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ABSTRACT

KEYW ORD

Purpose: Recently, high-rise buildings are popular in korea due to high rate of land usage and cost performance in
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urban area. However, high-rise building causes several problems such as safety issues, cooling/heating load, stack
effect, disaster prevention etc. The stack effect is one of the representative problems. Even though there are many  Stack effect
researches on stack effect, there are few studies on design guideline considering local condition. Method: This study ~ Pressure distribution

focuses on the change of pressure distribution according to the design factors which affects the airflow in high-rise
residential buildings by simulation analysis. In this study, city, building floor, stairwell door leakage area, elevator
door leakage area and changes of layout were considered ad the design factor. Result: The simulation results indicate
that building height and ambient air temperature are significant design factor for stack effect.
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(a) Stack effect

Fig. 1. Schematic diagram of stack effect!?)
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Fig. 3. Standard floor plan and simulation model
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Fig. 4. Simulation result (case 1)

12) Sungmin Yoon, Jungmin Seo, Wanghee Cho, Doosam Song, A calibration
method for whole-building airflow simulation in high—rise residential buildings,
Building and Environment, 2015, pp. 253-262

13) Tamura G. T., Shaw C. Y., Air leakage data for the design of elevator and stair
shaft pressurization system, ASHRAE Transactions, 1976

14) Tamura G. T., Shaw C. Y., Air leakage data for the design of elevator and stair
shaft pressurization system, ASHRAE Transactions, 1976

©Copyright Korea Institute of Ecological Architecture and Environment 97



3.2 % 24

3.1. Base case2] djAdx}

Flg. 4= Case 19] sjA 275 trebdict. £ A
o] FFL BI7HE floto], AL et °§ﬁc}% 7}X1% z
(A 2, dejeo]e 2, Al dE7) 2] ¢eix o
glo|ld AFHE EA4stoltt. 7]& A19,105 Foto] ZF HoE
A orelal 7|F o2 29 dajH|o]g] B2 25pP o]}, AT &
Al @I-E-E 50Pa olote 7|Fo2 Hrtetglct, =

w4 A,
Beflo]e) v} AT B 9 Ale] BEE L Fei% 51
o 9lgict.

T opE w2 X omg Mo &L

=]

3.2, AeRllole] £ JU el e a4 At
Fig. 5~7-2 dajdolg £9] 7|WA 5o 2 7
S Uetdch defdold 2o Fr|H Ao iz 5E

gFel5t7] 9fste] Case 178 37b2] AeH]olE] 2] 7]
+2} 250ent, 500cr, 750ert. 0.2 A A 5ko] A Bd|o] A& 4385t

mlm e

_1\1

Stairwell door

10
M Pressure
— 30 27.2 27.2 273
©
o
R
L
5 20
w
w
o
a0
0
250 500 750

Elevator door leakage area (an’)

Fig. 5. Pressure distribution of the stairwell door

SHFMNA 7P w2 27.3PaR e

HlolEl7} gl SolBE A
Aol Z+ Case] o]z} mlw]s}
AEAte] A 45F0)A FH

Elevator door
12

M Pressure

8.8
3.7
3 . 2-1
; I

Elevator door leakage area (o)

Pressure (Pa)
[=2]

Fig. 6. Pressure distribution of the elevator door

15) ASHRAE, Field Verification and Simulation of Problems Caused by Stack Effect
in Tall Buildings, ASHRAE Research Project, 1993, pp. 33

16) Tamblyn. R. T., Coping with Air Pressure Problems in Tall Buildings, ASHRAE
Transactions, 1991, pp. 826

98 KIEAE Journal, Vol. 16, No. 3, Jun. 2016

46.8Paz 7|% ¢to]l #8381 on] 1 ol mlulsiict, 3,
djuoly #9] dERE 45504 7P =2 8.8PaE 7|E ¢t

A F8som, Gepl wRA S A
Ash9rt
Household entrance door
60
M Pressure

@ 0 46.3 46.7 46.8
[
5 410
w)
w)
fod
a3

20 .

250 500 750

Elevator door leakage area (mn)

Fig. 7. Pressure distribution of the household entrance
door

33 A9 29 7Eg%s] oE

Fig. 8~102 Ad 9] 7445l 2 & &
€ Uetdnh AdE 29 FrdEd] e 74 $d
gelst7] §lste] Case 1, 4, 79 AR s
210, 350c 0.2 A7 sto] AlEeo] & A5ttt

Stairwell door

40
m Pressure
o 30
o
L
S 20
wy
w
L
0o 10
0

210
Sta|rwe|| door leakage area ((m)

Fig. 8. Pressure distribution of the stairwell door

Elevator door
10

M Pressure

:Ilt

Sta|rwe|| door \eakage area (un)

Pressure (Pa)
[=3]

Fig. 9. Pressure distribution of the elevator door

%*% AAH=

| 27.2Pa, Alth
6.3Pa2 UERGow Ad



g9 /A FHI4E JRARE gasign. £, de
Slelel 22l o 424e] A% YA A 2 Case Lk 71 2
& o 80%9] AHol7} v, Aellolel 74 22

Household entrance door

60
m Pressure
— 50
(1]
o 46.3 44 4 429
o .
5 40
wy
wy
pad
8- 30
20
70 210 350

Stairwell door leakage area (an)

Fig. 10. Pressure distribution of the household entrance
door

Fig. 11~13= A& &5 o4& 24 29 g49=2xE ved
o A% S50 BE 7 59 JURRE 21517 915}e] Case
1, 10 1191 S4E 47 455, 475, 50522 AAsto A&
Hlol g Sastelct

5 Stairwell door

o Pressure

§ 31
)
5 29
ﬁ 272 I [
o 27

25

Floor number of bu||d|ng

Fig. 11. Pressure distribution of the stairwell door

Elevator door
1

M Pressure

8.8 9.1
8 I I
? T T
4 0

Floor number of building

=
(=]

Pressure (Pa)
w

Fig. 12. Pressure distribution of the elevator door

AT 2o geizte] A% SHFNA Arh 29.9Pa, B
ole] 29| QAL 50514 Arh 9.7Pa 1F ¢t -84
on A% 347 ¥ola4E deAE Fekg EE, A

AT FEHAF 4% Case 1194 51.5Pa& Uetgtt. o] 73
g, e gEoR g 2 e BAE 24 5 gon
2 B AGoA 505 o) AEEE AAT A 4 &9 F
3 9 2t 20| 7] W45 thet 1el7t BRY Aol
Household entrance door
* M Pressure
51.5
= 51
&
P 484
5 48
A 46.3
L
O 45
42 ; ;
45 47 50

Floor number of building

Fig. 13. Pressure distribution of the household entrance
door

3.5. Z]O_ﬂ'oﬂ 1];]-% .5_H/§' éj’—]'

Fi. Lvlo@ Ao W€ 4 gol JUREE ehus.
5}7] -?46]—0:] Case 1, 12, 13

2
=
g
i
_|\I
ojn T
i

o,
1Y
. Mo
e
m[ru
ok
rE

Stairwell door

50
B Pressure

T 0 364
)
S 30 27.2
w
o
=t 20.6
o .

10 T T

Jeju Busan Seoul

Area

Fig. 14. Pressure distribution of the stairwell door

Elevator door

15
m Pressure
117
- 12
o
R
o 88
5 9
a
o 6.6
B .
3 T T
Jeju Busan Seoul
Area

Fig. 15. Pressure distribution of the elevator door

BE QG2 9712)U5E B GRS tepion, A
T4 £ 2 Aeueld B FAAE B4, AL, AF BE 1E

©Copyright Korea Institute of Ecological Architecture and Environment 99



DEUY GE BN YK £
etoll gst ey, Aldl FE B¢ AR 455904 e st
Ao 61.9Paz UE 7|ES 206t olA" 2 A uitt ARl gl ¢ Case 147F SHFo1A 86.8Paz U}
Ze 2o det ool th2ne 235 AFE] g LBH  E 71FS 2TstA0n], g B Case 16T} OF 728% %
QA A1FJo] ofyet ZF Ao sh= AA 2ol et 127t A dergth o, defEely £ ¢EAte] B, Case 1471
T g5}t 45514 Fdl 10.5PaS YUERW 7]Ete] 8otttk At &
T FEAY] B¢ Case 147F 453014 78.54Paz 71ES =
- Household entrance door Fretgom, 74 e Case 169 Hl5)] oF 48% © =7 YEeRG
m Pressure =9
61.9 _
= 60 o] AiE Ediz FE o] HA o] thE AA IR ] Hlste] &
O _ - _ _ _ -
S 263 2 Bxo] ujA Aol At AL Hlsigt 24, #71 7
a2 " o] WaY A9 25 WFAe| Teo] AR 0| L A
2.1 o BolE Deishele v by AEE Ao waEn
15 : : HE2
Jeju Busan Seoul 4. ==
Area

Fig. 16. Pressure distribution of the household entrance

dor Tefete] AAMFe] ook AT Fo| BANE ude] WA 4
- o =2, AEEI GFS Fr AH AAAR] T GFE
zy = ol k1l o . _
3.6. FEF7el mE A4 AR A A WS S ARSI 1 ATk ot g
Fig. 17, 18+ F857to] ©hg 72t 29 e is vehdot A, Aejdlold 7] 7EG5o] e 4 79 YYEE £
FEAA g 7 SE GHERE IRl flote] SEHS W AA, 7196 AlgEas defdoly 29 gt A U
AT 725 Base caseq] Case 13 SEY F4o] A=A eom, Aldi dE WA yeitew 1 Aol wim|shyl
S A9 14, 9BF WEYA ASS 2] AYL 24 o
FET 15, 320 AL RE 2015 165 oz ABHol 57, AR Be) JUaso] te 7t 2ol QT 247
T, AR B wrWAo] 7145 AR 2 U Al A
Stairwell door - = . =
- 29 QAL SUsidon, delolr ) gexe dasty
863 Pressare 3 7 Aol Hoj oF 6% Lerste,
- A, Aol the 7t Bol GERE 24 A3, B A%
© - =
g 5 5o QRS Ushion, 4 Aduz A AR oo
Q _ - _ _ -
£ 5 A7} 2e) oF 43%2] Aol S ey, o] Aie Erjz 213
wl
i, 122 A7 glol, QEAR Ao] ofd 7 Aol s F2A
o .
2 - 22 23.6 & 227t A Aol F st weherh
] l l CA, FEE) 2 FERE R4 AT TS A2
0- ' ' ' of Aol WA= 2 B¢t AAE A5 Huwstie o,
Case 1 Case 14 Case 15 Case 16 _ - - -
‘ o . Al A2 ] =27t A oF 48%9] 2tol & UrEl
Fig. 17. Pressure distribution of the stairwell door o o ~
G, 4 ARAE] 205 A%E A9 o), 24 2
Household entrance door 52 Hldd] PAT 4 AES Bt e 4IRS R
100 o IO FPHAE AFA R ZAsto] Ito] AAES AT o
ressure
785 “goltt.
. 75
(]
o
> 63 Acknowledgement
3 % : 422 412
@ This work was supported by a 2—Year Research Grant of
Y Pusan National University.
) Reference
Case 1 (ose 14 Case 15 Case 16 [1] Jin-Youn Lee, Jeong-snag Hahn, Characterization of groundwater
Fig. 18. Pressure distribution of the household entrance temperature obtained from the korean national groundwater monitoring
door stations: lmplications for heat pumps, Journal of Hydrology, 2006,

100 KIEAE Journal, Vol. 16, No. 3, Jun. 2016



pp.514-526

[2] Doosam Song, Hyunwoo Lim, Joonghoon Lee, Jungmin Seo,
Application of the mechanical ventilation in elevator shaft space to
mitigate stack effect under operation stage in high-rise buildings,
Indoor and Built Environment, Vol. 23(1), 2014, pp. 81-91.

[3] Sungmin Yoon, Jungmin Seo, Wanghee Cho, Doosam Song, A
calibration method for whole-building airflow simulation in high-rise
residential buildings, Building and Environment, Vol. 85, 2015, pp.
253-262.

[4] Maatouk Khoukhi, Hiroshi Yoshino, Jing Liu, The effect of the wind
speed velocity on the stack pressure in medium-rise building in cold
regoion of China, Building and Environment, 2007, pp. 1081-1088

[5] Jin-Soo Kim, Eui-Pyeong Lee, Study on the method of stack effect
mitigation by the elevator shaft pressurization at high-rise buildings,
Transactions of korean institute of fire science and engineering, 2011,
pp. 178-183 / AZ=, o|9W, MFH=IA SV $HE IS
T AR AR el oigt A7, FEIANEE] =wA,
2011, pp. 178-183

[6] Dong Yang, Tao Du, Shini peng, Baizhan Li, A model for analysis of
convection induced by stack effect in a shaft with warm airflow
expelled from adjacent space, Energy and Buildings, 2013, pp. 107-115

[7] Jiachen Mao, Wenwen Yang, Naiping Gao, The transport of gaseous
pollutants due to stack and wind effect in high-rise residential
buildings, Building and Environment, 2015, pp. 543-557

[8] Jung-Yup Kim, Ji-Seok Kim, Study on 3D Numerical Analysis of Stack
Effect Reduction in Stairwell of Building, Korean Journal Of
Air-Conditioning and Refrigeration Engineering, 2015, pp. 152-157 / %
Y, AAA, A5 ADelXY] dsad At digh 33
A A, AulFekerA, 2015, pp. 152-157

[9] Naoto SHINOMIYA, Satoru TAKADA, Tomoaki USHIO, Study on
ventilation in high-rise building based on pressure differences measured
at elevator doors, Energy Procedia, 2015, pp. 2712-2716

[10] Handegord, G.O. “A New Approach to Ventilation of High Rise
Apartments” Proceedings of the Eighth Conference on Building Science
and Technology, Ontario Building Envelope Council, 2001.

[11] W. W. Yang, N. P. Gao, The transport of gaseous pollutants due to
stack effect in high-rise residential buildings, International Journal of
Ventilation, Vol. 14, pp. 191-208, 2015

[12] Sungmin Yoon, Jungmin Seo, Wanghee Cho, Doosam Song, A
calibration method for whole-building airflow simulation in high-rise
residential buildings, Building and Environment, 2015, pp. 253-262

[13] Tamura G. T., Shaw C. Y., Air leakage data for the design of
elevator and stair shaft pressurization system, ASHRAE Transactions,
1976

[14] ASHRAE, Field Verification and Simulation of Problems Caused by
Stack Effect in Tall Buildings, ASHRAE Research Project, 1993, pp.
33

[15] Tamblyn. R. T., Coping with Air Pressure Problems in Tall Buildings,
ASHRAE Transactions, 1991, pp. 826

©Copyright Korea Institute of Ecological Architecture and Environment 101



