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ABSTRACT

Purpose: Compared to general fires of the same size, underground parking lot fires are more likely to
cause human and property damage and are not easy for firefighters to extinguish fire and save lives.
This study attempted to find out how to secure the evacuation safety of parking lot users based on
changes in the evacuation simulation behavior mode applied to evaluate the evacuation safety of the
object. Method: Simulation for each CASE was performed using the Pathfinder program. Result: it
was found that the higher the reference value, the higher the evacuation time, and Behavior showed an
increase in time in SFPE mode rather than Steering mode. Priority was able to confirm an increase in
time in priority designation rather than non-priority designation. Conclusion: The Required Safe
Egress Time (RSET) for evaluating the evacuation safety of underground parking lots and the building
evacuation design to ensure evacuation safety should be evaluated and reflected separately from
Simulation's Behaviour Mode and Priority.
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Table 1. State of fire in parking lot for the past 5 years (2019-2023)"

7% spal% Aoy 2y D)
20194 725 3 25 5,386,982
20209 759 2 24 5,380,918
20219 765 6 21 5,276,040
2022 836 3 33 6,915,572
2023 836 3 23 8,757,668
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Fig. 1. Fire trends in parking lots in the last 5 years
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Table 2. Current status of casualty behavior over the past five years (2019-2023)2)
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W R g e e ws as Y as
) 1,551 236 20 62 16 258 41 800 118
US) q00%)  (152%)  (13%)  40%)  (1.0%)  (166%)  (2.6%)  (51.6%)  (7.6%)
) 10,517 3,105 712 3,823 116 332 165 771 1,493
SUS) T (100%)  (295%)  (68%)  (364%)  (1.1%)  (32%)  (1.6%)  (13%)  (142%)
AR ) 12,068 3,341 732 3,885 132 590 206 1,571 1,611

(100%)  (27.7%)  (6.1%)  (322%)  (1.1%) @9%)  (1.7%)  (13.0%)  (13.3%)
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Fig. 2. A floor plan of two basement levels Fig. 3. Geometry settings space
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Table 3. Application case by moving distance

&= Moving Distance Exit
Case | 20m 267}
Case 2 40m 1374
Case 3 60m 87H
Case 4 80m 570
Case 5 100m 474
Case 6 120m 370
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3) The United States, International Building Code (IBC), Section 1004 Occupant Load, Table1004.1.2 Maximum Floor Area Allowances Per Occupant
4) Development of Fire Spread Prevention and Escape Safety Design Technique According to Standard Fire Model, (2009.12)
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Table 4. Profile of occupancy

an Child (94 ©]8h Junior (10~19A1]) Adult (20~59A]) Elderly (60A4] ©14h)

M F M F M F M F

Speed(m/s) 1.0 1.0 1.3 13 12 1.1 0.7 0.97
Diameter(cm) 33.6 33.6 447 0.8 48.5 46.1 46.5 44.6
Height(cm) 1332 130.5 172.7 164.8 178.6 163 168.9 160.1

Table 5. Proportion by occupant group

o Child Group Junior Group Adult Group Elderly Group
- M F M F M F M F
Proportion (%) 3.8 3.6 4.7 4.5 31 29.5 10.6 12.3
Count (person) 30 28 37 35 244 231 83 96
=34 Zut

Table 62 Simulation 53551532 uf] -8} Aok mulF A|7RS VeRH Folo) o5 A7 271 njddts
AZFo] F7Fok= S & = ot A S7HFS ] WSHH, Junior Group < Adult Group < Child Group < Elderly Group
w05 LR oH o] B Yeho] Ao Algoe E5lal HPE L7 g5 ideta At S7eke Z& o o 3l
o}, 55| HAELT 7 =2 e 1T Aol ol s A S-S ndtmAe] S7keo| thE e 37
LR

Table 6. Average evacuation completion time by occupant group

o Adult Group Elderly Group Child Group Junior Group
M F M F M F M F
Case 1 16.1 14.1 214 153 124 15.1 11.3 12.8
Case 2 29.9 29.0 375 25.7 25.8 26.0 21.6 20.9
Case 3 472 45.8 51.8 43.6 41.8 412 28.5 304
Case 4 71.1 78.8 82.7 56.4 61.5 57.5 55.6 51.5
Case 5 98.2 92.7 109.3 71.5 94.6 65.2 66.2 60.9
Case 6 120.9 109.1 146.9 96.2 109.4 89.8 84.7 71.5

Table 72 F-FAF HHEE 4915 A15H5kS wl 4| T Entire Group) 0] '\ t= A7k e o), Hajs
e M LS R R %—?—’ﬂ(Priority) Jﬂ‘r_} A7ehe 78-F- == F(Random) 1'to] H]Sto] A Hthe Zf Case &
2 0.4~4.8s FAohAA] Bt 319 APES U H3Ewr 7P =2 e Ql 0] 730l 1A Fto] 2t Case
HE (.7~3.8s S7F5PHA] Hat 1.852 /\12_}%7% UERAAITE, Table 83t Zo] kel Hhe] B it bE Al Case 1 :
3.85~ Case 6 : 60.7s ZASHAA ol sAE)7 S5 A —’I‘,— =7}tk
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Table 7. Average completion time for the entire group due to priority group (s)

Priority Group Random Adult Group Elderly Group Child Group Junior Group
Case 1 154 15.0 16.7 15.6 159
Case 2 28.8 26.6 30.8 29.1 30.1
Case 3 44.8 419 46.7 45.6 46.6
Case 4 70.3 66.2 71.0 71.0 72.8
Case 5 89.2 85.3 89.9 89.1 90.7
Case 6 111.7 106.9 115.6 115.5 117.9

Table 8. Average comparison of evacuation completion time between random and first place by case (s)

Moving Distance Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
M 21.4—16.7 37.5—26.7 51.8—32.3 82.7—447 109.3 —58.0 1469 —72.1
Elderly Group
F 153—123 25.7—18.8 43.6 —~27.6 564 —342 71.5—39.8 96.2 —49.5
Entire Group 154 —16.7 28.8 —30.8 44.8 —46.7 70.3 —71.0 89.2—899 111.7—115.6

Table 9= Aol1FAFQ] 19l T35} of7lo] Z15g-5 A4 2 2 Ranking 2K({b)51] =A< dt3te o midetz it
ATHS LrERd otk Ranking A7 A] Bt 1 FER AR F-9)(unranked) A3 A] Bt b= AR Bl 0 S ), 15
Al 28 A2 AL Bt 1.7s Z71, 1498 18249 (01H0] 1) X142 4
=) 259l(e1do] T145) 3 1(8 4 1) A2 A% Bt 2.25 S7HE UERICE
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Table 9. Average completion times of all behaviors according to ranking (s)

Ist Unranked Elderly Group Elderly Group Elderly Group
Priority Ranking 2nd Unranked - Child Group Child Group
Level 3rd Unranked - - Junior Group
4th Unranked - - Adult Group
Case 1 15.4 16.7(A1.3) 16.7(A\1.3) 16.7(A1.3)
Case 2 28.8 30.8(A2.0) 30.3(A1.5) 30.8(A2.0)
Case 3 44.8 46.1(A1.3) 46.0(A1.2) 46.5(A\1.7)
Case 4 70.3 71.3(A1.0) 71.0(A0.7) 72.8(A\2.5)
Case 5 89.2 89.9(A\0.7) 89.6(A\0.4) 90.8(A\1.6)
Case 6 111.7 115.6(A\3.9) 115.0(A3.3) 116.0(A\4.3)
Average (AL (A1.4) (A2.2)

Table 10-2 Simulation Parameters2] Behavior Mode-2 25} 49851932 wf] A A 150 st A= vreRd Folct
Steering Mode X2 tF= SFPE Mode”} |l o]\ Ht= AJ7Foll A= Case 1 : 7.9s~Case 6 : 76.2s 57 FoPAA] Bat 27.1%2] 5
712 vEhd o, B w IR A7 o= Case 1 : 3.55~Case 6 : 35.9s 27 F5FAA Bt 27.4%9] Z718-& Lrehilch

290

KOSDI



Gi-gyeong Koo | 4 Study on the Comparative Analysis and Utilization of Evacuation Time according to Variation of Modelling of Behavior Modes :
Focusing on the Case of Underground Parking Lot

Table 10. Completion times by behavior mode (s)

Behavior Mode Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
) Max. 38.7 74.0 104.4 163.4 203.9 250.7
Steering Mode
Avg. 15.4 28.8 44.8 70.3 89.2 111.7
Max. 46.6 92.5 133.6 209.1 267.1 326.9
SFPE Mode
Avg. 18.9 36.4 57.1 90.1 1143 147.6

dE

2 AFolA= o Simulation (Pathfinder)S 2839t H71H& Foto] 2ot TPl o d SHRRES 7t Case 2

B AR Bl el e} 28 AEE R a4 ol
1. Priority Level-2 A2 e =212 2786192 wiofli= A1 I52] 9] 2179 749 F<=9] 2|74 A] Bt
Z} Case "HE 0.4~4.85 ﬁiﬁ}ﬁ A Bt 3,19 AR AT /IS0 H, o] 9] T A= ARte] B STt Ao R

SIS

2. Priority Level Xﬁﬁﬁ‘?ﬂ‘:l}(lc?l, o]glo]) S49] Ranking <912 21785152 mlofi= 1591 T145)-259)(ol=1o]
15 A1) 789 Bt 1.4s S7I2 7P 2 57 Pg—i At webA] ol e oAl E e )(Elderly) A0
H = 2B Elderly,Child) A1 x]ito] G2]8 71 0 & wehech

3. Behavior Mode 2] SFPE Mode 2] 74-¢- vt 11 +t= A]7Fo] Steering Mode Rt} Case 1 : 3.5s~Case 6 : 35.9s 575}
HA TGt 27.4%°] S7HE-E LERC

AHAES A5 TEA 9] i/ d 7t S @ A1 3 idA @ AIZKRSET, Required Safe Egress Time)& AFgoh=
7% 1t Simulation2] Behavior Mode-2 Steering Mode A5k, -2-41<=9](Priority) & F<=%l(Random) Bl*|5}] Si-
mulation2 5345k 2] RSET Tl lofA] faled Aotk shARE A5 o] xdtA, &4 5 5 4529 wdAle]
o loA= TIPS FHsE7| QlallA= Behavior ModeE SFPE Mode 2 AA5EAY Steering Mode 2] $-A=$]
(Priority) S ASHFAK e8], o1o]) 541 2] Ranking =912 B %]5to] mjitbdA|of| Hhg=|ofof & Zio|e}, & oleh 2 ¢l
T ﬁl—}“g’—g“o]' F7HQ1 242 Foto] AT EA 7R B 71| EERD ZFgo] o foXith, Kot gkt A
=9 oA 2} HfAte] wded o] fasH gEE Ao = ofAZITh
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