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Abstract

This research document reveals recent developments in advanced textiles and in 
technical garment design which may assist in the design development of human load 
carriage garments.  From discussions into human load bearing systems, load bearing 
garments, advanced textiles for comfort, health and wellness derived from motorcycle 
and sportswear, reviewers will learn that there are a multitude of novel possibilities 

and Emergency Service Personnel.

Motorcycle wear is generally well advanced in terms of providing high levels of user 
protection aimed towards reducing injury and improving user health and wellness through 
enhancing factors such as climate control (breathability) and increased movement. 
Through the use of advanced textiles in modern motorcycle wear and by the way in 
which these garments are constructed structurally, they provide a much higher level of 
protection than what was previously available to motorcyclists.  Likewise, sportswear has 
increasing become more high-tech, as athletes have demanded so much more of the 
garments they use.  Increasing performance characteristics such as improving climate 

This research document further explores motorcycle wear and sportswear as being 
relevant areas of garment design that may assist in informing load bearing vest design.
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Glossary of Terms

3D Three dimensional
ABS Australian Bureau of Statistics
APPOINTMENTS Terminology that NSW police use to describe the equipment that they 
carry such as handcuffs, their pistol etc.
BACKPACK Another term used for a rucksack, or a haversack.
BOBBY
CAPSICUM SPRAY/PEPPER SPRAY An aerosol spray containing oils derived from 
cayenne pepper, irritating to the eyes and respiratory passages and used as a disabling 
weapon. This term is used in Australia only.
COMPOSITE TEXTILE

macro scale. The constituents retain their identities, that is, they do not dissolve or merge 
completely into one another although they act in concert.
CORDURA A material
DUTY BELT
EQUIPMENT BELT Another name for a duty belt.
GPS
land, sea, and airborne users to determine their exact location.
LBV Load Bearing Vest
LOAD CARRIAGE The act of humans conveying; carrying load.
NSW New South Wales
NSWPF New South Wales Police Force
HWP Highway patrol
INTERFET International Force for East Timor
MNVG
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NMI neuromuscular incapacitation; when you apply a high-voltage, low-amperage 
electric charge to muscle tissue, it’s as if you’re overloading its communication system. 
Taser’s electric pulses cause affected muscles to contract up to nineteen times per 
second. Under normal conditions, your body moves by relaxing one set of muscles while 
contracting another. But if an electronic pulse hits your body, both sets of muscles may 

because the pulses override the commands from your brain, you have no conscious 
ability to control their movements.  As a result, the affected area of your body will tense 
up as the surrounding muscles contract. You may lose your balance and fall. Depending 
upon where you’ve been hit, you may not be able to break your fall or catch yourself. 

and bruises. 
LAC New South Wales Police term for a Local area command
LOAD BEARING PLATFORM 
LOAD BEARING SYSTEM
LOAD CARRIAGE SYSTEM
OC SPRAY An aerosol spray containing oils derived from cayenne pepper, irritating to 
the eyes and respiratory passages and used as a disabling weapon.
OH&S Occupational Health & Safety, sometimes known as 
PEPPER SPRAY/CAPSICUM An aerosol spray containing oils derived from cayenne 
pepper, irritating to the eyes and respiratory passages and used as a disabling weapon.

PCM  is a substance with a 

high heat of fusion which, melting and solidifying at a certain temperature, is capable 

of storing and releasing large amounts of energy. Heat is absorbed or released when 

RUCKSACK Another term used for a backpack, or a haversack.
SA Situational Awareness is the perception of environmental elements with respect to 

after some variable has changed, such as time.
SOPs Standard operating procedures
STANO Soldier surveillance, Target Acquisition and Night Observation 
TASER Electronic control device. A taser is an electroshock weapon sold by Taser 
International. It uses electrical current to disrupt voluntary control of muscles causing 

TRANSPORT PHYSICAL OBJECT Backpack or rucksack
TWS Thermal Weapon Sights
UAV Unmanned Aerial Vehicle
WORKCOVER An organisation in Australia that administers and controls workers 
compensation.
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Introduction to the thesis

In just the space of what is literally a few years, General Duty (GD)1

around the World have experienced a major shift towards the acquisition of new 

technologies that have changed the face of general duty policing forever.  These new 

technologies and equipment essentially provide a greater range of options to police 

2

 people and property, and the investigation of crimes. 

 

Chapter 1
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equipment.  This issue has forced Police departments to explore of a range of 

now. 

1.1.1 Overview of the thesis structure

The chapters in this research study are structured and sequenced from the start point 

carriage devices related to improving user comfort and wellness. 

Chapter 2: Literature review, proceeds to evaluate cases studies that demonstrate 

ergonomics and considerations for female users.  

to garment manufacturers and the processes that were involved in designing and 
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The conclusion to this research study discusses future design recommendations for 

1.1.2 T

compensation claims.  The issue has manifested itself to such a degree that in the 

3

4

5

Daily Telegraph
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 introduced a trial of an 

constructed from Cordura®.
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11

12

military in recent decades as a means of carrying heavy equipment loads on the 

anterior torso,13

equipment loads are spread over the larger human anterior torso.  This is as opposed 

the user to carry most equipment in the forward area of the chest for ease of access 

injuries related to entering and exiting patrol cars.  Injuries related to a traditional fully 

costs.

11

12 

13
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14

moulded15

In fact, Doug Nicholson who served for over nine years with the Northern Territory 

  

 

 they refused to wear it after one day due to the fact that it was either too hot to wear,  

transferred from the waist to the torso area which is advantageous from an ergonomic 

device

14

15

, viewed 15  
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equipment anyway.  

 as opposed to General 

police squads use are in the most part, derived from military type applications.  

 

the design of similar type load carriage systems,21

22 for example. 

21
 torso.
22

1.2 Signficance of the research
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International perspective

Ge

23, it was found that amongst a random sample of one-thousand and two 

 

23 

following scenarios in relation to police patrol vehicle seats.

 

24

23
 
24 Clinics in Occupational and  
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It is therefore necessary to create comfort with regard to automotive seating.  In the 

  exits the vehicle.

1.2.2 The broader research perspective

consider that the user at the centre of this design issue and to consider the unique 

performing their routine duties. 

The research analyses newly developed advanced technical textiles which can aim 

wellness and increased physiological health.  The research also explores similar type 

load carriage devices and systems which are more advanced from a load carrying 

25

25
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reserved for specialist police units, this does have the effect of reducing the overall 

1.2.3 Incorporating ballistic protection into load bearing vests
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  proof protection.

  requirement at present in the remaining states and territories of   

  supplied in each patrol car, for use only when confronted with   
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1.3 Cultural issues related to Policing, modern 
Policing and the need for new technologies 

the police and the community.  These cultural issues can determine the particular 

 mythology that emerged regarding the metropolitan police.  The metropolitan   

 was the popular image.  We should consider different styles of policing in order   
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perhaps advantageous for police to develop and implement a uniform that generates 

authority through its design and use of stronger more authoritarian colours or is 

1.3.1 Reasons relating to the increase in equipment load

lethal and non-lethal, when it is required that they do so.  Technologies such as police 

and command centres.  

 In relation to attire worn in crowd control and protest situations, experience has   
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 is unpleasant enough and 

 position location recording) in 

monitor soldiers or police that are on the ground responding to a incident, through live 

improved response.

data and information constantly through smart phones and digital devices that allow 

wireless internet access to compete with the police.  Police forces need access to 

31

 spray containing oils derived from cayenne pepper, irritating to the eyes and respiratory passages  

31
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evidence tagging at the scene.  

computer hardware manufacturers are generally responding to consumer demands 

World. 

1.3.2 The tasks that New South Wales General Duty Police undertake on a 

daily basis

including:

  damage
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1.3.3 Overview

Previous studies have almost always focused on injuries relating to accoutrements 

and ergonomics.  
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to reduce load carriage related injuries, to locate a pistol or a capsicum spray canister 

on the thigh using a drop-leg holster, rather than adding such items to the load 
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Literature review

2.1 Soldier modernisation in Australia 
 Colonel Jason Blain, Soldier Technology Conference UK, May, 2012

I attended the conference “Soldier Technology 2012,” which was held in the United 

Kingdom, May, 2012.  I would like now to review a number of presentations that 

relate to the focus day held on May 24th, 2012 entitled, “Soldier Power and Reducing 

the Burden.” 

Colonel Jason Blain from Diggerworks,18 Australian army, discussed in his 

presentation - Future soldier modernisation in the Australian army; the presentation 

programme, which is the defence capabilities plan for the next major project upgrade 

collectively to various pieces of infantry equipment, which is currently being planned 

and phased in by the Australian military.  It is designed to enhance the performance 

of the individual Australian close combat soldier and small teams as part of a network 

enabled force.  

The term “dismounted soldier,” is a term given to a soldier who is on foot and away 

responsible for his or her equipment and full load carriage. 

18 Diggerworks is an organisation of Army personnel in the Defence Material Organisation and the  
 Defence Science and Technology Organisation.

Chapter 2
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As a background to the project plan, Colonel Blain discussed just how much 

the Australian soldiers equipment levels have changed in recent years.  In the 

year 1999, Australia participated in peace keeping operations in East Timor, this 

International force was called INTERFET19 and the equipment cost per soldier then 

was approximately AUD3700.  The equipment cost in the year 2011 Afghanistan 

operations was a staggering AUD27700 per soldier, largely due to the increased 

technology carried on the soldier and the greater range of protection equipment worn 

by the soldier.  The main differences between the year 1999 and the year 2011 soldier 

equipment kit are demonstrated in the graphical images on the following two pages.  

 The equipment used by a soldier to apply lethal or non- lethal effects,   

 communicate and gain situational awareness, survive, sustain, move and   

 operate as part of a team within the close combat environment (Blain 2012).20

As Colonel Blain suggested in his presentation, not every soldier within a platoon 

are likely to be equipped with the same operational kit, in future years there will be 

three tiers of soldiers, specialists, close combatants and general combatants, this 

tiered system is aimed at optimising and reducing the load each soldier carriers as 

well of course as maximising the spend per dismounted soldier.  This example is 

an intelligent way to dissect and reduce the burden of load carriage across a higher 

applied to police forces also, as an example perhaps there could be greater divisions 

between general duty police commands.  Colonel Blain made the following point in his 

presentation, that;

 The soldier must be considered as an integrated Soldier Combat System,   

 rather than simply the aggregation of individual components (Blain 2012).20

19 INTERFET - The International Force for East Timor (INTERFET) was a multinational peacekeeping  
 taskforce, mandated by the United Nations to address the humanitarian and security crisis which  
 took place in East Timor from 1999–2000 until the arrival of United Nations peacekeepers. INTER 
 FET was commanded by an Australian, Major General Peter Cosgrove. 
20 Blain, J. 2012, ‘Soldier modernisation in Australia’, paper presented at the Soldier Technology 
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Personnel Armour Systems Ground Troops Helmet 

F88 Austeyr Rifle and sight

Disruptive Pattern Camouflage Uniform,
comprising non Near- Infrared fabric, and 5

 block colours. Fabric: 50% cotton, 50% polyester

Night Aiming Device

US Issue ‘Somalia’ Flak Jacket (not Body Armour,
resistant to light shrapnel only)

Large Field Pack 94

Combat Boot (pre-Terra issue combat boot) 

Introduced into service with Disruptive Pattern
Camouflage Uniform to replace black Vietnam-era

Black GP boots. Design was the same as Black belt)

GP boots and comprised a single density hard
rubber sole,little cushioning, and smooth shined

leather

DP1 Webbing

1999 INTERFET East Timor 
approx. equipment cost: $3,700 

Figure 18. Australian Soldier Kit as used in East Timor in 1999

Source;   Soldier Technology conference UK May, 2012
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2011 Afghanistan
approx. equipment cost: $27,700 

Integrated removable knee pads

Current Version 5 Terra Combat Boot

Crye Multicam Combat Trouser comprising Near 
Infra Red attenuation, 7 graduated colours and 

Flame Resistant Defender M

Stretch panels to facilitate body
movement (rear waist, crotch, knees)

Pelvic Protection System: Tier 1 (under
garment, not visible) Tier 2 (over garment,

not shown)

Night Aiming Device

Integrated removable elbow pads

Australia F88 Advanced Combat Optical Gun Sight

Hydration System

Crye Multicam Combat Coat

Enhanced Combat Helmet

Ballistic and Laser Ocular Protection System
(Sunglasses)

Sleeve pockets close with Velcro

Tiered Body Armour System (includes load carriage,
 ammunition pouches and belt)

F88SA2 Austeyr rifle

Flyer’s Gloves

Soldier Personal Radio, Switch Pack and Headset 

Night Vision Goggle Mount

Garmin Foretrex GPS

Multiband Inter/IntraTeam Radio, Whip 
Antenna, Holster, Battery and Headset

Field Packs available for use (not shown):
Sniper Pack (new), Mystery Ranch Medium Pack, 
Small Assault Pack (Special Forces only) and
Large Field Pack 05

Crye Hat (not shown)

Crye Field Shirt (not shown)

Figure 19. Australian Soldier Kit as used in Afghanistan in 2011

Source;   Soldier Technology conference UK May, 2012
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If we were to apply this to a Police Force model, we could perhaps realise advantages 

around Police working in pairs sharing an equipment load.  Whether or not this is 

related to managing or reducing costs, the fact is that the New South Wales Police 

In addition, Colonel Blain discussed the fact that with technologies superseding 

themselves at such a rapid rate in the modern era, logistics acquisitions is 

undertaken in small lots, as opposed to acquiring equipment that would be rolled 

out to an entire regiment all in one lot.  This ‘adaptive acquisition’ as it is termed by 

the Australian army, may well allow the Australian army to better integrate newly 

emerging technologies, when such technologies become readily available it may help 

acquisition strategy considers partnership with stakeholder communities, responding 

and adapting to threats being encountered and emerging technological opportunities, 

in order to improve performance/reduce the load burden and ensure that capability 

decisions are evidence based.  Adaptive acquisition also considers that the soldier 

to user feedback is vital to success, as is learning from operations and responding to 

insights from users conducting real tasks and confronting real World threats.  

number of future technological considerations for the dismounted soldier, such as 

Unmanned Aerial Vehicles (UAVs)21, robotics, bionics22, human enhancements23, 

wearable computers, battery power to name a few.  The reality is that the dismounted 

soldier of the future will no doubt interact with the aforementioned technologies, 

however if we consider a platoon of Australian soldiers which may consist of between 

group total of twenty-six soldiers, may need to carry wearable computers, used 

21 An unmanned aerial vehicle (UAV), commonly known as a drone, is an aircraft without a human pilot  

 on the ground or in another vehicle.
22 The study of mechanical systems that function like living organisms or parts of living organisms.
23 Human enhancement refers to any attempt to temporarily or permanently overcome the current  

 the use of technological means to select or alter human characteristics and capacities, whether or  
 not the alteration results in characteristics and capacities that lie beyond the existing human range.
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primarily for controlling UAVs, for example.  This reduces the load burden across 

a platoon, giving consideration to the platoon as being a system as opposed to 

considering the dismounted soldier as an aggregation of individual components.  The 

future soldier program considers that a future strategy is to buy less more often as 

previously suggested, which is delivered in synch with the army’s force generation 

cycle.  

fact that the future soldier program considers acquisition of new technologies to equip 

the dismounted soldier in a very comprehensive manner.  The ‘Diggerworks and 

programmes and future considerations.  The soldier combat system considers, 

lethality and computer technologies.  

2.1.1 Overview

The reality is that Australian army modernisation strategies relating to the acquisition 

of new technologies, and essentially promoting the concept of buying less more 

often seems to make logical sense.  It is appropriate when hardware technologies 

and equipment is generally becoming smaller and lighter, to consider these sorts of 

more advanced equipment in more frequent procurement cycles may actively serve to 

reduce the load burden.  

Of interest also, is the three year force generation cycle used in the procurement 

process, which considers polling (including solicited/unsolicited feedback), planning, 

proposing, proving and placing.  A strategic system of polling may assist in gaining 

valuable feedback aimed towards continuous improvement, for deployment programs 

involving load bearing vests in police forces.  The important point is made in this 

presentation that this future soldier systems strategy is aimed towards outcomes 

or enablers which encompass reductions in combat loads (reducing the burden), 
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carriage burden.   

2.2 Canadian Army soldier burden analysis 
 Major John Herbert, Soldier Technology Conference UK, May, 2012 

The presentation delivered at the Soldier Technology Conference UK, entitled 

‘Canadian Army soldier burden analysis’ was given by Major John Herbert of the 

Canadian Army.  This presentation was of particular relevance to load carriage and 

burden analysis, because it charts throughout history, from World War one, to the 

Canadian dismounted soldiers circa the year 1917 carried an individual load of around 

thirty kilograms, in the year 2003 a Canadian dismounted soldier carried a load of 

around thirty-four kilograms, where the present day dismounted soldier in the year 

The dismounted soldier system evolution from the year 1917 to the year 2012 in the 

Canadian army has led to an overall weight increase of a factor of 1.8 times the load 

of the year 1917.  Factors that have contributed to this increased load are suggested 

framework24, the force employment concept for Canada’s army of tomorrow and a 

modern political climate which demands high levels of a soldiers personal protection.  

In terms of weapons and ammunition, load increase has doubled from that of 1917 to 

reduced faith in the ability to conduct secure logistical activity.  In terms of water and 

rations, the Canadian dismounted soldier must carry double the three kilograms load 

of that of the dismounted soldier in the year 1917.  In terms of soldier surveillance, 

target acquisition and night observation (STANO)  and power requirements, the 

framework, and a modern political climate that also demands high levels of situational 

awareness (SA) and precision command.

The average body weight of a dismounted soldier in the Canadian army is 

approximately eighty-two kilograms.  The NATO maximum soldier operational weight 

is thirty-two per cent of body weight, this in effect means that the Canadian soldier 
24  Adaptive Dispersed Operations: The  
 Force Employment Concept for Canada’s Army of Tomorrow. provides the overarching framework  
 for how the Army will successfully operate in the future operating environment. Department of Na 
 tional Defence, Canada. 

 STANO stands for Surveillance, Target Acquisition, & Night Observation.
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carries an average excess weight of twenty-two kilograms to this NATO maximum.  

The future soldier systems goals for the Canadian army is to dramatically reduce 

adjust-ability and range of motion.  The Canadian army are also considering water 

dismounted soldier of the future.  The load carriage platform of load bearing vests and 

backpacks as carried by a Canadian dismounted soldier incorporates a quick-release 

mechanism, which allows soldiers to release and drop their load carriage platform 

hastily in emergency situations and allows for immediate medical access.

2.2.1 Overview

It is very interesting and relevant to note that Major Herbert outlines in his 

presentation, methods by which the load burden must be managed in the future 

and that is by enforcing soldier load carriage weights, careful planning selection of 

appropriate equipment and systems, educating and training soldiers on clothing 

layering to reduce thermal burden to the soldier and load carriage.  Beyond the year 

2016, Major Herbert advocates increased reliance on human factors26 expertise and 

related to police load bearing vests are around using different sites of the body to 

place and assist in load carriage, being mindful of human factors considerations.  

Police forces must carefully select the appropriate equipment for future use and train 

advocating, that clothing layering may also effectively assist to reduce thermal stress 

26 Human Factors is a discipline of study that deals with human-machine interface. Human Factors  
 deals with the psychological, social, physical, biological and safety characteristics of a user and the  
 system the user is in.
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Figure 20. Equipment Weights for the Canadian Dismounted Soldier, 2012

Source;   Soldier Technology conference UK May, 2012
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Figure 21. Canadian dismounted fully ladened soldier in Afghanistan, 2012

Source;   Soldier Technology conference UK May, 2012



Page 44Chapter 2 Literature review

Figure 22. Equipment photos of the soldier kit for the Canadian Dismounted Soldier, 2012

Source;   Soldier Technology conference UK May, 2012
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-
vidual soldier equipment. ‘Omnibus’ components include:  Future Combat  Vehicle  Systems (including Close Combat Vehi-
cles), Future Direct Fire Capability,  Future Indirect Fire Capability, Future Soldier Systems, Future Service Support Systems, 
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Figure 24. UK Dismounted soldier load carriage examples, 2012

Source;   Soldier Technology conference UK May, personal photograph, photographed Vaughan, S., 2012.
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Source;   Soldier Technology conference UK May, personal photograph, photographed Vaughan, S., 2012.
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Source;   Soldier Technology conference UK May, personal photograph, photographed Vaughan, S., 2012.
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Figure 27. Prototype for the UK future dismounted soldier programme (FIST), 2012

Source;   Soldier Technology conference UK May, personal photograph, photographed Vaughan, S., 2012.
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2.3 Science in clothing comfort
 Apurba, Das and R. Alagirusamy. May, 2011

Clothing Comfort is one of the most important aspects of garment construction and 

textile characteristics.  Understanding at a basic level, comfort aspects of textile 

garment designer, processing industries, garment houses, users of the fabrics for 

specialty applications and all others related with textile and garment industries. 

structure, transmission characteristics (air, heat and moisture) and tactile aspects 

of textile materials on thermo-psychological and neuro-physiological processes 

applications.

In the present day society a person expects a high level of clothing design and textile 

application.  In most societies clothing is used for the purpose of expressing wealth, 

selection can be divided into four major groups, social factor, economic factor, 

environmental factor and physical factor.  Social factors may include where a person 

lives (urban or rural) cultural background, gender, occupation, occasion and social 

status.  Depending on where a person lives, the clothing pattern changes.  In Vietnam 

for example, the indigenous people called the Hmong people, who live close to the 

Chinese border in the mountainous area of Sapa wear a particular dress and design 

selects clothing depending on the occupational requirement, police for example 

common man.  Among economic factors are the economic condition of society, 

economic status of individual and the availability of technology or raw material.  The 

environmental factors include climatic conditions (too cold, too hot, raining, chilled 

wind, etc), protection from extreme environments, (unusual place, space or under 

water).  Depending on environmental conditions the clothing need changes and the 

performance factors are the dominating parameters.  

A person requires different clothing for different climatic conditions and clothing is 

therefore generally divided into two distinct seasonal groups for winter and summer.  
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It is interesting to note though that a police load bearing vest is used across both 

seasons.  Clothing pattern changes depending on the environmental threat, such 

as clothing for explosives and poisons.  The last factor is the physical conditions 

of a person, which include age, condition of health of a person (wellness), body 

structure, physiological response of the body, activity level, etc.  The clothing pattern 

also changes with the age of the person due to psychological and physiological 

changes with time.  Clothing selection depends on the physical build of the body 

such as whether the wearer is fat or thin, tall or short.  A person with special physical 

feel colder or hotter or sweat more than other persons, this is due to the fact that 

the thermo-physiological responses are different for different persons.  Selection of 

clothing also depends on level of activity and under heavy activity, the body naturally 

sweats more.  The clothing a person wears in this case should be able to dissipate 

and transmit the heat and sweat quickly to keep the body heat under control.  

A sports person needs special sports wear depending on the sport, and people 

in challenging activities and sports could use smart clothing that can sense the 

wearer’s condition or situation and modify its structure for protection or breathability, 

such as is the process with a phase change garment.  The comfort characteristic 

is an important functionality of clothing.  Human thermo-physiological comfort is 

associated with the thermal balance of the human body, which is highly dependent 

on metabolism rate, physical activities, ambient temperature, and thermal moisture 

transmission of the worn clothing.  Clothing creates a micro-climate between the skin 

and the environment, which supports the body’s thermo-regulatory system to keep 

its temperature within a safe range, even when the external environment and humidity 

changes to quite an extent.  

2.3.1 Components of clothing comfort

Comfort is one of the most important aspects of clothing and comfort has been 

by the physiological reaction of the wearer.  Comfort is temperature regulation of the 

body.  Comfort is the absence of unpleasantness or discomfort.  Comfort is the state 

of pleasant psychological, physiological and physical harmony between a human and 

the environment.  All three aspects are important because the absence of any one 

makes a person feel uncomfortable.
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Broadly there are four basic elements of clothing comfort;

(1) Thermo-physiological aspect

(2) Sensorial or tactile aspect

(3) Physiological aspect

(4) Fitting Comfort

2.3.2 Overview

Clothing comfort is an essential aspect of load bearing vest design and one which 

should be incorporated into the design brief for load bearing vests of the future.  Even 

aspect that means the user does not feel that comfort has been optimised.  There 

are many complexities in clothing comfort and these should not be overlooked if a 

designer is to best meet the needs of the end user.  
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2.4 Improving comfort in clothing
 Guowen, Song. April, 2011

Wearer comfort has been listed as the most important property of clothing demanded 

by users and consumers according to recent studies. A fundamental understanding of 

human comfort and a knowledge of how to design textiles and garments to maximise 

comfort for the wearer is therefore essential in the clothing industry. Improving comfort 

in clothing reviews the latest developments in the manufacturing of comfortable 

apparel and discusses methods of improving it in various articles of clothing.

physiologically by clothing and surrounding environmental conditions.  Clothing as 

a near environment of the human body plays a vital role in achieved human clothing 

comfort.

The text begins by outlining the fundamentals of human comfort in clothing, from 

the human perception of comfort in apparel and factors which affect it such as the 

comfort properties of textiles. Part two discusses methods of improving comfort in 

apparel, from controlling thermal comfort and managing moisture, to enhancing body 

movement comfort in various garments. Part three reviews methods of improving 

garments, sports wear and cold weather clothing.

2.4.1 Overview

Improving comfort in clothing should be viewed by designers as a means to 

constantly improve garment comfort.  When a load bearing vest is released to the end 

model load bearing vest.  As equipment and technologies are constantly changing, so 

too should the design and fabrication of general duty police load bearing vests so that 

comfort is best achieved. 



Chapter 2 Literature review

2.5 Sam Browne and beyond: A look at duty belts

2.5.1 Who was Sam Browne?

British General Sir Samuel Browne (1824-1901).  It is described by Webster’s as 

“a belt with a shoulder strap running diagonally across the chest, worn as part of 

a military or police uniform.”  Common legend has it that the belt was designed by 

Browne after his left arm was severed during battle in India. The original strap, which 

was supported by a strap passing from the left side of the belt over the right shoulder 

is said to have helped to stabilise the belt for the one-handed drawing of a sabre and  

may also have helped to take weight off the hips.  Comments around stability and 

weight distribution (Stonem 2000) are made in this article, as below;

 Stability is still critical and weight distribution more important than ever.27

Comments (Stone, 2000) are also made in the article with regard to the heavy load that 

 

 bruises.27

Material and textiles applications are considered in this article and the comment is 

made related nylon duty gear (Stone, 2000);

 

 concerns expressed by the tactically minded. Some are especially concerned with  

 higher gloss gear, such as Clarino (patent leather), seen in some agencies, feeling  

27 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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28

When it comes to preferencing leather over nylon in the U.S. these comments are 

made in the same article (Stone, 2000); 

 So, is the pure leather Sam Browne still the preferred duty belt or have more  

 agencies gone over to the synthetics and laminates?  Judging from information  

 gathered by Police from calls to various agencies across the country, it may be a  

 fairly even split. Some feel there are geographical preferences.28

2.5.2 Ergonomic considerations

had experienced back trouble in the course of undertaking duties.  According to Ira 

Berkeley Ergonomics Program (Stone, 2000);

 uniformed personnel nationwide.28

the duty belt, rigidity of the belt and holster system, location and shape of the belt 

buckle, holster and loop or shank, vertical location of the holster in relation to hip and 

multiply for women, he said (Stone, 2000);

 Rounded, padded edges on top and bottom conform to the body and distribute  

 load better.28

28 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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2.5.3 Considerations for Women

Donna Milgram, executive director of the Institute for Women in Trades, Technology 

and Science (IWITTS), often conducts seminars for women in policing. She told police 

that while women recruits in the academy may be reluctant to complain about duty 

A couple of years ago IWITTS conducted a survey in three police departments.  

solutions seem to be slow in coming, said Milgram.  Milgram made these comments 

  It’s so important for academy instructors to be aware.  She added, a lot of   

 probably don’t think about it.  It’s important to educate departments as injuries  

 can be severe and permanent. There are options, she told Police.29  

commented further (Stone, 2000);

29

Milgram urges manufacturers and police department management to be on hand 

Department wears nylon gear and like the lighter weight.  

29 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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 There’s just not enough space, so I keep some things in the car.  I make sure I  

 have the important stuff on the belt. But it’s crowded.30

safety (Stone, 2000); 

 

 can’t go running out to the car.30

equipment she’s given (Stone, 2000); 

 They keep handing me stuff and I put it in the trunk. I carry pepper spray, a radio,  

 buckle.30 

Browne, Faden makes the following comments around the duty belt (Stone, 2000); 

 The belt is as comfortable as can be, except for weight, she said, adding that the  

 belt took about a year to stretch to where it conformed to her body.30 

30 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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Figure 28. Serpa® ergonomic drop leg pistol holster

  plastic composite - this is ingenious as it has a latch that does not allow for the weapon to be drawn,  
  but when needed it can be drawn one-handed.

Source;   Tactical Defense Solutions, 2012 <www.tds-us.com/catalog.php/tds/pd2092299 2012>
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Image above:  A drop leg pouch which uses the same principles to carry equipment in a way that provides improved  
  ergonomics to the user.
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Image above: A military load carrying chest rig, which is slightly different to a load bearing vest because it does not  
  extend down to the waist line.
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even have a name for it: Sam Browne Syndrome.  Faden, who goes to a chiropractor 

occasionally, commented (Stone, 2000);

 women.30

 I’ve had numerous women tell me they’ve had problems with their backs   

 sciatica.31

of belts, which are cut on the bias and designed with a curve to accommodate men.  

 Women are not all cut the same. I can’t wear a Sally Browne (patent leather belt.31 

But she acknowledges that at least manufacturers are making an effort to come up 

with alternatives.  Conversely, a representative manufacturer, Gould said;

 We have a number of customers who feel the Sally Browne has a great   

 advantage.  It’s true that not all women are shaped the same.  But most women  

 are not shaped like men.31 

of the problems resulting from the fact that women tend be shorter waisted than men.  

This physical reality causes women to have to draw higher and inhibits a smooth 

draw, pistols sometimes dig into the ribcage and canting out at an angle in the holster 

over a woman’s hip structure occurs.  

31 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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 I used to have to walk the gun in my hand to adapt before I had a drop holster.31  

She says a drop, holster allows lower/smoother draw.  Spacers, available through 

some manufacturers, can also help the gun hang straight.  She said moving the 

taken into consideration as well when researching and designing better alternatives to 

(Stone, 2000);  

32

available.

It is reasonably clear that there is much variation in belt wear among agencies 

maintenance are crucial.  Many also pointed out the importance of equipment 

portion of the duty belt, in the area of the spine.  But regardless of what is worn and 

concerned with safety when switching to unfamiliar gear.  He cautioned (Stone, 2000);

 The new security holster may be completely different than the old one. The  draw  

 may be different. Practice with duty gear. Find how to wear the gear and don’t 

32 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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 change. “When you’re under stress, that’s when it’s going to be a factor.  You’re  

 going to revert to your  training.  You want to be able to use your gear without  

 looking at it. 33

 and practice with your body armour on!34

2.5.4 Overview

This journal article makes some good suggestions around alternatives to load 

and reduction of thermal burden viewpoint.  The fact that a chest rig is a smaller 

load carriage device may assist with creating a load carriage device that has greater 

breathability to reduce heat stress.  The chest rig as a load carriage device may 

compromised throughout lifting tasks, such as when exiting a vehicle which involves 

a range of at times, awkward twisting movements under load stress (i.e. as they are 

carrying twelve kilograms of duty equipment on their person).

The drop-leg pistol holster is a very important device also, considering that it provides 

force have evaluated drop leg pistol holsters.   At the time of writing this thesis, it is 

interesting to note that the NSW police force have now adopted drop leg holsters, 

such pistol holsters are used in combination with a load bearing vest.  There is further 

the opposite leg to the drop leg pistol holster, such as Victorian police do in order to 

carry their capsicum spray canister.    

33 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.

34 Stone, R. 2000, ‘Sam Browne and beyond: A look at duty belts’, 
 November, 2000, viewed 28 January, 2009, < http://www.iwitts.org/law-enforcement/ 

 resources/142-sam-browne-a-look-at-duty-belts>.
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2.6 Updating Sam Browne: Designing Better Load Bearing   

2.6.1 Regarding the abstract to this journal article

Placing too much weight on the hips causes pain and injury and this is related to the 

injuries have come to be known as “Sam Browne Syndrome.”  The overall goal of 

this particular study was to design better load bearing systems for the modern peace 

and manufacturers so they can make recommendations to reduce the associated 

problems of wearing a duty belt.  The solutions will look outside the Sam Browne duty 

belt.  Note there is a female version of the Sam Browne duty belt which has been 

named the Sally Browne duty belt: a version of the Sam Browne duty belt that has 

Sam Browne resembles a straight line while the Sally Browne resembles the curve of 

a smile.

2.6.2 Introduction

The result of using the out-dated technology of the traditional Sam Browne duty belt 

to carry the increased amount of modern equipment with its associated additional 

 suffering 

pain or injury due to their Sam Browne duty belt is greatly under reported due to 

the tradition-bound and stoic organisational culture of law enforcement in general, 

in which complaints of temporary pain or discomfort are often seen as weakness. 

The military, although considered by some to be steeped in tradition, is the most 

advanced organisation in regards to the research and development of improved load 

bearing systems. 

 America
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2.6.3 Literature review within the article

will look at the history of the Sam Browne belt, and the concept behind its design. 

studies that have examined the shortcomings of the modern Sam Browne duty 

belt.  A subsection of the second section will discuss the Workers Compensation 

presumption regarding Sam Browne duty belt related injuries, and the viewpoints of 

different organisations upon the validity of this California Workers Compensation law. 

The third section will present the currently available and marketed Sam Browne duty 

belt designs and alternative load bearing systems.  The concepts behind the designs 

of these modern systems will be explained, with the focus being upon the problem 

that each one of these different systems attempted to alleviate.

The Montfort Injured Workers Centre in Orleans, Ontario, Canada, conducted a 

study in the year 2002, that examined the problems caused by the Sam Browne 

duty belt.  What made the Montfort study unique was that it focused solely upon the 

use of external suspenders to lift the weight of the Sam Browne duty belt up and 

rehabilitation therapy for Sam Browne related injuries.  In fact, eighty-seven per cent 

in the study had shoulder or neck pain related to the use of the suspenders.  The 

wearing the Sam Browne duty belt with and without the suspenders. 

quantitative manner, rather than just a qualitative and anecdotal reduction in pain 

which has been the focus of most Sam Browne duty belt manufactures.  The author 

believes that the Montfort study is the base from which a superior load bearing design 

that still utilises the Sam Browne duty belt should come.  The weight of the equipment 

has to be distributed to other parts of the body other than the hips.  The studies did 

generally address the same types of complaints; pain, numbness, bruising, sciatica, 
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skin irritation, and even an instance of exacerbation of colitis 36 due to having to wear 

seeking chiropractic care (Stone, 2000). 

The true nature of Sam Browne duty belt pain is well stated by Karin Richard-Jacobi 

(2002):  Overuse injuries do not happen suddenly or without warning.  There are 

always physical signs that typically move from mild discomfort in the earliest stages 

injuries occur when stress is placed on the same part of the body over an extended 

period of time.  Eventually that part of the body just begins to wear out, and you 

presumptions. These presumptions came about due to the lobbying efforts of public 

safety unions and other law enforcement organisations.  The Sam Browne duty belt 

presumption was signed into law in the year 2001 by Governor Gray Davis. It was 

Browne regardless of their agency.

2.6.4 Overview

Research data produced by the Montfort study demonstrated that the use of external 

suspenders to lift the weight of the Sam Browne duty belt up and off of the hips was 

infact a worthwhile consideration.  As previously mentioned some eighty-seven per 

back, and stomach.  Suspenders can be utilised in conjunction with the load bearing 

vest, load is managed in the torso region using a load bearing vest and a suspender 

type mechanism is employed to control and stabilise load on the duty belt.   This way 

load is being managed ergonomically across different sites of the body and this is 

advantageous.  Police load bearing vests, such as those used in NSW, do attach via 

series of loops to the duty belt,l essentially providing load carriage support to the duty 

belt similar in principle to a duty belt suspender.

36
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2.7 Ergonomic load bearing systems; 
 Blackhawk Products Group, US Department of Justice 2010

Police duty belts, and the weight and shape of the equipment carried on them, not 

including, it is believed, serious back, leg, hip and nerve ailments.

Due to the conservative nature of the United States of America, police community, 

the solution to these problems most likely to be accepted by the greatest number 

of police agencies appears to be a concealable duty belt suspender system which 

for this purpose.

After considering different conceptual approaches to the load-bearing problem, 

and creating and analysing prototypes of several of these concepts, Blackhawk37 

developed two versions of a “concealed” duty belt suspender system.  Both versions 

which one of the two versions was selected for further testing. This selected prototype 

III). 

suspenders on the job for lengths of time generally ranging from a few weeks to over 

eight months. 

With a few notable exceptions discussed below, the majority of the testers found that 

37



Page 68Chapter 2 Literature review

Figure 31. Blackhawk® Velcro Strap Adjustable System

  type.
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belts,and/or relieved the waist, hip and back pain they regularly experienced when 

suspenders of the type developed through this program may relieve the discomfort 

system may also prevent or alleviate the chronic physical problems reportedly caused 

by the long-term wearing of duty belts, although an appropriate medical study would 

2.7.1 Overview

Blackhawk have produced a concealed duty belt suspender system which should be 

considered by police forces as a device to best assist in managing duty equipment 

load.  The fact that the duty belt suspender is concealed does mean that the duty 

vest prototypes should consider the potential advantages of using a concealed duty 

belt suspender system.  There may be advantages in designing a load bearing vest 

which is used in conjunction with a concealed duty belt suspender as this may allow 

for a greater range of movement between the torso and waist throughout twisting 

movements.  In other words, when a load bearing vest is connected via a series of 

loops to the duty belt, this may actually serve to reduce and limit movement rather 
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2.8 Battle rattle: The stuff a soldier carries
 Halberstadt, Hans. December, 2006

A foot soldier’s load currently consists of weapons, armour, rations, digging tools, 

between agility and sustainability.

torso armour and helmets, a radio, grenades, one or more knives and a lot of 

additional kit that weighs forty-sixty pounds (eighteen-twenty-seven kilograms).  The 

period.  For many years the optimum load for any soldier has been established as 

thirty percent of their body weight. 

2.8.1 The vest system

38 

You’d think there would not be too much to differentiate the products from one 

company to another however soldiers generally have strong opinions about such 

things and many have strong brand loyalty.  Construction details have a lot to do with 

durability and reliability, two features marines and other warriors consider crucial. 

38

 is also growing in the British Army in the form of the Osprey Modular systems. The system’s 
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  accessories. 
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2.8.2 The RACK

chest rig used by Pakistan, Afghanistan, China and other armies employing the AK 

series of weapons. Since its adoption RACK has become a generic term in the US 

military for any chest rig. They offer a good supply of a soldier’s most important stuff -

ammunition in a very accessible location without lots of frills and extra weight. The 

on the rig are available but all resemble their humble origins. Whatever foundation 

aid kits and survival kits.

2.8.3 Overview

also allow for superior ergonomic advantages, where equipment is more accessible 

depending on a persons reach and better balanced as the user decides where 

equipment is placed and equipment weights can be balanced at anytime.  Police 

forces may not see this as an advantage however when it comes to considerations 

easier to manage, training manuals and physical instruction would only need to 
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2.9 Future Soldier – Expanded System: Rheinmetall to supply  
 the Bundeswehr with cutting-edge “Gladius” infantry 
 equipment

The German Bundeswehr has placed an order with the Düsseldorf-based Rheinmetall 

Group to supply it with state-of-the-art infantry equipment. A contract to this 

effect has now been signed at the Federal Agency for Defence Technology and 

Under the initial order, a total of nine-hundred soldiers (ninety infantry sections or 

on behalf of the Bundeswehr, it is the most advanced system of its kind anywhere. 

to be equipped with Gladius.

This forward-looking system is an important step in the process of providing 

deployments.

Back in the year 2009, Rheinmetall was awarded a contract to develop a pre-series 

demonstrator version of the Gladius system for the Bundeswehr. It supplemented 

interim response to an urgent operational requirement.

the existing system, particularly with regard to networking, command and control, 

and combat effectiveness. Responding to heightened requirements on the part of the 

Bundeswehr and building on the results of extensive trials and operational experience, 

Gladius is a far-reaching, highly advanced new development.

A prominent feature of the Gladius system is a holistic design approach that takes 

full account of the complex operational requirements levied on modern soldier 

and its vehicle into the network-enabled operational loop. This network, consisting 
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of reconnaissance, command and control components, and weapons, enables 

rapid exchange of information as well as shared situational awareness as the basis 

for planning and conducting operations.  The individual soldier receives all relevant 

data concerning the tactical situation, the position of friendly forces, the mission, and 

system status. It includes a Global Positioning System (GPS) and an inertial navigation 

system as well as a magnetic compass, facilitating reliable orientation on the ground.

Equally impressive are the system’s ergonomic features, especially with regard to 

weight reduction, miniaturisation and improved integration of individual components. 

The modular battle dress uniform, body armour and harness system provide 

excellent protection from detection in the visual and infrared spectrum as well as 

and chemical agents. Flame-retardant equipment and vector protection round out 

the system’s high level of protection. The system is integrated into an “electronic 

backbone” that contains the radio, core computer, batteries and Global Positioning 

System (GPS) module.

The Gladius system puts Bundeswehr infantry men on the global cutting edge, 

placing them ahead of their peers in terms of networking capabilities, command and 

control, and operational command.

2.9.1 Overview

The Gladius system may contain technological advantages which could be transferred 

across to police load bearing vests.  Considerations around incorporating GPS 

and inertial navigation systems into police load bearing vests may help police 

has considered miniaturisation of equipment, this could also prove advantageous 

when it comes to police load bearing vest design/procurement.  It may be that a 

greater range of police forces with similar or identical duty equipment requirements 

collaborate with manufacturers in order to develop lighter weight and smaller duty 

equipment.
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Figure 33. Gladius infantry equipment

Source;   Rheinmetall infantry equipment, 2012 <http://www.afv-news.com/2012/08/gladius-infantry-equip 
  ment-rheinmetall/>
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Figure 34. Gladius infantry equipment breakdown of components

Source;   Rheinmetall infantry equipment, 2012 <http://www.afv-news.com/2012/08/gladius-infantry-equip 
  ment-rheinmetall/>
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Critical analysis of the New South Wales Police load 
bearing vest (LBV) design and implementation

This section of the research document will discuss factors related to the overall 

success of load bearing vest design and implementation in the New South Wales 

of the New South Wales Police and other recent Australian Police load bearing vest 

load bearing vests discusses similarities and differences between the New South 

comfort and wellness will be discussed.  Again it is important to remember that the 

Chapter 3
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need to be undertaken as part of a future product design development initiative.

Before the New South Wales Police introduced the load bearing vest to General 

of individual equipment weights needed to be undertaken.  This is central to the 

load bearing vests, this is because this load when carried upon the human is not 

37 as 

37

3.1 New South Wales Police load bearing 
vest (LBV) design analysis
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leg pistol holster, as reviewed in the previous chapter.  The New South Wales Police 

unlike their Victorian Police counterparts have not adopted the ergonomic drop leg 

ergonomic drop leg pistol holster sits more forward on the thigh, can mean that 

tender documentation

 participation plans.

NSWPF, 
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Force tender documentation states that;

 allowing reasonable freedom of movement.

NSWPF, 
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Multi-tool: 0.250kgs
total with holster approx: 0.3kgs

Motorola Radio (model XTF 3000) 
with clip: 0.775kgs

total with holster approx : 0.9kgs

Duty Belt:
1.5kgs

Telescopic Metal Baton: 0.465kgs
total with holster approx: 0.55kgs

First Aid Kit, with gloves (not shown) 
approx: 0.25kgs

Taser, with 2 batteries and spare 
reload cartridge (not shown) 

total with holster approx: 0.622kgs

Saflock Mk V Folding Handcuffs,total 
with keys and holster (not shown) 

approx: 0.555kgs

Auxiliary Flashlight with 
holster (not shown) 

approx: 0.4kgs

Motorola Radio Handpiece (not shown) 
approx: 0.3kgs

Glock 22 Pistol: 
0.658kgs

Loaded magazines (x2):
0.315kgs each

total with holster approx: 
1.12kgs

Keepers (x2)
0.12kgs each
total approx: 

0.24kgs

OC Spray: 0.077kg,
with Pouch. Total with 

holster approx: 0.15kgs

Basic mobile phone (not shown)
approx: 0.25kgs

 kilograms



Chapter 3 A critical analysis of the New South Wales Police load bearing vest implementation

Motorola Radio 
with clip: 0.775kgs. Total 

with holster approx : 0.9kgs

Multi-tool: 0.250kgs
total with holster approx: 0.3kgs

Duty Belt:
1.5kgs

First Aid Kit, with gloves (not shown) 
approx: 0.25kgs

Taser, with 2 batteries and spare 
reload cartridge (not shown) 

total with holster approx: 0.622kgs

Saflock Mk V Folding Handcuffs,total 
with keys and holster approx: 0.555kgs

Auxiliary Flashlight with 
holster (not shown) 

approx: 0.4kgs

Motorola Radio Handpiece
approx: 0.3kgs

Telescopic Metal Baton: 
0.465kgs.Total with holster 

approx: 0.55kgs

Glock 22 Pistol: 
0.658kgs

Loaded magazines (x2):
0.315kgs each.

Total with holster approx: 
1.12kgs

OC Spray: 0.077kg,with Pouch
Total with holster 
approx: 0.15kgs

Mobile phone
approx: 0.25kgs

 kilograms
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Adjustable velcro straps

Open weave mesh used for 
thermal management
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T

Actual design brief notes from NSW police.

his example drawing indicates a right handed vest.  

The Taser Holster as shown is indicative only of where a Mounting Plate to attach such a 
carrier, could prospectively be positioned. 

The Taser cartridge is to be placed on the opposite or away from the radio. 

Key:

A Name Badge 45 mm (H) x 100mm (L)
B Radio Carrier Width 
C O/C Spray 
D Taser Cartridge Pouch
E Taser Base Plate To fit ‘Blackhawk – Serpa Holster & 
angle away from body
F Handcuffs 
G Extendable Baton Width 
H LBV Keepers 
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3.1.1  Incorporating ballistic protection into load bearing vests; Strategic  

 design considerations

armour including covert or overt vests and ballistic strike plates.  Dissecting this last 

stored in the boot  of a Police vehicle and accessed when the situation required 

vest and then replacing the load bearing vest could become critical, dependant upon 

a given situational threat.  Whether or not a ballistic vest could be placed over a load 

3.1.2 User comfort and wellness; Thermal management analysis

comfort and wellness relating to thermal management.  This is a critical design aspect 

 Boot; Another term for the trunk of a motor vehicle.
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which controls management of warmth and moisture wicking, because of the fact 
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Centre Line;
Load should ideally, be spread evenly across the torso front

on either side of the centre line, so that a human can maintain
optimum balance.

1. Galea Aponeurotica
2. Epicranius
3. Orbicularis Oculi
4. Nasalis
5. Levator Labii Superioris
6. Zygomaticus major & minor
7. Orbicularis Oris
8. Risorius
9. Depressor Anguli Oris
10. Depressor Labii Inferioris
11. Mentalis
12. Omohyoid
13. Sternohyoid
14. Sternal Head of Sternocleidomastoid
15. Scalene
16. Trapezius
17. Deltoid
18. Pectoralis Major
19. Serratus Anterior
20. Rectus Abdominis
21. External Abdominal Oblique
22. Biceps Brachii
23. Brachialis
24. Pronator Teres
25. Brachioradialis
26. Flexor Carpi Radialis
27. Extensor Carpi Radialis
28. Tensor Fasciae Latae
29. Iliopsoas
30. Pectineus
31. Sartorius
32. Adductor Longus
33. Gracilis
34. Rectus Femoris
35. Vastus Intermedius
36. Vastus Lateralis
37. Vastus Medialis
38. Gastrocnemius
39. Peroneus Longus
40. Tibialis Anterior
41. Soleus
42. Peroneus Brevis
43. Extensor Digitorum Longus 
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keep out the cold when temperatures are cool and when temperatures are warmer or 

such as, thermal insulation and moisture transport resistance are measures for 

omitted this valuable information relating to garment design parameters from their 

tender documentation. 

3.1.3 Wear-ability considerations in garment design

The New South Wales Police Force tender documentation states that;

 The wearing of the load bearing vest will be at the discretion of each individual  

 issued as an individual tracked item.

rather than her taser resulting in a terrible mistake that killed the suspect, Adam Salter.  

NSWPF, 
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vest design.
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devices such as the Motorola radio and mobile phone are shielded from rain and 
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have to deal with processes around opening and closing their rain wear.

hardware, over the top of a full length rain coat.  

3.1.4 The physiological and biomechanical aspects of load carriage

the New South Wales Police provide a training session for all members to familiarise 
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Equipment can be configured and re-configured anywhere
on the LBV using PALS (Pouch Attachment Ladder Systems).
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protection possibilities.  As is the case with the Victorian Police load bearing vest, 

could there be an option to incorporate ballistic strike plates in the New South Wales 

appointments on their load bearing vest.  

3.1.5 The biomechanics of the human spine: Loads on the spine
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to the spinal column, this places the spine under a constant forward bending moment 

  

and this has been shown to reduce load on the spine.

 

 During static loading, the discs deform over time, transferring more of the load  

 occur with a lifting task, the general stiffness of the spine is decreased, and   

 deformation of the discs in combination with the elongation of the spinal ligaments  

 pain.

 hold up the spine, and gluteal muscles.
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  region

  spine to help prevent buckling.
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carriage device such as a backpack;

 

 minimises these postural adaptations.5

According to Australian Bureau of Statistics

 Measuring Australians
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3.1.6 The biomechanics of the human spine: Common injuries of the back

53

larger role in the development of low back pain.

 male workers in general.53

 include labourers, truck drivers, garbage collectors, warehouse workers,   

 mechanics, nursing aides, materials handlers, timber workers, practical nurses  

 and construction labourers.53  

53 
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region. 

  

3.1.7 Future procurement considerations

  

Police communication radios that can be used both as a communications radio and 

a mobile phone, this eliminates the need for two devices, thus generating a weight 

reduction outcome.  
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3.1.8 New South Wales Police Annual Report 2011

comment is made below the table;

 back strain.

load bearing vests do minimise lower back strain.

was due to increases in wages and claims costs. 

NSW Police workers compensation claims in 2011

INJURY CLAIM TYPE 2005-06 2006-07 2007-08 2008-09 2009-10 DIFFERENCE PERCENTAGE

Significant injury 1,890 1,598 1,686 1,976 2,162 186 9.41%

Non-significant injury 1,072 1,033 1,156 1,226 1,095 -131 -10.68%

TOTAL CLAIMS 2,962 2,631 2,842 3,202 3,257 55 1.72%

Note: A significant injury is a workplace injury that is likely to result in the worker being incapacitated for more than seven 

We began rolling out new load bearing vest to police in the field to minimise lower back strain

continuous calendar days.

We achieved some significant health and safety milestones this year

 krowemarf tnemeganam ksir ytefas yratnemelpmoc a dna metsys noitagitsevni tnedicca dna tnedicni enilno wen a detnemelpmi eW 
   eht dna noitaicossA eciloP WSN eht htiw noitaroballoc ni krowemarf tnemeganam eugitaf wen a detnemelpmi eW 

University of South Australia
 srecfifo ecilop fo gnitset gurd detegrat )ytud ot llacer( ytud ffo decnemmoc eW 
 
 stnemucod gnitroppus dna seicilop desiver htiw ,srotacidni ecnamrofrep yek krow ot nruter dna tnemeganam yrujni detnemelpmi eW .
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3.1 International Police load bearing vests;
A general design analysis

At the same time that the New South Wales Police have implemented load 

implementation programs.

increasing load burden associated with the introduction of new equipment. German 

the following section.

3.2.1 British General Duty Police load bearing vests

issue, a stab proof vest.  The stab proof vest also doubles as a load bearing vest 

where there are a number of items that are located on the vest.  This approach is 

cost.  There are several online forums which discuss load bearing vests for use in 
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3.2.2  United States General Duty Police load bearing vests

55

make an interesting claim around thermal burden characteristics and aesthetics of the 

load bearing vest;

55

55
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drop leg pistol holster
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Garment design for multi-performance

In the World today specialised application-based garment design is predominantly 

related to garment construction techniques.  As such, garment construction 

textiles are typically those characterised by not having any real rigidity.  A hard textile 

torso, such as the armpit area where heat and perspiration naturally builds up during 

physical exercise, can be addressed.

Chapter 4
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divided into textile categories according to their relative application in garment 

used in load bearing vests, motorcycle wear and sports wear can be divided into the 

   

4.1.1 Advanced textiles for climate control; Three-dimensional (3D)   

 spacer textiles

 

In military combat wear and active motorcycle wear three-dimensional (3D) spacer 

textiles are used to provide a cooling channel between the base layer garment and 

an open weave mesh that is between three to twenty millimetres in thickness.  The 

circulation and works to provide cushioning and shock absorbency and has excellent 

recovery properties.  Three-dimensional spacer textiles in this textile class are multi-

4.1 Advanced textiles: Applications for 
health and wellbeing 
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Thickness:10-15mm

   stay cooler in hot climatic conditions.
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<Source: http://jon8595.en.made-in-china.com/product/QoMmXEVxVLhu/China-3D-Spacer-Fabric-5-20mm-Thickness-.html>

Thickness 15 - 20mm 
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  breathable and can be used underneath a leather or synthetic motorcycle jacket
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dimensional spacer textile is used in the scenario just given, means that a cooling 

during exertion, this perspiration is absorbed and released into the air.  Specialist 

and the textile can be heat-moulded and shaped.  In recent years three-dimensional 

spacer textiles have been incorporated into military combat and active motorcycle 

wear and this is aimed at reducing user heat stress.  Additionally three-dimensional 

and to support hard textile elements such as plastic composites.

4.1.2 Wool as a wicking layer

absorbs perspiration during exertion and releases it into the air, it is naturally 

reacts to body temperature by keeping the wearer warm when they are cold, but 

releasing heat and moisture when a wearer is perspiring.  Wool has a chemical 

woollen shirts and pants that provide greater climate control to the wearer.
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4.1.3 Phase Change Materials (PCM)

Phase Change Materials (PCM) are active temperature controlling advanced textiles 

a narrow temperature range.  Phase change materials possess the ability to change 

their state with a certain temperature range and are materials that can absorb, store 

generated by the body during rigorous activity is not released into the environment 

in the necessary amount, this in turn increases thermal stress.  When a wearer uses 

a garment that incorporates a phase change material and their excessive body heat 

increases, their body heat is absorbed by the encapsulated phase change materials 

and closing pore technology that is embedded within the textile.  So the applications 

where the membrane automatically changes state to keep the wearer warm.  

Conversely as previously mentioned the membrane automatically opens to keep the 

the ability to change their state with a certain temperature range.
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 were repeatedly going through temperature transients or intermittently touching  

 hot or cold objects with PCM gloves.56

 

 substances that change their chemical structure at a certain temperature   

57

It does not seem clear whether or not incorporating a phase change material into 

stress.  

4.1.4 Hard and soft textiles combinations in garment design

56

57
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with hard or rigid elements such as the ankle brace, which is constructed with a 

load bearing vests which may contain hard textile elements such as pistol or taser 

4.1.6 Advanced textiles: Innovations that inform protective garment design

58

designed a spinal protection device that is incorporated into their motorcycle jackets 

in aluminium honeycomb structure that possesses a crumpling mechanism that 

This is not unlike modern motor vehicles that also possess active crumple zones at 

58
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Coldblack® finish applied to garment. 
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accidents.  The cored-in aluminium honeycomb structure is incredibly strong in order 

and is highly breathable.  Dainese incorporate this spinal protection element into 

textiles in load bearing vest construction should be considered in the design process.  



Chapter 4 Garment design and construction for multi-performance 

Double hinged inner and outer torsion bar. 

  joints.
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Perforated hard plastic -
polypropylene (PP) pads
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Cored in honeycomb structure 

  guaranteed thanks to jointed pads, a patented lumbar support joint.
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which have inherent moisture management and thermo-regulation such as those 

garment design.  Many load bearing vests as used in General Duty Police wear use 
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considerations in load bearing vest design and construction.

  

 early research on compression garments demonstrated a reduction in blood  

 lactate concentration during maximal exercise on a bicycle ergo-meter.

 Later investigations have shown improved repeated jump power and increased  

 vertical jump height.61

, vol. 66, pp.

61
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 garments include an improved warm-up via increased skin temperature, reduced  

 muscle oscillation upon ground contact and increased torque generated about  

 the hip joint.  Combined, these results show that compression garments may  

 exercises.   



Chapter 4 Garment design and construction for multi-performance 

4.1.7 Novel solutions that may be derived from motorcycle and sportswear 

design

areas such as the torso and arms.  The link between motorcycle garment design and 

56

wearing a motorcycle jacket, pants, gloves or boots.  When motorcycle protective 

57

56

57
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innovative solutions that resolve existing issues in motorcycle protective armour.  It 

63

cent, leg injury by thirty-nine per cent and upper body injury by twenty-three per cent. 

traditional motorcycle protective wear such as leather garments, motorcyclists would 

and ample volume adjustment possibilities.

63 

4.2 Hard and soft textiles: A Dainese®
motorcycle safety wear product study
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distinguished by elevated resistance to abrasion and impact.  Polypropylene is 

4.2.1 Fitting comfort: Ergonomics related to garment construction

and patterning must also be considered in the design process.

areas into consideration should also be incorporated into a garment design as should 

position depending on the riding environment, urban or open road, and throughout 
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Image above: Inside view and the highlighted section which contains a lightweight and breathable internal aluminium  

  and equestrian
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 purportedly claimed that the body armour 

 permitted to wear a lighter armour rig, which is six kilograms lighter, named   

ergonomics.
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  motorcycle high top boots
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 thrombosis. In sport, compression clothing has been designed to improve recovery   

 established.65

4.2.2 Ergonomics related to load carriage

is directly related to the ergonomic challenges that are presented in human load 

conclusively linked to gender.66

carriage, is a key consideration when realising the issues presented around load 

67  

65
66
67
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sure that their actions do not create litigation against themselves or their agencies.  In 

 proximity to the lumbar spine.  Duty gear placed on the duty belt at various points  

 applied to the lower back while sitting in a patrol car or at a desk in a police   

 spine area.68

torso and the sites at which the load will be carried on the body, such as the thighs 

68 
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Perforated hard plastic 
textile pads (polypropylene)

Perforated hard plastic 
textile pads  (polypropylene)
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Testing result for Cordura   when laundered

65% Polyester / 35% Cotton twill 

310g/m² after 50,000 turns

CORDURA® fabric in canvas 

construction 200 g/m² after 

300,000 turns 

100% Cotton twill 355g/m² after 

50,000 turns

100% Nylon plain weave 160g/m² 

after 50,000 turns

®
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  straps on shoulders, elbows braces removable, on the back protector, Lumbar belt: elastic belt with
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4.3.1 Comfort and wellness in clothing design

The publication 

various garments.

 

 applications and all others related with textile and garment industries.

4.3 User comfort and wellness
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harmony between a human and the environment.  All three aspects are important 

dependent on metabolism rate, physical activities, ambient temperature, and thermal 

environment and humidity changes to quite an extent.

 (1) Thermo-physiological aspect

 (3) Physiological aspect

 structure, transmission characteristics (air, heat and moisture) and tactile   

 dissipate and transmit the heat and sweat quickly to keep the body heat under  

 control and reduce user stress.71

71 
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under water).  Depending on environmental conditions the clothing need changes and 

garment designers.

4.3.2 Clothing layering for comfort and wellness; Thermal management  

 for comfort

outer layer which act in unison to trap heat or wick moisture, however individually 

as their base layer.  A load bearing vest may employ highly breathable materials such 

based in Geneva Airport, Switzerland, wear a base layer garment that is completely 
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garment is very close to the body (against the skin) and the garment is very similar in 

style to a shirt that runners or cyclists would normally use to improve climate control.  

perhaps considered that it best to employ climate control garments that may assist in 

typical heavy duty cotton or polyester garments that most Police departments, both 

locally and Internationally wear as a base layer garment, which typically has a limited 

sometimes use social networking sites to do this, as opposed to well documented 

 months a year to wear something like this!73

73 
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new products such as the load bearing vest to Police departments and emergency 

services alike. 

4.3.3 Introducing the load bearing vest into Police Forces: Occupational  

 Health & Safety (OH&S) considerations 

relation to load bearing vest garment construction and layering.  It may be very well to 

to them and see a possible reduction in load related injuries, however it is paramount 

Load bearing vests aid the user in being able to carry greater loads by utilising the 
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packs and baby carrying harnesses, aim to distribute weight between the shoulders 

75 baby carrier 

as it is similar to a General Duty Police load bearing vest - it is used to carry loads on 

4.3.4 Considerations around duty equipment innovations

possible. 

4.3.5 Chapter conclusion

Innovative solutions to duty equipment industrial design and logistical purchasing 

75  
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The research is an investigation and assessment and is not practice based research 

at this point in time.   In this case practiced based prototypes are not being designed 

undertaken at masters level, this was not possible given the realities involved in 

researching and developing a potential product design (load bearing vest) that would 

involve human trials.



Page 157Chapter 5 Conclusion

The research has the potential to inform future design development in relation to 

General Duty Police load bearing vests, which are deployed in increasing numbers 

both locally in Australia and in Police Forces around the World.  

The protection clothing market segment related to Police clothing is growing 

members, at a time where much more duty equipment has been introduced, that 

begun to realise that providing higher levels of protection to their employees can 

wellness and performance in operational situations is paramount and bsenteeism 

rates can be reduced through injury prevention.  The safety wear market is also 

growing as Police Forces around the World break from tradition, in favour of uniform 

fabrications which employ advanced textiles aimed towards improving user comfort 

and wellness.  This is clearly evident in just one part of the World, yet there are many 

more examples in the United States, for example the Spanish Guardia Civil have 

replaces a uniform design that has remained unchanged for decades.  The new 

durable than the uniforms they replace.

The study aimed to make a positive contribution to user comfort and wellness related 

to reducing the human load carriage burden, through researching advances garment 

fabrication.  Human load carriage from a physiological viewpoint may be considered in 

Conclusion
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terms of reducing the load burden and additionally can be considered in terms of the 

thermal burden to the user, particularly in hot climates  

The nature of the main arguments in this research study were centred around 

researching General Duty Police duty belts and their related load carriage advantages 

and disadvantages.  The main arguments presented in this research study were 

aimed at ascertaining how General Duty Police load bearing vests may improve load 

and how load bearing vests may reduce lower back injuries.  The research study 

attempted to compare different types of related load carriage products, such as baby 

carrying harnesses and ruck sacks, to determine how such load carriage products 

could best inform load bearing vest design.

The study also questioned what role advanced textiles may have in improving 

comfort and wellness in human load carriage.  Research based evidence around 

motorcycle and sports wear demonstrated that advanced textiles can be employed 

in garments such as the load bearing vest to improve comfort through usage of 

a combination of hard and soft textiles.  Advanced textiles may prove to address 

additional issues, those issues that lead on from lower back injury protection, around 

reducing the thermal burden that users experience when wearing a load bearing 

vest in hot climatic conditions.  Research based evidence suggests that humans 

may experience increased levels of comfort and wellness in such garments that 

employ advanced textiles that aim to increase breathability.  Garments such as those 

used predominantly in motorcycle safety wear, such as motorcycle jackets that 

the garments themselves may due to the hard textile elements offer new ways of 

designing load bearing vest fabrications to better support load where it is needed.

The research study considered how load may be best carried over a larger surface 

area of the human body.  Potentially the load could be split up across sites such as 

the torso, the waist and hips, and the legs, by using an ergonomic drop leg pistol 

holster for example.  New and innovative ways that the military attempt to manage 

5.1 Research methodology discussion and
the sigificance of the research
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issues around load carriage is also important to realise and further evaluation of 

these methods has been undertaken in this research study.  If injuries related to load 

injury.  

Research based evidence suggests that load carriage and related injuries can be 

linked to the physical stature and the body mass of a human, those of greater stature 

of receiving lower back injuries in this category is reduced.  Such research based 

The biomechanics of the human spine: Loads on the spine.

affected by human load carriage injuries and the fact that load carriage injuries in 

Police and Military applications have only increased in recent years with the advent of 

so much newly introduced duty equipment. 

The research aims to clarify the complexities around judging whether or not load 

carriage methods that employ load bearing vests are biomechanically superior in 

being able to reduce back injuries.  As Police Forces around the World scramble 

to address and attempt to reduce load carriage related injuries, it is important to 

try to understand the advantages and disadvantages over traditional load carriages 

methods such as duty belts.

greater range of duty equipment becomes available.  Police Forces level these new 

technologies to better manage and reduce crime rates.  In the United States there is 

they need it on foot patrol rather than having to return to their patrol vehicle as they 

traditionally would to access a laptop installed in the patrol car.  Certainly future 

soldier combat systems all seem to feature wearable computers and this trend aims 

There is certainly no doubt that the applications of load carriage devices such as 
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numbers across a broad range of Police departments and emergency service 

departments such as Fire and Ambulance.  In a typical Police department alone their 

is potential to deploy load carriage equipment to Police units such as those that 

use motorcycles, bicycles, horses and even to water Police units in their daily duties 

where load carriage devices are required.

are at present “sweating mannequins” available  for comfort performance testing 

in the United States.  These types of research trials could become useful in future 

research studies to examine the effects of thermal burden and comfort performance 

in regard to current model load bearing vests versus newly developed future load 

bearing vest prototypes.  

Secondary research was used as the main research methodology, human load 

carriage, biomechanics, advanced textiles and garment fabrication research was 

collated and a synthesis of existing research was conducted, as opposed to using 

primary research as the main research methodology.  It is proposed that primary 

research methodologies be employed in future research studies where data is 

collected from user trials of prototype load bearing vests. 

study.  That fact that garment design and fabrication in relation to advanced textiles 

and hard and soft textiles itself may have the ability to greatly improve user comfort 

and wellness in load bearing vest design is an important research outcome to realise.  

The initial industry belief that load bearing vests were themselves alone a catalyst for 

improved user comfort and wellness and to what extent they can prevent lower back 

injury was somewhat challenged during the research study.  Load bearing vests may 

well improve human load carriage, however at this point in time, this has not yet been 

vests may provide a solution in part to reducing lower back pain, however to what 

extent must be measured more comprehensively perhaps in future studies against 

other performance factors such as breathability and the thermal burden impact that 

humans experience in conjunction with garment wear.  
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What was also realised during the research study was that similar load carriage 

products such as baby carrying harnesses, where load is carried primarily on the 

forward torso, spread the load mass across both the shoulders and hips.  Spreading 

a load across a greater surface area and different regions of the human body may well 

prove to have greater biomechanical advantages.  

There were many obstacles involved in obtaining valid research data relating to load 

bearing vest design throughout the duration of this research study.  The reality is 

nature of enquiries related to injury management in major Police Forces.  More time is 

needed to negotiate with stakeholders such as is the case with the NSW Police Force 

in order to be able to administer future surveys or interviews that may proposed as 

being completely anonymous, so that richer research data may be obtained. 

The study focuses on sourcing appropriate advanced textiles, therefore is important 

to note that the majority of manufacturers of these textiles which may assist in the 

reduction of injuries and superior comfort and wellness are based outside Australia.  

to want to deal with organisations that are of a substantial size before they start to 

provide textile samples.  Textile manufacturers are also very cautious to release detail 

and textile samples to members of the general public because of issues related to 

also tend to create textiles that are fabricated exclusively for their brand.  Companies 

they design. 
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To ensure that the research problem is better understood, realising the complexities 

of garment design and fabrication is key.  Load bearing vest design needs to consider 

a wider ranging design brief that attempts to form strategies as to how Police can 

biomechanical cost to the user is when they use a load bearing vest rather than a 

duty belt primarily and how load bearing vest design may encompass a greater range 

of factors to better improve user health and wellness.

Advanced textile developments and particularly making informed choices around the  

combinations of hard and soft garment fabrications may possibly produce innovative 

solutions for improving user comfort and wellness in load bearing vest design.  Users 

these pockets single handed.  Soft textile pockets tend to collapse and make it 

Reducing the thermal burden for the load bearing vest user will ultimately be the 

in major Police Forces throughout the World.  It is important to realise that the 

environment that users work within may become a limiting factor due to thermal 

may suffer less in terms of back injuries, however they may in hotter climates, become 

exhausted more rapidly and suffer negative side effects from wearing a load bearing 

vest over extended periods of time.  Clothing layering has particular advantages when 

aiming to manage the thermal burden to users, this is a relatively new concept for 

Police Forces that has not yet been fully exploited or considered to reduce thermal 

stress.

5.2 The main findings of this research study; 
New knowledge that has been discovered
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This study examines the fact that we are yet to really understand how load bearing 

vests act in terms of promoting improved spinal health and wellness.  What are the 

long term effects of load carriage on the anterior torso?  What are the effects of load 

carriage when seated, when entering or exiting a motor vehicle, running, leaping and 

in many dynamic movement scenarios?  These are questions that have not been 

conclusively answered, it is important to validate data obtained from user trials so that 

What perhaps has not been considered more comprehensively and strategically 

also, is the fact that Police Forces, such as the NSW Police Force, must attempt to 

predict the new technologies that they will wish to invest in ahead of composing a 

design brief for any future load bearing vest programmes.  To that end, Police Forces 

modular layout.  Equipment innovations are rapidly changing the mass of duty 

adaptive acquisition as the Australian Army terms this process, rather than purchasing 

technologies for an entire force that become superseded ever so quickly.  The NSW 

Police may also consider strengthening relations with equipment manufacturers 

by partnering with other states and territories in Australia to obtain access to more 

advanced equipment, purchased on mass in order to gain more competitive pricing 

structures. 

Ideal human load carriage mass limits seem to be something that eludes most load 

carriage administrators.  Military Forces around the World no doubt struggle with 

this challenge of reducing the load burden to military personnel.  In some cases the 

military use load to body mass ratios of around sixty per cent and even more in some 

cases, when research studies clearly demonstrate that humans should ideally use 

managing load carriage over a whole platoon rather than just at individual level, may 

also have merit in terms of reducing the likelihood or frequency of injuries in Police 

carriage related injuries.
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5.3 Future research and design 
development recommendations 

This section contains an overview of possible future research and design development 

recommendations for Police Forces that wish to implement load bearing vests into 

their departments.  The list of recommendation and considerations related to future 

new research and solutions in load carriage as they evolve.

5.3.1 

Recommendations in regard to the incorporation of advanced textiles into future load 

bearing vest prototypes and manufacturing are crucial in order to tackle issues around 

offer solutions around garment cushioning and enhance garment climate control.   

the layers and thus heat stress to the user can be reduced.  

wearing a duty belt so frequently, simply because of hot climatic conditions. 

also, which may offer solutions towards improving climate control.  Limited research 

control within a certain temperature range.  This research at present does not seem to 

be conclusive.
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5.3.2  

Layering of garments is another component of garment design used to address 

climate control.  The fact that the military and indeed some Police Forces are using 

enhancing climate control.  Wool, because of its organic properties, offers superior 

traditional, lower cost alternatives such as polypropylene wicking layers which are not 

5.3.3 

It should be noted that recent strategies used in Military applications to reduce 

the carriage load burden, by spreading equipment loads over an entire platoon 

collectively, may prove to be advantages to Police Forces.  Additionally future 

print and decreased mass if possible.  Major manufacturers such as Motorola® 

may be able to provide better product forecasting as to what duty equipment may 

be available before it is released to market.  It is therefore important that there is a 

strong future alignment between procurement of new duty equipment and hardware 

technologies that may offer reduced weight options. 

5.3.4 

researching and analysing load bearing vest design.  As so many Police Forces are 

now either implementing or considering introducing load bearing vests, it is important 

to accelerating superior solutions in load carriage systems both now and in the future.

Field trials should aim to be fairly comprehensive in terms of gaining valid data over 
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trials should be measured.  The use of sweating mannequins in conjunction with user 

5.3.5 

vest design and fabrication.  Hard and soft textile combinations are typically used in 

motorcycle wear to provide stiffness to the garment when required.  In the case of 

a load bearing vest, it may be possible to better secure duty equipment on the vest 

by using hard textile elements.  Ensuring that the duty equipment load is close to the 

torso may be better achieved also through the use of hard textiles.  

5.3.6 

In the case of New South Wales Police Force and like many International Police 

Forces, ballistic protection is not considered for incorporation into the load bearing 

can access dedicated ballistic vests kept in patrol cars, however it may be possible 

to only carry ballistic or stab proof inserts that could be placed into pockets of future 

load bearing vests.  Such ballistic inserts as opposed to using separate dedicated 

bearing vest in the case where inserts are added, as duty equipment at present 

cannot be carried on a dedicated ballistic vest.  Also when hot climatic conditions 

5.3.7 

high visibility vest in conjunction with a load bearing vest.  When required, Police 
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vest, the vest could be tailored in such a way to not interfere with access to duty 

equipment holsters and pockets.  This could prove to be a superior alternative to what 

Police currently do in New South Wales where they use a high visibility vest to go over 

high visibility load bearing vest.  This has particular disadvantages relating to the 

Also, a smaller surface area of high visibility textiles may be possible to achieve in 

conjunction with the use of lightweight LED strobe lighting as used in bicycle wear.

5.3.8 

Police departments or uniform logistics may consider the need to establish an 

integrated programme of using 3D body scanning technologies for each and every 

superior.

 

Spreading the duty equipment load over the shoulders and hips when undertaking 

to design the load bearing vest is important to consider.  The hips and shoulders are 

generally employed in combination in load carriage products such as baby carrying 

harnesses or even ruck sacks that are used predominantly in mountaineering.  

Garment designers leverage the fact that load is spread more evenly across the hips 

and shoulders and provide better comfort.  When both the hips and the shoulders are 

used in load carriage tasks, the equipment load is dispersed more evenly.

Another area that is valid in terms of improving the load carriage around physiological 

wellbeing it to consider sharing equipment load across other sites on the human body 

such as the thighs.  The quadriceps muscles of the thigh are are big muscle that can 

easily accommodate a portion of the total duty equipment load.  An ergonomic drop 
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leg pistol holster could be used on one leg, whilst a ergonomic drop leg pouch or 

even a taser could be carried on another leg. 

5.3.9 

In recent times companies such as Dainese® have teamed up with NASA, to 

develop specially designed garments that astronauts can wear in outer space.  

Dainese became involved in this ambitious challenge at the request of M.I.T., the 

that are pneumatically pressurised by a special device on the back will be replaced by 

by certain points in the human body to which high pressure can be applied without 

limiting freedom of movement.  

These sort of industry partnerships allow for specialised garments such as load 

bearing vests to be developed with the aid of textile designers who have an intimate 

knowledge of the processes involved in the development of new and innovative 

custom made textiles created by major motorcycle and sports wear companies 

should be considered.  Making strong bonds with garment manufacturers who lead 

the way in the creation of advanced textiles would enable access to a larger pool of 

and Skins®. 

5.3.10 

Military allies research and develop new technologies in many instances by 

collaborating with one another in order to achieve an optimum result.  Police Forces 

creating load carriage systems.  An International data bank of injury information 

compared to a subjects body mass and height may begin to help researchers to 
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gain a better understanding the negative effects of load bearing vests when used in 

operative situations.

5.3.11 

broader picture of the way in which they can look towards preventing load carriage 

allow Police Forces to better manage issues that occur as a result of load carriage 

injuries. 

5.3.12 

Energy requirements for Military and Police applications will always probably become 

even more demanding than what exists in the current era.  Lithium ion batteries and 

LED technologies have assisted in making a range of duty equipment available to 

the energy that can be stored in batteries.  There is no doubting that batteries 

carriage.  Solar technologies may also inform garment design in the future as they too 

wearable computers, digital radios, mobile phones, torches and alike. 
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Police.  The research study also realised the fact that injuries related to load bearing 

vests and load carriage, still needs to be carefully monitored and evaluated to ensure 

that Police are well protected from ongoing back injuries caused as a result of load 

carriage when using a load bearing vest.

When it comes to organising primary research, this could be earmarked for future 

ranging from small stature to large stature, additionally, other factors such as thermal 

burden could be evaluated so that the study is more comprehensive in terms of 

overall occupation health and wellness.  Future studies should consider producing 

a wide range of prototype load bearing vests sizes and this will involve considerable 

costs.  This was a limiting factor in this research study, and one that could be better 

addressed perhaps in future studies, where time limits are less compressed.  Not 

only is a good budget required to produce a series of effective load bearing vest 

The richness of this research study and the commitment undertaken to make sure 

these studies were successful, involved researching International approaches to 

General Duty Police load bearing vest design.  The positive aspect to this research 

study is that it will enable the writer to develop stronger future research outcomes 

and help inform the design and development of a series of future load bearing vests 

demanded placed upon public sector employers such as the New South Wales Police 

to provide protective wear to its member to ensure their ongoing health and wellness.  

industry areas such as technical fashion design, an industry that has been growing 

substantially as a result of a new demand for increased levels of Occupational Health 

and Safety in garment design and development.  
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ITEM 1

New South Wales Police Load Bearing Vest Tender document, 2009.



Page 176 

Supply of Load Bearing Vests (LBV) 
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Supply of Load Bearing Vests (LBV) for the NSWPF

Welcome 
Speakers today include:
- Mark Herrero, Procurement Manager
- Senior Constable, Paul Bugden
- Inspector, Peter Davis

Introduction
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The objective of today is to provide all prospective 
Suppliers a comprehensive understanding of NSWPF 
requirements and expectations. 

Objective

Supply of Load Bearing Vests (LBV) for the NSWPF
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- Background (Senior Constable, Paul Bugden)

- Tender process and documents (Mark Herrero)

- LBV Specifications (Inspector, Peter Davis)

- Questions  

Industry Brief Agenda

Supply of Load Bearing Vests (LBV) for the NSWPF
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Tender Details

Supply of Load Bearing Vests (LBV) for the NSWPF

RFT Name Supply of Load Bearing Vests (LBV) to the NSW 
Police Force

RFT Number 17082009RFT
RFT Closing Time and Date 9:30am, Tuesday, 27th October 2009

Address of Tender Box e-Tenders - https://tenders.nsw.gov.au  

and

One (1) hard copy marked “original” and two (2) 
hard copies marked “copy” to be delivered to:-

NSWPF Tender box, 
NSW Police Force Headquarters
1 Charles Street, 
Parramatta NSW  2124

Samples To: NSW Police Force
1 Charles Street 
Parramatta NSW 2150
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Background 

Senior Constable, Paul Bugden

Supply of Load Bearing Vests (LBV) for the NSWPF
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Background 
Due to an increase in the amount of operational equipment 
carried by NSWPF officers, there has been a gradual increase 
of weight on the appointments belts. This increase in weight 
has resulted in injury and discomfort to some operational 
officers. The common issues relate to back pain and this has 
been attributed to the appointments belt and the weight of that 
belt.  

The NSWPF is seeking proposals for a Load Bearing Vests 
(LBV) that meets the NSWPF requirements. The wearing of 
LBV will be at the discretion of each individual officer.  If an 
officer decides to wear a LBV it will be procured and issued as 
an individual tracked item. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Time Table for Tender Process

Evaluation will commence immediately after the closing date.  

Supply of Load Bearing Vests (LBV) for the NSWPF

Event Date

RFT issued 2nd September 2009

Industry Briefing held (see Clause 8.1) 10:30am, Sydney Time
Tuesday, 27th September 2009

RFT closes (Closing Date) 9:30am, Sydney Time
Tuesday, 27th October 2009

Evaluation of Proposals Early November 2009

Successful Respondent announced Mid to Late November 2009
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Clarifications & Point of Contact

Supply of Load Bearing Vests (LBV) for the NSWPF

If you require clarification regarding this RFP, send an email  to 

procurement@police.nsw.gov.au

Mark Herrero
Procurement Manager 
Strategic Procurement & Contract Services
Phone: +61 2 8835 9155 
Fax: +61 2 8835 8076
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Tender Process and Documents 

This RFT is made up of Parts A to D. 

Part A – Conditions of Tender 
Part B – Terms and Conditions
Part C – Specifications LBV 
Part D – Tender Response 

Each Tenderer must check that it has each Section of the RFT 
document. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Addenda to RFT Document

Supply of Load Bearing Vests (LBV) for the NSWPF

Each proponent that has downloaded the RFP will receive an 
email notification of the release of a new addendum. 
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Part A – Conditions of Tendering

Provide you with the conditions of tendering

Provides an introduction to tender documents, outlining 
the process, the details of the proposal and a brief 
overview of the requirements

Supply of Load Bearing Vests (LBV) for the NSWPF



Page 188 

Term of the Contract

The contract term is three (3) years, with the option to extend 
for a further two (2) by one (1) year periods to a maximum of 
five (5) years. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Terms and Conditions of the Contract 

It is a condition of this tender that the Respondent substantially 
accepts the terms and conditions of this Agreement. It is felt that 
unless there is a serious error or omission or lack of clarity in the 
document, the NSWPF will generally not enter into negotiations 
relating to any changes to the agreement.  

Part B – Terms and Conditions 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Part C - Specifications 

The Supplier is required to supply and deliver Load Bearing 
Vests (LBV) to meet the requirements of the NSWPF.  

The LBV is not to include any type of Body Armour (including; 
covert vests; overt vests and ballistic strike plates).   

The RFT will include the following service provisions:
- Source or Manufacture Goods;
- Warehouse: 
- Distribution; and 
- Tracking of items (LBV).

Supply of Load Bearing Vests (LBV) for the NSWPF
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Part D – Tender Response 

Supply of Load Bearing Vests (LBV) for the NSWPF
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All responses must be compatible and accessible with 
Microsoft 2003 applications

Examples: 
Microsoft Word 2003
Microsoft Excel 2003
Access as Access 2003 
Diagrams a Visio 2003 compatible or JPG images 
PowerPoint as PowerPoint 2003 
Project Plans as Project 2003 

Format of Proposals 

Supply of Load Bearing Vests (LBV) for the NSWPF
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An Executive Summary of the Proposal;

Proposed response addressing all areas identified in Part D of 
this RFT; and

Any other relevant information 

Follow the format of questions outlined in Part D. 

Presentation of Proposals

Supply of Load Bearing Vests (LBV) for the NSWPF
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Statement of Compliance 
Provide a statement of compliance in respect of Parts A, B 
and C.

Compliance with Part B – Terms & Conditions 

-up version of the Terms & 
Conditions with all amendments sought. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Samples 
Respondents to the tender are to provide samples of their 
proposed LBV. 

One of each size sample to be provided in the following 
sizes:  

1. Small (S); and 
2. Extra Large (XL). 

Note: One sample vests is to be Left Hand and the other 
sample vest is to be Right Hand.   

Respondents may submit more than one vest.

Supply of Load Bearing Vests (LBV) for the NSWPF
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Tender Criteria

MANDATORY CRITERIA
Compliance with proposed Specifications (as listed in the 
Specifications as a MUST)

Supply of Load Bearing Vests (LBV) for the NSWPF
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Tender Criteria
DESIRABLE CRITERIA

Capacity and capability to provide products (including 
delivery considerations, availability of stock and accessibility 
of product range).
Industry experience, production, technical and organisational 
capacity, warranty and quality assurance systems to service 
the contract.
Specifications and quality of samples:

- Durability
- Wearability 
- Accessibility to Appointments

Pricing considerations and Value for Money
Industry (or SME) participation plans. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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All Proposal must be submitted by electronic lodgement 
through the NSW Government eTendering website.
www.tenders.nsw.gov.au

Electric files should be a format that can be read by 
standard office software.

If you require clarification regarding this RFT, send an email  
to procurement@police.nsw.gov.au

Lodgement 

Supply of Load Bearing Vests (LBV) for the NSWPF
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Retain Part A, B and C when submitting your Proposal. 

Submit Part D and any attachments. Ensure they are cross 
referenced to the appropriate clause or question. 

Lodgement (cont)

Supply of Load Bearing Vests (LBV) for the NSWPF
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NSW Government eTendering Website 

Supply of Load Bearing Vests (LBV) for the NSWPF

This website is managed by: 

NSW Procurement - eBusiness Solutions
NSW Department of Commerce

Email: ebs_supportdesk@commerce.nsw.gov.au

(02) 9372 8333 (International +61 2 9372 8333)

Hours of operation are 8:30am - 5:00pm, Monday to Friday.  
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LBV Specifications

Inspector, Peter Davis 

Supply of Load Bearing Vests (LBV) for the NSWPF
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LBV Specifications

General Requirements

This Specification is for the supply and delivery of LBV to the 
NSWPF.

The LBV shall allow NSWPF officers to be able to sit 
comfortably in a car, walk a patrol or be involved in a foot  
chase and allowing reasonable freedom of movement. 

Supply of Load Bearing Vests (LBV) for the NSWPF
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LBV Specifications

Vest Material, Construction and Sizing   

Fire Retardant    
Heat Management  
Construction    
Sizing 
Name Plate & Markings
Weight Distribution & Vest Retention Systems

Supply of Load Bearing Vests (LBV) for the NSWPF
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LBV Specifications

Appointment Carriers 

Oleoresin Capsicum (OC) spray
Extendable Baton 
Handcuffs 
Portable Motorola Radio 
TASER (Electronic Control Device) and Cartridges

Supply of Load Bearing Vests (LBV) for the NSWPF
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ITEM 2
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Specifications for Load Bearing Vests (LBV) for the NSW Police Force

Part C – Specifications page 1

1.1 Appointment Carriers 

Please refer to Part C – Appendix A – Example drawing

The configurations of the appointments are NSWPF suggested only.

Depending on configuration required, the LBV should have the potential to carry the following 
five (5) appointments:

1.1.1 Oleoresin Capsicum (OC) spray

The OC spray canister is 110mm (height) x 37mm (diameter) 

The carrier portion of the unit (ie. NOT including the closing flap) must be no more 
than 80mm in height (i.e allowing 30mm of the canister to protrude out the top of the 
carrier for easier access)

The carrier unit itself must be cylindrical in shape.

The material itself must be rigid, with a hard-shell-style casing to enhance 
deployment and provide a level of protection to the canister from unintended 
impact / pressure’. 

The enclosing flap of the carrier has to come down firm on top of the OC and be 
secured in place by a durable closure system by utilising, where possible, either a 
combination of both press-stud and ‘silent’ velcro (e.g. ‘Duel Lock’ offered by 3M).

Position on LBV: (STRONG side – NSWPF suggest the lower portion of LBV, as 
close to central zipper as possible – please refer to Part C – Appendix A – Example 
drawing)

1.1.2 Extendable Baton 

The carrier needs to be capable of holding the NSWPF issue extendable baton which 
(when collapsed) is 195mm (height) x 25mm (diameter)

The carrier portion of the unit (ie. NOT including the closing flap) MUST be no more 
than 130mm in height (i.e allowing 65mm of the canister to protrude out the top of the 
carrier for easier access)

The carrier unit itself MUST be cylindrical in shape
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Specifications for Load Bearing Vests (LBV) for the NSW Police Force

Part C – Specifications page 2

The material itself MUST be rigid, ‘with a hard-shell-style casing so it remains 
contained within the carrier’.  

The enclosing flap of the carrier has come down firm on top of the baton. The unit 
must be secured in place by a durable closure system utilising, where possible, either 
a combination of both press-stud and ‘silent’ velcro (e.g. ‘Duel Lock’ offered by 3M).

POSITION ON LBV: (SUPPORT side - NSWPF suggest angled approx 20 degrees 
away from centre line of body - please refer to Part C – Appendix A – Example 
drawing)

1.1.3 Handcuffs

Of the two model of handcuff on issue, the Saflok Mk V are the largest with 
dimensions 130mm (height) x 75mm (wide) x 25mm (depth). 

The carrier unit itself MUST be squared off at the TOP and BOTTOM (i.e. NOT taper 
into the lower edge of the LBV) so as to enclose the handcuff without making them 
come out of ‘rachet’, prevent excessive noise and movement, and possibility of the 
handcuffs falling out of the carrier, when running or jumping objects or restraining 
offenders.        

The enclosing flap of the carrier has come down firm on top of the Saflok Mk V and 
MUST be secured in place by a durable closure system by utilising, where possible, 
either a combination of both press-stud and ‘silent’ velcro (e.g. ‘Duel Lock’ offered by 
3M).

The Saflok Mk IV handcuffs are also on issue to police, and approximately 20mm 
smaller in height (ie. 110mm). The other measurements of the Mk IV are the same as 
those of the Mk V. 

Therefore, the one carrier itself should be able to accommodate the Mk IV or Mk V 
Saflok handcuffs.

To allow for the smaller Mk IV model, the enclosing flap of the carrier MUST have a
second press-dud approximately 20mm lower than the main press-dud on the 
inside of the enclosing flap.  

POSITION ON LBV:  (SUPPORT side - NSWPF suggest behind expandable baton, just 
above hip – please refer to Part C – Appendix A – Example drawing). 

1.1.4 Portable Motorola Radio 

The radio carrier consists of the unit itself with a double length of elastic attached to 
the front of the unit beneath a piece of nylon. 

The radio currently on issue to NSWP is the Motorola XTF 3000 model. The 
dimensions of this unit are 180mm (height – not including control dials / aerial & 
handpiece attachments on top) x 65mm (width – not including handpiece attachment) 
x 40mm (depth).

The carrier MUST have the ability to house the portable hand piece and provide a 
microphone docking station of some kind for the radio.

Suggested width and (horizontal) depth of the carrier is 70mm X 45mm.      

However, as with the other carriers, the radio carrier MUST be rigid and squared of at 
the top and bottom (i.e. NOT taper into the lower edge of the LBV) so as to enclose 
the radio and prevent excessive movement and the possibility of the portable falling 
out of its carrier, when running or jumping objects or restraining offenders.        
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Specifications for Load Bearing Vests (LBV) for the NSW Police Force

Part C – Specifications page 3

The double elastic fastening strap which comes down over the top of the radio
attaching at the front of the carrier, MUST have a double stud clip to secure the radio 
in place. 

POSITION ON LBV: - (STRONG side – NSWPF suggest the lower portion of LBV beside OC 
carrier – please refer to Part C – Appendix A – Example drawing)

1.1.5 TASER (Electronic Control Device) and Cartridges 

The NSWPF has two (2) options for the inclusion of Taser into these vests:

1. The TASER & Cartridges are placed on LBV** – it’s a requirement of a ‘locking 
/coupling system, for the Blackhawk ‘Serpa’ TASER. The holster can be clipped on 
and off and be interchangeable between officers. 

OR   

2. The TASER & Cartridges remain on belt 

**Cartridge Pouch – The ‘Serpa’ holster does not offer an attached Electronic Control Device
(ECD) spare cartridge carrier directly to the holster, as is the case with the current Blade-
Tech holster. However to meet this requirement a spare cartridge carrier is to be mounted to 
the load bearing vest in a purpose built carrier. The material out of which this carrier should 
be made is of a hard shell-style design carrier to protect the TASER cartridge from damage 
and allow for greater ease of deployment /replacement.

POSITION OF TASER (MOUNTING PLATE) ON LBV: (SUPPORT side – the Taser MUST
be placed in a cross-draw position, closer to the lateral line of the body rather than on the 
centre line of the body / torso / chest / upper physiognomy - please refer to Part C – Appendix 
A – Example drawing)

POSITION OF SPARE CARTRIDGE POUCH ON LBV:  (SUPPORT side – NSWPF suggest 
the upper portion of the LBV close to the central zipper – please refer to Part C – Appendix A 
– Example drawing). 
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Specifications for Load Bearing Vests (LBV) for the NSW Police Force

Part C – Specifications page 4

2 Appendix A – Example Drawing

Key:

Letter Description Measurements

A Name Badge 45 mm (H) x 100mm (L)

B Radio Carrier Width (across top) - 80mm
Height (entire pouch) -180mm
Height (carrier section) – 130mm
Length (fastening strap) – 200mm
Depth (carrier unit) – 60mm

C O/C Spray Width (across top) - 55mm
Height (with flap open) -260mm
Height (carrier section) – 90mm
Diameter (carrier section) – 35mm

D Taser Cartridge Pouch

E Taser Base Plate To fit ‘Blackhawk – Serpa Holster & 
angle away from body

F Handcuffs Width (across top) - 105mm
Height (flap open) -260mm
Height (carrier section) – 90mm
Depth (carrier unit) – 35mm

G Extendable Baton Width (across top) - 35mm
Height (flap open) - 350mm
Height (carrier unit) – 95mm
Diameter (carrier unit) – 25mm

H LBV Keepers Refer to clause Part C 4.6 of this 
document  



Page 210 

Specifications for Load Bearing Vests (LBV) for the NSW Police Force

Part C – Specifications page 5

- This example drawing indicates a right handed vest. 

- The Taser Holster as shown is indicative only of where a Mounting Plate to attach such a 
carrier, could prospectively be positioned. 

- The Taser cartridge is to be placed on the opposite or away from the radio. 
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Do garments manufactured with L-REFLEX® comply with current safety norms?

In accordance with European norm UNI EN 471, all personnel working on road networks 
or construction sites are obliged to wear a professional high-visibility safety garment. 
Clothing manufactured in L-REFLEX® fully complies with the above norm.

Being a fabric, can L-REFLEX® be used to manufacture an entire garment werden?

L-REFLEX®, used on all or only part of a garment, can be considered preferable for the 
manufacture of sport or leisure garments with visibility requirements, as it avoids the use 
of anti-aesthetic reflective bands usually associated with workwear safety clothing and 
allows for greater design possibilities.

Why does L-REFLEX® perform better than traditional reflective materials?

A garment manufactured in L-REFLEX® reflects light off its entire surface, allowing the 
wearer to remain visible in all situations, without running the risk of accidental conceal-
ment as with traditional single reflective bands which can become dirtied or obscured. 

Lenzi Egisto S.p.A. Via G. Di Vittorio, 39 59021 Vaiano (PO) Italy Tel. +39 0574 946030 www.lenzie.it BE SEEN TO BE SAFEEdition 01/2007

The 3 FAQ’s
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Builders and overseers on construction sites, as well 
as security and surveillance personnel, are obliged to 
wear high-visibility clothing using fluorescent reflective 
fabrics or bands.
Poor visibility can cause damage and accidents: car 
drivers, or fire-fighters and police forces on night shifts, 
are less protected outside daylight hours.
In order to avoid accidents and reduce risk, Lenzi has 
created reflective fabrics that render their wearer visible 
from all angles up to a distance of 140 metres. 
Opportunities for serious accidents abound. 
For example, under normal night-time conditions, a 
pedestrian can only be seen from approx. 38 metres 
away: shorter than the safe braking distance for a car 
travelling at speed.
A reflective garment renders the pedestrian visible from 
140 metres, in other words at a safe braking distance. 
A person crossing a road who notices a vehicle 
approaching from a distance always believes that they 
can be seen by the driver, but this is not always the case, 
unless the pedestrian is wearing reflective clothing.

In the past, the simplest types of reflective bands 
involved attaching large reflective plates onto garments 
using safety pins. Even then, statistics highlighted the 
high mortality rate on roads and construction sites due 
to poor safety measures, but it was not until the 1990’s 
that a more precise and rigorous definition of road 
worker safety was established.

From then onwards, general European norms have 
made the use of “visibility clothing” obligatory.

Currently, all those working on or near construction sites 
are obliged to wear fluorescent reflective high-visibility 
garments bearing the CE symbol, in compliance with 
the requirements of norm UNI EN 471. Police forces 
are also perfectly visible at night due to their use of 
reflective bands and garments.

Furthermore, the use of reflective bands has become  
obligatory for alerting attention to stationary vehicles 
on the road. Safety awareness has also caught the
attention of fashion designers, and the sports clothing 
industry has taken night-visibility on board as an 
essential contribution to quality of life: many rucksacks, 
tracksuits and jackets now have reflective bands 
incorporated into their design.

Garment producers are obliged to label their products 
with the CE symbol according to each product’s safety 
classification.
Lenzi has created special fabrics capable of providing 
optimal visibility properties even under heavy rainfall, 
retaining these characteristics over time even when 
subjected to heavy and frequent use.

In order to optimise response to market demand for both 
daytime and night-time visibility, Lenzi has developed a 
series of reflective fabrics based on two different
technologies: microsphere technology (thousands of 
glass microspheres partially sunk into a special flexible 
resin) and microprism technology (trihed  ral directional 
microprisms in a transparent resin). 

The Lenzi research team works in close contact with
garment producers: this synergy leads to new garment 
designs that increase night-time visibility and therefore 
safety for the wearer.

FROM THE LENZI RESEARCH 
PROGRAMME

SAFETY ON THE ROADS

WHO USES IT
Cyclists

Motorcyclists

Hikers

Police forces

ADVANTAGES
Greater illumination

Improved visibility

Larger reflective range with less possibility 

of accidental concealment as with normal 

reflective bands

HIGH-INTENSITY REFLECTIVE FABRIC
Light is reflected back directly by the fabric’s glass microsphere structure

Microprisms

Microspheres
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THE 11TH ANNUAL SOLDIER MODERNISATION CONFERENCE & EXHIBITION 

21't- 24th May 2012, Earls Court Conference Centre, London 

www!SdiCiierme·ctlndlesg~.com 

IdentifY and Collaborate on the Biggest Soldier Modernisation Projects around 
the World Led by Senior Figures Speaking at Soldier Technology 2012 

Brigadier General (re!' d) 
Gurmeet Kanwal, Director, 
Centre for Land Wartare 
Centre, India 

Colonel Terry Tan, 
Programme Manager, 
Advanced Combat Man 
System, Singaporean MoD 

Colonel Jason Blain, 
Director, DiggerWorks, 
Australian MoD 

...... Brigadier General Agus 
Jlllll Suyarso, Director for 

Technology and Industry, 
Defence Facilities Agency, 
Indonesian MoO * 

Mark Richter, Programme 
Manager, Marine 
Expeditionary Rifle Squad, 
US Marine Corps 

Gabi Dobreso, Programme 
Manager, ANOG, 
Israeli MoO 

Reduced Pricing Available Until 
February 17th • Save Up To £500 
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The Meeting Place For The Global Soldier Modernisation Community 

600+ attendees to meet 
Soldier Technology is the single largest gathering of soldier 
modernisers in the world, attracting senior government programme 
managers and their industry counterparts from more than 40 
nations each year. And year on year they come back to collaborate 
to enhance capabilities for the future dismounted soldier making 
this a one-stop shop for need-to-know data and information and 
professional contacts in the soldier modernisation marketplace. 

125 innovative contractors exhibiting and 
attending 

90 government agencies participating 

40 nations supporting 

32 hours of presentations, workshops, 
interactive panels and roundtable 
discussions 

24 hours of exhibition time to test the 
latest equipment 

Now more than ever soldier modernisation is being seen as a 
preferred investment by national defence investment directorates 
over costly large-scale capital projects that carry risk and longer 
lead times, many of which are being cancelled or postponed 
indefinitely. In fact our research shows MoDs around the world plan 
to strengthen their dismounted capabilities over the coming years in 
light of the new budgetary environment making Soldier Technology 
a timely and highly relevant forum for you to attend in 2012. 

20 hours dedicated to help you develop your 
professional network 

What Makes Soldier Technology The Must-Attend Soldier Modernisation Event? 

Receive valuable new intormalion 10 
• Apply the lessons learned by other organisations from over 40 nations in your own soldier modernisation 

programmes saving you time and money in a challenging budgetary environment 

• Quickly identify defence businesses offering the best commercial off the shelf equipment for the soldier to reduce 
cost and time across your soldier system portfolio 

• Understand national soldier modernisation spending plans so you can make sure your priorities align with those of 
your allies in preparation for future coalition operations 

• Help you make tough decisions for example whether or not to invest in commercial cellular mobile communications 
over traditional C2 

• Assist you in making the best strategic decisions about technology and capability development in your soldier 
programmes so you don't waste valuable time pursuing lost causes 

Gel a High Relurn on 1nvesrmen1 bY 
• Spending focused time with more than 65 expert speakers across 4 days who will give you recommendations about 

how and who to talk to next to move your soldier programmes forward 

• Introducing yourself to new colleagues, partners and clients at multiple networking functions in a relaxed and 
intimate environment where the emphasis is firmly on building new relationships 

• Visiting 60+ exhibition booths packed with the latest soldier equipment for you to benchmark your own product lines 
against plus meet hard-to-meet technical experts from the smallest and biggest soldier equipment manufacturers! 

Don't Just Take Our Word For lt, Here's What Delegates Say About This Must-Attend Event: 

. enables me to make better 
judgement and get the best 
equipment into service for 

the British soldier. As well as 
seeing what other countries 
are using and developing. 

Trials Officer, Infantry Trials 
and Development Unit, 

British Army 

kee ps me in touch with 
tactical chalfenges and with 

solutions emerging from 
applied technology. 

a unique opportunity ... 

Business Development 
Manager, Raytheon UK 

. enhances my understanding of 
capability gaps and interoperability 

issues for the warfighter and emergent 
technology solutions .. 

Deputy Head of Capability Special 
Projects and CBRN, UK MoD 

very informative and useful for 
enhancing the soldiers capabilities 
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Unmissable Sessions 

11:45 May 22 Land Equipment Modernization in France 
Brigade General Dominique Luzeaux, Director, Land 
Procurement. DGA, French MoD 

Don't miss this in-depth briefing from France's head of defence land 
procurement at the DGA to discover all the latest plans to modernise French 
land forces. In this talk Brigade General Luzeaux will discuss the roadmap of 
land equipment modernization including soldier equipment, arrnored personnal 
carrier vehicles and combat infantry vehicles. You will also receive an update 
on the FELIN program, which is the first integrated equipment suite under 
production and combat proven among modern armies. Don't miss it! 

09:30 May 22 Assessing the New UK Approach to Dismounted 
Close Combat 
Brigadier Mark Gaunt. Commander, Individual Capability Group, 
Defence, Equipment and 
Support, UK MoD 

As dismounted close combat takes centre stage for military capability 
developers there is no one better placed than Brigadier Gaunt to tell you 
all about the new priorities for soldier modernisation in the UK. During this 
briefing you will receive new a clear view on a new unified approach to soldier 
modernisation in the UK, how the biggest challenges for the soldier are being 
addressed including weight and where investments wi ll be made in the near 
future to keep dismounted soldiers superior on the battlefield. 

12:45 May 22 Land Modernisation in Indonesia 
Brigadier General Agus Suyarso, Director of Technology and 
Industry, Indonesian MoD 

For the first time at Soldier Technology you will receive up-to-date reports 
on Indonesia's defence spending plans directly from the key decision maker 
in Indonesia's MoD, Brigadier General Suyarso. Make sure you attend 
this briefing to understand how Indonesia will invest in soldier and vehicle 
modernisation over the coming years, a time when traditional markets in the 
West are taking more cautious approaches to defence spending. 

14:30 May 22 
Brigadier General (ret'd) Gurmeet Kanwal, Director, Centre for Land 
Warfare Studies, Modernisation of India's Infantry Battalions 

Meet and learn from a highly respected figure in India's defence community, 
a retired senior officer who has commanded at every level and who is now 
responsible for advising government on defence policy. During this briefing 
you will gain the best possible understanding of defence requirements in India, 
stakeholders in India's defence sector, how to approach doing business or 
partnering with Indian military organisations and of course an update on current 
threats and strategies to defeat them. This is a must attend session. 

12:00 May 23 Soldier Modernisation and Land Transformation 
in Australia 
Colonel Jason Blain, Director, DiggerWorks, Australian MoD 

As one of the biggest spenders on soldier modernisation in recent times much 
can be learnt from Australia in terms of soldier system integration. Project Land 
125, the Australian soldier modernisation project, will be covered in detail by 
Colonel Blain as part of a wider assessment of land modernisation in Australia. 
Attend this session to get a clear view on future spending plans in Australia as 
well as insight into new soldier requirements. 

Speaker Line-Up 

CJ:: ~~~~~~~~~sea, Project Manager, Israeli Advanced Soldier. 

- Colonel Terry Tan, Programme Manager, Advanced Combat 
l-. Man System, Singaporean MoD 

Colonel Jason Blain, Director. OiggerWorks, 
Australian Army 

~ Mike McCarthy, Program Manager and Director of 
;::::::::== Operations, Future Force Integration Directorate, Mission 

Command, US Army 

~ Brigadier General Agu_~ ~uyarso, Director, Technology and 
l_. Industry, Defence FaCilities Agency, Indonesian MoO 

Brigadier Mark Gaunt. Commander, Individual Capability 
;-. Group, Defence, Equipment and Support, UK MoD 

Brigade General Dominique Luzeaux, Director. Land 
Procurement, DGA, French MoD 

~ Mark Richter, Program Manager, Marine Expeditionary Rifle 
;::::::= Squad, MCSC Enhanced Company Operations Coordinator, 

Marine Corps Systems Command 
.-
• 

Per Arviddson, Chairman. NATO Weapons & Sensors 
Working Group 

Andy J Fawkes, Deputy Head of Capability JTES (Simulation) 
~ ~ Cap (Joint Training Evaluation Simulation), UK MoD 

~ Colonel Andy S~~es, ~ssistant Director Dismounted Close 
~ Combat, Capability Directorate Combat, UK MoD 

Brigadier General (ret'd) Gurmeet Kanwal, Director, Centre 
for Land Warfare Studies, India 

~ Captain Vidar Engmo, Procurement Officer, Plans and 
W1jiiij Developments, Norwegian Armed Forces = ~~c~:DBeer with Derek Riezebos, Power Expert, 

• 
Magnus Lifgren, Director, Soldier Modernisation 
Programmes, FMV, Sweden =-= g~~~~~t~e;~~~eR. Sommer, Commander, Danish Army 

Lt Colonel Kenneth Tapper, Project Manager, MARK US, 
Swedish Land Warfare Centre 

~ ~~~:s~aci~~~~~~e~~:c~o,wamme Manager, Warrior 2020, 

Major Bruce Gilchrist, Project Director, Small Arms/ 
Integrated Soldier System Project, DLR, Canadian DnD 

• Government Delegations from across 
Asia, Australasia and the Middle East! 

• Regional Roundtable Discussions with 
government decision makers from 
South Asia/Pacific, Middle East and 
Americas! 

• Broad UK government support 
including DE&S, Capability Ground 
Maneouvre, Capability Combat 
Directorate, Infantry Trials and 
Development Unit, DSTL and more! 

• Updates on new procurement 
programmes in Sweden, Netherlands, 
Jordan, Brazil, UK, US and more! 

• UK Soldier Reference Centre to be 
demonstrated by the UK's Infantry 
Trials and Development Unit! 

Visit WWW.SOLDIERTECHNOLOGY.COM 
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May 21st am May 21st pm 

Panel Discussion - Challenges and Solutions for Small Arms 
Modernisers in the Next Decade 

Colonel Peter Warden, Team Leader, Lethality, Defence 
Equipment and Support, UK MoD 
Major Bruce Gilchrist, Project Director, Small Arms/Integrated 
Soldier System Project, DLR, Canadian DnD 
Per Arvidsson, Chairman, Weapons and Sensors Working 
Group, NATO Land Capability Group 1, Dismounted Soldier 
Phil Macey, Programme Manager Research and Consultancy, 
SEA Group 

Assessing the Canadian Approach to Small Arms Modernisation 
to Increase Lethality for the 
Dismounted Soldier 

Major Bruce Gilchrist, Project Director, Small Arms/Integrated 
Soldier System Project. DLR, Canadian DnD 

Rail -A Bridging Technology 
. Wallace, Chief Executive Officer, T-Worx Ventures 

14:00 How the US Army is Progressing with Smart Technology and 
Digital Applications for Soldier Situational Awareness 
~ Mike McCarthy, Programme Manager & Director of 
-- Operations, Brigade Modernization Command · Mission 

Command Complex, US Army 

14:30 Israel's Approach to Improving Situational Awareness for the 
Dismounted Soldier 
(I Nir Israeli, Head of Urban Warfare, Israeli MoD 

15:00 Situational Awareness through Wearable Interfaces 
1.1.... Matti Honkela, Programme Manager, Warrior 2020, 
c:w:=' Finnish MoD 

15:30 Panel Discussion: Next Generation Technologies to Enable 
Situational Awareness at the Dismounted Level 

Mike McCarthy, Programme Manager and Director of 
Operations, Brigade Modernization Command . Mission 
Command Compex, US Army 
Nir Israeli, Head of Urban Warfare, Israeli MoD 
Matti Honkela, Programme Manager, Warrior 2020, 
Finnish MoD 
Richard Hansen, Former Project Manager, Soldier Warrior, 
PEO Soldier, US Army 

Network with a High Quality Audience of 
Decision Makers at Soldier Technology 2012: 

• Europe • Government and Military Soldier • Government Procurement 

• Americas Modernisers • Military Capability Development 

• South Asia • Prime Contractors • Business Development 

• Middle East • Global Manufacturers • Industry Engineering 

• Russia • Small and Medium Enterprises • Business Owners 

• Africa • End Users 

Visit www.SoldierTechnology.com To View The 
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09:00 

09:30 ••n••n• 
10:00 

10:30 ~ Panel Discussion - Dismounted Close Combat After Operations in Afghanistan 
= Mark Richter, Deputy Chairman, NATO Land Capability Group 1, Dismounted Soldier 
~ Brigadier Mark Gaunt, Head of Individual Capability Group, Defence Equipment and Support, UK MoD 
~ Colonel Gavin Thompson, Deputy Head (Equipment Programme), Capability Ground Manoeuvre, UK MoD 

and Defence Division, 

, Indonesian MoD 

Panel Discussion -Assessing the Drivers for Soldier Modernisation in Asia over the Next Decade 
Brigadier General (re!' d) Gurmeet Kanwal, Director, Centre for Land Warfare Studies, India 
Brigadier General Agus Suyarso, Director, Technology and Industry Procurement, Indonesian MoD 
Colonel Terry Tan, Programme Manager, Advanced Combat Man System, Singapore Army 

ihli~Mii@fi 

Exclusive from Indonesia 

New Updates from lndta 

16:15 AftemoonColfeeandNetwolldng 

16:45 

Stream A- Soldier Modernisation in 
the Nordic 

Successful Strategies to Execute Your 
Soldier Modernisation 
System Plan 
~ Captain Vidar Engmo, Project 
• Manager, NORMANS, Norwegian 

Stream B- Emerging Challenges in Coalition Stream C -Middle East and Asia Roundlable 
Forces Discussions 

Infantry Challenges In a Coalition Force 
• • Colonel Henrik R Sommer, Commander, 
•- Danish Army Combat Centre 

How to Meet Indonesia's Soldier Equipment 
Requirements 
- Brigadier General Agus Suyarso, Director, Technology 
l-- and Industry Procurement, Indonesian MoD 

--+--~=;,.Pr:.:o.::.cu;,.r.;:,em=en:.:t:.:O;..ff:.:ic:.:e __ +-----------------l lntroducing the Full Range of Future Land Procurement 
Programmes in Jordan 

Sweden's New Soldier 
System Plan 
• Lt Colonel Stefan Lundmark, 
• Programme Manager, MARKUS, 

Swedish Land Warfare Centre 
Magnus Lilgren, Director, Soldier 
Modernisation Programmes, FMV 

How Nordic Nations Plan to Reduce 
the Burden for the Soldier 
- Captain Vidar Engmo, 
i1iiii Procurement Planner, Norwegian 

Army Office 
• • Magnus Lifgren, Director, Soldier 

Modernisation Programmes, FMV, 
Sweden 

~ Major Matti Honkela, Programme 
- Manager, Warrior 2020, Finnish 

MoD 

Exhibition Drinks Reception 

Soldier Modernisation Under the Umbrella of 
the European Defence Agency: 
1 1 Benjamin Fuchs, Head of Precision 

Engagement, Euroepan Defence 
Agency 

Panel Discussion- New Requirements 
for Coalition Forces to Modernise Soldier 
Equipment 
~ Mark Richter, Deputy Chairman, NATO 
= Land Capability Group 1, 

Dismounted Soldier 
,. • Colonel Henrik R Sommer, Commander, 
•- Danish Army Combat Centre 
1 1 Benjamin Fuchs, Head of Precision 

Engagement, European Defence 
Agency 

Colonel Yousef AI Aitan, Programme Manager, 
King Abdullah Design and Development Bureau 

Successful Strategies to Work with the Indian Government 
~ Brigadier General (re!' d) Gurmeet Kanwal, Director, 
- Centre for Land Warfare Studies, India 

Approaches to Soldier Modernisation in the United 
Arab Emirates discussion leader being co-ordinated by 

Brigadier Saleh AI Aidraous, Defence Attache, 
UAE Embassy in London 

Soldier Modernisation in Malaysia, Malaysia Future 
Soldier Programme discussion leader being 
co-ordinated by 
~ Brigadier General Othman Jamal, Defence Attache, 
= Malaysian Embassy, London. See website for 

updates. 
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May 23rd 

UK Combat Dtrectorate 

UK MoD 

How Technology Shaped Operations Against the Taliban UK Royal Mannes 
Lt Colonel Matt Stovin-Bradford, Commanding Officer, 30 {IX) Commando, UK Royal Marines 

How the Australian Army will Deliver Improved and Integrated Soldier Combat Systems {SCS) 
Colonel Jason Blain, Director, Diggerworks {Integrated Soldier System Development Directorate), Australian MoD 

The Future in Sight 
Lennart Ljungfelt President Aimpoint 

12:50 c:::g;:: How Israel Manages Risk to Deliver a Range of Advanced Capabilities for the Dismounted Soldier 
Gabi Dobresco, Programme Manager, ANOG, Israeli MoD Israel's Programme News 

13:20 LtiiClllllll~ 

Stream A- Future Research and Development to 
Benefit the Dismounted Soldier 

14:30 How the UK Ensures Current and Relevant Research 
and Development is Exploited in the Equipment 
Programmes 

Christopher Briggs, Director, Science Gateway for 
r.o ., Dismounted Close Combat DSTL 

Innovations for Soldier Systems 
,.... Dr. Adelbert Bronkhorst Business Line Manager, 
'- Human Effecttveness, TNO Netherlands 

Stream B - Personal Protection and Human Stream C - Roundtable Discussions with 
Factors Soldier Modernizers from the Americas 

Next Generation Soldier Helmet Protection 
~ James Thagard, Global Marketing 
= Manager, Helmets, Honeywell 

Advanced Composites and Fabrics 

Personal Protection for the Dismounted 

Progress in the Brazilian Combatiente 
Brasiliero Programme to Modernise the 
Soldier Platform 

• Name to Be Announced Shortly, 
Programme Manager, Combatiente 
Brasiliero, Brazilian MoD 

Soldier in Sweden Connecting Soldiers to Digital 
Helena Lundberg, Programme Manager Applications 

---+-----------------1---P_ro_te_c_tio_n_, _FM_v..,.,_s_w_ed_e_n ____ --i ~ Mike McCarthy, Programme 
Panel Discussion -Where Innovation is = Manager and Director of Panel Discussion- Research Focuses to Improve 

Soldier Situational Awareness and Reduce the Burden 
~ Christopher Briggs, Director, Science Gateway for 
r.o " Dismounted Close Combat DSTL 
,.... Dr. Adelbert Bronkhorst Business Line Manager, 
'--' Human Effectiveness, TNO Netherlands 
~ Lt Colonel Christopher Woodburn, Capability and 
= Requirements Manager, Marine Expeditionary 

Rifle Squad and Infantry Combat Equipment, 
US Marine Corps Combat Developments 
Command 

Required to Continue to Protect the Soldier Operations, Future Force 
~ James Thagard, Global Marketing Integration Directorate, 
= Manager, Helmets, Honeywell US Army 

Advanced Composites and Fabrics 
Helena Lundberg, Programme Manager 
Protection, FMV, Sweden 
Duncan Stewart, Operational Analyst 

" Close Combat Systems, DSTL 

Marine Corps Priorities for Soldier 
Modernization 
~ Mark Richter, Programme Manager, = Marine Expeditionary Rifle Squad, 

US Marine Corps Systems 
Command 

• How much Live Training is necessary? 

• Convergence of Training, Mission Preparation and Operational Aids? 
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May 24th am 

08:00 RegiSira1ion 11111 Colfee 

08:45 Chairman's Welcome Address 

Evaluating the Latest Advances in Worn Power for the Soldier to 
Reduce Weight and Increase Mobility 

Marcus Bruton, Team Leader, Integrated Soldier System 
'" Executive, Defence, i UK MoD 

ABSL Power Solutions - Power Management to Reduce Burden 
on the Soldier 

David Goodwin, Business Development Manager, 
'"" '" ABSL Power Solutions Ltd 

Panel Discussion- What will the Future Soldier System Look 
Like and What will be the Power Need? 

David Goodwin, Business Development Manager, ABSL 
Power Solutions Ltd 
Derek Riezebos, Power Expert, KEMA (on behalf of the Dutch MoD) 
Vivier Lefebvre, Project Manager- Energy, Directorate of 
Science and Technology- Land, Defence R&D Canada 
Marcus Bruton, Team Leader, Integrated Soldier System 
Executive, Defence, Equipment and Support, UK MoD 
Adam Best, Director, Worn Power, CSIRO 

May 24th pm 

13•30 Regislralion 11111 Colfee 

13:55 Chairman's Welcome Address 

14:00 How the UK MoD is Reducing the Burden for the Dismounted 
Soldier 
~ Colonel Peter Rafferty, Team Leader Protection, Defence 
~ Equipment and Support, UK MoD 

14:30 US Marine Corps Approaches to Reducing the Burden for the 
Soldier 
~ Carl DeSantis, Director, Marine Corps Gruntworks Facility, 
= US Marine Corps Systems Command 

15:00 Measuring the Capability of the Dismounted Soldier: The Effect 
of Burden 
!lt3!':i Duncan Stewart, Operational Analyst, Close Combat Systems, 
~ DSTL 

15:30 Aftilmoon Colfee 11111 

16:00 How Brazil Plans to Invest in Lightweight Equipment for the 
Soldier 
~ Name to Be Announced Shortly, Programme Manager, 
....:. Combatiente Brasiliero, Brazilian MoD 

Panel Discussion - How to Help Soldiers Reduce Weight Across 
the Soldier System 
~ earl DeSantis, Director, Marine Corps Gruntworks Facility, 
= US Marine Corps Systems Command 

Colonel Peter Rafferty, Team Leader Protection, Defence 
Equipment and Support, UK MoD 
Speaker being Coordinated by Major Robin Davies, Capability 

'" Development Group, Australian MoD 
Name to Be Announced Shortly, Programme Manager, 
Combatiente Brasiliero, Brazilian MoD 
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Meet A Trulv Global Soldier and Marine Modernisation 
Audience With Over 35 Nations With Soldier Programmes 

Join the Global so•er and Mallne Modernisation communnv Todav 
Equipment Manufacturers, Government Contractors, 

Industry Vendors, Consultants, Advisors 

PLATINUM PACKAGE- Full Pack (2 Day Main Conference, 
4 Focus Sessions, CD-Rom) 

GOLD PACKAGE - 2 Day Main Conference 
+ 3 Focus Sessions 

SILVER PACKAGE- 2 Day Main Conference 
+ 2 Focus Sessions 

BRONZE PACKAGE - 2 Day Main Conference 
+ 1 Focus Session 

MAIN CONFERENCE ONLY- 2 Day Conference 

Small-to-medium sized enterprices (SMEs) -Must be an 
organisation of 10 or fewer employees (Proof requored) 

SME PACKAGE (2 Day Main Conference and Exhibition) 

Serving Milnarv & Government: 

Bookings Received By 17th February 

£3,675 
(Save £324) 

£3,399 
(Save £500) 

£3,149 
(Save £550) 

£2,699 
(Save £600) 

£1 ,999 

Bookings Received By 17th February 

£449 
(Save £100) 

£3,999 

£3,899 

£3,699 

£3,299 

£2,199 

Full Price 

£549 

There are a limited number of guest passes (20 left) and packages tailored to suit your budget and requirement. 
contact our customer service department to discuss your attendance. 

Focus Session Options on May 21st and 24th 

May 21st, am Future Firearms to Improve Lethality 
May 21st, pm Dismounted Situational Awareness 

May 24th, am Improving Power to Increase Mobility for the Dismounted Soldier 
May 24th, pm Reducing the Burden for the Dismounted Soldier 

! DYARMOR 
NEWS-

DEFENCE 
PROFESSIONALS ISIIAJliJIFENSE S DLCI IiR M DD.CDM #-;;. 

liovEvenls 

Page 228 


	Title Page
	Acknowledgments
	Contents
	List of Figures
	Abstract
	Glossary of Terms
	Chapter 1: Introduction to the thesis
	Chapter 2: Literature review
	Chapter 3: Critical analysis of the New South Wales Police load bearing vest (LBV) design and implementation
	Chapter 4: Garment design for multi-performance
	Chapter 5: Conclusion
	References and Bibliography
	Appendix

