2.11 Residual concrete strength after fire action (short version)

Jovanoska M., Macedonia

“St. CYRIL and METHODIUS™ UNIVERSITY
FACULTY OF CIVIL ENGINEERING Standard fire test (1SO 834 / ASTM E119)
SKOPJE - MACEDONIA

= Integrated Fire Engineering
and Response

u
L

) +532(1-¢ "% )-186 (1-e™ )+832.(1-¢ %)
[ | [ T T T T 1

180

JOVANOSKA MILICA, MERI CVETKOVSKA
The standard fire test is used not only for determining

RESIDUAL CONCRETE STRENGTH the fire resistance of the elements but also for defining

mechanical and physical properties of the materials at

AFTER FIRE ACTION higher temperatures
recommended by EC2, Part 1.2

Visual inspection of structure 1. Experimental determination of the residual
concrete strength
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Change of color and structrure of the concrete. Buf  f color indicate temperaures round 900  °C
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They are specially prepared by adding plaster layer s, so the measured values for
the compressive concrete strength are reduced with coefficients depending on
the shape and height (h) of the deteriorated concre  te specimens

Change of color of the concrete. Red color indicate temperaures round 600 °C

White color of the surface concrete layers was caused by the ¢ hemical reaction between the
water, used for extinguishing the fire, and the dehydratedc arbonate aggregate

1. Experimental determination of the residual 2. Numerical determination of the residual
concrete strength concrete strength
erning differential equation of heat transfer in conduction:
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here:

Ax,y,z -is athermal conductivity
P - is a density of the material
C -is a specific heat

Fire boundary conditions:
- convective heat transfer mechanism
- radiative heat transfer mechanism
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This is necessary for testing with the hydraulic pr

For point load test (PLT), plaster adding is unnece  ssary




2. Numerical determination of the residual 2. Numerical determination of the residual
concrete strength concrete strength

erning differential equation of heat transfer in conduction: erning differential equation of heat transfer in conduction:
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The heat flow caused by convection: The heat flow caused by radiation:
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Oc =ac(T,-T¢) Or =Veo(Tza —Tta )=ar(T,=T¢)
where: where:
ac -is coefficient of convection ( a, = 25W / m°C ) a, - is coefficient of radiation
T, -is the temperature on the boundary of the element T, - is the temperature on the boundary of the element
Ts -is the temperature of the fluid around the element T - is the temperature of the fluid around the element

2. Numerical determination of the residual 2. Numerical determination of the residual
concrete strength concrete strength

The solution of the differential equation in FEM is The solution of the differential equation in FEM is
[clo + (k,]+[x,. )T +[R]T = F [c]lo +(k,]+[x,. )T +[R]o = F

[K il ] -conductivity matrix (temperature dependent) Iterative procedure recommended by

[K ) } convection matrix Wilson and Nickell

[C ] - capacity matrix (temperature dependent)
Tisai —Ti
At

[Kikon =[Ki]e  [Claa =[C]: [Rlsa % [RI;

([K]HAt +£[C]t )ft+At =(_[K]t +§[C]t )ft +Posat + B

[R]' radiation matrix (temperature dependent) Ti =T =

p - Vvector of temperature loads
(convection and radiation included)

- vector of unknown nodal temperatures

.I:
f - vector of temperature derivatives over time

2. Numerical determination of the residual 2. Numerical determination of the residual
concrete strength concrete strength

Following assumptions are made to determine the fir e-
induced thermal fields :

» A fire can be modeled by a single valued gas temperature history

»Temperature dependent material properties are known

»Two dimensional heat transfer is assumed

Values of concrete strength
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Deteriorated slices
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»No contact resistance to heat transmission at the interface
between the reinforcing steel and concrete occurs

»The easier heat penetration, while cracks appear, or
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Average of Jus0=0,662 MPa

some parts of the cross section crush, is neglected 1 — C“E —
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k= 2,107/0,662=_3,18 I
‘Average strength of burneg sli

fbo= fb/k= 29,375 / 3,18€ 9, 24 MPa

11 12



