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Abstract - This study presents a thermal analysis conducted using FDS-ABAQUS coupling to assess the effect of vehicle fire
compared to a standard fire on exposed CFRP columns of a piloti structure. The thermal analysis model was evaluated with a
10mm insulation model and a non-insulation model. Subsequently, the temperature effects of the vehicle fire and standard fire
were compared. To conduct performance-based fire-resistant design using the standard fire, equivalent exposure times were
determined using the time-equivalent method, employing the concepts of equivalent exposure area and maximum temperature.
The equivalent exposure times were initially compared for FRP and steel reinforcement, both of which have clear failure
criteria. The equivalent exposure time for FRP was found to be 60 minutes, while for steel reinforcement, it was 75 minutes. This
suggests that exposing the standard fire for 60 or 75 minutes would yield equivalent results to those observed in a vehicle fire. To
accurately determine equivalent exposure times, it is crucial to use the concepts of equivalent energy and minimum strength to
calculate the equivalent exposure times and then compare various time-equivalent methods to find an efficient approach.
Keywords - Piloti structure, Standard fire, Vehicle fire, FDS-ABAQUS coupling, Heat transfer analysis, Time-equivalence
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Fig. 2. Piloti structure!”!

Table 1. Vehicle fire scenario input data

Input data Value
Scenario size (m) 11.4x73%x34
Mesh size (m) 0.1
Column size (m) 0.4 x0.4

Vehicle placement plan around column

Number of vehicle (EA) 4
Heat rate release (kW) 10,448
Column material Concrete

Device location (m) Im,2m,3m
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Table 2. FDS concrete input data

o] g3t WEE F2E] AFIA o) thet S =BT

Material Value

Density (kg/m®) 2,100
Specific Heat (kJ/kg,°C) 0.88
Conductivity (W/m,°C) 0.1
Emissivity 0.9
Absorption Coefficient (1/m) 5.0
Thickness (m) 0.04
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Fig. 4. Vehicle fire Heat Rate Release (HRR) input data
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Table 3. ABAQUS assign element type

Material Mesh Size (m) Element type
. DC3DS8, An 8-node linear
Insulation 0.025 heat transfer brick
DS4, A 4-node heat transfer
CERP 0.025 quadrilatral shell
DC3DS8, An 8-node linear
Concrete 0.025 heat transfer brick
D22, Steel 0.0125 DCID2, A 2-node heat
transfer link
D10, Steel 0.0125 DCID2, A 2-node heat
transfer link
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(c) 40 min (d) 60 min

Fig. 5. Vehicle fire simulation
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Fig. 12. Equivalent exposure time curve using equal area
concept of insulation model

Table 4. Maximum temperatures numerically computed for insulation and Non-insulation models through Heat transfer analysis for

vehicle fire

Model Material Section Height Max Model Material Section Height Max
Temperautre Temperautre
Insulation 1,100 °C FRP 900 °C
FRP 230°C Concrete 800 °C
Surface
Concrete 220 °C D10 Steel 170 °C
. Surface Non-
Insulation Section D 3 sulati Section D 3
Model D10 Steel ection m 93 °C insulation ection m 160 °C
Model D22 Steel
93 °C 250 °C
D22 Steel
136 °C 70 °C
Concrete
36 °C 20 °C
Concrete
10 °C - -
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Fig. 13. Equivalent exposure time curve using equal area
concept of the Non-insulation model

Table 5. Maximum temperatures numerically computed for insulation and non-insulation through heat transfer analysis for

standard fire

Model Material Section Height Max Model Material Section Height Max
Temperautre Temperautre
Insulation 1,135 °C FRP 1118 °C
FRP 689 °C Concrete 1100 °C
Surface
Concrete
Surface 677 °C Non- D10 Steel 617 °C
Insulation ion D 3 insulati ion D 3
Model D10 Steel Section m 419 °C insulation Section m 607 °C
11250 Model D22 Steel 930 °C
D22 Steel
602 °C 284 °C
11 °C Concrete 130 °C
Concrete
113 °C - -

76 =7FEES] =R AB6E A1 S(5-H A 1885) 2024 29



—o—FRP-C4-A
—e—FRP-C4-B
FRP-C4-C
3 3 —&—FRP-C4-D
g £
—E_P 2 '?:n 2 /
] 5
= T /
1 ——INS-C4-A 1 ¢
—o—INS-C4-B
- . INS-C4-C = i
Max t, = 151 min D Max t, = 32 min
0 0
0 50 150 200 0 20 40 60 80

100
Equivalent Time (m) Equivalent Time (m)

(a) Insulation surface (b) FRP surface

4 —8—CON-C4-A 4 —o-DI10-C4-A
—e—CON-C4-B —e-DI10-C4-B
CON-C4-C D10-C4-C
3 —e—CON-C4-D 3 —e-DI10-C4-D
B E
52 f 52 f
3 / 3
T ‘~ ==
1 1 L
Max t, = 32 min Max t, = 50 min
(l 0
60 80 0 20 40 60 80
Eqmvalenl Tlme (m) Equivalent Time (m)
(c) Concrete surface (d) Stirrup (D10)
4 4

—e—D22 CEN-C4-A
—e—D22 CEN-C4-B
D22_CEN-C4-C

D

—— D22 CEN-C4-]

L

= o

—8—D22 COR-C4-A|
—8—D22 COR-C4-B|

D22 COR-C4-C|
——D22 COR-C4-D|

Height (m)
u
Height (m)
¥

0 0
0 20 40 60 80 0 20 40 60 80
Equivalent Time (m) Equivalent Time (m)
(e) Center rebar (D22) (f) Corner rebar (D22)
4 4

—e—CON_100-C4-A| —o—CON_200-C4-A
—e—CON_100-C4-B| —e—CON_200-C4-B
‘CON_100-C4-C CON ZUO C4-C
3 ——CON_100-C4-D| 3 —e—CON 200-C4-D
E
Z2 E2
20 =
3 =
= e
2
=
1 1
Max t. = 75 min Max te = 170 min
0 0
0 2 40 60 80 0 50 100 150 200
Equivalent Time (m) Equivalent Time (m)
> >
(g) Con’c 100 mm (h) Con’c 200 mm

Fig. 14. Equivalent exposure time curve using the maximum
temperature of the insulation model
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