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Urban overcrowding has created an explosive supply and demand for high-rise buildings. High-rise
buildings are contributing to enhancing the image of the city by serving as focal points, but due to the
E-mail : dykim2017@pusan.ackr  stack effect, malfunction of elevator doors, difficulties in opening and closing the doors and windows
of the outer wall, smoke and odors spreading to the upper floors, noise, energy loss, fire and pollutants
have been causing various unexpected problems such as rapid spread of fire. This study classified
Received : September 6, 2021  high-rise buildings according to their vertical zoning, analyzed the causes of and solutions to the stack
Revised :September 23,2021 effect, and derived design and construction methods. Through the initial plan to block the outside air
Accepted : September 24,2021 and securing airtightness through precise construction, we sought ways to secure the airtightness
inside and outside the building by actively blocking the airflow from the lower floors. In addition, the
facility solution can be a measure to reduce the specific phenomena caused by the stack effect, but it
should only be applied to the minimum extent because the potential for secondary damage is high. This
study emphasized the need for systematic stack effect management by suggesting design and
construction measures for each vertical zoning of the causes and countermeasures of the stack effect.
It is expected that this study will be helpful not only for design and construction, but also for building
maintenance.

Keywords : stack effect, classification by vertical zoning, high rise, design and construction approach,
confidentiality
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Figure 1. Research process flow chart

o

=

=

1
7

ito]
329], 7
4

1]

=

5

A&l 0|27 Hrt

o] =

A]

1

g

E]7] gkot A& Aol

s
AP} E 8 Rzt 3 Qe Agoleh4), 2

g A5E2] 271

0

AdAZlE

el

=lg
=
pLE
=
=

!

[ Variable analysis for each vertical zoning

ol 7ol elele

|
TAo]e}

I

g

g1
S

shiAte=
ey

=

=

O]

]
e,

‘Or‘l
A7 5o A

Research project analysis
Analysis by vertical zoning

1
2 7

.

o

[e]
(e}

]_

= [e]
SHHE T

".
o] Hjgfo] Eojof A&
71/ A2 A]
75
/5}

o o] 7]e] ck
s
A

-

—

1
1

[
[

[

=

=

s

5

O
—

4

o] 4o}

0

oA

o} Figure 23} o] &

Figure 13} 71

[e]

=

1)

1
1

o]—o
Introduction

H
Research topic setting

A2157]
SJojof 2115 A58 A5

hil

Previous research analysis

12

=
=

=

f
2,

[
[

eflot 2} Afe]
AL glom A% o

o



Analysis of Causes of and Solutions to the Stack Effect by Vertical Zoning of High-rise Buildings

Zoning Part Problem Cause Solution
Main Doqr . Compartment
Lower level opening Design error
entrance space
error
Coordination Temperature Windbreak
E/V Hall control d'ffp & revolving
difficulty rrrerence door
| | l |
-
. Elevator door " - E/V Hall
Middle layer E/V Shaft malfunction Outside wind Pressure
l l [ [
Air
Household Noise conditioning EN s!1aft
front door cooling
system
| | l |
S Contaminant Poor S
High rise Top floor diffusion confidentiality Confidentiality ’
Figure 2. Stack effect flow diagram
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Analysis of Causes of and Solutions to the Stack Effect by Vertical Zoning of High-rise Buildings

Table 1. Analysis of causes of and solutions to the stack effect[2,4-8,10,12-14]

Part Key Result Author Year
Pr(?posal of‘01r01?1atmg stack effect reduction plan to reduce stack effect in Kim J.Y 2015
stairwell using air supply and exhaust

Supply and exhaust - e -
To prevent the spread of high humidity and pollutants, select an appropriate Kim. K.H 2008
Stair well ventilation amount and select an effective air inlet and outlet location >
The higher the airtigh f the stai h ller th
Door confidentiality | e higher the airtightness of the stair door, the smaller the pressure OhIH 2016
difference.
Pressure Proposal of variable air volume and overpressure prevention system Lee J.H 2010
Ve.rtl.cal zoning of the elevator shaft affects the pressure distribution of the Shin HLK 2009
building
Install a damper(PDCD) on the wall of the elevator shaft to adjust the
. YulY 2010
. pressure difference between the elevator doors
Pressure difference - - - - N
Deriving a method to reduce differential pressure by opening an opening in
the wall of the elevator shaft so that air can communicate between the KimJ.S 2011
elevator shaft and the household
Elevator shaft .
evator sha Zero stack system applied YulY 2010
Noise Effects of airflow passing through the gap between the elevator door and the Lee WH 2015
jamb and the upper and lower gaps
Cooling system Mlnl.leCS the pressure difference betvs{een indoor and outdoor air by Lee I H 2010
cooling the elevator shaft to suppress air flow
Updraft Instal.lmg a vent on the elevator shaft wall in the uppermost floor elevator YulyY 2010
machine room
To increase airtightness, the entrance doors on the basement and the first
. . Joetal. 2001
) floor are installed as revolving doors.
Pressure difference - :
In the lower floors, the pressure difference occurs from the corridor to the
S Jung Y.W 2017
elevator door, and from the elevator to the corridor in the upper floors.
Elevator door Noise Instal.latlon of a vent to discharge the alrﬂo.w that rises through the elevator YulyY 2010
shaft in the uppermost floor elevator machine room
leﬁcu!ty opening Open the stairwell door on the top floor JoJH 2001
and closing the door
Gonfidentiality The higher the airtightness of the elevator door, the smaller the pressure OhIH 2016

difference.
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Table 2. Analysis of interior and exterior impacts of buildings[1,2,4,7,11]

Part Key Result Author Year
. Measures to minimize the inflow or intrusion of outside air into YulyY 2010
Exterior wall of a o . . .
buildin the building by improving the airtight performance of the
e . exterior wall JoJH 2002
"""""""""""""""""""""""""""""""" Confidentiality - - -
Proposal of a method for confidential construction of internal Park J.S 2014
Building interior compartments(elevator door, stairwell door, household front
division door, etc) Lee J.H 2010
Pressure Installation of overpressure prevention damper Seo B.Y 2010
3.3 21529 £ETHY Yt 24
Table 38 P5BS S AZYEE THle] ASEVIO] G BASIOR, 182 ofhet 2.

Table 3. Analysis by vertical zoning of buildings[1,2,4,5,7,11,12]

Part Key Result Author Year
High rise Pressure Measur.es tf) reduce.: the .stack effect through air conditioning and KimJ.S 2011
pressurization of high-rise parts
Prop.osal. of methods for sprea.dn.lg pollutants in buildings Lee JH 2010
considering air flow characteristics
NPL Pollutant Th ion of ind llution is high: he NPL.
(Neutral Pressure e concenFratlon of indoor po ution is highest near the , Lee JH 2010
where the air flow rate is the least.
Level) . . o : ;
Location Itis locf‘ated shghtl){ below the m%dp.omt, and rises proportionally Jung Y.W 2017
according to the height of the building.
Add a compartment between the lobby floor and the elevator door
Air flow Air conditioning decompression SeoBY 2010
Forced exhaust
Lobby (Local mitigation measures)
JoJH 2002
Am f . . .
imn?élrl;;c?n Replace entrance door with revolving door(windbreak) YulY 2010
Park J.S 2014
. Presenting the result that the airtightness of the front door of a
fi 1 L H 201
The house Confidentiality household has the greatest influence on the stack effect ce W >
hold door i
Pressure difference The pressure difference at the front door of the household Jung Y.W 2017

gradually increases in the upper part of the NPL
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Table 4. Stack effect solution

Solution
Zone Part Problem Cause -
Construct Equipment
Main . . Compartment space
Door opening error Design error . .
Low entrance Windbreak revolving door Application of air conditioning
inati 1 . Compartment space system
E/V Hall Coordn}anon contro Temperature difference - P .p Y
difficulty Windbreak revolving door
E/V Door opening error
Hall Coordination control Air flow I\/_leaslur:s to tred]?cifthi
; ir in
difficulty pressure difference cirenating stackt e

Middle  E/V Shaft Confidential Construction  (Use of air supply and exhaust)

Elevator door malfunction

Poor airtightness

Stair Noise confidential construction

well Household front door

Door opening error

Coordination control Air flo
BV difficulty e Measures to reduce the
Hall pressure difference . . . .
. Confidential Construction circulating stack effect
Elevator door malfunction .
. . (Use of air supply and exhaust)
High E/V Shaft Noise Poor airtightness
. Household front door
Stair —
well Air flow Compartment space ’ Ventllatlor‘l ’
pollutant . Selecting the appropriate location
pressure difference . . .
confidential construction of the air inlet and outlet
. L . . . Application of ai ditioni
Exterior wall Poor airtightness Air flow confidential construction ppiication of air condiioning

system
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