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Abstract: This paper presents an analysis of the fire resistance of a steel joint subject-
ed to tension. The authors of this article used prescriptive rules and simple calculation
models to present an impact of the value of the load on the fire resistance of the connection.
Designers often evaluate the critical temperature and fire resistance time of steel elements.
However, they neglect the evaluation of the above-mentioned values for steel connections.
In this article a simple engineering method was used to calculate the fire resistance of the
joint.
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1. Introduction

The fire design of bolted and welded joints is presented in [1-6]. The steel tempera-
ture in the joint is always lower than in the element due to the presence of the additional
material [7]. The mechanical behaviour of steel joints at elevated temperatures is an
important scientific problem, because beam-to-column and beam-to-beam connections are
often used in steel structures. The results of the fire tests of these joints were presented in
[8].

Malendowski et al. presented a new type of beam-to-column connection [9]. This joint
is capable of absorbing both very large rotations and axial movements, due firstly to the
thermal elongation and subsequently to the extreme weakening of the connected beam.
Maslak and Litwin evaluated the reduction of the beam-to-column joint stiffness under fire
conditions [10]. The stiffness of the joints decreases as the fire develops [11]. The problem
with flexible joints in fire conditions was presented in [12, 13]. The ductility and the failure
of the joint may be evaluated using the component method and a simplified mechanical
model with extensional springs and rigid links [14]. A component-based element for end-
plate connections in fire conditions was described in [15].

Connections may be subjected only to tension, e.g. an extended end-plate beam-to-
beam connection used in the bottom chord of the truss. This type of connection is analysed
in this article. The fire resistance of this joint is rarely evaluated by designers, even though
it may be easily determined using the method described in Annex D of [2].
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2

. Problem formulation

The authors of this article used a simple method presented in Annex D of [2] to pre-
sent the impact of the value of the load on the fire resistance of the extended end-plate
beam-to-beam connection subjected to tension. The authors tried to answer the question of
what the degree of utilisation of the unprotected bolted joint should be to fulfil the fire
resistance criterion R15 for this connection. An unprotected construction needs more steel
than a fire protected construction to fulfil the said fire resistance criterion. However, the use
of unprotected structural elements and joints may provide for the reduction of the total costs
of the construction, because fire protection materials are expensive.

During the analysis, the authors used prescriptive rules:

Strength reduction factor k [-]

Fig. 1.

a standard fire [16] was used to heat up the joint,

the effects of actions were determined for time 7= 0,

indirect fire actions were not taken into consideration,

the boundary conditions at the supports and ends of the member were assumed to
remain unchanged throughout the time of fire exposure,

different reduction factors were assumed for structural steel, bolts and welds (see
Fig. 1),

a uniform distribution of temperature was assumed,

the 4/V ratio of the joint was assumed as the maximum value of the A/V ratios of
the connected steel members adjacent to the joint,

the design value of the tension force in a fire situation was obtained from the value
at normal temperature using the reduction factor 7; = 0.65,

the critical temperature of the joint was calculated using the iterative method, pre-
sented e.g. in [17, 18].

equivalent T-stub flanges were used to model the joint and to evaluate the design
resistance of the end-plate.
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According to Maslak et al., the assumption that the temperature in a joint is uniformly
distributed is safe [19]. What is more, the assumption that the temperature is calculated
using the maximum value of the 4/V ratios of the connected steel members adjacent to the
joint is also conservative, and so is the assumption that the design value of the tension force
in a fire situation is obtained from the value at normal temperature using the reduction
factor 77 = 0.65 [1].

In Figure 1 one can see that the strength of the bolt decreases faster than the strength
of the steel in the extended end-plate. For this reason the mode of failure of a joint in a fire
situation may be different than at normal temperature. For example, at normal temperature,
the failure of a T-stub flange may consist of the bolt failure and the yielding of the flange,
whereas in the fire situation it may consist of the bolt failure only.

3. Engineering example

In this paper the S355 bolted tension joint was analysed (see Fig. 2). Grade 8.8., M30
bolts were used. The design values of tension forces at normal temperature and in a fire
situation are presented in Table 1. The value of the tension force was varied from 20 to 60%
of the cross-section design resistance of the connected beam at normal temperature. The
transfer of tensile force in the connection was achieved through the end-plate in bending
components. The evaluation of the resistance of such components was based on a
geometrical idealisation of tension zone (T-stub idealisation) [20, 21]. The formulas
presented in [2, 21] were used to determine the resistance of the joint.
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Fig. 2. Analysed joint
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Table 1.

Design values of the tension forces at normal temperature and in a fire situation

Design values of the tension forces

At normal temperature

In a fire situation

NEd4 [kN]

Nji.ea [KN]

3045.9 (0.6 Nerd’)
2538.3 (0.5 Nerd')
2030.6 (0.4 Nerd")
1523.0 (0.3 Nerd')
1015.3 (0.2 Nerd')

1979.8 (0.39 Nerd")
1675.2 (0.33 Nerd")
1319.9 (0.26 Nerd")
1015.3 (0.20 Nerd")
659.9 (0.13 Nerd")

*Cross-section design resistance of HEA 360 at normal temperature

The resistance of the T-stub involving a group of bolt-rows was calculated along with
the resistance of the individual T-stubs. The lowest of joint resistance value was chosen

(3165.03 kN) (see Fig. 3).
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Fig. 3. Resistance of the joint at normal temperature
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The A/V ratio of the joint was assumed as the A/} ratio for the tension member — HEA
360 (4/V = 128.3 1/m). The shadow effect was neglected (ks» = 1.0). The critical tempera-
ture of the joint was calculated using the iterative procedure. The temperature was increased
until the degree of utilisation of the joint reached about 1.0. The resistances of structural
steel, bolts and welds decreased as temperature increased (see Fig. 1). For example, the
resistance of the joint at 500 °C (2277.61 kN) is presented in Fig. 4.
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Fig. 4. Resistance of the joint at 500 °C

The critical temperatures of the joint depending on the tension force are presented in
Fig. 5.
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Fig. 5. The critical temperatures of the joint depending on the tension force
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After the evaluation of the critical temperature of the joint, the fire resistance time was
calculated (see Fig. 6). A standard fire was used to heat up the joint.
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Fig. 6. Fire resistance time of the joint depending on the tension force

The results of the analysis are presented in Table 2. One can see that the value of the
load had an impact of the fire resistance of a connection. The connection with the degree of
utilisation of 0.96 had a fire resistance of 12 minutes, whereas the joint with the degree of
utilisation of 0.32 had a fire resistance of 17 minutes. An unprotected bolted joint may fulfil
the fire resistance criterion R15. However, the degree of utilisation of the joint at normal
temperature should be low (0.32 in this paper).

Table 2. Results of the analysis

At normal temperature Fire situation
Tension force Degree of Tension force Critical Fire resistance
NEd utilisation NfiEd temperature time
[kN] [-] [kN] [°C] [min]
3045.9 (0.6 Nerd") 0.96 1979.8 (0.39 Nerd") 520.0 12
2538.3 (0.5 Nerd") 0.80 1675.2 (0.33 Nerd") 545.0 13
2030.6 (0.4 Nerd") 0.64 1319.9 (0.26 Nerd") 571.0 14
1523.0 (0.3 Nerd") 0.48 1015.3 (0.20 Nerd") 597.0 14
1015.3 (0.2 Nerd") 0.32 659.9 (0.13 Nerd") 655.0 17

*Cross-section design resistance of HEA 360 at normal temperature

4. Conclusions

The main conclusions of this paper are:

e The fire resistance of a joint subjected to tension is easy to determine using the
method presented in Annex D of [2].
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e The fire resistance of extended end-plate beam-to-beam connections subjected to
tension strongly depends on the bolt strength, because the strength of the bolt de-
creases faster than the strength of the steel in the extended end-plate.

e The value of the load has an impact on the fire resistance of a connection.

e An unprotected bolted joint may fulfil the fire resistance criterion R15 when the
degree of utilisation of the joint at normal temperature has a low value (e.g. 0.32 in
this paper).
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