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Standard Test Method for Water Permeability of Concrete

1 .  S c o p e

1 . 1  T h i s  m e t h o d  o f  t e s t  c o v e r s  a
p r o c e d u r e  f o r  d e t e r m i n i n g  t h e  p e r -
m e a b i l i t y  o f  c o n c r e t e  w h e n  s u b j e c t e d
t o  w a t e r  a t  a  p r e s s u r e  o f  2 0 0  p s i
( 1 . 3 8  M P a ) . T h e  c a l c u l a t i o n s  a r e
b a s e d  u p o n  a n  a p p l i c a t i o n  o f  D a r c y ’ s
l a w  f o r  u n i d i r e c t i o n a l  f l o w  a t  c o n s t a n t
h e a d .

2 .  A p p a r a t u s

2 . 1  T h e  p e r m e a b i l i t y  t e s t  a p p a r a -
t u s  s h a l l  b e  a s  i n d i c a t e d  s c h e m a t i c a l l y
i n  F i g .  1  a n d  a s  i l l u s t r a t e d  t y p i c a l l y
i n  F i g .  2 ,  p a g e  2 .  T w o  s i z e s  o f  a p -
p a r a t u s  h a v e  b e e n  u s e d ;  o n e ,  i l l u s -
t r a t e d  i n  F i g s .  1  a n d  2 ,  a c c o m m o d a t e s
1 4 - 1 / 2 - i n . - ( 3 6 8 - m m - )  d i a m e t e r  b y
1 5 - i n . - (381-mm-) high cylindrical
s p e c i m e n s ;  t h e  o t h e r ,  o f  s i m i l a r  d e -
s i g n ,  a c c o m m o d a t e s  6 -  b y  6 - i n .  ( 1 5 2 -

b y  1 5 2 - m m )  c y l i n d r i c a l  s p e c i m e n s .
T h e  a p p a r a t u s  i s  c o m p o s e d  o f  t h e
f o l l o w i n g  i t e m s :

2 . 1 . 1  S p e c i m e n  C o n t a i n e r s :
2 . 1 . 1 . 1  C o n t a i n e r s  f o r  1 4 - 1 / 2 -  b y

1 5 - i n .  ( 3 6 8 -  b y  3 8 1 - m m )  s p e c i m e n s
s h a l l  c o n s i s t  o f  s t e e l  c y l i n d e r s  ( N o t e )
w i t h  a  r e t a i n e r  r i n g  a t  t h e  b o t t o m a n d
a  f l a n g e  a t  t h e  t o p .  A  r e m o v a b l e  c o v e r
o f  1 - 1 / 2 - i n .  ( 3 8 - m m )  s t e e l  a n d  a  r e -
movable  bo t tom of  a t  l eas t  1 /2 - in .  (13-
m m )  s t e e l  p l a t e  ( N o t e )  s h a l l  b e  p r o -
v i d e d  f o r  b o l t i n g  t o  t h e  c o n t a i n e r .  T h e
f l a n g e  s h a l l  h a v e  a  1 / 4 - i n . -  ( 6 . 4 - m m - )
w i d e  b y  1 / 4 - i n . -  ( 6 . 4 - m m - )  d e e p

Note . -  Con ta ine r s  fo r  t he  l a rge r  spec imens  may  be
made from 16-in.- (406-mm-) OD pipe and for the smaller
specimens from 7-in.- (178-mm-) ID pipe. The covers for
the containers may consist either of flat plates or domed
cas t ings ;  t he  domed  des ign  f ac i l i t a t e s  t he  r emova l  o f
en t rapped  a i r . T h e  c o n t a i n e r s  s h o w n  i n  F i g .  2  h a v e
1-1 /2 - in .  (38 -mm)  bo t toms ;  such  th i ck  bo t toms  a re  no t
r e q u i r e d  f o r  t e s t s  m a d e  a c c o r d i n g  t o  t h i s  m e t h o d .

F i g .  1 . P e r m e a b i l i t y  t e s t  a s s e m b l y  ( s c h e m a t i c )
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F i g .  2 . P e r m e a b i l i t y  a p p a r a t u s

g a s k e t  g r o o v e  a n d  t h e  c o v e r  s h a l l  h a v e
a  r a i s e d  t o n g u e  f i t t e d  s o  a s  t o  m e s h
w i t h  t h e  g r o o v e .  A  r u b b e r  o r  n e o p r e n e
s t r i p  o f  1 / 4 -  b y  1 / 4 - i n .  ( 6 . 4 -  b y  6 . 4 -
m m )  c r o s s  s e c t i o n  s h a l l  b e  u s e d  a s  t h e
g a s k e t .

2 . 1 . 1 . 2  C o n t a i n e r s  f o r  t h e  6 -  b y
6 - i n .  ( 1 5 2 -  b y  1 5 2 - m m )  s p e c i m e n s
s h a l l  b e  m a d e  o f  s t e e l  ( N o t e )  w i t h  a
c o v e r ,  f l a n g e ,  a n d  g a s k e t  a s  d e s c r i b e d
a b o v e . T h e s e  c o n t a i n e r s  w i l l  b e
p l a c e d  o n  s h e e t  m e t a l  s q u a r e s  p r o -
v i d e d  w i t h  d r a i n  h o l e s  w h e n  i n  u s e .
T h e  c o n t a i n e r s  a n d  s h e e t  m e t a l
s q u a r e s  a r e  s e a l e d  t o g e t h e r  b y  a  t h i n
l a y e r  o f  g r e a s e  a l o n g  t h e  c o n t a c t  s u r -
f a c e  w h e n  i n  u s e .

2 . 1 . 2  W a t e r  R e s e r v o i r . -  T h e  w a t e r
r e s e r v o i r  s h a l l  c o n s i s t  o f  a  l e n g t h  o f
2 - i n .  ( 5 1 - m m )  p i p e  4 8  i n .  ( 1 2 1 9  m m )
l o n g  t o  w h i c h  i s  a t t a c h e d  a  s i d e  a r m
g a g e  g l a s s  p r o v i d e d  w i t h  a  g r a d u a t e d
s c a l e . T h e  r e s e r v o i r  s h a l l  b e  c o n -
n e c t e d  w i t h  s u i t a b l e  f i t t i n g s ,  v a l v e s ,
a n d  r e g u l a t o r s  t o  p e r m i t  t h e  a d m i s -
s i o n  o f  w a t e r  f o r  f i l l i n g ,  a n d  f o r  t h e
a p p l i c a t i o n  o f  a i r  p r e s s u r e s  o f  1 0 0  o r
2 0 0  p s i  ( 0 . 6 9  o r  1 . 3 8  M P a ) ;  a n d  s h a l l
b e  c o n n e c t e d  t o  t h e  s p e c i m e n  c o n -
t a i n e r .  ( N o t e )

Note.- The length of the connection between the res-
e r v o i r  a n d  t h e  c o n t a i n e r  a s  s h o w n  i n  F i g .  1  i s  5 0  f t
(15  m) .  The  as sembly  o f  appara tus  us ing  the  sma l l e r
con ta ine r s  p rov ides  fo r  a  min imum of  15  f t  (4 .6  m)  o f
line between the reservoir and the container. The length
selected should be based onconsiderations of the rate of
water flow. the rate of absorption of air by water at the
o p e r a t i n g  p r e s s u r e ,  a n d  t h e  i n c o n v e n i e n c e  o f  r e p l a c i n g
the water in the system so that the water in contact with
the specimen at no time contains more than 0.2 percent
a i r .

3 .  U t i l i t i e s

3 . 1  C o m p r e s s e d  A i r . -  C o m p r e s s e d
a i r  ( N o t e )  a t  2 1 0 - 2 5 0  p s i  ( 1 . 4 5 - 1 . 7 2
M P a )  f o r  u s e  a t  1 0 0  a n d  2 0 0  p s i  ( 0 . 6 9
a n d  1 . 3 8  M P a )  s h a l l  b e  p r o v i d e d .

Note . -  Compressed  n i t rogen  may  be  used  in s t ead  o f
compressed  a i r  i f  i t  i s  more  r ead i ly  ava i l ab le .

3 . 2  V a c u u m . - A  v a c u u m  p u m p  o r
o t h e r  s o u r c e  o f  r e d u c e d  p r e s s u r e  c a -
p a b l e  o f  e x h a u s t i n g  t h e  s y s t e m  a n d
m a i n t a i n i n g  a  v a c u u m  o f  2 9  i n .  ( 9 . 7 9
x  1 04 P a )  o f  m e r c u r y  s h a l l  b e
p r o v i d e d .

3 . 3  W a t e r . - A  s u p p l y  o f  w a t e r  a t
73.4 ± 2 F (23 ± 1.1 C) shall be pro-
v i d e d  s o  t h a t  t h e r e  w i l l  b e  a v a i l a b l e
n o t  l e s s  t h a n  5  g a l  ( 0 . 0 1 9 m3 )  f o r  e a c h
l a r g e  s p e c i m e n  a n d  2  g a l  ( 0 . 0 0 8  m3 )
f o r  e a c h  s m a l l  s p e c i m e n  t h a t  m a y  b e
u n d e r  t e s t  a t  a n y  o n e  t i m e .

4 .  T e m p e r a t u r e

4 . 1  T h e  t e s t s  s h a l l  b e  c o n d u c t e d  i n
a room maintained at 73.4 ± 2 F
(23 ± 1.1 C).

5 .  C a l i b r a t i o n  o f  W a t e r  R e s e r v o i r

5 . 1  E a c h  w a t e r  r e s e r v o i r  s h a l l  b e
c a l i b r a t e d  u s i n g  w a t e r  u n d e r  2 0 0 - p s i
( 1 . 3 8 - M P a )  p r e s s u r e .  A  s m a l l  r u b b e r
h o s e  i s  f i t t e d  b y  m e a n s  o f  a  t h r e a d e d
a d a p t e r  t o  t h e  b l e e d e r  v a l v e  i n  t h e
l i n e  b e t w e e n  t h e  r e s e r v o i r  a n d  t h e
s p e c i m e n  c o n t a i n e r .  T h e  v a l v e  t o  t h e
c o n t a i n e r  i s  c l o s e d  a n d  t h e  r e s e r v o i r
f i l l e d  w i t h  w a t e r . P r e s s u r e  a t  2 0 0  p s i
( 1 . 3 8  M P a )  i s  a p p l i e d ,  a l l  b l e e d e r
v a l v e s  a r e  o p e n e d  t o  r e m o v e  e n -
t r a p p e d  a i r , a n d  a r e  i m m e d i a t e l y
c l o s e d  w h e n  w a t e r  i s s u e s  f r o m  t h e m .
T h e  2 0 0 - p s i  ( 1 . 3 8 - M P a )  p r e s s u r e  i s
t h e n  r e l e a s e d  a n d  t h e  r e s e r v o i r  i s
aga in  f i l l ed  wi th  wate r  to  a  po in t  above
t h e  z e r o  m a r k  o n  t h e  g r a d u a t e d  s c a l e .
T h e  2 0 0 - p s i  ( 1 . 3 8 - M P a )  p r e s s u r e  i s
a g a i n  a p p l i e d  a n d  t h e  b l e e d e r  v a l v e  i s
o p e n e d  s l o w l y  a n d  q u i c k l y  c l o s e d  w h e n
t h e  w a t e r  l e v e l  i n  t h e  r e s e r v o i r  a n d
g a g e  g l a s s  i s  a t  t h e  z e r o  m a r k  o n  t h e
s c a l e . W a t e r  i s  t h e n  r e m o v e d  f r o m
t h e  s y s t e m  a n d  c a u g h t  i n  5 0 0 - c m3

i n c r e m e n t s  i n  a  g r a d u a t e d  c y l i n d e r .
A f t e r  e a c h  5 0 0 - c m3 i n c r e m e n t  t h e
l e v e l  i n  t h e  g a g e  g l a s s  i s  r e a d  o n  t h e
s c a l e . T h e  c a l i b r a t i o n  c o n s t a n t  f o r
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t h e  r e s e r v o i r  i s  c a l c u l a t e d  f r o m  t h e s e
r e a d i n g s  a n d  i s  e x p r e s s e d  i n  c m3 p e r
u n i t  l e n g t h  o n  t h e  s c a l e .

6 .  S p e c i m e n s

6 . 1  S p e c i m e n s  s h a l l  b e  m a d e  a n d
c u r e d  a s  s p e c i f i e d  i n  t h e  a p p l i c a b l e
s e c t i o n s  o f  C R D - C ’ s  1 0  a n d  4 9 .

7 .  P r o c e d u r e

7 . 1  P r e p a r a t i o n  o f  S p e c i m e n s . - T h e
t o p  a n d  b o t t o m  o f  t h e  s p e c i m e n  s h a l l
b e  s a n d b l a s t e d  t o  r e m o v e  t h e  s u r f a c e
l a y e r  o f  c e m e n t  p a s t e . T h e  s i d e s
s h a l l  t h e n  b e  c o a t e d  w i t h  t w o  c o a t s  o f
a  7 0 : 3 0  b y  w e i g h t  m i x t u r e  o f  p a r a f f i n
a n d  r o s i n , a p p l i e d  h o t  u s i n g  a  p a i n t -
b r u s h .  C a r e  s h a l l  b e  t a k e n  t o  p r e v e n t
t h e  p a r a f f i n - r o s i n  m i x t u r e  f r o m  g e t -
t i n g  o n  t h e  e n d s  o f  t h e  s p e c i m e n s  a n d
a n y  d r o p s  t h a t  d o  s o  s h a l l  b e  c a r e -
f u l l y  r e m o v e d  b y  w i r e  b r u s h i n g .

7 . 2  I n s t a l l a t i o n  o f  S p e c i m e n s . -  T h e
i n n e r  s u r f a c e  o f  t h e  c o n t a i n e r  s h a l l
be  coa ted  wi th  one  coa t  of  the  paraf f in-
r o s i n  m i x t u r e  a n d  a  1 / 4 - i n .  ( 6 . 4 - m m )
l a y e r  o f  h i g h - s t r e n g t h  p l a s t e r  ( N o t e )
s h a l l  b e  p l a c e d  o n  t h e  r e t a i n e r  r i n g
a t  t h e  b o t t o m .  T h e  s p e c i m e n  s h a l l  b e
l o w e r e d  i m m e d i a t e l y  i n t o  t h e  c o n -
t a i n e r  a n d  f i r m l y  s e a t e d  i n  t h e  p l a s t e r
r i n g  b e f o r e  t h e  p l a s t e r  s e t s .  A  1 / 4 - i n .
( 6 . 4 - m m )  m e t a l  r o d  m a y  b e  u s e d  a s  a
g u i d e  a n d  l e v e r  b e t w e e n  t h e  s p e c i m e n
a n d  t h e  i n n e r  w a l l  o f  t h e  c o n t a i n e r  t o
a s s i s t  i n  c e n t e r i n g  t h e  s p e c i m e n .  A f -
t e r  t h e  p l a s t e r  h a s  s e t ,  a  1 - i n .  ( 5 1 -
m m )  l a y e r  o f  p a r a f f i n - r o s i n  s h a l l  b e
p o u r e d  i n t o  t h e  a n n u l a r  s p a c e  b e t w e e n
t h e  s p e c i m e n  a n d  t h e  c o n t a i n e r ,  t h e
r e m a i n d e r  o f  t h e  a n n u l a r  s p a c e  s h a l l
b e  f i l l e d  w i t h  2 0 0 -  t o  3 0 0 - p e n e t r a t i o n
a s p h a l t  h e a t e d  t o  2 3 0  F  ( 1 1 0  C ) .  T h e
depression of the asphalt filling
f o r m e d  u p o n  c o o l i n g  a n d  s h r i n k a g e
s h a l l  b e  f i l l e d  w i t h  p a r a f f i n - r o s i n .
T h e  p a r a f f i n - r o s i n  l a y e r s  t h u s  e n -
c l o s e  t h e  a s p h a l t  a n d  p r e v e n t  i t  f r o m
e s c a p i n g  t h r o u g h  t h e  p l a s t e r  o r  m i x -
i n g  w i t h  t h e  w a t e r . T h e  c o v e r  s h a l l
t h e n  b e  b o l t e d  o n ,  t h e  b o t t o m  a t t a c h e d ,
a n d  a l l  c o n n e c t i o n s  m a d e .

N o t e . -  “ H y d r o s t o n e , ”  m a n u f a c t u r e d  b y  t h e  U . S .
Gypsum Co. ,  i s  r ecommended .

7 . 3  P r e s s u r e  T e s t i n g . -  T h e  s y s t e m
s h a l l  b e  e x h a u s t e d  t o  a  r e d u c e d  p r e s -
s u r e  o f  a t  l e a s t  2 8  i n .  ( 9 . 4 6  x 1 04 P a )

o f  m e r c u r y . T h e  s y s t e m  s h a l l  t h e n
b e  f i l l e d  w i t h  w a t e r  a t  7 3 . 4  ± 2  F  ( 2 3
± 1.1 C) until the vacuum gage shows
a n  a b r u p t  d e c r e a s e  t o  a b o u t  2 0  i n .
( 6 . 7 5  x 1 0 4  P a )  o f  m e r c u r y ,  a t  w h i c h
t i m e  t h e  v a c u u m  v a l v e  s h a l l  b e  c l o s e d .
T r a p p e d  a i r  s h a l l  b e  f l u s h e d  o u t
t h r o u g h  t h e  b l e e d e r  v a l v e  a n d  t h e
b l e e d e r  v a l v e  t h e n  c l o s e d .  W i t h
b l e e d e r  a n d  b y p a s s  v a l v e s  c l o s e d ,
1 0 0 - p s i  ( 0 . 6 9 - M P a )  a i r  p r e s s u r e  s h a l l
b e  a p p l i e d  t o  t h e  w a t e r  r e s e r v o i r .
T h e  o v e r f l o w  s t a n d p i p e  v a l v e  s h a l l  b e
o p e n e d .  A f t e r  5  m i n  t h e  a i r  p r e s s u r e
s h a l l  b e  i n c r e a s e d  t o  2 0 0  p s i  ( 1 . 3 8
M P a ) . T h e  g a g e  g l a s s  l e v e l  s h a l l  b e
o b s e r v e d  a n d  r e c o r d e d  d a i l y  w i t h  t h e
t i m e  o f  o b s e r v a t i o n  r e c o r d e d  t o  t h e
n e a r e s t  0 . 1  h r  ( N o t e  1 ) .  O b s e r v a t i o n s
s h a l l  b e  c o n t i n u e d  u n t i l  t h e  f l o w  b e -
c o m e s  e s s e n t i a l l y  c o n s t a n t ,  n o r m a l l y
f o r  1 4  t o  2 0  d a y s . T h e  w a t e r  i n  e a c h
a s s e m b l y  s h a l l  b e  r e p l a c e d  a t  s u f f i -
c i e n t l y  f r e q u e n t  i n t e r v a l s  s o  t h a t  a t
n o  t i m e  t h e  w a t e r  i n  c o n t a c t  w i t h  t h e
s p e c i m e n  h a s  a n  a i r  c o n t e n t  g r e a t e r
t h a n  0 . 2  p e r c e n t  ( N o t e  2 ) .  F o r  n o r m a l
r a t e s  o f  f l o w  u s i n g  a p p a r a t u s  o f  t h e
s o r t  d e s c r i b e d , c h a n g i n g  t h e  w a t e r
o n c e  a  w e e k  h a s  b e e n  f o u n d  t o  b e  s u f -
f i c i e n t  t o  p r e v e n t  e x c e s s i v e  a i r  c o n -
t e n t . T h e  f l u s h i n g  o p e r a t i o n  s h a l l  b e
a c c o m p l i s h e d  b y  r e l i e v i n g  t h e  a i r
p r e s s u r e  a n d  f l u s h i n g  a p p r o x i m a t e l y
5  g a l  ( 0 . 0 1 9  m3)  o f  w a t e r  t h r o u g h  e a c h
l a r g e  a s s e m b l y  o r  2  g a l  ( 0 . 0 0 8  m3 )
t h r o u g h  e a c h  s m a l l  a s s e m b l y .

Note  1 . - Care fu l  obse rva t ions  sha l l  be  made  to  de -
tect and correct any leaks that may develop in the sys-
t em,  e spec ia l ly  a t  p lumbing  connec t ions  o r  t h rough  the
sea l  a round  t he  spec imens .  Wheneve r  t he  f l ow  be tween
success ive  r ead ings  appea r s  excess ive ,  t he  poss ib i l i t y
o f  l eaks  i n  t he  sys t em shou ld  be  suspec t ed  and  app ro -
priate inspection made to detect and correct them.

Note 2.- The air content of the water shall be deter-
mined by measuring the volume of air that escapes from
a measured volume of the water maintained at 73.4 ± 2 F
(23 ± 1.1 C) and atmospheric pressure for 24 ± 4 hr.

8 .  C a l c u l a t i o n

8 . 1  T h e  d i f f e r e n c e s  o f  d a i l y  r e a d -
i n g s  o f  w a t e r  r e s e r v o i r  l e v e l  a r e  c o n -
v e r t e d  t o  v o l u m e  o f  w a t e r  f l o w  i n  m l
b y  m u l t i p l y i n g  b y  t h e  r e s e r v o i r  c a l i -
b r a t i o n  c o n s t a n t . T h e  r a t e  o f  f l o w  i n
c m3 p e r  h r  i s  o b t a i n e d  b y  d i v i d i n g
v o l u m e  b y  e l a p s e d  t i m e  i n  h o u r s  b e -
t w e e n  r e a d i n g s .  P e r m e a b i l i t y  i s  t h e n
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c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  f o r m u l a :

K = M x 23.35 x 10-12 o r

K  =  M  x  5 4 . 5 5  x  1 0- 1 2

m e n s  r e s p e c t i v e l y  f o r  c h a n g i n g

c m3 /hr to        (Note).

Note . -  Cu  f t / s ec  x  2 .831685E-02  =  m 3/s.

w h e r e : 9 .  R e p o r t

K  =  p e r m e a b i l i t y  i n  

M  =  a v e r a g e  f l o w  r a t e  f o r  t h e  f i n a l
5  d a y s  o f  t h e  t e s t  i n  c m3 / h r ,
a n d

2 3 . 3 5  x  1 0- 1 2  o r  5 4 . 5 5  x  1 0- 1 2 =  c o n -
v e r s i o n  f a c t o r s  f o r  1 4 - 1 / 2 -  b y  1 5 -
in .  (368-  by  381-mm)  and  fo r  6 -  by
6 - i n .  ( 1 5 2 -  b y  1 5 2 - m m )  s p e c i -

9 . 1  T h e  r e p o r t  s h a l l  i n c l u d e  p e r -
t i n e n t  d a t a  o n  t h e  c h a r a c t e r i s t i c s  o f
t h e  c o n c r e t e  u s e d  i n  t h e  s p e c i m e n s ,
t h e  a g e  a t  w h i c h  t h e  s p e c i m e n s  w e r e
t e s t e d ,  v a l u e s  f o r  p e r m e a b i l i t y  o f
e a c h  s p e c i m e n ,  a v e r a g e  v a l u e s  f o r
g r o u p s  o f  s i m i l a r  s p e c i m e n s ,  a n d
n o t a t i o n s  o f  a n y  u n u s u a l  f e a t u r e s  o f
t h e  t e s t i n g  p r o c e d u r e .

Appendix
Derivation of Equations

Darcy’s law for fluid flow in a permeable medium
can be expressed as

when

K = hydraulic conductivity (or coefficient or per-
meability)

M = flow rate

A = Area of permeable medium perpendicular to
flow

h = hydraulic head
L = length of flow path

This relationship, along with those listed below, were
used to calculate the factors in CRD-C 48. The
following relationships apply:

1 c m3 = 3.531 x 10-5 ft3

1 ft2 = 144 in 2

1 hr = 3600 sec

where

h  =

P = water pressure

 = density of water

Thus, Darcy’s Law becomes

K = M x 3.531 x 10-5 f t3 1 hr
cm3 3600 sec

Reducing this relationship further, we find that

K = M x 2.550 x 10-10 x (1)

where M has units of cm3/hr, A is the area
perpendicular to flow in square inches, and L is the
length of the specimen in inches. For a specimen with a
diameter of 14-1/2 in. and a length of 15 in., L/A =
0.09085. Using this value of L/A, I calculate

K = M x 2.550 x 10-10 x 0.09085 =

M x 23.17 x 10-12

For a diameter of 6 in. and a length of 6 in., L/A =
0.2122. Thus, I calculate

K = M x 54.11 x 10-12

These values are reasonably close to the values
given in CRD-C 48. The difference is in the significant
figures used in conversion factors and constants.

For specimens of other dimensions, one has only
to calculate the L/A ratio of the specimen and use Equa-
tion (1) given above.
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