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INTRODUCTION

Variations sorption moisture in the surface layer of 
enclosures result in moisture-caused deformations which 
must be evaluated together with sorption-desorption 
processes in the construction.

With increased time of exposure to the environment, 
materials begin to degrade, which can result in either a 
catastrophic failure or gradual drift out of tolerance of a 
critical performance property of material. The durability 
problem is concerned with the deterioration of the 
material to such a level that an undesirable or unsafe 
condition for the material or component is attained.
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INVESTIGATION OF MOISTUREINVESTIGATION OF MOISTURE --
CAUSED DEFORMATIONSCAUSED DEFORMATIONS

According to the methods described in this According to the methods described in this workwork, , 
the dependence of deformations (the dependence of deformations ( uu) of various ) of various 
construction materials (concrete, silicate and construction materials (concrete, silicate and 
ceramic bricks, lime cement mortars, porous ceramic bricks, lime cement mortars, porous 
concrete) upon moisture and changes therein was concrete) upon moisture and changes therein was 
investigated: investigated: uu = f(u). = f(u). 

Investigation methods were improved and Investigation methods were improved and 
developed on the ground of a cementdeveloped on the ground of a cement--wood chip wood chip 
board example; afterwards they were applied for board example; afterwards they were applied for 
investigation of other materials. investigation of other materials. 
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TheThe basicbasic pointpoint ofof thethe developeddeveloped methodsmethods intendedintended forfor
investigationinvestigation ofof moisturemoisture--causedcaused deformationsdeformations isis
investigationinvestigation ofof thethe groupsgroups ofof specimensspecimens byby measuringmeasuring
deformationsdeformations inin thethe environmentenvironment ofof fixedfixed sorptionsorption
moisturemoisture usingusing fourfour modelsmodels::

ModelModel II -- specimensspecimens werewere soakedsoaked inin waterwater atat
temperaturetemperature ((1818--2525)) ooCC tilltill absoluteabsolute absorptionabsorption..
Afterwards,Afterwards, thethe specimensspecimens werewere drieddried underunder roomroom
conditionsconditions atat thethe airair temperaturetemperature ((1818 22)) ooCC andand RHRH ==
((4545--5050)) %% untiluntil equilibriumequilibrium statestate waswas reachedreached.. TheThe
aboveabove statestate reached,reached, thethe specimensspecimens werewere drieddried atat anan
ambientambient temperaturetemperature ((105105 22)) ooCC untiluntil aa drydry statestate waswas
achievedachieved;;
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ModelModel IIII -- specimens were soaked at 60 specimens were soaked at 60 ooCC in in 
polyethylene bags. The bags contained such volume of polyethylene bags. The bags contained such volume of 
water which was almost totally absorbed by the water which was almost totally absorbed by the 
specimen. Then the specimens were dried at the same specimen. Then the specimens were dried at the same 
temperature in empty (no water) polyethylene bags so temperature in empty (no water) polyethylene bags so 
that more identical conditions were created for that more identical conditions were created for 
distribution of moisture; distribution of moisture; 
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ModelModel IIIIII -- specimensspecimens werewere testedtested underunder thethe conditionsconditions
identicalidentical toto thosethose ofof ModelModel II,, however,however, theythey werewere
moistenedmoistened graduallygradually inin thethe coursecourse ofof entireentire sorptionsorption
processprocess upup toto completecomplete absorption,absorption, whilewhile soakedsoaked inin
waterwater;;

ModelModel IVIV -- specimensspecimens werewere testedtested underunder thethe conditionsconditions
identicalidentical toto thosethose ofof ModelModel IIII,, however,however, theythey werewere
moistenedmoistened graduallygradually accordingaccording toto sorptionsorption processprocess andand
thenthen upup toto thethe totaltotal absorptionabsorption..
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ForFor evaluationevaluation ofof thethe deformations,deformations, thethe lengthlength ofof aa drydry
specimenspecimen waswas takentaken asas thethe basicbasic lengthlength.. TheThe lengthlength ofof
eacheach specimenspecimen waswas measuredmeasured atat 00..00010001 mmmm accuracyaccuracy;;
thethe massmass accuracyaccuracy ofof 00..0101 gg..

MoistureMoisture--causedcaused deformationsdeformations ofof specimensspecimens werewere
valuedvalued byby twotwo parametersparameters::

NSB 2011 9th Nordic Symposium on Building Physics
Tampere, Finland 29 May – 2 June 2011



20112011 © Ruta MINIOTAITE© Ruta MINIOTAITE 88

LinearLinear deformationsdeformations ofof aa materialmaterial uu,, [mm/m][mm/m]::

l = l = lluu -- llbb ;;

eeuu = = l l // llbb

wherewhere llbb isis basicbasic lengthlength ofof aa specimen,specimen, mmmm;; lluu
isis measuredmeasured lengthlength ofof aa dampdamp specimen,specimen, mmmm..
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Relative moisture elongation of material Relative moisture elongation of material KK, mm/(m, mm/(m %)]:%)]:

KK = = uu // uu

wherewhere u = (uu = (u22 -- uu11)), % , % -- accrual of material accrual of material 
moisture (essentially, the sorption moisture), moisture (essentially, the sorption moisture), , within , within 
the interval from moisture the interval from moisture uu11 to moisture to moisture uu22. . 

KK is a significant comparative property of the material is a significant comparative property of the material 
indicating relative change of materialindicating relative change of material length with length with 
moisture change of one percent. moisture change of one percent. 
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TheThe processprocess ofof moisturemoisture transfertransfer isis anan inertinert oneone andand
thereforetherefore thethe experimentexperiment ofof investigationinvestigation ofof moisturemoisture--
causedcaused deformationdeformation isis timetime--consumingconsuming;; precisionprecision ofof
measurementsmeasurements dependsdepends onon escapingescaping fromfrom thethe influenceinfluence
ofof accidentalaccidental effectseffects.. MeasuringMeasuring practicespractices indicatedindicated thatthat
negligiblenegligible accidentalaccidental deviationsdeviations resultedresulted inin distortiondistortion ofof
thethe resultresult andand requiredrequired repetitionrepetition ofof thethe experimentexperiment
alreadyalready wellwell--advancedadvanced..
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ResultsResults
In Figures In Figures 11--66 the field of deformations the field of deformations 
is divided into three areas: in the 1st is divided into three areas: in the 1st 
area, the moisture of the specimen area, the moisture of the specimen 
corresponds to corresponds to vapourvapour--state sorption state sorption 
moisture of the material; including moisture of the material; including 
adsorption moisture (adsorption moisture (11--22); in the 2nd ); in the 2nd 
area (area (33), moisture of the specimen ), moisture of the specimen 
complies with that of an intensive complies with that of an intensive 
capillary condensation; and in case of capillary condensation; and in case of 
the 3rd area (the 3rd area (44) the specimen is ) the specimen is 
moistened by free moisture.moistened by free moisture.

AnalysingAnalysing of moistureof moisture--caused caused 
deformations of materials with different deformations of materials with different 
capillary structures enables us to capillary structures enables us to 
provide provide -- in a very concise formin a very concise form--some some 
references concerning value and references concerning value and 
nature of deformations.nature of deformations.Fig. 1. Linear deformations caused by 

moistening (1) and drying (2) of cement-
wood chip boards according to Model III.
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RelativeRelative moisturemoisture elongationelongation ofof
materialsmaterials ofof thethe articlesarticles possessingpossessing
finefine capillarycapillary andand homogenoushomogenous
structure,structure, ee..gg.. deformationsdeformations ofof aa
silicatesilicate brick,brick, grewgrew abreptlyabreptly andand rapidlyrapidly
inin thethe areaarea ofof sorptionsorption moisturemoisture (Fig(Fig.. 22))
((HedenbladHedenblad,, 19951995 && BednarBednar,, 19991999)).. ItIt
waswas determineddetermined thatthat whenwhen thethe articlesarticles
werewere drieddried inin thethe environmentenvironment ofof
temperaturetemperature 105105 ooCC,, aboutabout 00..55%% ofof
nonnon--eliminatedeliminated moisturemoisture remainedremained
therein,therein, andand residualresidual deformationsdeformations
proportionalproportional toto thethe quantityquantity ofof nonnon--
eliminatedeliminated moisturemoisture werewere observedobserved..

Fig. 2. Linear deformations caused by 
moistening (1) and drying (2) of 

silicate brick according to Model III. 
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WeaklyWeakly--bonded structures such as bonded structures such as 
specimens of lime mortar undergo specimens of lime mortar undergo 
deformations in quite adeformations in quite a different way different way 
(Fig. (Fig. 33). When soaked in water, they ). When soaked in water, they 
swell rapidly. When water temperature swell rapidly. When water temperature 
reaches 60 reaches 60 ooCC and water viscosity and water viscosity 
decreases (according to Model decreases (according to Model IIII), the ), the 
mortar gets watermortar gets water--saturated in several saturated in several 
minutes. Moistureminutes. Moisture--caused caused 
deformations do not increase with deformations do not increase with 
further moistening. Residual further moistening. Residual 
deformations of the specimens deformations of the specimens 
correspond to the value reached correspond to the value reached 
during intense swelling.during intense swelling.

Fig. 3. Linear deformations caused by 
moistening (1) and drying (2) of lime 
mortar (1:3) according to Model II. 
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Intensive swelling was also observed Intensive swelling was also observed 
while testing lime cement mortar while testing lime cement mortar 
according to Models according to Models II (Fig. (Fig. 44) & ) & II II 
(soaking in water). In the above case, (soaking in water). In the above case, 
high hysteresis of isotherms’ drying high hysteresis of isotherms’ drying 
and moistening as well as a and moistening as well as a 
characteristic shape of moistening characteristic shape of moistening 
isotherm were observed. Within the isotherm were observed. Within the 
interval interval u u = (1.5= (1.5--4)% (intense capillary 4)% (intense capillary 
condensation area), relative moisture condensation area), relative moisture 
elongation of the lime cement mortarelongation of the lime cement mortar
K K 00 (the material stops to extend).(the material stops to extend).
Afterwards, the elongation slowly Afterwards, the elongation slowly 
grows, later more rapidly up to the limit grows, later more rapidly up to the limit 
characteristic of the lime cement. The characteristic of the lime cement. The 
above can be explained by the above can be explained by the 
presence of two materials (lime and presence of two materials (lime and 
cement) with different abilities of water cement) with different abilities of water 
absorption. absorption. 

Fig. 4. Linear deformations caused by 
moistening (1) and drying (2) of lime 

cement mortar (1:1,2:6,8) according to 
Model I.
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At the beginning the lime At the beginning the lime 
absolutely disturbs for cement to absolutely disturbs for cement to 
adsorb water adsorb water vapourvapour ((u u 4%). 4%). 
During saturation the lime less and During saturation the lime less and 
less disturb for cement to absorb less disturb for cement to absorb 
water. Relative moisture water. Relative moisture 
elongation at the end of saturation elongation at the end of saturation 
reaches value reaches value KK = 0.12 mm/(m= 0.12 mm/(m %) %) 
((u u 15%). During the drying 15%). During the drying 
process of the mortar the process of the mortar the 
recurrence of volume is very slow, recurrence of volume is very slow, 
the hysteresis is highthe hysteresis is high..

When heavy concrete is When heavy concrete is 
moistened at 20 moistened at 20 ooCC temperature temperature 
environment according to Model environment according to Model II
(Fig. (Fig. 55), moistening rate is ), moistening rate is 
practically constant until complete practically constant until complete 
humidification in the area of humidification in the area of 
capillary condensation. capillary condensation. 

Fig. 5. Linear deformations caused by 
moistening (1) and drying (2) of concrete 

according to Model I. 

NSB 2011 9th Nordic Symposium on Building Physics
Tampere, Finland 29 May – 2 June 2011



20112011 © Ruta MINIOTAITE© Ruta MINIOTAITE 1616

Samples of porous concrete, Samples of porous concrete, 
tested according to Models tested according to Models II (Fig. (Fig. 
66) & ) & IIII (temperature (temperature , 20 , 20 oo and     and     
60 60 ooCC respectively; moistened by respectively; moistened by 
direct contact with water) up to the direct contact with water) up to the 
moistening corresponding to the   moistening corresponding to the   
((11--22) sorption area, were also ) sorption area, were also 
getting intensively moistened in getting intensively moistened in 
proportion to ambient moisture proportion to ambient moisture 
accrual. accrual. 

Fig. 6. Linear deformations caused by 
moistening (1) and drying (2) of porous 

concrete according to Model I. 

NSB 2011 9th Nordic Symposium on Building Physics
Tampere, Finland 29 May – 2 June 2011



20112011 © Ruta MINIOTAITE© Ruta MINIOTAITE 1717

In this case, relative moisture elongation of material In this case, relative moisture elongation of material KK = (0,46= (0,46--
0,57) mm/(m0,57) mm/(m )), at humidity level up to , at humidity level up to uu (3(3--4)% depends on 4)% depends on 
the ratio of rapidly waterthe ratio of rapidly water--filled open pores and narrow waterfilled open pores and narrow water--
sucking capillaries linking the pores. sucking capillaries linking the pores. 
The more open porosity is, the bigger is the relative moisture The more open porosity is, the bigger is the relative moisture 
elongation elongation KK of the material and, consequently, more rapidly of the material and, consequently, more rapidly 
linear deformations develop up to the limit of their moisturelinear deformations develop up to the limit of their moisture--
caused deformation. caused deformation. 
Isotherms of drying practically correspond to moistening Isotherms of drying practically correspond to moistening 
isotherms up to isotherms up to polymolecularpolymolecular (filmy) level of moisture; once the (filmy) level of moisture; once the 
level is reached they practically break level is reached they practically break -- residual deformations residual deformations 
and residual moisture are already fixed in the gas concrete. and residual moisture are already fixed in the gas concrete. 
The influence of temperature is low and fits within the limits of The influence of temperature is low and fits within the limits of 
testing accuracy (precision). testing accuracy (precision). 
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Investigation results indicated that functional Investigation results indicated that functional 
dependence of material deformations upon moisture dependence of material deformations upon moisture 
might be put into a certain variation curve close to that might be put into a certain variation curve close to that 
of parabola; different are function variation parameters of parabola; different are function variation parameters 
which depend on the nature of the material, which depend on the nature of the material, 
microstructure and molecular link of moisture with the microstructure and molecular link of moisture with the 
framework of the material. However, variation framework of the material. However, variation 
parameters of the function  parameters of the function  uu = f(u)= f(u) are different for are different for 
each material and should be calculated individually. each material and should be calculated individually. 
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AllAll testedtested constructionconstruction materialsmaterials usuallyusually getget deformeddeformed inin
thethe areaarea ofof sorptionsorption moisturemoisture beforebefore reachingreaching thethe statestate ofof
intenseintense capillarycapillary condensationcondensation.. MoistureMoisture--causedcaused
deformationsdeformations dodo notnot increaseincrease inin thethe areaarea overover
hygroscopichygroscopic pointpoint.. ExceptionException:: limelime cementcement mortarmortar..

LinearLinear moisturemoisture--causedcaused deformationsdeformations ofof basicbasic
constructionconstruction materialsmaterials (concrete,(concrete, silicatesilicate andand ceramicceramic
bricks,bricks, limelime cementcement mortars,mortars, porousporous concrete)concrete) varyvary
withinwithin thethe limitslimits ofof 00..3333 -- 00..7777 mm/mmm/m.. InIn casecase ofof articlesarticles
containingcontaining organicorganic fillingsfillings linearlinear moisturemoisture--causedcaused
deformationsdeformations cancan reachreach upup toto 66 mm/mmm/m..

CONCLUSIONS
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InIn casecase ofof aa materialmaterial containingcontaining plastifyingplastifying additives,additives,
includingincluding lime,lime, residualresidual moisturemoisture andand residualresidual
deformationsdeformations areare observedobserved..

The highest relative moisture elongation The highest relative moisture elongation KK of a of a 
material is observed in material is observed in vapourvapour area; it is directly area; it is directly 
proportional to moisture growth at a large relative proportional to moisture growth at a large relative 
surface of capillaries and pores per volume unit, i.e. surface of capillaries and pores per volume unit, i.e. 
when the material is of a fine capillary structure. when the material is of a fine capillary structure. 

Relative moisture elongation Relative moisture elongation KK of the tested materials of the tested materials 
with the outset of intense capillary condensation with the outset of intense capillary condensation 
varies varies from 0.05 mm/(mfrom 0.05 mm/(m %) to 0.51 mm/(m%) to 0.51 mm/(m %)%). . 
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