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STUDY ON PREDICTION METHOD FOR INSULATION OF TRIPLE-LAYER WALL
USING “INCLUSIVE THERMAL CONDUCTIVITY" IN FIRE-RESISTANCE TEST

A A E K E R EFHIE R
Kimie YOSHITANI, Takafumi SHIMIZU and Masatomo YOSHIDA

A method for prediction the unexposed surface temperature of a triple-layer wall is proposed by using "inclusive thermal conductivity" which
considers heat and moisture transfer, and influence of cracks in materials. In order to estimate that unexposed surface temperature of triple-layer
specimen whose thickness of gypsum board layer is decreasing, the inclusive thermal conductivities of fiber-reinforced cement siding and gypsum
board estimated for the double-layer wall were used. As a result, it is confirmed that these inclusive thermal conductivities obtained from the walls

consisted of less layers can apply for prediction on the walls with more layers well enough.
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Table 1 Specimens condition

Specimen No. ET1 ET2 ET3

Layer1 Fiber-reinforced cement siding
Thickness (mm) o
Moisture content (%) 4.98

Layer2  Thermalinsulation board
Thickness (mm) 120
Density (kg/m?3) 300.0

Layer3 Gypsumboard
Thickness (mm) ! 95 125 150
Moisture content (%) 0.53 0.43 0.39
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Fig. 1 Schematic (from heated side) (Measurement unit: mm)
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Fig. 2 Configuration of the thermocouples for temperature
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Fig. 3 Fire-resistance test result
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Fig. 4 Model of one-dimensional transient heat conduction equation

Table 2 Correspondence of specimen

Fire-resistance test specimen No. ET1 ET2 ET3
_specimenNo. NT1 _NT2 _ NT3

.g % Paramete.er.of fiber-reinforced NT1S NT28 NT3S

§ & cementsiding ML) T

g % Parameter of Thermal

5 g NT1I NT2I NT3I

Z. ® insulation board (L2) 3

Parameter of gypsum board (L3) NT1G NT2G NT3G

Experiment
No. Thickness

Numerical
Thickness No.

Fiber-reinforced t
15 mm cement siding NTISAinC. 15 mm
-

ET1 12 mm The‘rmal

t
insulation board NTlIZ'inc. 12 mm NT1

......... inc.

9.5 mm. " Gypsum board * iy c AL, . 9 mm
[ —

Fiber-reinforced t
15 mm cement siding NTZS/linc.15 mm

The‘rmal t
ET2 12 mm insulation board NTZIAinc. 12 mm NT2
12,5 mm s s o, 12 mm

Fiber-reinforced

t
15 mm cement siding NT3S/1inc. 15 mm
The;'mal }_t
ET3 12 mm insulation board -NT31%inc. 12 mm NT3
15 mm- - ¢ rd - N3hine, 15 MM

Fig. 5 Specimens and parameters for numerical analysis
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Fig. 6 Approximate curves of inclusive thermal conductivities

__ Estimationthe i oflayer2 >

/ Input initial conditions /

Input approximation formulas

Table 3 Initial condition for numerical analysis - Exposed surface temperature

* Ambient air temperature
NT1 NT2 (I}::IE‘? * /. of layer1 and layer3
Thickness (x) (mm) 15.0 : k2
e e ettt Calculation of following values (Eq. 4~12)
'8 s Thickness of elements (dth) (mm) 3.0 1. Inside temperature of material of the layer1 (Eq. 4)
=] _D_-_ LT b_ - _(") _________________________ E_) ________ 2. Boundary-1 temperature between materials (Eq. 5)
LT Jivision number\n) 9 ___________ 3. Inside temperature of material of the layer2 (Eq. 4)
k= % Inclusive thermal conductivity 4. Boundary-2 temperature between materials (Eq. 6)
8 E‘ ( 2t ) (W/(mK)) 0.3 5. Inside temperature of material of the layer3 (Eq. 4)
o g ,S - L"QL.t, v ,(, = 5 ,(i{, ,/, - ;) 77777777777777777777777 i 17666 777777777 6.Unexposed surface temperature (Eq. 7)
@ ensity \sp g/m- .
R e
= © Specific heat (s¢*) (kJ/(kgK)) 1.0
T Tt N T T T T Tt TT oot Boundary-1 temperature No
Material temperature ('C) 25.5 Numerical analysis result
. Thickness @ Gom) 120 =Ll 2
S Thickness of elements (dth) (mm) 3.0
O L L L ...
% Division number (n) 4 e -
R TR At T T ity ittt ettt oundary-2 temperature N
2 2 Inclusive thermal conductivity 0.037 Numerical analysis result °
=8 (e WK e = Fire testresult £10°C
< 2 . .
Density () (kg/m?) 300.0
E ,,,,, .,,_3,’,1/14,,,8/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
& Specific heat () (J/(kgK)  0.8375
& Material temperature ((C) 19.4 nexposgd surface tgmperature
Thickness @) (mm) 9.0 120 150 S Fretestrest £55.
— Thickness of elements (dth) (mm) 3.0 Flumerical analysis resul
oo e s e
g Division number (n) 3 4 5
2 Tnclusive thermal conductivity .o Determination of value
* Boundary temperature
§ _ _(g%rinf_i)_ {W/_(p_lK)_) ___________________________ 0_ _2_2_ __________ * Unexposed surface temperature ¥
é Density _(_G p _zj_) _(_k_ g /_r{lf)_ ______________________ 7750 * hane . |Decrease J.of Iaye12| |Increase Jof Iayel2|
O Specific heat (ocf) kd/keK) 1.0 | (= A |
Material temperature (‘C) 19.0 .
o
Time () (min) 9.0 <z >
Yes
Time interval (dtim) (sec) 1.0 (?'8) < Stop —
‘Heat transfer coefficient of the . . I -
“unexposed surface () (W/(mzK) 100 7777777777 Fig. 8 Subroutine for estimating inclusive thermal conductivities
Ambient air temperature ('C) 14.7 shown as flow chart
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[ Input initial conditions (Table 3) [

Input approximation formulas
* Exposed surface temperature (Fig. 7, Eq.13)
* Ambient air temperature (Fig. 7, Eq.14)
* Jie. (Fig. 6, 10)

B
v

Numerical analysis of cross section (Eq. 3)
* Inside temperature of material of the layer

Last material

Yes

Numerical analysis of cross section (Eq. 4, 5)
 Boundary temperature between materials
I

Numerical analysis of cross section (Eq. 6)
* Unexposed surface temperature

{

t = t+At

No

t 2ty

Yes

e >

Fig. 11 Main routine calculation of unexposed surface temperature

shown as flow chart
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STUDY ON PREDICTION METHOD FOR INSULATION OF TRIPLE-LAYER WALL
USING “INCLUSIVE THERMAL CONDUCTIVITY" IN FIRE-RESISTANCE TEST
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In this study, a method for predicting the unexposed surface temperature of triple-layer wall is proposed by using
"inclusive thermal conductivity" which considers transfer of heat and moisture, and influence of occurring cracks and
contained water in materials. In our previous studies, the unexposed surface temperature was predicted by using the
inclusive thermal conductivity for single- and double-layer wall. In each case, more accurate temperature history was also
obtained by this numerical calculation. The proposed method will enable the estimation of thermal conductivities of
materials that are difficult to assess using conventional technologies. Fire-resistance tests were conducted on specimens
with fiber-reinforced cement siding, insulation, and gypsum boards overlaid. Fire-resistance tests were conducted based
on ISO834. Inclusive thermal conductivities are estimated based on the results of temperature measurements from fire-
resistance tests.

The inclusive thermal conductivities are calculated by using the finite differential method. The inclusive thermal
conductivities of fiber-reinforced cement siding and gypsum board that were estimated in the study on the double-layer
wall were examined whether it is possible to work well enough on the prediction for triple-layer. The inclusive thermal
conductivity of the insulation was estimated using the inclusive thermal conductivities for the double-layer which were
estimated in our previous study. On the estimation of the inclusive thermal conductivity, the calculated internal
temperatures of the materials, temperature between materials, and unexposed surface temperature were compared with
the experimental results. Additionally, on estimation of inclusive thermal conductivities the influence of the moisture
behavior and cracks in the materials are considered. Since the inclusive thermal conductivities have some peaks and/or
dips at various temperatures, they are approximated to polynomial approximation for each temperature region.

In order to estimate that unexposed surface temperature of similar triple-layer specimen whose thickness of gypsum
board layer is decreasing, the number of inclusive thermal conductivities are reduced. In the case of estimating the
specimen thickness whose thickness is changed, the inclusive thermal conductivities of predictive calculations were
performed by removing layers of the same thickness as the divided layer. The calculations using this inclusive thermal
conductivity sufficiently captured the temperature history. The prediction accuracy of numerical analysis using the
inclusive thermal conductivity was found to be practically sufficient. As a result, the inclusive thermal conductivities

estimated for double-layer can apply the prediction for triple-layer well enough.
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