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ABSTRACT

To improve the fire safety of spring bed mattress, a cooling frame including cooling material (water) was made and a
cooling frame was installed under the bed mattress or between the bed mattress and bed mattress base; fire tests (real scale)
were conducted with or without a cooling frame. Similar fire behavior was observed at the beginning of the test
(approximately 3 minutes). Subsequently, rapid fire growth in the mattress without a cooling frame, but with a cooling frame,
the decline progressed without growth. The flame spread on the top surface of the bed mattress was similar in the semicircular
direction, and the average flame speed velocity was analyzed at approximately 0.005 m/s. The maximum flame height was
found to be approximately 2.7 m without a cooling frame, and approximately 1.8 m with a cooling frame installed. In addition,
the maximum heat release rate was measured to be approximately 740 kW without a cooling frame, and approximately 400
kW with a cooling frame installed. As a result, the flame height and heat release rate were reduced when the bed mattress
was fired through the installed cooling frame.
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Table 1. Bumer Specifications Table 2. Heat Release Rate Calculation Factor
Burner* Top Side @ | The Heat Release Rate from the Fire, HRR [kW]
Flow (L/min) 12.9 6.6 P Amount of Energy Developed per Consumed Kilogram
HRR (kW) 13 9 of Oxygen [kJ/kg]
Time (s) 70 50 m | Mass Flow in Exhaust Duct [kg/s]
*(22+3) C, (101£5) kPa M, | Molecular Weight for Oxygen [g/mol]
M Molecular Weight for Air (Actually the Molar Weight
o] A SHo| W AER s RS A st “" | for the Gas Flow in the Duct) [g/mol]
- = - Ratios Between the Number of Moles of Combustion
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i} L?ﬂ oi( (;{)-1—1' oT Et ]'E ig; . ‘i i i}} 5 1:]-] a | Products Including Nitrogen and the Number of Moles
1 = = 2l °
=~ = E(Heat release rate)S = - of Reactants Including Nitrogen (expansion factor)
AnHon Yazd Ax fie] e F3ae Yoy
ME oA A AAre] Eo slolalmal 3h - Mole Fraction for O, in the Ambient Air, Measured on
HEZ| A A4 E4E ahefstala) gt O Dry Gases [-]
Al - =4 0 mole fraction for CO; in the Ambient Air, Measured on
2' EEH‘E 2I‘xHAIOE co, Dry Gases [_]
1 &) HEFA SHYSA I(}[ZO Mole Fraction for H,O in the Ambient Air [-]
= TIOOo
1% A MEg AL Amxay Zo H} o 3L Mole Fraction for O, in the Flue Gases, Measured on
1___‘1] EH H F'/] - ———° OE7]\_]_-———§01—\__ :L'U
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Table 3. Test Specification
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Table 6. Fire Behavior Observations

Bed Mattress
1000*2000%250
Spring

Size (mm)

Type
Fabric Composition

Fiber, Non-woven, Sponge

Cooling Frame

Size (mm) 1000*2000*100
Material Steel
Cooling Material Water

Table 4. Photo of Bed Mattress and Cooling Frame

Bed Mattress

Cooling Frame

Table 5. Installation of Cooling Frame
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Ti
(mi;r'r;Zc) No Cooling Frame

00:50 - Remove Side Burn

01:10 |- Remove Top Burn
01:30 |- Growth to Top, Side and Inside (Lower Ignition)

- Growth and Spring Fall
- Pool Fire Formation

03:30 |- Rapid Growth
04:30 |- Peak of Fire (Large Amount of Smoke)
06:00 |- Fire Extinguishing

03:00

Ti
.1me With Cooling Frame
(min:sec)
00:50 |- Remove Side Burn
01:10 |- Remove Top Burn

01:30 - Growth to Top, Side and Inside

- Growth and Spring Fall in Frame
- Lower Part Falls Into Frame

03:30 |- growth Top and Side Growth
04:30 |- Peak of Fire (Small Amount of Smoke)
05:00 |- Decline of Fire

03:00

08:00 |- Fire Extinguishing
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Table 7. Photo of Fire Behavior
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Table 8. Flame Spread Distance Measurement (mm)

No Cooling Frame With Cooling Frame

Time (min

Time (min:sec) 03:00

Time (min:sec) 04:30

2000 mm

1000 mm

100 mm I Center

Figure 1. Burning area in mattress.
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Figure 2. Flame spread in mattress.

No Cooling Frame With Cooling Frame

Time Down Time Left

© Left | Right ©

Right | Down

70 250 | 250 200 70 230 | 230 200

80 300 | 280 300 80 250 | 250 250

90 350 | 300 350 90 280 | 280 300

100 | 400 | 310 370 100 | 320 | 300 350

110 | 450 | 350 400 110 | 350 | 350 400

120 | 550 | 380 420 120 | 400 | 380 430

130 | 600 | 400 450 130 | 450 | 400 450

140 | 650 | 450 480 140 | 500 | 450 480

150 | 680 | 500 500 150 | 550 | 480 500

160 | 700 | 550 520 160 | 600 | 500 550

170 | 720 | 600 550 170 | 650 | 600 650

180 | 800 | 680 600 180 | 680 | 620 700

190 | 820 | 700 650 190 | 700 | 650 730

200 | 850 | 720 700 200 | 800 | 750 800

210 | 900 | 800 800 210 | 850 | 800 1000

220 [ 1000 | 950 | 900 | 220 | 900 | 900 -
230 | - | 1000 | 1000 | 230 |1000| 1000 | -
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Figure 3. Flame spread in mattress.
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Figure 4. Heat release rate according to cooling module frame of
spring bed mattress.
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