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Researching the insulation criteria for a 
steel beam penetrating compartment wall



Background of the ‘problem’
• Steel beam passing through a fire rated compartment wall 

• Wall + beam ‘system’ may fail to provide adequate fire 
compartmentation

• Options: full or partial insulation of steel beams 

• Needs: $$, construction time, additional trades on-site, 
space limitations (for services)

Tfire technical manual

Fire stop centre – New Zealand

Steel beams protected with thin intumescent paint



ASFP recommendations

• ”The potential for heat transfer from unprotected structural 
steel into protected structural steel must be considered. It is 
normally considered good practice to protect the adjoining 
500mm of ‘unprotected’ structural steel to limit unwanted 
heat transfer.”

Status-quo – off-the-shelf solution

Tfire technical manual



1. Layout the first principles of the ‘problem’

2. Describe a method of analysis based on computational modelling 

3. Show the outcomes of this approach for different wall types and steel protections

Aims of this presentation



Proposed approach



Finite Element Modelling

• Run the model for the unprotected beam 

• Identify the length of the unexposed beam with a 
temperature above the failure criteria at the fire-
resisting time of the compartment wall

• Protect the identified length employing plasterboard 
on both sides. 

• Verify temperatures of the unexposed beam

Fire Engineering approach



Failure Criteria (BS 476-20:1987)

Failure shall be deemed to have occurred when one of the 
following occurs if:

• The mean unexposed face temperature increases by
more than 140 °C above its initial value;

• The temperature recorded at any position on the
unexposed face is in excess of 180 °C above the initial
mean unexposed face temperature;

• When integrity failures occur.

Fire Engineering approach (cont.)

Architects journal The Regs: How to make buildings fire-safe with 
cavity barrier / 3June 2021 / by Geoff Wilkinsons



Compartment wall material

• Brick Masonry

• Timber

• Plasterboard cavity walls

Type of protection

• Unprotected

• Boarded

Scenarios

The Journal of Light Construction – Opening Up a Masonry Wall 38 Berkeley Sq

Fire stop centre – New Zealand



Finite element modelling



Brick masonry
Thermal properties: 
EN1996-1-2
hch = 25 W/m2K
hcc = 4 W/m2K
e = 0.8

hc = 5 W/m2K
e = 0.4

hc = 25 W/m2K
e = 0.8

Steel 
Thermal properties: 
EN1993-1-2
hc = 5 W/m2K
e = 0.4

Plasterboard
Thermal properties: 
Thomas (2010)
hc = 25 W/m2K
e = 0.8

hc = 9 W/m2K
e = 0.6

Unheated surface

Heated surface

Unheated surface
Heated surface

Finite Element Modelling – Masonry Wall

Adiabatic conditions



CLT
Thermal properties: 
EN1995-1-2
hch = 25 W/m2K
hcc = 4 W/m2K
e = 0.8

Unheated surface

Heated surface

Finite Element Modelling – CLT Wall



Average temperature 
in the cavity

Fire conditions

Ambient conditions

Unheated surface

Heated surface

Finite Element Modelling – Cavity wall

Thomas, 2010 
experiments
hc = 25 W/m2K
e = 0.8

Thomas, 2010 
experiments
hc = 9 W/m2K
e = 0.6

Fire conditions

Ambient conditions
Adiabatic conditions

Thomas, 2010 
experiments
hc = 5 W/m2K
e = 0.4

Void



Empirical validation



Heated 
surface

Internal 
Surface 

(cold side)

Internal 
surface 
(hot side)

Unheated 
surface

Empirical data

• Thomas, 2010

Key assumptions

• The air temperature inside the cavity is assumed
be the average temperature of all surfaces
inside the cavity

• The hot surfaces inside the cavity radiate heat to
colder surfaces inside the cavity (considering the
view factors)

• When more than one plasterboard is used on
one surface, perfect adhesion is assumed in
heat conduction calculations

Validation – heat transfer inside the cavity



Empirical data

• Bennetts and Moinuddin, 2006

Key assumptions

• The thermal boundary conditions of the steel beam in the
cavity are calculated assuming that the convective and
radiative temperature is equivalent to the average
temperature of the internal surfaces calculated using the 2D
HT model for the cavity wall

• The top surface of the beam’s top flange is assumed to have
adiabatic conditions due to the presence of a slab

Validation – steel temperature



Outcomes of the modelling study



Outcomes of the model

Without boarding With boarding



Masonry Wall – Outcomes of the model (cont.)



CLT Wall – Outcomes of the model (cont.)



Cavity Wall – Outcomes of the model (cont.)



Thin intumescent paint



Thin intumescent paint
• There is ample empirical data which 

demonstrates that thin intumescent paints 
used for protecting steel structures swell 
when the surface temperature of the paint is 
between 350 and 500°C.

• Therefore, for a steel beam protected using 
thin intumescent paint and passing through a 
compartment wall, it is irrelevant whether the 
paint will swell or not at an adjacent 
compartment.

Steel Beam  protected with intumescent coating



Concluding remarks
• Steel beams with a section factor above 150 m-1 penetrating a solid wall (i,e, 

brick or timber) present a required protection length independent of the 
wall thickness.

• Every scenario modelled showed a required protection length lower than 
500 mm (prescribed recommendation)

• Generally, the required protection length is inversely proportional to the 
section factor of the penetrating beam.  

• The protection of the beam with intumescent paint does not guarantee the 
insulation of the compartment wall 
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