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Hiroshi AKITA Tadashi FUJIWARA Yoshio OZAKA

Moisture transfer Within concrete during drying is analyzed using a non-linear
diffusion equation. The overall analysis procedure is established by comparing
numerical results with experiments for a wide range of concrete mix proportions.
Coefficient values needed in the analysis are also described for a wide range of
Water-cement ratios and certain characteristics of these coefficients are discussed on
the basis of the numerical results. In addition, the effects of evaporative heat loss
on Water transfer are considered by an analysis of simultaneous heat and moisture
transfers. Results show that the effect is negligible when drying takes place at room
temperature and humidity.
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1. INTRODUCTION

Moisturetransfer within concrete during drying causesshrinkageand cracks. Since
it is difficult to observe moisture transfer within real concrete structures, an
analytical prediction method, based on an appropriate theory, is required.
Although linear diffusion equations were initially applied to moisture transfer,
Bazantet a1. [1] demonstratedthat a non-linear equationwas necessarybecause the
coefficientof diffusionvaries widely withwater content. Sakataet al. [2] proposed
a methodof obtainingthe coefficientfrom experimentalvalues of water content by
using BolztmannTstransformation [3].

In a previous paper [4], the authors applied the same method as Sakata et al. not
only to drying, but also to moisture absorption and water absorption within the
mortar. In this paper, the drying process of concrete is investigated both by
experiment and analysisbasedon the previousresults obtainedfor mortar.

Three issues are raised for previous researches on moisture transfer within
concrete. The first is whether a diffusionequationis suitablefor the analysis. This
point has not been fully discussed in spite of its fundamental importance. The
secondis the need to clarify the variation of diffusioncoefficient and other factors
with concrete mix proportion, because those are essential to carrying out an
analysis. Sofar, there is no research that elucidatesthe variation of all coefficients
and other factors necessary in the analysis. The third issue is that there has been
insufficientdiscussionsof the consistencybetweenexperimentalresults and analysis
and of the reliability of experimentalresults.

In this paper, these three issues are discussed or clarified on the basis of
experimentalresults consideredto be the most reliable. This allows us to establish
a completeprocedure for the analysisof moisture transfer within concrete during
the drying process. In addition, three-dimensional heat and water transfer is
analyzed and the effects of evaporative heat loss are clarified. A prismatic
specimendried from six faces is also analyzedusing a three-dimensionalmodel in
order to examinethe applicabilityof the present procedure.

2. EXPERIMENT

In order to know moisture transfer, the variation in water contentat each point in a
concrete specimenwas measured in this research. The definition of relative water
content (explainedin 3.1) was 100% for a water-saturated state in a water curing
pool and O%for the oven-dried state at 105 oC. The water content at each point
was obtainedby splittingthe specimenand comparingthe weight difference of each
piece betweenbefore and after ovendrying. This procedure is consideredto be the
most direct andreliable methodin spite of its three faults: it only givesthe average
water contentin each piece; different specimensare observed each time; and many
specimensare required.

- 78-



Tab)e 1 Mixproportionsof specimens
for one-facedrying andobtaining
equilibriumwater content

Unit:mm

Dryingsurface splitting position Seared

Fig.1 One-face drying specimen

The specimenswere made with normal Portland cement, river aggregate (specific
gravity: 2.54, maximum size: 20 mm) and river sand (specificgravity: 2.53). They
were cured for 28 days. The drying atmosphere was chosen to be 20 oC and 60%
relative humidity.

Three types of experiment were carried out. The first was one-face drying to
observe the water content profiles under one-dimensional moisture transfer.
Second was six-face drying to observe the weight decrease of a specimen over a
wide range of mix proportions. Finally' an experiment to observe equilibrium
water content for several atmospheric humiditywas carried out.

The mix proportion of specimens for one-face drying experiments is shown in
Table 1 as number (1)-(5). The specimenswere lox 10x40 cm prisms, and they
were notched in preparation for later splitting as shown in Fig. 1. In order to
produce one-dimensionalmoisture transfer, five of the faces except one lox 10 cm
face were sealed with plastic film and paraffin. Sealing effect was confirmed by
making a control specimen with all faces sealed; it suffered a weight loss of only
0.2 g over 8 weeks.

For specimensdrying through all six faces, 30 mix proportions were used. The
variables in the mix proportions are shownin Table 2. The mix proportions of the
specimensused to obtain equilibrium water content are numbers (1), (3), (6), and
(7) in Table 1. The specimenswere sliced into 1.5 cm thick sections from the
lox 10x40 cm prisms, and dried in a desiccaterunder various conditionsof relative
humidity. In order to produce the atmosphere of a certain relative humidity,
sulfuric acid having concentration given in Table 3 was placed in the desiccater
with the drying specimens. Weight changewas used to judge whether equilibrium
had been achievedor not at each relative humidity. Equilibrium was supposed to
have been reachedsix weeks after setup becauseno further change in weight could
be observed.
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M ix

N o .

W /C

(% )

s /a

(% )

U n it w e ig ht (k g /m 8 )

C V V S G

(l ) 5 0 4 3 3 6 0 l 8 0 7 5 7 1 0 0 .3

(2 ) 6 0 4 3 3 0 0 1 8 0 7 7 8 l O 3 1

(3 ) 7 0 4 3 2 5 7 1 8 0 7 9 2 1 0 5 0

(4 ) 5 0 4 3 -3 0 0 1 5 0 8 1 0 l O 7 4

(5 ) 7 0 4 3 3 0 0 2 1 0 7 4 5 9 8 7

(6 ) 3 0 4 3 6 0 0 l 8 0 6 6 7 8 8 3

(7 ) 1 0 0 4 3 l 8 0 1 8 0 8 2 5 1 0 9 2

4 0 0

6 e 3 0   I _ 2 @ 6 0 _ L 1 0 0

i:;:;:::::I i' ::_/ __ ･I

T1 /   //



Table 2 Mix proportion variables for
six-face drying specimens

3. ANALYSIS

Table 3 Relativehumidity and
correlated sulfuric acid concentration

2@
As in the previouspaper, relativewater contentR is definedas follows in order to
determineindependentlyonmix proportion:

R-4,/y,sx100 (1)

where •` (%) represents water content and Vs (%) water contentin the saturated
state.

The basic equations are the simultaneousnon-linear diffusion equations when heat
transfer is considered aswell as moisture transfer [5]:

9a - v(DVR)a

FCc% - ^V2T.Q%

where t: time (s); v: differential operator;
density of concrete (kg/m3); Cc: specific
temperatul.e (K); A: thermal conductivity
evaporation heat of water (J/kg).

(2)

(3)

D: diffusion coefficient (m2/s);
heat of concrete (J.kg-i.K-1);
of concrete (W.m-1,K-I); and

P
T
Q

The secondterm on the right-hand sideof Eq. (3) represents the latent heat used in
evaporation. In a precise analysis of simultaneousmoisture and heat transfer,
moisture transfer caused by temperature gradient (the Soret effect) and heat
transfer caused by water content gradient (the Dufour effect) must be considered.
However,they are not consideredin this analysisbecausesuch effects are known to
be negligibly small under normal conditions [6]. Thus, only two effects are
considered: temperature variation caused by evaporative heat loss and fall in
evaporation rate causedby temperature drop on the drying surface.

In the caseof drying from the saturated state, the basic equationsare solvedunder
the initial conditions:

-80 -

W a te r-c e m e n t ra tio 3 0 ,3 5 ,4 0 ,4 5 ,5 0

W /C     (% ) 5 5 ,6 0 .7 0 ,1 0 0

v o lu m e tric a g g re g a te ra tio V a (% ) 6 0 ,6 5 ,7 0 ,7 5

S a n d p e rc e n ta g e s/a   (% ) 4 6

M a x im u m siz e o f a g g re g a te (m m ) 2 0

R e [a tiv e h u m id ity S u lfu r ic a c id c o n c e n tr a t io n

(% ) (% )

0 9 5 .6

2 0 5 7 .9

4 0 4 7 .8

6 0 3 8 .4

8 0 2 6 .i



R(x,y,z) -100

T(x,y,z) - To

and the boundary conditions:

D9g.am(Hs-H.)- 0dn

^3t-ac(T-T.).qdn

(4)
(5)

(6)

(7)

where T.: ambient temperature (K), n: normal vector to the drying surface, am:
surface factor (m/s), ac: heat transfer coefficient (W.m-2.Kl), It and IL: relative
humidity of drying surface and atmosphere (%), q: latent heat of evaporation
(W/m2).

iaW
In order to analyzemoisture transfer within concrete using diffusion equations, the
relation betweenwater content and relative humidity must be known. Sincewater
in concrete is usually in equilibriumwith the vapor pressure at anyparticular point,
the water content is determinedaccording to relative humidity. Curves expressing
this relation are called isotherms. Few isothermshavebeen reported so far, since it
takes a long time to obtaineach equilibriumby experiment.

The isotherms obtainedfrom the present experimentsare shownin Fig.2. It can be
seen that relative water content dependsnot only on the relative humidity but also
on the mix proportion of the concrete. Isotherms were determined from the
experimental resultsby the followingprocedure.

First, the relative water content R is assumedto be a function of two variables H
and y (y expressesthe water-cementratio, W/C). The function is assumedto be a
perfect polynomial as follow.

R- a1 +a2H+a3y +a.H2 +a5Hy +a6y2 +a,H3 +a8H2y +a,Hy2 + a10y3 (8)

The undefined constants ara10 are determined from two conditions: R=100% when
H=100% for arbitrary y, and the curved surface expressed by Eq. (8) becomes the
least squares approximation to the experimental data. The final values of these
constants are shown in Table 4 and the final isotherms are also shownin Fig. 2.

3.3 Surface Factor

The surfacefactor is neededfor boundarycondition(6). Vapor diffusionfrom the
drying surface is thought to dependon capillarypores opento the surface,exceptin
the initial stagewhen the whole surfaceis wetted. Sincethis impliesthat the surface
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100

A

3e•`
F<

80

60

40

20

Exper. w/c

v 30%

0 50%

a 70%

A 100%

A

V

U/C--50%

U/C=70%

I Eq.(8)

Table 4 Constants in Eq.(8)

U 20 40 60 80 100
H(%)

Fig.2 Isotherms

factor dependsalso on mix proportion, it is determinedby trial and error so as to
match analyticalvalues of weight decreasewith the experimental data in the early
stage. Because, the influence of surface factor on weight decreaseis significant in
the initial stagebut rapidly becomessmall astime passes.

Surface factors, initial water amounts and weight decreasesduring the first hour
are shown in Table 5 for mix proportions (1) to (5). Initial water amount means
the water contained in a specimen initially, which is obtained from the weight
difference betweenthe saturatedstate and the ovendried state. Since relative water
contentequalsto the percentageof water amount againstthe initial water amount, a
larger surface factor results in more weight loss when the initial water amount is
the same. In fact, this can be seenby comparingthe mix proportions (1) and (3) in
Table5.

3.4 Diffusion Coefficient

As Sakata et al. have indicated, the diffusion coefficient can be obtained from
experimental values of water content using Boltzmann's transformation. If the
moisture transfer obeys the diffusion equationin one-dimensionaldrying, then the
relation betweenwater contentandthe variable

X

n =3j7 (9)

is expressed by a certain curve. The example for mix proportion (1) in Fig.3
demonstratesthis, though there is somescatter in the experimentaldata. This result
is commonto the other mix proportions. It indicatesthat the drying process can be
describedby diffusionequationandthat BoltzmannTstransformationis applicableto
an analysisof the process.
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C o n s t a n t V a lu e C o n s t a n t V a l u e

a l 3 3 .4 . a 6
4 .2 2 x l O - 4

a 2 1 .4 6 a 7 ･7 .7 3 x 1 0 - 5

a 3 - 0 .2 8 7 a 8 1 .7 4 x 1 0 - 4

a 4 - 1 . 5 8 x l O -2 a 9 - 4 .2 2 x 1 0 - 6

a 5
- 1 . 4 5 x l O -2

a 1 0 0



Table 5 Surface factors and others Table 6 Constants in Eq.(ll) and others

100

BO

60

A

3e
V

P<

AD D

O

Exper. Drying period

o l4days

U 28days

A 56days

V l12days

- Eq.(ll)

8

.6

a
tt
F)

.4

2q

Fig.3 Relationship between Tland R Fig.4

- Eq.(12)

0 Analysis

mix(1)-mix(5)

20 40 6O 80 100
R (%)

RelationshipbetweenR andDD1

From this curve, the diffusion coefficient for an arbitrary relative water content r
can be derived by

DR-, - 2( 2)R=,I,1mndR (10)

In order to calculate D from Eq. (10), R is expressed by the following hyperbola

R-100(1.i-a/(n.b)2I (ll)

where a, b, and f are constants and determined as described in the previous paper.
Table 6 showsthese constantsfor the five mix proportions actually analyzed. If Dl
denotes D when R=100%, Figure 4 shows the calculated DD1. The curve in the
figure is expressedby the following formula

D/D1 - 1/(29(1 -R/100).1)1'4 (12)

-83 -

M ix p r o p o rt io n ( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )

S u r fa c e f a c t o r a h ( c m / d a y ) 4 . 7 4 .4 5 .8 6 .4 7 .3

W e ig h t d e c re a s e   ( g ) 1 l .1 1 .4 l 1 .6

ln it ia [ w a t e r a m o u n t  (g ) 7 5 6 7 3 5 7 5 4 6 4 3 7 8 6

M ix a b f T 71 D l

( 1 ) 0 .0 5 9 0 .3 6 0 .0 0 4 4 3 .3 4 .1

( 2 ) 0 .0 5 8 0 .3 4 0 . 0 0 4 2 3 .4 4 .3

( 3 ) 0 .1 0 7 0 .4 4 0 . 0 0 4 1 4 .7 8 .3

(4 ) 0 .0 9 l 0 .4 0 .0 0 4 4 .4 7 .1

(5 ) 0 .0 8 4 0 . 3 9 0 .0 0 4 4 .2 6 .6



It can be seen that diffusion coefficient largely depends on water content; it
decreasesto almost1/20whenrelativewater contentdecreasesfrom 100% to 60%.
This implies that a linear diffusion equationis not appropriate to the analysisand
that a nonJinear diffusionequationmustbe adopted.

No differenceamongthe five curves obtainedfrom the mix proportions (1)-(5) can
be recognizedin the same figure. This means that formula (12) can be commonly
applied to these mix proportions. Namely, the relation between D/Dl and R is
independentof mix proportion, though the relationbetweenD and R dependson it.
Thus, the dependenceof diffusion coefficienton mix proportion appears only in
D1, demonstrating the wide variation shown in Table 6.

4. INFLUENCE OF EVAPORATION HEAT ON MOISTURE TRjNSFER

4.1 SimultaneousMoisture and HeatTransfer

In the moisture transfer process, heat transfer also takes place because of
evaporative heat loss. This transfer of heat is neglected in conventionalanalysis,
though the validity of doing so is not fully confirmed as yet. Thus we studied the
influence of heat transfer and evaporation heat on moisture transfer through
analysis.

During simultaneous moisture and heat transfer, one-face drying does not
necessarily mean one-dimensional transfer, since the temperature drop caused by
evaporation induces a lateral heat flow from the side faces. Thus, the three-
dimensional model shown in Fig. 5 is adopted for analysis, modeling 1/8 of a
specimenfrom symmetry. The sectionalsubdivision is common to all sections, and
the subdivisionsare made smaller towards a drying face or side faces. The material
constants adopted in this analytical model are shown in Table 7. The numerical
model is established using the control volume method [7]. Time integration was
performed by the perfect implicit method, and the time interval adopted was 6
minutes.

Moisture transfer in concrete is understoodto consistof capillary water flow when
the water contentis high and vapor diffusionwhen it is low. Water becomesvapor
during the transfer process, resultinga much more complexprocess. In this study,
the latent heat spent in converting water to vapor is dealtwith as follows. Latent
heat is not consideredin the specimenuntil the relative water content decreases to
95%, since it is reported that capillary water flow switchesto vapor diffusion at a
relativewater content of 90-959u8]. After reaching 95%, the secondterm on the
right-hand sideof Eq.(3) is accountedin proportion to water content decrease. All
water asidefrom that already evaporated in the specimenis assumedto reach the
drying surface in liquid form. Concerning this water, evaporation heat at the
drying surface is given by Eq.(7). At the five faces aside from the drying surface,
only the first term of Eq.(7) is necessary,becauseno water can evaporatethere.
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Table 7 Material constants

Unit: mm

V
O
nJ

t>
L

=
u)

tn
C

>
L

C)

C_

105

I lO

tl R
I

I
I

I
I

I
•`

---- Node No.lO5

C
Axial subdivision

l8 24 28 30

400

Fig.5 Subdivision for three-
dimensional analysis

21

Jl

e20
>

19

T

Node
- No.105

---- Node No.l

•`--_-_l-_----------

Final
value

100

80

60^
Ro

V

40 O=

20

0
6 21 24

t(hr)

Fig.6 Temperature andrelative water
contentat drying surface

4Q

Figure 6 showsanalyticalhistoriesof temperatureand relativewater contentat the
center (node No.105 in Fig. 5) and a corner (node No.1) of the drying surface in
the case of mix proportion (1). It can be seen that the temperature drop due to
evaporation heat is a maximum of 0.8oC after about 1 hour, and thereafter the
temperature gradually approaches ambient. The relative water content rapidly
decreasesandreaches approximateequilibriumwith atmospherichumidity in about
two hours. Final values in the figure show atmospheric temperature and the
relative water content in equilibrium with atmospheric humidity, a situation
reached after a sufficientlylongtime.

The temperature of the drying surface is lower at the center than at a corner, and
the difference is at most 0.2 oC. The relativewater contentat the drying surface is
large at center, because the temperature drop causesthe decrease of evaporation.
Since the difference betweenwater content at the center and a corner is at most
0.9%, it cannotbe recognizedand only the water content at the center is shown in
Fig. 6. These results show that the three-dimensionaleffects of lateral heat flow
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causedby evaporative heat loss are actually negligible for one-face drying under
experimentalconditions.

4iBf59&
In order to clarify the influence of evaporationheat, the one-dimensionaltransfer
of moisture without heat transfer was also analyzed. In this case, it is simply
necessaryto solve Eq.(2) under initial condition (4) and boundary condition (6).
Resultsshowthat evaporation is greater and relative water content is at most 2.4%
smaller than in the previous result, because there is no temperature drop at the
drying surface. However, this difference is only at the drying surface. The
difference at inner part of 4 mm from the surface is only 0.1%. Concerning
weight decrease, the difference in both results is alwayslessthan 0.1 g.

Consequently,the innuence of evaporation heat can be neglectedfor typical levels
of precision, when the objectof analysis is moisture transfer. Since the results are
the same for other mix proportions, the innuence of evaporation does not depend
on mix proportion. However, it must be mentioned that this conclusion is only
appropriate to temperature conditions of around 20 oC, since all the physical
constantsadopted in this analysisare at that temperature.

5. DEPENDENCE OF COEFFICIENTS ON MIX PROPORTION

Unless the necessary coefficientsand factors are known for all mix proportions,
moisture transfer within concrete cannot actuallybe analyzed. It is known that
water in concrete is located in the pores and that the pore structure is strongly
affectedby the water-cementratio [9]. Thus, variations in coefficientsand factors
with water-cementratio are clarified by comparing experimental results with the
analyticalresults. Only moisturetransfer is considered,since it is known from the
previous section that the influence of heat transfer can be neglected under the
experimentalconditions.5&
In order to analyze six-facedrying, the difference in diffusion coefficients in the
casting direction and perpendicular to the casting direction must be known. For
this purpose, a 10x10x40 cm prism was divided into four 10x10x10 cm
specimens. Case 1 specimenswere sealed except for two side faces and case 2
specimenswere also sealed except for the cast plane and the bottom plane. The
weight decreasesof thesespecimenswere observed,with the drying faces vertically
in both casesin order to ensurethe samedrying conditions.

Figure 7 shows the results concerning mix proportions (1) and (3). For both mix
proportions, the differences between the two cases are negligible, though case 1
showsa somewhatbigger weight decrease. This meansthat concretecan be thought
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Table 8 Dependence of weight decrease on am

of as an isotropic material as regards moisture transfer, since no difference in
behavior between the direction of the cast plane and its perpendicular can be
recognized.

It is known that the surface factor of heat transfer in the horizontal plane is a half
of that in the vertical plane [10]. However, it is not clear that the surface factor of
moisture transfer exhibits the same characteristics. Even if it becomes a half, it is
not a problem in the case that the influenceon the analytical results is small enough
to be neglected. If this can be confirmed, the same factor can be used in both
vertical and horizontal planes.

Table 8 shows the weight decrease for a one-face drying specimen (1) for
cLm=4.7cm/day(base value) and am of half this value. The weight decrease is
roughly proportional to the surface factor in the initial stage, then becoming small
as time passes. Even if the surface factor is half, the difference is only 2.2% of the
base value after three days, and can be neglected. Thus the analytical model can be
1/16 of the specimen from a consideration of symmetry, since difference in surface
factors between vertical and horizontal faces can be neglected. Consequently, a
model half that shown in Fig. 5 can be used.
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The relation between surface factor and water-cement ratio shown in Table 5 is
graphically illustrated in Fig. 8. From Sakata et al's linear relation between them,
the following formula can be derived from the experimentalresults:

am -0.06y +2

5.3 Diffusion Coefficient

(13)

B oth D1 Obtainedfrom six-face drying and from one-face drying already shown in
Table 6 are illustrated in Fig. 9. In the analytical process for six-faces drying,
Eq.(12) and Eq.(13) were assumed to be applicable to the range W/C=30%-100%.
DI Was determined so that the experimental and analytical weight decreases
coincidedwith each other.

Figure 9 shows that the smaller volumetric aggregate ratio is, the smaller Dl is
when W/C is the same. It might accept the validity of the analyticalprocedure that
the relation betweenDl andW/C is almostsame in both caseof one-facedrying and
six-face drying. The curve expressingthe relation in the figure is the following:

D1 - 230/y +0.25y -14.7 (14)

Figure 9 shows that DI Varies to some extent according to volumetric aggregate
ratio even for the samewater-cement ratio. The prediction errors due to the error
in D10n analyticalvaluesof weight decrease in six-facedrying is shown in Fig. 10.
In this figure, weight decreaseis expressed as a ratio to initial water amount;
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namely, it is a relative weight decrease. Four analytical results are illustrated for
W/C=50% and 100% and for both the upper limit and lower limit of Dl from the
experiment. It might be mentioned that the analytical cases are upper and lower
limits, though the error of weight decrease due to the error of Dl is not small
enough to be neglected. Thus, it is considered that analytical error is not so great
in general, even if Dl is determined from Eq.(14).

6. DISCUSSION OF VALIDITY OF ANALYTICAL PROCEDURE

6.1 One-Face Dr in

Figure ll shows experimental and analytical relative water contentsfor one-face
drying in the case of mix proportion (1). The observed data exhibit some scatter,
and some of the data exceed 100%in relative water content. The reasons for this
scatter are consideredto be that the thicknessandthe coarse aggregate ratio of each
split piece varies. However, the experimentscan be considered reliable, since the
overall distributions are appropriate in space and time in spite of the scatter. One
reason for accepting the validity of the analyticalprocedure is that the analytical
results appropriatelymatchthe experimentalvariations in relative water content in
spaceandtime.

Figure 12 shows the experimental and analytical weight decreases for mix
proportions (1) and (3). The data are averages of three specimens, and the
differences amongthe individualobservationsare at most 1.3 g, demonstratingthe
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accuracy of the experiment. It can alsobe seen that the experimental and analytical
results agree closely up to 112 days. Of course, the diffusion coefficient was
chosen so as to match the analyticalweight decreasewith the experimental values.
Howev.er,a further measure of the validity of the analytical procedure might be
that colnCidenceis obtainedover the whole period.

6.2 Six-Face Dr in

Figure 13 showsthe histories of relative weight decreasefor six-face drying. It can
be seen that experimental and analytical results almost agree at every time and for
every mix proportion. This indicates that Eq.(12), representing the D-R curve
obtained from one-face drying, can be applied to the analysis of six-face drying.
This good agreement is also considered one reason to accept the validity of the
analytical procedure. Figure 13 also shows that the variations in water-cement
ratio greatly affect the weight decrease. This reason is considered that the factor
having most innuence on weight decreaseis the relative water content at the drying
surface obtained from the isotherm (Fig. 2).

7. CONCLUDING REMARKS

In order to establishan analyticalmethodfor moisture transfer within concrete due
to drying, and in order to provide actual data for the analysisof concrete with any
mix proportion, experimentalandanalyticalstudieswere performed. The following
conclusionswere reached.
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(1) The validity of a non-linear diffusion equation to moisture transfer is
considered to be confirmed on the basis of various evidence: BoltzmannTs
transformation can be successfully applied; diffusion coefficients consistent with
experimental results coincidefor one-facedrying and six-face drying; experimental
and analyticalweight decreasescoincidefor both types of drying; and experimental
and analyticalrelative water contentprofiles almostcoincidefor one-facedrying.

(2) All of the coefficient, factor and relationship needed in the analysis were
obtainedfrom the experiments:the relation between equilibrium water content and
surrounding humidity in Fig. 2; the surface factor in Fig. 8; and the diffusion
coefficient in Fig. 9.

(3) As regards equilibrium water content, surface factor, and diffusion coefficient,
the following points are clarified:
a) The relation betweenwater content and relative humidity is greatly affected by
mix proportion and thishas a great influenceon analyticalresults.
b) Expressed in terms of DD1, the diffusion coefficientcan be written as Eq.(12)
independentlyof mix proportion.
c) The diffusion coefficient decreases to 1/20 when the water content decreases
from the saturated state to an intermediate state. This indicates that a linear
diffusionequationcannot be appliedto moisture transfer.
d) DI Varieswidely according to W/C, and the relationshipbetween them obtained
from one-facedrying andsix-facedrying are almostcoincide.
e) For the sameW/C, Dl tends to becomelarge when the unit water weight is small
or the volumetric aggregateratio is large.
f) The influence of surface factor on analyticalwater content or weight decrease is
small except in the initial stageof drying.

(4) If the mix proportion of the concrete and the atmospheric conditions are
known, the water content distribution can be analyzed. The procedure is as
follows.

a)
b)

DI corresponding to W/C of the concrete is determined from Eq.(14).
D/Dl is determined from Eq.(12), and then D is obtained for any relative water

content.
c) The surface factor am corresponding to W/C is determined from Eq.(13).
d) The non-linear diffusion equation (2) is solved under initial condition (4)
boundary condition (6). The relationship between H and R necessary for
boundary condition is obtained from Eq.(8) and Table 4.

and
the

(5) As far as one-face drying under normal conditions is concerned, three-
dimensionaleffects inducedby lateral heat flows causedby evaporative heat loss are
small. Also, the influence of evaporative heat loss on water content and weight
decrease is negligible.
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