JOUFﬂa| Of KlAEBS Vol.17, No.6, December pp. 321-330

a OPEN ACCESS

Journal of KIAEBS 2023 December, 17(6): 321-330
https://doi.org/10.22696/jkiaebs.20230027

pISSN : 1976-6483
eISSN : 2586-0666

Received: August 25, 2023
Revised: November 25, 2023
Accepted: November 30, 2023

(© 2023 Korean Institute of Architectural
Sustainable Environment and Building Systems.

This is an Open Access article

o dlstrlbut@d under the terms of

the Creative Commons Attrib-

ution Non-Commercial License (http://creative-

commons.org/licenses/by-nc/4.0/) which permits

unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original
work is properly cited.

RESEARCH ARTICLE @

Effects of Ventilation Rates Control and Isolation
of Infected Persons on Risk of Airborne Infection
in Elementary Schools

Cheong, Chang-Heon*

Professor, School of Architectural Engineering, Gyeongsang National University, Jinju, Korea

*Corresponding author: Cheong, Chang-Heon, Tel: +82-55-772-3676, E-mail: changheon@gnu.ac.kr

ABSTRACT

In this study, ventilation methods and quarantine methods for infected persons were evaluated
as measures to reduce airborne infections in elementary schools. The minimum ventilation rate
by mechanical equipment was calculated based on 20 people. As a result of the study, it was
found that the minimum ventilation using mechanical ventilation has limitations in preventing
the spread of airborne infection. However, it has been shown that securing a natural ventilation
of more than 10 ACH throughout the day can effectively prevent the spread of airborne
infection, but it is inevitably a limited alternative depending on the characteristics of the building.
On the other hand, rapid isolation of infected persons has been shown to be very effective in
preventing the spread of airborne infections. It is noteworthy that if an infected person can be
isolated immediately after the first class, the spread of airborne infection can be effectively
prevented even in everyday situations without wearing a mask.

Z20{: 258, 37| MUY, ABIOZ}, 27|WA| B0

= OO 2T

Keywords: Elementary schools, Airborne infection, Influenza, Ventilation methods, Simulation

ME
eio| 2
2712 50 00) SRS TR 0] B, S Falo] olfojAn, WS
Ho] o2 oj2]x] GHaoNE UAHE O 4 QIrks EAS /KL, webA] B Alfo] of
Boke 19, o, el A1 SelAle] 7 1duizialel shke Alejatele] it
2 GaFe uA 4 ik 253 G 0] st A Y o] 2t BIEo R 71
A

[¢) L
& o7l Arye] A|x1s] Shilel] 2 S & 4+ Y= Alolck 2T COVID-19

Journal of KIAEBS Vol. 17, No. 6, 2023 « 321



Effects of Ventilation Rates Control and Isolation of Infected Persons on Risk of Airborne Infection in Elementary Schools

W] 4 5 Seltel Gl oleid 255 4L Aeh, B 5
o] 718 EHPPAIE iRt ol =eloLe 5 slo] 2 SIS, ofel we, ¥ % 371 74a}
R Sfoto] h210] 2834 FHT 7130 st Fask

242 oA 5ot Wi ofsetARRE ]l 21of Afe]=

2 A= Ad L H=4 2] RIehbs S AFES 4= Q= Airflow network simula-
tion o-85to] 258t HellA 2] eb7|eF 2wt 7Hdat A 227t 37 ut A s
N2 FFe 245 Ae 3= SISl 414 271 24 A2 aaAEL 4=
Azt S 2 7Hote] AAS 1S XthE} o= S Aefotsl o, A A B
A2 ml| 2= AT FAALE D]lste] viAloh= A2 HESIIT At A Al

Zho|=gklof WEshE o] Q= Zlof| 2RRtet ZIo|tHMOE, 2022). TSF 5 A] Al =244

Y=ol F | WA W W Qlof| &5l 97 2 0] RS 7| Hh= FAlof] QS A] oF

2 AFef 2 AA| Aleof| v]sl 1] w4 WA YRS 4= Qltk= 7Fg 7K (Kim et al., 2020; Jung and

Rhee, 2022) 3] FAAIZE B A2 ASAS 5ol AARE 20l A7t A8 A
|

= o
7le A2 tha =2 A 5 ok gl 2Rt
17|

ol A (1) 371t EerE A4S 218t Wells-Riley equation ©]THWells, 1995;
Rudnick and Milton, 2003). o}z 210] 2|52} A2 AU 0] S (1g/Q) H = A]
THES IR 9 259 (p) o] wo & FEo], HlghaAt 1810] YA 7|1XHsst
1ot 371 -upt o] =0 2 7HEg 4= QIth(Sze To and Chao, 2010). T 7HH ¢
Tz} vtolg| A2 Al oW HiE T 7]E 211 Farste] AF 100 quanta=
SFITH The National Air Filtration Association, 2012). ©] == §87] 34t0] Q1=
=R wiEE e 371 g Y e o d A YA diRE S
HE5h= 2 0 &2 4751l o™, AdjollA AR F Al skl 714 0 &2 7]}

U viEsh= 3 1efstA] ottt o= 71 Hu A Hol Aol =t 2te 414
UiollA o] F2lo] o]Foj2] 1L tiA] 257 E -Soto] HiEEh=tl 714] o= Hx 9]

=]
AZIo] ek 02 Tetehely] whzolek, vigate] SEFS 15 m'iday 2 ATk

o

b o

i
o oY mx rS oo

02 o

L=

T

oy
o2

=

322

Journal of KIAEBS Vol. 17, No. 6, 2023



Effects of Ventilation Rates Control and Isolation of Infected Persons on Risk of Airborne Infection in Elementary Schools

(EPA, 2011). 41 (1)°] 18- 1085912 siglon] Algellold sldans 1080912 &

Siafo] olof mh2 108-59He] 55 U wEAI7HY & A8alol, 24 |7HERte] 3] dnt
79 ) Bk At
It
P=S=1-¢ @ (1

Py : 371 ur g e & (airborne infection probability of a susceptible person, %)

C ZAS1(number of infection cases)

s 27| v]7FAEER} S5 (number of susceptible persons)

I Z¥E2E} <5(number of infectors)

p  HEYS SUok= AFS] 55K breathing rate of a susceptible person, m'/h)

q AR E ] 37 HoE Y WK quantum generation rate by an infector,
quanta/h)

t 37130 Y e Al (exposure time, h)

Q : 9] 217|2K Ventilation rate, m’/h)

A0} 1 2 3 HolA

2 Ao A= ContamW-E ©]-8-51] Airflow network simulation= 5335ttt ©|1& &
Stof, WA U] 571 Auk A Q0] PP s e E 4SS O, AkghS 7] A A (1)
cRlelo] BV ARG A EeIIc), e ZBA 1Mo R AAaIgon, 4
175 AR ARG s FL Aldsles Ao sttt 71 84R1 s mde
QIFE-2 9] airflow pathE 7} T} o]0l =81 Air Handling Unit (AHU) 2.2 G55}
ek g WA A7) A 30 AErt 875 84 m x 8.1 m x 2.6 m 2] A7|2 A
gotgiom, ofofl mE A A2 176.9 molrt. WAC] F7|HAL 7|E S arsto]
372.9 en’ 2 &2 A5t Jeon et al., 2020). XAQ] F7] AL A HEl A5 H
186.45 cm*E 714 airflow path 270E AA5H= Ao g A2t o] wf 2249 airflow
path®] discharge coefficient= 0.6, flow exponent= 0.65= 25t} T, AFAS7| HA}
© dsfolo], 7€ At 2ol vehd Ader |5 s AvE ZIAIR FEA(AHU) 9] =
& 2AE A H}oﬂol"# Ao g A2sISiet. 71AR A= 2 i vt X = 7iE
A0 g2 At s Al Aj9]9] 2= 20°CE FAsittal 7Sttt A 571
Ak 2] source @2 constant coefficient &2 4-8-51%]. 9™, removal rate+=Hi A

Skl generation rateThS 1l2{oto] 7oA o] A viEs= A T e R At

o

=2

>~

ShoAck
255 A0 717 S YARNA0R), A=A 108), AR AZRS T2 etk
718201 7] LGRAL 5 Fole /AR 1S LG5k, 4 AR A A

Journal of KIAEBS Vol. 17, No. 6, 2023 « 323



Effects of Ventilation Rates Control and Isolation of Infected Persons on Risk of Airborne Infection in Elementary Schools

= = 2 AL ZIAR7 o] e 7Hdsto] A2) oz A5t

o A |2 A=) Feiel met wApF Aot sEESo] 7Hs et FEiS] - Ak ie]

o] - b A 3713 utdd o] vl Eo] ALSHAAINL, SHE-Eo] o2 FHC] =

=oAE Adgrol ot g7 A o] sigo] Bl ag Aot & AoA= Kim and

Choi (2019)2] st A W AHAgE7 el diet siiA2] A& darstal o, 574 A
= S

il

(]

2F2139.2 ACH?] 1/100]5}0]| 3ld5H=3 ACHE BH|8-84 2] A1igly] 270 sr|o g
oF 1/40]| ofg5H= 10 ACHE A&’ A%y | 2719] ebr|eko 2 A5t oli= AHAs
7151 39.2 ACH+= "¢ & 2o =2 Auj9] F7 |-k e Sl v [k gt
Ho| AAEL G ol2feh kS B 4= Gl 7Hs/do] EAoh= Apdgy | o] S

—

Z]
A

F

o N

gk Aol ]l =]olr}. £5] 10 ACHE= si@]olA 371 -ut4 e E Slo AXsk=
ACH~12 ACH®] ¥ 9]o] afldsl= Ztolth(California Department of Public Health, 2021).
A o g o2t Adety| o] EEhA] wiZell 71wkt ] SHollA] A o= 2k
2] WAlofet ojEsh= 7l PAE|R] (=T California Department of Public Health,
2021). A5E0] Fel= th=2]9E QA S 28 ST A e A
S 53l 7}t Yoo and Cho (2020)2] A £]7] 27} 21 271941 10 ACH
7|50l Z1 oot S 27|k 7oA Apdgr o] 45 ol A
Eshd, A7t A |5 202 Hw A gE vt 271 0 & mekEh
F22078 A & 70 = APl oM 2| 307K A 7hs sttt
3 Ee7|7221.6 CMH ©], BIAIA 2219] 371%20.5 ACH
TAIAIQ1 A7 2732 ol Table 10714 24| sl Alo| Ao tiEo] A=
2F7]52 CMH (Cubic meter per hour) 2 F~GAITHL 2= A7 AA| 57w et

=)}

\i

-l‘

il

O O\-ITI
ol

o o
zo O
i
Wy, ek
ftlo

rl

&
N
N

-

)
ol
T
O o
:%F
o,
i
i)

N
o ;?E
ot Ol
2 xR
e

R
>
)

O omx

rl
=‘|3L_"
ofl
i
¢
ol
=,
Mo
of,
>,
Y
o
dl
e
)
o,
it
e

Table 12] Case 1~Case 5+ 1A 0|22 20|, Case 1B~5B+= ZAgAlo] upA =
£ 2451 2700] ek ol 22 Reelo] of QI ASHS Fgslo], il

H| WA vho A 5o upA T S 2-8ok= 7 0 2 7PYsIint. o] o npA T = Uk o 2 71y
5t HlE &= A9 40%= AASHE A2 714 SFtHPan et al., 2020; Ueki et al.,

2020). Case 1-> 2421 2075 ] sl ok 2427k A A7 17Fs <t -2 et Z7do]eh,
o] wjo] AFA] F7|3R2 432 CMH, ©F2.44 ACHO ok Z740]tt. Case 2= Case | 4
of| Baff £l= Azl 712 @713l 50%E 71 0 & F7HAIR] 20|t A 19 30 71
2t |5l o). Case 3 A1 30750l s ok 27 12e A 717t B et
Z1o]t}. Case 4~5+ Case 127104 = ARFE<t AHA2E7 S 4=aligh 70|t} Case 4
| 582191 A2l 202 7Hd5te] 4= AIRE-8%E 3 ACHO]| sid k=530 CMH =71
S Rl 2ol o] Wl £l= ATF 10+ E<te] AA €712 530 CMH 2] 1/69]]
ol 6h=88.3 m3©] Hrk. Case 5 H|w A A& 2HA%E| 2708 7Hgote] = A<t
10 ACHO| Sid6k= 1,769 CMH2] A}¢9317]7} 43 &)= Z 0]t} Case 1B~Case 5B &F
A AG7HHIR} o] Case 1~Case 50014 BFATE 2-83t 271 0 2 F7|Hutda Y vl

PN
Y

rr
T

o

rr

ofo
rO[l

324

Journal of KIAEBS Vol. 17, No. 6, 2023



Effects of Ventilation Rates Control and Isolation of Infected Persons on Risk of Airborne Infection in Elementary Schools

0] 40% 743+ 710t Case 1C, Case 1D+= %A 7]7F5<$H 10 ACH (1,769 CMH) 2] #FA
ot Z7olw, mpAT 2R8- Z 7t Afololt. Case 1C, Case 1D+ HHE AU 2H4
SR A iES 24 E32 AA1E Z[tiE 2 A o]t} Table 29 Case
T

| of
B
1
o,
N
=1
>,
NI
x
=)
(9]
(o]
Ehs
1x
oy
o2
1o
>
e
0%
1o
=
2
Y
R
e
N
N
9_|/r1

Table 1. Simulation cases (ventilation scenario)

Cases 1 2 3 4 5 1B 2B 3B 4B 5B IC 1D
ilati Class (40 min 432 432 432 432 432 432
Ventilation rate ( ’ ) 432 648 g 1769 1,769
(CMH) Break (10 min) 648 530 1,769 648 530 1,769
sch ion of ai
Discharge duration o. airborne 360 (09:00~15:00)
pathogens (min)
Facial mask (infector) X X X oX x O O O O O X 0]
Table 2. Simulation cases (isolation scenario)
Cases 6 7 8 9
Ventilation rate Class (40 min) 43
(CMH) Break (10 min)
Discharge duration of airborne pathogens (min) 50 100 150 200
Facial mask (infector) X X X X
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Figure 3. Airborne pathogen concentration and infection risk of Case 6~9

Table 3. Infection risk after 360 minutes of exposure

Cases 1 2 3 4 5 1B 2B 3B 4B 5B IC ID
Infection risk 56% 51% 43% 47% 38% 39% 35% 28% 32% 25% 19% 12%
after 360 min (%)
Cases 6 7 8 9
Infection risk
1 10 2]0 0 0
after 360 min (%) % 7 30% 38%
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