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1. Background

Surrounding environment strondy influences the durability of conaete structures. A first
symptom of deterioration of concrete structure is an increase of the permeability of its cover layer.
Increase of permeability causes degper and faster ingress of water and aggressve agents which
accéerates the deterioration of deger layers of conaete. Thus the evaluaion of permeability of
conaete cover plays sgnificant role in prediction of its qudity.

Description of number of different field tests of permeability can be foundin literature [1,2,5]
Mog of them and few other spedfic techniques [3,4] can beused in laboratory. In generdl, thereisa
possbility to test permeability with liquid or gas but in case of the highperformance conaete,
liquid tests are pradicdly not possble. Such concrete is aimos completely water-resistant and gas
methodsare preferred.

2. Aims and method

The papea deds with modding trandent flow of compressve gas in porous materials.
Mathematicd modd describing the phenomenon induding viscous interadion and Klinkenbeg
effed was formulated. Simulationsby Finite Element Methodin COMSOL environment assuming
different boundxry and initial conditionsare shown and results are andyzed.

3. Results and discusson

A number of simulationswithin modd describing transgent phenomenon of compressble fluid
flow in polousmedia were paformed assuming that initialy in the gas reservoir:

a Thepresareis significently lower (technicd vaauum) than in the pore spaceof tested
material (suction),

b. The presare is few times highe (overpresaure) than in the pore space of tested
material (punping).

Such conditions correspond to the main groups of presently used pradicd methods in
laboratory and field pemeability testing.

Since laboratory tests are made on samples with seded lateral surfacethen the fluid flows
alongthe axis of the sample and the corresponding modd of flow is onedimensond (1D). In tum
mog field tests relay on configurationsfor which gas flows both in axial and radial diredionsand
then the two dimensona modd (2D) is appropriate. The results shown in this pgoe refer to
trandent flow of compressble gas in concrete for both cases.

The simulationsshow that theinfluence of Klinkenberg codfficient on presaure distributionin
the porous materia is esentialy greaer in case (a) than in case (b). The same undegoes for the
time dependence of presaure in the reservoir. The fads can bejudified by a physicd argument tha
thelonger mean freepah (more rarefied gas) the stronger dippage effed mug gppea.

Taking into acount that the mos convenient for measurement is observation of presaure
changes versus time in the gas reservoir Figure 1 presents distributions of changes in reservoir
presaure for 1D and 2D cases. In both simulationsthe same material congants and geometry were
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asaumed. The initial presaure in reservoir was equd fife times the presaure in the pore spaceof
tested meterial.
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Figure 1. Distributionsof presaure changes in reservoir for oneand wo dimensond
simulation of compressble fluid flow in poiousmedia

4. FAnal remarks

The pagper presents smulationsof oneand two dimension transent flow of compressve gasin

porous material. Material condants, initial presaures in pore spaceof tested material and reservoirs
as well asthe geometricd conditionsof simulated problems are assumed in the way corresponding
to pradice in laboratory and field tests of conaete permeability. The obtained results show grea
importance of testing conditions for time dependence of presaire in reservoir and presaire
distribution in the porous material. A paticular senstivity to testing conditions shows the
Klinkenbeg effed. Currently experimental works are made to verify the results obtained from
simulations
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