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Abstract

end-plate moment connection were discussed.

Although beam to beam joints are a critical part of steel structures and connection strength varies with temperature
considerably, regrettably very few works have been conducted under elevated temperature conditions on end plate
moment connection. The strength and stiffness properties degrade with increase of temperature. This paper presents
an investigation of a bolted extended end-plate beam to beam joint subjected to variation of temperature. 20°C, 204°C,
316°C, 427°C, 649°C temperatures were considered for finite element analysis and their effects on end-plate moment
connection were discussed. It has been found that with the increase of temperature, end plate thickness does not vary
but stiffness of end plate reduces considerably. Finally, the effects of the changes of different beam parameters on the
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Introduction

An extended end-plate connection is one in which the end-
plate protrudes beyond the flanges of the beam section to allow for
the placement of exterior bolts. Moment connections are usually
designed to transfer bending moments, shear forces and sometimes
normal force. The strength of end plate will change with temperature
which will cause reduction of strength of connection. When the steel
elements and structures are subjected to high temperatures (fire) they
progressively lose their stiffness and carrying capacity because Young’s
modulus and yield strength are decreasing. The ability of connections
to withstand force during a fire weakens as a result of strength and
stiffness reduction [1]. Connections play a very important role to
survive extreme fires without progressively collapsing [2]. Lawson
[3] first examined the fire resistance of beam-to-column connection
experimentally. Al-Jabri [4] conducted a series of fire tests to establish
the moment- rotation temperature relationships for semi-rigid joints.
When temperature exceeds 100°C, the stress-strain curve begins to
become nonlinear, gradually eliminating well-defined yield point. The
modulus of elasticity, yield strength and tensile strength all reduce as
temperature increases. After 500°C, the rate of decrease is maximum

(5]

Stress and strain values of a mild steel (Yield strength 275 MPa)
were obtained from tension test performed in Structural Mechanics
Laboratory of Bangladesh University of Engineering and Technology,
Dhaka, Bangladesh. Then using the guidelines proposed by NIST
[5], corresponding yield strength, ultimate strength, elastic modulus,
stress and strain values were calculated at 20°C, 204°C, 316°C, 427°C,
649°C . Finally in order to investigate adequate end plate thickness and
corresponding end plate reaction with change of temperature, finite
element software ANSYS 11.0 was used.

Methodology
Finite element model

A finite element model was developed to describe the behavior of
the joint in a beam-to-beam extended end-plate moment connection
at elevated temperatures. Among different finite element analysis
packages, ANSYS 11.0 was chosen for modeling and analysis. In order
to analyze the bolted extended end-plate moment connection, large
deflection and plastic material properties (material nonlinearity) were
used. A typical situation where end-plate type beam splice is used is

shown in Figure 1. For finite element analysis of the moment capacity, a
part of the beam on one side of the joint was modeled with appropriate
load and boundary connections. A 3-D sketch of the problem is shown
in Figures 2 and 3.

Separate elements had been used for the modeling of the beam
flange, beam web, end-plate, load plate, bolts and contact surface.
SHELL181 had been used for the beam flange, beam web, end-plate
and load plate. COMBIN39 was used for the contact surface and the
bolts. A load plate had been used in order to avoid the local yielding
of the beam, at the point of the application of load. The behavior of
the bolts and the contact surface was described by COMBIN39 spring
element. The behavior of nonlinear stress-strain materials can be
simulated accurately in ANSYS.

Multilinear isotropic hardening is one such option to describe
such material behaviors. W12x58 section and A325 bolt having yield
strength 90ksi (620 MPa) and ultimate strength 120 ksi (827 MPa)
were used in the analysis. When the beam is subjected to external load
then a reaction is created in end-plate to resist corresponding end-
displacement which is termed end-plate reaction and that displacement
is termed as end-displacement.

Meshing

SHELL181 was used to model the entire beam. The meshing was
done in such a way that more intense meshing reamained near the end-
plate. This is because the effect of bending is greater in that region.

Meshing of the end-plate

SHELL181 was used to model the end-plate. BKIN option was
used in order to describe the behavior of the bilinear isotropic steel.
The meshing was done in such a way to ensure that nodes exist at the
desired locations of the bolts, as shown in Figure 4.
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Figure 1: General sketch of a structure with an end-plate type beam splice.
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Figure 2: General 3-D Sketch of the problem.
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Figure 3: The finite element mesh has more intense meshing near the end-plate.
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The meshing of the load plate is identical to the meshing of the
end-plate.

Properties of the bolt

COMBIN39 link element was used to simulate the behavior of

bolts. Figure 5 shows the force-deflection behavior of bolts. The values
of both K_and K are equal here. K_and K, represent the stiffness of the
bolt and were calculated as follows:
;= —Ab x E

L

K

c

=K

Where, E = Young’s modulus of elasticity

A, = bolt cross-sectional are
L = length of bolt
Properties of the contact element

Contact element was used to describe the behavior of two end-plates
in contact with each other. The same COMBIN39 spring element was
used for this purpose. The nodes of the end-plate are extruded along
the axis of the beam, in the opposite direction of the beam, to generate
the COMBIN39 contact elements. The stress-strain relationship for the
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Figure 4: Mesh of the end-plate.
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Figure 5: Force-deflection behavior of the bolts.

element was described so that it can resist compression but remains
very weak in tension. Figure 6 shows the force-deflection behavior of
contact springs. The value of K_is large while that of K is very small.

Boundary conditions

The free ends of the COMBIN39 link elements, which simulate
the contact surface, were restrained in all directions. To protect
against sliding, one node of the end-plate was restrained in the vertical
direction and two nodes were restrained in the horizontal direction. It
would help the COMBIN39 elements to resist the displacement both in
horizontal and vertical direction or to give stability to the end-plate. A
point load is applied at the load plate end of the beam. The point load
is applied at the intersection of the top flange of the beam with the web
as shown in Figure 7. The magnitude of the load is such that it ensures
that yielding of steel occurs. This is of importance for determining the
corresponding thickness of end-plate for a particular dimension of
beam.

Stress-strain data input

Stress and strain values of a mild steel (Yield strength 275 MPa)
were obtained from tension test performed in Structural Mechanics
Laboratory of Bangladesh University of Engineering and Technology,
Dhaka, Bangladesh. The stress-strain curves were prepared and used
for finite element analysis (Figures 8-10).

Convergence of the solution

The objective of the finite element study is to determine the end-
plate thickness for W12x58 section considering temperature effects.
The required end-plate thickness is that thickness for which the failure
is just initiated by the yielding of the beam. This thickness can be
determined by a trial and error solution involving the force-deflection
relationship of the structure. From the Figure 11 given below it was
found that after increasing end-plate thickness to 50 mm, end-plate
reaction does not change which indicates that at this thickness failure
will be just initiated by the yielding of the beam.

Results

Temperature effect on end plate reaction

Using the Table 1 proposed by NIST [5], corresponding yield

Force
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1
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1

Figure 6: Force-deflection behavior of the contact springs.
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Figure 7: Point of application of load.
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Figure 8: A typical end-reaction vs. end-displacement curve for various end-

plate thickness.
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strength, ultimate strength, elastic modulus, stress and strain values
were calculated at 20°C, 204°C, 316°C, 427°C, 649°C . The end-plate 12
reaction vs. end displacement curve at 20°C, 204°C, 316°C, 427°C, L | 2¢ 204°C
649°C are shown below. From the values obtained from finite element
analysis, it had been found that end-plate thickness does not change g os
with the increase of temperature but stiffness of plate had been found £ 316°C
. . . . . 2 0.6
to decrease considerably. Here the value just after which nonlinearity 2
427°C
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o
250000 250000
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Table 1: AISC, NIST proposed table showing changes of reduction factors of
#0000 material strength with change of temperatures.
end-plate thickness = 50mm . 3 . . L.
70000 begins was taken as end-plate reaction. Stiffness is termed as resisting
Z 50000 — end-plate thickness = 46mm . . .
5 force per unit deflection. Stiffness of end-plate at 20°C was taken as 1.0
£ 50000 end-plate thickness =38mm A . .
g and stiffness of end-plate at other temperatures were compared with it
i 40000 end-plate thickness = 32mm . .
& 30000 and a relative stiffness curve had been drawn.
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Figure 9: End-plate reaction vs. end displacement curves: (a) temperature

20°C; (b) temperature 204°C; (c) temperature 316°C; (d) temperature 427°C;
(e) temperature 649°C.
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Figure 10: End-plate reaction vs. end displacement at different temperatures.

The effects of the changes of different beam parameters on the end
plate reactions are shown in the curves in Figures 12a-12d. It had been
found that end-plate reaction increases with increase of beam height,
flange thickness, web thickness, and beam width. This is because
increasing any one of these parameters results in an increased moment
capacity of the beam. Thus to counter the increase in moment, a greater
end-plate thickness is required and as a result end-plate reaction also
increases.

Conclusion

This study originated with the aim to provide an idea about
temperature effects on end-plate connection. How end-plate reaction
varies with temperature was the problem. The conclusions are
mentioned below,

= The end-plate reaction at 204°C is found very close to reaction
found at 20°C.

= At temperature 316°C, end-plate reaction is found 61% of
reaction found at temperature 20°C.

J Civil Environ Eng
ISSN: 2165-784X JCEE, an open access journal

Volume 6 -« Issue 3 * 1000225



Citation: Mia MM, Amanat KM (2016) Finite Element Investigation of a Bolted Extended End-Plate Moment Connection Subjected to Variation of
Temperature. J Civil Environ Eng 6: 225. doi:10.4172/2165-784X.1000225

Page 5 of 5

96000 130000
94000 120000
92000 110000
= =
< 90000 g 100000
2 i
§ 88000 & 90000
2 &
- 86000 -g 80000
2
84000 0000
82000 60000
300 310 320 330 340 10 20 30 40 50
Beam Height,mm n
(a) (b) Flange Thickness,mm
100000 100000
98000 98000
96000 96000
=
94000 g 94000
Z 92000 B 92000
5 3
_g 90000 g 90000
8
© 88000 T 88000
& I
s 86000 86000
LIC.I 84000 84000
82000 82000
5 15 25 35 45 5 15 25 35 45
Web Thickness,mm Flange width,mm
(© (d)
Figure 12: Parametric studies on end-plate reaction: (a) end-reaction vs.
beam height; (b) end-reaction vs. flange thickness; (c) end-reaction vs. web
thickness; (d) end-reaction vs. flange width.

= At temperature 427°C, this variation is much. End-plate
reaction is found as much as 60% less than reaction at 20°C.

= Attemperature 649°C, only 5% of strength is found at end plate
than that was for 20°C.

= The beam height, flange thickness, web thickness and beam
width were the studied parameters to have a significant effect
on the end-plate reaction. End-plate reaction tends to increase
with the increase of any of the four parameters.

References

1.

Lee C, Chiou Y, Chung H, Chen C (2011) Numerical modeling of the fire—
structure behavior of steel beam-to-column connections. J Construct Steel Res
67: 1386-1400.

Newman GM, Robinson JT, Bailey CG (2000) Fire safety design: a new
approach to multi-storey steel framed buildings. Ascot Berkshire (UK): SCI
Publication 288.

Lawson RM (1990) Behavior of steel beam-to-column connections in fire. J
Struct Eng 68: 263-271.

Al-Jabri KS, Burgess IW, Lennon T, Plank RJ (2005) Moment rotation
temperature curves for semi-rigid joints. J Construct Steel Res 61: 281-303.

Phan LT, McAllister TP, Gross JL, Hurley MJ (2010) Best practice guidelines
for structural fire resistance design of concrete and steel buildings. NIST
Technical Note 1681.

J Civil Environ Eng
ISSN: 2165-784X JCEE, an open access journal

Volume 6 -« Issue 3 * 1000225


http://www.sciencedirect.com/science/article/pii/S0143974X11000538
http://www.sciencedirect.com/science/article/pii/S0143974X11000538
http://www.sciencedirect.com/science/article/pii/S0143974X11000538
http://www.newsteelconstruction.com/wp/fire-safe-design-a-new-approach-to-multi-storey-steel-framed-buildings-second-edition/
http://www.newsteelconstruction.com/wp/fire-safe-design-a-new-approach-to-multi-storey-steel-framed-buildings-second-edition/
http://www.newsteelconstruction.com/wp/fire-safe-design-a-new-approach-to-multi-storey-steel-framed-buildings-second-edition/
https://www.istructe.org/journal/volumes/volume-68-%28published-in-1990%29/issues/issue-14/articles/behaviour-of-steel-beam-to-column-connections-in-f
https://www.istructe.org/journal/volumes/volume-68-%28published-in-1990%29/issues/issue-14/articles/behaviour-of-steel-beam-to-column-connections-in-f
http://www.sciencedirect.com/science/article/pii/S0143974X04001361
http://www.sciencedirect.com/science/article/pii/S0143974X04001361
http://www.nist.gov/manuscript-publication-search.cfm?pub_id=907295.
http://www.nist.gov/manuscript-publication-search.cfm?pub_id=907295.
http://www.nist.gov/manuscript-publication-search.cfm?pub_id=907295.

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Methodology 
	Finite element model 
	Meshing 
	Meshing of the end-plate 
	Properties of the bolt 
	Properties of the contact element 
	Boundary conditions 
	Stress-strain data input 
	Convergence of the solution 

	Results 
	Temperature effect on end plate reaction 
	Effects on end-plate reaction with the change of beam parameters 

	Conclusion 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Table 1
	Figure 12
	References

