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ABSTRACT

The most urgent requirement in the event of disaster and fire in a skyscraper is to establish a system that enables people
inside to evacuate safely. Hence, a practical direction needs to give evacuees confidence in the evacuation by reducing the
psychological anxiety caused by the relatively large number of people inside and at the same time, the physically prolonged
evacuation travel line. Evacuation tests with large numbers of people were conducted three times to solve these challenges
and identify phenomena and issues that occurred during the experiment. The results revealed the factors that could cause a
delay in evacuation and suggested improvements. The study results of this paper are as follows. First, a recent fire at a
multipurpose high-rise resulted in a number of casualties due to a lack of experience with the disaster prevention system. To
prevent such cases from occurring in advance, adaptability was achieved by conducting evacuation tests. Second, the data
collected in the evacuation simulation statistics and the actual escape drills were compared and analyzed. Third, in the
evacuation experiment, a large number of people could not participate in the experiment. The reasons for not participating were
analyzed and their impact on the actual evacuation time was confirmed. Fourth, equipment aids were purchased to establish
the optimal response measure to the causes of a delay in escape time and the standards for ensuring the safety of the evacuee
were specified by developing improvements to minimize the evacuation delay time through comparative before and after
analysis of the experiment. These results can be used for fire safety control of skyscrapers to improve the efficiency of
evacuation.

Keywords : Evacuation simulation, Evacuation safety area, CB smoke breathing line, Simultaneous evacuation, Priority
evacuation
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Table 1. “63 Building” Architecture Overview

Sortation Details Note
Floor 60F/B3
Gross Floor 167,630 m’

Number of Workers

3,000 persons (Over Ground Floors)
1,000 persons (Under Ground Floors)

Total 4,000 Persons

Daily Visitors About 10,000 People
41F ~60F Offices, Attractions, F&B Retail Shops
21F ~39F Offices, Facility Rooms (21F, 22F, 38F, 39F)
1F~20F Offices
BIF Duty Free, Aquarium
B2F~3F Parking Lots, Facility Room
Annex Banquet Hall, Annex
Numbers of Tread (1F~60F) 1,251
Stair Landing 60 landings
Vertical Distance (1F~60F) 23325 m
Total Length of Sairs 792 m Including Incline and Stair Landing
Average Distance between Office and Stairs 46 m From Inside of to Stairs
Walking Distance from Top Floor to the 238 m

Ground
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Escape stairs Escape of the evacuation floor

Outdoor evacuation

Figure 1. 1st Evacuation experiment.
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Table 2. Time Period Depending on Experiment Results

Lo

. Low Layer
Sortation . . .
Evacuation Completion Time

Middle Layer
Evacuation Completion Time

Total Number of
Personnel

High-layer Evacuation
Completion Time

Ist Experiment 9 min (413 persons)

15 min (1,055 persons)

25 min (457 persons) 1,925 persons

2nd Experiment 7 min (366 persons)

17 min (799 persons)

24 min (365 persons) 1,506 persons

3rd Experiment 9 min (403 persons)

18 min (915 persons)

26 min (132 persons) 1450 persons
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Table 3. Fire Setting Scenarios in Evacuation Simulation

Fire Layer
30th Floor

Type

Normal Fire Simulated onto Building use and User
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Table 4. Evacuation Time Calculation Formula

Et = Dt + Nt + Pt + St

Here,
Et : Total Evacuation Time
Dt : Time for Detection
Nt : Time for Notification
Pt : Pre-movement Delay Time
St : Model Simulation Time
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Table 5. Evacuation Simulation Scenarios
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Sortation Simulation
Scenario Fire on the 30th Floor Spreads Smoke and the People Escape to Stairways and Exterior Gates.
Capacity was Based on the Number of People who were Trained to Evacuate the 63 Building.
Capacity Place Use Capacity (Persons)
Office Office 85
Place 1.2 m/s 1.0 m/s 0.8 m/s
Type of People
Office 100 % 0 % 0 %
Evacuation Completion Point Entrance to the Underpass on the 30th Floor
Table 6. Personnel Participating in Evacuation Experiment
Floor (PI::sr::il) Floor (pfill:ﬁ;) Floor (PI::sr::il) Floor (PI;I::E:E;) Floor (PI\eI:sI;l:;;l)
2 80 14 70 31 11 42 6 53 10
5 11 16 4 32 60 43 81 54 3
7 140 23 81 33 70 46 19 55 11
8 32 24 102 34 91 47 72 56 71
9 21 25 87 35 85 48 12 57 13
10 12 26 43 36 82 49 28 58 13
11 12 28 100 37 83 50 39 59 10
12 16 29 75 40 4 51 27 60 6
13 15 30 85 41 12 52 20
Total 1925
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Table 7. Speed of Walking When Smoke from Escape Stairs Enters (10layers)

63

Sensitivity Coefficient Visibility Duration Condition
0 Normal 3 min -
0.3 View Distance 5 m 4 min 30 s Unclear Visibility Speed Lagged
10 View Distance 0.5 m 5 min 20 s Difficult to See the Stairs
Sortation Progress Visibility Note

After 10 Minutes, the Smoke
Concentration Remained Close to the
Beginning

Maintenance of the
Current Condition

Smoke Insertion (Sensitometer 0.1)
Into the Evacuation Stairs on the 50th
Floor with a Smoke Screen

Smoke was Released Naturally After
1 Minute 20 Seconds and Changed to
the Level of the Sensitometer 0

Open on Escape
Stairs on Roof Top

Figure 2. Opening of roof door and smoke change in the evacuation stairways.
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Table 8. Measurement by the Element Influencing Evacuation
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Measurement Experiment Contents Number (person) Number of Times
Inflow of Smoke in Escape Stairs 30 3 times (1/by Sensitivity Coefficient)
Rescue Unit Encountering Refugee on the Stairway 36 2 times
Stretcher Shelter 10 2 times
Blind Support Evacuation 4 2 times
Deaf Support Evacuation 4 2 times
Pregnant Woman Support 4 2 times
the Elderly Support Evacuation 4 2 times
Emergency Splint Evacuation 4 2 times
E - . -
vacuation from Ll.ghts out of .Emf:rgency Stairways 20 2 times
(Mobile Phone Lighting)
Evacuation of Emergency Stairs Total Lights-out 20 2 times
Table 9. Duration of Factors on Evacuation (Case was Specified)
Sortation Factors 60F~Stairs 60F~40F 60F~20F 60F~1F 60F~Ground
10 min 23 min 39 min 40 min
Wheelchair (stretch 22
. eelchair (stretcher) S 50 s 50 s 16 s 20 s
A}Pfit:ed Blind 31 9 min 20 min 31 min 32 min
- s 32 s 24 s 27 s 35 s
Evacuation
4 min 10 min 14 min 15 min
Deaf 26
c ° 51 s 9s 52 s 39 s
16 min 26 min 28 min
P t 53 8 mi
. regnan s min 50 s 44 s 5 s
Senior
The Senior and Disabled 39 s 9 min 23 min 43 min 44 min
(Carry) 17 s 49 s 3s 16 s
Iniu Not Walkable 1 min 16 min 35 min 53 min 55 min
oy (Splint) 23 s 35 s 545 59 s 34 s
4 min 9 min 17 min 17 min
Mobile Light
Emergency oote Lig 8 s 30 s 2s 49 s
Stairs - - - - -
Lights-out Lights-out 5 min 12 min 20 min 21 min
(10 persons) 48 s 50 s 22's 9s
Sensitometer 0 . . . .
10F~1F Zoning Evacuation Experiment 3 min
(10 persons)
Inflow of
Sensitometer 0.3 4 mi
Smoke in enstiometer 10F~1F Zoning Evacuation Experiment min
. (10 persons) 30 s
Escape Stairs
Sensitometer 10 5 mi
e(?i)l ;22;;) 10F~1F Zoning Evacuation Experiment z(t)msn
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Table 10. Evacuation Aid Equipment Usage

Sortation Usage Note
One Woman May Raise an Adult. Belt is Joint Placed in an Evacuation
A One-touch Stretcher
Operated for 5-10 Seconds Area

A Mattress that can be used to Transport the Injured
to the Stairs When Evacuated for One or Two
Persons

Placed in an Evacuation

Escape Mat Area

Equipment that can Transfer a Relief Person to
Various Applications in the Event of a Fracture,
such as Spinal Cord Injury

Placed in an Evacuation

| Li
Salvage Lift Area

An aid Device to Increase the Knee Strength of
Rescue Workers and People who can not use Stairs
when Escaping from Elderly or Pregnant Women

Placed in Disaster

Knee Pad: i
ee Pads Prevention Room

Equipment used to Transport Quickly using Stairs in
the Event of an Emergency Patient being Fitted with
a Stretcher

Placed in an Evacuation

Stair Stretcher
Area

Equipment that Enables the Structure to be

. Placed in Disaster
Lifesaving Bag Conveniently Carried and Carry the Structure with a aced tm LIS

Prevention Room

Backpack
. . Equipment used to Move the Patient on and Off, Placed in Disaster
A Lifesaving Belt . .
Length Adjustable and Backpack Type Prevention Room

Table 11. Time Measurement of Evacuation by Evacuation Aid

Foor Zone Factors 60F~Stairs 60F~40F 60F~20F 60F~1F 60F~Ground
Disable/ Lifesaving Bag 38 s 8 min 17 s 17 min 29 s 30 min 40 s 32 min 16 s
Senior&child/ | Stair Stretcher 39 s 12 min 17 s 24 min 29 s 39 min 13 s 40 min 05 s
Injured Stretcher 2 s 8 min 35 s 18 min 55 s 32 min 40 s 34 min 20 s
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