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Overview - Steel in Fire

One way to insulate steel from fire is by applying an intumescent coating
which reacts to heat to form a thick char that insulates the steel.
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Overview - Braced Frames

« Common form of steel construction used
around the world.

« Economic and relatively simple to
design.

 Bracing systems carry all lateral load so
columns and beams only need to be
designed against gravity loads.

« Bracing members can be crucial in
maintaining the stability of a steel
structure in the event of a fire
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Overview — Current Guidance

“The apparent cost of fire protecting bracing members is often expected to
be high because the members are comparatively light and therefore have
high section factors and correspondingly require high thicknesses of fire
protection.

fire protection thickness should be based on the section factor of the steel
member, or a value of 200m-1, whichever is the smaller value.”
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Technical Issue:

 British standards have now been withdrawn (including BS5950-8).

* No technical justification has ever been given to show that 200 m™ is safe for
Eurocode design.

Objectives:

« Determine whether the guidance for bracing members provided in BS5950-8 is
safe for a Eurocode design.

« Present a solid technical justification for bracing members in the event of a fire
based on Eurocode approaches.
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Project Overview
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Intumescent Coatings
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Limiting temperature (CCT): 550°C

grsssasssEsenuyd
EEEESRESREERE
¥

o
©
a
N
-

THEEEEERTERERNLEZEY

" A5 I 3% 200 180 ()

. . - g % L 608 155 32 LRy 14
Prescriptive limiting temperatures (CCT) for 19 20 Ism 3 297 1M 1458
H 0 o 19 A MT 1 e a2 2% 1" &0
bracing members range from 500°C to 550°C - i~ AR - B e S ‘shis  ndss
mwm 41 4 I 2054 T 1987

globally 75 SN 42e 35 230 152 s

1™ L35 4 5 150 2345 1982 182

" S8TT 120 170 am 28 4

b am LR s 24N 104 1

m A 4548 g 240 200 1M

oo LY Iy 451% 1 11n 2¢R 214 1M

» &0 L 3 9% 1 250 2 e

m ear 480 42D aam i 229 1950

ns &5 e [ i 208 24 199

I A E¥ £ 18 4 158 m 279 2 1 A0

A nternational.



AkzoNobel

Intumescent Coatings

Section Factor - Limiting temperature (CCT) — Fire Duration (R)

Standard temperature-time curve

Un-protected steel

Steel Substrate

Temperature (°C)

10 mins Protected steel

R (minutes)
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Structures in Fire
Ambient Design of Braced Frames

Braced frames resist horizontal forces by having

- -
bracing systems added vertically between columns
which transfers horizontal loads to the foundations i "~
Diagonal and cross braced configurations are very 7 " SR S
common forms of vertical bracing 3 ]
- Ll
Cross braced frame will only be subjected to .7 ! "~

tension

d

Diagonal braced frame can have both tension and
compression forces.

Disgonad Beaced Frame Crons Beaced Frame
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Ambient Design of Braced Frames

* Wind loads

« Equivalent horizontal forces (EHF) due to
imperfections

Wind

Permanent Actions(G)

Bracing member sized
to resist applied actions
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Fire Design of Structural Steel

Temperature domain

8q = Ocrqa
where
04 design value of material temperature

Bera design value of the critical material temperature
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Fire Design of Structural Steel

Yielding — Tension Yielding -Tension

680°C

Buckling — Compression

Buckling — Compression
600°C
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Software Development
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Software Development

Design:
- Different floor geometries
- Different load cases

Generated data:

- Section factors - A/V
- Tension and compression member - CCTs
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CCT vs AV

Ofhee
Worst Case for
Eurocode Design
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Constant Thermal Conductivity

Thermal properties of materials can be used in numerical heat transfer
calculations to predict temperature increases.

Heat source: Standard temperature-time curve
Material heat transfer properties:
e Thermal conductivity: A (W/m.K)

e Density: p (kg/m3)

e Specific heat: ¢, (J/kg.K)



RTC Calculations

A/V: 300 m-1
CCT: 620°C
Ap [V

Mg = Ay Xx2— (6, —

Ca Pa ea't)At

Arp
CCT: 500°C

A/V: 240m-1
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Standard temperature-time curve

AV - 300m-1
CCT —-620°C

CCT - 500°C
A/V: 300 m-1 @ 620°C

AV: 240 m-1 @ 500°C

20 40 60 80 100 120
sInternational.
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Modified AV loe Bracing Members | |
Actual ANV [m™] < SS0°C
350 85 255
300 205 230
250 20 20
200 175 160
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Product Type: Solvent borne, Single pack acrylic intumescent
Fire Duration: 60 mins
Failure Criteria: Steel Temperature §20°C
Propesed Guidance

Test Reference Actual AV [m™) DFT @ SS0°C

™ 305 23

T2 235 156

T3 180 109
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TEST 1 -305 m-1

Proposed Guidance
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TEST 2 — 235 m-1

Proposed Guidance BS5950-8
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TEST 3 -180 m-1

Proposed Guidance BS5950-8

%International.



AkzoNobel
Lab Results

The proposed guidance insulated the steel to the failure criteria of 620°C for
the given fire duration as predicted by RTC calculations

The guidance of BS5950-8 under insulated in tests T1 and T2 and over
insulated T3 as predicted by RTC calculations

Temperatures predicted using relative thermal conductivities were only a
maximum of 10% out from the observed results

Relative thermal conductivities can be used as a method to correlate the
performance of intumescent coatings for a given set of conditions against
existing certified data.
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Conclusions

The guidance of BS5950-8 appears only safe (based on Eurocode design)
for a small range of section factors

The proposed method shows that equivalent protection can be achieved
using modified section factors at prescriptive temperatures
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Thank you for your attention
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