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“The external walls of the building shall offer adequate resistznoe to the spread
of fire over the walls and from one building to another, having regard to the
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ing ! be so d:ed that in, in the event of fire, its stability will
be maintained for a reasonable period.”
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@ Portal Frames in Fire Boundary Conditions
“If the building is constructed near the site boundary (L<15m), the external wall of the

building will require a degree of fire resistance to stop fire spreading to nearby

buildings.”

Site boundary

Collapsed boundary walls

Conditions (2001)

The frame could be unprotected in fire as the boundary

wall, but the column base should provide sufficient
resistance to the overturning moment (OTM) caused by
the collapse of the roof in fire.

 and Steel Construction: The Behaviour of
Steel Portal Frames in Boundary
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@ The Simplified Method

* The column leans inwards by 1°
 The rafter elongation is 2%
* M;;=M,,=0.065 M,

 Two or three fire hinges are gene:
the rafters due to the fire and load in fire...

Fow 1

Initial Loss of Stabmxy 1

Base rotates outward

Collapse of Roof

/

Base hinge locked

Re-stabilised Position 3

* The haunch length = 10% span
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Collapse in Sway Mechanism

. Estimation of the Initial Loss
of Stability (T1)

Wong's simple method (mainly based on
the initial configuration of the portal frame)
can be used to predict the temperature
when the frame initially loses stability in fire.

@ The Re-stabilised Position

If the frame does not fail in the initial sway
mechanism, it may re-stabilise when the
two plastic hinges near the base anq eaves
are locked due to the elastic unloading of
the hinges as shown in Figure 3.
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In practical design the calculation model is
simplified by the assumptions below:

 stabilised pos

Estimation of the failure temperature requires:
Strength of the bases
Elongation of rafters

Fire hinge moments on the rafters /

As a result, an iterative procedure illustrated by the following
flowchart is required.

T =T Calculate the re-stabilised position with the
0 L elongation of the rafters at T

Estimate the strength reduction factor n base on the
re-stabilised position at To

T,y > Tolerance
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W, = load at time of collapse; § = distance between
frames;
Mp plastic moment resistance of rafters;
= 1 for single bay frame;
A C are take from Table 1 & 2 in S¢7 P0S7.

@ Problems of the Current Design Method

* The maximum inclination of the masonry wall is
only 0.2° which is much smaller than 1°

* 2% elongation is relative to the steel property at
1200°C but the strength reduction factor 0.065
corresponds to a temperature around 890°C.

* In practical design, haunches could be any size.

I @ lIs it conservative for all portal frames?

@ Do we need a rigid base connection?
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Try Temperature Ta
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Get the critical temperature T, related to 7
(EC3 Part 1.2)

Re-stablllsed Position ( Frame with
aunches)

frame is considered as one piece structural element in Fire;

The whole portal frame needs to be protected in fire as an entire

element of structure if any part of it needs fire protected.

The boundary walls are supported by the steel columns,

As a result, the whole portal frame has to be fully fire
protected.

and numerical studues to predlm the

al oollapse of portal hames in f ire.

internal forces

corners 1 and 2

According to the plastic theory for the combined mechanism, an
equation can be set up euuamq the work done by the external and

wLB—-who=M [0+ 8)+n,(p+6)]
where 77, and 7, are the strength reduction factors for the fire hinges at

If whole roof is heated, 7, = Centre of rotation
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Obtain the limiting temperature
from BS5950 Part 8 Table 1
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3 : The critical teperalures predicted by the new design method on the basis of the first-phase failure mechanism show very good agreement with the numerical
i initi ility in fire.

esults at which a typical frame initially loses stability in : .
e :Iery reasonable predictions about the re-stabilised position and the final collapse temperatures of the frames were acmaved usmg the new method.
@ Itis evident from this study that the initial collapse of the frame due to the first failure

is often a

p
experience a second-phase mechanism with a higher critical temperature, which depends on the base strength and the Ioadmg condnucns of the frame.

, and that after this the frame can




