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RELATIVE IMPORTANCE OF FIRE RESISTANCE
PERFORMANCE OF PARTITION WALLS

Ming-Chin Ho* and Ming-Ju Tsai*
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ABSTRACT

The fire performance of partitions is influenced by the
thickness, type, combustibility level of panel material, type of
filling material and frame. However, realizing the importance

of these parametersis not of enough help for interior designers.

They need more quantitative information of the relative im-
portance of the parameters so that they can select materias
with cost consideration. Experiments were thus designed
and analyzed by the Taguchi experimental design anaysis
method for it is good to determine the effect of each parameter
especialy as the number of parametersislarge. Our data and
analysis show that the thickness of panel layer is the most
important parameter, and the type of the panel material is the
second one. The combustibility of panel material, type of
filling material and frame do not have significant effect.

. INTRODUCTION

In a building, walls are commonly seen to separate the
spaces for different uses. While a fire starts in an enclosure
formed by walls, the fire may spread to the walls and even
propagates on them as the materials are combustible. The
resultant wall fires are regarded to be atrigger to flashover and
have been studied for decades [2, 7-10]. In addition, walls
have another function. Once the fires in the enclosures grow
up, the walls should play arole of barriers to delay or prevent
combustion products moving from one space to an adjacent
space[1].

Many types of walls can be chosen for different advantages,
and light partition walls are very popular in Taiwan especially
when more and more high-rise buildings have been and are
being constructed. Partition walls, which are easily assembled
by panels, frames and filling materials often by sandwich dry
construction method, are not heavy, and the cost is low.
Manzello et al. [6] have studied the rea fire performance of
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partition assemblies. They provided information on the phe-
nomenology of partition response and failure by the data of
heat flux on the exposed face of the partitions and temperature
rise on the unexposed face to determine the heat through the
partitions. Besides, a study conducted in China [12] focused
on the effect of thickness of the panels and demonstrated this
parameter is important. The parameters which influence the
fireresistant performance of partition walls include the type of
panel material and its combustibility, type of filling material
and frame in addition to the panel thickness [3-5, 11, 13].
However, even with the knowledge of realizing the important
parameters, it is still not of enough help for the interior fin-
ishing industry to select materials for fire safety. The design-
ers need further quantitative information, i.e., the relative
importance of the parameters, so they can choose materias
with cost consideration. This study consequently devotes to
determining the relative importance of the parameters by
means of the Taguchi experimental design analysis method.

[I. EXPERIMENTAL DESIGN

Experiments are designed to study the fire resistance per-
formance of partition walls and the data will be analyzed by
the Taguchi experimental design analysis method to determine
the relative importance of the parameters.

1. Principle of the Taguchi Experimental Design Analysis

Right after the World War I, ELC (Electrical Communica-
tion Lab., Japan) initiated a program for Japanese communi-
cation system improvement. Dr. Taguchi was in charge of
productivity reinforcement in ECL and developed an experi-
mental design method to analyze the cost and quality. The
details of the Taguchi experimental design analysis method
canbeseenin[5]. Briefly described, Taguchi applied atotally
different experimental design concept to determine the influ-
ence of each parameter. In traditional experimental design
methods, the parameters are changed one by one and the effect
of one parameter is compared under fixed conditions. For
example, one parameter A hastwo levels, Aland A2. Aland
A2 will be experimentally studied with other parameters B, C,
D, etc. fixed. However, if the result is influenced by many
parameters, the times of experiments will be terribly large.
Meanwhile, the Taguchi experimental design analysis method
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Table 1. Parametersand levels.

Table 3. Materialsof test specimens.

Parameters Level
A. Panel Thickness 1. 12 mm
2.12 mm+ 12 mm
B. Incombustibility Level of 1. First class
Panel 2. Second class

1. Gypsum board

2. Fiber-cement board
1. Rock wool

2. Glass fiber wool

1. Wood frame

2.Galvanized Lightweight Steel
Frame

C. Panel Material Type

D. Filling Material

E. Frame

Table 2. Density and thickness of panel and filling mate-

rials.
Material Thickness Densitsy Incombustibility
(mm) (kg/m) class
aypsum board 12 780.4 first
12 734.7 second
fiber-cement 12 1355.8 first
board 12 1468.7 second
glass wool 50 24
rock wool 50 60

analyzes the parameters in another way, expressing each pa-
rameter a certain function. These functions of parameters can
fully show the relationship between the cost, quality and a
target value. The quality of a product is then determined by
estimating the MSD (Mean Square Deviation) value of the
functions. The time and financia cost will be low using the
analysis method.

2. Experimental Parameter Design

Table 1 lists the parameters studied and its levels. The se-
lected materials fully reflect the commonly used materials
and construction method of the fireproofing partition walls
in Taiwan. The selected experimental frames include light-
weight steel frame and wood frame while two kinds of gypsum
board and two kinds of fiber-cement board classified as the
first and second class fire retardant materials according to
Taiwanese National Standard CNS 6532 were used for panel
materials. Besides, rock wool and glass wool were used as
filling material. The density and thickness of these materials
arelisted in Table 2.

Table 3 lists the materials of the specimens and Figs. 1to 3
demonstrate the construction method. The experimental de-
sign is showed in Table 4, an L8 orthogona array. Experi-
mentswere conducted using a90 x 90 cm furnace according to
Taiwanese national standard CNS 12514, equivalent to 1SO
834. Table 5 demonstrates the history of temperature rise and
the test time is 120 minutes. Figure 4 shows the temperature

No Panel | Incombustibility | Panel Material Filler Frame
"| Thickness Level Type
) Gypsum Rock
1| 12mm First Level Plasterboard | Wool Wood Frame
i Fiber-Cement | Glass | Lightweight
2 12 mm First Level Board Wool | Steel Frame
Gypsum Glass | Lightweight
3 12 mm Second Level Plasterboard | Wool | Steel Frame
4| 12mm | SecondLevel | TPE-Cement | Rock |y eame
Board Wool
) Gypsum Rock | Lightweight
5 24 mm First Level Plasterboard | Wool | Steel Frame
6 | 24mm FirstLevel | FPer-Cement | Glass |y come
Board Wool
7 24 mm Second Level Gypsum Glass Wood Frame
Plasterboard | Wool
Fiber-Cement | Rock | Lightweight
8| 24mm Second L evel Board Wool | Steel Frame
Unit: mm
N\ \
JN
Staggered Joint Arrangement | l | |
V
One Cross Support WB-25
(25 mm x 10 mm x 1.2)
from the bottom base  I—
plate@1200 mm A
V
Base Plate WR-65 ” ||
(67 mm x 45 mm x 0.8)
Fireproofing joint \
material N
1 2

3=
3=~

2 65 1%
T

|
}
113

Fig. 1. Construction method of specimen (vertical section).

Unit: mm
— Staggered Joint Arrangement
— 12 mm panel Middle Stud
material double
layer — Rock Wool

A

Fireproofing
joint
material

) E%( M

| @400 mm

Fig. 2. Construction method of specimen (horizontal section).

measuring position on unexposed surface. The fire perform-
ance of the specimens will be determined by the effect on heat
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Unit: mm

10

@250

| Screw

First Coat of Putty Filler
|— Joint Paper
Second Coat of Putty Filler

Third Coat of Putty Filler

Fig. 3. Construction method of specimen (joint).

Table4. Orthogonal arraystable.

Factor|
Level A B AxB C AxC D E
Test
1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2
3 1 2 2 1 1 2 2
4 1 2 2 2 2 1 1
5 2 1 2 1 2 1 2
6 2 1 2 2 1 2 1
7 2 2 1 1 2 2 1
8 2 2 1 2 1 1 2
Note: A x B and A x C represent theinteraction between A and B, and
Aand C.

Table5. Time history of temperaturerise of CNS 12514.

Time (min) 5 10 15 20 25 30
Temperature (°C) | 576 | 678 | 739 | 781 | 815 | 842
Time (min) 35 40 45 50 55 60
Temperature (°C) 865 885 902 918 932 945
Time (min) 65 70 75 80 85 90
Temperature (°C) 957 | 968 | 979 | 988 | 997 | 1006
Time (min) 95 | 100 | 110 | 120
Temperature (°C) | 1014 | 1022 | 1036 | 1049

insulation and the integrity of the partition as follows. First,
damage like deformation, destruction, falling off should not
occur. Second, no crack which flame can pass through is
allowed during the heating. Finally, temperature of the un-
exposed surface does not surpass 210°C. The fire resistant

Fig. 4. Measuring points of temperature on the unexposed surfaces.

Table 6. Fire resistance effectiveness (min) of each speci-

men.

No. FRE (min) Total
1 53 60 57 170
2 52 58 62 172
3 40 35 49 124
4 50 53 57 160
5 92 99 90 281
6 120 120 120 360
7 71 73 72 216
8 120 120 120 360

effectiveness (FRE) is then determined by the time one of the
three criteriafails.

[11. EXPERIMENTAL RESULT AND
DISCUSSION

1. Taguchi Experiment Result Analysis

Table 6 lists the fire resistance effectiveness (FRE) of each
specimen. Thevalues of FRE are used to calcul ate the response
value and to determine the main effect of each parameter. In
addition, the interaction with other parameters, the response
table and response graph will be conducted according to the
FRE values.

1) Response Value of Each Parameter

The response value of each parameter is defined to be the
average of corresponding FRE values. For instance, for level
1 of parameter A (A1), its response value is the average of
corresponding FRE values (Table 6) divided by the times of
appearance of the Al from interaction table (Table 4). The
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Fig. 5. Theeffect of parameter.

calculation of other response values is as follows.

Number of FRE values N = 24
Total value of FRE

T=)Y =(53+60+57+52+......+ 120 + 120 + 120)
i=1
=1843
Averaged FRE T = 1843/24 = 76.79
Total FRE value of A1 =170 + 172 + 124 + 160 = 626

Averaged FRE Value of AlE =626/12 = 52.2

Averaged FRE Value of A = (281 + 360 + 216 + 360)/12
=101.4

The average values of B, C, D, E, A x B, A x C can be ab-
tained by the sasmeway. The averaged FRE values of B1, B2,
C1,C2,D1,D2,EL,E2,(AxB)1, (Ax B)2 (Ax C)land
(AxC)2are81.9,71.7,65.9,87.7,80.9, 72.7, 75.5, 78.3, 76.5,
77.1, 84.5 and 69.1, respectively.

2) Main Effects of Each Parameter and Interaction

The main effect of each parameter is determined by the
values of level 1 and 2 of each parameter. The larger the dif-
ference, the stronger the effect of this parameter. The relative
importance of each parameter on the fire performance is then
determined. The calculations are shown as follows:

Main Effect of A: |A1-A2|=|525-101.4 | =489

Main Effect of B: |[B1-B2|=]81.9-717|=10.2

Main Effect of C: |C1-C2|=]659-87.7|=21.8

Main Effect of D: |D1-D2|=|80.9-72.7|=8.2

Main Effect of E: |E1—-E2|=|755-78.3|=2.8

Main Effect of Ax B: | (A xB) 1-(AxB)2|=|765-77.1|
=06

Main Effect of AXC: |(AXC)1-(AxC)2|=]845-69.1]|
=154

2. Response Graph

Figure 5 demonstrates the response graphs of each pa
rameter. The slope expresses the effect of each parameter.

3. Discussion

433

140

120

100

80

60

40

Duration of fire resistance (min)

20

Al A2
Level

Fig. 6. Theinteraction of panel thickness (parameter A) and panel ma-
terial type (parameter C).

From Fig. 5, it can be seen that the panel thickness (pa-
rameter A) plays the most important role on the fire resistance
performance of fire walls in this study. For specimens with
thinner panel, it is easy for the panels to fal off due to the
material deterioration and thermal deformation caused by
flame and heat. The fire performance of the whole walls con-
sequently would reduce rapidly if the panel does not have the
efficacy of integrity. Thisisconsistent with the observation of
Wang et al. [8]. Furthermore, the second important parameter
is the type of panel material (parameter C). In this study,
fiber-cement board performed better than gypsum plas-
terboard. The gypsum plasterboard failed due to dehydration
and powderizing after being heated. The Incombustibility
level of panel material (parameter B), type of filling material
(parameter D) and frame (parameter E) do not have significant
influence on the fire performance of partitions.

Moreover, the response graph (Fig. 6) is constructed ac-
cording to Taguchi method. Grouping the experimental results
by parameter A first, we have two sets of data from Table 4,
i.e,Al(1, 2,3, 4) and A2 (5, 6, 7, 8). By averaging the du-
ration of fire resistance for each data set, we have the effect of
parameter C from Table 6, i.e.,, A1C1 (1, 3), A1C2 (2, 4),
A2C1 (5,7),A2C2 (6, 8).

Sinceit is observed that C1 and C2 under A1 and A2 level
would intersect, there is an interaction between parameter C
and A ,which is in accordance with the analysis of the main
effect of A x C (= 15.4).

By similar technique, we can depict the response graph of
parameter A and B as Fig. 7. Itisclear that B1 and B2 are
approximately parallel. Thus, there is no interaction as sug-
gested by the calculation of main effect of A x B (= 0.6).

IV. CONCLUSION AND SUGGESTION
This study used Taguchi Experimental Design Analysis
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Fig. 7. Nointeraction of panel thickness (parameter A) and Incombusti-
bility level of panel material (parameter B).

Method to verify the factors that influence the fire resistance
performance of light partition walls. Parameters considered
include the thickness, type, combustibility level of panel ma-
terial, type of filling material and frame. Our dataand analysis
show that the thickness of panel layer is the most important
parameter, and the type of the panel material isthe second one.
The combustibility of panel material, type of filling material
and frame do not have significant effect.
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