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The Properties and Performance
of Mountain Rescue Bags
J. H. Keighley

Assessment of the effectiveness of clothing in the protection of the
human body in extreme environments involves consideration of a
multitude of different factors, most of which are inter-related. The
objects of this exercise were to evaluate, both in the laboratory and on
the mountains, the relative performances of a number of survival bags
and to draw conclusions as to the effectiveness of such items of
equipment. The work was carried out in conjunction with the Mountain
Rescue Committee and the Peak District Mountain Rescue
Organisation, who provided 3 of the bags which were tested. In
addition, the performance of the new Eskimo fibre pile bag was studied
to test the feasibility of using it for mountain rescue operations.

Clothing used for body protection typically represents a complex
system from the point of view of performance investigation. Survival
bags were chosen for study because they are simpler than some, e.g. heat
losses due to air movement through openings can be reduced to a
minimum with a tightly fitting construction around the face. With items
such as jackets, studies of heat loss are complicated by bellows action
during movement which expels hot air.

LABORATORY AND FIELD TESTS
Four types of bag representative of the various kinds available were

chosen for test; the results obtained are not indicative of the overall
quality of the different bags but were aimed to quantify the performance
of the different varieties of thermal insulation available for bags of this
type. The bags studied were the following:

• Marshall Aberdeen, 7. 71kg, polyester staple fibre in multi-
layers

• Mountain Equipment, 3.83kg, down
• Clan, 5.85kg, polyester staple fibre in multi-layers
• Vista Eskimo, 2.25kg, fibre pile (sliver knit).

In the laboratory tests, measurements were made of thermal
resistance and showed as expected that under increasingly humid
conditions thermal resistance decreased, i.e. heat was more easily
dissipated through the fabric. To obtain consistent results, close control
of laboratory conditions was required (± 1QC· and ± 1% relative
humidity); this suggested that some similar measurements made in
textile laboratories may be suspect. The effect of compression of the
insulation due to the weight of the patient was also studied and showed
that heat loss was greatest with down and least with fibre pile fabrics. It
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was clear therefore that it was advisable to use a foam mat under bags
filled with down or staple fibres.

The field tests were carried out at 450m on The Peak, Derbyshire, in
February 1978. The air temperature was approximately 6°C and the
wind speed 17km/h. Drizzle continued throughout the day and
gradually became heavier and more persistent. A state of mild
hypothermia was induced in a number of volunteers, and thermistor
temperature measuring devices were fastened to a toe, a finger, the
abdomen and the shoulder blades in each case. The patient was then
placed in a bag and their rate of warm-up measured until near
equilibrium had been established (this took up to 45 minutes).

The Eskimo pile bag produced the most rapid rise in skin
temperature, and the fibre-fill Clan bag the lowest. The Mountain
Equipment and Marshall bags showed very similar intermediate
performances. However, subjective assessment by the volunteers rated
that the down filled bag from Mountain Equipment was more
comfortable than the Marshal!. The Eskimo was most highly rated and
was 'mummy' shaped with a zip down the centre and a hood.
Volunteers considered this an easy bag to use and while all complained
of cold feet (toe temperature never rose above 12°C in any of the tests),
they soon felt warm and comfortable. The Mountain Equipment bag
also utilized a zip fastener which enabled the bag to be used for single or
double occupation. The bag was considered cold on first entering, as
compared to the inner pile lined Eskimo, and the rate at which the
incumbent began to feel warm was not as high as for the Eskimo.

The Marshall and Clan bags were both found cumbersome in use,
involving straps and extra outer covers (Clan had a zip which regularly
caught in adjacent material) and it was difficult to ensure that the person
inside was kept free from draughts. In addition the Clan bag did not have
a hood. It is interesting to note that one of the older volunteers who was
placed in the 2 fibre filled bags during the morning session was sent,
suffering from hypothermia, back to the Mountain Rescue Post in
Glossop at lunchtime. He did not gain body heat sufficiently rapidly
during the tests and was eventually sent to hospital to ensure complete
recovery.

From the results it was clearly established that under the conditions
used and for the duration of test used, the Vista Eskimo bag clearly out
performed all the other bags present. The performance of the Mountain
Equipment down filled bag was found to deteriorate during the
afternoon due to the wet conditions prevailing during the day.

FIBRE PILE FABRICS
The results obtained in the laboratory showed an anomaly between

field performance and measured thermal resistance since the resistance
of the Eskimo was much lower than that of the other bags. Thermal
resistance measurements can be used therefore only as a comparison of
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'like' with 'like' since the mechanism of heat loss in the field through a
complex textile structure appears to depend on what the structure is.
The mechanism of heat loss and its relation to comfort is thus clearly not
understood. Other experiments have shown that while down and fibre
filled bags deteriorate considerably on wetting, the pile fabric is usable
even when wet. Experiments in the laboratory on a range of pile fabrics
have shown that when droplets of water fall vertically onto a horizontally
mounted sample with a cup underneath, some fabrics retain the water in
the knitted backing by capillary action thus keeping the pile dry, while
others retain little or no water allowing it to pass almost without
hindrance through to the collecting cup. Other fabrics behave in
intermediate manners, with some capillary retention but with some
water allowed through. The sliver knitted pile fabric of the Eskimo bag
does not allow water to penetrate the pile, and in use, water is spread by
capillary action over all the surface. The bag is thus usable when
completely wet, and experiments carried out in the Institute of Aviation
Medicine and elsewhere in a cold chamber, have shown this to be the
case at a temperature of - 5°C for a period of 3+ hours. Body heat
ensures that sufficient water remains in the liquid state for this effect to
persist. It is essential however, that the bag is well fitting in order to
reduce the volume of air which can circulate by convection within the
sleeping bag and to retain this air in the vicinity of the skin surface.

While the manufacturers of this bag claim that it can be used at
temperatures down to - 5°C, experiments indicate that this is a
conservative estimate. With a pile length of 20mm, when placed in a
second bag of lOmm pile length, the range within which it can be used is
extended by a further - 10°C. Experiments carried out in a cold
chamber at approximately - 20°C indicated that the person in the
double bag felt too warm after a 3 hour period. This however, was a
subjective assessment and has yet to be confirmed by experimental
measurement.

A range of different sleeping bags were taken on the 1977 Leeds
University Speleological Expedition to the Pierre St Martin Cave in
France in order to assess their comparability in wet conditions. The
average temperature in this cave system is 4°C. On this expedition, 2
members of the party were cut off at a depth of 1'BOm for 24 hours
before being rescued as the water levels receded. Eskimo bags were used
by the rescuers for stabilizing and improving the conditions of the 2
trapped men who were by this time suffering from hypothermia, shaking
uncontrollably and suffering from lack of co-ordination. After 2 hours in
an Eskimo bag, one member was then able to make his way to the
surface, while the second member, who was suffering more severely, was
kept in an Eskimo bag for a total of 3 hours before he had warmed up
sufficiently. Other types of sleeping bag would have been useless under
the prevailing conditions since the 2 men were rescued behind a
waterfall.
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A later comparative test in the cave of the 2 wet fibre pile bags with a
dry Icelandic and dry Point Five bag showed that the fibre pile bags were
at least equal in performance to their dry counterparts.

DISCUSSION AND CONCLUSIONS
The results obtained on both an objective and subjective basis indicate

that the retention of body heat cannot be measured in terms of thermal
resistance alone. While one would expect the protective bag utilizing the
construction with the highest thermal resistance to be the most efficient,
this clearly is not the case since the fibre pile construction gives the
greatest thermal protection, as is borne out by controlled field tests and
use in caves where the ambient temperature remains at a constant 4°C.
The method of construction of the thermal insulator is thus important,
in addition to the quantitative value of thermal properties.

Of the protective bags utilized, 3 were of similar construction, in
which an outer and inner shell were separated by a filling material of
either down or polyester staple fibr.es. During field testing, the
performance of these bags fell during the wet day and this can be
associated with the lower thermal resistance found in the laboratory at
high relative humidities. For bag constructions such as these a
particular minimum thermal resistance is necessary for the effective
thermal insulation of a casualty under the high humidity conditions at a
temperature near aoc as occurs in the United Kingdom and elsewhere
during the winter months.

The fibre pile material used has obvious advantages over other
conventional structures; it is however permeable to air and a cover
should be used with it at all times. If condensation occurs on the inner
side of the windproof layer, this is taken up by the knitted backing
leaving the pile and occupant still dry. In view of the wet conditions
which frequently prevail in the British Isles, we foresee a more widely
extended use for this type of textile structure in protective clothing.

While the passage of water vapour through the fabric clearly plays a
part in its performance, the exact nature of the mechanism of heat
retention is as yet unknown. However, in rescue conditions, the
compact nature of a bag made from sliver knitted fabric, coupled with its
low weight and ease of use must make it a serious contender for work in
this field. For bags and clothes therefore, under wet, cold conditions it
has already proved its worth. In a windy environment, it is necessary to
provide a wind proof outer cover to give a light, non-bulky but very
warm garment.
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