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DESIGN NOTE NO. 9* 

Sub jec t :  Use of AWWA C302 Pipe f o r  P r i n c i p a l  Spi l lway Conduit 

Purpose of Note: Questions e x i s t  a s  t o  the  r e l a t i v e  mer i t s  of pressure  
pipe meeting the  s p e c i f i c a t i o n s  AWWA C300, AWWA C301, and AWWA C302 f o r  
use a s  p r i n c i p a l  sp i l lway  (drop i n l e t )  conduit  under o r  through e a r t h  
dam embankments. I f  d i f f e r ences  i n  a c c e p t a b i l i t y  f o r  t h i s  purpose 
e x i s t ,  and they  do, what a r e  t h e  condi t ions  and requirements of use 
f o r  each type? It i s  t h e  purpose of t h i s  design note  t o  answer these  
and r e l a t e d  quest ions.  

-- - AWWA C300 is  Reinforced Concrete Water Pipe - 
S t e e l  Cylinder  Type - Not P res t r e s sed  

AWWA C301 is Reinforced Concrete Water Pipe - 
S t e e l  Cylinder  Type - Pres t r e s sed  

AWWA C302 i s  Reinforced Concrete Water Pipe - 
Noncylinder Type - Not P res t r e s sed  

Herea f t e r  i n  t h i s  no te  t h e s e  p ipe  w i l l  be r e f e r r e d  t o  a s  300, 301, o r  

a 302 pipe. 

Requirements f o r  P r i n c i p a l  Spi l lway Conduits:  The main requirements 
a r e  now l i s t e d  and d iscussed .  

D u r a b i l i t y  - The conduit  must be durable  because of the  high c o s t  of 
replacement.  It must not  d e t e r i o r a t e  i n  i t s  environment a t  t he  p a r t i c u -  
l a r  s i t e  of use.  P r i n c i p a l  causes of d e t e r i o r a t i o n  a r e :  (1)  f r eez ing  
and thawing where water seeps through o r  can e n t e r  cracks i n  t he  conduit  
wa l l ,  (2)  co r ros ion  of  r e in fo rc ing  s t e e l  due t o  exposure t o  oxygen and 
moisture o r  ac id  water and (3 )  chemical a t t a c k  on t h e  concre te  due t o  
excess  concent ra t ion  of ac id  o r  a l k a l i .  A l l  of these  causes of d e t e r i o -  
r a t i o n  a r e  augmented by cracks t h a t  permit seepage of water through the  
conduit  wa l l  o r  i n t o  t h e  wall .  

A c c e s s i b i l i t y  f o r  Maintenance and Repair - V i r t u a l l y  no m a t e r i a l  a v a i l a b l e  
a t a p r a c t i c a l  c o s t  can be expected t o  l a s t  100 years  without  some mainte- 
nance. Hence it is  of major importance t h a t  t he  conduit  be of s u f f i c i e n t  
s i z e  t o  accommodate r e l a t i v e l y  easy in spec t ion  and r e p a i r .  

S t r eng th  t o  R e s i s t  Loads - The conduit  must no t  f a i l  s t r u c t u r a l l y .  It 
must r e s i s t  a l l  forces  both t r ansve r se  and longitudinal t h a t  can come t o  
i t  by e x t e r n a l  o r  i n t e r n a l  loading,  on f i rm  o r  y i e ld ing  foundat ion,  a s  
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t h e  case  may be. It should r e s i s t  a l l  known loads wi th  a  ve ry  
comfortable margin of s a f e t y .  There a r e  enough unknowns, p a r t i c u -  
l a r l y  due t o  unpredic tab le  v a r i a t i o n s  i n  foundat ion conso l ida t ion ,  
t o  t a x  any reasonable f a c t o r  of s a f e t y .  

It i s  we l l  e s t a b l i s h e d  t h a t  t h e  load from an e a r t h  dam embankment 
on a  compressible foundat ion produces t e n s i l e  s t r a i n  i n  both t h e  
embankment and t h e  foundat ion i n  a  d i r e c t i o n  t r ansve r se  t o  t h e  
embankment c e n t e r l i n e .  The magnitude of t h i s  s t r a i n ,  f o r  almost 
any dam on a  compressible foundat ion,  f a r  exceeds t h e  s t r a i n  a t  
f a i l u r e  of concre te  i n  tens ion .  (See TR No. 18.)  

Hence on a  compressible foundat ion with normal layout  of the  
p r i n c i p a l  sp i l lway  conduit  t he  e a r t h  s t r e t c h e s  i n  t h e  long i tud ina l  
d i r e c t i o n  of t he  pipe and r e l a t i v e  t o  i t .  

This r e l a t i v e  motion extends t h e  p ipe  j o i n t  opening and may induce 
s u f f i c i e n t  l ong i tud ina l  t e n s i l e  s t r e s s  i n  t h e  p ipe  t o  cause t r a n s -  
ve r se  cracks.  I f  t he  p ipe  does no t  crack,  t h e  maximum tens ion  w i l l  
e x i s t  a t  o r  near  t h e  middle of t he  pipe s e c t i o n .  The pipe s e c t i o n  
w i l l  c rack  a s  soon a s  i t s  s t r e n g t h  i n  t ens ion  is  exceeded. I f  t h e  
foundat ion and embankment were homogeneous and i s o t r o p i c  and no 
bending s t r e s s e s  were induced i n  t h e  p i p e ,  t he  l o c a t i o n  of the  cracks 
should be symmetrical about t he  middle of t h e  p ipe  s e c t i o n .  It i s  
doubt fu l  t h a t  t h e  i d e a l i z e d  "no bending s t r e s s "  condi t ion  e x i s t s  i n  
most foundat ions.  When bending s t r e s s  e x i s t s  it i s  probably a  
maximum a t  a  r i g i d  a n t i - s e e p  c o l l a r ,  o r  i f  an an t i - s eep  c o l l a r  i s  
not  on t h e  s e c t i o n  of pipe then  a t  o r  near  t h e  middle of t he  p ipe  
sec t ion .  It i s  probable t h a t  t h e  po in t  of maximum bending s t r e s s  
has more t o  do wi th  t h e  l o c a t i o n  of t r ansve r se  cracks than  any o the r  
s i n g l e  f a c t o r .  

The maximum probable change i n  d i r e c t  t ens ion  i n  t h e  pipe per  f o o t  
of length  is  u s u a l l y  equal  t o  t h e  t o t a l  normal i n t e r - g r a n u l a r  pressure  
per  f o o t  mu l t ip l i ed  by (1) t h e  c o e f f i c i e n t  of f r i c t i o n  between t h e  
s o i l  and t h e  p ipe  o r  (2) t h e  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  i n  t he  
s o i l ,  whichever is  smal le r .  These fo rces  a r e  probably a  maximum on 
a  conduit  under an e a r t h  dam embankment a t  t h e  time of completion of 
t h e  e a r t h  f i l l  and before development of p h r e a t i c  su r f ace .  

From Technical  Release No. 5 ,  The S t r u c t u r a l  Design of Underground 
Conduits,  t h e  t o t a l  v e r t i c a l  load per  f o o t  length  of t he  conduit  i n  
pounds i s  

Wc = C, ybc2 = Kyb, Hc . (1)  

where 

C, = a  load c o e f f i c i e n t  (See TR No. 5. ) 



y = average weight of t h e  embankment m a t e r i a l  above t h e  
t o p  of  the  condui t  i n  l b s .  per  cubic  f o o t  

b, = t h e  o u t s i d e  width of t h e  condui t  i n  f e e t  

H, = he igh t  of t h e  e a r t h  f i l l  above the  t o p  of t h e  condui t  
i n  f e e t  

K = another  d i f f e r e n t  load c o e f f i c i e n t  

For p o s i t i v e  p r o j e c t i n g  condui t s  i n  t h e  incomplete p r o j e c t i o n  condi-  
t i o n ,  t h e  cond i t i on  u s u a l l y  encountered i n  our e a r t h  dam ope ra t i ons ,  
a  reasonable  average va lue  f o r  K is  2.0. Then 

The t o t a l  load a c t i n g  upward on t h e  bottom of  t h e  condui t  is approxi -  
mately equa l  t o  t h e  load on t o p  and t h e  loads on t h e  two s i d e s  is  
approximately equa l  t o  one-s ix th  of t h e  load on top .  Then t h e  t o t a l  
normal load on t h e  condui t  per  f o o t  of  l eng th  i s  approximately 

The c o e f f i c i e n t  of  f r i c t i o n  between e a r t h  and concre te  f o r  wet 
unsa tu ra t ed  c l a y  is  about 0 .2 ,  and f o r  d ry  c l a y  i s  about 0.5.  For 
remolded c l a y  t h e  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  v a r i e s  from about 
0.25 t o  0.50. Other m a t e r i a l s  and condi t ions  would i n d i c a t e  d i f f e r e n t  
va lues .  

The change i n  t o t a l  l o n g i t u d i n a l  s t r e s s  i n  t h e  p ipe  i n  pounds pe r  
f o o t  l ength  of p ipe  i s  

where 
C, = t h e  app rop r i a t e  f r i c t i o n  c o e f f i c i e n t  

AS = t h e  change i n  s t r e s s  i n  pounds per  f o o t  l ength  of p ipe  

The fo rce  tending  t o  p u l l  a  s e c t i o n  of pipe a p a r t  i s  

where 
F = t o t a l  t e n s i l e  fo rce  i n  t h e  s e c t i o n  of p ipe  i n  l b s .  

L = l ength  of s e c t i o n  of p ipe  i n  f e e t  

Assume t h a t  t h e  conc re t e  has no s t r e n g t h  i n  t ens ion ,  then 



where 

A, = t h e  c r o s s  s e c t i o n a l  a r e a  of t h e  l o n g i t u d i n a l  s t e e l  i n  
t h e  p ipe  i n  square  inches  

f ,  = t h e  u n i t  s t r e s s  i n  t h e  l o n g i t u d i n a l  s t e e l  i n  pounds pe r  
square  inch 

Combination of equa t ions  (4) ,  (5), and (6) g ives  

Evidence i n  t h e  form of p a r t i a l  c rack ing  a t  t h e  t o p  o r  bottom of t h e  
p ipe  shows t h a t ,  i n  t h e  average foundat ion s u b j e c t  t o  conso l ida t ion ,  
bending s t r e s s e s  a r e  a l s o  induced i n  t h e  condui t  from d i f f e r e n t i a l  
s e t t l e m e n t  due t o  i r r e g u l a r i t i e s  i n  t h e  foundat ion o r  t o  t h e  e f f e c t  of 
r i g i d  a n t i - s e e p  c o l l a r s  under t h e  condui t .  The fo rces  which produce 
such bending a r e  h igh ly  inde te rmina te .  Avai lab le  evidence i n d i c a t e s  
t h a t  r i g i d  a n t i - s e e p  c o l l a r  p r o j e c t i o n s  below t h e  bottom of  t h e  condui t  
may be a  p r i n c i p a l  cause of induced bending i n  t h e  condui t .  

A b i l i t y  of 300, 301, and 302 Pipe t o  Meet Above Requirements: A l l  t h r e e  
types  of p ipe  can be adequate ly  designed t o  r e s i s t  t h e  l a t e r a l  loads and 
t h e  j o i n t  r o t a t i o n  and ex t ens ion  c a p a c i t y  a r e  equa l  because a l l  types  
can be provided wi th  t h e  same steel  j o i n t  r i n g s  and "0" r i n g  gaske t .  

The major s t r e n g t h  d i f f e r e n c e  i n  t h e  t h r e e  types  of p ipe  i s  found i n  
t h e  absence o r  presence of a  s t e e l  cy l inde r .  The 300 and 301 p ipe  a r e  
manufactured wi th  a  s t e e l  c y l i n d e r  of  no t  l e s s  than 16 gage, U.S. Standard,  
welded t o  t h e  j o i n t  r i n g s  t o  make a  w a t e r t i g h t  assembly. The 302 p ipe  
does no t  con ta in  such a  c y l i n d e r .  The presence of t h e  c y l i n d e r  makes a  
l a r g e  d i f f e r e n c e  i n  t h e  amount of  l o n g i t u d i n a l  s teel  i n  t h e  300 and 301 
p ipe  a s  compared t o  302 p ipe .  

Table  1 

Cross-Sec t iona l  Area of Longi tud ina l  Steel'k 

*Approximate minimum requirements  f o r  16-foot  long s e c t i o n s  of 
p ipe .  There i s  no minimum requirement f o r  "Re Bar" s t e e l  f o r  

Nominal 
Diameter 

Inches 

18 

24 

30 

3  6  

4  2  

48 

Type of  P ipe  

302 

R e  Bars 

1 .2  

1 . 2  

1 . 2  

1.2  

1 . 2  

1 .2  

301 
Cyl inder  

3 .8  

5 . 1  

6 . 4  

7.6 

8.9 

10.2 

3  00 
T o t a l  

5 . 0  

6.2 

7 .3  

8 . 5  

9.6 

10.8 

Cylinder  

3 .8  

5 . 0  

6 . 1  

7.3 

8 .4  

9 .6  

Re Bars 

1.2 

1 .2  

1 . 2  

1 .2  

1 . 2  

1 . 2  



t h e  300 p ipe ;  t h e  va lues  shown a r e  seldom exceeded 
by any apprec iab le  amount. The c ros s - sec t iona l  
a r ea  f o r  t he  cy l inde r  s t e e l  is based on t h e  use  of 
16 gage,U. S.  Standard,  a minimum gage commonly 
used i n  t h e  indus t ry .  

It is ev iden t  from Table 1 t h a t  300 and 301 p ipe  have much g r e a t e r  
r e s i s t a n c e  t o  both d i r e c t  t ens ion  and t ens ion  due t o  induced bending 
than does 302 pipe. 

When bending and shea r  a r e  induced i n  t he  conduit  from d i f f e r e n t i a l  
s e t t l emen t  under a s e c t i o n  of pipe the  i n t e r a c t i o n  of t h e  pipe and 
c r a d l e  i n  l ong i tud ina l  bending is  open t o  quest ion.  I f  t h e  pipe 
and c r a d l e  were t o  i n t e r a c t  as  a monoli thic  beam, the  s t r u c t u r e  
would have cons iderable  s t r e n g t h  i n  bending aga ins t  forces  producing 
t ens ion  i n  t he  bottom element and a d d i t i o n  of l ong i tud ina l  s t e e l  i n  
t he  c r a d l e  would provide added r e s i s t a n c e  t o  bending. The a d d i t i o n  
t o  l ong i tud ina l  s t e e l  i n  t he  c r a d l e  is  no t  e f f e c t i v e  i n  providing 
r e s i s t a n c e  t o  bending aga ins t  forces  which produce t ens ion  i n  t he  
t o p  element,  such as  those induced over r i g i d  an t i - s eep  c o l l a r s .  
Because the  i n t e r a c t i o n  between pipe and c r a d l e  is  quest ionable,  
and the  fo rces  producing bending a r e  h ighly  inde termina te ,  t h e  use 
of a d d i t i o n a l  l ong i tud ina l  re inforcement  i n  t h e  c r a d l e  does n o t  
so lve  the  problem. 

Water t ightness  - The 300 and 301 pipe have a h igher  l e v e l  of r e l i a -  
b i l i t y  a s  t o  water t igh tness  under pressure  mainly because of t h e i r  
process of manufacture i n  which t h e  cy l inde r  and r i n g  assembly is  
p re s su re  t e s t e d  before  t h e  concre te  cover i s  added. There have 
been some minor problems with 302 pipe under i n t e r n a l  pressure  
t e s t  due t o  seepage apparent ly  around t h e  j o i n t  r i ng .  The leakage 
i n  t hese  cases  has been ve ry  low but any leakage should be avoided. 

The Evidence: Our recorded experience,  summarized i n  Table 2 a s  
we l l  a s  our  s p o t  observa t ions  c l e a r l y  demonstrate t h e  s u p e r i o r i t y  
of 300 and 301 p ipe  over 302 pipe. Table 2 does not  t e l l  a l l  of 
t he  s t o r y .  The c i r cumfe ren t i a l  cracks i n  16-foot lengths  of 301 
pipe d id  no t  exceed one-s ix tyfour th  of an inch whereas t h e  c i r -  
cumferent ia l  cracks i n  12-foot lengths  of 302 pipe ranged from 
one-s ix teenth  t o  one-quarter  inch. I n  t h e  smal l  sample of 3 dams 
wi th  300 pipe t h e r e  were no cracks ev ident  on the  i n s i d e  of t h e  
conduit .  



Table 2 

Cracking Experience2k 

Type of Pipe 

Number of S t ruc tu re s  

Number of s t r u c t u r e s  wi th  cracks 
having a width equal  t o  o r  l e s s  
than  1/16 inch 

f u l l  c i r c l e  t r ansve r se  cracks 

p a r t i a l  t r ansve r se  cracks 

Number of s t r u c t u r e s  wi th  cracks 
having a width g r e a t e r  than  1/16 inch  

f u l l  c i r c l e  t r ansve r se  cracks 

p a r t i a l  t r a n s v e r s e  cracks 

7kFrom "Summary of F i e l d  Reports and Analysis of Data on Surveys 
of P r i n c i p a l  Spi l lway Pipe Conduits" by Design Sec t ion ,  SCS, 
A p r i l  22, 1964, pages 29-35. 

Recommendations: 

1. AWWA C302 pipe should be used only on foundations of sound unweathered 
rock wi th  a r e in fo rced  concre te  c rad le .  

2. Construct ion plans should inc lude  302 p ipe  a s  an a l t e r n a t e  only when 
t h e  condi t ions  of recommendation number 1 above a r e  s a t i s f i e d .  

3 .  Equation (7)  should be used a s  a guide t o  e s t ima te  t h e  gage of 
c y l i n d e r  requi red  f o r  condui t s  of 300 o r  301 pipe under high embankments 
on compressible foundat ions.  As a guide a va lue  of 0.25 f o r  Cf is  
recommended. 

Example - Calcu la t e  t h e  gage requirement f o r  a 301 p ipe  conduit  36 inches 
i n  diameter wi th  s tandard  r e in fo rced  concre te  c r a d l e  under an 80-foot  
h igh  embankment. Outside diameter of t h e  pipe is  44 inches.  The moist 
weight of t h e  embankment w i l l  be 110. lbs .  per  cubic  foot .  The conduit  



s e c t i o n s  w i l l  be 16 f e e t  long. The al lowable s t r e s s  i n  t he  
s t e e l  cy l inde r  w i l l  be taken a s  20,000. lbs .  per  square inch. 
(The minimum y i e l d  s t r e n g t h  f o r  cy l inde r  pipe under t he  s p e c i f i -  
ca t ions  is 27,000 ps i .  ) 

= 14.0 square  inches 

A, = IT (mean diameter of cy l inde r ) ( th i ckness )  = nD,t 

A, 14.0 t = - = - =  0.12 inch 
rrD, 3 8 . 5 ~ ~  

Use s t e e l  cy l inde r  of 10 gage, U. S. Standard. 




