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Integrating the fault tree analysis and analytic hierarchy process for
assessing the probabilistic risk to airborne infections from heating,
ventilation, and air conditioning in the operating room

Nutthanakrit Tongdonhun" ? M.Sc., Arroon Ketsakorn® "~ Ph.D.

ABSTRACT

Airbome infections in operating rooms significantly impact patient health, potentially leading to complications
and extended recovery times. The heating, ventilation, and air conditioning (HVAC) system plays a crucial role in
preventing these infections. However, any malfunction in the HVAC system can increase the risk of airborne
infections. Therefore, this research applied fault tree analysis (FTA) and analytic hierarchy process (AHP)
to assess the risk of airborne infections in operating rooms. The FTA was used to identify the causes of HVAC
system failures, while AHP was used to assign important weight (scale 1-9) to each contributing factor.

The findings revealed low airflow with a failure probability of 99.4%, with the possible cause being the
air conditioner fan defective at 67.4%, the air duct system defective at 73.8%, the air filter defective at 75.8%, and
the cooling coil defective at 80.4%, which were important factors that increased the risk of airborne infections in
operating rooms. Therefore, regular inspection and testing of HVAC system performance according to the National
Environmental Balancing Bureau (NEBB) standards are essential. This includes testing for airflow, HEPA filter
leakage, air pressure, dust levels, and the control of temperature and humidity. In conclusion, integrating FTA and
AHP techniques can be used to assess the risks of airborne infections in operating rooms, thereby enhancing the

quality and safety of patient care in the operating room.

Keywords: Analytic hierarchy process (AHP), Fault tree analysis (FTA), Probabilistic risk assessment
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289520 HVAC mmsmﬁﬂﬂg}%nmﬁummL?imsl,u
miaaeld szuu HVAC luwasrindadaslasums
BONUUULAZAIAUNITAINNIATFIUVBIRNIAY
Sensinduomeauazyinanudud ufisensu
mﬂﬁq@lmd‘lﬁﬁd (American Society of Heating,
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1. Léuﬁu’ﬁﬂﬂﬂiﬁ’]%u@ﬁ’nﬂ@]lLL@iaza’]L‘lﬁ@l‘ﬁlﬁ]z
dalifesngdasanlufisainggarie lasidan
mm@q]mmLﬁaa@iamia@L%vamqmmmnmzuu
anuTon zunsemMa wazUTuanmanmeluiasrnae
Lﬂumm@ﬁ'uﬁu (Top event) lagRansanlonma
s‘ﬁammﬁ@mm@;ﬂ'aummqi@mmwﬁamwfﬁu
IFRtyanwal "wia (OR)" tifiaaingdasnauaing
wiounultayanwol "uaz (AND)" S1130AWITH
mmmmfﬂzlﬂmaammqvl,@i’mﬂaumsﬁ (1) uaz (2)
(Hyun, Min, Choi, Park, & Lee, 2015)

AND = F1xF2xFn (1)

OR=1-(1-F)x(1-F2)x(1—Fn) (2

F1, F2, Fn @8 mmmauﬂmaamm@gfuq

2.miL‘1J%'£J‘1JLﬁ$_IU@J' (Pairwise comparisons)
lagdarnunsndnisaadula (Decision matrix)
Lﬁaﬁﬂmim’%slmﬂUULﬂuﬁlumiwmmﬁwﬁu 1-9
A991719 1 (Saaty, 1996)
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3. mnariianuzaaadas lagdn Cl da
ATRANUTOAARDING (Consistency index: ClI)
INTAWIBIFINNFNNITN (3)

Cl = dmax 3)

n—-1

4. NWIHRIATDAITIANNTDAANDIN WY
AR (Consistency ratio, CR) 3naun13 (4) laswa
MIMUIEATIEINAINFEAARDIN IdWIN CR
Hevinnu 0 wunea U mﬂummmqaﬂﬁﬁafu
aziianusanadatadnaguysal udnin CR den
Winnu 1 nansanuin e ldaeanseafisuiyinny
qaﬁﬁﬁaﬁvlﬁmnmsgm  CR fenann (lawrialy
@iﬁnﬂm:agﬁ 0.1) LEAIIN @gaﬂﬁﬁﬁ]ﬁ?uvlaimr%‘aﬁa
Taggrafiazwansulduasedr CR %uag’ﬁ'wmwad
AN 1% SuEINEUIMIA 3 x 3 A1 CR laiadsiin
0.05 BLUATATUUIA 4 x 4 1 CR laiaasiin 0.08
LazEmTUa3NEATewan1nni1 5 x 5 1l
1 CR 'lia231An 0.1 (Saaty, 1996)
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CR =
RI

(4)

Rl @8 mwvl,ajaa@ﬂﬁamuua;u (Random
inconsistency: RI) lagRansan ldaiuansg 2

s.Awmzianuiaziuvassunglonmaves
miLﬁﬂmmqﬁvugmmia:mm@;aumn@mﬁu
aanld awiladadneg

6.%1ﬁ1$§1%ﬁﬂﬂ’]’111§’15@“ﬂBGLLGI'Q:&WL%G]‘
Tagldnszuiumsdemeiidoseuti 1unsli
qaﬂﬁﬁaL“’?janﬁﬂmﬁmmﬁaﬁﬂmmﬁwﬁummﬁwﬁzy
TosmslinzunmangiTmadiwm 7 vim usadli
a13191 lapiidayadszney fa dayanstiiiu
auELINNIzLIRM I TzAaw ey
sumaduazltlusunsunanfaines Expert Choice
V.11 lunsdwminvininanusdyuazaaoi
LEAIANNFDAANDY (CR)

7.dhdlamamafasinaniaanaiianiy
ﬁvlﬁmﬂmzmumigimmﬁLﬂiﬂ:ﬁﬁuVLaTLLﬁamm
FURAIUAZNTILATZA LTI GUTY WNTAseL
AT

AU N I wnnanaE Ay

Tans VBIANE)
1 SEAUAMNLEDITINTY 0.01-0.10
2 FLAUANMFLITIAY uazdaut1asdninge 0.11-0.20
3 FLAUAMUEBINIITNY 0.21-0.30
4 srauaMaEBIniThe wazdeutnalanuddyniun 0.31-0.40
5 FZAUANMNLEINTIANN 0.41-0.50
6 srauaNUFBIndeutnann uazdeudsfienudmdynideudisann  0.51-0.60
7 SEAUAMNEBINIAa TN 0.61-0.70
8 SrAUANMFBINTIdeutININ wazdeudnsfianudAtyetnibs 0.71-0.80
9 SzAUAMALEYIEIB > 0.80

fiun: Saaty, 1996
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M99 2 ﬂ'smvl,&iaa@ﬂﬁam,l,umiu (Random inconsistency)

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 090  1.12 1.24 1.32 1.41 1.45 1.49
NAN13IY

nIzUIRMINATRRIBY N awlaluieaa
ANLKA (Fault tree analysis: FTA)

ﬂszmumi‘imm:ﬁuwunﬂﬁﬁﬂﬁuﬁamm
[uLnad (FTA) nanuEssuuuanudanty
falaniaImenITUUANNTan STUNsae
wazUsuameanieluiedrdnee asuaadlunin 1
Usznauaiy 5 mnAiees fe

1. MInarauUIN1maN (Airflow volume test)
ﬁIammﬁ@mmuﬂwimmﬂmm@lashﬂ@ashmﬁa
I@ﬁmm@mé'ﬂﬁ 1 fo Bwmswaninly (Aiflow
too low) mm@mﬁﬂﬁ' 2 do Piunmangauinly
(Airflow too high) Lmzmm@mﬁﬂﬁ 3 Ao szuulnih
ﬁﬂtle (Electrical problem) %ammqwé’nﬁ 1
Usunmauananly iannanangdasadnile
ataniianndunannandyninaauadiada
USUann¢e (Fan) 32Uuvia (Duct system) WHWNTBY
8¢ (Filters) #3a AaaaLdw (Coil) mmqﬁﬁ'ﬂﬁ' 2
Usnnaangainll ifainansungdasadisla
0tianity Geanndunavnanduninaauves
WaeadSuame szuLTio mmq%é’nﬁ 3 yruy i
Nl

z.mﬂmm@;amﬂﬂamwﬁu Iﬂﬂmmwé'nﬁ
10 1AnaMIsamsaLdume (Leak/damage) Gl
wanf 2 aa IFnwAneynsldnuniadszimsamn
aa8y (Over lifetime/low efficiency)

3. MINARDULINAUIMA (Room pressurization
test) Alamafnanuunniasnnangadiila
e Inite Iﬂﬂmmqﬁé'nﬁ 16 wadldnganinnmni
frnnua mm@mé’nﬁ 2 Ao wadldreninuet
frnnua

4. mi‘t’maauﬂ%mmcﬂﬂummﬁ (Airborne particle
count test) Hlan1aAAAVLNNIBIIINAILNAE
athslaaghawils Immmqwé’nﬁ 188 IwnoumA
Aauinags ualaAwn s finmue mmq%é’nﬁ' 2
fa ﬁi’wmumgmﬂgdndwmmeﬂﬁﬁmu@

5.mwaaauqmvxgﬁLLa:mm%ué'uﬁ'ﬂﬁ
(Temperature and relative humidity tests) iloma
Lﬁﬂmwunwiaomnmmqaﬂ'walﬂaﬂﬁo%ﬁa
Iﬂﬂmm@mﬁnﬁ 1 Qe Naﬁ@hganhmmﬁﬁﬁmuﬂ
mmq%é"nﬁ' 2 o wadldnaninnminmnue
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Assessing the Probabilistic Risk to Airborne

Infections from Heating, Ventilation, and Air

Conditioning (HVAC) in Operating Room

Filter Installation Room Airborne Particle Temperature and

Airflow Volume

Test Leak Test Pressurization Test Count Test Relative Humidity Tests

Airflow Volume Test

0000000

1 Fan speed too low, VSD control
2 Impellerfinlet dirty or cinggad

3 Loose pulleys/Broken belts

4 Fan static pressure is not enough
5 Incarrected fan direction

6 Obstructed Fan Inlets

7 Na Straight Duct at Fan Outlet

Airflow too Low Airflow to High Electrical Problem

Electrical

1 Dirty or clogged

1|Dampers closed 2 Replacement filter with greater than specified pressure drop
2 Reyisters/Air grille closed
3 Undersized ductwork
4 Leaks in supply ducts

2N 1 m:mumﬁLﬂiﬁ:ﬁuwuqﬁﬁuvlﬁumm'mﬁumm (Fault tree analysis: FTA) 31NA210LE8Y
wouuihaziludenmsfaBansanmeaanszuuanusen sungema wazlsuanmanieluiasnnga
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& 4

1 Fan speed too high, VSD control
1|Dirty or clogged 2 VSD control are not installed and control speed when system has

2 Incorrect fin spacing less resistance to flow than expected

% s

1 Access doo 1 Blow fuses or circuit breakers
s door open
2 Filt tin IPG 2 Wrong or low voltage
el 3 Motor too small or load inertia too large

Filter Installation Leak
Test

Leak/Damage Over Lifetime/Low Efficiency

(HEPA filter) (HEPA filter)

OO0

1 Airflow Rate/Air change too high

2 Machine/Process/Activity too high generate the particle

3 Pre-filter/Med-filter/HEPA is not mai e (not follow PM interval)
4 Accident during work/operation

1 Airflow Rate/Air change too high
2 Machine/Process/Activity too high generate the particle
3 Pre-filter/Med-filter/HEPA is not maintenance (not follow PM interval)

2N 1 ﬂszmumﬁLﬂswzﬁuwugﬁﬁu"lﬁummma’wmm (Fault tree analysis: FTA) 31na30L&e9
wouhandudenmsfialansameannizuuanuias ssuisemea wazdiuanmeanmeluiasinga (da)
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Room Pressurization

Test

Result is more than
specification
(out of specification)

Result is less than

specification

(out of specification)

1 Air change too high

1 Airflow Rate/Air change too low

2 is less than

2 Filter/HEPA filter dirty or clogged

3 dampers is closed less than setting

3 The gap of the door/room is leak

4 Machine/P is over
5 Return/Exhaust dampers is opened more than setting

Airborne Particle Count

Result is high but not more than specification

(Particle too High)

OOV

Result is out of specification
(Particle too High)

OO

1 Airflow Rate/Air change too low

1 Airflow Rate/Air change too low

2 Filter/HEPA filter dirty or clogged

2 Filter/HEPA filter dirty or clogged

3 The room is not

3 The room is not

4 Machine/Process/Activity high generate the particle

4 Machine/Process/Activity high generate the particle

5 Room pressure too low

5 Room pressure too low

Temperature and
Relative Humidity Tests

Result is more than specification
(out of specification)

Result is less than specification

(out of specification)

1 Airflow Rate/Air change too low

1 Airflow Rate/Air change too high

2 Machine/Process/Activity is over generate heat load (sensible & Latent heat)

2 i ivity is less generate heat load (sensible & Latent heat)

3 Outdoor air is intaked more than setting

3 The HVAC system has not heating coil or control incorrect

4 The HVAC system has not heating coil or control incorrect

2N 1 ns:mumﬁLﬂswzﬁuwugﬁﬁﬂﬁuﬁam’mﬁwmm (Fault tree analysis: FTA) 91NANULRE

wuuhandudamsfalBansamennszuuanusen srunsanme uazdsuameansluiasinea (de)

10
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NTUIRNITILATIERIBITGUTW (Analytic
hierarchy process: AHP)
mmﬁyuLﬁﬁmﬂ'maomm@;"uaomiaméama
MANNIZLUANNIDY I2LN80NME uazduanme
mulurasinge lagltlusunsunauiiiaes Expert
Choice V.11 lumsmdidanaiuanusanadad
(CR) WANTMIONUNIN 2 N Josar lamw
N3LASLWA (% Probability) P8I IAATaTNIBIMe

Priorities with respect to:

19 7 a0uf 2 wowAAN-§InAN 2568

Vlﬁfhmfmﬁfﬂﬂnaammq (Gate) INUWTNS
"‘atﬂﬁzﬁﬁﬂﬂﬁhﬂﬂuéﬁﬁ@maamnﬁ@mm@]‘m@;
siae) (Event) lagldnssunum e ssiiE s auTi
ﬁwmnﬂ‘%ymﬁﬂmmgjmﬁauﬁ'mmm@mfmﬁfﬂ
VBIRNG Waldemintn anusdmudien
Lﬁwaumi‘imiwzﬁmﬂ'ﬂamamnﬁ@mm@;
Gamun13n (1) wazaun13f (2) lagnan133se
uaasluand 3

Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Airflow Volume Test
>Fan_Low

1_Fan speed too low_VSD control
2_Impeller_Inlet dirty or clogged
3_Loose pulley_ Broken belts
4_Fan static pressure is not enough
5_Incorrected fan direction
6_Obstructed fan inlet_Suction
7_No straight duct at fan outlet_Discharge
Inconsistency = 0.02

with 0 missing judgments.

.058
.305
.236
.103
.034
.167
.097

§1LAA3N Airflow volume test-Fan (a)

Priorities with respect to:

Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Airflow Volume Test
>Duct System_Low

1_Damper closed

2_Registers_Air grille close

3_Undersized duct work

4 Leak in supply ducts

Inconsistency = 0.00709
with 0 missing judgments.

.592
.11
.102
.187

(-]

819N Airflow volume test-Duct system (b)

Priorities with respect to:

Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Filter Installation Leak Test
>HEPA Filter_Leak_Damage

1_Airflow rate_Air change too high
2_Machine_Process too high generate the particle
3_Pre_Med_HEPA is not maintainance
4_Addent during work
Inconsistency = 0.02

with 0 missing judgments,

.175
.282
.406
.137

8RN Filter installation leak test-HEPA filter leak (c)

o Ao

AN 2 nninanuFaNewImlaannslslusunsy Expert Choice V.11 VBIUARTRLA

@

11
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o
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Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Room Pressurization Test
>Resultis more than specification

1_Airflow rate_Air change too high

2_Machine_Process_Exhaust is less than operating_setting
3_Return_Exhaust damper is dosed less than setting

Inconsistency = 0.01
with 0 missing judgments.

§1LAAN Room pressurization test-Result is more than specification (d)

Priorities with respect to:

Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Airborne Particle Count Test
>O0ut of Specification

1_Airflow Rate_Air change too low
2_Filter_HEPA filter dirty or dogged
3_The room is not clean_inadequate
4_Machine_Process_Activity high generate the particle
5_Room pressure too low
Inconsistency = 0.04

with 0 missing judgments.

-362 I
104 NN

-269 NN
202 NN

.064 N

§LAQIN Airborne particle count test-Out of specification (e)

Priorities with respect to:

Assessing the Risk to Airborne Inflection form HVAC in Operating Room

>Temperature and Relative Humidity Tests
>Resultis more than specification

1_Airflow Rate_Air change too low .226
2_Machine_Process_Adtivity is over generate heat load (sensible & Latent heat) .37¢
3_Outdoor air is intaked more than setting .187

4_The HVAC system has not heating coil or control incorrect 200

Inoonsistency = 0.02
with 0 missing judgments.

§L1AN Temperature and relative humiditytests-Result is more than specification (f)

o Ao

nw 2 wntnanasayiawaldanmslildsunau Expert Choice V.11 2a3udazaing (da)

o

EAAIBLENINTOTLNBAIN 2 FURAIN Airflow
volume test-Fan (a) waaatfadunansznulasns
uwrmnninanuianluudazinaindue
'mm@;mﬂﬁ@amaom‘%laaﬂ%'ummﬂ (Fan) Gate 17
WU ﬂa%’aﬁﬁwam:ﬂumﬂﬁq@ﬁuﬁuﬁ 1 fa
Impeller/inlet dirty or clogged 0.305 (30.5%) auaLl
“7% 2 fa Loose pulleys/Broken belts 0.236 (23.6%)

12

5uﬁuﬁ 3 fla Obstructed fan inlets/Suction 0.167
(16.7%) 5u@°fuﬁ 4 fa Fan static pressure is not enough
0.103 (10.3%) 8uUTi 5 fia No straight duct at fan
outlet/Discharge 0.097 (9.7%) 8udufl 6 fa
Fan speed too low, VSD control 0.058 (5.8%)
5uﬁuﬁl 7 @8 Incorrected fan direction 0.034 (3.4%)
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A1379 3 3TAUANULFIILUUUI T U aN13RALTAaN198INIAINNIZULUANT DY T2UBAINA LA
Usuamaniuluiassinda

wnsn Tema —e
§me ANNEIAY Twns Tona  329UAMNLEYS

VOIFNUNG  LNAFINAG (%)

Gate 1 Airflow volume test 1.000 100.0 9 1Fuadabe
Gate 6  Airflow too low 0.994 99.4 9 Fuadebe
Gate 17  Fan 0.674 67.4 7 iFzendndendnennn
Gate 18 Duct system 0.738 73.8 8 iFzIndndautnenn
UazAauIg
foudanyatnibs
Gate 19 Filters 0.758 75.8 8 \Feanidaudnaann
UazAauIg
fanudanyatnibs
Gate 20 Coils 0.804 80.4 9 Fuadebe
Gate 7 Airflow to high 0.966 96.6 9 Fwvadede
Gate 21  Fan 0.776 776 8 iFzInindeautnen
UazAauIg
fenuddmyadiib
Gate 22 Duct system 0.847 84.7 9 Fuvagede
Gate 8 Electrical problem 0.727 72.7 8 \FpIndndandnsann
UazAauIg
fanuaayatnibs
Gate 23  Electrical 0.727 72.7 8 \Feanddaudnaann
uazAauIg
faudanyatnibs
Gate 2 Filter installation leak test  0.915 91.5 9 \Fueedebe
Gate 9 Leak/Damage (HEPA filter) 0.696 69.6 7 \Feanndaudnaann
Gate 10 Over lifetime/Low efficiency 0.719 71.9 8 \Feanndautnannn
(HEPA filter) LR RN
fanuaAyadnbs
Gate 3 Room pressurization test 0.914 914 9 Lémamdﬁd
Gate 11 Result is more than 0.722 72.2 8 \Feanndautaann
specification (out of UazAanT
specification) fanuadnyadnb

13
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A1319 3 32AUANULFDILUDINEI T udan1IRALTEaN190INIAINNIZUUANTEW TEUN8NNE LA

YTuameansluradriiaa (de)

Wwin Tona s2a .
d116) ANMNEATY Twns Tong SO UAMNLEEY
VOIFANUNA  LNAFINAG (%)
Gate 12 Result is less than 0.691 69.1 7 Fenindeudrsann
specification (out of
specification)
Gate 4  Airborne particle count 0.903 90.3 9 Hevadede
test
Gate 13 Result is high but not 0.688 68.8 7 \Feanndautnaann
more than specification
(Particle too high)
Gate 14  Result is out of 0.688 68.8 7 Fendndaudrsann
specification
(Particle too high)
Gate 5 Temperature and relative 0.925 92.5 9 Léﬂdaﬂﬂdﬁd
humidity tests
Gate 15  Result is more than 0.690 69.0 7 Fendndaudrsann
specification
(out of specification)
Gate 16  Result is less than 0.757 75.7 8 \Fuenindeudreann
specification LazAaut9
(out of specification) ﬁmmﬁhﬁmﬂﬂwéo
s3luazanlsana

L“/lﬂﬁﬂﬂi:ﬂ’)%ﬂ’]i’n)Lﬂ‘S’]ZﬁLLN%Qﬁﬁ%VLﬁ
wInNAad (FTA) 1fwadasfiafisunsn
ATIEATUNAVBIANUANLAA? lAnTudg
mmqﬁvugmﬂnaammﬁummmaammg&?&ﬁu
fazifieduld nmBeneinuinszuuluome
fgsUsunmananinfieanuuy (Airflow too low)
flanmalunisiiaainuunnsessesaz 99.4
Lﬂumm@;ﬁﬁmwm’émgdqﬂ@iam‘sam%amammﬂ
lukasrrdauazmariinafia AHP wnuszyndlyd
Ty FTA laslslusunsunaufiiaas Expert

14

Choice V.11 lumsmuimensiwinanusaa
LazANaThAINFaaAa0d F1NsaLdIBuLIey
ﬁwﬁwwﬁnmmﬁwﬁmmmmm@;@mSJ WAZAIWITH
A lamalumaAaaNUUANIad b NamMTIATIER
%‘Lﬁlﬁmﬁizé’umﬁm?}mmaamm@lﬁg\am@ﬁizﬁu
m’mLﬁﬂagaamaﬁ'mamsam"‘f?amammﬂmn
sruyaNNsen szunsenn@ wazUIuanmeanelu
Rasrheanui USunmananinfieanuuy Slams
UNWIBY Ja8az 99.4 I@ﬁﬁa'n,mmmmq]zl,ﬂu
NnNeaNTadeIIlS e M Unwias Souas 67.4
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FUUYIaaNUNNTEY Ja8as 73.8 WHHNIBI91N¢
UNW389 Ta8RT 75.8 ABLALOULNNIDY Sz 80.4
faunquianaesdiduandinnisiiansgadn
(Dirty or clogged) 871atAANNNNT b beaarinany
R0 I@umw*uz‘*ﬁ'mﬁﬁcguazaawuwﬁﬂ (Particulate
matter: PM) ﬂ‘%mmgaﬂdwﬂﬂmumafuﬁ‘[amaﬁ
LLw'ummmmmﬁﬂmsq@é’umﬂﬁuﬁavlsfkﬁﬂ?{ﬂu
WHwNsasNMAMNTaLTiTnue senaldnassidu
sndinniaifianisgaaunazlivhaiiuazena
nossliumusauiimmue wnllddmaeiiuns
uwilvazdsnalinasdiiuiiansgaduuaznas
Huunasazanvasdalsn ilosandanuiiuue:
anuTuiimanzaniunmaeigidvlaveatelie
wonanil miﬁﬂaﬂa‘lﬁuanﬂsﬂﬁalﬁﬂmiq@ﬁu
genaldsruudSuanmiagelSunmanfitesndn
foanuuy gsnarldussauannialuiasaans
ﬂ‘%mmﬂu‘lummﬂgﬁu aﬂﬁy'aﬂ'amwasl,ﬁqmwgﬁ
LLazmm%ué'uﬁ'm‘gaﬂfundﬁﬁaammu"l,‘a” Fovimuais
RuaMuLEIdansAaLTonsa e ANFNAG
ANULNNIBIVITZULANNTOU TTL8INE LA
Ysuomeanmeluiasingn S9gonadoanuawisy
Uad Wagner & Schreiber (2014) ez Sukjit (2006)
ﬁwudwwqamsmaami"l,mmaamﬂmﬁmmia
DLIVEY ANV uwazdluazaainoluiasazaa
819913883 Khankari (2018), Cook & Int-Hout
(2009) waz Schurk (2019) fWudMsesnuuL
fananslnauazUSurmaufinansausunsn
aﬂmsﬂmﬁauagmﬂﬁazgﬂﬁ'@wwaul,mﬂvl,ﬂé'uﬁa
ﬁ'u;jﬂaalLmza@mwLféﬂa@iami?\m‘%ﬂﬁ ot
MIANMIUALLNFITNETzULLTIaIMALAZ Iz
pmaluiesrndaduioman 18113950 E0
WBeilasnurasiasdnaadasaniivnisnasay
U3 ®NIN NI DU U MALAZIZ L8 1N AT B
Wasmzona mMInageuinuaiinlsliaiuleledin
TLUUANMNTEN S2UUUTUENNA WAZITLN88NA
(HVAC) &u1Inaluquan nulIadauniolu
wasraalmduldanunmesinnasgiuang

19 7 a0uf 2 wowAAN-§InAN 2568

v
LWL
Patanawwslwni1swinadide luly
;jﬁl,ﬁﬂ’s"ﬁama:ﬂmﬁw;a%'ﬂmL%aﬂaaﬁwnaa
ﬁaamﬁmmminﬁwNamiﬁﬂwﬂﬂﬁmsmwzq
o o A o = A a
WazIAN1ITATLRD I LA a 19T YTz ENTATNLA
o o A o
wwmmmmii‘]aanuﬂmmzaﬂumiﬂiuﬂga
ﬁw;ﬁﬂmﬁaamﬁmlﬁﬁﬂiz%ﬂ%mwmumummsﬁ
VI9IPIURING NEBB (NEBB, 2009), ASHRAE 170
(ASHRAE, 2021) 1a8in13119unun131inga3ne
LRz REULHINTEID M 1T lWRDULEUNTRIaNMA
T 1 (Pre filter) NN9 1 LAaw UHUNIBID M
T 2 (Medium filter) 11N 9 3 LA LHUNTBIBIMNA
UseEnEnwgs (HEPA filter) nn e 1 T 32amiinny
ATIFAUAIINAUANATONVILAUNTBIDINE
nng 1 1deu wiaaumilinusasudazaniui
Uszlaua e ssuanin s s ITilosnuuas
NMINANNRZONNABLRLEUATNTOUNAAUA
Paranaunzlunisiduasiaal
) = a a ada a
AVININITAN I YT ULNEUATNITUIZ LN
AN RYITERININTEUIRATIATIER A AL TILTI
LAZNITUIBNITU T A WANMULFDILLDDU Y LTW
ean A & A
M3ty nd TN L IwMIIeNEALULNGS (Fuzzy
logic) LWaTI88AANNARNLATEYEINY TZLAIH
lunszuinmsseauladszluiviininanusan
PDINUTNINATILD HaNANT AITNANTINTITY
A A Ada ' A A A %
NIWAULANNTNadaNTUIZ A uANNLEDS LNa L%
miﬁﬂmluamﬂ@ﬁmwmamguLLazmmm
6 A yt:ln' z&’ 1 )
Urzgndlfluaniunisalaislddtgn ou duamn
L8NNI TR oK A mwﬁw-aaﬂmaaqﬂmm
nwanyaansluiasinga Swiunslditng
U2 AUANUFIILUUNGT &INITDTILAAAINN
aquiae uanuwindrlunaadula uazaia
AMNUITa T Ve In1TUIT WA N EE IuIT LD
v 1 g U t&' &/ g; yﬂ/ |
HVAC 289%03:10a blaad sl naneadudselomi
@iamiﬁ'@umizuumsgLLaqmnwwiﬁﬁuwmgwuLLaz
e a X o o o,
ﬂaa@mmmmummuaﬂ’smmza_qlﬂmmmaﬂﬁuwwﬁ
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