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ABSTRACT

Fires in buildings built using sandwich panels are difficult to extinguish, and the damage caused by the fire spreading
through the inner core material is extensive. Sandwich panels consist of a nonflammable material on both sides of an insulation
material. The types of insulation material include organic and inorganic insulation materials, but the former are used in more
than 80% of the case. Organic insulation is economically advantageous compared to inorganic insulation, but it is vulnerable
to fire. Therefore, the damage caused by sandwich panel fires is higher than that for general fires. In the case of the noxious
gas analyzer test, the panel is tested with three round holes having a diameter of 25 mm, in order to determine the risk of
the core material, but the cone calorimeter test is carried out using a sandwich panel. In this study, the cone calorimeter test
was conducted to examine the fire risk of the composite material when heated on a nonflammable surface, exposed to the
core material through a hole, and heated directly the core material. The type of organic insulation employed was flame
retardant EPS (Expanded Polystyrene), and the test specimens were tested in three types of sandwich panel, a perforated
sandwich panel and single core material. The purpose of this study is to propose a method of measuring the fire risk of the
core materials of composite materials using the cone calorimeter test.
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Table 1. Performance Criteria of Each Class for Sandwich Panels
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Class

Standard

Evaluation Criteria

Semi-noncombustible
Material

KS F ISO 5660-1
(Cone Calorimeter Method)

Total Radiant Heat 10 minutes after Heating is 8 MJ/m’.
Within 10 minutes, Max. Heat Radiant Rate does not Exceed
200 kW/m® for Loger than 10 Consecurive Seconds.

There shall be not Crack that Penetrates Sample, Hole or
Melting (for Mixed Content Materials, Includes Melting and
Dissipating of all Core Materials) after Heating fore 10 minutes.

KS F 2271
(Gas Toxicity Test)

Average Incapacitation Time of Laboratory Mice is 9 minutes
or Loger

Fire Retardant Material

KS F ISO 5660-1
(Cone Calorimeter Method)

Total Radiant Heat 5 minutes after Heating is 8 MI/m’. Within
5 minutes, Max. Heat Radiant Rate does not Exceed 200
kW/m® for Loger than 10 Consecurive Seconds.

There Shall be not Crack that Penetrates Sample, Hole or
Melting (for Mixed Content Materials, Includes Melting and
Dissipating of all Core Materials) after Heating fore 5 minutes.

KS F 2271
(Gas Toxicity Test)

Average Incapacitation Time of Laboratory Mice is 9 minutes
or Loger
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Figure 1. ISO 5660-1 cone calroimeter apparatus.
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Figure 2. ISO 13784-1 test configurations.”

Figure 3. ISO 137841 test facilities.”’

B AEel BA ezt RS AZ7E Ag
1SO 13784-1 AE3LA] A% ol A Askast A@Alel 9
WEE ol 1,000 kWol BT AHE SeAem
Aolstar glrk Ago] WL F K type AHT|E 4
Asto] Ay Lw WslE J S,

3.4 ¥

31 EYUEE Hlw &

2 Ao 4= KS F ISO 5660-1 2= u]E Al 2
AM=AZHAEHE) Al Al 71E9] Al A3
= T AMEAAH LY AA =F A 22| SR
e o] &% AldE Foko] S Al MESAIIE e dE
ool wh A¥EE 2ol A= FFE S



A 22 2v g g il Hg A+ 77

Table 2. Summary of Panel types used in the Experiment

. Form
Type of Insulation -
S/W Panel Punched S/W Panel Inner Material
EPS 3 ea 3 ea 3 ea
Flame Retardant EPS 3 ea 3 ea 3 ea

B B

l;er %]

a. EPS Sandwich Panel

b. Punched EPS Sandwich Panel

c. EPS Inner Material

d. Flame Retardant EPS Sandwich Panel

e. Punched Flame Retardant EPS Sandwich Panel

Figure 4. ISO 5660-1 test specimen.
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Table 3. EPS Cone Calorimeter Test Results
Cone Calorimeter Test Result
Test Sample Tgnition (sec) Flame Out THR (MJ/m®) Mass Loss Fire Class
& (sec) 5 Minutes | 10 Minutes | Rate (%)
! 50 120 04 1.9 4.54 Semi-noncombustible
EPS Sandwich Panel | 2 47 90 1.1 2.1 5.55 Material
3 50 90 0.7 4.1 6.23 ateta
. 1 33 Continues 49 9.6 7.33
EPS,t}SlaﬁYIV;CEOl;::eI 2 35 Continues 6.4 12.0 8.29 Fire Retardant Material
Wit P 3 35 Continues 42 73 6.76
1 Immediately 80 16.5 - 51.28
EPS Core Material | 2 Immediately 70 15.8 - 47.54 Ordinary (Combustibles)
3 Immediately 70 17.0 - 49.58
EPS HRR
i
= -F—EFS sp

EPS SP-

1 EPS SP-2

Time

EPS SP-3

----- P-EPS SP-1----- P-EPS 5P-2

----- P-EPS SP-32 — —EPSIM-1 — —EPSIM-2 — —EPSIM-3

Figure 5. HRR of EPS.
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Table 4. Flame Retardant EPS Cone Calorimeter Test Results
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Cone Calorimeter Test Result
THR (MJ/m’
Test Sample Ignition (sec) Flame Out : : Mass Loss Fire Class
& (sec) 5 10 Rate (%)
Minutes Minutes
1 - - 0.0 0.0 2.98
Flame Retardant EPS Semi-noncombustible
2 - - 1.1 1. 72
Sandwich Panel 7 37 Material
3 - - 1.9 23 3.28
Flame Retardant EPS 1 15 Cont?nues 4.3 8.5 7.94
Sandwich Panel with | 2 20 Continues 6.7 20.4 12.32 Fire Retardant Material
Drill Holes 3 20 Continues 3.1 8.1 7.77
1 Immediately 100 19.3 - 77.82
Flame Retardant EPS B . .
Core Material 2 Immediately 120 20.0 - 77.82 Ordinary (Combustibles)
3 Immediately 90 19.8 - 76.6
Flame Retardant EPS HRR
&€ 10 /F?#‘\\
:z f{ FREPSSP
Figure 7. HRR of flame retardant EPS.
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