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DETERMINATION OF WATER VAPOUR PERMEABILITY IN CONCRETE

Göran HedenbÌad, MSc
Lund Institute of Technology, Division of Building
Materials, Box 118, S-22i óõ Lund, Sweden

1 INTRODUCT]ON

With a method relying on measurements of the rate of the water
vapour flow from a specimen and on measurements of the distribution
of the relative humidity in the specimen at steady state conditions,
it is possible to calculate the moisture permeability and to
determine its dependence on the relative hurnidity (RH).

2 EXPERIMENTS

2 .I Experinental- arrang'ement

The experimental arrangement in principle is shown in FIG 2.I. The
fÌow of water vapour is unidimensional- and goes from the bottorn to
the top of the specirnen. FIG 2.2 shows a photo of one specinen and
FIG 2.3 shows a photo of the climate room where the specimens are.
There \,rere totalJ-y about 150 specimens.

fon impenmeobte box

cup with q sqturqted sott
sotution, e.g. Mg Ct2

9 mm tube in which RH is
meosuted

speci men

vesseI in which the specimen
stqnds in wqter or in high RH

FIG 2.L The experimental arrangement in principle.
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FIG 2.2 Photo of a specimen.

FIG 2.3 Photo of the climate room where the specimens h¡ere stored.
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The upper part of the experimental- arrangement consi-ts of a nearly
impermeable box in which RH is hel-d constant by means of arrsaturatedrr salt solution in a cup. In our case, magnesium chloride
for which RH is about 33 Z. The cup is weighed regularJ-y, every
week, to obtain the flow from the specimen. When the magnesium
chloride in the cup has increased in weight about O. 01 kg it is
repJ-aced by rrne!\¡rr salt. The wet salt is regenerated in an oven at 40"C and used again. The top surface of the Ápecimen is exposed to the
air inside the box. A small fan circulates the air inside the box.

The surfaces of the specimen exposed to the surrounding air in the
room are sealed with 2 mm nearJ-y impermeable epoxy resin. The bottom
surface of the specimen stands in water or in air with high RH,
which is brought about by a water surface some centimetres below the
specimen.

Tubes, with about 14 mm external- and about 9 mm internal
diameter, are embedded in the sides of the specimen. The length of
the tubes i-s about BO mm. The external surface of the tubes is
grooved to get good adherence to the cement paste in the specimen.
The internal- end surface of the tubes is open towards the specimen
and RH in the tubes is in equiÌibrium with RH in the specimen.
Starting with the uppermost tube, with the l-owest RH, the refative
humidity is measured graduaÌly downwards with the help of a small
capacitive RH-sensor.

The RH-sensors are made by Vaisala in Fintand but rebuilt by our
technicans, so the external diameter of a RH-sensor is about g.5 mm.
There is a packing ring, about 10 mm from the end of the RH-sensor
which makes a water vapour tight searing to the tube in the
specimen. À RH-sensor is shown in FIG 2.4.

FIG 2.4 Photo of a RH-sensor.

The bottom surface of the specimen is O.2*O.2 m
specimens are 0.063, O.1OO and 0.150 m.

The heights of the

Before the tests
least one month
for sone weeks,
isotherrn during

are started the specimens v'¡ere seal- cured for at
then the specj-mens v¡ere all_owed to suck water

that they really should be
tests.

and
SO
the

on their desorption
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2.2 Tested materials

The tested materials comprise concrete, cementmortar
paste, but in this paper only concrete is reported '
quality there are normalJ-y 6 specimens-

4t 0.5, 0
see TÀBLE

and
From

cement
each tested

2-2.L Concrete

The following test program concerning different compositions of
concrete is carried out.

Concrete with W^/C 0
amount of aggreÇate,

Concrete with Wo/C O.7 with different amounts of aggregate, see
TABLE 2.2.

Concrete with wo/C O.7 with different amounts of aj-r, see TABLE 2-3

TABLE 2.I Composition of concrete with different Wo/C.

.6, o.7 and 0.8, all with the same
2.I.

w/co' Cemen
kg/m

E, c I wateq,
J'J I Kg/m

I Sand/crqveJ- I

I lrg/^' I

W Crushed sto
kg /m

3e 8-18 mm
o

0.4
0.5
0.6
o.7
0.8

418
368
328
296
270

167.2
184.0
196.8
207.2
216.O

990
990
990
990
990

810
810
810
810
810

TÀBLE 2.2 Composition of concrete with W

amounts of aggregate. o/C O.7 with different

Tot amount
aggregEte

JRg/m

Cement
ca

kq/m"

Sand/GraveI

kg/^3

Crushed
8-18
kg /m

stone
3mm

Water
h'

xq2. 3

1692
L730
17 65
1800
r827
1854

334
320
307
296
285
274

233 .8
224.L
2I5.L
207.2
199.2
192.I

931
952
97L
990

100 5
1020

76r
778
794
810
822
834
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TÀBLE 2.3 Composition of concrete with Wo/C O.7 with different
amounts of air.

Norni na Ì
air content

9o

Measured
air content

z

Cement
C

kg/^'
Norninal l-y

Water
W

xq2*'
Nominal ly

TotaI amount
of aggrçgate

kg/m'
Nominal Iy

4.4
6.1
8.0
9.2

4
6
8

lo

275
255
235
2L6

]92 .2
L78.5
164 .8
151.1

1800
1800
1800
1800

The gradation curve for sand/gravel is shown in FIG 2 -5.

Percentoge moteria[ possing eoch sieve

0.125 0.25 0.5 1?18
Sieve size (mml

FIG 2.5 Gradation curve for sand/gravel to the concrete.

The crushed stone, 8-18 ril, consists of quartzite.

The slump for the concretes v/ere measured, al-though not at the same
tirne as the specirnens v¿ere cast. The results are shown j-n TABLE 2 .4 .

TABLE 2.4 Measured sJ-unp.

'100

BO

ó0

/-0

20

0

Different W /Co' wo/c o.7llI
wi
of

th different amounts
aggregate.

w/co' Slunp
mm

I I Aggrqgate
I I ks/m"

Slurnp
mm

0.4
0.5
0.6
o.7
0.8

5
23
70

135
2IO

I692
]-730

-1765
18 00
L827
l-854

230
200
155
1-35
105

75
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3 EVALUATION

Àccordj-ng to

IS
is

MOISTURE PERMEABILITY

first law we can write

OF THE

Fick's

g

g

U

-6v * grad v

the density
the humidity
isothermal

-q/ (v=*9rad g)

v at saturation
the relative humidity in
stationary conditions
can be calculated as

(3.1)

of moisture flow rate (kg m'=-t).
by volume in the pores of the specimen ( kq m

conditions, ( 3.1 ) can be written
-3

nder

6

VIS

(3 .2)V

c
r9IS

Under
and ó

the pores of the

g and grad ç can be
a function of g.

specimen (-).

measurecl
v

The moisture flow rate from the top surface of a specimen
advances according to FrG 3.1. The moisture flow rate in FrG 3.1
is not corrected for the infl-uence of the tubes in the specimen,
tightening between the specimen and the upper box, and the frow
through the epoxy resin.

qtkg m2s-l )

.10-9

?00

ó00

500

t00

300

200

100

0

the

FIG 3. I Moisture flow rate

The principal_ ç-distribution
Grad g is graphically deri_ved
curve.

0 i0 20 30 ¡.0 70 B0 90 100
Time [weeksì

a specimen.

specimen is shown
the slope of the

50 ó0

from

ina
from

in FIG 3.2.
g-distribution

10 e0 90

. meosured ó

too'/. 4

0ñm

l00mh

FIG 3.2 principle 9-distribution in
of O.IOO D.

a specimen with a height
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4 RESULTS

The results which are presented in this chapter show
the moisture permeability with regard to humidity by volume
in the pores of the speci-mens (6,,) as function of RH or as
the mean moisture permeability fðr specimens with definied
moisture conditions at the boundaries.

4.I Different water cement ratios

The concrete qualities that are shown in FIG 4.I to FIG 4.4 have
water cement ratio o.5, 0.6, O.7 and 0.8. The amount of agqregate
is the same in the diffrent concrete qualities. The mean measured ó

for up to 6 speci-mens of each concrete quality are shown in FIG 4.I
to FIG 4.4. The measured maximum and minimum ó-- are also shown in
the same f igures. The maximum and minimum ó,, -t"ttt.r"= are f rom the
specimens, with the same W.,/C, with the highest and l-owest
fundamentat potential-, wheñ account have been taken to the total
uncertainty in the RH - measurement. For the definition of the fun-
damental potential, see Arfvidsson et aI (1989).

6u (m2/s Eu(m2/s
-6 c

*10 "x10

1l+

1?

10

B

6

4

2

0

14

12

10

B

ó

4

2

0

30 /+0 50 ó0 70 80 90 100

RH,7.

Measured moisture
permeability for
concrete with
wo/c 0.5.

2 Measured moisture
permeability for
concrete with
wo/c 0.6.

30 40 50 10 80 90 100

RH,"/O

meon 6y

- mox ond min 6

FIG 4.7 FIG 4
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6u (m2/s)

30 40 50 ó0 70 B0 90 100

RH,7"

FIG 4.3 Measured moisture
permeabiJ-1ty for
concrete with
wo/c o "7 .

6u (m2 /s)

30 40 50 60 10 B0 90 100

RH,7O

FIG 4.4 Measured moisture
permeability for
concrete with
wo/c 0.8.

-6
0-ux10 x1

1l+

17

10

I

ó

4

2

0

14

12

10

B

6

l+

2

0

In FIG 4.I to FIG 4.4 it is shown that the moisture permeability
depends on RH. For Ìower RH, up to about 70 Z, ó,, is nearly
constant. Between about 70 ? and 90 Z RH there iË an increase in 6

with RH. Above about 90 ? RH ó., increase strongly with increasi.rg t
RH. 6-- is not deterrnind the whöIe way up to the moisture saturation
pointY fne saturation point lies proËaniy somewhat lower than 1oO Z
RH, as the cement contains alkali wich lowers the maximum RH.

The measured
as the mean óv
l,Ihen the mean 6

are compared wi
with Wn/C. The
TA,BLE 4.1. The
different RH
column are the

maximum and mirnirnum 6 curves have the same shape
cuves.

' curves for the different water cement ratios
th each other there are no or very small influence
results for different W^/C and RH are shown in
mean moisture permeabífity for aII the w^/c at the
levels are shown in the fifth column. In"the sixth
coefficients of variation shown.

I
I

I

I
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TABLE 4.I Moisture permeability for concrete with dif ferent Wo,/C-

6 Coef . of*10 (m /s)6RH

z

2

o.7lwo/c o.5 lw /c'o' lwo/c lwo/c 0.8 lt'tean val.o.6 var.

33 65
70
75
80
84
86
88
90
9L
92
93
94
95
96
97
98

o.L74
o.t74
o .25L
0.380
0.495
0.639
o .837
L.I32
I.42L
1.639
1,.99
2 .66
3.43
5.61

=9 .4

0.
n

0.
0.
0.
0.
1.
1.
2.
2.
1

4.
6.

10.

148
2r3
290
42r
611
8I2
200
74r
L2I
794
72
82
65
52

o.174
o .230
o .32L
0.43r
o .594
o.756
1.019
r.270
r.759
2.O39
2.70
3.76
4 .86
7.02

16.51

0
0
0
0
0
0
0
I
I
I
2
4

10
18
27
39

181
228
295
436
570
686
887
176
449
920
88
62
13
B6
52
97

0.169
O .2II
o .289
o-4I7
0.568
o.723
0.986
1.330
1.688
2.098
2 .82
3 .97
6 .27

10.50
17.81

0.086
o-o26
0.100
0. o61
0. o90
0. 105
0.165
0.211
0. 194
o .235
o .25
o .25
o .46
0. 56

5 5 5 6 Number of specr-
mens

The moisture permeabil-ity is not evaluated for higher
to 98 eo, because it is very difficutt to evaluate the
of the RH - curves . The results in TÄBLE 4 .1 cJ-earJ-y
have no or very small influence on 6., up to about 95
is a surprisingly result.

RH than 96
steep slops

show that W

U RH. This o/c

4.1.1 Influence of Wo/C on the mean moisture permeabiÌity between
water and 33 ? RH

The mean moisture permeability (6^"tt'1) has been cal-cuÌated for the
specimens that stand in water.
-mean.1ö- ----,- : g * h / (t= * (1 _ 0.33)) ( 4.r )

h is the height of the specirnen (m)
0.33 is RH at the top of the specimen (-)
rt is questionable whether ónean'1 is a correct measure as most ofthe differences in the moisture flow are depending on what occurs
above 95 å RH. But it is used since it is comparabre with the
results obtained by Nilsson (1980) and since theçç^qrç some resultsfor concrete with wo/c o.4. For different w^/c ô¡ttcctr¡'r is shown in
FrG 4.5 (J' o'
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meon¡l (mt /s)5

* 10 "

3
¡h=0.'150m
+ h=0.100m
. h=0.063m

ô
!
ô

t-

2

a

+

a
a
r

1

+

0.4 05 06 07 08 Wo/t

FIG 4.5 Effect of water;ççEe+t ratio
permeability, 6"'"*"r' between

on the
water

mean moi-sture
and 33 Z RH.

FIG 4.5 shows that the ratio between W^/C 0.8 and 0.5 is about 4.
Nil-sson (1980) has found about the samB ratio for the diffusivity
for cement mortars with W^/C O.5 ard 0.8. The results in FIG 4.5 and
the results obtaind by HiÏsson are not directly comparable as the
results from Nilsson has the rnoisture content mass by volume as
potential and they are for cement mortar and the results in FIG 4-5
ñave the hurnidity by volurne in the pores of the specimen as
potential and are for concrete. Bu: in the both-gq¡eç the curve
èhapes are nearly the same and the ratios for and for the
difiusivity between Wo/C 0.5 and 0.8 have the same magnitude.

In FIG 4.5 it is shown thaÈ-fqr nearly aII W^/C that the higher the
specimen the higher is 6rucct¡r'r. one explanation can be that
càrbonation has occurred at the top surface of the specimen, givin..¡
l-ower ó.. at the surface. If the caibonation depth for specimens with
the samë Vto/C is the same the carbonation depth should have greater
influence for lower specirnens. one another explanation can be that
the moisture flow has not reached equilibriurn for the highest speci-
mens. For this explanation speaks that for W^/C O.7 and 0.8 have the
specimens with a height of 0.150 n no$^ççaçhëd equilibríum of the
rnòisture flow (after L2O weeks) and 6ttrEct¡¡'r for the two heighs 0.063
and 0.100 m are nearly the same at Wo/C O.4, 0.5 and 0.6.



4.L.2

The mean moisture permeabiJ-ity (ó*"tt'2) has been
speci-mens that stand in moist air which is brought
water surface some centimetres below the specimen.
that the RH at the bottom of the specimen is 95 Z.

Omean,2 = g * h / (r= *( 0.95 0.33))

The effect of the water-cement ratio on ,mean ' 
2 is

l]Kn2
(m2 /s)

6

x'10 . h = 0150 m

rh=0100m
. h=00ó3m

11

calcuÌated for the
about with a
It is assumed

( 4.2 )

shown in FIG 4.6

6

3

2

¿

+
a

+̂
a¡t

f

a

a
+

aat

0/- 05 0ó 0.1 o.Bwo/c

FTG 4.6

In FIG 4.6 it

aJ_r.

For
4.5.
flow

The
AS

Effect of water
permeability ( 6 ^8Snîel

rati-o on the mean moisture
between about 95 Z and 33 å RH

w"/9.8af; i 20 '7oñ ô-------'- and

is shown
and 0.8.
on the

. ^mean.2that is in the same magnitude
There is no or very small influence of

moisture fÌow if the specimens stand in

for
W/Co"
MOIST

w^/c o.4 and 0.5 ómean'
For these W^/C there is
if the specÏmens stand

influence of the height of the specimen
in FIG 4.5. For explanations see 4.I.L.

2 ir nearry the same as omean'l in FrG
only a smal-I difference in the moisture

in water or in high RH.

are the same in FIG 4.6
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In
the

Different amounts of air in

Frc 4.7 omean'1 according to
air content of the concrete.

the concrete

eq. (4.f) is shown as a function of
The concretes have Wo/C O-7 -

moisture
o.7 .

I2

con-
hiq-
mea-

the

5
ñcon

0

(m 2 /s)

" 10 "

0

=0150m
= 0.100 m

=00ó3m

I+

3

2

eþ

+h
oI

a
¿

+
a

a

++

a

-+
a

2

lesst0n

ó I 10

Air conteni of concrete (7")

The concrete without additional air is supposed to -have an air
tent of 2 eo. The scatter is qrçßç-in FIG 4.7, but it seems like
her air content gives highç5-d'*;*"'^. Linear regression for the
sured resul-ts gives that has increased about 60 å when
air content is increased from 2 Z to 10 Z.

FIG 4 7 Effect of the
permeabi I ity ,

Hillerborg (1979) has proposed
expressed in terms of moisture

a$5-ço4tent of concrete on mean
for concrete with Wo/C

For 4 specirnens, with di-f f erent amounts of air and with a height of
O.1-00 m, ó.. has been calculated between 33 Z and about 75 ? RH. In
this regioñ 6r, is nearly constant for a specimen. In FIG 4.8 ó,,,
between 33 ? ànd about 75 Z RH, is shown as a function of the åir
content of the concrete and the air content of therrpaster' (cement
paste and air).

a sirnple composite model, that can be
perneability for the rrpasterr.

ó (1-v) * ór- +V*D

6.,^ = moisture permeability for the ttpastet, including air
ór'-: moisture permeability for the trpasterr exluding air
Dt: water vapour diffusÍon coefficient in the aÍr
V - air content of rrpasterr. O < V <
n: a constant that depends on the ratío D/6.,. -0.5 < n <
O/6t = 25/0.I2 x 2OO Hillerborg proposes that, n : -0.35.

( 4.3 )vp
(

(
(
(

0.5

2
m2
*2
n

/s
/s
/s
)

)
)
)

nWhe
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FIG 4.8

Linear regression for the measured results in FIG 4.8 gives that ó

has increased about 65 ? when the air content of the concrete is
increased from 2 Z to 10 Z The 4 specimens that are used in FIG
4.8 are different frorn the specimens that are used in FIG 4.7, but
the gradient of the linear regression lines are nearly the same.

Effect of air content of concrete on the
permeability between 33 % and about 75 Z
Concrete with Wo/C O.7 .

moisture
RH.

In eq. (4.3) it is assumed that aII moisture transport occurs in the
cement paste. The composite model fits the linear regression curve
very \¡/eII.

Nilsson (1980) has measured the effect of air content of the "paste"
for cement mortars , see FIG 4.9. Nilsson measured the di-ffusivity
from the tine which is needed to evaporate 25 Z of the exess v/ater
in the specimens. The results are presented as the quotient between
the diffusivity and the diffusivity at the natural air content.

(o¿o)ozs

rc) JO
Air c¡nt¿nl "f port[%J

the rrpasterr for cement mortars.
measurements. Nil-sson ( l-980 ) .

FÏG 4.9



FIG 4.9 shov/s that the diffusivity (D..) has increased about 100
when the air content of the rrpastet'ig increased from about 13
30 Z. Even Nilsson had used the composite model of HiJ-lerborg.
model is used so that it coincidence with the linear regression
ve at (D/Do) O. zS : 1.

It is possible to relate D-. with ó-,.
diffusivity and the diffusïvity wh8n
tablished, w€ got

D /D - :6 -/6 * ó /W' WI !ì/I' W Vp' ót

D-- : moisture diffusivity for the rrpaste'r including atr
Dy. = moisture diff,siviÊy for the i'paste" excludiñg air
tütt, : difference in moisture ".puãity with and wlthout

T4

z
%to
The
cur-

If the quotient
the I'paste'r has

between the
no air is es-

( 4.4 )

,2
( m?/s )

(m"/s)
air(-

rfw
int
air

^/C is the same for the
He paste is negJ-ected,
on 6 ^/6h/I' v/.

(1-V¡ * 6wr

Eq. (4.4) and (4.5) gives

D*/D*t : I/ (I-V) * OuO/ 6t

with eq. (4.6 ) it i-s poss
diffusivities. When the a
increased from 13 ? to 30
composite model. Eq . (4.6)

rrpastelr and the water
there is only a volurne

content in the air
effect from the

ó ( 4.5 )

( 4.6 )

v/

ibl-e to cafculate the resufts in FIG 4.8 to
ir content of the trpaste'r in FIG 4.8 is
9"6

In FIG 4.7 , 4.8 and 4.9 Ít is shown that
( eq.(4.3) ) probably could describe the
amounts of air in the concrete. In FIG 4
between 33 Z RH and water probably obey
6 .8 shows that 6r, between 3 3 Z and about
same nodel.

has increased 60 ? according to the
that the diffusivity has increased

the simple composite model
influence of different

.7 it is srrown--lñ;a-;nlëan'1
the composite model and FIG
75 Z RH probably obeys the

grves
1OO Z. The results in FIG 4.8 are comparable with the results in
FIG 4.9, where the increase is about 100 Z. Also Nilsson (f980) has
used eq.(4.6) in his thesis.

4.2 1 Calculated moisture permeabil-ities for concrete with
different amounts of air

The mean rnoisture permeabilities for W^/C 0.5 to 0.8 at different
RH-levels in TABLE 4.I (the fifth coluñn) are used as input data to
calculate, with eq.(4.2), the influence of different amounts of air
on ó,, In TÀBLE 4-2 EI:e colums 2, 3 and 4 show the calculated 6..:s
as fúfrction of RH. The columns 5 , 6 and 7 show the increase in ð,,
from the input values.
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TABLE 4.2 Calcul-ated moisture permeability for concrete with
different amounts of air.

6 2IRHI 6 * to (n /s) I rncrease in ó., ( U ) I
n

Z lair 6 Z lair I Z lair 10 Zlair 62 lair 8Z lair ro? | (-)

33 65
70
75
80
84
86
88
90
91
92
93
94
95
96
97

o .235
0.311
0.399
o.57L
o.772
o.975
I .3I2
I.75I
2.I95
2.70I
3.565
4.888
7.406

I1.733
18.63

o .28I
o.37L
o.474
o.676
0.908
I.I44
L .526
2.O23
2 .5r8
3 .080
4.O22
5.438
8.058

12.40r
19.05

0.
0.
o.
o.
1.
l.
l.
)
t
3.
4.
6.
().

13.
19.

34r
449
572
810
oB3
356
792
359
9]-2
536
563
076
790
L23
49

39
39

37
36
35
2'ì

32
30
29
26
11

18
1-2

5

66
66
64
62
60
58
55
52
49
47
43
J/

29
18

7

ro2
100

98
94
9L
öö
82
77
/J

69
62
53
40
25

9

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-n
-0.
-0.
-0.
-0.

360
350
345
335
325
315
310
290
280
260
240
2LO
L75
r25
060

The results in TABLE 4.2 are of course only theoretical but they
could be used for a qualitative analysis. For all- three air contents
it is seen that the effect of the air is decresed ( in percent) for
increasing RH. This is quite natural as the quotient O/6v,become
smaller when RH increase. When D/6-.:I there should be no- j-ncrease
in 6-- with increasing air content,'.= the rrtransport vel-ocity" in
tne Xir ancl in the rrlasterr witnouÈ air are the same. The value of
n is choosen according to HítJ-erborg (1986), where n is in
princlple given as function of o/6v.

4.3 Different aggegate contents in

The
in
and

effect of the aggregate content
FIG 4.l-0. The concrete has W /C
ómean'z is defined in 4.r.2?

the concrete
-mean. I - ^mean,2on ò -and ò

o.7. ómean'r is def ined
are shown
in 4.L.I

si-'si-r lm'tst

4

+ h:0100r¡
. h=00ólm
x h.0l00m
" h=00ólm

7

Aggægote contenl (kq /ni I

on the mean moisture per-
Concrete with Wo/C O.7 .

o

+

x

o

+

0

1730 1765 1800

egate
and ó

l8Z? 1851

Effect of
meability,

FIG 4.10 tfn"an?t fi8åf;?et
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aggregate content increases.

Tha^fiqear regression curve for ,mean ' 2 in FrG 4.10 shows that
ómean'z is the same or may decrease somewhat whçp-lhg aggregate
content is increased. There are no results of from specimens

If it is assumed
then according to
decrease when the

ThE"Ài1"?. resression
ö lncreases or
increased.

that the permeability
the composite model

curve
is the

6fit"k?1 :13';ff85fi , )==iåIiá

with a height.,of o.0Sl-p.rat the Iower aggregate content
and 1765 kg/m'. As seem to have a lower value for
0.063 m. than for the height 0.10O m. it is probable that
are the same for all the aqgregate contents.

1692, I73O

|hs"hgløn'

Àn explanat j-on to the resul-t f or omean ' 
2 and omean ' 

1

boundary zone between trpasterr and aggregate increase
aggregate content increase. In this*þçgnÇary zone the
water flow is low. rn the measure 6rtteorr'r there is mo
in the specimen,than in ómean'2. consequenlly çhouIdse more with the aggregate content than d¡'lreq¡¡'¿.

for omean'l in Frc 4.10
same when the aggregate

shows that
content is

is that the
when the
resistance to

lf;"Hñlfr.fJ.ow,ò lncrea-
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