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Property Value Property Value
Slab s .
dimension 1X1X0.3m Specific heat 850J/Kg.K
Compression Initial o
strength 30MPa temperature 25°C
Tension 3.2MPa Fire curve *
strength
Thermal
l\i(l);s]ﬂ(l:li of 34GPa expansion 10°C!
y coefficient
Poisson’s ratio 0.25 Porosity 0.15
Density 2400K g/m’ Permeability o
Them}a! 1W/m.K Saturation ratio 70%
conductivity

* Firel: ISO834, Fire2: Rabt, Fire3: Hydrocarbon
** Casel: 5x10'7m?, Case2: 1x1071°m?, Case3: 510716 m?

Table. 1. Concrete slab properties
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Fig. 9. Pore pressure developing in 3 cm depth of concrete
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Fig. 10. Pore pressure developing in 5 cm depth of concrete
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Fig. 11. Pore pressure developing of concrete slab after 2 minute
of fire starting
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Fire curve Permeability  Spalling time  Spalling depth
Is0834 casel 59.6 sec 0.241 cm
Iso834 case2 112.9 sec 0.293 cm
Iso834 case3 no spalling no spalling

Rabt case2 77.4 sec 0.38 cm
Hydrocarbo case? 32.1sec 0.299 cm

Table. 2. Spalling depth and time of concrete slab
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Fig. 14. Temperature distribution in 5 cm and 10 cm depth of
concrete in 3 fire curves
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Fig. 12. Pore pressure developing of concrete slab after 5 minute
of fire starting
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Fig. 13. Pore pressure developing of concrete slab after 10
minute of fire starting
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Abstract

Concrete is a useful material in today industry that must be known behavior against environmental
phenomenon including fire concurrent using this material in various industries. Generally, in concrete two
phases being visible, the solid phase includes cement paste with other aggregates and additives, and liquid
phase includes water placing in concrete pores. When applying the fire in the concrete segments, in addition
to some reactions occur in the solid phase, some changes are seen in the liquid phase and gradually gas phase
including vapor in the concrete pores will be built. Usually, evaporation starts in concrete pores water at the
100 °C temperature and since concrete temperature passes 150 °C all of the water in pores changes to vapor
and flows in the colder side of concrete and accumulate at this portion. When 100 °C front temperature further
progresses in the concrete, evaporation speed increases and flows in the colder side and accumulation zone of
water grows until this zone becomes full of vapor and creates a saturated layer in pores that prevents from
fluid flowing. After this layer saturated by vapor invasion from the hot side, pore pressure gradually develops
and with this event tension stresses at this side of concrete will increase. With continue increasing fire intensity,
saturated layer creation speed increases and pore pressure and tension stress increment occur. In the following
of this process, if tension stress is becoming bigger than tensile strength, fracturing and loss of material from
this layer are caused, i.e. spalling occurs. This paper present an analytical modeling using ABAQUS software
to evaluating concrete fire behavior. Modeling and analysis of concrete slab under fire in this study includes
some steps. In the first step, heat transfer modeling and analysis of solid part is done. In the following "soils"
analysis based on initial heat transfer analysis result is accomplished, that vapor flowing between pores, the
saturated layer forming and pore pressure developing occur in this step. Concurrent soils analysis, using
USDFLD and UMESHMOTION subroutines that joined to software, pore pressure, and tension stress value
are controlled and if spalling occurs in the concrete slab, spalled layer depth and time of spalling are determined
and saved. One of the most important issues facing in the fire at structures is elevated temperature patterns
subject and especially fire curves types. Because of the importance of this issue, some of these fire curves
placed in the famous codes. One of the most popular fire curves in the structure is the ISO834 fire curve that
based on cellulose fire. Although many researchers use the ISO834 fire curve in their research, when a fire
occurs in structure with petroleum and hydrocarbons products, elevated temperature speed is higher than
ISO834. So the fire curve based on petroleum product in the structure presented, is named hydrocarbon curve.
Results show that applying Hydrocarbon fire in the concrete increase pore pressure more than double and
accelerate spalling process in comparison to ISO834 fire and by modifying permeability of concrete from
5%107""m? to 5x107"®m?, pore pressure decrease less than one tenth even prevent spalling phenomenon.

Keywords: Concrete elements, Fire, Pore Pressure, Spalling, Permeability.
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