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Abstract
Taipei 101, the world’s highest building in operation, is the landmark 
of Taiwan and also drives the global attentions due to its height, 
uniqueness and beauty.  In order to have better space planning and 
business requirements after a period of operation, a performance‐based 
design with longer distances between smoke extraction vents, smoke 
barrier exemption and removal of a stair space, was demonstrated in 
the Social Communication Plaza (the 4th floor) of the podium in 
Taipei 101.  This paper is to introduce its background, methodology, 
criteria of life safety, design fire scenarios, full‐scale fire tests, results 
and discussion, and conclusions.  This case was approved by the 
National Fire Agency, and Construction and planning Agency of the 
Interior Ministry; and performed a more flexible usage with wider 
operation area.

Keywords : performance‐based design, evacuation, fire test, simulation, 
FDS, SIMULEX

Background
Taipei 101 is located at the Hsin‐Yi area, the most famous zone of 
many high‐rise buildings, in Taipei.  Its site area is 30,277m2; 
construction area is 15,138m2; and total floor area goes up to 
37,000m2.  It has two main parts. The tower, with 508m height, is 
for office usage; the podium is a shopping mall, filled with lots of 
fined stores. The performance‐based design area is on the fourth floor, 
the social communication plaza, of that podium.  In order to have 
better space planning and business requirements after a period of 
operation in Taipei 101, a performance‐based design was created. It 
included longer distances between smoke extraction vents, smoke 
barrier exemption and removal of a stair space.  For the first two 
items, this case needs to apply for the exemptions from Taiwan’s fire 
code, which regulates that the distance from every point in a smoke 
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compartment to an extraction vent cannot be longer than 30 meters. 
Also any smoke compartment has to be less than 500m2. The 
removal of a staircase has to be exempted from Taiwan’s building 
code, which requires the width of stairs to be more than 60cm for 
every 100m2 of commercial areas in the biggest floor and the travel 
distance for business usage should be within 30 meters.

Methodology and Life Safety Criteria
To exempt the related articles of fire code and building code 
mentioned in the background, this application needs to ensure the 
evacuation safety.  It means that all occupants in the social 
communication plaza should have enough time to escape to a safe 
zone without the threat of fire and smoke.

1. Evaluation Tools
The time for smoke layer descending to 1.8 meter was predicted and 
compared with the time of occupants evacuating to safe places.  The 
smoke flow behavior was simulated with field model FDS 4.0 and 
the definition of smoke layer height in NFPA 92B was used to 
estimate the ASET with Cn=0.2.   SIMULEX was utilized to predict 
the travel times in different scenarios.  The total evacuation time 
was obtained through the following equation:

     travelresponsealarmescape TSFTTT ×++=

Where,  Tescape : Floor escape time
        Talarm : Notification time, 240 sec. assumed
        Tresponse: Response time, 60 sec. assumed
        Ttravel: Travel time 
        SF: Safety Factor, (1.5)

2. Grid Allocations
To increase the computational efficiency without sacrificing numerical 
solution, multiple meshes were used.  The grid information is 
demonstrated in Table 1.
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Table 1. Grid Information

Fire 
Scenarios

Length in X 
Direction

(No. Cells)

Length in Y 
Direction

(No. Cells)

Length in Z 
Direction

(No. Cells)

Numbers 
of Cells

Scenario 1 90m
(180)

90m
(180)

65.1m
(135) 4,374,000

Scenario 2 90m
(180)

90m
(180)

65.1m
(135) 4,374,000

Scenario 3 90m
(180)

90m
(180)

65.1m
(135) 4,374,000

 
3. Criteria of Safety for Evacuation 

The critical items that relate to occupants’ safety include the toxic 
gas concentration such as carbon monoxide (CO), carbon dioxide 
(CO2), the temperature of air, heat flux and visibility, etc.  The 
criteria for life safety in this project are given in Table 2.  Any 
tenability should be maintained below its limit at a height of 1.8 m 
during the evacuation.

Table 2. Life Safety Criteria

Tenability Limit

Convective heat Temperature of the gas ≦ 65oC
(time to incapacitation for 30 min exposure) 

Smoke obscuration Visibility in the relevant layer should not fall 
below 10 m

Toxicity

CO ≦ 1400 ppm
CO2 ≦ 5 %

HCN ≦ 80 ppm
O2 ≧ 12 % 

(the above critical values leading to incapacitation 
in approximately 30 min)

Radiative heat Radiant flux from upper layer ≦ 2.5 kW/m2
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Design Fire Scenarios
Three fire scenarios were created in the podium of Taipei 101.  
Because there is no large amount of combustible materials in the 
plaza, three arson fires were assumed at different locations in the 
large space.  All the design fires were 5 MW with Ultra‐fast fire 
growth rate.  The locations of three scenarios were in Table 3.

Table 3. Fire Scenarios

Scenarios Fire locations

1 The center of the plaza on 4F

2 The corridor within the same plaza fire compartment on 1F

3 The north‐eastern corner of the plaza on 4F

Full‐scale Fire Tests
This project was required by Taiwan’s National Fire Agency to 
conduct full‐scale fire tests for demonstrating the visual smoke layer 
height and the actuation of other systems, such as fire detection 
system, shutter closing, and smoke control system. The relative 
information about the fire tests is concluded in Table 4. The changes 
of smoke layer height based on time can be identified on Figure 1 to 
Figure 3 for different scenarios. 

Table 4. Full‐scale Fire Tests

Scenarios Fire source 
position

Hear release rate
△Hc (CH3OH)=0.0199 MJ/g

Smoke 
height

1 At the center of 
4F square

HRR=5.0(g/sec)x0.0199x70≒7.0
MW 16m

2 1F corridor 
under the atrium

HRR=4.5(g/sec)x0.0199x70≒6.3
MW 13m

3 At the north‐east 
of the 4F square

HRR=6.0(g/sec)x0.0199x70≒8.4
MW 16m
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Results and Discussion
1. Smoke height calculation

The changes of smoke layer heights in 3 scenarios are demonstrated 
in Figure 1, Figure 2 and Figure 3.  In the three figures, x‐axis 
stands for the time (sec) while the Y‐axis is for the height (meter) 
from the top floor. The red lines represent the smoke heights with 
Cn=0.2 in NFPA 92B. The green lines explain the head height of 
occupants in the top floor.  The smoke layer heights of fire tests 
are also included in the three figures, in which the smoke layer 
heights are always above the heads of occupants in the top floor.

2. Evacuation time calculation
SIMULEX was used to calculate the traveling time of the occupants to 
the exits because it is one of the most frequently used software in 
estimating the movement evacuation. In additions, the social 
communication plaza on the fourth floor is a typical large‐scale space 
to make use of SIMULEX to calculate the movement time. 5000 
occupants were assumed in the plaza based on its capacity. The escape 
plan is shown as Figure 4. The results are illustrated in Table 5.

Table 5. Escape Time of Occupant at 4F

Scenarios Traveling time Escape time

1 720 sec 1380 sec

2 705 sec 1358 sec

3 720 sec 1380 sec

1. Evaluation of smoke layer height and evacuation time
From Figure 5 to Figure 7, the smoke layer heights based on time 
(the red lines), the life safety criteria for occupants (the green lines), 
and the final evacuation times (the T4 dot lines) in different fire 
scenarios can be evaluated. In these tables, T1 represents the time of 
fire signal received. T2 means the time to start smoke exhausting 
fans while T3 is the time to begin to move for the occupants. 
Through the evaluation, we can identify that the life safety criteria 
remain tenable during the evacuation period in three fire scenarios.
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Conclusions
Performance‐based design in fire protection engineering is still 
budding in Taiwan even though there have been more than 100 
projects up to the being time.  However, more advanced studying and 
full scale burning tests need to be carried out to support some 
critical issues in this field.  Taipei 101 project described in this paper 
represents the high‐rise building and large area structure of Taiwan 
and probable is able to give an impressive image of fire engineering 
approach in this island.

          Figure 1. Smoke Layer Heights in Scenario 1



A Case study on Performance Based Design of Taipei 101 in Taiwan

The International Seminar on Risk Management · 43

          Figure 2. Smoke Layer Heights in Scenario 2

          Figure 3. Smoke Layer Heights in Scenario 3
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     Figure 4. Escape Plan of SIMULEX

Figure 5. Smoke Height and Evacuation Time in Scenario 1



A Case study on Performance Based Design of Taipei 101 in Taiwan

The International Seminar on Risk Management · 45

     Figure 6. Smoke Height and Evacuation Time in Scenario 2

     Figure 7. Smoke Height and Evacuation Time in Scenario 3
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