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Dynamic Modelling of Moisture
Absorption an,C Desorption in Buildings

Moisture absorption and desorption by building materials in lhe hygroscopic range haue been

theoretically modelled. The Biot number which can be defined as the ratío between the material
moisture resislance lo lhe conuectioe mass tansfer resistance has a significant meaning in relating
where the grealer resistance lo moislure transfer occurs. Using Biot number, the dynamic moislure
behauiour of building materials within the indoor enuironment has been classified inlo lhree main
calegories. Åt high Biot number (Bi+ æ), the material surfoce atta¡ns instantaneous moisture
equilibríum úth the surroundings. At low Biot number (Bi-0), the material moisture behauiour
can be described through a lumped-parameter modelling. For most materials in buildings, moislure
intetaction fith the surroundings occurs through a thin layer of møterial surface, and the amounl
of moisture absorption or desorption is mainly determined by the material surlace moisture
condilions. In order to eoaluate material surface moisture conditions, tlrc gouerning moisture
transfer equatìon is solued uia an approximate analytic techníque (i.e. the moment method) in
conjunction ¡,ith numerical formulation. Both the dynamic and the alternating nature of the

absorptionidesorption processes can be modelled by this proposed analytic-numeric method.
Comparison wilh experimental results and numerical solulions shows satisfaclory agreement with
the proposed model. Using this model the dynamic efect ol moistire absorption and desorption
by interíor ntaterials on indoor air humidity can be modelled.
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NOMENCLATURE

1. exposed area, m2
Bi Biot number (dimensionless)
Ce air specific heat, j/kg.C
C^ material moisture capacity, kg/kg'Pa
D,, material vapour diffusion coefficient, kg/m'Pa's
h, surlace heat transler coefficient, w/m2'C
h, surface mass transfe¡ coefficient, kg/mr' Pa's
L^ moisture interaction depth, m
P. vapour pressure within material, Pa
P,", initial vapour pressure within material, Pa
P", indoor air vapour pressure, Pa

I time, s

V, material volume, mr
w moisture content, kg/kg
( moisture sorption isotherm slope, kg/kg'rh

dm material moisture diffusivity, m2/s
p^ material density, kg/mr
p, air density, kgimr.

INTRODUCTION

INDOOR air humidity is an important factor in deter-
mining both the short and long term building perform-
ance. Thermal performance of buildingcomponents, energy
consumption, occupants' health and comlbrt, surface
condensation and durability oIinterior lurnishings are all
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influenced by the level o[ indoor humidity. For accurate

building performance assessment, both indoor humidity
and its variational behaviour must be determined. Con-
siderable efforts have been devoted to the prediction of
indoor thermal behaviour, while little attention has been

given to indoor humidity evaluation. Until recently, most
indoor humidity evaluation models were strictly based

on the mass balance between humidity generation rate

and humidity dilution by air leakage, ignoring moisture
absorption and desorption by interior surfaces. This
could lead to considerable inaccuracy in the predicted
humidity level since as much as one third of the moisture
generated in a room could be absorbed by its surfaces

[]. Moisture absorption and desorption taking place in
most residential and commercial buildings are dynamic
and alternating processes depending on the level and the

variational behaviour of indoor humidity. Therefore, a

time-dependent model is required to predict the effect of
moisture absorption and desorption on indoor humidity.

In recent years, some theoretical and experimental
studies have dealt with the dynamic modelling of moist-

ure absorption and desorption by building materials.

As part of an indoor humidity calculation model Il], a

method has been described to calculate the amount of
moisture absorption by the room surfaces' In this

method, moisture absorption is assumed to be limited
to a thin film of material which attains instantaneous

moisture equilibrium. Two parameters, the surface mass

transfer coefficient and the room surface average moisture

content, must be determined experimentally to fit the

measured indoor humidity in a particular enclosure.
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These values may not be universally applicable for other
cases. However, it has been found by Kusuda [l], that
the mass transfer coefficient is not as sensitive to room
characteristics as the other parameter, therefore, approxi_
mate theoretical relationships such as the well known
Lewis relationship can be used to evaluate it. Evaluating
moisture conditions and transfer dynamics at the room
surfaces is the main part of a
model. Kusuda and Miki [2], h
imental program for evaluatin
ditions of some building mate

exposure. Moreover, the alternation of the absorption
and desorption processes has not been addressed. In an

material thickness, which in itself may not be a reliable

A time-dependent model based on a sinusoidal bound_
ary conditions for predicting indoor vapour content in a
room and its corresponding Iatent heat has been
described [10]. The model takes into account the moisture
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exponential decay. In modelling moisture interaction

beiween the material and the surrounding air, an

approximate lumped model is used in which moisture

tiansfer from and to the material is modelled by using a

frctitious moisture transfer coefficient representing the

surface and moisture transfer of moisture' This coefficient

is a function olmaterial moisture and geometrical charac-

teristics, as well as the surlace mass transfer coefficient

and material surface moisture conditions' Some of these

determining lactors and consequently the moisture trans-

fer coefficient are time-dependent. However, for the pur-

poses of simplifying his model Cunningham [1 l] has

ãssu-ed a mean fixed value lor the moisture transler

coefficient. Such an assumption can probably be justifred

when modelling long term moisture behaviour of

materials under certain boundary conditions, but it can-

not be justified in modelling short term moisture transfer

problems (e.g. moisture absorption/desorption as part of

an indoor air humidity evaluation model)'

Available theoretical models that deal with moisture

absorption/desorption processes in buildings are either

impractical to be implemented or incapable of modelling

the actual dynamic moisture behaviour of such processes'

For some models to be implemented certain parameters'

which can only be evaluated through an extensive exper-

imental program or detailed theoretical analysis, are

required. When the lumped approach is used in modelling

Uotir ttre material moisture conditions and the moisture

transler processes lrom and to the material, material

dynamic moisture behaviour, especially short term

bãhaviour, cannot be accurately modelled' In addition'

difficulty will arise when evaluating the model lumped

parameters. The main objective ol the present paper ls

io develop a practical theoretical model for evaluating

moisture absorption and desorption by interior building

materials. In order to evaluate the amount ol moisture

absorption and desorption by a given material, its surface

moisture conditions must be known' The dynamic behav-

iour of surface moisture conditions differs from one

material to another depending on its moisture and geo-

metrical characteristics. Therefore, for accurate model-

ling of moisture absorption/desorption processes inside

buildìngs, where many different materials may exist' the

diversit-y of material moisture behaviour and hence' the

diversity in the modelling approach must be considered'

Since material moisture behaviour is mainly determined

by its moisture and geometrical characteristics, the Biot

number, given in equation (l), is used in this paper to

determinqthe moisture behaviour of the material by relat-

ing its moisture diffusion coefficient D, to its moisture

interaction thickness l-. Based on the value of the Biot

number, the modelling approach is determined' rüithin

the building indoor environment a very low value of Biot

number would indicate that moisture conditions across

the material thickness is constant and hence the lumped

parameter approach can be used. On the other hand' a

very high value of the Biot number would reveal that

insiant moisture equilibrium is reached between the

material surface and the ambient air' In the building

indoor environment, where the value of the surlace mass

transfer coefficient å,, is confined to a narrow range' a

high value of Biot number will be associated with a very

low moisture diffusion coefficient lor the material in ques-
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tion. Consequently, its contribution to the moisture

absorption/desorption processes in buildings can be

neglected. Most interior materials, however, remain in a

staìe ol continuous moisture exchange with the indoor

ambient air. These materials, which correspond to mod-

erate values of Biot number, are the most difficult to

model since their surface moisture conditions are depen-

dent on the non-linear moisture distribution across the

material thickness' In this paper, surface moisture con-

ditions of such materials is determined by solving the

of the proposed m-'odel.

THEORETICAL APPROACH

Moisture absorption and desorption by interior

materials in buildings are continuous and randomly alter-

nating processes' Generally, lor materials.with large sur-

face a-rea to volume ratio, or materials having a very small

equilibrium moisture capacity, the equilibrium moisture

content corresponding to the ambient humidity change

can immediately be attained. In this case, evaluation of

the amount of moisture absorbed or desorbed requires

relate these factors is the Biot number, 8i,

ui:W#. (r)

(2).' în tn. building indoor environment' the value of the

surface
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where,

(2) e{1cj of hysteresis, the dynamics ol rhe vapour pressurewithin the material can be describ.¿ Uv .qr.iutio.,.i.

P.(t) : P",+(P-,-P,r*r(#) 
(3)

where,

c.:* ftg/kg'Pa)

r determined by
airflow regime
[l], an average
of about 0.g5

uating the surface mass trans_

resenting convective transfer

or rhe exterior wars 
". ."3å:ïî,ï,îïi:ïï::îï:

on the temperature differ-
urface and the ambient air.
presence of air movement

be depen_

surface. For borh rhe nar ;fi;ï:cesses, an approximate_ rage value of the surfaceconvective transfer coefficient wirhil-";;; can be
9"1:3i.":A using rhe appropriare model available inASHRAE [15]. More ac_curate evaluation of the surfaceconvective rransfer coefficie¡t 

"un 
¡. oîu"¡nåîUy util_izing.the available detailed 

"i; ;;;"ä;i'ri_i,"r,o"
model
å.isk
be eva

The
can be ¡elated to the value o
three cases:

: 
1",).In the building indoor

value of Biot number can only
oisture characteristics of the
contrih

lsture resistance. For most
re equilibrium cannot be
e, surface moisture condi_

of absorption or desorp_
the ambient conditions.

Biot number (Ai -_r 0)
s the case where internal
is negligibly small and

lsture transfer by diffusion
. As .Bi approaches zero
re content gradient within

and hence a lumped_
ed.

erature and ignoring the

rbed during a
ion (4), using
equarion (3)

tu- = p^V.C,,Ãp^. 
Ø)

\;iÐ nuiãng 
^orcìioh at moderate Biot number(0 << Bi << co)

Inmost cases, moisture interaction between the ambi_ent air and the materials within the $;;..#;hrougha thin layer at the material surface. i[..ï"""i 
"r_"irr_ure tra¡sfer is mainly determined uv trr.."ìi".ì äoisturecondition,.which depends on the thickness and the moist_ure conditions of the moisture ,n,".*iãn-1"i"., u, *"llas the surface mass transfer.o.ffi;;;;."'"'^ 

¡srç¡'

The dynamic moisture transfer process in the materialcan be described by equatio" (Ð, b;rJ;"^i,r" ,.ìi"*,",assumptions:

-vapour pressure is the only driving force, and theprocess is a one_dimensional;

-the problem is
moisture sorptio

-hysteresis efect
therm is used to
since the moisture capac
hygroscopic range;

-the moisture diffusion coefficient is constant.

ôw

0t (5)üm
d'w
AP

t describe the moisture inter_
and the surroundings,
moisture content as a
stead, moisture trans_

y be expressed in terms of
essure as given in equation

D*^ - äC_ (m7s).

Y*¿=o^.9!!!o.

L^=?

(6)

(7)
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da¡(r)
dr

The material volume, Z- whlch determines the moist-

ure capacity of a particular material, is dependent on the

ambient air humidity behaviour, as well as, the moisture

characteristics ol the material. In the building indoor
environment where air humidity normally fluctuates
around a daily average value, a sinusoidal air humidity
behaviour can be assumed to represent daily indoor
humidity variatìons. For a given material, equation 6

can be solved numerically for the assumed indoor air
humidity behaviour to determine the material interaction
depth t.. At L^, the material is assumed to be imper-
meable to vapour flow which leads to identifying the first
boundary condition. The second boundary condition is

taken at the material surface where moisture transfer
takes place by convection. Since moisture absorption and

desorption in buildings are alternating processes, and

because of the relatively large moisture interaction thick-
ness involved in modelling these processes, equation (6)

must be solved for a nonuniform initial condition. The
governing boundary and initial conditions are given by
equations (8a--c).

The exact solution of the above non-homogeneous

mathematical

*:, at x: L^ (8a)

- D,+ : h,,(P",- P^(o,t)) at x = 0 (8b)
oÍ

P-:F(x) at ,:0 (8c)

problem can be obtained by splitting it up into a set of
simpler problems that may be solved by the separation of
variables method outlined in [4]. However, the resulting
solution involves an infinite series which requires the

knowledge of the corresponding eigenvalues in order to
evaluate. These eigenvalues are the roots of a trans-
cendental equation which must be solved by iteration.
Such a procedure is impractical and time consuming to
be implemented as a part of an indoor moisture
absorption/desorption model considering the dynamic
nature of the problem and the number of materials
involved. An alternative approach for solving equation
(ó) is the numerical analysis, however, by using such an

approach, the moisture interaction between the material
and the ambient air cannot be accurately modelled,
especially in a dynamic environment such as the building
indoor environment. Moreover, considering the number
of materials and the nature of the moisture transfer prob-
lem a large amount of computations would be needed.

For example, when the finite-difference technique is used,

hundreds of nodes could be required to formulate the

moisture transler process through the material. Conse-

quently, hundreds of equations may have to be solved

simultaneously ut each time interval.
When the exact analytical solutions are difficult to

obtain or when the numerical solution cannot be justified,

approximate analytic solutions are preferable. Con-
sidering the assumptions and the uncertainties involved
in modelling noisture absorption and desorption in
buildings, the r¡se of the approximate analytic methods
can be justified. The approximate analytic method that
will be used to solve equation (6) is called the moment

method [4]. This method is based on taking various
moments of the differential equation o[ the moisture
transfler with respect to a suitable weight function over
the finite region of the problem.

The mathematical formulation of the present problem

can be put in terms of dimensionless variables as :

ôP^(4,r) ô2 P^(4,r)

--:-----=---'-.
dr 04'

AD
"l^ :o at r: l,c > o
0q

- D,+ : h^L^(P,,- P 
^(0, 

r))

P.(4,0):f@¡ at t:0'
The dimensionless quantities are defined as

x d^t
Ln Lm

To solve this problem by the moment method the

pressure distribution P^(q,r) is expressed by a poly-

nomial in the form;

^P^(tt,¡): I ar(t)4k 0<4< l. (10)

In order to ¿.tjll¡n. (n*l) coefficients (a*(r),

k : 0, l, . . .,n), (n* l) relations are required. Two
relations can be obtained by utilizing the two boundary

conditions (9a) and (9b). The remaining (n- l) relations

may be obtained by taking (n - I ) moments of the differ-

ential equation (9). By operating the weight functions

W,(tù, i : 1,2, . . . , (n- l), on both sides of equation (9)

and substituting in equation (10) we obtain the following
equation [14]:

E,loo - D 
l,l. - ",,rr>rr 

-' dafo rþ)

=ill'
t=o \J4=o

(e)

(9a)

(eb)

(ec)

at 4:0,2 > 0

,,ø)rlodrl)

i : 1,2,3,. ..,(n-l). (l l)

Equation (ll) provides a system of (n-l) ordinary
differential equations that could be solved to determine

the remaining (n-l) coefficients. Solving these equa-

tions, however, requires (n- l) initial conditions. These

initial conditions can be determined by equation (12) [14]

" lfr ] fr

_å L J,_. 
w,(fiak da 

)a¡(o) 
: 

J,=. 
w,(ùFQù da

i: 1,2,.. ., (n- l). (t2)

MATHEMÀTICAL FORMI.]LATIONS

For the present problem a fourth degree polynomial

given by equation (10) is assumed.

Moisture absorption and desorption in buildings are

dynamic and
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P -(4, r) : a o(ù * a ít)4 + a 2(r)42 + a r(r)4 3 + a a(t) 4 
a

(l 3)

randomly alternating processes, consequently they can_
not be modelled by the analytic solution of equation 9.
Instead, a numerical technique in conjunction wittr the
analytic solution of equation (9) which describes these
processes separately is the only feasible alternative.
Through this approach, equation (9) with the cor_
responding boundary and initial conditions has to be

me interval and
have to be
rption and are
sses, hence don

p^(4,0): p., 
e4a)

P^(n,0) : a¡*a¡4*a242 la3q3 *aa4a. (l4b)

p^(O,t): p_(0,0)*p¡ (15)

where,

'cl

d._tltt=8.

. Utilizing the initial conditions given by equations
(l4a,b) and the surface vapour pressure function given
by equation (15), the time-dependent coefficients in equa_
tion (13) can be determined Ëy the moment -.tfro¿ u,,

a1þ): _Bi[p¿_þot] (16)

t-aoî): 
f 

roaal -rcolb2+loo8á3- !",r,
llI

- ¡Bißo )exv(s2r) 
_lzntr _ 1302b2+ t3o2b3

I5l9 217 I
Zzo Bi P ¿ - ffi a i 0, 

lexv 
Ç 42r)

t-
+ 

f 
ssar - 320b2 + 3t sæ _ fi ,, r,_ fi O,]

x exp (- lor) +ól + ! r,+ tlf,* r,r,,
Bi. Bi

- 7 ltnr'- 7 Ênt 07)

a2þ) : 
[- ,oorr, +6o4zb2-6o4zb3+! r,r,

+l aiø,]*e Ç 52r)+ 
frz 

raar - ß08b2 + 7308b3

-ff u,r,-#tto,f*o Ç42r)

- [rror, - te2ob2+l8eoá3 - ! u,r,- ta 
ø,]

x exp(- tot¡-!oip,+!r,-!O* (18)

a3þ) :luto,*f t,-.*o (- lor)l

' [-,orr, + 630b2 - 630,' * lr,r,* "] o,]

x exp (- 42r) +lzzotr - t280b2 + t260b3 - ! r,r,

-tì o,]*r(- ror) (re)

a aft) :[-,orr, + 630b2 - 630æ +f,np,

where,

p¿: p",_ p^(0,0)

bl, b2, b3 are expressed for the initial interval as :

bt : p.- ur:+, ot =+ eta)

and for the intermediate intervals as:

bt:a6)*+.+*+.+
b2:ao?) + 

4,(t,) *azk) *ar(",) -!!-(t)2 3 ' 4 --5 t 
6

b3:aokt) +a,(t,) *az(r) +ar(r,) _ao(r,)3 4 ' 5 - 6 -r-7 
'

(2tb)

+ fiøf*vÇ42r)- 
u¡0, 

(20)

P-(0,r ¡) - P^(0, 0)
þo:
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sumcient to obtain a reasonably accurate Sr:EoD pro-

vided that no convective transfer occurs a: --r'bound-

aries' esentation r-: :æded to
i solve complicatec =rial con-

' dition ve transler ã -J- bound-

' aries, the accuracy of the solution becomes isdent on

the ambient .onditiont, material surface co::;ons and

the surface mass transfer coefficient. In this s' higher

order polynomial representation will not =:¡nce the

u.cu.aðy in a decisive manner because e¡ 5 r'rriability

of the ambient conditions. Instead, solutio: 'scillation

because ambient (i.e. indoor) condition-¡ üe con-

tinuously changing even within a short periÑ ri time'

In order to avoid solution oscillation at u\ -'eginning

ol every absorption and desorption procti\ :he initial

conditions are relaxed whenever there is a '':u:rge 
in the

ambient conditions. The relaxation process:s ¡rformed
ts given bY equations 116-20) to

, b2 and á3' These t'isÈ-ì;ients are

the coefficient ao an'i ùe surface

of each time interval ,l can be given by:

P-(o,r) : $ Q2)

t :l -ztt tt + t3o2b2 - r3o2b3 + 92 ai e,
L

- 4l- BÌ-9tg-)exp ( - 42r ,)

r 14 Bi P-(o,o)-l
+L168ól-1008á2+1008ô3- TBiP¿+ r, ,, I

x exp (-52t¡l+ 
[ssar -320b2+3rst t-f;ne,

24 11
exp (- tor ) + BiP¡t t+ { &,{0, o),,

M o:::¡¡e AbsorPtion and DesorPtion

(23)

P-(0, tl) + P,,(r'.'\
¡ I (15)Pwil )

2

and the total moisture lost or gained withr:r ¡ room ls'

,^, : h^,þ,n",(, P-'(0'¡l)-*P''(0'(ì\)' ¡t (:6)

where,

h 
^o 

: av er age surface mass transfer ctrclììciÙnt'

kg/m2'Pa's

n : number of relevant materials in lÌr" t'oom'

The average surface mass transfer cocfììiicnt ft-' can

be evaluatedly Lewis relationship given rrr iqul:on (j'

using the average surlaJ;;;;;i".- trarrstì't' coefficient'

+B| r-ro,Ð++P,-#&P *o'

B : I + I',* I. # - #!i*r( -42r,)

+ frexnt- 52c¡)* #,"*n(- lo¡')' (24)

For constant ambient conditions, the itlìtount of moist-

ure absorption or desorption during a timc interval' ll
can be approximately given by:

COMPARISONS AND DISCUSIIONS

+
¿iP.(0,0)
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Relative HumiditY' %

Fig. 1. ìVood moisture absorption isotherm [8]
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when smaller surface mass transfer coemcient is used,

since the theoretical curve will be shifted downward.

The solution of the proposed model is also compared

with the experimental results of a desorption test on a

gypsum board specimen [9]. In this experimental work,

material moisture and physical characteristics, initial
conditions, as well as, the surface mass transfer coefficient

are clearly defined. The material moisture capacity is

evaluated from its absorption isotherm given in Fig. 3'

The density of the gypsum board is 670 kg/m3, and its

moisture diffusivity is about l'8 x l0-8 m2/s. For this

particular desorption test, a surface mass transler

coefficient of 0.0044 m/s, which corresponds to a value

of 3.2x l0-B kg/m2'Pa's, is used' The test specimen

has an initial moisture content of 0.0079 kg/kg, which

corresponds to about 74o/o relative humidity as can be

found from Fig. 3. By exposing one side of the specimen

(0.18 m in diameter), to a new ambient relative humidity

of about 260/o a¡d regularly weighing the specimen, the

desorption rates were determined. Experimental and

theoretical evaluations of moisture desorption rates of
the gypsum board specimen are shown in Fig. 4. It can

be seen that the theoretical solution is in satlslactory

agreement overall except at the beginning ofthe Process'

t¡
J

c¡
-f

c
o

o
o
o

2
o

=o
o
6

ã
(t,

0.14

o.12

0.1

o.o8

0.06

0.04

o.o2

0
6 7o 2 345

Time, hrs

Fig. 2. Comparison between experimental and theoretical surface moisture content.
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Relative HumiditY' %

Fig. 3. Gypsum board absorption isotherm.

80 90 100

of the sorption isotherm does not +rhibit considerable
variations within the range of inter\'st, then a constant
moisture capacity can be used in rrrodelling dynamic
moisture behaviour of materials. Siurilarly, when the

material moisture content varies within a limited range,

such as materials within the builcliug indoor environ-
ment, a constant moisture diffusiort coefficient can be

used to describe moisture transler through the material.
However, lor more accurate dynanric moisture model-
ling, the variability of the material nì\listure capacity and

its moisture diffusion coefficient h¡ts to be considered

whenever it is practically possible.
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This can be attributed to measurement uncertainties at

the beginning of the experiment and the sensitivity of the

mass balance scale used [9].
In the above theoretical modelling of material moisture

behaviour, constant values are used to describe material

moisture capacity C-, and material moisture diffusivity
a.. In reality, both vary with the moisture content. The

material moisture capacity (which is equivalent to the

specific heat in thermal analysis) varies with equilibrium
relative humidity according to the slope of the moisture

sorption isotherm. In practice, when the relative humidity

range in interest is relatively small, or when the slope

,. 70
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Fig. 4. Comparison between experimental and theoretical moisture desorption rate'
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Fig'5.Comparistrttlrt.lweenproposedandnumerical.evaluationolsurfacemoisturecontentforbalsa

Numerical solutions using thc li¡lite-difference implicit

formulations, have been toì'¡lr'td with the solution of

tt,. p.opor.á model in cr':tlttlrting - 
surface moisture

conditions for some building ttrrtterials' Fieyre,5 sfo¡vs

the predicted surface moisltttt content ot the Dalsa

wood sample using the nt¡tltctical and the proposed

approaches. Prediction of tltt' sttr lìrce vapour pressure of

a l0 mm thick gypsum bo¡rtl trr' both techniques when

the ambient relative humiditr rs changed from 50% to

60% is shown in Fig. 6 ln h¡tlr cases' good.agreement

is obtained between the t$'o ìtlìlìr'oaches' In the building

indoorenvironment,airhrrnri.lrl¡,iscontinuouslyfluc.
tuating,therefore,foran¡'trrorlcltobeapplicablefor
describing indoor moistuit''¡¡'5'rrlption and desorption'

it must handle the short term ffuctuations in ambient

conditions. The approximate analytic solution by the

Moment Method cannot handle such behaviour with

reasonable accuracy especially when large ffuctuations

occur. This shortcoming has been eliminated by relaxing

the initial conditions ol the moisture transler problem

whenever there is a change in ambient conditions' Figure

7 shows the solution ol the numerical and the proposed

techniques when there is a step change ol 107¡ in the

ambient relative humidity. Considering the high ffuc-

tuation pattern used for this particular case, which is

unlikely to be encountered in practice within the building

indoor environment, the proposed model can be judged

to be an applicable and a reliable tool lor describing

+ Proposed Model

f Numerical
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moisture absorption and desorption processes within

buildings.

CONCLUSIONS

In buildings, there are normally different materials

with different moisture characteristics, consequently,

each will respond differently when exposed to dynamic

ambient conditions. Material moisture behaviour de-

pends on its geometrical configuration and moisture

characteristics, as well as, the boundary conditions. Some

materials attain instant moisture equilibrium with the

surroundings, others will not respond at all. The Biot

number, 8i, was used to classify materials according to

their moisture and geometrical properties. Hence, the

material moisture behaviour can be identified and appro-

priately modelled. As Bi approaches zero, a lumped-

parameter analysis can be used to model material moist-

ure behaviour, in this case a resistor-capacitor analogy

can be used. When .Bd is very large, the material can be

assumed passive since negligible amount ol moisture is

transported to or from the material. In most cases, how-

ever, moisture interaction with the material occurs near

the surface (0 << .8i << oo), resulting in a nonuniform
moisture content distribution across the material moist-

ure interaction thickness, L.. Fot this case, determining

the material surface moisture conditions is the main task

in modelling moisture absorption and desorption pro-

cesses. In this study, a practical and an efficient analytic-

numeric technique for evaluating the material surface

3l

25

moisture conditions is proposed and validated against

experimental results. The required parameters in the pro-
posed model are mainly the material moisture properties

which are normally available in literature lor all common

building materials, giving it an advantage over many

existing models which requires either an extensive exper-

imental work or unavailable material moisture proper-

ties. In addition, the proposed model has some advan-

tages over numerical techniques by requiring less

computations and being able to more accurately describe

the moisture interaction between the ambient conditions

and the material surface.
As part ol a numerical formulation, this analytic-

numeric method can be used to model moisture absorp-
tion and desorption by construction and furnishing
materials in building. Both the dynamic and the alter-

nating nature of these processes can be modelled.
Although the proposed method cannot accurately model

material response to sudden changes in ambient con-

ditions for short times, which is the case in many build-
ings, it has been modified to tolerate such dynamic behav-

iour by relaxing the initial moisture conditions of the

material whenever changes in the ambient conditions

occur. Comparisons .with experimental results and

numerical technique solutions show good agreement with
the proposed method. Using this method in conjunction
with a numerical technique for modelling air humidity
behaviour within buildings, the dynamic effect of moist-

ure absorption and desorption by interior materials on

indoor air humidity can be modelled.
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Fig. 7. Surface vapour pressure using proposed and numerical techniques.
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