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The Effects of HVAC Management on Condensation Cause and

Prevention in Indoor Swimming Pools
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Abstract

This study i1s empirically intended to look into the effects of HVAC management on condensation
cause and prevention in indoor swimming pools. The findings are summarized as follows.

First, the experience of condensation in indoor swimming pools showed that 132 out of 142 people in
total experienced the condensation in indoor swimming pools, which they had a high experience rate of
92.3%. For the location of condensation, the wall joints were 46.8% and the windows were 34.5%,
which a total of 72.3% occurred in the wall joints and windows.

Second, the effect of construction design, HVAC management and building construction on the cause of
condensation in indoor swimming pools showed that building construction had an effect on the cause and
location of condensation depending on the seasonal time, partially adopting hypothesis 1.

Third, the effect of condensation—causing factors on condensation—preventing factors in indoor
swimming pools showed that condensation had a close relationship with air and temperature conditions
depending on the time and location of condensation, adopting hypothesis 2.

As for the above—stated findings, the HVAC management in indoor swimming pools is an important
concern factor that continues to cause condensation despite the development of advanced construction
materials. Especially, building construction is a main factor that has a direct effect on condensation in
the HVAC management of facilities. This implies that the window management is important in
maintaining the wall joints — which can suppress the selective use and defect occurrence of
construction materials — or confined spaces for a long time.
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Construction Factors, Temperature and Humidity Management Factors
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<Figure 1> Research Model
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<Table 1> Questionnaire configuration history
Number
Survey items Contents Number of Measure Source
questions
Ministry of
Respondent By Gender, Age, 1-5 5 Nominal Land,
Demograp | Basic Survey and Career scale Infrastructure
hic and and Transport
Social ) Ministry of
Factors Pa‘gh Type of residence, Nominal Land,
Experience Type of entrance, 1-12 12
- scale Infrastructure
Recognition Place of occurrence
and Transport
. . Ministry of
Facility Design Condensation design Likert 5 Land,
standard, Defect 1-5 5
Factor . Scale Infrastructure
judgment standard
and Transport
HVAC HVAC Heating, . Ministry of
Managem A _ Likert 5 Land,
Management Humidification, 6—10 5
ent o Scale Infrastructure
Factor Ventilation
Factor and Transport
. Ministry of
Construction Archlteptural _ Likert 5 Land,
planning, 11-20 20
Factor Scale Infrastructure
Management
and Transport
. . Ministry of
Route Occur Initial condensation, _ Likert 5 Land,
. Normal 21-25
Time . Scale Infrastructure
condensation
Path 3 and Transport
Cause Surface Ministry of
Pathogenic condensation, 26-98 Likert 5 Land,
Site Internal Scale Infrastructure
condensation and Transport
Ministry of
Humidity Air Heating system, 1-11 Likert 5 Land,
Factor Sheath material Scale Infrastructure
Preventiv 19 and Transport
e Factor Insulation Ministry of
Surface resistance, 19-19 Likert 5 Land,
Temperature Temperature Scale Infrastructure
management and Transport
Total 74
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<Table 2> General characteristics of the sample
Frequenc | Percentag
Division y e
(persons) (%)
Gender Male 121 (85.2)
Female 21 (14.8)
10s 1 (7
20s 9 (6.3)
Age 30s 44 (30.8)
40s 51 (35.7)
50s 38 (26.6)
Construct 19 (13.3)
Design 33 (23.1)
Supervision 15 (10.5)
O(,Eicolfa Construction 21 (14.7)
part Pool facility 39 (22.4)
management
Cooperate 10 (7.0)
etc. 13 9.1)
Conden Exist. 132 (923)

sation None. 9 6.3)
experl ’

. tdon ¢ 2 (1.4)
Where Wall JOII’lt 65 (468)
conden
SN Window 48 (34.5)
occurr

Door 4 (2.9
ed in Swimming
the pool ceiling 1 (7.9
indoor Furniture 3 (2.2)
pool Etc. 8 (5.8
Total 139 (100.0)
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<Table 3> Confirmatory Factor Analysis for All Research Concepts Model Fit

x 2=2369.070]1 2852 p<.0017 YEREO
o, Q=2.33, RMSEA=.067, NFI=.947, CFI=.902,
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Fit Absolute Fit Index Relative Fit Index
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<Table 4> Concentrated Validity and Reliability Analysis on Research Concepts

Averag
e
Stand | Nonsta | Measur Cor}Ecep Dispers Cronba
Route ard ndard ement t . —— ion oh's @
load | loading | error t Extract
Y ion
Index
Construct3s ~ <— CO%SWC“OH 526 | 1.000
esign
Construct34 < Corésm‘c“on 084 183 196 | 1.983+
esign
Comstruct33 <= COMSTONON | gy | 1413 | 247 | P72 05a2 | 0820 | 716
Construct32  <— CO‘ES“PICHOH 783 | 1658 | o274 | 6:062
esign *
Construct3l  <— CO%SWC“O“ 866 | 1936 | 308 | 6-276%
esign sk
Cooperate3] ~ <— _ 1VAC 168 | 1.000
management
Cooperate39 ~ <— _ 1VAC 473 | 2407 | 1385 | 2.188+
management
Cooperate38  <— mag\g;flem 062 | 386 617 | 1.986% | 0502 | 0754 | 682
Cooperate37 ~ <— _ 1VAC 772 | 4150 | 2303 | 3921
management *
Cooperate36 ~ <— _ 1VAC 728 | 4136 | 2301 | Z798
management *
Construction50 <~  building 432 | 1.000
construction
Constructiond9 ~ ¢—  building 509 | 1200 | o285 | H207
construction *
Constructiondg ~ «—  building 467 | 1203 | 3o | 2012
construction *
Constructiond7 ~ <—  building 564 | 1404 | 317 | H4SLe
construction *
Constructiond6 ~ <— _ DIANE | 590 | p411 | 312 | 02T
ru | 0536 | 0784 | .810
Constructionds ~ «—  building 553 | 1.353 | 308 | H387
construction *
Constructiondd ~ ¢—  Duilding 605 | 1.756 | 384 | +O7OH
construction *
Constructiond3 ~ ¢—  building 630 | 1638 | 352 | 4699
construction *
Constructiond2 ~ ¢—  building 560 | 1.483 | 336 | HALE
construction *
Constructiond] ~ -  building 560 | 1489 | 337 | +4L7e
construction *
Time41 ¢~ Condensation | ga7 | o
timing
Time4?2 ¢~ Condensation | 57y | aqg 161 | D078
timing *
Timed3 < Condemsaton | 578 | 77 | 39 | O0M | o527 | 0847 | 715
Time44 ¢~ Condensation | = gag | gsg 158 | 6054
timing *
Timed5 ¢~ Condensation | 51, | gng 159 | o088
timing ®




16 AUTFGT 728 Q910 AJEE AZHAF ol nx)= o3 AT
location4$8 - Co?de“.saﬁon 782 | 1.000
ocation
locationd? < Co?de“.sa“(’“ 780 | 911 117 | 7762 1 0589 | 0807 | 726
ocation *
location46 - Co?de“.sa“(’“ 531 | 642 113 | °706x
ocation %
Airl <— Air Factor 697 1.000
Air2 < Air Factor | 690 | 953 | .28 | 7471
Air3 <~ Air Factor | 638 | 845 | .122 | 6913
Air4 < Air Factor | 646 | 843 | .20 | 7029
Air5 <~ Air Factor | 569 | 799 | .28 | 6:236%
Sooga | 0523 | 0869 | 799
Air6 <~  Air Factor | .636 | .805 116 92
Air7 <~ Air Factor | 633 | 826 | .20 | 0891
Air8 <~ Air Factor | 569 | 731 | 17 | 627
Air9 <~ Air Factor | 133 | .184 124 | 2.480
Airl0 <~ Air Factor | .091 | .128 125 | 2.020%
Airll <— Air Factor .153 231 .135 2.714%x*
Temperature512  <— Te“gperamre 618 | 1.000
actor
Temperature513  <— Ter;peramre 466 | 635 130 | 4884
actor *
Temperature514 <~ 1CMPerAWIe |6 | g35 155 | 6:035%
actor *
Temperature515 <~ 1CMPerAIe | g5 | 102 | 16g | OOt
- t | 0529 | 0872 | 854
Temperature516  <— engpera ure 1 640 .909 143 OO
actor *
Temperature517 <~ 1eMPerAWIe | 745 1331 | 150 7.101
actor *
Temperature518  <— Tenlgpefamre 759 | 1196 | 16 | 198
actor *
Temperature519  <— Terlﬂlperamre 792 | 1142 | 165 | 6:943
actor *
* p<.0D,** p<.01, *** p< 001
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<Table 5> Influence of Facility Management Coefficient on Causes of Condensation

Route B B S.E t P

Condensation . Construction | 1,4 ~0.152 0.138 ~1.103 0.27
timing Design

Condensation HVAC ~0.178 ~0.596 0.681 ~0.875 0.382
timing management

Condensation . Building 1.222 1.826 0.525 347 Tw 000
timing construction

Condensation . Construction —0.258 ~0.392 0.233 ~1.685 0.092

location Design

Co?den.saﬂon < HVAC 0.006 0.03 0.93 0.032 0.974
ocation management

Co?de“.sauon ¢<—  Building 0.82 1.752 0.606 2,892+ 0.004
ocation construction

x p<.05,#x p<.01, #=+x p<.001
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<Table 6> Effects of condensation on condensation prevention factors Final path model

Route B B S.E t P
Air Factor  <— Coﬁ?“.sa“m 1.034 1.42 0.282 5,035+ 000
iming
Temperature . Condensation | 797 0.823 0.194 4,245 000
Factor Timing
Air Factor <~ -opdensation | _q 555 ~0.341 0.129 2,642+ 0.008
ocation
Temperature . Condensation | _ 35 ~0.028 0.096 ~0.286 0.775
Factor Location
* p<.0D,** p<.01, *** p<.001
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o)gt FZ FEFS wA= A & 5 ATHE<.001). Qle] ozl JFs wjA Ao} | THd 2-2.
A A7)0 Azl LEecld] foldel Az AVjele Azell LEecl] fo2
Qs wFE Folh o] Ag p=727T= YERt, FES vF Aot | TMd 2-3. AZHAY $IAQ
o)t Al JgkS njx= AL < 4 ATH(p<.001). QIS AR F7]220e F2ZQl g3 wjH Aol
ARy A Q1S AR} F7]ajle] {22l o}’ 9] 7hdo] AYEISS & F Utk
Fe v Zoloy’ o A9 p=-341= YER, ool M A4 A Eshd ohey) g}
<Table 7> Hypothesis test result
. . Hypothesis
Hypothesis Hypothesis Content Result
Hypothesis Facility HVAC (heating, ventilating, and air conditioning) management Partial
1. factors will have a significant effect on condensation cause. Adoption
Hypothesis Construction design factors will have a significant effect on Reiection
1-1. condensation time. )
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Hypothesis HVAC management factors will have a significant effect on .
. . Rejection
1-2. condensation time.
Hypothesis Building construction factors will have a significant effect on Adontion
1-3. condensation time. p
Hypothesis Construction design factors will have a significant effect on —
. . Rejection
1-4. condensation location.
Hypothesis HVAC management factors will have a significant effect on —
. . Rejection
1-b. condensation location.
Hypothesis Building construction factors will have a significant effect on Adoption
1-6. condensation location. p
Hypothesis Condensation occurrence factors will have a significant effect on Adontion
2. condensation prevention factors. p
Hypothesis Condensation—occurring time factors will have a significant effect on Adobtion
2—1. condensation—preventing air factors. P
Hypothesis Condensation—occurring time factors will have a significant effect on Adoption
2—2. condensation—preventing temperature factors. p
Hypothesis Condensation—occurring location factors will have a significant effect .
o S . . Adoption
2—3. on condensation—preventing air factors.
Hypothesis Condensation—occurring location factors will have a significant effect ..
> : Rejection
2—4. on condensation—preventing temperature factors.
4. A= AMIE Zteth mebd Al 22 A5 A 7
ol ost AlFel Faky Al 5% vt
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