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Abstract
The effect of moisture, dirt and use on clothing physiology of combat clothing during long term cold exposure was determined using both laboratory and field measurements. In both cases new and used M91 combat clothing or material samples from these were examined. The air permeability of the combat outfit doubled with use. The effect on underwear was similar, the formation of clods explains the decrease in air permeability of used middle layer clothing. In measurements conducted using a sweating guarded hot plate the best thermal insulation was measured using new combat outfit material with used middle layer and underwear materials. Humidity reduced the thermal insulation of clothing layers by about 34%. The resistance to water penetration of new combat outfit material was found to be double that of the same used material. The effect of dirt on the resistance to water penetration was significant, the moisture absorbed by the dirt also effecting the result. Wind decreased the thermal insulation of dry clothing by 43% and damp clothing by 30% measured on a thermal manikin. Wearing out of the clothing showed in the measurements especially in wind as 10% lower values. In wetting tests used garments absorbed significantly more water and dried slightly faster than new garments. Due to the multiple water absorption levels of used clothing the using range is 10-20°C lower.
During long time use when winter boots are dried in conditions similar to those in an unheated tent the felt lining does not dry properly and the thermal insulation decreases considerably. The thermal insulation was 33% lower for new winter boots and 40% lower for used ones after a five-day measurement compared to normal results. The decreasing was largest in the toe region. Because the effect of wear on the thermal insulation of combat clothing was 15% the effect of wear on the using range calculated using the IREQ-index is about 3°C, when the effect of wind is 10-20°C depending on the heat production of the subject. The IREQmin value when wearing combat clothing is +1…+10°C for light work and –10…+10°C for moderate work. Similarly for footwear a 30% decrease in thermal insulation due to wetting can effect the using range by 10-20°C. The effect of wear on the using range of footwear is less than 5%.
The development needs according to measurements focus on the preservation of the moisture repellent properties of combat clothing. Development needs in footwear include development of boot design, insoles, structure of outer soles as well as socks and felt linings. In extreme cold weather overboots, increasing the thermal insulation of footwear by 20%, are needed for adequate cold protection.
1.0
INTRODUCTION
The aim of this research project was to improve military performance in cold conditions. Studies concerning the protection of combat clothing against cold were part of the development project of a new model of combat clothing and personal equipment of Finnish combatant, model M2005. The effect of moisture, dirt and use on clothing physiology of the combat clothing M91 during long term cold exposure was determined [1]. 
2.0 General description of material and methods 
Both human and material measurements were performed in this project. Questionnaires and physiological measurements were used in human studies. In physiological measurements, carried out either in field or laboratory, body heat balance and physical performance were determined (Figure 1). Material measurements were performed by using thermal manikin, sweating hot plate as well as foot models. We also used calculation models [3] in the prediction of the effect of long term exposure on insulation of combat clothing.  


Figure 1: Study design
3.0 RESULTS

The effect of moisture, dirt and use on clothing physiology of combat clothing during long term cold exposure was determined using both laboratory and field measurements. In both cases new and old, used M91 combat clothing or material samples from these were examined (Figure 2). 


Figure 2: The effect of wear on air permeability, separate clothing items.

The air permeability of the combat outfit was doubled with use. The effect on underwear was similar, but the formation of clods explains the decrease in air permeability of used middle layer clothing. In measurements conducted using a sweating guarded hot plate the best thermal insulation was measured using new combat outfit material with used middle layer and underwear materials (Figure 3). 


Figure 3: The effect on wear on air permeability, clothing ensambles.
Humidity reduced the thermal insulation of clothing layers by about 34 % and dirt about 5 %.  

There was no big difference in water vapour resistance of new and old clothing measured in winter clothing system. Meaningful was the resistance to water penetration when compared new and old combat outfit material. The difference could be tenfold in the same material. This means that in short term tests the new clothing absorbed water only 7 % compared to the used one. The effect of dirt on the resistance to water penetration was significant, the moisture absorbed by the dirt also effecting the result (Figure 4). 


Figure 4: The effect of wear on water penetration values.

Figure 5: Wetting and drying tests.
Wind decreased the thermal insulation of dry clothing by 43 % and damp clothing by 30 % measured on a thermal manikin. Wearing out of the clothing showed in the measurements especially in wind as 10 % lower values. In wetting tests used garments absorbed significantly more water and dried slightly faster than new garments (Figure 5).  


Figure 6: Effects on thermal insulation.
Because the effect of wear on the thermal insulation of combat clothing was 15 %, the effect of wear on the utility range calculated as IREQ-index is about 3 °C (Table 1). The effect of wind is 10 - 20 °C depending on the heat production of the subject. The IREQmin value when wearing combat clothing is +1 - +10 °C for light work and -10 - +10 °C for moderate work. Due to the multiple water absorption levels of used clothing the utility range is 10 - 20 °C lower (Figure 6). 

Table 1. The effect of different ambient conditions on utility range of military clothing (1).

	Ensemble
	Change in utility range (°C)

	
	Wind
	Sweating
	Wind+moisture
	Dirt
	Wetness

	New
	15
	7
	16
	2
	7

	Old
	18
	10
	19
	2
	23


During long time use, when winter rubber boots are dried in conditions similar to those in an unheated tent, the felt lining does not dry properly and the thermal insulation decreases considerably. The thermal insulation was 33 % lower for new winter boots and 40 % lower for used ones after a five-day measurement compared to one day exposure. The decrease was the largest (60 %) in the toe region. For footwear a 30 % decrease in thermal insulation due to wetting can effect on the utility range by 10 - 20 °C and the effect of wear about 5 °C (Figure 7).  

Figure 7: Local thermal insulation of winter rubber boots.
In the long term exposure at the ambient temperature of -20 °C frostbite on foot are possible, if heat production is less than 200 W. The thermal balance of the body effects on toe temperature from 5 to15 °C and good insulation of boots from 3 to 10 °C (Figure 8).

Figure 8: Toe temperatures according to the Goldman model.
4.0 Discussion and conclusions

The effect of long term wear of combat clothing on thermal insulation was clear as well the effect of wind and moisture. The last factor was the most important parameter. Due to the multiple water absorption levels of used clothing the utility range is 10 - 20 °C lower with used clothing than with new one. In the long-term exposure at the level of ambient temperate of -20 °C frostbite in foot are possible, if heat production is low. The role of felt lining is important, when the effect of wear was evaluated [2]. 

The development needs raised from results focus on the preservation of the moisture repellent properties of combat clothing. Development needs in footwear include development of boot design, insoles, structure of outer soles as well as socks and felt linings. In extreme cold weather overboots, increasing the thermal insulation of footwear by 20 %, are needed for adequate cold protection [4]. 
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