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Fracture-plastic constitutive model:
Model extension for fire analysis:

Examples and validation:
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Fundamentals

UPgrading of existing TUNnels

Strain decomposition:

Plastic strain
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{ Rankine Softening Model
UATUA in Tension

UPgrading of existing TUNnels
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@ Plasticity Model for Crushing

UATUA Plasticity:

UPgrading of existing TUNnels

MENETREY-WILLAM (1995)
Three Parameter Model (f., f;, e)
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UATUA Confinement effect
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{ Hardening/softening in compression
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g Schematic description of the iterative
process for the combination of the 2 models
e (for simplicity only in 2D)
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{ 3D ELEMETS OF REINFORCED CONCRETE

UPgrading of existing TUNnels

concrete smeared remnforcement bar remforcement
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{ EXTENSION FOR FIRE MODELLING

uncoupled thermo-mechanical analysis
fracture mechanics
loading due to thermal strains

S

—

S
VV VY

material properties dependent on temperature — material
degradation (Castilo, Durani, ACI, 1990)
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{ : Uniaxial compression at various
e temperatures (Castillo, Durani, 1990)
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g Uniaxial tension at various temperatures
S Castillo, Durani, 1990
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Simply supported RC beam (3D) — part 2
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E Simply supported RC beam (3D) — part 3

First cracks due to thermal
load

Cracks larger than 1.2 mm after 26 min
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{ Suspended tunnel ceiling
LATUA simulation

UPgrading of existing TUNnels
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{ Typical tunnel design

UPgra'ding‘ o!INnngnels
Querschnitt durch =
den Tauerntunnel -y
+ Salzburg .
/ : "4 / ; '....‘n
/ Nach .
Villach w—
Euromech

2005



CERVENKA CONSULTING

{ Loading scenarios
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{ Modified hydro-carbon fire

UPgrading of existing TUNnels
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{ Thermal boundary conditions
UATUA heat flux

UPgrading of existing TUNnels
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- o Stefan-Boltzmann constant [5.67x10™® W/m* K] =
I, absolute temperature of radiation source [K]

T,  boundary temperature [K|
g resulting emissivity factor of the radiation source and the heated surface [-]

g, heat flow at the boundary [W/m’]
h.  convection heat transfer coefficient [W/m’K]
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UPgrading of existing TUNnels
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Load case 1, (3D)
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m Scalarstiso-areas, In nodes, Elem Total Temperaturs, Totalkemp., 6. <1,956E+02;1,272E+03> [+C]
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Suspended RC ceiling (3D) — deformed shape and
crack pattern

UPgrading of existing TUNnels
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Suspended RC ceiling (3D) — residual tensile
strength
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Mid-span deflection

UPgrading of existing TUNnels
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{ Suspended RC ceiling (2D) — load case 2
Deformed shape

UPgrading of existing TUNnels

HCM fire 600°C
no radiation

HCM fire 1300°C
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Temperature distribution after 3 hours of fire.

r, L/
mT m aaaaaaa tisa-areas, in nodes, Elem Total Temperature, Tokaltemp ., G, <5,072E401;1,271E+03> [C]
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é Crack pattern after 3 hours of fire.

lber: <1,000E-03; ...), G.0<-3,276E-04 4, PSEE-023 [m], SM-1,212E+01;-1,212E+01 > [MPa], 5T <0, 000E-+00;0, 000E-+00> [MPa)
‘ 4 a4
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g Deflection evolution in time.

15
10 — Left field 7“#
5 — Right field Failure /
EI O 7 —-’X
c -5 \\ — e
2 10 N \4
o T —
A -15 1 \
-20 \
-25
-30
0 20 40 60 80 100 120 140 160 180
Time [min]
Euromech

2005




CERVENKA CONSULTING

{ Suspended RC ceiling (2D) — load case 3 (4)
i Deformed shape

no radiation il

HCM 1300°C
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after 3 hours of fire.
UATUA

UPgrading of existing TUNnels

Material tensile strength degradation

Scalarsiiso-areas, in nodes, Tensile Strength, Sig T(3), G. <1,385E-04;1,800E+00 > [MPa]
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Deflection evolution in time.
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Test geometry — AITEMIN, SPAIN
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g Concrete surface temperature
UATUA comparison

UPgrading of existing TUNnels
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{ Deflection comparison

UPgrading of existing TUNnels
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Damage comparison

UATUA
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Virgolo Tunnel - fire test
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{ ATENA 2D Model
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UPgrading of existing TUNnels
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Thermal Analysis
temperature distribution

after 3 hours of 800°C HCM ftire

Scalars:iso-areas, in nodes, Current Psi Values, Temper., G, <-1,413E+01;5,012E+02> [C]
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racking after 3 hours of

UATUA fire

UPgrading of existing TUNnels

Cracks:elements, width multiplier: 1, 0E+00, Filker: <1,000E-03; ...}, 4.0<-8,660E-04,6,449E-03> [m], SN<-5,103E+01;-5,103E+01> [MP. Scalars:iso-areas, in nodes, Crack Width, Codl, A, <-5,247E-04,;3,353E-03> [m], G. <-5,247E-04,3,353E-03> [m]
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Az
g Damage, Temperature development
UATUA 0 seconds, 0 °C

UPgrading of existing TUNnels

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(1), A, <1,800E+00;1,800E+00> [MPa], G, <1,800E+00;1,800E+00> [MPa] ‘ |Scalars:isu-areas, in nodes, Elem Total Temperature, Totaltemp., 4, <-5,165E-04;6,937E+00> [°C], G, <-5,165E-04,6,937E+00> [°C] |
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3 seconds, 200 °C

UATUA

UPgrading of existing TUNnels

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(1), A, <1,800E+00;1,800E+00> [MPal, G, <1,800E+00;1,800E+00> [MPa] | |Scalars:isu-areas, in nodes, Elem Total Temperature, Totaltemp., 4, <-5,165E-04;6,937E+00> [°C], G, <-5,165E-04,6,937E+00> [°C] |
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10 seconds, 350 °C

UATUA

UPgrading of existing TUNnels

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(L), A, <1,688E-03;1,800E+00> [MPal, G. <1,688E-03;1,800E+00> [MPa] | |Scalars:isu-areas, in nodes, Elem Total Temperature, Totaltemp., 4, <-2,582E-02;3,4668E+02> [°C], G, <-2,582E-02,3,468E+02> [°C] |
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10 min, 750 °C
UaTUA

UPgrading of existing TUNnels

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(L), A, <1,407E-03;1,800E+00> [MPa), G. <1,407E-03;1,800E+00> [MPa] | |Scalars:isu-areas, in nodes, Elem Total Temperature, Totalternp,, &, <-1,761E+00;7,378E+02> [*C], G, <-1,761E+00,7,378E+02> [°C] |
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UATUA

UPgrading of existing TUNnels

30 min, 800 °C

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(L), A, <1,2206-03;1,800E+00> [MPa), G. <1,229E-03;1,800E+00> [MPa] |

|Scalars:isu-areas, in nodes, Elem Total Temperature, Totalternp,, 4, <-1,768E+00;7,944E+02> [°C], G, <-1,768E+00,7,944E+02> [°C] |
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4,400E+02
4,600E+02
4,800E+02
5,000E+02

3,000E+02
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UATUA

UPgrading of existing TUNnels

1 hour, 800 °C

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(L), A, <1,144E-03;1,800E+00> [MPal, G. <1,144E-03;1,800E+00> [MPa]

|Scalars:isu-areas, in nodes, Elem Total Temperature, Totaltermp., 4, <-8,214E-01;7,961E+02> [°C], G, <-8,214E-01,7,961E+02> [°C] |

9,B08E-04
1,500E-01
3,000E-01
4,500E-01
6,000E-01
7,500E-01
9,000E-01
1,050E+00
1,200E+00
1,330E+00
1,500E+00
1,650E+00
1,800E+00

Abs.min,
Abs.rnan,
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-3,000E+0C
0,000E+00
2,000E+01
4,000E+01
6,000E+01
8,000E+01
1,000E+02
1,200E+02
1,400E+02
1,600E+02
1,800E+02
2,000E+02
2,200E+02
2,400E+02
2,600E+02
2,800E+02
3,000E+02
3,200E+02
3,400E+02
3,600E+02
3,800E+02
4,000E+02
4,200E+02
4,400E+02
4,600E+02
4,800E+02
5,000E+02

3,000E+02
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UATUA

UPgrading of existing TUNnels

3 hours, 800 °C

Scalars:iso-areas, in nodes, Tensile Strength, Sig T(L), A, <9,808E-04;1,5800E+00> [MPa), G. <8,508E-04;1,800E+00> [MPa]

‘Sca\ars:\sa-areas, in nodes, Elem Total Temperature, Totaltemp,, A, <-2,775E+00,7,962E+02> [°C], G, <-2,775E+00,;7,962E+02= [°C] |

9,B08E-04
1,500E-01
3,000E-01
4,500E-01
6,000E-01
7,500E-01
9,000E-01
1,050E+00
1,200E+00
1,330E+00
1,500E+00
1,650E+00
1,800E+00

Abs.min,
Abs.rnan,
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-3,000E+0C
0,000E+00
2,000E+01
4,000E+01
6,000E+01
,000E+01
1,000E+02
1,200E+02
1,400E+02
1,600E+02
1,800E+02
2,000E+02
2,200E+02
2,400E+02
2,600E+02
2,800E+02
3,000E+02
3,200E+02
3,400E+02
3,600E+02
3,800E+02
4,000E+02
4,200E+02
4,400E+02
4,600E+02
4,300E+02
5,000E+02
5,200E+02
5,400E+02
5,600E+02
5,800E+02
6,000E+02
£, 200E+02
6,400E+02
6,600E+02
£,300E+02
7,000E+02
7,200E+02
7,400E+02
7,600E+02
7,800E+02
3,000E+02
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{ CONCLUSIONS:

UPgrading of existing TUNnels

Fracture-plastic material model was extended
for fire analyses including temperature

dependent material properties.

The model was succesfully applied to practical
engineering problems

Euromech

2005
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