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Introduction to fire protection methods
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Protection methods for beams Protection methods for columns

Profile Box Solid Profile Box Solid
(with or without gap over flanges) (with or without gap over flanges)
Figure 2 - Protection technique for three-sided protection Figure 3 - Protection technique for four-sided protection

Reference: Fire protection techniques for steel members, YELLOW BOOK Fire protection for structural steel in buildings, Volume 1, 6" Edition
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Introduction to fire protection methods

Fire resistance tests for tension members
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Figure 4 - General arrangement for fire tests on beams (in this instance protected with a board)
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« Loadbearing capacity (R) is deemed to be maintained as long as
the structural member continue to sustain the load applied in the
test without exceeding defined limits of deflection, rate of
deflection, instability or collapse.

Fire resistance tests for compression members
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Figure 5 - General arrangement for fire tests on loaded columns

© BRE 2021 Reference: Fire protection techniques for steel members, YELLOW BOOK Fire protection for structural steel in buildings, Volume 1, 6 Edition
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Introduction to fire protection methods

Section factor for profile protection

Section factor for box protection

Steel section Profile protection Steel section Box and solid protection
Ur]'il""“'-"“] t';d““t universal 4 sides 3 sides 3 sides 2 sides Universal beams, universal 4 sides 1 wides Y gides 1 gides 1 side
AN LATTETLS BT isls s 5 L
(plamn and l.:u;'ltl.‘:llu[:.'d} e W L. ?;‘[];]:Z:dﬂr..;:ﬂ;;cd} ] - TR -‘_-._-. .
i - i i
DI:E Partially exposed Partially exposed — Partially exposed Partially exposed
| By ppe sanpo ppuer
Hp 2B+ 2D B+ 2D B+ 2d B+D B
Section Factor = A/V « High A/V - fast heating;
Where
A = Surface area of steel exposed to fire per unit of length L _OW A/V — S | ow h e at| N g )
V = Volume of the section per unit length . ’ ]
 Unprotected steel sections with low A/V
and low load ratios can achieve 15-30
igh A _ minutes fire resistance;
Low V High V
Fast Heating Slow Heating

Figure A.1 — Concept of section factor

© BRE 2021 Reference: Fire protection techniques for steel members, YELLOW BOOK Fire protection for structural steel in buildings, Volume 1, 6 Edition
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Introduction to fire protection methods

Box protection to a steel column

Framing

Furring channel track (T18 or T28) or Top Hats
Underside of Beams: Maximum 300mm centres
Columns and. top and sides of Beams: Maximum
&600mm centres

1st layer

Beams: Fix to furring channel track or
top hats at 250mm maximum centres
Columns: Fix to furring channel track or
top hats at 300mm maximum centres

Sheet Edges All layers
Fix screws 10 - 50mm
from sheet edges

2nd layer
Beams: Fix to furring channel track or top
hatsat 250mm maximum centres

Columns: Fix to furring channel track or
top hats at 300mm maximum centres

3rd layer

Beams: Fix to furring channel track or top hats
at 250mm maximum centres or use laminating
screws at 400mm maximum centres

Columns: Fix to furring channel track at
300mm maximum centres or use laminating
screws at 400mm maximum centres

4th layer
Fix to previous layer using laminating

serews at 400mm maximum centres,

Offset screws in the 4th layer by
approximately 200mm

Reference:

© BRE 2021

Unlversal Column or Beam

Universal Encasement Clips at
600mm maximum centres and
100mm maximum from ends.

Butt Joints 15t layer

Install furring channel track behind
butt joint and fix at 200mm maximum
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Fire resistance testing of steel columns

Column furnace 1 x15mm and 2 x 1omm Type F Fire resistance test parameters

F:i
* / Loading rig

Moisture Dry weight Density
A i kg/m? kg/m?3
ocatons ( % VY leadcap Sample 60A 0.50 12.87 858
on plan view E
K, — | Sample 60B 0.49 12.90 860
I e Ei N Sieel beanng plate Sample 60C 0.56 11.87 791.3
aE N " Additional protection Sample 120A 0.40 12.66 844
) head of column Sample 120B 0.44 12.78 850
N Sample 120C 0.40 12.95 863
Z : fumace plan view
2 Position 2 ry \J
— 5|5 g3 H g8
Sl = - = E : :
sz | 3= Applied load and protection to the steel columns
E% 13-2 ) Paosition 3 = — .EEEH Steel column ’—‘
=T u || = Column Load Ratio | Applied Load Protection
- Sample Ref. capacity N N
- Steel No. - (kN ks (-) eafi (KN) )
bearin ~%e
plate Col-203-60A [EE:Il0Xe 0.66 1248 15
| A 1 Col-203-608 [IEL:YY, 0.60 1108 15
N T Col-203-60C 1847 0.60 1108 15
f f ~ Col-203-120A [EEEFEIeloRe 0.66 1248 2x15
A e ol P spacer Col-203-1208 [IEEYY 0.60 1108 %15
(load)
o aRE 200 Col-203-120C 1847 0.60 1108 2x15
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Fire resistance testing of 60 minutes solutions
Sample 60A Sample 60B Sample 60C Failure time and mechanisms

et \cangy
!

Vsl RN P mechanism
e |\ No failure — test
_ | Col-203-60A - Stoppleud

Combination of

Col-203-60B 91 79 flgxurgl and
distortional
bucking

Col-203-60C 101 (a4 Flexural buckling

© BRE 2021
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Results for 60 minutes solutions
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Fire resistance testing of 120 minutes solutions

Sample 120A Sample 120B Sample 120C Failure time and mechanisms
Fire exposure | Failure time Failure
Sample
min min mechanism
' Col-203-120A | 158 126 Flexural buckling
Combination of
Col-203-120B 150 131 local and flexural
buckling

Col-203-120C 150 136 Flexural buckling

© BRE 2021
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Results for 120 minutes solutions
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Sample 120B
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Fall-off temperature

Fall-off temperature for ceilings, walls and columns (1F)
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Future research

Heat transter analysis Mechanical analysis
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Conclusions

1x15mm type F plasterboard can provide 60 minutes R
2x1omm type F plasterboard can provide 120 minutes R

Applicable for section factors A/V < 124 m-?

Fall-off temperature for plasterboard encased columns is in the
range of 800 = 50 °C

Plasterboard fall-off occurs after the mechanical failure of the steel
columns (valid for A/V <124 m-1)

The use of fall-off temperatures for walls can be conservative

The use of fall-off times for type F plasterboard provided in EC5 are
conservative (44 min for 1x15F and 82 min for 2x15F) 77?7

Plasterboard encased protection to steel beams should be
iInvestigated

The aim is to develop equivalent thermal properties of type F
plasterboard protection for steel columns

© BRE 2021

Local buckling failure of the steel column — Sample 120B
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Questions?

Thank four your attention!
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