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Comparative Evaluation of the Fire-Resistance Behavior of
Steel Beams under Battery Fire Conditions
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Abstract — This study investigates the fire resistance performance of steel beams in battery handling facilities. These facilities
present fire risks due to rapid temperature rise and high heat release rates associated with battery fires. However, current
evaluations are primarily based on standard fire conditions, which may not represent such environments. A fire experiment on a
battery module was conducted to characterize its heat release behavior. Based on the measured characteristics, a numerical fire
model of a battery handling facility was developed. Coupled thermal—structural analyses were then performed on fire-protected
steel beams under battery, hydrocarbon, and standard fire conditions. Under the derived battery fire condition, the SFRM
(Spray-Applied Fire Resistive Material) model reached an average steel temperature of 538°C at 66 min and a midspan
deflection of 110 mm at 93 min, while the CON (concrete) model reached the same deflection criterion at 112 min. The battery
fire condition produced higher steel temperatures and more rapid strength degradation than the hydrocarbon and standard fire
conditions. These results demonstrate the limitations of standard fire-based evaluation methods for high-risk battery handling
facilities and highlight the need for performance-based fire design incorporating the battery fire scenario derived in this study.
Keywords — Battery handling facility, Battery fire, Fire-resistant structural performance, Coupled thermal-structural analyses,
Performance-based fire design
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(b) Battery module specimen
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Fig. 1. Battery module specimen and measured heat release rate
during thermal runaway test
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Table 1. Specifications of the reference and simulated battery
packs

Item Reference Simulated
Spec. battery pack battery pack
Nominal Capacity
(Ah) 111 90.0
Nominal Energy
(kWh) 9.0 8.1
Opera“?\"’;)v"“age 70.4-913 62.5-105

Ceiling & Bottom (Concrete)
* Thickness=0.4 m

* Density=2280 kg/m?

« Specific heat=1.04 kJ/kg-K
* Conductivity=1.8 W/m-K

Opening ‘
©40m (W) x 3.8m (H) |
|

noniny,

nonnna

nannn,

|
Walls (Sandwich panel) |
* Material=Steel / PU foam
* Thickness=0.005 m /0.195 m
* Density=7850 kg/m* / 20 kg/m?
* Specific heat=0.46 ki/kg-K / 1.4 kl/kg-K
* Conductivity=45.8 W/m-K / 0.034 W/m-K
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Fig. 2. FDS fire simulation domain for deriving the ESS
fire time—temperature curve
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(a) Numerical simulation result of HB-UP-L3
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Fig. 6. Cross-sectional details of the steel beam models

Table 2. Details of steel beam models
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MP
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Load ratio
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Fig. 7. Finite element models of the steel beams
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Fig. 8. Temperature distribution and deformed shape of steel beams under different fire conditions
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Fig. 9. Temperature distribution of steel beams at 90 minutes under different fire conditions
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Fig. 10. Temperature histories at selected locations of steel beams under different fire conditions
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Fig. 11. Locations of temperature measurements

SOt WeHadAl= oA 7] Az EdE<S
A|ASF RO, v B F] ShA o] A2 A& E4J o= Q|
7ko] A= D EAE 53 dHGo] =AU
71 A3} SFRM-BT model®] A H+t-2E+= °F 66329
538°Cof st om, 62:720f T3 $JA|9A 649°CE =
it o= BESHA 7% 241 WS E
St s A7t 30 mm WaHEEA 7 v B 2] SkA) =7
M= oF 1A #EY Y eTS 2T 5 U=
< 9J7]gttt. CON model9] ot E; A= A H 3HA)
o] k=& % o] SFRM-BT model® B2 27| 5E G4

S

=
2 godEc vhd 232 E YR fiEgd
FEE 559 32 AEE oo 2% %
2| A= Qlth. CON-BT model?] 734} BHF2E = oF 18
ol 538°Cof| =&t om, oF 1020 T1 YA A
649°CE 215tk HHd W5 29 2= 9F9
of 538°Cof| sttt o2t 2E=3HE9 Aol= F
L o] Wistu] & w4l o A 7] 1ttt SFRM-BT model
oA+ SFRMo| A ¥ AA = A== 42 A4
AA FA 2% A5S =5+ 5, CON-BT model©]
A= kR A7 AH 7HEEo] A B € 2
LI eiEA S7RR 8y 239 E YR wigd
ALE ZIYEY B2 dAEER g YFe=
22 25 FARTH

270 F=7d7E3t] =g A8 A5 T(FH A204%) 2026\ 109

0 I
20 -
£
£
P -40
il
B
@
®
© -60
c
©
=4 L
-]
S golL | — SFRM-BT
—— SFRM-HC
—— SFRM-ISO
-100 n B
Deflection limit = 110mm
| " 1 " | " 1 s 1 "
0 20 40 60 80 100 120
Time (min)
(a) SFRM model
0
20
B
£
P -40
2
k]
@
®
< -60
c
©
o L
b=l
S gl | — con-BeT |
—— CON-HC
—— CON-ISO
-100 , , -
Deflection limit = 110mm
1 " 1 " 1 " 1 s "
0 20 40 60 80 100 120
Time (min)
(b) CON model

Fig. 12. Midspan deflection of steel beams under
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Table 3. Fire resistance evaluation based on temperature and deflection criteria

Model Fire Time to 110 mm Midspan deflection Time to 538°C Temp. at 120 min
name condition deflection at 120 min Avg. Steel Rebar Avg. Steel Rebar
BT 93 min - 66 min -
SFRM HC >120 min 100.5 mm 87 min 625.0°C
ISO >120 min 42.3 mm >120 min 531.4°C
BT 112 min - 18 min 98 min - -
CON HC >120 min 71.7 mm 31 min 113 min 766°C 562°C
ISO >120 min 51.1 mm 77 min >120 min 679°C 477°C
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