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Sensitivity of steel temperature
to thermal properties of fire
protection materials — rock fibre
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“Effective” thermal conductivity
of hot air
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G=2/3 for spherical pore, d=diameter
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Radiation contribution to thermal conductivity of air
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Some thermal conductivity models
of common fire protection materials

Table 5.11 Thermal property models for some common generic fire protection
materials

Density p, Base value of

Material kg/m? specific heat, J/kg.K Thermal conductivity, W/m.K
Rock fibre 155-180 900 T 3
A =0.022+0.1475| ——
ok (mou)
Mineral wool 165 840 T
Arminen =0.03+0.2438 —}
A e (mm
Calcium silicate ~ Various 900 A =do+CT?
ro=023—_
1000
c=008x2240-P)
2540
Vermiculite Various 900 A =ho+CT?
he=027—P_
1000
¢ =0.18x 1909—-p)

| 000
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Comparison of thermal conductivity
values: Calcium Silicate
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Conclusions

Important to have reliable data of thermal conductivity.

The effects of high temperature on thermal conductivity should be
included.

EN 13381-4 method gives thermal conductivity — temperature relationship,
but information confidential to manufacturers . Also results lack
fundamental insight and based on gross assumption-treating entire fire
protection as one layer with average temperature.

Thermal conductivity of porous materials can be theoretically analysed.
High temperature radiation within pores should be included.

High temperature thermal conductivity model proved accurate for a number
of fire protection materials: rock fibre, mineral fibre, vermiculite, calcium
silicate, gypsu, plaster.
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Effective thermal conductivity
from standard fire test
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Predicted results for
slow parametric fires
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Expansion ratios

Standard fire  Slow fire Fast fire

Web 29.5 47.3 46.5
Flange 259 37.3 37.5




MANCHES

1824

S

The University
of Manchester

vl
Sl
40

RN

Temperatime (7

L1

L0

S|

Temperatare (7
—
=

Including the effects of
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Including the effects of
expansion thickness for fast fire
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20

%E Sample ID* Steel thickness Target D.E.T. Measure D.F.T.

25 65/50 kW/m? (mm) (mm) (mm)

S8

@2 AO4H1/A04L1 5 0.4 0.48/0.35

— O A0O4H2/A04L2 5 0.4 0.48/0.37
AO8H1/AO08L1 5 0.8 0.7/0.9
AO8H2/A08L2 5 0.8 0.82/1.0

Cone tests  a12n1/A12L1 5 12 1.6/125

A12H2[A1212 5 1.2 1.65/1.3
BO4H1/B04L1 10 0.4 0.28/0.5
BO4H2/B04L2 10 0.4 0.3/0.5
BO8H1/BOS8L1 10 0.8 0.7/0.85
BO8H2/BO8L2 10 0.8 0.81/0.83
B12H1/B12L1 10 1.2 1.5/1.1
B12H2/B12L2 10 1.2 1.6/1.2
CO4H1/C04L1 20 0.4 0.55/0.54
CO4H2/C04L2 20 0.4 0.62/0.55
CO8H1/CO8L1 20 0.8 0.83/1.1
CO8H2/CO8L2 20 0.8 0.77/1.0
C12H1/C12L1 20 1.2 1.24/1.5
C12H2/C12L2 20 1.2 1.23/1.6

Combining the strengths

* Sample ID=steel thickness (A: 5 mm, B: 10 mm, C: 20 mm)+ coating thickness

fhevieersniesive (04,08, 12 mm)+ heat flux (H: 65 kW/m? L: 50 kW/m?)+sample number (1, 2).
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Comparison of final
thickness

Table 5
Summary of comparison between predicted and measured thickness of samples
exposed to 50 kW m®.

Sample I Final thickness {(mm)/  Predicted Difference (%)
expansion ratio (ER) thidcness (mm)/ER

ALY 22/63 17.3/48.6 227
AlgL2 2054 19.4/51.4 -5
ADEL1 J8/42 2.6/35.6 — 158
AlEL2 636 34.1/34 — 56
Al2L1 4838 2.9726.4 -312
Al212 4635 36.2/27.7 -21.7
BL1 2550 21.6/42 - 16
B2 24/48 21.6/42 —125
BOEL1 38/47 2. 8/353 4.1
BOEL2 J8/6 2.2349 237
B12L1 4137 30,3273 — 268
B1212 3933 12,4267 -1749
CL] 20037 21.8/40.7 1
L2 19/35 23.1/41.8 21.1
COEL] 3935 35.1/31.8 — 102
COEL2 3838 33.5/33 —-132
CI12L1 40027 35.0/233 —-125
C1212 42 (G 38.3/238 -85

Combining the strengths of UMIST &
The Victoria University of Manchester
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Sensitivity: effects of
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Sensitivity: effects of

bubble size
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Fire Safety Journal 50 (2012) 51-62

Contents lists available at Sciverse ScienceDirect EIRE

SAFETY
JOURMAL

Fire Safety Journal ===

journal homepage: www.elsevier.com/locate/firesaf

Global modelling of fire protection performance of intumescent coating
under different cone calorimeter heating conditions

Y. Zhang?, Y.C. Wang®*, C.G. Bailey?, A.P. Taylor®

# School of Mechamiol Aerospace and Credl Engineerime. University of Manchester, UK
? Leighs Paints, Bolton, UK

Combining the strengths of UMIST and
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Further results from furnace testing
(using exactly the same predictive
model and properties as cone tests)

The University
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Conclusions

Intumescent coatings are reactive materials. prEN 13381-8 not
suitable for different fire conditions.

Expansion process key to coating behaviour.

A consistent set of material properties can be used for all
different fire conditions, including cone calorimeter tests under
different levels of heat flux, and furnace fire with different
temperature-time relationships.

Model can predict expansion process and final expansion
thickness within 20%, steel temperature-time relationships with
10%.
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Overall summary

* Properties of fire protection materials are vital information to performance-
based fire engineering of structures.

« Arrelatively neglected area to other aspects of structural fire engineering.

* Some progresses have been made recently. But much more research is
required.

» Technical challenges are as deep as the most challenging of predicting
structural performance in fire.
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