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DOI: 10.3267/HE2008 AIM OF WORK

The aim of this work is to test commercial finite
able to modeling the real behavior of steel
elements subject to fire in order to assess its
capacity to point out some basic mechanism.

The study of what happens in
isolated elements in steel when
subjected to high temperature is
useful to wunderstand complex
structures.

Andrew H.Buchanan (2000), Structural Design for Fire Safety
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General model to analyze elements subject to fire action

Numerical application on isolated steel elements

Not restrained axial expansion Restrained axial expansion

Numerical application on steel park cars

Conclusive evaluations
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v’ Material Properties of Steel: prEN 1993-1-2

under

General model to analyze elements under fire

EBeduction factors at temperature &, relative to the value of £, or E,
at 20°C
Steel Feduction factor Eeduction factor Eeduction factor
Temperature (relatrve to f) (relatrve to ) (relatrve to E.)
for effective vield | for proportional limet | for the slope of the
a strength linaar elastic range
ke = fia'f Kue = fialfe ke = Eup'Ey
20°C 1,000 1,000 1,004
- - h—

100 1,000 1,000 1,004

2007 1,000 0,807 0,900

300°C 1,000 0,613 0,800

400*C 1,000 0,420 0,700

300*C 0,780 0,360 0,604

GO0 0,470 0,180 0,310

TO0EC 0,230 0,075 0,130

300°C 0,110 0,050 0,050

S00=C 0,060 0.0375 10,0675

1000 0,040 0,0250 10,0450

1ionec 0,020 00125 10,0225
vl 200°C 0,000 0,0000 10,0000

NOTE: For mtermisdiate values of the stesl temperatire, linear mterpolation may

be nsad.

1.4 -

Thermo-Plastic material

—&— Young's Modulus

—e— Coef.of thermal Expansion

—»— Yield Stress

1.2 1
1.0
0.8 1
0.6 -
0.4 -
0.2 1
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v’ Material Properties of Steel: prEN 1993-1-2 Thermo-Plastic material

Finite Elemest Codes used:

A * Finite Element Used: Isoparametric Non Linear Isobeam elements
) o 2 node isobeam;

|IN *General 3D beam with six

A degrees of freedom per node;

*Elements have constant
- rectangular cross-section;

g=Straus7

» Finite Element Used: Beam

g 500
= 400 _ : : ] |
300 o T =20+345log, (8¢ +1) - 5 . N
100 | ¢ (min)
v’ Modelling of Fire: Nominal Curve e T
P
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Not restrained axial expansion

F=1410 N ¥ .
0.3 m l + Sezione: 0.3x0.3 m

---------------------------------------------------------------- — * Materiale: S235
SEnh s doi b Al sdii o sdo 1SO834

Material and geometrical non linear analyses

!

Benchmark of results obtained by two Finite Element Codes:

Adina, Strand

!

To point out the some general aspects of the behavior

of steel elements under fire action
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Baam Dsg DY (m)

0 1000 2000 3000 4000 5000 6000 I Saiexaes™

155510
-2 B5ax 10"
A THRWT
4 TRAx 10"

-5 gatu 1t
I B 80x10"
7873x107

t(sec)

5.038x10"
.00 16°
A 0635 10° [Brms]

P-I’
A8-E-T

-1 1
D (node6) =

0 1000 2000 300C 6
ISR S G S S S N S P R T T I '
0 '2 Elem.1 Elem.2 Elem.3 Elem.4 Elem.5 Elem.6 Elem.7 Elem.8 Elem.9 [Elem.10

Biamm Dap DX (m)
0000 107, Bmcd]

P L0710
<1522 18"
2garxe”
S550x 18"

-4 588 10"

5,580 18"
I £.555x 10"

TE10% 187

2Egax 10"
G E3G10"

10122167 Bmc)




F DOL TM267/E2008 .
@ 2 o & 2 & & o & é— x
A TIME 0.000 .
D o s o s Ly
|
N

A




Time Y Initial
0.00 1 - : : : ) - } : - S configuration
Time NLM
2600.00 configuration
Time 1 . ) | Y NLM +NLG
4730.00 . configuration
Bowing effect fig
.- # 0




A L® I“"- N

| |
I

I

1
!
I
}
|

Fixed Degrees of Freedom |

F [v =-Tranzlation [v %-Fotation
> AT = [v r-Tranzlation [v *-Ratation
o [v Z-Translation [ Z-Rotation
I
| [+
[ Fluid Patential [ Pore Fluid Pressure |

. \ !
Wl I I |
4 I /
I |
| I
|
|

I
! {

e e

§
2

Analyses with non linearity of Geometry and of Material

¢
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Diagram Stress-Deformation
T A RXZPy:>O'ZO'y(T)

The Elastic Buckling Load defined
by Euler Formula:

Becomes Elastic-Plastic Buckling
> Load, defined by Shanley Formula:

4.0E+07 w
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Section 0.1x0.1 m Section 0.2x0.2 m
2.50E+06 T T T T T 3.5E+07 T T T T T
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R : —a— Por yield > PRIV I e —a— Per yield -
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STEEL OPEN CAR PARK

Report of “Commissione per la Sicurezza delle Strutture in Acciaio”

Commissione per la Sicurezza
delle Costruzioni in Acciaio
in caso d’Incendio
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Numerical application on
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REAL STRUCTURE

STRAND MODEL
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1° SCENARIO
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2° SCENARIO
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4° SCENARIO
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1° SCENARIO

Beam Di=zp: 0™ (m}

3. ?'602)(10 [Bm:E3]
3.0804x107

1.6009x107
16132x 107
-1.2782x10"
-27178x% 107
-2.1573x 107

l -5.59588x 107
-7.0384x10™
-8.4759%10”

-5.9155%107
~1.0635x 107 [Bm:21]
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- 1° SCENARIO
Beam Zl|5|:| DY (m}
3.7802x 107 [Bm:83]

I 3.0404x 107"

5 5058x 10"

7.0384x 107
8.4759x 107
5.8155x10”"

1.8008x10”
-1.0835%10° [BmE1]

-2

1.6122%10
-1.2782% 10"
27780
41573107

Step 1273: 4660.0 5 (-60,0,-55) DS: 0.000E+0
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Vertical displacemets at the top of column
o2 | |

Mode Disp:DZ Mode 8 Ii

Mode Disp (M)
&
e
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2° SCENARIO

Beam Dizp:DY (m)

3.5920%10™ [Bm:&0]
-1.3513x 107

-1.1238x107
2 1125x107
30 2x 107
-4.0898x 107

-5.0785x107
l £.0672x107

7.0559x107

-8.0446x107
“8.0332x107

“8.5278x107

3° SCENARIO

Beam Digp: DY (m})

5.0780x 107 [Bm:86]
_2.3418x107

-9.7408x 107
-1.6840x107
-2.3538x107
-3.0438x107
—a7azex10”
-2.4237x107
51138107
-5.8035x107
5.4934x107
5.8334x107 [Bm:288)
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4° SCENARIO

Beam Dizp:DZ (m}

5.3004x10™ [Bm:102]
1.6042x10%

-5.7883x107°
-1.3181x107
-2.0573x10"

10
2 7966x10" 3 |
-3.5388x% 107 - - —
42751 %107 i e

-5.0143x 107"
-5.7536% 107"
-5.4928x 10 _ _
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Numerical application on steel open car park

R ™, [°SCENARIO

t = 950 sec b
TCR: 725 OC

ter= 1110 sec
TCR: 750 OC
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