[image: image7.wmf][image: image8.jpg]}
A NATO
\4% OTAN



[image: image9.jpg]





Functional Underwear for Military use in Cold Climate






Functional Underwear for Military use in Cold Climate

Functional Underwear for Military use in Cold Climate
M.Sc. (Eng.) Kirsi Jussila1, Prof. Hannu Anttonen1 and B.Sc. (Eng.) Raija Ketola2
1Finnish Institute of Occupational Health
Aapistie 1, FI-90220 Oulu, Finland
2The Finnish Defence Forces, Western Finland Logistics Regiment / Quartermaster Depot
Harvialantie 2, FI-13210 Hämeenlinna, Finland

kirsi.jussila@ttl.fi
Abstract
Underwear is the functional part of the military clothing system and it is affected by middle and outer clothing layers. Main function of the underwear is to maintain conscript's skin dry and improve thermal and moisture sensations on the skin. Underwear is exposed to both water vapour and liquid exchange. Thus, material for underwear garments has to be evaluated regard to moisture handling and hygienic function. Moisture properties are affected by fibre material and construction, fabric’s porosity construction and overall thickness of the clothing system. On moisture transfer and accumulations in the underwear can be affected by military combat clothing's adjustability of convection and ventilation. Underwear gives also additional protection against heat radiation. This study aims to support and to improve performance in military tasks and survivability in cold climate. In addition, the objective was to find the optimum materials for conscript’s underwear in cold conditions. Properties of eight different materials for conscript’s winter underwear were tested in laboratory conditions. We tested material and clothing properties such as thermal insulation, water retention properties, drying time, colour change by simulated sweat, influence of wash on properties and dimensional change of fabrics. Also in laboratory conditions have been tested wetting and drying properties with test subjects. During the Finnish Defence Forces' infantry and artillery winter field training was observed underwear's moisture handling properties and its affect on survivability. Moisture accumulations and drying time of wet underwear vary between underwear materials and fabric construction. The construction of the underwear fabric is prefer to be non-plain for avoid wet textile's sticking on the skin. Outer clothing layers have a great impact on underwear's functionality and soldiers' survival and military performance in cold climate. Long term use of clothing impaired underwear's wetting and drying properties.

1.0
introduction
Underwear is the functional part of the military clothing system and it is affected by middle and outer clothing layers. Main function of the underwear is to maintain conscript's skin dry and improve thermal and moisture sensations on the skin. Underwear is exposed to both water vapour and liquid exchange. Thus, material for underwear garments has to be evaluated regard to moisture handling and hygienic function. Suitable winter underwear material would have good tactile properties, high wicking properties, being light weight and non-compressible. [1, 2] According to previous research when wearing one layer of thermal underwear in winter the same level of thermal comfort can be maintained as those at around 5°C higher temperature [3]. The contact layer near the skin has important role in whole clothing system [4].
Evaporative moisture from a human is 30g/h at rest and high physical activity increase it to 4kg/h. Moisture properties are affected by fibre material and construction, fabric’s porosity construction (knit or weave fabric) and overall thickness of the clothing system. Different fabric constructions have differences in capillary absorbencies, air content between fibres and yarns and also in wicking properties. In addition moisture transfer properties and moisture accumulations in the underwear can be affected by military combat clothing's adjustability of convection and ventilation. [1, 4]
Functional underwear in cold does not increase friction between the combat clothing layers. Differences of up to 50% have been found between the friction values of dry fabrics. Clothing with low friction between the layers increases performance by 7-13% relative to clothing with high friction according to previous studies. [5] 
Military combat clothing system has to protect against fire and sparks. Materials against skin have to be non-fusible or fire retardant. Underwear gives also additional protection against heat radiation. [4]
According to previous study washing of fabrics increases the insulation of woollen material to a certain extent. Each use and washing reduces the amount of material in the fabric and in long run the thermal insulation reduces. [6]
This study aims to support and to improve performance in military tasks and survivability in cold climate by finding optimum materials for conscripts' underwear in cold environmental conditions. In addition, the objective was to find the optimum materials for conscript’s underwear in cold conditions.
2.0
material and methods

2.1
Tested winter underwear materials and clothing combinations
Properties of eight different materials suitable for winter underwear for military conscripts were tested in textile laboratory. The underwear fabrics were measured together with the new Model 2005 (M05) middle clothing fabric (Terry knit: WO 70%, PA 30%) and combat clothing fabric (weft satin weave: CO 50%, PES 50%). In Table 1 is given information about tested underwear fabrics.
Table 1. Descriptions of tested winter underwear fabrics.

	Underwear
	Material

	Winter 1
	PES 50%, CO 33%, MAC 17%, rib knit

	Winter 2
	PP 40%, CMD 30%, CO 30%, plush

	Winter 3
	WO 46%, PP 42%, PAN 12%, plush

	Winter 4
	PA 95%, EL 5%, plain knitted

	Winter 5
	PES 100%, plush

	Winter 6
	PES 100%, interlock

	Winter 7
	PES 77%, WO 23%, 2-layer

	Winter 8
	WO 100%


In this research have been used also combat clothing systems from previous decades, Model 1991, M91, and course cloth. The underwear belonging to the M91 consisting 50% of polyester, 33% of cotton and 17% of modacrylic, the middle layer clothing was 80% of wool and combat clothing was 65% cotton and 50% polyester. The other reference clothing system used in addition to M91 was the coarse cloth system. These two systems were otherwise similar except that the M91 combat clothing was replaced with coarse cloth outerwear made out of a dense felted material consisting 85% of wool and 15% polyamide. This material had good air trapping properties and thickness, giving it good thermal insulation values but high levels of moisture absorbance and stiffness.
2.2
Laboratory measurements

We tested material and clothing properties such as water retention properties, thermal insulation, drying time, colour change by simulated sweat, influence of wash on properties and dimensional change of fabrics. Also in laboratory conditions have been tested wetting and drying properties with test subjects. 
The underwear materials were tested when they were new and after ten washes. Water vapour permeability, drying properties and thermal insulations of eight different materials suitable for winter underwear were measured using the artificial skin model. The tests are quoted for an ambient temperature of -15°C and air movement was 1.0m/s. The measurements were made according to SFS 5681:1991 standard. Over the artificial skin was placed Gore-tex membrane. Water condensed into different clothing layers was measured by weighting fabric before and after the tests.
The dynamic sweating simulation test was performed feeding water 300g/m²h during 1.5 hours. This is corresponding with hard physical work. After the water feed, measuring continued during two hours. After the measurement drying energy can be calculated. Needed drying energy is calculated using 1 below:
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where E is needed drying energy (Wh), P(t) is needed heating power of the artificial skin when time is t (measuring period is one minute) and P(120) is heating power of the artificial skin at end of the test (120 min). Then, time when 90% of the moisture has dried from the initial moisture can be calculated.
Dimensional changes of the winter underwear fabrics were tested according to EN 340:2003, ISO 5077:1984 and ISO 6330:2000 standards. 
Colour fastness to perspiration was tested according to EN ISO 105-E04:1994 standard. The underwear materials were handled with alkaline and acid solutions. Colour changes of the fabrics after the tests are evaluated based on grey scale. Grade 5 is given when original and tested has no notable difference. 
In laboratory conditions were tested with test subjects wetting and drying properties and an effect of utilization on these properties. The test was performed an ambient temperature of 22°C on a foam mattress where was absorbed water of 3l/m³. Test subject was laid on his elbows on the mattress during 20 minutes (Figure 1). The test was made for examine moisture retention properties of new and used clothing layers. The test subject was wearing rubber boots (Model 1991). The clothes were weighted before the test and three times after the test, once in hour.
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Figure 1. The test subject lying on the water absorbed mattress during the moisture retention tests.
2.3
Questionnaires in military manoeuvre

The effects of middle and outermost clothing layers on functionality of the underwear and test subjects' moisture sensations in long-term cold exposure were tested with conscripts during the Finnish Defence Forces' winter field training for infantry and artillery (Otso -05 manoeuvres in December 2005). The Middle and outermost clothing layers were three combat clothing systems from different decades, the new Model 2005 (M05) combat clothing, the previous Model 1991 (M91) system and coarse cloth system. The same underwear, M91, was used with all the systems, and they all had a similar utilization rate. The test subjects were healthy volunteers from among the male conscripts taking part in the manoeuvres, average age 20 years, and the clothing systems were distributed at random. Subjective experiences in terms of survivability and physical and mental performance were elucidated using daily questionnaires. The data were analysed separately for the three clothing systems to enable comparison.
The clothing questionnaires were used in this research to monitor moisture sensations. The detailed instructions about what to wear during military manoeuvres were prepared in co-operation with clothing experts from the Western Finland Logistics Regiment of the Finnish Defence Forces. The ballistic protection and armoury of all the test subjects conformed to regulations.
The clothing questionnaires were distributed 11 times during the military manoeuvres and a total of 242 completed forms were obtained. Of the conscripts that answered daily, twelve were wearing the coarse cloth system, ten the M05 clothing and seven the M91 clothing. Some changes were made to the garments used daily during the manoeuvre. The winter combat clothing had been worn on 41 occasions altogether and the ballistic vest on a total of 48 times. These answers included 23 given by conscripts using the M05 clothing and 25 using the M91 clothing. 

The data were analysed statistically using the Statistical Package for the Social Sciences (SPSS). This enabled direct analysis of question and cross-tabulation of the data. The test subjects were given code numbers in the database, so that their identities were not revealed at any stage in the research. 
3.0
results and discussion

3.1
Material properties

The tested underwear fabrics are not thick with relation to whole combat clothing system. Consequently, the change in thickness is not significant after the ten washes; change is between 0 to 13% in all materials. Washes and used of the fabrics cause pilling and furthermore increase of the fabric thickness. Underwear thicknesses are presented in Table 2 when they are new and after ten washes. Effect of ten washes on underwear material fabrics' dimensional chances is shown in Table 3. The dimensional change is greater in warp direction than in weft. 
Table 2. Thicknesses of new and ten times washed underwear materials and the percentage difference in thickness after washing.

	Underwear
	Thickness (mm)
new
	Thickness (mm)
10 times washed
	Difference (%)

	Winter 1
	1,3
	1,3
	0

	Winter 2
	1,0
	1,1
	+10

	Winter 3
	1,2
	1,3
	+8

	Winter 4
	1,3
	1,3
	0

	Winter 5
	1,2
	1,3
	+8

	Winter 6
	0,8
	0,9
	+13

	Winter 7
	1,0
	1,1
	+10

	Winter 8
	1,0
	1,0
	0


Table 3. Effect of washes on dimensional changes of the underwear materials. 
	Underwear
	Dimensional changes after

10 times washes (%)

	
	warp
	weft

	Winter 1
	-11
	4

	Winter 2
	-11
	1

	Winter 3
	-7
	-8

	Winter 4
	-6
	-2

	Winter 5
	-3
	-3

	Winter 6
	-3
	-4

	Winter 7
	-8
	-4

	Winter 8
	-5
	-4


Moisture accumulations increase along the number of washes. This is consequence of thickening of material and loss of the finishing chemicals over the fabric structure. Moisture accumulations of the new and ten times washed in the different clothing layers after perspiration simulation test are presented in Figure 2. 
Desorption times of the underwear fabrics were shorten after ten washes except with polyamide and woollen fabrics. Determined desorption time needed for 90% dried from initial moisture of the new and ten times washed underwear fabric is given in Table 4.
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Figure 2. Moisture accumulations using the new and ten times washed underwear fabrics in different clothing layers, Ta=-15°C, sweating rate 150g/m²h. 
Table 4. Time needed for desorption of winter underwear fabrics, Ta=-15°C, sweating rate 300g/m²h.
	Material combination
	Time when 90% dried from initial moisture
(min)
	Time when 90% dried from initial moisture
(min)

10 times washed
	Difference (%)

	Winter 1
	28
	24
	-14

	Winter 2
	44
	24
	-45

	Winter 3
	33
	21
	-36

	Winter 4
	19
	26
	+37

	Winter 5
	27
	20
	-26

	Winter 6
	45
	24
	-47

	Winter 7
	39
	17
	-56

	Winter 8
	22
	30
	+36


The clothing combinations were measured with the new M05 middle clothing and combat clothing fabrics. Underwear materials do not has high thermal insulation values. Consequently, the effect ten washes are not significant. Generally, reduce of the thermal insulation caused by moisture absorption is smaller with 10 times washed underwear fabrics, because materials were also thickened during the washes. Measured dry and wet thermal insulation of the new and ten times washed underwear fabrics are presented in Figure 3.
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Figure 3. Thermal insulation of the new and ten times washed underwear materials, Ta=-15°C, sweating rate 150g/m²h
Colour fastness to perspiration of the different tested winter underwear fabrics are presented in Table 5. All tested materials had excellent resistance to perspiration. 
Table 5. Colour fastness to perspiration of the underwear materials.

	Underwear
	Color
	Change of color

	
	
	Alkaline solution
	Acid solution

	Winter 1
	Green
	5
	5

	Winter 2
	Black
	5
	5

	Winter 3
	Black
	5
	5

	Winter 4
	Black
	5
	5

	Winter 5
	Dark green
	5
	5

	Winter 6
	Green
	5
	5

	Winter 7
	Grey / Black
	5
	5

	Winter 8
	Black
	4/5
	4/5


3.2
Effect of other clothing layers on functionality of the underwear
The Figure 4 illustrates the effect of the different middle and outermost (M05, M91 and course cloth system) clothing layers on perspiration moisture sensations when the underwear is the same with all combat clothing systems. The moisture sensations caused by sweating of the test subjects were dryer when they were using the newly developed M05 combat clothing system than when using systems from earlier decades (M91 and course cloth) even the underwear was always the same. 
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Figure 4. Sweat moisture sensations wearing three different military combat clothing during military manoeuvre and effect of middle and outer clothing on underwear.
3.3
Effect of long-term use on functionality of the underwear

In Figure 5 is illustrated water penetration into underwear material with new and used clothing layers, used under and middle clothing with new outermost layer and with new under and middle clothing with used outermost layer. The effect of utilization rate is significant when the outermost layer is used.
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Figure 5. Influence of use of underwear and middle clothing on wetting and drying properties, Ta=+22°C, water content on the ground 3l/m²
4.0
conclusions
Properties of eight different underwear materials for conscripts were tested in laboratory conditions. We tested material and clothing properties such as thermal insulation, water retention properties, drying time, colour change by simulated sweat, influence of wash on properties and dimensional change of fabrics. Also in laboratory conditions have been tested wetting and drying properties with test subjects. During the Finnish Defence Forces' infantry and artillery winter field training was observed underwear's moisture handling properties.
Moisture accumulations and drying time of wet underwear vary between underwear materials and fabric construction. The construction of the underwear fabric is prefer to be non-plain for avoid wet textile's sticking on the skin. In cold environmental conditions underwear's ability to transfer moisture to next clothing layer in short time period supports conscripts' physiological properties after moderate or high activity performance. Thermal insulation of the underwear did not affect notably on combat clothing's total thermal insulation. This research suggested that polyester/wool underwear material did meet overall the best results.

Outer clothing layers have a great impact on underwear's functionality and conscripts' survivability and military performance in cold climate. Non-fusible properties of underwear can be improved by textiles with one part of natural fibres, such as wool. Long term use of clothing impaired underwear's wetting and drying properties.
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