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Predicting of Fire Characteristics of Flame Retardant Treated Douglas
fir Using an Integral Model
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Abstract : This study experimentally and theoretically examines the fire characteristics of 100- by 100- by 50-mm
samples of flame retardant treated Douglas fir. Samples were exposed to a range of incident heat fluxes 10 to 50kW/m'’.
The time to ignition measurements obtained from the cone heater were used to derive characteristic properties of the
materials. A one-dimensional integral model has been used to predict the time to ignition, critical heat ﬂux, and
ignition temperature of samples. Ignition data and best-fit curves confirm G — g, then #;;—co and when ¢, > qc,
then #;—0. And Ignition of flame retardant treated samples occurred not at incident heat flux of bellow 10kW/m
By a one-dimensional integral model, the critical heat flux of each samples was predicted 10. 21kW/m’, 11.82kW/nd’,
and 14.16kW/m’ for the D-N, D-F2, and D-F4, respectively. In ignition temperature of each samples, ﬂame retardant
treated samples were measured high about 50°C than non-treated samples. Water-soluble flame retardant used in this
study finds out more effect in delay of time to ignition when incident heat flux is low than high.

Key Words : flame retardant, douglas fir, incident heat flux, time to ignition, critical heat flux, ignition temperature,
one-dimensional integral model, cone heater

J|zMY P : Density [ke/m’]
6 : Stefan-Boltzmann constant [W/m’ - K]
T  : Temperature [C] 8  : Depth [m]
V  : Volume [m3] I3 : Flame emissivity [-]
c : Specific heat [J/kg - K] 0 : Initial, Ambient
h : Convection heat transfer coefficient [W/m’ - ; : Incident, Initial
K], Hight [m] iy : Ignition

q : Heat flux [W/mz] : Surface, Steady
t : Time [s] ( )": Per unit area
o : Thermal diffusivity [m%s] ') : per unit time

o : Ratio of convective grain and radiative loss
with incident heat flux [-]
k : Thermal conductivity [W/m - K]
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Fig. 1. The physical configuration of the integral model ignition.
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Table 1. Compositions of water-soluble flame retardants

Composition(wt %)

F1 F2 F3 F4
Water 94.27 91.36 88.47 85.60

NaOH 0.80 1.20 1.60 2.00
(NH)H,PO,4 2.30 347 4,60 5.76
Na;B407 + 10H,0 2,53 3.80 5.10 6.37
2Zn0; - B20; - 3.5H,0 0.10 0.17 0.23 0.27
Total 100 100 100 100
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Table 2. The average density and moisture content

Species Density (kg/m’) | Moisture content (%)
D-N 472 452
Douglas fir | D-F2 481 4.81
D-F4 473 477
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Fig. 2. A photograph of cone heater and heat flux sensor.
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Table 3. Average ignition times for Douglas fir
Sample name
Heat N F2 F4
(ka,l;;z) Igr_lition 1/sqrt(s) lgr}ition 1/sqrt(s) Igr.lition 1/sqrt(s)
time time time
6 | 6] & 6] o |6
50 43 | 04806 | 47 |04627! 53 | 04331
35 133 | 02739 | 173 [02402 | 223 | 02116
25 357 | 0.1674 | 367 |[0.1651 | 403 | 0.1575
20 570 | 01325 | 577 }0.1317 | 1210 | 0.0909
15 149.7 | 0.0817 | 176.7 | 0.0752 { 270.0 | 0.0609
10 5473 | 0.0427
¢ DN
o D-F2
v D-F4
........ Best—fit curves
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2
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Incident heat fhxx kW/m?
Fig. 3. Ignition time vs incident heat flux for Douglas fir.
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Table 4. Critical heat fluxes for ignition using all incident heat

flux_data
Critical heat flux for ignition

Species Sample name n
()
D-N 776
Douglas D-F2 8.98

fir

D-F4 10.76

Table 5. Final critical heat fluxes for ignition using all incident
heat flux data

) Critical heat flux for ignition
Species Sample name pr
(9 o)
D-N 10.21
Douglas D-F2 11.82
fir
D-F4 14.16
08
* DN
o D-F4

0.6 1

041

Usart(ty) (572

0.24

00 T T T T T
) 10 20 30 40 50 60
Incident heat fiux KW/mD)
Fig. 4. Comparison of lingar regression through the all heat
flux points for D-N and D-F4 of Douglas fir.
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Table 6. Measured average ignition temperatures

Ignition
Species Sample fempertute .Values unoted
name o in the literature
T ()
. DN 394 384'%, 3507
Douglas D-F2 431
fir
D-F4 445
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