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The Behaviour of Fin Plate Steel Connections
IN Fire

® Introduction to|Fin Plate steel connection.

® The aims of this research.

® Creating the FEM and the evaluation at ambient
temperature.

® FEM at elevated temperature and the evaluation.
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® Conclusion




Fin Plate Configuration
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Connection behaviour

4 Fully Welded
Extended End-Plate

Flush End-Plate

Top, Seat & Web angle

Header Plate

Double Web Angle
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Fin Plate
Single Web Angle
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Fin Plate Connection in Fire
and the Catenary Action
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The Research Aims

® Understand the behaviour of fin plates in fire.

® Examine the ability to resist tying force as part
of the Robustness requirement.

® Evaluate their performance across a range of
size.
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® Provide design guidance.




Modelling the connection

*Bolt shank-to-bolt holes
*Beam web-to-fin plate.
*Bolt head-to-beam web
Column

*Nut-to-fin plate.

Fin Plate

Fixed Fin plate

- Contact
edge y

elements
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Contact Methodology
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Brick element
Surface-to-surface
contact element

C3Dsl
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The Finite Element Model
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The Finite Element Model
Lap joint
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Lap joint

The Finite Element Model
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FEM Evaluation at Ambient Temperature
Aluminium Lap joint test

University of Sheffield




FEM Evaluation at Ambient Temperature
Aluminium Lap joint test
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FEM Evaluation at Ambient Temperature
Richard Ralph experiment
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FEM Evaluation at Ambient Temperature
Richard Ralph experiment

Load [KN]
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The Finite Element Model

R AR

*Brick element
C3Ds8I

*Surface-to-surface
contact element

Non-linear material
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FEM Evaluation at Ambient Temperature

Moment Rotation of Richard Ralph experiment

5, Mises
(Awe. Crit.: 7E5%)

+4. 000e+0E
+3. 687+ 0E
+3.333e+0E
+3.000e+0Z
+z.667et+02
+2.333e+02
+z.000e+02
+1.667e+02
+1.333e+02
+1.000e+02
+6.667e+01
+3.333e+01
+0. 000e+00

2
STOESS AMALYSIZ FOR A TWO PLATE WITH A HOLE (SHEAD COMNECTION)
ODE: COMMAC. odb ARAQUESStandard &.4-4 Sun Feb Z7 17:44:22 GHT Standard Time Z00E

1Step: Step-1

Incremert 0: Step Time = o.ooo

Primary War: 5, Mises

Deformed War: T Deformation Scale Factor: +1.000=+00




L=
—
[
[V -
(b}
e
0p)
Y
o
>
It
(0p)
—
D
=
c
D)

FEM Evaluation at Ambient Temperature
Moment Rotation of Richard Ralph experiment
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FEM Evaluation at Ambient Temperature
Moment Rotation of Richard Ralph experiment
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e ABAQUS Model
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FEM at Elevated Temperatu re

Al

*Brick element C3D8T
Coupled Temperature-
Displacement analysis

*Non-linear material
temperature dependent

*Geometric non-linearity




FEM Evaluation at Elevated Temperature

Comparison to the results of EI-Rimawi, Test data and
VULCAN
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FEM Evaluation at Elevated Temperature
Comparison to the results of EI-Rimawi, Test data and VULCAN
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FEM Evaluation at Elevated Temperature
Comparison to the results of EI-Rimawi, Test data and VULCAN
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FEM Evaluation at Elevated Temperature
Comparison to the results of T. C. H. Liu and VULCAN
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FEM Evaluation at Elevated Temperature
Comparison to the results of T. C. Liuand VULCAN

900
= wo{ R T
D | | | 1
;'l: 7004 - T S o
‘-Iq—) l l l l
N 'OL_)| 6004 B I < i B H
s o | ‘ | |
L S 5009 Y/ 4 7
o 3 | | | |
> g 401 /2N N A
.(-7) GE) 3004 ‘,,,,,,,,:L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
CT) = | ' Bottom Flang
.2 204 4/ A Web
- Top Flange
D) 104 /7 . *********

ol L) L) L) L) L) L) L)

0 5 10 15 20 25 30 35 40

Time [Min.]




FEM Evaluation at Elevated Temperature
Comparison to the results of T. C. Liuand VULCAN
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*Axial stiffness is 8 KN/mm
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*Rotational stiffness is
14000 kN.m/rad

eLoad ratio is 0.5




FEM Evaluation at Elevated Temperature
Comparison to the resultsof T. C. H. Liuand VULCAN
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FEM Evaluation at Elevated Temperature
Comparison to the resultsof T. C. H. Liuand VULCAN
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FEM Evaluation at Elevated Temperature

Comparison between the results of

ABAQUS simulation and VULCAN for the pin ended beam

(fully axially restrained)

Axial Force [KN]

Linear Time-Temperature 10°C/min. was used for this model
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FEM Evaluation at Elevated Temperature

Comparison between the results of
ABAQUS simulation and VULCAN for the fixed ended beam
(rotationally and axially fully restrained )

Axial Force [KN]

Linear Time-Temperature 10°C/min. was used for this model
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FEM of Beam-connection
at Elevated Temperature
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FEM Evaluation at Elevated Temperature

Time-Temperature for Finplate Connaction at Cardington test
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FEM of Beam-connection at Elevated

Temperature
Time-Deflection
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Conclusion

 Creating a FEM of Fin Plate.

* |Introduces contact element.

« Validated against test data.

e Account for temperature.

e Successfully modelled axially restrained beams
and validated.

* Create a connection-beam model suitable for
parametric study.
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What Is next ?

Using the FE model to develop a simplified
component model.

Frictional stiffness

Weld / \ \
Stiffness Bolt stiffness Beam web Beam web

Plate bearing Bearing Axial stiffness

Plate Axial  stiffness stiffness
Stiffness
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THANK YOU

For Your Attention
&
Welcome any Questions

or
Comments
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