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T esting and test results could be described as the foundation on which the whole technical
apparel industry is built on. Since the first garments appeared in the stores, we’ve been
bombarded with numbers, graphs, half truths and marketing stories. Many of the factoids

we  consume as science are nothing more than industry rumours and here say created by
marketing departments.

This issue looks in some detail at a few of the factors used as performance indicators or
differentiators when it comes to making a shell garment.

Why Test?

Most people will be aware of and understand the need for a company to conduct testing to insure
and maintain product integrity. However, there is another reason why companies carry out
testing and that is to differentiate their product from a competitors offering.

We are exposed to the results of this type of testing on a daily basis without realising it. Often the
test results are accompanied with fancy strap lines, graphics and pseudo science dreamt up by
marketing departments, as if we needed more convincing that product A is better than product B.
The producers of technical apparel are not different and it's this that we want to look into with
this article.

It's fair to say that most textile manufacturers carry out the same or similar basic tests on their
products. It's only when we come to the part of the process that highlights the unique selling
point, feature or benefit of a product that the test houses and laboratories kick into overdrive. It'll
come as no surprise that companies always highlight the good points while playing down the bad
and it is this specific area that we as users of these products need to focus our attention.

What To Test?

As we mentioned above, most manufacturers follow the same or similar basic set of tests for
their materials. As you'd expect this covers such things as:

� How easy or difficult does the material tear?
� How colour fast is the material (does the colour change after washing or if it is exposed to

strong light sources like the sun)?
� Is the material prone to shrinking? Keep in mind that the material is probably a composite of

different layers with each having different shrink characteristics.

The list isn't exhaustive but gives an idea of those tests that any reasonable person would expect
from clothing. This applies to clothing that is for casual wear, sports use or a technical shell
garment intended for use in bad weather.

In shell garments, the biggest differentiator manufacturers have is when they introduce a
functional layer, like a coating or membrane to their products. When this functional layer is
added to a textile or garment, its purpose is to enhance the "comfort" of the wearer, normally in
inclement weather.
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How Do You Test For User Comfort?

A very good question and you will get several answers depending on which manufacturer,
laboratory or product is under test. Comfort in people can be defined as when we are neither
sweating or shivering and when our core body temperature is neither too high nor too low.

What this means is that our body needs to remain balanced within a very narrow window;
typically when our skin temperature is between 32°C and 35°C and our microclimate (an area a
few mm's thick that immediately surrounds our body) has a Relative Humidity (RH) lower than
70%.

What this means in a modern shell a garment is that the product must do four things:

1. Keep rain out best described as being waterproof.
2. Allow water vapour or sweat escape. The industry refers to this (wrongly) as breathability.
3. Provide some form of insulation or keep wind out
4. Absorb none or as little water as possible thereby reduce heat loss

These factors, while being critical for user comfort, are often in direct conflict with each other
and how our bodies manage comfort.

The Waterproof Test

When testing how waterproof a textile is, we need to consider not just the initial performance,
but also the performance over time. Washing, day to day wear and tear all have an effect on the

durability of how waterproof a material is.

The test to determine how resistant a material is to
water penetration is called a hydrostatic head
pressure test. In this test, the material is subjected
to a steadily increasing pressure of water on one
face, under standard conditions, until penetration
occurs in three places. The water pressure may be
applied from below or from above the test sample.
The hydrostatic head supported by a fabric is a
measure of the resistance to the passage of water
through the fabric.

Sounds impressive but what does it mean? Well,
in the real world, not that much when you
consider that there are four large holes for head
hands and waist, so having a material that can

withstand a water pressure of more than 20kPa (2.2 PSIG) becomes less relevant. In addition real
life is a dynamic environment where several factors can influence how waterproof a material or
product is. As you'll see from the following tests, being waterproof is only one part of the
solution and taken in isolation isn't enough when it comes to wearer comfort.
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The Vapour Transfer Test

This is the big one that all suppliers think they have bragging rights on and their product is the
most "breathable". We're only going to use that phrase once in this document as it presents a
totally wrong description of what is taking place. Going forward we'd like to refer to this as
Vapour Transfer (VT) as this is a much more appropriate term.

To better understand the test, it will help to understand the mechanism whereby moisture passes
through functional textiles like those used in shell garments. You'll probably remember from
high school chemistry, that nature likes to keep things in balance, especially in the molecular
world. So, while the mass transfer of gases and moisture pass through these textiles in different
ways they are both based around the principle of diffusion - the spread of particles by random
motion from high to low concentrations.

Two conditions are required for effective vapour transfer:

1. A driving force - in our case heat energy  from the body
2. A concentration gradient - a region of high moisture concentration and a region of low

moisture concentration.

It is these conditions that are created in the tests that are shown below.

Sweating Guarded Hotplate

This piece of equipment, sometimes referred to as the "Skin Model" is used for measuring
thermal resistance and resistance to water vapour permeability. The instrument simulates the
heat and moisture transfer occurring between textile materials and human skin under steady
state conditions. It does this by heating water and measuring the mass flow across the
material under test.

Water Supply

Cellophane
Foil Heated

Plate

Material
Under Test
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The following is measured:

� Thermal resistance Rct [m2K/W] or the level of insulation
� Resistance to water vapour permeability, Ret [m2Pa/W]

The Rct value is a measure of the insulation properties of a material and is more applicable to
insulated garments like fleece or softshells.

The Ret  value is often referred to or quoted by manufacturers as a way of quantifying
product performance   The lower the Ret the the lower the resistance and therefore the more
vapour will be allowed to transfer through.

Water Vapour Permeability

The WVP is the value associated with a materials ability to transfer moisture. Although this
sounds similar to the method above, it is very different and the results are not comparable.
The measurement determines how many grams of moisture vapour pass through a square
meter of textile in twenty four hours [g/m2/24hr].

In this test, an aqueous gel formulation of chemicals and water is placed inside a plastic cup.
The cup is sealed by the material under test and sandwiched between two layers of a porous
membrane. Following this, the cup is weighed and then placed (inverted) into a water bath at
a controlled temperature. After a short period of time (around 15 minutes), the cup is
removed and weighed. The difference in weight is the moisture mass transfer through the
material expressed as g/m2/24hr.

While other tests are used, these two are the most common method of specifying and
characterising the vapour transfer of materials used in shell garments. What is worth highlighting
with both these tests is that they are based on a material surface area in controlled environments.
In garment form the total breathable area is often much less than the total surface area. In later
articles we'll look at what this means in a complete garment.

Low H2O
Concentration

High H2O
Concentration
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Windproof

Windproof fabrics or garments should allow no perceivable difference in comfort due to the
effects of wind. For most people who spend time outdoors the biggest affect on our comfort is
windchill. The original study on wind chill was carried out in Antarctica  by Siple & Passel in
1940.

Since then, the original formula has been further refined, but the principle remains the
same...heat loss by a surface is dependent on the wind speed above the surface: the higher the
wind speed, the faster the temperature drop.

To counter this we rely on our shell garments to be windproof to some degree. However, do
garments need to be 100% windproof or impermeable to prevent wind chill? The short answer is
no! Based on a study of four different materials, it can be seen that it wasn't until the
permeability was more than 10 l/m2/sec with an air speed of around 15 m/sec that user comfort
was affected. What this means to the user is that the comfortable working range shifts towards
higher temperatures ...or having a slightly permeable garment is advantageous when working
hard.
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Conclusion

We've tried to cover, in a few short pages, the key points that each year the apparel industry
spends millions of dollars on. The large budgets attempt to educate us that product X is better
than product Y because a person in a white coat can measure it. But what does this mean?

Testing of product is important for quality control, process assessment and characterisation of
products. However, the tests carried out have limited application in the real in the real world. The
laboratory is long way from the mountain tops or operational environments where the products
are used in anger.

� Comfort is very much affected by the physiology of the wearer, the dynamic nature of the
environment and the work being carried out.

� Any testing that is carried out and used to influence our buying decision has to be relevant to
the intended end use of the product.

� Laboratory tests allow characterisation of materials, but can mean very little in use.
� Being waterproof alone does not equal user comfort! Our skin  is waterproof, we just need to

insure we don't lose temperature.
� In heavy work load situations no shell garment will allow enough vapour transport to stop

you getting wet from the inside out.
� Being totally windproof or impermeable isn't a pre-requisite for user comfort.

In preparing this paper we it was difficult to do justice to the subject matter while keeping it as
concise as we could. Also it became clear just how much disinformation abounds in the technical
apparel market. We hope that by reading it you gain some insight into what are the key factors
that should influence your next buying decision.
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