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Abstract Military textiles with breathable waterproof materials are expanding as form of winter clothes. Waterproof
moisture-permeable clothes are very important for soldiers to survive in cold weather operations because they prevent
loss of body heat from the penetration of water into the human body. Korea military uses the water resistance and
moisture permeability to test the performance of waterproof moisture-permeable materials. Moisture permeability is
measured according to the amount of evaporated water vapor passing through a fabric under specified temperature
and humidity by using acetic acid potassium presented in KS K 0594. However, the test procedure for measuring
the moisture permeability in the standard is presented only briefly and the preparation procedures for the test in
accredited testing institutions are applied differently, leading to significant deviation of the results. This paper
compares the procedures of testing institutions and examines the factors that affect moisture permeability. Finally, we
propose a procedure to reduce the deviation of results and apply the proposed procedure in testing institutions. Our
analysis results with one-way ANOVA under significant level (0.05) confirm that the deviation of results is reduced.
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ECWCS (Extreme Cold Weather Clothing System) 5,
A9l Extreme cold/Wet weather Jacket and Trousers
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Table 1. Moisture permeability and quality standards of munitions that is applied waterproof material.

Water pressure(mmH,0)

WVTR(g/n-24h)

Item
Quality standards

Test method

Quality standards Test method

10,000
winter jacket of marine after flextion
at cold temperature

10,000
shelter for personal after flextion
at cold temperature

10,000
winter jacker for Ranger after flextion
at cold temperature

10,000
coat for multi-function after flextion
at cold temperature

10,000
after flextion
at cold temperature

5,000
after 10 times washing

waterproof fabric
with digital pattern

Flying suit

KS K ISO 811
(mmH,0)

15,000

15,000

15,000

22,000

KS K 0594
(acetate potassium)

15,000

25,000

rain coat 980

camouflage patterned cap after 10 times washing

KS K 0592
(kPa)

20,000

20,000
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Fig. 1. The accredited moisture permeability test results
of each institutes.
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Fig. 2. The water vapor permeability test results
causes of variation.
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Table 2. specification of potassium acetate sugg-ested in
KS M 8319 quality standards.

item

standard

purity

melting state in water
ph(50g/L, 25C)

loss in drying(150C)
chloride(Cl)
phosphate(PO4)
sulfate(SO4)
sodium(Na)
Copper(Cu)
calcium(Ca)

lead(Pb)

iron(Fe)

Yz =M EEY 22(0)

over 97.0%
with in limites
7.5~9.0

under 3.0%
under 0.003%
under 0.001%
under 0.003%
under 0.5%
under Sppm
under 0.005%
under 0.001%
under 5ppm
under 0.002%

Table 3. Potassium acetate in use by Certified tes-ting

institute.
A institute B institute C institute
SHOWA SAMCHUN JUNSEI

brand

Water Vapour Permeability(g/mz- 24h)

Fig. 3.
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The WVTR test results according to the type of
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Table 4. Variance analysis results of WVTR according
to type of reagent.

Var ss DF MS Fo >
value

368,768 0.0737 0.9292
5,003,622

reagent 737,536 2
Error 75,054,336 15

Total 75,791,872 17
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Fig. 4. SEM npictures to the surface of assistant film.
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Table 5. Potassium acetate solution manufacturing
process of each institutes

Institute Process
A
B
C
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Fig. 6. Water vapor permeability testing result of the
PTFE film according to the corrected method.
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Fig. 7. Water vapor permeability testing result of the
PU film according to the corrected method.
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Table 6. Variance analysis results of WVTR according
to the corrected method.

Film Var SS DF MS F s
value
Test 1.16E+08 2 57,847,385 1.976 | 0.219
PTFE | Error 1.76E+08 6 29,268,359
Total 2.91E+08 8
Test 77,036,828 2 38,518,414 2484 | 0.164
PU Error 93,036,196 6 15,506,033
Total 1.7E+08 8
Table 7. Analysis of Variance for water vapor
permeability waterproof fabrics
fabric Var SS DF MS F p-value
Test 12,138,042 2 | 6,069,021 3.769 0.087
1 Error | 9,659,218 6 | 1,609,870
Total | 21,797,260 | 8
Test 112,315.4 2| 56,157.72 0222 0.806
2 Emror | 1513041 | 6| 252,173.5
Total | 1,625356 | 8
Test 2,672,012 2 | 1,336,006 3.296 0.108
3 Error 2,431,939 6 | 4053232
Total 5,103,951 8
Test 6,393,031 2| 3,196,515 | 18.034 | 0.002
4 Error 1,063,443 6 177,240.5
Total 7,456,474 8
Test | 11,719,000 | 2 | 5859500 | 4987 | 0.052
5 Error 7,048,940 6 | 1,174,823
Total 18,767,940 8
Test 1.17E+08 2 | 58,646,712 | 54.752 | 0.000
6 Error 6,426,802 6 1,071,134
Total 1.24E+08 8
Test 2,215,234 2 1,107,617 9.172 0.015
7 Error 724,491.3 6 | 120,748.6
Total 2,939,725 8
Test 37,217,032 2 | 18,608,516 | 22305 | 0.002
8 Error 5,005,568 6 | 8342613
Total 42,222,600 8
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