Assessment of Intumescent Coatings
Using the Differential Equation Analysis
for the Steel In Fire Forum (StiFF)
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Overview Test Results
Specimen with good performance
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Overview Test Results
Specimen with bad performance

Steel I-Section
406x178x60kg, Hp/A =175, DFT =3.1
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Test Results
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Test Data Analysis

Performance as Function of DFT
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Characteristic Temperature
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Characteristic Temperature

Characteristic Temperature as function of Time, WFRC 70453 , Pyroplast-Steel D - Water Based
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Stickability (k-factor)
Water Based

k-factor Calculation, WARRES 70453 Test Result, Pyroplast-Steel D - Water Based
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Input data

Average Temperature of steel sections
— Section factor Hp/A

— Protection thickness

Stickability correction

— K-factor

Thickness discrepancy

— Loaded Beam

— Unloaded Beam

Tmos=Modified steel temperature




Relationship of heat transfer coefficient &
thermal conductivity for specified critical
steel temperature

Relationship of heat transfer coeffiecient & thermal conductivity
for specified critical steel temperature
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Rate Temperature Rise

AT = L(Hp/ A)(Tfurnace - steel)At
Po,

Ca
Where : K = Heat transfer coefficient [W / m2K]

o, =Density of steel[kg/m?]
Ca =Specific Heat steel[ J / kgK ]

Hp/A =Section factor[m_l]

Tsurnace =Temperatureof furnace[°C]

Tsteel
At = timestep[s]

=Temperatureof steel[°C]




Heat Transfer Analysis
Too low K value

Modified Steel Temperature, Thermal Conductivity Relationship
Specification 05, WARRES134904, 406x178%x60kg/m
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Heat Transfer Analysis
Correct K value

Modified Steel Temperature, Thermal Conductivity Relationship
Specification 05, WARRES134904, 406x178x60kg/m
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Heat Transfer Analysis
Too high K value

Modified Steel Temperature, Thermal Conductivity Relationship
Specification 05, WARRES134904, 406x178x60kg/m
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Heat Transfer Coefficient &

Thermal Conductivity

1
K =ﬁ(c:O +C,T +C,DFT +C,Hp/A)

Where DFT = Dryfilmthickness[m]

T = Temperatureof interest [°C]

Hp/A = Section factor[m_l]
Cios =Constants (results from linear regression)
K =Heat Transfer Coefficient[W /m2K]

A=KxDFT

Where A = Thermal conductivity[W / mK]
DFT = DryFilmThickness[m]
K = Heat Transfer Coefficient[W /m2K]




Verification of criteria for
acceptability

e Determine the measured time, t (min) to
reach 350°C...700°C

e Determine the Calculated time, t (min) to
reach 350°C ... 700°C

o Compare calculated time with measured
time '




Measured Vs. Calculated

——Fizare 1: Principle of determirang heat tratnsfer coefficient B for a
specific temperatiare - Hime relationship & as Hanct omn of desisn
temperature By =spe

= =
Qe

Temparsture (*0)

ELE N T
—

Time (hAinotes)

I:I:} IMeasared average steel temperatiare B exp
@ Modified stecl tem perabwe B tmod

@} Calculated steel ternperatiw e vsinng FO
E: S e o e e e e e e e




Tools to Improve Assessment Results

* Bead thermocouple compared with plate
thermometer

* Low k-factor for stickability, preferably
k=1.0
 Criteria to be applied




Criteria for different Countries
e 20% NENG6O0O72 — The Netherlands

e 30% BSXXXX — United Kingdom
e 30% EN13381-4 — Europe

e Mean value of % differences shall be <0




Preliminary Results

Water Based — Pyroplast-Steel D @ 620°C
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Conclusions

Where are we now?
Detailed Analysis

Heat Transfer available
— For Water based StiFF intumescent paint

FOA report
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