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Analysis of Changes in Temperature and Humidity by Material Combination
Using 3D Printing
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Abstract: Recently, various clothing items are being developed using 3D printing technology, but comfort has become
an issue while wearing them for a long time. Therefore, this study researched on how the temperature and humidity of
the devices developed by 3D printing change depending on the material combination. Five types of material combinations
(EVA foam, TPU density 10%, TPU density 30%, EVA foam+TPU density 10%, and EVA foam+TPU density 30%) were
selected as variables, and the experiment was conducted for two different cases with and without a cover. All the ten types
of samples were placed on the hot plate set at 36°C, and the surface temperature and humidity were measured at three
different points for 10 minutes. As a result, the case with only TPU showed the greatest temperature change while the
case with 100% EVA foam showed the least temperature change. The humidity of the surface layer gradually decreased
with time for 100% EVA foam. For the case with TPU materials, the moisture was transferred to the surface layer at first,
thereby increasing the humidity but then dropped significantly. Meanwhile, the cases with the cover on showed similar
tendencies of change in both temperature and humidity where the overall temperature and humidity delivery were slow.

Key words: 3D printing (3D 3 &1¥)), Ethylene-vinyl acetate foam (EVA3%), Thermoplastic Polyurethane (TPU), surface
temperature (3 2%), surface humidity (¥®<5%), thermal comfort (32 4)
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Z Helo] 3D ZHY EHEC] 2ovt 2ES ue] 4%
YA F583 3158 xpolE Hrlsl7|= sSAthBates et al,
2016). 3D ZHY Az} 7z WE YR FTE5 Al
Astz] Qe 2dY sMS 7= A7 (Shen et al,
2016)2} 3D ZREE o83l ANES AZsHAY Fol2m
o EFHES AZSIAL olof] tigh A 48 ksl o
= o]Fojx] 9ti(Han & Kim, 2018; Lee, 2018). T3k
Jung and Lee(2021)= 3D ZUHE A|EFS 2 9ulz &g
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2H, olgv|= YE, vjezAla} st Foldu], FH 7
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Table 1. Experimental variables

Falo] Rot) A2 Bol AMSE AL Sl EVA(Ethylene-Vinyl
Acetate) &3 TPU A&, &9 g nte 34 ®isls &
Malaa} stk o8 $18) Z7te] AlgEe e5w UsE
23“3]'93\_7_, B3 djert 24 oBoz AFEH thRE AW
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EVA foam¥} 3D ZEoA] o) AE=R wo| 2853
TPUE Z§3te] Table 101 YERSITE EVA foame F
7l 1emQl EVA foam 100%Z 2|w|3}3., TPU-10%= 7
lemZ BdHE HSHAE WHEEE 10%= TPU AEE =
3l ZlolH, TPU-30%2 WHE % 30%=Z TPU AEE
3 AL om|gith TPU-10%+EVAE F7 0.5 cmE 29
g T YREE 10%= ZHYS A% T4 0.5emQ] EVA
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2 Al ARSE 3D ZY AEL 9x9eme] FAREFC]
3, ®olE 0.5emé} lem F 74 FEIE Fig. 1(a)9} Zo] =
dedsioirt. A5HA 282 Geomagic Design X program
(3D Systems, Inc., KoreayS AM-3}1aL, 3D ZZE|(CUBICON
Single Plus 3DP-310F)?} Cubicreator Programe &-8-3le 3
2 ZU"S S35tk 3D Z-E= FDM(Fused Deposition
Modeling) TYPECZ Slicing softwares ©]-83}9] H Z==&
HARE I F GcodeR AAste] ST 3D
UE 8 27108 EF 2% T 210-240°C, W= 2

Name
Variable

Variable name

Material combination EVA foam TPU-10%

TPU-30% TPU-10%+EVA TPU-30%+EVA

With or without cover Without cover

With cover




(a) 3D modeling

Fig. 1. 3D modeling results and produced experimental samples.
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TE 65°C, 58 £5E 30~60 mm/sE A5l ZdE
Atk g TPUE 980 WL Hzoz A48 A9 fd
S Fogslr] Q& AyATE|A=(Eom et al., 2019; Hong
& Lee, 2020; Park et al, 2019) U HEZE 10~50%= T}
WalA AL AS ATE F AU o), B AFxE F
2 AMET ' 10%9) 30%E Aglsle] Ay MES A2st
I AEE Yt =AY E A= Fig 1(b-2)0lA He
vkel 29437, 0.5 om= REEE o] ZAEE MEFS Fig. 1(b-3)
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Table 2. Characteristics of the knit used as the cover of the sample

3D ZEgS FEoF AEEG mE L5 Wil #4129

b-1. only 1ecm EVA foam

b2 1em sample printed with TPU

0 0.5cm EVA foam
| b-3. EVA foam and TPU bonding sample

(b) Experimental samples

 ZFe] 0.5cm EVA foam¥} 72 (cyanoacrylates)=2 -

Asje AEL AL,

2.13. 7¥ 54

AZE AHE A e o5 W HE TR AY B
o] AR Bo] AMEE AR, YIE 84.9%% E3]9-8
& 15.1%2 o] Fo|x AHAE ARSIt FAE 0.88 mm3]
3, Aee dd(Wale) & 153.65/5 cm, F2~(Course) *3F

Characteristics Measurement methods Wales Courses
Density(determination of number) KS K 0512:2017 153.6 stitch/5 cm 256.0 stitch/5 cm
Tensile strength KS K 0520:2015, C.R.E., Grab method 240N 340N
Tensile elongation KS K 0520:2015, C.R.E., Grab method 392.7% 326.7%
Tearing strength KS K 0536:2019, C.R.E., Tongue method 264N 30.8N
Over 20,000

Abrasion resistance

KS K ISO 12947-2:2016, Martindale method(Test piece: knitting, Mass and pressure: 595+7 g, 9 kPa, Final

point of cut: One strand of yarn is completely cut)

No rupture
Bursting strength KS K 0351:2006 (Test area: 7.3 cmz, Total pressure: 860 kPa, Rubber film pressure:
500 kPa
Organization visual judgment method Warp knitting

Ratio of fibre mixtures KS K 0210:2018

84.9% nylon, 15.1% polyurethane

0.88 mm
Thickn KS K ISO 5084:1996
1cness S SO (Applied pressure: 0.1+0.001 kPa, Press area: 2000+20 mmz)
Mass KS K 0514:2017 264.5 g/m’
390 mm/s

Air permeability KS K ISO 9237: 1995

(Test area: 20 cmz, Pressure difference: 100Pa, Air flow direction: from
the surface of the test knit to the back side, Number of test: 10)

Water vapour permeability Method

KS K 0594: 2021, 6.1 Calcium chloride

8,604 g/(m>24h)

Thermal conductivity KS K 0466: 2021

0.077 W/(m'K)
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22 cm

13 cm

(a) Pattern size of cover

Fig. 2. Cover size of fabric and sewing sample with cover.
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o]oﬂ;gq: l,_]_ 70 ao]: 75..7]_,_ s , FoE ’od
_9.
=

Aol Thak A Table 201 A|A| 1T}

Z
A 242 el

2 22 % 13 cm AlO|ZRE Adtela M
S SEFL YoR Fo T, 99 AE BARIIAL, A1
B3-S HAss] 28l Fig 2014 B uke} o] AjFo] £
FE U wE a3t
22. 5% Zy| & oog 24
AE FH9 5% S AH8E e IP2Es 34
7)(Thermistor, LT-8AB, Gram, Co., Japan)= A4 ¢l =3

7Fs 2= H9E 0~70°ColH, 34 F= = 20~80%RH
oltt. AL Al FFE thilete] Sl AEHR] 2EE
Agsh] S8 MES 3 Fe o1 E(hot plate) Qe &HE
H=Z A8 218515t ojn st Z#°]Ex HP180D(F]/3~
6¥7]7](T) Korea)s ARE-SINTH A E S 2= 20:t2C
T 40+ 5%RHOIA Fd=N o™, dFS AWy} gle

(lﬂﬁl)% A7} Y= ASQEANE Urel Fsdslat). opqq,
Al ARSE AHE AR B2 AE 5T AHE Y

558 Ado] QY] A 48417 B Y A %?4_
A0 @AY A 19AE AE 552 36°CE AlY
gt ZoE Qo] FLeoR SEEa 7] Tl okl

fitt rSL' mlm

11 cm

L, Seam lines
considering
sample
height(1cm)

(b) Seam lines and Sample with cover

=il tﬂMH% 1—5— {Pﬁgﬁ BFH2SEE BAsgon,
LEollA] 28 &, 184 42, 1RolA] 6% 5, 1A 8%
Z, ol 108 F HskE 25w WelEs Aklsle] Wl
25% skl 2fol7t AEAE A ol Xjols &
o}r 7] $J8] SPSS 24.0 statistics programS AME3lY] 7|EE
Al, 735, QL X E4HEA | Duncann AFFEA 02 BA5191

3BE $HE FO5E p< 05 AAEI,

3.1 7 R0 ME 2&E HEt

1 A7elME 3D Z-Folt EVA foams oj5o] 8-
73, AW fell w2551l Aol7h AEAE Lok
Flall Al sl wE 2giee] Wskgs Hlasislor, o A

F= Table 390 AA ST

250 A ANE A9A] B AT ANE A AS
Ht} 5AXHSE fefusiA EA JeRdthp < .05, p<.0l,
p<.00). 7HE A9 Qe 9 4R F 27} AS 2=
ol Hlsl 1.7°C olxl W, AWE 2e Afel= 1.1°C ¥}

Table 3. Comparison of changes in temperature and humidity with or without cover

Without cover With cover
Mean SD Mean SD ! r

Admin 1.7 0.4 1.1 03 4517 0007

Temperature A6min 24 0.6 1.7 0.4 3714 001”
) A8min 2.8 0.6 22 0.5 2.591 015
A10min 3.0 0.7 2.6 0.6 2304 029
Admin 1.1 1.8 1.7 1.5 —0.875 389
Humidity A6min 0.0 19 1.0 1.8 ~1.407 170
(%RH) A8min -1.0 1.8 0.0 22 -1.377 179
A10min -15 1.6 -1.0 24 -0.723 476

A4 min : temp. change after 1 to 4 minutes
A6 min : temp. change after 1 to 6 minutes
AR min : temp. change after 1 to 8 minutes
A10 min : temp. change after 1 to 10 minutes
*p <.05, *¥*p < .01, ***p <.001
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32. ME=E e 2cHst

32.1. AME H9A] 2 Y] Az 25

Azl A7kl e 2xHEE AAwrt Qe 499 7
H7F QB A2 Uro] AmEgitt 2 A3 AWt ¢le A
29l MBS Fig 37 Table 49} 294, AR} IS
Al L9} 2EWHBlEES Fig, 49} Table 594 Zith. A8
2 AR, ANE AR g U= AR e
=S AT AAK(Fig. 3), EVA Fo25F o]Fol3l AE=
Ag 4% A=A ket 2 & 2xwspt ule- H& A

S FHY $ JATh EI TPURT o|Fo)R TPU-10%
TPU-30%2 A& 4~5% <t 2=7F 3435 S71st9a, 2
Tz 2x7F JAH R Frlsle] HE 108 T 77
3.4°C(23.9°CollA 27.3°C), 3.8°C(23.6°ColXA 27.4°C) Z7}819d
tt. EVA 3 TPUZF 3% TPU-10%+EVAS} TPU-30%+

3D ZEgS FEoF A EEG mE L5 Wl #4131

EVA AIE% 108 & 27} 32°C, 2.7°CY S7kskd=tl, TPU
23k o] ol A7 AF Ae 4-5% wote] 2EHspE 2
HhH, EVAZ2 TPUZE Agelle A os 2ewst

T,

7} ololl o= LEhde.

e

T3 Fig. 3004 A Agxge] wet Qs A7} 7}
A3 e 2Rk 257F eS¢ F ATk wEA Als

_/l:
QGG wAIe) Sla) Azl we

j

el

AxkslRon, 7 gro g AEE AR EAHEAS HAjslo]
Aed 2w WelRre Avingith. 2 A Table 49} o] 2
B4R 6R T, 8E T, 108 F emus B4 A
Aol o} BAHoR felmat zolzt UETHp < 01,
p<.001)

TAHoZ AW, 28 Fo= TPU-10%7F 0.92CE 7
Z exWst A YeERtoH(p <.001), 4% FolE TPU-
10%9} TPU-30%7} Z+z} 226°C, 1.92°CE L=W3irt 713
A JERETHp<.001). S 63 F, 8% ol TPU-10%%}
TPU-30%2] 2E=®sl7t 78 3A vehd v, EVA 9] &
s 73 &A UETHp<.001, p<01). 108 Fol=
TPU-30%7} 3.76°CE =3l 717 34 Ve, EVA &
2 194°CE 2&Hs7b 7P 2A JERTHe < 01).
TPURYF o]Fo)7l 7¢- 2=xde] 71 2 =g 2o mof
Ha, 2 -2 TPUS EVA foamo| Z¢E
o] A= 0™, EVA WO R o]foX o] xxldoe] 71
Z ot 5= Bo=® Yehth 53] olgfst AL A7l
ol whe} B& TRl vehve e ¢
T 22} 43 TPU A8 SAEE(KS K 0466)2 021~
022W/(m-K)©] 1 2™ (Fei et al., 2020; Zhou et al, 202I;
Wondu et al, 2021), EVA &9 IA=E&E 0.030~0.046W/
mK)ZE YERITHJeong et al., 2009). Wt dAEE0] =&
TPU®| 2=®sP7t 7P IA] e, Exzgo] 7P

lo] LEdY

1ro
20 T

(°C) 28.0
- -
27.0 = = T ReET=
- - - ,”-_ ......
- e
- PY e T L
- g e ——— e ®
-~ a2 e
26.0 7 o et
s cd
el .
7 ’
25.0 PACANC A
. / ’I et
il o7
7 'I
24.0 — "
LA
e
23.0
1min. 2min. 3min. 4min. Smin. 6 min. 7min. 8 min. 9 min. 10 min.
EVA foam 24.7 25.3 25.8 26.2 26.3 26.4 26.4 26.6 26.6 26.6
= == TPU-10% 23.9 24.9 25.6 26.2 26.6 26.9 27.0 27.2 27.3 27.3
=== TPU-30% 23.6 24.1 24.8 25.5 26.1 26.5 26.7 26.9 27.2 27.4
------ TPU-10%+EVA  23.6 23.9 24.5 25.0 25.4 25.9 26.2 26.4 26.6 26.8
w—— TPU-30%+EVA 24.5 24.8 25.3 25.8 26.0 26.4 26.8 27.0 27.1 27.2

Fig. 3. Temperature over time depending on the material without cover.
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Table 4. One-way ANOVA Result of temperature change depending on the material without cover (unit: °C)
EVA foam TPU-10% TPU-30% TPU-10%+EVA TPU-30%+EVA F
Mean 0.64° 0.92° 0.52°¢ 0.28° 0.34%¢
A2min 16.725
SD 0.08 0.09 0.15 0.04 0.15
Mean 147° 226" 1.92° 141° 126
Ad4min 14.903
SD 0.02 0.15 0.10 0.15 0.34
Mean 1.71° 2.94° 291° 235 1.95%¢
A6min 13.412
SD 0.18 0.19 0.09 0.26 0.45
Mean 1.87° 326 3.34° 2.83%° 246" N
A8min 10.014
SD 0.12 0.19 0.26 0.38 0.54
Mean 1.94° 335 3.76" 328" 274 0.005™
A10mi .
i SD 0.26 0.32 0.30 0.34 0.61
AA min: temp. change after 1 to A minutes
wp < 01, #**p < 001
(°C) 28.0 —
- _—“——"
27.0 - T
AP —
~ - _—” .......... - a—
26.0 - ’,/' --------- -
P ” ": ...... " —-—
P P d .,,/".. - :
? .
25.0 v:f_"_'—'_"'“"/ ~
_RE . e—
24.0
23.0 . . . . . . . . . .
I1min. 2min. 3min. 4min. Smin. 6min. 7min. 8min. 9 min. 10 min.
EVA foam 252 258 263 264 267 270 270 272 272 272
= == TPU-10% 24.8 25.0 25.6 26.1 26.5 26.9 27.2 27.5 27.8 27.9
=== TPU-30% 24.5 24.7 25.2 25.8 26.3 26.6 26.9 27.2 27.5 27.8
------ TPU-10%+EVA 248 248 253 256 259 262 265 266 268 269
= TPU-30%+EVA 24.5 24.5 24.7 25.1 25.5 25.8 26.0 26.3 26.5 26.7

Fig. 4. Temperature over time depending on the material without cover.

EVA %¢] 2xRs} 7Pg 27 L‘rEM% e & 5 ATk
TS TPUSF EVA & Z3e] A% 2 Axe] 2xists B
eER ol AEET] QE&@F Aze] =g 2y

@ o] Q= oz AmHT

o)1
AT

322, AME AL dEe] sz 2xws)

55 A5 BT AWE A& ol Az Al e &
TH3E B3 A3k= Fig 49 2t} EVA Toagt °l$°i
A AEE AL 38 FO 257} 1.1°C TR 2 & &
T3P MxpHoZ o]folx 108 FolE 2.0°C FU18F A
< FEF F YU olH T A ANE H9A 2 AT
N veRd 2x=mskel AR B TPURRE o] Feixl
TPU-10%3} TPU-30%E 25937} 28 FRE F43 7
712 Z7hsked 108 Bt Z47F 3.1°C(4.8°Coll A 27.9°C),
3.3°C(24.5°CAlA 27.8°C) S7Fstke A& € 4 AUk TPU
9} EVA Z(foam)°] 2% TPU-10%+EVAS} TPU-30%+EVA

o] Afole 2-3E FHE 2EwshF UERen, 2 % 108
B AapHo® 247 2.1°C(24.8°ColA 26.9°C), 2.2°C(24.5°C
oA 26.7°C) /1S & 4 JSTE F, TPURTE o] F%
7o BHLTr} 7P IA 271869, 1 TR EVA E3
TPUS| X5, EVA FO.27L o|Fol3] A7 o= AU}
F7reIE o2l Ade AWE A9A 2 A fAt
& AS Bk 2ev AME 94 4 Aeele 128
T ulE 227} —7}0}»— S Hol v, AW Ao A

ol 2~3%e] At Fely} 27} 4}0}71 N&ele AL o
Eri °‘91E} g AL e AAols 2ue] 2wt A

Gstort, At 2 7
=7} vl Re @ S qlgieh webd
H

2ol w2} s

Shale 1§ 2

o

g Aoz AZE.

ARG A A= AR BHe) S0 Wt Aolrt
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Table 5. One-way ANOVA Result of temperature change depending on the material with cover (unit: °C)
EVA foam TPU-10% TPU-30%  TPU-10%+EVA TPU-30%+EVA F
Mean 0.65" 0.27° 0.21%¢ 0.08% 0.02¢
A2min 26.977
SD 0.07 0.14 0.08 0.01 0.04
Mean 1.23° 137° 1.24° 0.80° 061°
Admin 19.021
SD 0.09 0.13 0.17 0.1 0.13
Mean 1.81° 2.11° 2.03* 1.40° 128 -
A6min 12.127
SD 0.12 0.19 0.26 0.15 0.17
Mean 2.03° 2.74° 2.71° 1.86° 1.79° -
A8min 12.526
SD 0.15 0.16 0.34 0.16 0.26
Mean 207" 3.12° 3.23° 217° 222
/A 10min 14.519
SD 0.18 0.22 0.36 0.19 0.28

AA min: Temp. change after 1 to A minutes
*hp <01, ***p <.001

Asle ko] 2% G wiAlslr] 3l, Al mE 2
WSHFS ALTEIAAL, dAMRELREAS sl Al5E 2
TRslES AESIGTE 2 A Table 59F o] 2% &, 4%
6% 8% 108§ 2] AF wet 54
Hog zol7t YeRdS & F UATHp < .01, p <.001).
ANE & A9, 29 28 $ EVA £ 2=Hst
0.65°CZ 7P ZAl Yehtow(p <.001), 42 F, 68 Fl=
EVA %, TPU-10%, TPU-30%7} ZHz} 1.23°C(E:x= 1.81°C),
1.37°CEE 2.11°C), 1.24°C(EE 2.03°0)2 2:=HW3l7t 718
A YERITHp <.001). BFE 8% 5 102 Foll= TPU-10%
o} TPU-30%<] &=Wsh7t zHz 2.74°C(E+= 3.12°0), 2.71TC
(&= 323°02 7P ZA YERTHp <.001, p<.01). 3,
TPUZYE o]Fof3] Zfells A7t §le A9-9F sk &
TAgo] 7t & FHE Aog getEgrh. v ATt §
= 749°ll= EVA FRI0Z o|Foj7l Flo] 2rxdoe]| 7P 2
b E o, AWML U= 7A9l= TPUSE EVA #o] &€
I EVA #7102 o]fojzl A BT 2xddoe] 2 3 e
102 el olgje Axks A5 SX=g&d HHol
Aoz AzEEd. KS K 0466 Hos 233 An
AEEL 0.077W/(mK)E EVA (0.030~0.046W/(mK))1.
the £33 TPU AEETH021~022W/(mK)E e 78
ERAT). oA TPURLE Ve JAEES zh= 7AnrE AE
o HAXAA 102 F TPU-10%2] LEHslz-e 3.35°Co4
3.12°CE, TPU-30%2] =gt 3.76°ColA 3.23°CE
Bl SHEgo]ES] do] AE FHow FA Add AL &
T ATk ¥HE EVA 79 A5 AZE @dEge] 2 7
H7E HolAHA 108 F 2EwslEko] 1.94°CollA 2.07°Co]
Atk EVA 3 TPUZE A% A9ole AME 23S 9
108 & AIZ ¥He] 2&rslRro] 327°Col4 2.17°C(TPU-
10%+EVA)Z, 2.74°ColA 2.22°C(TPU-30%+EVA)Z WolA=
AE G F ATk F, ATl wet A2 2xwsil A}
o7 Yehbs AL Awe dAEEF #o] & Aog Ho

=
L

o

or

>,\1 >.\1

12 o

e, wWepa), A oj=el] AR 3D ZAgol e o

JEllM el S0] Fadt Zlos AzbEn Eg Au 9
GAEES] FEFS Bol WS Ao Azung Au ) A
4

=
g A 7o 71l Zlo] BLT Zlo= AR,

3.3. ME=E| IE sEHst
33.1. 7S A9A 2 dee] Aexdd Fewst
Azzgel w2t Walshe FrwskE ARt fle 7899
7AHZE S AR Ure] 1087 ARt ARt gl
Al AZE A3l et Wskele ok SRtk AT 4
1= Fig. 59F Table 6} ZUth AZEFEZ Al we
FHFO F55 v 43 EVA 52 9% 270 da
KR hA

Fog velhou TPU &A417F 29 2

Ehls AE & 4 AShp < .01).

ZHE 28 FojlE UE 30%E ¥ TPUAA(TPU-30%)2] &
©7F 2.12%RH &7k v EVA foame] 4% A A
o] A YERTHp < .01). E8 4% & TPU-30%2] Fie
2.79%RH Z7}8}913, TPU-10%2} EVA o] 38 A=
FE7F 261%RH F718ke 5 tiAlZ o= 4% A= 73 &

< ¢ 4 Ak T3 Duncan AMEASS B8 2
I4E AHE 43 6ol Ad FHEH TPU-30%, TPU-10%+
EVA, TPU-30%+EVAE SHEE7}F Z718AY HS3t )7t
7ol g WA EVA E(foam)® TPU-10%E EHSE7}

Hadhs g 2RI F ATk p <.01). °lE Tl AR
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28.5
28.6
32.2
325

(% RH) 38.0
36.0
340 i P
74 I
22 S
‘o~
32.0 2, S s o -
~
- -~
30.0 - -
- -
28.0
26.0
1min. 2min. 3min. 4min. Smin. 6 min. 7 min.
EVA foam 315 315 308 30.2 29.3 29.1 28.5
= == TPU-10% 31.3 324 319 314 305 29.8 29.1
=== TPU-30% 32.0 34.1 34.9 347 342 335 326
------ TPU-10%+EVA 31.7 33.6 345 343 341 33.6 33.1
=  TPU-30%+EVA 33.1 34.2 34.5 345 340 33.6 331

Fig. 5. Humidity over time depending on the material without cover.

32.6

8 min.

9 min.

28.2
28.3
31.9
32.2
323

10 min.
28.2
28.2
31.3
32.0
32.1

Table 6. One-way ANOVA Result of humidity depending on the material without cover (unit: %RH)
EVA foam TPU-10% TPU-30%  TPU-10%+EVA TPU-30%+EVA F
Mean -0.04° 1.17° 2.12° 1.89*° 1.17° N
A2min 9915
SD 0.26 0.29 0.48 0.81 0.19
Mean -1.30° 0.10° 2.79° 261° 143 n
Ad4min 9.865
SD 037 0.78 1.12 1.57 0.36
Mean —241° —1.44° 1.51° 1.89° 0.58" N
A6min 12.034
SD 0.47 0.49 1.03 1.66 0.32
Mean -3.04° -263° 021° 081° -0.50° -
A 8min 11.764
SD 0.54 0.41 0.55 1.71 0.32
Mean 328" -3.01° -0.70° 0.33" 097" 0487
A10mi )
10min SD 0.67 0.14 0.46 1.68 0.56
AA min: Humidity change after 1 to A minutes
**p <.01
Myl e F59 FxrF tE7]= sANE TPUZ} 25 des & F UAUTH
AEel AL 36°Ce 7o Ew MTEHo T FHo] o]E3)
= AL FEs £ 0tk v EVA Z9] Afolle AEEH 332. ANE A& dHY AsxFE F=Hst
oo FRolF S B F I BHY] St A 2 AHE AL oA Ft FrHsiEge A% 23
o e ALRE Hol FH| Bl e o] SHE A + Fig. 63 Table 7o YERNATE AFEZFol| w2 BHZC]
o2 AziEL wetx] GHFAdo] 8EE Hol Wol Ues & EFEE AHE A3 EVA 2 238 FHE ¥HE S50
F2o)ES /e A9 o] & HXA = EVA EXE AXH o2 o= S #ET F= AT W TPUSAIZ
Th= TPUY TPUSH EVA F0] 234 JeiE AH8-she Zl°] gh o] Fofzl Afolle 34 7 BRS FE7t STl
28-S Eolet ol @ Zol A= ole 4 7} F438] 7143 vbH, TPUARISE EVA Zo| x3He 799
= A8 FHFret Il IS ASE AZE = AYd = 5% AT ARF R FUtsit ket 71ev)= 3t
T 2AF A3 TPUY FHEKim et al, 2006)= 10,139~ 2= AL D S Uk
10,428 g/(m*24h)0.2 =& Wo]9lom, EVA Z¢] 4% (Lou AHE #2 A= A 27 F2F BF vg27] o9
et al, 2010; Kapur et al, 2013y= 27.6~33.0 gm>24h) O & v} o A7 W] WE SEMEERS 128 & o Yufx|EAkE

G S Uit mebd o] Ee] AR EHE ee] ARE A

4 A5 AR FEE 9 2Hsoksks vl T3 a4

25 AN (Table 7), 2 A}t 24 F57

ool Afol7}h Uehte 2



(% RH) 38.0

36.0 -

§oF AEEF WE LHE B 4 135

g P o R —_
27 - ’/. ............ - ; .............. Seeo —
PR R =~ Ttreeen, Te~ao
TR N St LI -
PR -
-~ - -
32,0 S~
-~
30.0
28.0
26.0 R . R . . . . R . R
1min. 2min. 3min. 4min. Smin. 6min. 7min. 8min. 9 min. 10 min.
EVA foam 35.2 35.8 35.8 349 344 33.7 329 323 31.8 31.3
- == TPU-10% 334 34.8 35.6 354 349 344 33.6 32.8 32.1 314
- e = TPU-30% 34.2 35.7 36.7 37.2 36.9 36.2 35.6 35.1 34.6 34.1
------ TPU-10%+EVA 32.8 34.0 35.0 35.1 35.3 35.0 34.8 344 34.0 33.8
= TPU-30%+EVA 32.8 34.3 35.4 36.1 36.3 36.0 35.7 35.7 354 34.9
Fig. 6. Humidity over time depending on the material with cover.
Table 7. One-way ANOVA Result of humidity depending on the material with cover (unit: %RH)
EVA foam TPU-10% TPU-30% TPU-10%+EVA TPU-30%+EVA F
Mean -0.01 1.05 1.21 0.78 1.21
A2min 1.858
SD 0.90 0.56 0.35 0.72 0.58
Mean -0.95° 1.58° 2.78° 1.90° 295"
Admin 31.686
SD 0.50 0.51 0.45 0.64 0.20
Mean -2.13¢ 0.60° 1.74° 1.82° 2.93°
A6min 39.437
SD 0.41 0.45 0.79 0.65 0.08
Mean -3.52¢ -0.98° 0.67° 1.15° 2.56°
A8min 43.463
SD 0.54 0.52 0.91 0.67 0.19
Mean —4.50° —2.42° 033" 0.54" 1.76"
A 10min 41.525
SD 0.72 0.58 0.96 0.66 0.14

AA min: Humidity change after 1 to A minutes

*rp < 01, *F¥p < 001

-+

7HE A&

A

F ARE F5 Hilgo] 5
A Zpol7b rebsTh 53] EVA %94 E 29}
= HEA AlZte] Aol wet FErt g 2ol Kol
gt = R %Lzﬂﬂ_i Duncan Al¥4Z A3 4
W, 458 5 2% 30%= " TPUAA(TPU-30%)9}t TPU-
30%<F EVA &°] &3 A (TPU-30%+EVA)<] écﬂ
2.78%RH, 2.95%RH 57}t RFH EVAZO =R H A
7} 0.95%RH Z43s & 4 A oHp <.001). 63
HE TPU-30%+EVAZ o]F0)7l A2A)7} Ao = &

A 7P 2 HelE B9l W, EVA E02 ¥ A
Azr A ATE & T AMTHe <.01).
EVA £& 45%RH 7HA2dke] o2 2adl] vla)
- Z Aog yeidth olg A2 FEEH
2 Ze® AZEe & AFelx ARE AW
8,604g/(m>24h)° & TPU| F251(10,139~10,428g/(m>24h))1.

73, 4ol

\l

HI

o~

oﬁ,::,

L

Th= 23 EVA Z9] E5%(27.6~33.0 g/(m*24h)) Hrh=
AE Bt W AEe] AE Hgoz 7t ZHE%
B 2po)7t 4ito) ﬁﬂﬁ AWHH UrE‘rUrﬂ }s
Fgk Awfel] w5

AU webA] 3D ZY l
S MdsAY 243 34 gdE

F, 77}l disl Aeshe

xHUr EVA%Ol 3017% o8
H AFe AMFE Sl

Rol w9 Fag Ao AzkET.

N

48 =

B ATAME 3D TUAYES BEF AFS Bl 2gte]
A B A S S ofuld G AEAE dok
B3R} 7% A8 AAEIT o8 $8) 3D ZaYo] 2%
H AE 55(EVA foam, TPU B= 10%, TPU U= 30%, EVA

foam+TPU ¥E 10%, EVA foam+TPU EE 30%)°] wa}t
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255 A7k YEAE HviRgror], olue] g A Auzk
Holxl 57t 8] whe] Azt gk A9sh Azt ghe
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= 74 AWE e AR vHre] AE RSt AT gl
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Hewrt Z716g o o)F Lxwsbyl uig- A Yehd,
TPUERF o]F31 TPU-10%3} TPU-30%= A& 4~5% 5<t
257t F438] FTRItE L o|Foll= AR o= FUTekA
o} WHH EVA 23 TPUZF 2531 A9de FAFoE 2%
Hal7b o] Fo7] R0 R YERdth &, TPURRE o]Foixl 73
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