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P R E F A C E

T h is  p u b l ic a t io n ,  p r e p a r e d  fo r  the  d e s ig n in g  e n g i n e e r  c o n c e r n e d  
w ith  c u l v e r t s ,  p r e s e n t s  an a p p ro a c h  to  the  d e s ig n  of a p ipe  c u l v e r t  
w ith  a c h e a p  bu t e f fe c t iv e  p ro v is io n  fo r  the  c o n t r o l  of s c o u r  at the 
o u t le t .  T h e  s c o u r  p r o te c t io n  is  p ro v id e d  by  a m a t t r e s s  of b r o k e n  
s to n e  e n c lo s e d  in  a w i r e  m e s h  b a s k e t ,  c o v e r in g  a l a y e r  of s to n e  at 
th e  c u lv e r t  o u tle t .

T h e  d e ta i l s  of th e  gab ion  te c h n iq u e  g iv en  h e r e  a r e  b a s e d  upon 
an e x p e r im e n ta l  s tu d y  r e c e n t ly  c o m p le te d  by  the  W a te r  R e s e a r c h  
L a b o r a t o r y  f o r  th e  New South  W a le s  D e p a r tm e n t  of P u b l ic  W o rk s .
T h e  study, w hich  w as one phase of a long  t e r m  p r o g r a m m e  of i n ­
v e s t ig a t io n s  w ith  c u lv e r t s  and c a u s e w a y s ,  in c lu d ed  th e  t e s t i n g  of 
o v e r  60 c o n d i t io n s  of flow and s c o u r  p ro te c t io n  with  a 4 - in c h  d i a ­
m e t e r  c u lv e r t  m o d e l .  T h e  s ta b i l i ty  c r i t e r i a  d ev e lo p ed  w e re  then  
c h e c k e d  on an 8 - in c h  d i a m e t e r  m o d e l  and found to  g ive  c o n s i s t e n t  
r e s u l t s .  T h e  te c h n iq u e  is  now p r e s e n te d  as  a r e l a t iv e ly  c h e a p  
and e f fe c t iv e  m e th o d  of p r o te c t io n  of c u lv e r t  o u tle t  s t r u c t u r e s  a g a m s t  
u n d e r m in in g  by  s c o u r  ac tion .

It is  not g e n e r a l ly  r e c o g n i s e d  th a t  c u lv e r t s  f re q u e n t ly  o p e r a te  
u n d e r  p a r t - f u l l  c o n d i t io n s ,  ev en  w hen t h e r e  is  a c o n s id e ra b le  s u r ­
c h a r g e  a t  th e  in le t .  T h e  g ab io n  d a ta  p r e s e n te d  h e r e  a r e  b a s e d  
upon  t e s t s  w ith  p a r t - f u l l  flow in a s in g le  p ipe c u lv e r t  w ith  4 5 °  w ing -  
w a l l s  an<4 a d o w n s t r e a m  bed  of f ine  sand . F o r  fu ll  d e ta i l s  of the  
t e s t s , r e f e r e n c e  sh o u ld  b e  m a d e  to  W. ft. L. R.epopt No. 48 Hydx au lic  
M o d e l I n v e s t ig a t io n  of G ab io n  P r o te c t i o n  of C u lv e r t  O u t le ts "  by 
H a t t e r s l e y  and C o r n is h .

H. R. V a l le n t in e ,
A s s o c i a t e  P r o f e s s o r  of C iv i l  E n g i n e e r i n g ,
O f f i c e r - in - C h a r g e .

1. 3. 62.
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1. IN TR O D U C TIO N

C u lv e r t  d e s ig n  in v o lv es  the  f ix ing  of th e  lo c a t io n ,  le n g th ,  g r a d e  
and  s i z e  of th e  co n d u it  o r  c o n d u i ts ,  and the  f o r m  of th e  in le t  and out-' 
l e t  s t r u c t u r e s ,  f o r  the  c o n v ey an ce  of s u r f a c e  ru n o ff  f r o m  a d r a in a g e  
a r e a .

T h e  lo c a t io n  and len g th  a r e  d e te r m in e d  n o r m a l ly  f r o m  c o n s i d e r ­
a t io n  of th e  lo c a l  to p o g ra p h y  and th e  f o r m  and d im e n s io n s  of the  e m ­
b a n k m e n t  th ro u g h  w h ich  th e  c u lv e r t  p a s s e s ;  th e  g r a d e  is  g e n e r a l ly  
f ix e d  a t ,  o r  in  e x c e s s  of, a va lue  ad eq u a te  fo r  the  m a in te n a n c e  of a 
s e l f - c l e a n s i n g  v e lo c i ty  of flow; the  in le t  and o u tle t  s t r u c t u r e s  (the 
h e a d w a l l s ,  w in g w a lis  and ap ro n s)  a r e  co m m o n ly  b a s e d  upon  a  s t a n d ­
a r d  d e s ig n  of a S ta te  H ighw ay A u th o r ity .

T h e r e  r e m a i n  two a s p e c t s  of c u lv e r t  d e s ig n  in  w h ich  th e  d e s ig n e r  
h a s  h a d  to  r e l y  on ju d g m e n t ,  e x p e r ie n c e  and r u le - o f - th u m b .  T h e s e  
a r e ,  f i r s t ,  th e  d e te r m in a t io n  of th e  condu it  s i z e ,  th a t  i s  p ipe  d i a m e t e r  
o r  box  d im e n s io n s ;  and s e c o n d ,  th e  p r o te c t io n  n e c e s s a r y  to  e n s u r e  
th a t  th e  o u t le t  s t r u c t u r e  d o es  not c o l la p se  f ro m  th e  e f fe c ts  of s c o u r .

T h e  condu it  s iz e  d ep en d s  upon  th e  p eak  flow r a t e  to  be  a c c o m m o d ­
a te d  b y  th e  c u lv e r t  w ith o u t  the  p e r m is s i b l e  s u r c h a r g e  of w a t e r  o v e r  
th e  c u lv e r t  in le t  b e in g  e x c e e d e d .  T h e  flow r a t e  hav in g  b e e n  e s t im a te d  
b y  one of th e  s e v e r a l  a v a i la b le  a p p ro a c h e s ,  i t  is  p o s s ib le  to  e s t i m a t e  
th e  p ip e  d i a m e t e r  n e c e s s a r y  to  p ro v id e  fo r  a p a r t i c u l a r  m ode  of c u l ­
v e r t  flow. T h is  a p p ro a c h  is  t r e a t e d  in  S e c tio n  3 below .

P r o t e c t i o n  of th e  o u t le t  w a l ls  f r o m  th e  e f fe c ts  of s c o u r  h a s  e n ­
g a g e d  th e  a t te n t io n  of a n u m b e r  of e n g in e e r s  and r e s e a r c h  w o r k e r s  in  
r e c e n t  y e a r s .  O u tle t  s t r u c t u r e s  in  the  f o r m  of d i s s i p a t o r s  h av e  b e e n  
p r o p o s e d  (Ref. 2) and s o m e  have  b e e n  u s e d  to  a l im i te d  e x te n t ,  w ith  
s u c c e s s .  In  g e n e r a l ,  su c h  s t r u c t u r e s  h ave  b e e n  f a r  too  e x p e n s iv e  
f o r  g e n e r a l  adop tion . T h e  c h e a p e s t  f o rm s  of p r o te c t io n  so  f a r  s u g g e s te d  
in v o lv e  b r o k e n  s to n e  l in in g ,  s o m e t im e s  r e f e r r e d  to  as  11 a r m o u r - p l a t i n g " . 
Of t h e s e ,  a  f o r m  w h ic h  is  kep t s ta b le  by the  w e ig h t of an  o v e r ly in g  m a t t ­
r e s s  of b r o k e n  s to n e  in  a b a s k e t  of w i r e  m e s h  h a s  p e r f q r m e d  v e r y  
e f f e c t iv e ly  in  l a b o r a t o r y  t e s t s .  T h is  te c h n iq u e ,  c o m m o n ly  c a l le d  

''"gab ion"  p r o te c t io n ,  is  d e a l t  w ith  f r o m  the  d e s i g n e r ' s  v iew  p o in t  in  
S e c t io n s  4, 5 and 6.



2. C U L V E R T  HYDRAULICS

F o r  a c u lv e r t  of s p e c i f ie d  s iz e  and g r a d e ,  th e  c a p a c i ty  o r  r a t e  of 
flow w h ich  is  s u s ta in e d  b y  a g iv e n  d ep th  of a p p r o a c h  flow  d e p e n d s  u p ­
on w h e th e r  o r  not the  c u lv e r t  flow's fu ll .  T h is  is  no t a lw ay s  e a s y  to 
p r e d ic t ,  e s p e c ia l ly  w hen  the  d e s ig n e r  h a s  l i t t l e  r e l i a b l e  i n f o r m a t io n  
on flow co n d it io n s  d o w n s t r e a m  of th e  c u lv e r t .

If c o n s id e r a t io n  is  l im i te d  to  a s in g le  c i r c u l a r  p ipe  c u lv e r t  of 
d i a m e t e r  D w ith  an  u p s t r e a m  dep th  o r  h e a d w a te r  h, and  a d o w n s t r e a m  
dep th  o r  t a i iw a te r  t ,  it i s  e v id e n t  th a t  th e  p ip e  w i l l  f low  fu l l  if  th e  i n ­
le t  and o u tle t  a r e  s u b m e r g e d ,  th a t  is  if  h  >  D and  t  >  D (See F ig .  la ) .

W ith  the  in le t  w e l l  s u b m e r g e d ,  s a y  h >  2D, a  s h o r t  c u lv e r t  on 
a m i ld  s lo p e ,  w i th  a f r e e  o u t le t ,  m a y  flow p a r t  fu l l  w ith  th e  flow 
d ep th  i n c r e a s i n g  d o w n s t re a m ;  bu t it w il l  flow  fu ll ,  if  it  is  long  enough 
fo r  the  b a c k w a t e r  e f fec t  to  f i l l  th e  p ipe . (See F i g s .  lb  and  lc ) .
F o r  e x a m p le ,  a p ipe  on a s lo p e  of 1 in  100 m ig h t  b e h a v e  as  a  s h o r t  
p ip e ,  flow ing p a r t - f u l l  if the  le n g th  L  is  l e s s  th a n  abou t 30 d i a m e t e r s  
b u t as  a long  p ipe  f low ing  fu l l  if  L  i s  a p p r e c ia b ly  g r e a t e r  th a n  30D.

If the  in le t  is  not w e ll  s u b m e r g e d ,  v o r te x  a c t io n  a d m i t s  a i r  to  the  
c u lv e r t  s u f f ic ie n t ly  to  p r e v e n t  o r  s e r i o u s l y  i n t e r f e r e  w ith  fu l l  b o r e  
flow. L a b o r a to r y  e x p e r im e n t s  in d ic a te  th a t  s u c h  e f fe c ts  o c c u r  if  
h  <  2D and th a t  th e  c a p a c i ty  is  r e d u c e d  b y  20 pc . o r  m o r e ,  u n l e s s  
hoods  o r  o th e r  d e v ic e s  a r e  i n s t a l l e d  to  p r e v e n t  th e  v o r te x  a c t io n .

F o r  p r a c t i c a l  p u r p o s e s ,  w ith  g r a d e s  b e tw e e n  1 pc. and 2 pc . , 
xhe fo llow ing  g u id e s  to  th e  l ik e ly  f o r m  of c u lv e r t  flow  c a n  b e  u s e d .

O u tle t  In le t  C u lv e r t  F lo w
C o n d it io n  C o n d i t io n  L e n g th  C o n d i t io n

S u b m e rg e d  h >  D A ny le n g th  F u l l
F r e e  h >  2D L> 30D F u l l
F r e e
F r e e

2 D <  h <  3D 
h <  2D

L< 20D P r o b a b ly  p a r t  fu ll
Any le n g th  P a r t  fu ll
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3. DETERM INATION OF CULVERT DIAMETER
. . . y , , ■■■.....................   ■■ " l-P " P f  — ■ ■>— f  , ■-« i. (. ■■ ■ ■ ̂ ■ ■ ■ | ■I

(i) F u l l  P ip e  F lo w

If a v a i la b le  d a ta  in d ic a te  th a t  the  c u lv e r t  w ill  flow fu ll  fo r  the  
d e s ig n  flow r a t e ,  th e  n e c e s s a r y  p ipe  d i a m e t e r  c a n  h e  d e te r m in e d  
f r o m  n o r m a l  p ipe  flow c h a r t s  o r  fo rm u la e  (F ig s ,  l a  and lc ) .  T he  
h e a d w a te r  c a n  b e  f ix e d  f r o m  a know ledge  of the  p e r m is s i b l e  s u r c h a r g e  
o v e r  th e  in le t .  T h e  d ro p  in  l e v e l  f r o m  the  u p s t r e a m  s u r f a c e  to  the  
s u r f a c e  of th e  w a te r  at th e  p ipe  o u t le t  is  e q u a te d  to  th e  s u m  of th e  e n ­
t r a n c e  l o s s ,  th e  e x it  l o s s  and  the  p ipe  r e s i s t a n c e  l o s s e s .

A h  = K. | - + K  + %  F"  * 7 "  <K- + K + )1 2g °  2g D 2g 2 g  i o D

. • , ^ H  = -0- . .  (k . + k  +  )
2 g ( ^ _ ) 2D4 1 o D

W ith  a p p r o p r ia t e  v a lu e s  b e in g  adop ted  fo r  the  e n t r a n c e  c o e f f ic ie n t  
K .,  th e  e x it  c o e f f ic ie n t  K and the  r e s i s t a n c e  c o e f f ic ie n t  f, (of the  
o r d e r  of m a g n i tu d e  0. 25, 1. 0 and 0. 015 r e s p e c t iv e ly )  a so lu t io n  f o r  D
c a n  be  found.

(ii) P a r t - fu ll  P ip e  F low

T h e  p ipe  s iz e  n e c e s s a r y  to  co n v ey  a g iv en  flow r a t e ,  w hen th e  c u l ­
v e r t  i s  f low ing  p a r t  fu ll  w ithou t a s u b m e r g e d  e n t r a n c e ,  c a n  b e  d e t e r m ­
in e d  b y  a p p l ic a t io n  of n o r m a l  open  c h a n n e l  flow fo rm u la e .

F o r  p e a k  d e s ig n  flow c o n d i t io n s ,  a p ipe  c u lv e r t  i s  u s u a l ly  d e s ig n e d  
f p r  s u b m e r g e n c e  of th e  e n t r a n c e .  T h e  n e c e s s a r y  p ipe  s i z e  in  s u c h  a 
c a s e  c a n  be  e s t i m a t e d  w ith  th e  a id  of a c h a r t  r e l a t in g  h e a d w a te r ,  flow 
r a t e  and  p ip e  s i z e  (F ig .  3), A l te rn a t iv e ly ,  the  c h a r t  m a y  b e  b a s e d  
u p o n  s u r c h a r g e  flow r a t e  and p ipe  s iz e  (F ig .  2). T h e s e  c h a r t s  h av e  
b e e n  d e r iv e d  f r o m  e x p e r im e n t s  in  the  r a n g e  of u p s t r e a m  h e a d w a te r s  
f r o m  h = D to  h = 3D, th e  p ipe  b e in g  s u f f ic ie n t ly  s h q r t  fo r  th e  flow to  
b e  p a r t  fu ll .  E x t r a p o la t io n  of the  c h a r t s  is  not r e c o m m e n d e d .

4. T H E  P R IN C IP L E  O F T H E  GABION
   , —  , i i  r  ■! ■  . . .  - . . . . . . . . . . . . . .   — i | U 1 «  t  l | , |  ' i i I T

The sco u r in g  action  of w ater  d isch a rg in g  from  a cu lv er t o v er  an 
ero d ib le  bed can  be reduced  by m ean s of a p ro tec tiv e  la y e r  o f brok en  
Stone in  the v ic in ity  of the ou tlet, A p ro p erly  proportioned  ston e  
la y e r  p rev en ts  the d evelop m ent of sco u r  h o le s  w hich m ight u n d erm in e  
the ou tlet head and w in g -w a lls . The flow  v e lo c ity  is  red u ced  as the
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i s s u in g  s t r e a m  s p r e a d s  s o  th a t  th e  s c o u r in g  a c t io n  d o w n s t r e a m  of th e  
l a y e r  i s  of r e d u c e d  in t e n s i ty  and , in  any  c a s e ,  i s  h a r m l e s s  a s  f a r  a s  
th e  o u t le t  s t r u c t u r e  i s  c o n c e r n e d .

T h e  s t a b i l i t y  of th e  l a y e r  and  of th e  u n d e r ly in g  b e d  m a t e r i a l  
f o r  a  g iv e n  o u t le t  v e lo c i ty  d e p e n d s  on th e  s i z e  and  g r a d in g  of th e  
s to n e  and  on th e  t h i c k n e s s  of th e  l a y e r .  E a c h  s u r f a c e  s to n e  m u s t  
b e  h e a v y  enough  to  r e s i s t  th e  t r a n s p o r t i n g  f o r c e  of th e  w a t e r ,  w h i le  
th e  g r a d in g  and  th ic k n e s s  of th e  l a y e r  m u s t  p r e v e n t  th e  h ig h  v e lo c i ty  
d i s c h a r g e  f r o m  p e n e t r a t i n g  th e  l a y e r  and  w a s h in g  out th e  u n d e r ly in g  
m a t e r i a l .  -

W ith  v e lo c i t i e s  in  e x c e s s  of abou t t e n  f e e t  p e r  s e c o n d ,  th e  r e ­
q u i r e d  s i z e  of s u r f a c e  s to n e s  is  e x c e s s iv e .  H o w e v e r ,  s t a b i l i t y  is  
o b ta in e d  w ith  s to n e s  of c o n v e n ie n t  s i z e  p ro v id e d  th a t  t h e i r  m o v e m e n t  
i s  r e s t r a i n e d .  S u i ta b le  r e s t r a i n t  c a n  b e  a p p l ie d  b y  th e  u s e  of w i r e  
m e s h  w h ic h  to ta l l y  e n c lo s e s  th e  u p p e r  l a y e r  of th e  s to n e  s o  a s  to  f o r m  
a r o c k  m a t t r e s s  o r  g a b io n  (F ig .  4).

T h e  g a b io n  s to n e  sh o u ld  b e  f a i r l y  u n i f o r m  and  about tw ic e  th e  
s i z e  of th e  w i r e  m e s h  open ing . T h e  u n d e r ly in g  s to n e  w h ic h ,  w ith  th e  
g a b io n ,  m a k e s  up  th e  t o t a l  t h i c k n e s s  of th e  p r o te c t iv e  l a y e r ,  c a n  b e  of 
m ix e d  s i z e  w ith  a s m a l l  p e r c e n t a g e  of f in e s .

A d e q u a te  t o t a l  t h i c k n e s s  i s  e s s e n t i a l  f o r  s t a b i l i t y  f o r ,  i f  b e d  
s c o u r  i s  ab le  to  o c c u r  u n d e r  th e  s to n e  l a y e r  a t a l l ,  i t  p r o g r e s s e s  
r a p id ly  and c o m p le te  c o l l a p s e  and  f a i l u r e  of th e  r o c k  l a y e r  r e s u l t .

5 - GABION DIMENSIONS

D im e n s io n s  r e c o m m e n d e d  f o r  g a b io n s  on th e  b a s i s  of s c a l e  
m o d e l  t e s t s  w ith  a s a n d  b e d  c h a n n e l  a r e : -

S tone s i z e  9 11
M e sh  s i z e  4" x 4n x 1 2 j  S. W. G. g a lv .
T h ic k n e s s  of m a t  15"
W id th  it n 5 d i a m e t e r s
L e n g th  M " 2 \  to  3 |  d i a m e t e r s  d o w n s t r e a m

f r o m  th e  o u t le t .  T h e  l a r g e r  val-* 
u e s  a r e  r e c o m m e n d e d  f o r  s h a l lo w  
t a i l w a t e r  c o n d i t io n s  in  w id e  
c h a n n e ls .



If th e  h e a d w a te r  and t a i lw a te r  d ep th s  for th e  d e s ig n  flow can tie es^  
t im a te d ,  th e  a p p r o p r i a t e  m in im u m  d im e n s io n s  can be taken  from  the 
fo llo w in g  ta b le :  -

T a i l w a te r  H e a d w a te r  L e n g th  of T ota l T h ick n ess
D ep th  D ep th  G ab ion  of Stone L a y er——■ ■ — — —— i-' i   ■ ' ii in
1 /  4D 1-|D  2 |D *  fD

i*  to  2 | d  3d* i n *

. 1 / 4D to  | D  2D 2fD
2 to  2 |D  3D j D

| D  to  D 1 to  2 |D  2 |D  jD

* I n c r e a s e  b y  20 pc. fo r  c h a n n e ls  o v e r  10D in  width  
x I n c r e a s e  by  50 pc.  f o r  c h a n n e ls  o v e r  8D in width.

T h e s e  d im e n s io n s  a r e  a p p r o p r ia te  fo r  a f ine  sand bed* F o r  l e s s  
e ro d ib le  m a t e r i a l  s o m e  r e d u c t i o n  in d im e n s io n s  m ay be p o ss ib le ,.

6. GABION CO N STRU CTIO N  PR O C E D U R E

T h e  b e d  of th e  c h a n n e l  d o w n s t r e a m  of th e  outlet s tru c tu re  is  e x ­
c a v a te d  to  th e  dep th  and e x ten t  of the  r e q u i r e d  s to n e  protection* Into 
th is  e x c a v a t io n  is  d u m p ed  u n g ra d e d  r o c k  f i l l  to  bring the upper sp r fa c e  
to  a p p r o x im a te ly  1 ’3" below  the  p ipe in v e r t  le v e l .  The dum ped ro ck  is  
l e v e l le d  to  a, s u r f a c e  upon  w h ich  a l a y e r  of 4" x 4" m esh  12-! S, W, G, 
g a lv a n is e d  'p ig ' w i r e  is  la id .  {1 P i g 5 w i r e  is  a w oven  w ire  m esh  w ith  a ll 
th e  w i r e  i n t e r s e c t io n s  s e c u r e l y  tied ) .  T h is n et is  to be th e  jphape of 
the  r e q u i r e d  g ab io n  w ith  a s e lv e d g e  pr t r i m  w i r e  turn up for ty ing  to  the  
u p p e r  l a y e r  of w i r e .  " M a t t r e s s  t i e s ” of 12 S, W. G. g a lv a n ised  t ie  
w i r e  c o n n e c te d  to  m e s h  in t e r s e c t i o n s  should bp attached at ap p rox im ately  
1 ’4" x 1 '4 m c e n t r e s  and le f t  u p r ig h t  fo r  fix ing  to  the upper la y e r  of w ire  
m e sh .

S e le c te d  s to n e  of u n i f o r m  a v e r a g e  s iz e  9 in c h e s  is  p laced  on the  
w i r e  to  b r in g  th e  f in i s h e d  s u r f a c e  up  to  th e  c u lv e r t  in v e r t  le v e l. A 
to p  l a y e r  of 'p i g ’w i r e  is  t h e n  p l a c e d  o v e r  the  r o c k  and t ie d  f ir m ly  
a ro u n d  th e  e d g e s  to  th e  l o w e r  l a y e r .  T h e  i n t e r m e d ia te  are then  
f i r m l y  f a s te n e d .



6.

7. COSTS

It h a s  b e e n  e s t i m a t e d  th a t  g ab io n  p r o te c t io n  w ou ld  i n c r e a s e  th e  i n ­
i t i a l  c o s t  of a c u l v e r t  i n s t a l l a t i o n  b y  up to  tw e n ty f iv e  p e r  c e n t ,  u n d e r  a v ­
e r a g e  c o n d i t io n s .  F i g u r e  5 g iv es  an in d ic a t io n  of th e  e s t i m a t e d  c o s t s  
of th e  c o m p o n e n t s  of a g a b i o n - p r o t e c t e d  c u lv e r t .  T h e  f ig u r e  i s  b a s e d  
upon  th e  fo l lowing  c o s t s : -

C o n c r e t e  h e a d w a l l s  ............................................. £ 30 p e r  cu .  yd.

C o n c r e te  p ip e ,  60 ft. l o n g ............................................. c u r r e n t  (1962)
c o n t r a c t  p r i c e s .

G ab ion  ( s to n e  and m e sh )  in  p l a c e .............................. £ 3 p e r  cu.  yd.

T h e  r e l a t i v e ly  s m a l l  i n c r e a s e  of c o s t  in v o lv e d  in  th e  p r o v i s io n  of
s c o u r  p r o te c t io n  m a k e s  gab ion  c o n s t r u c t io n  in  e r o d ib le  s o i l s  an  a t t r a c t ­
ive  p ro p o s i t io n .
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A P P E N D IX
7.

DESIGN E X A M P L E S

1 ■ C u lv e r t  w ith  R e s t r i c t e d  S u rc h a rg e

A flow of 80 cu b ic  fe e t  p e r  s e c o n d  is  to  p a s s  th ro u g h  a s in g le -  
p ipe  c u lv e r t  80 fe e t  long w ith  a h e a d w a te r  s u r c h a r g e  of no t m o r e  th a n  
1 ft. 3 in. T he  c u lv e r t  d i s c h a r g e s  onto the  f la t  bed  of a c h a n n e l  
20 ft. w ide  in  s a n d y  lo a m . T h e  t a i lw a te r  is  e s t im a te d  to  be  about 
1 ft. 6 in. fo r  th is  flow.

P ip e  S i z e . F o r  a c o n s e rv a t iv e  e s t im a te ,  a s s u m e  th a t  th e  
flow I s  p a r t - f u l l .  F r o m  F ig ,  2, w ith  S = 1 - 1 / 4  and Q = 80, 
th e  r e q u i r e d  pipe  s i z e  is 48 in. T h e  v a lu e  of t  is  20, h e n c e  
the flow is  p ro b a b ly  p a r t  fu ll as a s s u m e d ,  ^

(b) G ab io n  D im e n s io n , S ince  the  in le t  h e a d w a te r  h = D+S-4-+ 1 = 5 
I 2 D , and th e  ch a n n e l  w id th  is  20 ft. 8D, th e  r e q u i r e d  gab io n  
le n g th  is  2-|D o r  10 ft. and the  r e q u i r e d  dep th  of s to n e  is  -|D o r  
2 ft.

2. C u lv e r t  w ith  R e s t r i c t e d  H e a d w a te r

A s in g le  p ipe  c u lv e r t  75 fe e t  long is  to  c a r r y  a flow of 100 cu b ic  
f e e t  p e r  s e c o n d  w ith  a h e a d w a te r  m e a s u r e d  above the  p ipe  i n v e r t ,  of 
no t m o r e  th a n  8 fee t .  T h e  c u lv e r t  d i s c h a r g e s  in to  a f la t - b o t to m  
channe l-36  fe e t  w id e ,  wri th  an e s t im a te d  t a i lw a te r  of 10 in.

(a) P ip e  S i z e . If the  flow is  p a r t - f u l l ,  F ig .  3 y ie ld s  D = 42 in. , 
w ith  a h e a d w a te r  of 6. 2 ft. T h e  r a t io  i  is  21, so  th a t  the  
c u lv e r t  p ro b a b ly  w il l  flow p a r t - f u l l .  P

(b) G ab ion  D im e n s  io n s . S ince  the  h e a d w a te r  h (6. 2 ft. ) e x c e e d s  
l | D ,  th e  c h a n n e l  w id th  (36 ft. ) e x c e e d s  10D, and th e  t a i l w a t e r  
(10 in. ) is  l e s s  th an  i f  4D , th e  r e q u i r e d  len g th  of g ab io n  is
3D + 20 pc. , i. e. 12. 6 ft. w ith  a s to n e  th ic k n e s s  of -§D + 50 pc. 
o r  2. 6 ft.
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