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A Study on Improvement of the low temperature flex
resistance test method about high waterproof materials
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ABSTRACT

Purpose: This study is aimed at developing of the flex resistance testing process at low temperature with
the waterproof fabric to suit the military environment, and is designed to fit for the purpose of the waterproof
materials in order to optimize the test method by finding out matters to improve from existing the test method
and through previous studies.

Methods: The test method, which has been applied to flex resistance of existing water—-repellent materials,
was improved and consequently, differentiated test results could be obtained according to the test temperature,
sample size, and flexing method.

Results: The testing of the total of 8 samples revealed that performance of the military requirement could
hardly be met just by presenting the materials or 2~3 layers when the quality criteria for high functional
water repellent fabrics were applied. PTFE(Polytetrafluoroethylene) is preferred to PU(Polyurethane) to be
used in the extremely low-temperature environment, but durability under the low-temperature environment
may be varied depending on film thickness or laminating technique even if the materials of waterproof films
are identical. Therefore, in addition to the material or texture, the test method capable of reflecting durability
under the low—-temperature environment shall be suggested, and the newly designed test method proposed
in this study was shown to suggest differentiated quality criteria by the material.

Conclusion: The water resistance measurement and the test method following flex resistance with expanded
range of flex will enable the differentiable test of the samples according to the number of repetition. This
study is meaningful in that it suggests a differentiable test method capable of establishing a basis of deciding
suitable material when selecting military goods made of water repellent material by properly improving the
test method.
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T s gk ol FHUT Al di BEFR= B8, V1A HEHRolu 55 5489 9oF ol
TeFebAl A-8HaL lom, oA dik Wggd gy 8 548 st W oly B vlg- 52 &
oA QASHA AR E L ok rEe] Afole FA429 S A o] o] HFEehe S Abdste] Al
& FAFOEN Bds FHE F glo], WIS TASE FHUT AT A AEe] e vt
(Korea Defense Specification, 2013). £3], &3l7]o|= Ao AEA SFHE 93] 9oFd FE5Hs 7|50 Z
FHo 2 ALHa 9|, vl WakE 9 AA ECWCS(Extreme Cold Weather Clothing System)oll A =
5, 697191 Extreme cold/Wet weather jacket and trousers®l] ©]& 483} = Ao x4l AHde} & 4=

Sl tH(Defense Acquisition Program Administration, 2014).

A2 ool O f Rolol AR 7154 weiste] ofel vl%e] 4e5 3 glon, 1 Felw kst ol
£ WEsE 2 A WY AAE FEFORA, ol /16 S Aeshad A%HoR wHsku it
HEA AR 7154 Bl g, S QA REE A8 APTAAE o8 B /)5 Foldta,
913l PTFE A4e] Fe 20e 48kl #4970 wefsha glek, old) 24 A¥FE 38 37 Lol
4G 5 Fol® Aol fAHolok sh=tl, WHHE 40 C AEe] FG APIAE Fis Aol A% Ao

FARNE 98 T 4FL 1A PPl aTH ot

2 Fdsojof st} melA BEEHE AlE9]
(National Defense Standard, 2017).
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(a) Water resistance of coated fabrics — High range, hydrostatic pressure
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(b) Water penetration-hydrostatic pressure

Figure 1. Testing apparatuses for pressure measurement.
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FA e S7H Ao w FAs, ¢ 7] Fol, 4Y & Wstete] tdet 20w SAT e vk TR
BAE i 2o FAAFY Fgol Adtetrh. Al KS K ISO 229582 FF3HH o] 3tk
(a) AATCC TM 35 (b) AATCC TM 42
Figure 2. Testing apparatuses for rain method. AATCC TM 35(a), TM 42(b)
3, AATCC TM 351+ 4201 = AEHS] 22 #ARsto] §2A9) A% Wahe Fahel B9 F2 Saks f4}
AN} Yom, IS0 98654 E Aol B £4 0 Holme] Faby $& ZHT 7, AR EHe
ok W 7P E A H o] Tk

sk vy
HE 1~59 2% ¥A]3= Bundesmann® ol

Figure 3. 1~5 Grades for Bundesmann of ISO 9865
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2.2. 23/

2.2.1. ALZZ AFol=k?

o A ARG EE TR ST $85Hw FEoR P AT FEE A5 S| M E g
o= Adso] F-AFofof gtk ofuf WL W2A|9] AR TSN, el o3 A A 253 WAls] HE <l
A w2 W] WAL o] FE2 AFHA R diels Alo] ¥ Fasith oE 98 A EHE
FE&5ua 452 Arhg ghudle]’ S & M (Lomax, 2009), o9} #Hedste] gopitol AlRE = Ao dH-E
Table 1l 7+efs] YR ATHScott, 2009). 334, vltollA 4851 ECWCSe] 69ANA = oejdh B oS il
H3lo] F5r Aso] Hol¥ Extreme Cold/Wet Weather Jacket and TrousersZ 483t 9tH(Wikipedia,
2018). e A 2ol M= AEoly I-A 9] frAdel Askd = glom, o]z Q&) Sl wE gEow 4
ol Aetd = vk wEhbA Table 29 7ol ol e oA ARE T3l W= -0 79 @] A=
A F UFes F47]F02 AEatal vk

Table 1. Various materials in current UK military usage.

Material description Specification number
. . . . . D D -
Cloth, laminated, moisture vapour permeable, olive, No.1 for arctic mittens C/[SJ%EC//PE(;Z; 9
Cloth, laminated, nylon/PTFE/nylon, waterproof, moisuture vapour permeable, No. 2 for
gaiters, snow, GS UK/SC/5535
Cloth, laminated, nylon/PTFE/nylon, waterproof, moisture vapour permeable, No. 3 for UK/SC/4978

foul weather clothing

Cloth, laminated, waterproof, moisture vapour permeable, navy, olive, disruptive pattern,
No. 4 for foul weather clothing DC/S&TD/PS 1063

Cloth, laminated, waterproof, moisture vapour permeable, No. 5 DC/S&TD/PS 1016
Cloth, laminated, waterproof, moisture vapour permable, temperate DP, Near IRR, for foul UK/SC/5444
weather suits Army, Royal Marines, Royal Navy, RAF, Special Forces

Cloth, coated, microporous polyurethane on texturised polyester, cedar green, for aerial

erector's suit UK/SC/5070
Cloth, laminated, waterprrof, moisture vapour permeable for sock liner, extreme cold S&TD/PS 04-96
weather

Cloth, laminated, nylon PTFE/polyester, for one—man tent UK/SC/4960
Cloth, ventile cotton, water-repellent, olive, for coverall immersion, aircrew, and smock, UK/SC/4940

swimmer canoeist
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Table 2. Quality requirements of various items after flexing under low temperature.

ITEM Test Method Temperature(C) Flexing Count  Material

Winter clothes for Marine PTFE
70,000

Individual Shelter -40 PTFE

KS M ISO 17694

Winter clothes for Special force PTFE
40,000

Winter clothes -20 PTFE

Multipurpose Outer KS M 6893 -40 70,000 PTFE

2.2.2. 7122 2TAT

A Wk A= Fig. 49F 720] KS M ISO 17694 % KS M 6893 #|A]E 1|5 o]-8-35}4 Table 2014 AA|
9 Aezdon FRAE Aasn Aok oW, KS M IS0 17694(%-31s]sh hzre] Alghubii-u) 234)e
Ao g3o] A gH s PPOR, 54 Bl w F3ho] NAES HAHolT) BE 53] 4o B
webd Q4 Felolur §EAow ool Zhha 4 glonk, A4l g A7 aﬁ—*ﬁ— chaba Wl A el
whlste] F3l0] FEIA7] B, olelg W eat vue) e 542 Az ws] ofgA He

_I

15 #1

.
25 #1
2\© 3

55 #1

50 21

25 1

Figure 4. Flexing apparatus for KS M ISO 7694.

FoROE Z3A42 5 f8)] A A Bl A AREEE AlgHe] 3717 cm X 4.5 em(31.5 cm?)7F W%
7HKS K ISO 811)ell Bagh A7]Ht} ZolA], o]F Qo2 4% 7 =34 E ska vk 1 A3 Fig. 59
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Size for water pressure : 100cm’
==

(a) KS M ISO17964 (b) KS K ISO 811

Figure 5. Pictures of flexing procedure by KS M ISO 17694(a) and water pressure measurement by KS K
ISO 811(b).

2.2.3 sf99] =5A42 ¥

2.2.29] dlidH = EAK ek A ks S Ftolr At ol o, o] R H W= 27 AE
Fieu et ke @, 29 dAgle] 24 o] %-9] 7154 4
A e 7 om 38 A& diEl EN 342, 343 59 E5%
7k8kal 9lom(Table 3), Wi A22ANM =285 AA W4 Ae& B7Iska Atk ol ARH = Al
AL Fig. 63} 7o) ASTM F 392 Standard Practice for Conditioning Flexible Barrier Materials for Flex
DurabilityE °]-§ato] =9 AHA o] =4 & § &4 55 g<lsta ek

z 4m
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Table 3. Some performance requirements and recommendations relating to coated and laminated fabrics
conforming to EN 343:2003.

Property Class 1 Class 2 Class 3

Resistance to water penetration(kPa)#

As received 8 - -
After dry cleaning and/or washing — > 8 > 13
After abrasion — > 8 > 13
After repeated flexing — > 8 > 13
Influence of fuel and oil - > 8 > 13
Water vapour resistance, Ret(m*Pa/W) > 40 20 < Ret < 40 < 20
Recommendations for wearing time
at 25 C(min) 60 105 205
at 20 C(min) 75 250 *
at 15 T(min) 100 * *
at 10 C(min) 240 * *
at 05 C(min) * * *

— indicates no test required, " indicates no limit for wearing time
* conversion factors : 1 kPa = 10.2 cmH20 ; 1psi = 70.3 cmH20 or 6.89 kPa
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Figure 6. A picture of Gelbo flexing procedure

o] WS B F=S A HH, AH AA o] o] ZteiAH, Al8e 7% 220 mm X 190 mm B X7}

ol WrRE A7 sk vt webs o] AHlE Aol AR Q'S Heketd, 7]Ee] W
Hle] WiE Q= FARIPL 7heE o® o SHSI
3.4 ¥

T A e wE 15 o7 e T Tk AES 2] AsiA e FET BpE I Vel &
28k, b Argdt npe} o] v]Ee] WS B 7hx] FAHS Eska gtk wEhA] B Aol A= o] gt A
Aol A AFIHE AAstaLA} skgiTh o5 918l 7 WA o] 24 iAo A] A A vke} ko] AATCC, ISO,
JIS, ASTM ¥ #& <1t AAJE FARE Al ES #4500, Tkl Hes A8 220 AlEHS HESIS]
o a3 A2z 9Ol F5AE] A At JES v Qe FRES REshste R F4 A
ol5 AHEIHA AFte] 2lF o] Sn 7hEst A2 WS AAISIGITE 1E]al o] WO 8F ARE A2x
AolA #3Ae 3 F WSS SAHSY 1 A9E v EAgo e, 35 dAag Aoy FE NS 9%

7| zAe g gdestuat kg
3.1. Agurie] AA

3.1.1. ALEZ A

2.200 4 A st nlo} o] WghE o] ARR-E = FHUE Al A2 A04 KS M IS0 176949] BHo 2 ==
A& skt =, 54 Felelnt Z2e] ZheiA L, A58 A7)k Wik kel FAZHE ZA o] i W,
e A WA AAA FLo] 1A= ASTM F 392, ISO 7854 Rubber or plastics—coated fab-
rics—Determination of resistance to damage by flexing, BS 3424 Testing coated fabrics part 9. Methods
11A, 11B, 11C and 11D. Methods for determination of resistance to damage by flexing 5¢] W& Eaf =37
AeE s 9k,

& QMR 528 Awe] 28l mE &4 ohe] F7PY O ASTM F 3927F 71E9 4851 9= KS
MISO 176945.th ¥ A ekstral datskgivt, vhnh, ol AA e 7]E0] WS B 2] 5 240M 13
St o=, & Aol W] 29 S aEstel 440 + 2 T)elM Al o5 fla) A1g

ok
o
i
St
=
QL
2
K
o
1
oZ
oE
rlo
i‘ o
PN
o,
o2
&
o
e
Ho
off
=2
>
=
|
ot

o
g AE7 Auishgon, 1 A @3



Lee et al : A Study on Improvement of the low temperature flex resistance test method about high waterproof materials 433

Agtele] 3%ozAe] S4o] HdE Ade WA & AU
OTITI, KATRI, FITI®] A &4 e
R RESIE T ER ERE RN
g Had dEs REA Aot Ten 2

TN E 7 T(FITDNA 23kt

M
AC)
ﬂHU
=

3.1.2. AT F U4E A
St m oA HAE B8 AFe) R AL KS K 06592 34} KS K IS0 811 ekl
U
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Table 4. Characteristics of test samples.

No. Sample 1  Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8
Upper Nylon Nylon Nylon Nylon Rayon/PU  Polyester  Polyester Nylon
Middle *PTFE PTFE PTFE PTFE xxPU PU PTFE PTFE
Under Nylon Nylon Nylon Nylon PU Nylon - Nylon

g/’ 208 176 176 171 251 142 119 179

w/c 173/149 295/145 295/149 295/145 120/90 351/244 255/185 315/150

" PTFE : Polytetrafluruoroethylene
™ PU : Polyurethane

$9, Table 45 2ol Ae] F495 LAl W4, 384, Wedd 58 nelstol $2 3 layer o2 416
93 Qen, AEEMT DS YIS 247 Bol ALHD Y AL & Ank.
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= AEAE KS KIS0 1399] A Hol A 4417 o) AYA & F, 105 oluloll Aol AX|ste] A3S %3
SHE% AT, ol F AHAT} Qe LEAA BB AHolA 127 S Ase] B9} AlnE s
& 4 QES FAAAT. Tk, ¥ ATAAE £8P 89S wefsle] APLEE 40 T ek
el BN G2 A ANE S Aol Ae) S5 delctel A8E AFAA, Table 55 o4
A Ae A2 A= AP UlgE SAUHES 7183 vaste] YeRd Aol
Table 5. Compare testing condition of previous and novel test method.
Section Previous method Novel method
Determination of Flex Resistance KS M ISO 17694 ASTM F 392-93
Flex type Pressing & relaxing Twisting & Crushing
specimen size 7 X 4.5 cm(31.5 cm2) 20 x 28 cm(560 cm®)
temperature 40 £ 2 C 40+ 2 C
Determination Resistance to Water Penetration KS K ISO 811 KS K ISO 811

4. 2% 5 313

11, 27) E 5929
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2 AT AMEHE Aol Uit 7] AES s, AA dEdAN B bk

Table 69 A2 th FHET AZEY] AFE oA 28 A 84S Hrlshr i
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o ol Wk ?%ES’% U ddE 1o, 3 layere] 2AlE0] 2 layerUh 2 A5 HERI oW, F7H4 2
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Table 6. Test result of fabrics regarding water vapour permeability and resistance to water.

Sample No. Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8

Water vapour permeability

(¢/m?/24h) 10,309 18,476 18,139 17,842 25,308 6,051 22,343 11,549

Resistance to water

—— 1,815 2,000 2,000 2,000 1,442 391 1,775 2,000
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70,0008] K.tk 2u] o]% F7FAA 150,0003] 744 =242 & ¥ ks S48k, PTFE ®HySlo] AHEH
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Table 7. Test result of resistance to water regarding several samples treated with previous flexing method.

Resistance to water penetration—Hydrostatic pressure (cmH20)

Number of
flexing Sample 1  Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8
70,000 1,000 1,000 1,000 1,000 32.5 1,000 1,000 1,000
100,000 1,000 1,000 1,000 1,000 28.5 1,000 1,000 1,000
150,000 1,000 1,000 1,000 1,000 24.5 1,000 1,000 1,000

A%, )2 WEe FRAUE S8 AT Aol 2e80lE Breln, Al wel rEst 9eA 2
g Zejshs Aoleh mebd Bes] AW WEUS M e, olel @ HelEnet FT-Re DSCsh e

AH)E olgate] 7ashA AL WK So] o EakAole & 4 ek wekd, J1E A PR Aidel
A AL BE, AR AR 8F A WET F glo] ngo] 27H

4.3, N Z3A ] Wi 9%t Y &4 Ay}
3.100] AAI3F ule} o] Za WS Pldln, S A7 o g 40 T ALz 20,0003 7

A #2835 WFEEE SAS A3 Table 83 #t}

Table 8. Resistance to water regarding various samples with flexing at =40 C

Resistance to water (cmHz0)

Number of
flexing Sample 1 Sample 2 Sample 3  Sample 4 Sample 5 Sample 6 Sample 7  Sample 8
non treated 1,815 2,000 2,000 2,000 1,442 391 1,569 1,600
2,500 - - - - 28 - - 44.3
10,000 1,388 2,000 2,000 2,000 - - 1,213 138.1
12,500 1,274 - - - - - 1,145 -
15,000 910 2,000 2,000 2,000 - - 1,335 -

20,000 - 2,000 1,732 1,963 - - 945 -
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4.3.2. Sample 2

Sample 2 TollA 554 4 Al ARG E = g 9o R tE ek e o & F£5 718 B Ul
gol 8HE FH5olth o] AlFel H&H= dF2 PTFE 22124 3 layer7k 28531 vk, ofuf o] Aol 28
He oA e AaEIA e 2718 40 T4 20,0003 ¥HE 31,000 cmH0 ©o)/de] WEEgE 878

I e, ol UM B EAd g 3.3.19 Sample 19 H]&| £ =92 4 4 At

Sampel 29] 9 59 2o A2 =217 WHOZ 500084 20,0008 714 WHEgk A3} ==
F7F STkt e Wit askA] B 5, == 8157 S7kekol e Sample 13 2] A W5
=4 HiAQ] 2,000 cmH 0 ofstz "ol A A] =t Zlolth. o] ARE ek Al5Fo] Hle) A2 =
Ao =o 23 Hio] gl Aow ket <= gt} 3 o] Ao AW EFA A2 F2AY %
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4.3.3, Sample 3 ¥ Sample 4

Sample 3%} Sample 4= Sample 29} Zo] PTFE &A419] S5W4 BES AHEE gJon, YT 59 SR s
93l 3 layerE A83F1 = Ao E FAET Sample 33 42 /A ¥ o2 50003], 10,0003], 15,0003] 7}
A w2 sk 23 2,000 cmH0 ©]/de] HE4=E YeRl it 28y 20,0003] 914 Sample 32 1,732 cmH:0
2, Sample 4= 1,963 cmH0Z thA 7F43ke] Sample 20 Bl = ABo] thah "ojx= AS & 4= A

e o] AFEY EFAE Fol WFE 27 $EE 1,000 cmH0 oo 2R, 20,0008 9] &3 Aol & ]5
BT FEROE 5E 35 ARYS 7 QAT webA o] 7 Al e S 2aew $A7EeR
A4 A 20,0008 F=AE] ol 1,000 emllO olde] s f7etf e 7t gle AoR Al
4.3.4, Sample 5
Sample 5= ol AMg-ahz Ant 0w FeloAEet gl B Al Eledwor agste] £5
B oS AR ATl o] AEL 27] AN st FikE FAVIFOR e glont, ARk
AolAe] E=Ale] @ Fol iz MER Ao 94 ok o] AEd 2L o FuAE Wy A



Lee et al : A Study on Improvement of the low temperature flex resistance test method about high waterproof materials 437

I, O AlFol vlE) iAo whe 2,5003] §HE Fo] W5 e7t 28 emH 08 54 38] AstE ek o] 22 W
% g7k 7heE 4591 60 emtO/ming 1 E wf SA I SA] A9 Fo] A= R & 4 AUvk wEkA F

=429 o7t glo] AdE FESIT 1Y B RE Sample 59 AMEE FEHT BEES S8 AL NA
G Alell= W Aol EA7F & Ao Ao, 25 o] AFY & 7hed A X8 T T &
g 5S 98 v 2=z F3AY T A WEE dEste] AA FA5T AATE 2oF Ao A

4.3.5, Sample 6 ~ 8

Sample 6~8& RIF& F5U AAEA, @A) wollA thgFet ‘jo“\'é o8 AEFS RIZEsEY] got 9 3
T8 W A T& S wiAARE R 28e] flal sU HoR F5A e st WFEE vug 4l
o} ojuf ¥l AFS ShA ARE & AFEH vuE ¢ =S PU E}H]Lﬂ o] 3 layer(sample 6)2 PTFE &}
vldlo]¥) 2 layer(sample 7), PTFE ]v|o]¥ 3 layer(sample 8)& Z+7+ AA3}SIT)

WA Sample 62 Sample 59 A%< Bluste], 7] W=7 391 ecmH02 YER 7§ AlsEol vl A4
S WS 2Ea 9l%len, Sample 59 wHIAIE —40 ColA © 5003] 7 @442 stol ufg- v
& Utk o= 94 AWe vkl o] PU &A7F Aol ARgE v Yefvbe EAH o=, 35 PU

olf AT SeHEHTE -9 T FAE Auk Ao Agate o] BEE AoR ddEch ok

o] TPU(Thermoplasticurethane)t}, M 2% XS 53l Ao 7|5 A3p7F 24 & A% A7 A
P Qlorw o] taixe A& AE BAF Aow Aet

g, Sample 79 theiA L 2o R FaAEE AP A vESIFTE SRS et 27 s
(1,569 cmH,0)1 A #|&4 0.8 s 3 ATk thek 15,0008 ol A UlE7t v S7kskar Q)
ol AAl Wkrt S v o] B, & AFHRA A DAY= B EE aefste] Hatx| AAe] n
2 QAR B o] Bhdsit mebA o] AlFE w8 o= AR ol 20,0003] 14 1,000 cmHz0 ©] 8}
o] YFLEE Yehgler, 10,0008 4% 1,213 cmHy09] 522 UFE7F YEl 20% X2 Algd up&
[RARat %zeq aF3hS 1L vl 7,0003] L= 50008914 1,000 cmH0 T2 AAeH= o] elded A
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