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Abstract

To establish emergency evacuation strategies for electric vehicle (EV) fires in urban tunnels, this
study was conducted by integrating literature research, statistical analysis, and numerical simulation.
First, taking Nanjing Hongshan Road Urban Tunnel as a case study, the coupled simulation of large-
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scale EV fire and personnel evacuation scenarios was performed using Pyrosim and Pathfinder soft-
ware. Based on the spread of key indicators such as smoke, temperature, and CO concentration,
personnel evacuation and vehicle organization strategies were formulated according to the simula-
tion results. The findings indicate that in the case of Nanjing Hongshan Road Tunnel, longitudinal
ventilation can extend the Available Safe Egress Time (ASET) to 300 seconds, adding additional safety
exits can reduce the Required Safe Egress Time (RSET) by more than 40%, and the Safety Index (SI)
is consistently greater than 1. Second, by integrating the core theories of emergency response for
both personnel and vehicles, combined with the conclusions from the case simulation, a four-level
accident classification response mechanism was constructed. Finally, differentiated emergency evac-
uation plans were designed for accidents of different levels. This study provides a quantitative
scheme for the classified evacuation of EV fires in urban tunnels and highlights the innovative value
of practice orientation.
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Table 2. Proportion of vehicle types
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Figure 1. Cross-section of urban tunnel (unit: cm)
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Figure 2. Fire scenario setting
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Table 3. Characteristics of evacuees
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Table 4. Simulation result chart for working condition 1, 2
F 4. TH— ZHEARER

TH— TH=
K | | ARPRERS S PP |
) I I 30s 30s
ey
5000 .
40.00 z
)
]5 0.0 50.00 100.0 150.0 200.0 250.0 00.
Time (s)

©)

N

DOI: 10.12677/0jtt.2026.153038 432 ESLES TN


https://doi.org/10.12677/ojtt.2026.153038

alig
=
4

5e-06

5e-07

507

CARBON MONOXIDE VOLUME FRACTION (mol/mol)

100 150 200 250 300

s 2
g

ACTION(mol/mol)

W 4R, © LTi—: LOAER. TTHE O, &0 GENE. B85 EIRER LS,
2150 s RS RbETE, TR KRR PUE T &, ASET X% 150, N RETHASE AR, @ T
DL AR X3 mis) S, HUBGE XAESE TS BOE R, KYR XGRS E R heE, ASET iEK 44
300 s,

4.2. NRARBER

+4 Pyrosim 58 245 5 N B Pathfinder 5 £, (EME LIS . A6 TR E S FEMM RN, BiE
FIRZ T BN ECH 230 N B EIA RN GIAE K 5 IR EN S W RLAEAE 72 5, A SORR A 56 4 B fE
W N R TRBNAE I (8] 4% — 58 BENL A A AT BB, L rh 82 i Bf [A)RT o) J7 B 1] [l 8 S R BB 3, DA v R
BRI SE M 7 B 25 R EoR:

(1) TH—: T miER

BRBUA K Z) 162s, RSET =202s; H1F ASET=150s, SI=0.74<1, A GiMELAAE 22 4 a] 4 52 1k

i RN I DN OPN A TE S S TN S I

10s
30s
60s

132s

Figure 3. Personnel evacuation situation in condition 1
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Figure 5. Personnel evacuation (79 s)
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Figure 6. Personnel evacuation (72 s)
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Table 5. Comparison of four working conditions
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Table 6. Emergency response plans for 2 x 2 lane tunnel with transverse passage evacuation mode
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Figure 7. Vehicle evacuation paths under different levels
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