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Research on design of fire emergency evacuation device for
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Abstract; To enhance the fire emergency evacuation capability of hospital buildings in fire, a device
was designed for timely emergency evacuation and safe escape. UBmap, AHP, and FAST were integrated
into the overall design framework to investigate users” needs and relevant product design elements for
emergency evacuation devices. The UBmap incorporated the escape behavior of patients during the fire
based on the characteristics of hospital buildings, and constructed a behavior journey map to predict and
extract needs at each stage. AHP/FAST aggregation methods were then used to rank these needs according

to their importance, converting them into primary and secondary functions for analysis and resolution. This
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determined the accuracy of the product design orientation and functional logic, and finally completed the
design scheme. The theoretical model based on UBmap/AHP/FAST was applied to the design and
development of fire evacuation device in hospital buildings. The design’s overall strength and feasibility
were further verified and validated using finite element analysis in ANSYS Workbench software. The
results show that the integration of different systematic product analysis, design, and simulation testing
methods reduces weak points and uncertainties in the design process. This approach makes the design more

systematic and scientific, and achieves the goals of reducing production costs, enhancing safety and

efficiency, and improving disaster prevention and mitigation.

Keywords: user behavior map ( UBmap) ;
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Fig.2 Behavioral experience map of user’s evacuation process
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Table 3 Sub-criteria level judgment matrix and weights
HEATHT N1 N2 N3 — — — — — EKE LA | iy
N1 1 — — — — — — — 0. 429 0. 127 3
N2 1/2 1 — — — — — — 0. 347 0.103 4
N3 1/3 1/2 1 — — — — — 0. 225 0. 067 8
Hirh N3 N4 N5 N6 N7 N8 N9 N10 — — —
N4 1 — — — — — — — 0.243 0. 131 2
N5 1/2 1 — — — — — — 0.276 0. 149 1
N6 1/2 1/3 1 — — — — — 0. 144 0.078 6
N7 1/3 174 1 1 — — — — 0. 138 0.074 7
N8 1/4 1/5 1/2 1/3 1 — — — 0. 097 0. 052 9
N9 1/5 1/6 1/5 174 1/5 1 — — 0. 057 0. 031 11
NI10 176 1/7 1/7 1/7 1/6 174 1 — 0.026 0.014 14
NI11 1/7 1/8 1/9 1/9 1/7 1/7 1/2 1 0.019 0.010 16
17 )5E N12 N13 N14 N15 N16 — — — — — —
N12 1 — — — — — — — 0.204 0.033 10
N13 1/3 1 — — — — — — 0.071 0.012 15
N14 5 6 1 — — — — — 0. 529 0. 087 5
N15 1/2 1 1/6 1 — — — — 0.102 0.017 12
N16 174 2 1/4 1/2 1 — — — 0.093 0.015 13
GEIRM) B GER, WAR 4, B LA H A0 o ) 2 AL ®6 ZANERHF
HHEFR CR=0.009<0. 1, A —HAESS IR B A Table 6 Combined weighting and ranking
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K Z WA DB S v VR — 255l 3 i . N4 | 0.243 |0.131 2
F4 ENENERR—HERRER N5 | 0.276 | 0.149 1
Table 4 Results of consistency test for criterion N6 | 0.144 | 0.078 6
layer weighting indicators B k47 0.539 N7 0.138 | 0.074 it 7
N T oy N8 | 0.097 | 0.052 9
v oo foo] |
CI 0. 005 : :
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AT .
T = 0164 N14 [ 0.529 [0.087 | it |
Table 5 Sub-criteria level weighting indicator NIS | 0.102 | 0.017 12
N16 0.093 | 0.015 13

consistency results

A HEATHT B HFh C | HEHTE D
F KAFFEAR 3. 064 10. 596 5.331
cI 0. 032 0. 066 0. 083
RI 0.525 1. 486 1.11
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Fig. 5 Hospital evacuation device FAST functional system analysis diagram
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Fig. 6 Emergency evacuation scenarios for

hospital building fires
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