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Summary This paper presents an experimental and numerical analysis of a hoflowder submitted to high temperatures. The
evaluation of heat and mass transfers, evolution of the phases congtthéiporous medium, mechanical performances of concrete
are taken into account in a full three phases coupled analysis. A hollavdey has been heated up to 523K1%$250°C) at a 5K /h
velocity on the internal side and submitted to gas pressure/temperatusaner@ants. A numerical simulation of the cylinder has been
performed, showing a good correlation with the experimental obsengatio

INTRODUCTION

The problem of a porous medium (i.e.concrete) subjectedjtotemperatures is of great interest in civil engineerifige
porous structure of concrete is subjected to strong alterstvhen exposed to high temperatures i.e. a fully couplediein

is necessary. Chemical decomposition of the cement pasteléhydration) introduces in concrete pores free liquatew

and modifies microstructure geometry and transport priggerDuring the dehydration process, considerable amounts
of heat are consumed. The sorption isotherms of concretstamegly temperature dependent, influencing the hygro-
thermal behaviour of concrete. Permeability has a shamgase above 378.15i.e. when dehydration is considered
to begin. Moreover physical properties of fluids (i.e. ldjwiater and air) change with temperature. Concrete is an
hygroscopic material with a considerable portion of theggdrelonging to the lower range of meso pores, meaning that
during air/vapour diffusion, Knudsen effects must be cdesed. Physical properties of fluids (liquid water and maist
saturating the medium are also strongly temperature demenBor what the solid phase is concerned, isotropic damage
effects, together with thermo-chemical damage, are taki&Enaccount. The present model, deriving from the coupled
formulation presented in [1],[2],[3], [4] takes into accuwall the mentioned phenomena.

THE MATHEMATICAL MODEL

Concrete is a porous multiphase material where the voiddilee with liquid and gas. The liquid phase consists of
bound water (or adsorbed water) which is present in the witamige of the medium, and capillary water. The gas phase
is a mixture of dry air and water vapour (condensable) andssimed to behave like an ideal gas. The mathematical
model consists of a series of balance equations: mass df sialieton, mass of dry air, mass of the water species (in
liquid and in gaseous state, taking into consideration@lhanges i.e. evaporation-condensation, adsorpticoratemn,
hydration-dehydration process), enthalpy of the wholeioradlatent heat of phase changes, heat effects of hydration
dehydration) and linear momentum. These balance equatrercompleted by an appropriate set of constitutive and stat
equations and some thermodynamic relationship. The gmgaguations of the model are given in terms of the chosen
state variables. This choice is of particular importanecemfa practical point of view, the chosen quantities shoad b
easy to measure during experiments. From a theoreticat pbiriew they must describe in a unique way the medium
thermodynamic condition. State variables have been detethin the number of five: gas pressuig capillary pressure

pe, temperaturd” and displacement vector of the solid matife,, w, ).

Conservation equations are obtained by means of the hybxira theory in the formulation proposed by Lewis and
Schrefler [1]. The full development of the model equatiorststg from the local microscopic balance equations with
successive volume averaging is presented in [1], [3]. Inpthres, water is usually present as a condensed liquid which,
thanks to the surface tension, is separated from its vappar doncave meniscus (capillary water). The equilibrium
equation between liquid water and gas is given by means ofiéiieknown Laplace equation. Due to the curvature, the
equilibrium vapour water pressure differs from the liquidter pressure and the relationship can be obtained by means
of the Kelvin equation. The law describing moisture tramsgoDarcy’s law in association with Fick’s law. Darcy law is
applied as constitutive equatio. is the intrinsic permeabilityi<,,, and K, are relative permeabilities of the liquid and
the gaseous phase. Intrinsic permeability is a materiabcheristic depending only on concrete microstructureririgu
heating of concrete at high temperature complex physicdichiemical processes take place, leading to inner structure
changes and intrinsic permeability augmentation. Peritigais strongly dependent on damage. For the bound water
flow a generalized Fick’s law is applied (see [3] for furthetalls details). For the description of the diffusion of the
binary gas species mixture (dry air and vapour) Fick's laagplied.

Tensile stresses as well as pore fluid pressure are assurpeditige. The effective stress is given in the usual manser a
a function of the total stress tensor, pressure and thesBiogfficient. The constitutive relationship for the sokelston

is classically obtained by means of the tangent matrixas a function of strain. Mechanical damage effect is takamn in
consideration following the Mazars scalar isotropic mod&liring heating concrete is subjected to many changes in its
inner structure with strong alterations of material projpst This degradation is not only due to mechanical damage,
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must lead also to thermally induced material deterioratidns kind of damage has been called thermo-chemical damage
V. Full details of thermo-chemical damage in associatioh wiissical mechanical damage are given in [3] (see fig.1).

RESULTSAND DISCUSSION

The experiment has been performed on a hollow cylinder defaben the internal side, equipped with temperature and
pressure sensors for the monitoring of the behaviour of ret@c The cylinder is 1.5m in height with an internal radius
of 0.25m and an external of 0.55m. Microcracks (due to hgatim the external face had to be limited for avoiding
moisture escape. For this reason the cylinder has beerckecby a steel layer. The concrete used in the analysis is an
ultra high strength concrete of M100 type whose generakahtaristics at reference state are presented in [4]. Coimger
temperature measurements a standard thermocouple of thias Keen used. For what concerns the monitoring of gas
pressures, a cylindrical sensor type of 3cm in height andcih5n diameter has been adopted. Only three pressure
sensors have been used.The hollow cylinder has been discreising the finite element method by means of 150 eight-
node serendipity elements (501 nodes).Initial, boundangitions and concrete characteristics are fully preskint@4].
Computations for the first 60 hours of the experimental aiglysing time steps of 4s. Temperature and gas pressure
profiles show a good correlation with experimental restilgsd and 3).
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Figure 1. Total damage at t=20h, 40h, 60h

Figure 2. Numerical and experimental temperature vs radius at t=20h, 40h, 60h

Figure 3. Numerical and experimental gas pressure vs time on sensor 1 (3¢tf§¢cm) and 4 (25cm)

CONCLUSION

High temperatures effects have been considered througbetature/pressure dependance of many parameters by means
of phenomenological expressions widely validated. An @rpental set-up has been presented together with the delate
temperature and pore pressure measurements. The subisegoesrical analysis has shown qualitatively acceptable
results, comparable to the observed data, allowing a degwkarstanding of concrete at high temperatures.

References

[1] R. Lewis, B. Schrefler, The Finite Element Method in thetistand dynamic deformation and consolidation of porous meH&jley&Sons,
1998.

[2] D. Gawin, B. Schrefler, F. Pesavento, Modelling of hygimermal behavior and damage of concrete at temperature abewgitical point of
water, Int.J.Numer.Anal.Meth.Geomech (26) (2002) 537-562.

[3] D. Gawin, F. Pesavento, S. B.A., Modelling of hygro-tima behaviour of concrete at high temperature with thermo-otedrand mechanical
material degradation, Comput.Methods Appl.Mech.Engrg Y{2@03) 1731-1771.

[4] S. Dal Pont, B. Schrefler, A. Ehrlacher, Experimental anddielement analysis of a hollow cylinder submitted to highgeratures, sub. Mat.
and struct. .

[5] S. Dal Pont, A. Ehrlacher, Numerical and experimental gsialof chemical dehydration, heat and mass transfer in a enbollow cylinder
submitted to high temperatures, Int.J.Heat and Mass trahg##f) (2004) 135-147.

<< session << start



	ICTAM 2004 e-book
	Contents
	Sessions
	Opening Lecture
	Closing Lecture
	SL
	MS
	FM
	SM
	FSM

	Papers List
	Author index
	Participant List

	Texts included in the book
	Mechanics in Poland
	Suporting institutions
	ICTAM Team

