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Part 2
The Components

F ollowing on from out first article, we will now look into the various components that go
into a modern shell garment.  Together with food and shelter, clothing  is one of the three
basic needs of humans. For the person who spends any time  outdoors, making sure that

the clothing is constructed using appropriate components is critical.

For must of us, when we look for an outdoor shell garment, we first short list a brand and then
we look at the colour and style. Hopefully after reading this article we can influence you to add
another few check boxes to your list.

At its basic level there are four main
components that come together to make up the
material of a modern shell garment. At this
stage we’re going to ignore
sewing yarns, seam tapes
and accessories like zips,
and draw cords. We’ll
cover these later with the
construction instalment.

The four main components
are:

� Face Textile
� Backer Textile (in three

layer constructions)
� Membrane or Coating
� Adhesive

Face Textile
Is the outer most face of the
composite and its main
purpose is to protect the
weatherproof membrane.
The face textile is itself
constructed from fibres that
are twisted into yarns that
are then woven into a
textile. Weaving is the
name given to the
interleaving of two sets of yarns, (warp and
weft) at right angles to each other. Various
weaves are used, but three types of weave (and
their variations) make up around 80% of the
face fabric constructions used in modern shell
garments. The face textile often incorporates a
durable water repellent (DWR) coating without
which garment performance is significantly
affected.

Plain Weave is the simplest and tightest
method of interlacing warp & weft yarns. It
allows the highest possible number of

interlacings which, depending on
the fibre and yarn type, can yield
fabrics with high abrasion
resistance.

Twill Weave interlacing causes
diagonal lines to appear in the
fabric as you would see in denim
for example. Twill fabrics can be
made soft and loose or smooth,
dense and durable. Twill weaves,
unlike plain weaves, have a front
and back side and tend not shine
or display soiling as much as
smooth plain weaves due to their
uneven surface.

Ripstop Weave was a WWII
development to replace silk in the
manufacture of parachute
materials with synthetic fibres. Its
structure allows a reasonable
strength from a very lightweight
construction; however it is also
used in heavier weights especially
in public order uniforms. The
weave structure includes a higher

strength intlerlaced fibre creating a grid
structure that adds strength and increases tear
resistance.

Backer Textile
Is used in conjunction with a face and weather
proof layer as the third layer in a three layer
laminate constructions. It is bonded to the inner
(body) side of the laminate and provides
protection and abrasion resistance to the
membrane or coating. The most common

http://www.unleashed-tacical.com
http://bfelabs.com/


Unleashed Tactical Equipment
Fit To Fight

Unleashed Tactical Equipment are a
supplier of kit ,equipment and services
for military, law enforcement and
security specialists.

www.unleashed-tactical.com

Page 2

Anatomy of Shell Garments

Copyright © 2010 SM Designs Europe Ltd

The Series

History

Components (This
Issue)

Construction

Testing

Garment
Construction

Bringing It All
Together

The Future

Brought to you in association with BFE Labs  - Solutions For Austerity & Hostility

backer is known as a “Tricot Knit”, this
construction is still used in many laminates
today and is very robust.

However, micro weave backers have recently
been introduced on some products. Micro
weaves are claimed to offer better abrasion
resistance, be lighter and make putting on and
taking off the garment easier. The durability of
these micro weave backers are still in question,
with several manufacturers recalling products
due to premature delamination failures. This
occurs when the adhesives that provide the
mechanical bond failand allow the two parts to
become detached.

The Weatherproof Membrane
The key component in modern outdoor
laminates is a membrane. Many membrane
types and constructions are available, but by
far the most common are monolithic  and
micro porous types. Each has their benefits and
drawbacks but they all claim to offer
something referred to as “breathability”.

Now let’s dispel a rumour before we go any
further, “Not one of these membranes are
breathable!” By breathable, we mean you
could not cover your mouth and nose and
breathe through it. Don’t try it, you’ll only
suffocate.

So if we accept that these membranes are not
breathable in this way then what do they do?
The claim is that the membrane will prevent
the ingress of liquid moisture, but allow
moisture vapour to diffuse through it. Sounds
reasonable, but how exactly does this work?

Monolithic Layers
This type of membrane can generally be
described as having a solid structure i.e. there
are no micro pores for moisture vapour to pass
through. This membrane works by using
materials that are hydrophilic or water loving
in their composition. Water vapour in the form
of sweat is absorbed by the hydrophilic
membrane and fairly quickly the membrane
becomes saturated. Before the membrane can
absorb more moisture (sweat) it needs to
release some of the absorbed moisture. To do
this it needs two things, energy and a humidity
gradient. The energy comes from the body heat
and the humidity gradient comes from the
environmental humidity being less than the
humidity in the membrane. This applies to both

monolithic and micro porous membranes.

Interestingly if you were in an environment
where you could step from a normal room
environment into a 100% humid environment
like a rainforest, the membranes would suck

Knitted Backer

Monolithic
Membrane

Raschel Knit
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moisture from the air into the membrane i.e
work in reverse.

While that situation is unlikely it remains that
in a rainforest environment vapour
transmission will probably be significantly
reduced. However, a situation you could come
up against is when you get into a vehicle
wearing a wet or snow covered technical shell.
Using heated seats in a vehicle in this scenario
means there is more heat energy coming from
the heated seat than from your body. So
moisture on the surface and in the membrane
will be pushed back toward the body.

Good monolithic membranes are highly
effective for use in outdoor shell garments.
Typically they are very quiet in use, offer high
levels of stretch and offer reasonable levels of
vapour transfer. What should also be noted is
that these membranes are very environmentally
friendly.

Micro Porous Membranes
Are the most common membranes from the
branded suppliers and manufacturers. This type
of membrane uses a man made film, normally
Polytetrafluoroethylene (PTFE), which is
expanded or stretched on two or more axis.
This expansion introduces a three dimensional
structure of nodes and fibrils with the voids
between them forming the pores. Early
membranes suffered from contamination from
body oils and other materials. To resolve the

contamination problem, membrane
manufacturers added a monolithic
polyurethane layer to the membrane. This not
only provided contamination protection but
due to its hydrophilic properties, also increased
the moisture absorption area of the textile.
However, this layer significantly reduced the
vapour transfer rates of the membranes, with
many people of the opinion that contamination
was less of an issue than the coating solution
fixed.  As PTFE is a hydrophobic (water
hating) material, membrane developments
added other materials to further try and
improve vapour transfer rates.

The principle of vapour transfer in micro
porous membranes is similar to that of
monolithic membranes in that both need a
humidity gradient and energy in the form of
body heat. Moisture is absorbed into the
polyurethane layer until it is saturated where
molecules “hop” into the membrane voids to
be transferred out to the face textile and away
from the body.

A further problem with these membranes is
that the added materials tend to “swell” when
they absorb moisture. This swelling not only
increases cross sectional area and therefore
vapour transfer resistance, it also “plugs” the
voids between the nodes and fibrils further
slowing down vapour transfer rate.

The downside to using PTFE membranes is
that it requires the use of perfluorinated
carboxylic acid (PFOA) in its manufacture.

This material, which persists indefinitely in the
environment, is known to be toxic and
carcinogenic in animals. Currently it is
undergoing evaluation for possible affects on
people.

ePTFE Membrane
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Adhesives
Probably not one of the components that come
to mind when you think about shell garments.

However, they are a fundamental requirement
that provide a mechanical bond between the
various layers of the laminate. The adhesives
used and the quantity at which they are applied
have a major effect on vapour transfer rate of a
laminated textile. Also there can be  significant
variance in the quality and amount  of adhesive
laid down as process parameters between

production facilities can be significantly
different. This has a major affect on vapour
transfer rates as the adhesives effectively block
the moisture vapour path thereby slowing the
rate on its journey away from the body.

Adhesives are applied as a hot melt using a
gravure roller to lay down a pattern and size of
adhesive dots on the materials. The size and
pattern of the adhesive dots are different
depending on the type of textile being
laminated and provide a mechanical bond
between the layers. As we will explain further
in the next article, the actual creation of the
laminate is significantly affected by the lay the
lamination adhesives. As process speeds and
production requirements are increased this little
known component will become more critical to
the durability and quality of the finished
materials.

We’ll be going into the actual construction
process in the next article, so tune in then.

Adhesive Patterns

Adhesive Pellets

©Unleashed Tactical Equipment

http://www.unleashed-tacical.com
http://bfelabs.com/

