and i t s  order  of magnitude a s  a  check aga ins t  t he  conso l ida t ion  t e s t  
da ta .  Recent alluviums may i n d i c a t e  moderate preconsol ida t ion  t o  a  
depth of s e v e r a l  f e e t  due t o  des s i ca t ion ,  having s t r a t a  below wi th  
l i t t l e  preconsol ida t ion  and low shea r  s t r e n g t h  t h a t  were deposi ted i n  
water and have had l i t t l e  oppor tuni ty  t o  d ry  out .  

Compute j o i n t  e x t e n s i b i l i t y  requirements i n  conformance with t h e  
fol lowing procedure. 

S t e p  1. Compute the  fol lowing r a t i o s ,  B f d, B + H, 6 f d,  (2pd) + sB 

and p = Hy, 

S t e p  2. From S - 1 4 6  read ,  R,, t he  t h e o r e t i c a l  r a t i o  of maximum u n i t  

h o r i z o n t a l  s t r a i n  t o  average u n i t  v e r t i c a l  s t r a i n ,  6 + d.  

S t e p  3.  Compute R , ,  a  f a c t o r  which c o r r e c t s  f o r  t h e  e f f e c t  of t h e  

foundat ion s t r e s s  r a t i o ,  , on t h e  t h e o r e t i c a l  r a t i o  R,. 

S t e p  4. Compute q,, , t h e  maximum u n i t  h o r i z o n t a l  s t r a i n .  



S t e p  5. Compute g, ,  t he  maximum probable j o i n t  opening due t o  founda- 

t i o n  and embankment s t r a i n  

- 
gs - €hr, a 1 2 e ~  . (5) 

where L is  t h e  length  of a  s e c t i o n  of conduit  i n  f e e t .  It is  assumed 

t h a t  t he  a r t i c u l a t e d  conduit  under t h e  major p a r t  of embankment is  made 
up of s e c t i o n s  o f  equal  length ,  L. 

ground 

1 Compressible Foundation; p = 0.25 

Fig. 1 Def in i t i on  ske tch  

Avai lab le  evidence i n d i c a t e s  t h a t ,  a s  t h e  conduit  ( b a r r e l )  s e t t l e s ,  t he  
induced r o t a t i o n  i n  t h e  j o i n t s  i s  no t  c o n s i s t e n t  bu t  r a t h e r  is  q u i t e  
i r r e g u l a r  t o  t h e  e x t e n t  t h a t  i n  some cases  t h e  r o t a t i o n  is  oppos i te  t o  
t he  a n t i c i p a t e d  d i r e c t i o n .  This s i t u a t i o n  probably is due t o  l oca l i zed  
i r r e g u l a r i t i e s  i n  t h e  foundat ion,  i t s  conso l ida t ion  p o t e n t i a l ,  and t h e  
e f f e c t  of an t i - s eep  c o l l a r s  on d i f f e r e n t i a l  s e t t l emen t  of t he  conduit .  

S t e p  6. The probable j o i n t  opening due t o  j o i n t  r o t a t i o n ,  g,, i n  
inches may be computed from t h e  fol lowing equat ion  which was derived 
from experimental  d a t a  

where Do = o u t s i d e  diameter o r  v e r t i c a l  he igh t  of conduit  i n  inches.  

S t ep  7. The r equ i r ed  j o i n t  e x t e n s i b i l i t y ,  J, i n  inches i s  given by 

t h e  fol lowing equat ion  



where S is the  s a f e t y  margin i n  inches.  The s a f e t y  margin, S ,  i s  t he  

l a r g e r  va lue  given by equat ion  (8) o r  t h e  requirements of Engineering 

Memorandum-27. 

where 
- 

C~ - - loo f o r  (H > 100) 
100 

= 0 f o r  (H 5 100) 

CD = 30 - f o r  (D < 30) 
30 

= 0 f o r  (D 1 30) . 
The requi red  j o i n t  length  (EM-27) i s  equal  t o  t he  requi red  j o i n t  

e x t e n s i b i l i t y  plus  t he  maximum j o i n t  gap permit ted when the  pipe is  
i n s t a l l e d .  

Nomenclature Summary: 

B = equiva len t  base width of embankment i n  f e e t .  

C = c o e f f i c i e n t  (see equat ion  2)  

CH = a p a r t  of t he  s a f e t y  margin i n  inches ( see  equat ion 9 )  

CD = a p a r t  of the  s a f e t y  margin i n  inches (see equat ion  10)  

d = depth of the  compressible foundat ion,  i . e .  t h a t  depth i n  t he  
foundat ion below the  i n t e r f a c e ,  below which a d d i t i o n a l  s i g n i f i c a n t  
s e t t l emen t  does not  occur,  i n  f e e t .  

D = i n t e r n a l  diameter o r  i n s i d e  v e r t i c a l  he igh t  of conduit  i n  inches 

Do = maximum ou t s ide  diameter o r  v e r t i c a l  he igh t  of conduit  i n  inches 

g, = maximum probable j o i n t  opening due t o  foundat ion and embankment 
s t r a i n  i n  inches (see equat ion 5)  

g, = probable j o i n t  opening due t o  j o i n t  r o t a t i o n  i n  inches (see equa- 
t i o n  6 )  

H = he igh t  of e a r t h  embankment i n  f e e t  

J = requi red  j o i n t  e x t e n s i b i l i t y  i n  inches (see equat ion  7 )  



L = l ength  of a  monolithic s e c t i o n  of conduit  i n  f e e t  

P = preconsol ida t ion  s t r e s s  i n  pounds per  square foo t  

p  = Hym = maximum v e r t i c a l  p ressure  a t  t h e  i n t e r f a c e  i n  pounds per  
square f o o t  

- 
p = average e f f e c t i v e  s t r e s s  on s t r a tum a t  depth y i n  pounds per  

square f o o t  

R1 = t h e o r e t i c a l  r a t i o  of maximum u n i t  h o r i z o n t a l  s t r a i n  t o  average 
u n i t  v e r t i c a l  s t r a i n ,  6 i d 

R, = a c o r r e c t i o n  f a c t o r  f o r  t h e  e f f e c t  of t he  foundat ion s t r e s s  r a t i o  
on R, (see equat ion  3 )  

s = average consol idated undrained foundat ion shear  s t r e n g t h  a t  t h e  
condi t ion  of completion of t h e  embankment i n  pounds per  square 
f  00 t 

S =. s a f e t y  margin i n  inches (see equat ion  8) 

y = depth i n t o  t h e  foundat ion from the  embankment-foundation i n t e r f a c e  
t o  t h e  s t r a tum i n  ques t ion  i n  f e e t  

chm = maximum u n i t  h o r i z o n t a l  s t r a i n  

6 = maximum a n t i c i p a t e d  se t t l emen t  of t he  foundat ion su r f ace  i n  t h e  
v i c i n i t y  of t he  conduit  i n  f e e t  

ym = moist weight of t h e  embankment a s  b u i l t  i n  pounds per  cubic  f o o t  

yfl = average submerged weight of foundat ion ma te r i a l  above depth y i n  
pounds per  cubic  f o o t  



Example No. 1 

Given: B = 280. f t . ;  H = 44. f t . ;  d = 12. f t . ;  6 = 0.85 f t .  

Ym = 115. ~ b . / f t . ~  ; s = 1800. Ib . / f t . " ;  L = 16. f t . ;  D = 48. in. 

Do = 54. in. ; c lass  (a) dam; 

Find: Required j o i n t  e x t e n s i b i l i t y  - 
Procedure : 

B 280 6 0 85 280 - 23.3; - = - = 6.4; -=' = 0.071; Step 1. Compute - = - - 
d 12 H 44 d 12 

Step 2. From ES-146 f o r  - = 
B 23.3 and - = 6.4 read R, = 0.123 

d H 

Step 3. R, = 0.24 + 0.10 = 0.34 

Step 4. ehm = (0.123)(0.34)(0.071) = 0.00297 

Step 5. g, = (0.00297)(12)(16) = 0.57 inch 

- (2.5)(54)(0.85) = 0.41 Step 6. g, - 
280. 

Step  7. S =($)(0.24) + 0 + 0 = 0.12 < 0.5 hence use S = 0.5 

J = 0.57 + 0.41 + 0.50 = 1.48 inches 



Example No. 2 

P- 

Given: Cross s e c t i o n  of e a r t h  dam embankment as  shown; d = 26. f t . ;  

6 = 2.15 f t . ;  y, = 125. ~ b . / f t . ~ ;  s = 1000. l b . / f t . " ;  L = 10. f t . ;  

Do = 35. i n . ;  D = 30. in .  c l a s s  ( c )  dam. Y 

Find: E f f e c t i v e  B and H and J - 
H = 41. f t .  by inspec t ion  

- 2 times c ross - sec t iona l  a rea  of dam = (2)  (5333),26~J. ;, B - , L.. 

H 4 1 

Procedure : 

= 260 = 10; 2 = 260 = 6 , 3 ; 6  = 2-15 = 0.083 Step  1. ;T. 26 H 41 d 26 

p = Hy, = (125)(41) = 5125. lb .  per f t . "  

2pd (2) (5125) (26) 
Foundation s t r e s s  r a t i o ,  - - - (1000) (260) 

= 1.03 
s B 

B B 
S tep  2. From ES-146 f o r  - = 10 and - = 6.3 read R, = 0.213 

d H 

S tep  3. % = 1.03 + 0.10 = 1.13 

S tep  4. ehm (0.213) (1.13) (0.083) = 0.020 

S tep  7. 

= ) ( . 0 3 )  + 0 + 0 = 0.52 > 0.5 use S = 0.52 

S tep  8. J = g, +g,  + S  = 2.40 + 0 . 7 2  + 0 . 5 2  = 3.64 inches 



SOIL MECHANICS : values of t heo re t i ca l  r a t i o  of maximum p=0.25 
u n i t  horizontal  s t r a i n  t o  average u n i t  v e r t i c a l  s t r a i n  = R1 

B Values of - 
H 

M a x i m u m  average unit v e r t i c a l  strain eVm = 6/d 
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