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Abstract 
 

            Roll containers are widely used in transportation and delivery operations due to the high 

level of flexibility and agility they offer to supply chains. However, there is a negative 

side to the application of roll containers in industry which can be removed or minimized 

by proper ergonomic and technical considerations. In this thesis work, the safety 

problems, economic issues and environmental effects associated with roll containers 

being used in VGR-WESTMA organization are reviewed in order to come up with 

alternative solutions to the current way of using old roll containers in their supply chain. 

The analysis of the problem resulted in ergonomic, safety and technical recommendation 

on using roll containers within their associated supply chain. The appropriate technical 

design of roll containers that fits the organization facilities are introduced with the aim of 

streamlining the supply chain flow within the organization. However, cost is considered 

as a limiting factor for this organization. Hence, proper ergonomic awareness and use of 

appropriate accessories to the roll containers are considered as a contemporary alternative 

solution to replacing roll containers being used in this supply chain. 
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1. Introduction 
 

1.1. Background 

 

For the last couple of years, bigger portions of goods are being handled and transported by 

using roll containers. Roll containers are notable links in the supply chain. The number of roll 

containers being used whole over sweden is quite large. Roll containers and mobile 

equipments have had a drastic penetration in almost all branches of industry. The main reason 

may be the flexibility and agility they offer. These concepts are more attractive these days due 

to the highly competitive production and service markets. As an example to support this 

claim, one may have a look at the advanced manufacturing/managerial concept; lean 

manufacturing system. In this manufacturing model to some extents, we owe our flexibility to 

the process equipments which are on wheels.  

 

Materials and goods handling industry have been under major changes thanks to the 

improvements in environmental and ergonomic policies as well as regulations. Technological 

advancements have had a facilitating role in this process of change. 

 

The increasing attention towards this issue has led the way for many newly born companies. 

These companies are specialized in materials handling and relevant solutions in managerial 

area and IT sector for physical handling of goods, which in some cases may be supported by a 

software package.  

 

The necessity for an optimized solution gets more critical when there are a big variety of 

articles to be handled and delivered. Here in this thesis work we are looking for an optimized 

solution for an organization in charge of purchasing and logistics for hospitals and clinics 

located in Västragötland province of Sweden. The organization is called WESTMA which is 

an organization introduced inside Västragötlandregionservice. WESTMA has two depots and 

around 8000 articles that have to be handled through the ordering process till the final 

delivery to end-customers. Out of these 8000 articles, 5300 of them are delivered to one of the 

depots located in Sisjön and the rest is directly delivered by the first-tier supplier to the end 

customers. It is interesting to know that the total number of end-customers add up to be 

around 3500. As it may be perceived through these lines, the transported articles and end-

customers are quite numerous and hence producing an urgent need for higher efficiencies 

while handling them. The vehicle being used in WESTMA for sorting, transportation and 

delivery is roll-container. Together with the laundry located in Alingsås they own around 

8000 roll-containers in total. In general, the roll containers are half pallet sized platforms 

which are moved through their four running castors. Roll containers are usually equipped with 

wire cages to contain goods during transport. However the roll-containers being used in VGR 

are not of the same size and shape, though they are generally of three similar series. They are 

purchased and put to work quite long time ago, around 20 years ago. Although roll-containers 

are known to have a long life time, but according to what is mentioned in the beginning of this 

section, now there exists a pressure for updating these old material handling vehicles. Load 

containers are of old design and hence producing some inefficiency in terms of ergonomic 

and economic factors that involves hidden logistical costs for the organization. 
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There are a number of complaints regarding inefficiencies, proper space utilization in trucks, 

handling convenience and incompatibility of the roll containers being used in different centers 

(depots) conducted by different parties involved in this demand-supply chain. A refined 

outcome of these complaints is presented here in an itemized form: 

 Noise pollution produced while in use 

 

 Problems associated with jamming or squeezing 

 

 Improper and ineffective coupling of roll containers in transportation 

 

 Quality of wagons 

 

 Ergonomic problems 

 

 Load carrier‟s capacity regarding height and width (incompatibility with truck from 

space utilization perspective). 

 

 Associated economic loss with the wagons going out of function  

 

 No identification device or label for roll containers to have a control on each one of 

them and have the account for the number of wagons being used in different places. 

 

 Service and maintenance 

 

 Hygiene 

 

 Probable shortage of wagons 

 

However when it comes to finding a solution, one problem experienced with roll containers is 

the fact that they are produced and supplied in so many versions and models, which makes it 

very difficult to develop uniform low-noise solutions with economic and ergonomic 

considerations.  

 

1.2. Purpose and objectives 

 

It is good to know that labor and working conditions/environment standards are getting more 

and more sensitive, hence producing more severe ergonomic standards supported by a 

common and professional sense in the area the standards are being passed or applied. When it 

comes to the Swedish working environment and ergonomic standards, we know that they are 

benefiting from a rather high level standards and quite convenient working environment. 

 

To make it short, it can be stated that WESTMA organization is seeking for a customized and 

optimized solution to replace these rather close to end-of-life roll-containers. In order to attain 

to this goal, WESTMA considers many factors and criterion. These factors are usually of a 

confining nature. As a result of this solution, WESTMA aims at overcoming the problem of 

tied up capital and make a more streamlined, smooth and automated chain for demand and 
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supply of goods. These accomplishments should be accompanied with a higher ergonomic 

standard for material handling personnel as well. 

 

In this thesis project, it has been tried to investigate available roll containers in market. At a 

later step, different technical and design specification is delineated. The pitfalls associated 

with VGR and WESTMA operations dealing with roll containers have been pinpointed 

through a What If analysis. What-If analysis is supported by observations and visits to the 

VGR-WESTMA sites and interviews. As a result, the recommendations on roll container 

design and ergonomic behavior will be made that can be met with the organization‟s 

requirements. Later, some alternative material handling methods will be pointed out to be 

considered which are subject to economic constrains, feasibility studies for adopting analysis. 

As a consequence of this study and its proper implementation, the following benefits are 

hoped to be gained: 

 

 Working hours of hospital personnel in the logistics flow is to be reduced essentially. 

 

 Logistic costs should be reduced essentially. 

 

 Maintenance of the containers in the logistical flow should be minimized and the tied 

up capital and occupied space should be minimized. 

 

 High supply security. 

 

 Minimum environmental effects where, noise pollution is a type of environmental 

pollution. 

 

1.3. Definitions 

 

Roll-container: In general, the roll containers are half pallet sized platforms which are moved 

through their four running castors. Roll containers are usually equipped with wire cages to 

contain goods during transport. 

 

Pallet:  Pallet is a flat transport structure that supports goods in a stable fashion while being 

lifted by a forklift or any other jacking device. 

  

Ergonomic standard: Set of mandatory rules and regulations with the aim of avoiding harms 

and disabilities for people involved within the area of that specific field of standard. 

 

Logistics: Logistics is the management of the flow of goods, information and other resources, 

including energy and people, between the point of origin and the point of consumption in 

order to meet the requirements of consumers. Logistics involve the integration of information, 

transportation, inventory, warehousing, material handling, and packaging. Logistics is a 

channel of the supply chain which adds the value of time and place utility. 

 

Warehouse/depot: Depot or warehouse is the facility at which freight can be loaded and 

unloaded. This place is designated to function as a place for keeping empty containers in 

stock and receive cargo from or deliver to the container operators or merchants. 

http://en.wikipedia.org/wiki/Forklift
http://en.wikipedia.org/wiki/Jack_(mechanical)
http://en.wikipedia.org/wiki/Goods
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Integration
http://en.wikipedia.org/wiki/Transportation
http://en.wikipedia.org/wiki/Inventory
http://en.wikipedia.org/wiki/Warehousing
http://en.wikipedia.org/wiki/Packaging
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Laundry in VGR: An industrial laundry with facilities and human source in order to provide 

the whole Västragotland region health care units and centers with new and washed textile plus 

the sterile products. They also perform the task of sterilizing roll containers within their 

facility. 

 

Hospital supply/demand chain: Hospital supply/demand chain is the systematic way 

connecting value chains such as organizations, people, technology, activities, information and 

resources associated with the movement of products or services from suppliers to customers 

and vice versa.  

 

Tail lift: A tail lift is a mechanical device permanently fitted to the back of van or lorry, 

which is designed to facilitate the materials handling of goods from ground level or a loading 

dock to the level of the load bed of the vehicle, or vice versa. 

 

The majority of tail lifts are hydraulic or pneumatic in operation, although they can be 

mechanical, and are controlled by an operator using an electric relay switch. 

 

Noise pollution: Noise pollution is referred as environmental noise in many cases. It is the 

displeasing human- or machine-created sound that disrupts the activity or balance of human or 

animal life. A common form of noise pollution is from transportation. 

 

Task design: Proper order and sequence of performing activities in order to gain highest level 

of efficiency and effectiveness in a given task to the personnel. 

 

Occupational health and safety: This title refers to a cross-disciplinary area with the goal of 

maintaining and improving the safety, health and welfare of people engaged in work tasks or 

employment. All occupational safety and health programs are targeted at creating a safe work 

environment. 

 

Risk analysis: A process in which we try to define and analyze the undesirable events to 

individuals or organizations. These perils can be posed by potential, natural and human-

caused adverse events.  

Qualitative risk analysis: This method of risk analysis is more popular and the outstanding 

character about it is the lack of involving numerical probabilities or predictions of loss. In 

qualitative method, a variety of threats are defined to determine the extent of vulnerabilities. 

As a consequence it will be possible to devise appropriate countermeasures for risky 

situations and consequences.  

1.4. Limitations and demarcations 

 

In this thesis work, cost is considered to be a limiting factor for the alternative solution. 

Also as a customer we are dealing only with the care units located in Västragötland province. 

Sisjön Depot in Göteborg represents the Skövde Depot as well in analysis section for the 

purpose of simplification.  

http://www.answers.com/topic/vendor-supply-chain
http://www.answers.com/topic/customer
http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Interdisciplinarity
http://en.wikipedia.org/wiki/Safety
http://en.wikipedia.org/wiki/Health
http://en.wikipedia.org/wiki/Quality_of_life
http://en.wikipedia.org/wiki/Employment
http://en.wikipedia.org/wiki/Employment
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2. Theoretical frame of reference 
 

2.1. Workplace risk factors 

 

Risk factors in work place are known to be the settings and arrangements at workplace which 

are associated with creating injuries and accidents. We may categorize risk factors in different 

groups.  This is to provide a guideline to use it later specifically in the analysis section, when 

there is a need to do evaluation work to check if the ergonomic criteria matches the current 

working conditions and environments or not. Following is a typical way to categorize risk 

factors: [4], [5], [35] 

 

2.1.1. Physical aspects of work-place risk factors   

 Posture which concerns with the position of body during work, where an awkward 

posture like bending and twisting would definitely cause fatigues, injuries and 

discomfort in associated group of personnel sooner or later. [4], [5], [35] 

 

 Applied forces that lead to create the effect of exertion on internal body parts. In case 

of carrying or lifting heavy loads, we deal with higher amounts of risks. [4], [5], [35] 

 

 Velocity/acceleration that implies the speed of body parts in carrying out the task. We 

usually undergo more risky situations as the velocity increases. [4], [5], [35] 

 

 Repetitive motions in task like frequent stretching, lifting, carrying and reaching 

would be a source of fatigues, injuries and pain in workers. In other words, the higher 

the repetition rate the higher the risk of MSDs. [4], [5], [35] 

  

 Duration and static postures which are the time exposed to risk factor. It is obvious 

that it gets more risky as time goes on. As a sample we may refer to the condition that 

involves maintaining a fixed position for a period of time. [4], [5], [35] 

 

 Recovery chance for body especially for weaker areas of body with higher delicacy 

and sensitivity which makes them more vulnerable to physical tasks. Hence rest 

should be taken to lower the risk of injury and MSDs. [4], [5], [35] 
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 Heavy Dynamic and forceful exertions should be avoided as they can cause the 

cardiovascular type of fatigue for the workers. [4], [5], [35] 

 

 Vibration during the handling operation which usually involves the whole body, 

especially hand and arm. This phenomenon would decrease the flow of blood to these 

parts of body which consequently results in a condition with the necessity of longer 

recovery time for the body or greater exerting forces. [4], [5] ,[35] 

 

2.1.2. Environmental aspects of work-place risk factors  

 

 Heat Stress which involves the heat load that body must accommodate. This is an 

unwanted situation where the body strains. Heat stress occurs when the body‟s means 

of controlling its internal temperature fails to operate properly.  As well as the 

temperature, factors such as work rate, humidity and clothing worn while working 

may lead to heat stress.[15], [35] 

 

 Cold Stress is caused by being exposed to cold temperatures. In this case the body 

spends more energy to keep the internal parts warm and there would be a reduced 

level of control and sensibility due to shift of blood from skin to internal parts body. 

This phenomenon suggests that the work should be done at a slower rate so that the 

body can recover properly. [4], [5], [35] 

 

 Noise pollution which happens due to the exposure to hazardous and non-standard 

sounds. These sounds are over the tolerable levels for humans. [4], [5], [35] 

 

2.1.3. Miscellaneous notable Workplace Risk Factors  

 

 Work load and Job related Stresses would make a nervous worker with lower levels of 

efficiency and improper teamwork with the risk of damage to themselves and tools. 

[4], [5], [35] 

 

 Lack of variation in the job or the tasks employees are assigned to would enhance 

chance for human errors and workers would be dissatisfied due to the boring situation 

at work place. [4], [5], [35] 

  

 Work arrangements need to be clear-cut and easy to follow. [4], [5], [35]  
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 Workload should be at tolerably safe levels to avoid risky situations. [4], [5], [35] 

 

 Working hours can turn into a risk factor as it increases. This is due to the fact that 

workers get tired and human errors happen more frequently. The result would be a 

lower level of effectiveness and efficiency. Overtime work shifts should be kept as 

low as possible. [4], [5], [35] 

 

 Slips and Falls is an important risk factor especially when we deal with manual 

material handling. This issue should be strictly taken care of otherwise it can be a 

source of many injuries and inefficiencies. [4], [5], [35] 

  

 Fire and explosions which requires specified standard safeguards to be at place to 

prevent any risky situation and mitigate as an alternative. [4], [5], [35] 

 

 Electrical Exposures is also an issue which needs attention and instruction to avoid 

different accident scenarios. [4], [5], [35] 

 

 Chemical Exposures is considered as a risk factor in material handling especially 

when special care is not taken and proper handling instructions are not available to the 

personnel. [4], [5], [35] 

 

 Biological Exposures can also turn out to be a risk factor for people dealing with 

medical and medication handlings and deliveries. This issue is more noticeable when 

it comes to a clinical supply chain. [4], [5], [35] 

 

 Radiation Exposures also could be a risk factor in clinical areas and those related to 

them. People and personnel and delivery personnel are required to follow the specified 

safety procedures during work. This is beside the well-designed transportation and 

handling tools and methods provided for workers as a prerequisite to a safe working 

environment. [4], [5], [35] 
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2.2. Ergonomics 

 

The term ergonomics is not a new concept. This term is initially derived from the combination 

of two Greek words, ergon (work) and nomos (laws). This is a proof that shows the 

background of scientific perspective towards works and related activities. 

 

The term ergonomics has initially expressed by Wojciech Jastrzebowski in 1857. This issue 

has turned into a branch of science with an ever increasing popularity. Hence, ergonomic 

related issues have become an important bottom-line for companies. Companies look upon 

ergonomics as an enabler that is inevitable for any competitive businesses area. The benefit of 

ergonomics is not confined to business world only. It can be helpful in many aspects of 

normal daily lives as well. [4] 

 

According to International Ergonomics Association: Ergonomics (or human factors) is the 

scientific discipline concerned with the understanding of interactions among humans and 

other elements of a system, and the profession that applies theory, principles, data and 

methods to design in order to optimize human well-being and overall system performance.  

Specialists in the field of ergonomics have their main contribution in evaluating and arranging 

for an appropriate working condition considering almost all the elements to provide the work 

force with a healthy and convenient working condition. 

 

Ergonomics usually covers a rather broad range as a scientific branch. Ergonomics is usually 

involved in one of the subdivisions drawn inside the industrial and scientific associations. 

These domains of specialisation within this discipline (ergonomics) are as following 

according to IEA (International Ergonomics Association) in a general sense: [19] 

 

 “Physical ergonomics is concerned with human anatomical, anthropometric, 

physiological and biomechanical characteristics as they relate to physical activity. 

(Relevant topics include working postures, materials handling, repetitive movements, 

work related musculoskeletal disorders, workplace layout, safety and health.)  

 

 Cognitive ergonomics is concerned with mental processes, such as perception, 

memory, reasoning, and motor response, as they affect interactions among humans 

and other elements of a system. (Relevant topics include mental workload, decision-

making, skilled performance, human-computer interaction, human reliability, work 

stress and training as these may relate to human-system design.)”  

 

 Organizational ergonomics is a topic with the goal of optimizing systems with a 

mixture of social and technical issues whereas relevant organizational policies, models 

and processes are also included. [19] 

 

Our concern in this project work includes mainly the first domain of specialization mentioned 

here, which is namely the physical ergonomics. This is due to the loading, unloading and in 

general handling the material and packages carried by roll-containers in direct and reverse 

logistical flow in VGR. 

 

As a proof it can be referred to the results of a research work made by Amick and colleagues 

(2002 cited in Springer, 2007) that showed attention to ergonomics in healthcare workplaces 

provides a cost-effective way to improve performance and productivity. Performance 

increased 17.7% while the benefit-to-cost ratio was 24:1. 
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There are potential risks for injuries caused by lifting and lowering in hospital networks. The 

National Institute of Occupational Safety & Health (NIOSH) tracks the economic effect of 

back injuries and the associated medical, worker compensation and lost time associated with 

them in the US: [29] 

 

• Back-related injuries cost a $52 Billion financial damage in terms of direct medical expenses 

and also the lost time. 

 

• MSDs are the cause of 16 Million lost workdays which equals $50 Billion annually. 

 

• 30% of all workers‟ compensation claims are MSD related issues with the cost of $18 

Billion per year. 

• A typical MSD claim is over $18,000. 

 

• Carpal Tunnel surgery is now among the most frequently performed procedures in the US at 

an average expense of $50,000 for each wrist. (US Bureau of Labor Statistics & NIOSH cited 

in Springer, 2007) 

 

2.2.1. Ergonomics, productivity and quality 

 

Ergonomics has a traditional role for improvements in productivity and quality. Ergonomics 

has shown a better face due to the great effect for technology advancements of 19
th

 century. 

As a pioneer in this era, Fredric Taylor did some practical studies on this issue in steel 

industry. He made incredible achievements by finding the optimal relationship between 

specific tools and tasks and the workers who used those tools to perform the tasks. His big 

achievement at this point was to maximize the amount of material handled in a day which 

resulted in reduction of idle effort and better job security and compensation in the process. [4] 

The other effective study method in ergonomics is to study motions in great detail to be able 

to analyze them. This method is considered as an efficient tool to come up with new pattern of 

movements for the worker to be more productive and make the job/task less tiresome. Frank 

and Lillian Gilbreth (cited in Darcor Casters & ErgoWeb, 2001) have been the first people 

who initiated working in this regard. They started with assigning reliable time estimates to 

each task required to fulfil a job (e.g. reach, grasp, move release). Their valuable work 

provided the guideline and framework for others to define and monitor productivity as related 

to movements required for a worker to complete a task. [4] 

 

From the productivity point of view, any kind of ergonomic amendment in the work should 

end up with improved efficiency. In other words, the reduction or elimination of unnecessary 

and awkward positioning and forces would definitely lead to completion of the task with less 

time and effort. [4] 

 

There are so many other ergonomic factors which affect the work process and products in 

terms of qualitative and quantitative measures. These parameters can be body motions, 

visibility, amount and intensity of the work tasks and so many others. The point is that we 

should be sensitive on the issue of properly matching the workers ability with the task he/she 

performs. In this way we may assure a significant fall in mistakes and errors rates which 

would consequently save up a huge portion of resources being used in the processes as any 

kind of waste. [4] 
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2.2.2.  Ergonomics, health and safety 

 

According to Vi (2000): “Musculoskeletal disorders (MSDs) are injuries of the muscles, 

nerves, tendons, ligaments, joints, cartilage, or spinal discs. MSDs are not typically the result 

of any instantaneous or acute event (such as a slip, trip, or fall) but reflect a more gradual or 

chronic development.” 

 

There are the risk factors which are usually either directly or indirectly connected to any type 

of MSDs. 

 

When an MSD is associated with work it is usually referred to as a Work Related 

Musculoskeletal Disorder. MSD risk factors can be defined as actions in the workplace, 

workplace conditions, or any of their combinations that may cause or aggravate an MSD. 

Examples include forceful exertion, awkward postures, repetitive exertion, and exposure to 

environmental factors such as extreme heat, cold, humidity, or vibration. Often, a combination 

of these risk factors over time can lead to pain, injury, and disability. A more detailed 

explanation of these risk factors can be observed in the following lines: [35] 

1) Forceful exertion: 

 As it is common for an operator, he/she is supposed to do his/her job through activities like 

pushing, pulling, lifting or gripping. The magnitude of the effort needed from a worker to do 

the tasks is considered as the amount of force from the worker side. This quantity is also 

dependent on his/her posture and the frequency of exertions he/she goes through the assigned 

performance. Naturally the stress on body increases as the exerted force increases in manual 

handling jobs. [4] 

2) Repetitive movements:  

Repetitive movements imply either to a fixed single motion to be repeated over time or to an 

awkward posture over time. As time improves, the chance of MSDs goes higher for operators. 

This is due to the continual stress on their body without leaving the body for sufficient 

recovery time to release the accumulated stress. In our case, it can be referred to loading or 

unloading of roll containers in awkward postures and in high frequency as a cause of MSDs in 

this category. [4], [35] 

3) Awkward postures:   

Postures are the positions of the limbs or the carriage of the body as a whole. Awkward 

postures are the positions that the human body is not convenient with. Due to this unnatural 

posture, joints are to be moved away from the body in normal situation. As we move our 

joints farther from the main body (closer to end range of motion), a greater amount of stress is 

expected on the relevant soft and sensitive tissues of our body. [35] 

4) Secondary risk factors: 

 Pressure applies to the tissues of the worker due to handling a tool or device like 

the vertical posts of roll containers or the roll container handles would put 
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stress on those tissues, especially if soft tissues get into contact with the 

devices or tools.  

 

 Vibration can impair sensitive and vulnerable tissue such as nerves and blood 

vessels.  

 

 Although using gloves in manual handling operations is frequently 

recommended, but improper selection of gloves can expose workers to serious 

harms and MSDs. For instance it can be referred to improper size of gloves for 

worker‟s hand which can be either tight or loose.  

 

 Extreme temperatures can also be a cause of MSDs. Cold temperatures can 

increase the stress applied to soft tissues by reducing their range of motion and 

flexibility. With increased level of temperature, the ratio of working and 

resting should be proportionally be revised due to increased fatigue in the 

worker. In other words, the worker will be in need of a longer time for rest to 

recover from the work. [35]  

 

5) Effect of combined risk factors: 

There are cases and tasks where two or more of the mentioned MSD risk factors are present. 

Thus the risk of injury increases dramatically versus the cases where only one risk factor is 

available. For instance, performing forceful lifting places much less risk at the operator 

compared to a case that the worker has to perform a heavy task in a short span of time. [35]  

These risk factors can be reduced through informed purchasing and workplace design, full 

covering engineering controls, administrative controls, work practice definitions, or in some 

cases, personal protective equipment. 

It‟s usually a condition involving an accumulation of exposure to risk factors that would lead 

to injuries or disorders. An event such as pushing or pulling a cart may stress soft tissues in 

the arms, shoulders, back, or legs, but the exposure may be too low for traumatic injury, and 

the tissues recover. The problematic situation is fed by repeated exposure to this stress. In 

other words, this may hinder the normal recovery process and produce abnormal responses 

and eventually an MSD-type injury for personnel. [4] 

 

A motivated and self-actuated corporate to identify and control workplace ergonomic 

concerns is proved to have substantial role in reducing incidents leading to MSDs. This facts 

shows that there could be big saving through this efficient investment which produces 

measurable bottom-line benefits for all sides and parties.  
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2.3.  Transportation 

 

Road transportation is mainly placed into two categories: transportation of goods and 

transportation of people.  

 

The nature of road transportation of goods depends, apart from the degree of development of 

the local infrastructure, on the distance the goods are transported by road, the weight and 

volume of the individual shipment and also the type of goods transported. For short distances 

and light, small shipments a van or pickup truck may be used. For large shipments even if less 

than a full truckload (Less than truck load) a truck is more appropriate. 

 

Another important issue in transportation and transportation related developments is 

sustainability. Sustainable development meets the needs without compromising those of 

future generations‟ ability to meet their own needs. Development over time is the core 

concept in sustainable development. 

 

2.4. Materials Handling 

 

Materials handling is an effective part of a logistical chain, either in direct or reverse flow 

lines. It‟s known to be the industry that makes supply chain work. An efficient and preferably 

automated material handling leads to reduced costs and shorter lead times along with 

ergonomic/safety advantages and probably other benefits gained through this facilitation 

strategy. 

 

Selection and design of equipments being used in this industry should be considered as a 

paramount issue to industry and related associations. By the proper and right design selection 

there would be a lot to save. This selection should be done through a comprehensive study 

and survey, because there is a huge amount of money invested initially to purchase these 

material handling equipments. 

 

It is also very important to do the best arrangement in designing the pull-push tasks. This 

would definitely result in a noticeable bottom-line improvement. If we neglect this fact, the 

cost to the company would be significant. [4] 

 

2.5. Product quality improvement 

 

From a holistic viewpoint one may say that following the ergonomic guidelines opens up the 

way to better quality, productivity and safe environment for worker performance. This goal 

may be fulfilled through the best arrangement between tool and equipments, jobs and 

responsibilities and working environments with the human resource. [2] 

 

Quality Standards were initially developed to help companies in quality control in order to 

gain a high standard of customer satisfaction.  Quality has become much more prominent than 

that. In other words, quality standards can assist organizations that are enabled with good 

management practices to reduce risk and increase their profit margins. [2] 
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There are many methods for quality improvement. These may broadly include product 

improvement, process improvement and people based improvement. In the following list there 

are a number of methods in quality management and techniques that incorporate and drive 

quality improvement. 

 

One of the most important standards with a high level of coverage for different sectors and 

areas either from geographical perspective or from the socio-industrial divisions is ISO 

standards. This international standard organization was based in Switzerland back in year 

1947. This organization is comprised of 140 countries and these members more or less do 

some contribution in order to develop a more common and unified global standard. This helps 

industries and organizations go through a more routine path for globalization. 

 

1. ISO 9004:2000; This is a member of ISO 9000 family. Each of these members as   

ISO 9001 and ISO 9004 are standards and guidelines used to assess a specific sector of 

a business. ISO 9004 deals with quality management systems which provide 

guidelines for performance improvement.  

 

2. Quality Function Deployment; 

QFD or Quality Function Deployment which is referred to as the House of Quality 

approach in many cases. In a traditional aspect of relationship between customers and 

suppliers, the demands and expectations of a customer is conveyed through the 

existing channels to the supplier. In other words suppliers expect their customers on 

how they should do their job. This way the manufacturer applies traditional quality 

methods such as SPC, QC Circles, and TQM, to produce the component to the 

demanded specifications. [22]. Quality Function Deployment (QFD) was developed to 

bring the traditional personal interface to the modern communication platform of 

manufacturing and business. The growing distance between producers and users has 

been weakening the communication and understanding among them, but QFD has 

strongly linked the requirements of the customer with design, development, 

engineering, manufacturing, and service functions. QFD acts as an enabler for 

organizations to know about spoken as well as unspoken needs and consequently 

apply them into actions and designs. This can assist organizations to focus a myriad of 

business functions toward achieving this common goal, empowering organizations to 

exceed normal expectations and provide a level of unanticipated excitement that 

creates value. [22]. The QFD methodology can be used for both products and services 

whether they are tangible or not. This range of products and services can cover many 

sectors like software products, IT projects, business process development, 

government, healthcare, environmental processes. [22] 

 

3. Kaizen; In Japanese it means change for the better; In English translations it is known 

as continual improvement. In a more precise elaboration on this concept one can say 

that KAIZEN is a never ending effort for improvement which is fulfilled by different 

levels involved in an organization. In this effort there are all parties involved in this 

continuous process from top management level to workers which are mostly to 

maintain the standards directed by top level management. [20] 

 

4. STARS methodology; this is a human focused approach to leadership, quality and 

improvement. Unlike many other management tools and programs, this program starts 

at a personal level and goes up to team and system level. This methodology has a 

focus on how individuals and employees may affect outcomes and results. [21] 

http://en.wikipedia.org/wiki/ISO_9004
http://en.wikipedia.org/wiki/QFD
http://en.wikipedia.org/wiki/Kaizen
http://en.wikipedia.org/wiki/STARS_methodology


[14] 

 

 

5. Quality circle; A Quality Circle is a self motivated team made up of personnel. These 

people would hold meetings with the goal of discussing workplace improvement. 

They would present their collected ideas about the quality issues. One important 

subject in such quality related cases would target the desired improvements in 

occupational health and safety. The ideal size of a quality circle is usually among eight 

to ten members. The other positive point about quality circles is that they will be 

living from project to project. [2] 

 

2.6. Procurement 

 

Procurement is rather a comprehensive and complicated process which requires a high level 

of specialization coming from a team of experts. In a wide context one may consider it as the 

full process for acquisition of a product at the best appropriate price in right quantity and 

quality, at the right time, in the right place for direct benefit of an organization or individual 

which is usually fulfilled through a contract. It can easily be perceived that, this process deals 

with many fields in business, management and engineering. This shows the necessity for a 

team with a diverse range of specialty. In procurement of facilities and devices like roll 

containers or in wider discourse; material handling equipments, long term should be taken as 

a priority. The reason behind this emphasis is that the investment is rather huge and it would 

take a huge amount of time, energy and money to replace these equipments. Hence, that 

would be a must to do the right selection at the first time. Otherwise any deficiency in return 

on investment would be considered as a failure referring to a predetermined time schedule. 

The other point to be considered in replacing a material handling system equipments is to go 

after a solution with least amount of downtime. The optimum way in this regard is the way 

without or with very little interruption in the system. This change needs to be done smoothly 

through a process; otherwise, this could also be a source of loss and inefficiency. 

 

2.7. AGV 

 

Automated guided vehicle is a mobile robot used in industrial applications to move materials 

around a delivery system or a warehouse. [3] 

 

Automated guided vehicles (AGVs) are very effective in minimizing the costs associated with 

distribution and delivery. They also reduce the errors in distribution due to less manual 

intervention of human in the job. AGVs have the capability to tow objects behind them as 

roll-containers. AGVs may be divided into different types depending on their application site 

and requirements. Some types of them may be equipped with fork-lifts which may be more 

suitable for warehouse environment. What seems interesting to this thesis work is that, they 

may also be used for transporting materials such as medicine in hospitals and health care units 

in general. [3] 

 

Automatic guided vehicles offer many benefits, such as redirecting operating costs through 

scheduled transport, reducing the potential for injury by eliminating manual transport, and 

ensuring the timely delivery of materials. [3] 

 

http://en.wikipedia.org/wiki/Quality_circle
http://en.wikipedia.org/wiki/Occupational_safety_and_health
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2.8. Roll container 

 

Though roll containers may be found in different sizes, forms and shapes, they are known to 

be half pallet sized platforms equipped with four castors at the bottom and also a wire cage 

used to hold goods during the transportation task. They are also known as roll cages or roll 

pallets. 

 

They can be a good solution for transportation of goods in trucks and Lorries between 

warehouses, within warehouses and inside hospitals or department chain stores. In some 

innovative cases they may also be sent directly from the transportation vehicle to the sales or 

consumption point which has the advantage of skipping the warehousing and associated costs. 

The increasing desire to use roll containers shows that there are more benefits to be revealed 

from its industrial and logistical applications. The main reason behind the ever increasing use 

of roll containers is the reduction in manual handling of goods and the provision of the 

possibility of straight transfer of goods from the warehouse to shop floor or sales floor in 

bigger quantities and in a more organized way. 

 

But on the other hand there are some problems and risks associated with the use of roll 

containers. The loaded roll containers may weigh up to 500 kg in some cases and they also 

may need to be handled manually. This is the origin for many ergonomically not favored 

situations. A normal roll container is mainly comprised of casters and a metal cage. In some 

cases a handle, a brake system or a roof for the wire cage may be added to these basic 

features. There needs to be some provisions in selection of any of these components 

depending on many factors. The point to be fulfilled through the design selection is to have 

increased productivity and reduced injury and maintenance-related costs. This would be 

fulfilled through increasing both the life and performance of the roll container and its 

ergonomic benefits.  

 

2.8.1. Roll Container classes and specifications 

 

Roll containers are usually designed and manufactured in 4 main types. These four types in 

the market are demountable, nesting, folding and rigid. To describe and distinguish these 

types in brief one may say that rigid type is merely a box on wheels while the other three 

types can all be disassembled or folded when they are not being used. This is a big advantage 

for the last three types over the rigid roll container due to the saving in storage and 

transportation volume while not being used. The chassis of the folding type is equipped with 

hinges so that the roll container has the capability to get folded easily to reduce the occupied 

space while not being used.  

1. Nesting types 

 

According to its description in the patent of this category of products we found in abstract that 

a nestable roll container is a type of roll container made up of at least a partly foldable bottom, 

two vertical side frames placed on either side of the bottom and adapted to hinge about a 

vertical shaft relatively to a rear frame portion and to be brought from a parallel, operating 

position into a diverging, nesting position. The container has two travelling wheels mounted 

underneath the rear frame portion and two front wheels, each mounted underneath a wheel 

plate extending inwardly at the front and the underside of each side frame. The bottom is 

provided at its front with a pull member situated underneath the bottom surface. The foldable 
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portion of the bottom is provided with locking members adapted to function in harmony with 

at least one side frame for preventing an upward swiveling movement of the bottom in the 

operating position of the roll container. [9]  

 

The nesting type is more commonly used in market and is generally found in 5 forms. These 

variants are more commonly known as (A) frame, (Z) or (N) frame, (U) or (C) frame, (V) 

frame and finally (L) frame. [28] 

 

A, Z, U and V frame models of roll containers consist of a base plate or crate fitted with 4 

casters. Two of these castors are swivelling types and the other two casters are fixed types. 

There are also integral sides and floor that can be folded when empty to allow the cages to be 

nested for storage and transport. The frame designations refer to the shape of the chassis when 

we consider the top view. [28] 

 

When nested they occupy roughly one quarter of the space required by the same number of 

containers while fully assembled.  And finally „L‟ frame containers have a fold up base and 

one side is hinged so that it can be pulled out to form the „L‟ shape. Following figures show 

„A‟ frame container, „Z‟ frame roll Container and nested „A‟ frame roll containers 

respectively. These are the most popular types of roll containers in use. [28] 

 

2. Collapsible (demountable) roll containers 

 

This type is found in 2 models, either with demountable sides or demountable corner posts 

and shelves. These types are usually provided with a rigid base together with four casters. 

Two of the casters are fixed type and the other two are swivel type. If these types of 

containers get disassembled there would be a noticeable saving in the occupied space 

compared with the assembled situation.  This saving may go up to one-sixth of the time they 

are assembled. On the other hand when it comes to time consideration, this model does not 

function as well as the foregoing model. It would take more time and effort to mount or 

demount it. [28] 
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3.  Methodology and methods 
 

This chapter outlines types of research designs, research methods, and analysis tools and 

techniques used in the thesis work. Also a discussion on data collection methods is presented 

with a focus on the methods used in the current work. The steps toward a successful literature 

review are discussed in this section. The selection of exploratory research and qualitative case 

studies methods are demonstrated here. This section also provides a description of how the 

problem was identified in detail by raising a what if questioning method and proceeded to 

give us more detailed insight about the problem issue which is the subject of following 

sections in this work. 

 

3.1. Research design  

 

We have a big variety of research methods and techniques in front of us. This step is a 

planning step. In this step, we determine our data collection methods and analysis process 

dedicated for our research project. When it comes to selection of a proper research design, we 

need to consider the present situation and relevant characteristics. At this first step, we should 

rely heavily on the type of research question in order to select the appropriate research design. 

The research question and the research design are directly interrelated, meaning that if our 

research question is stated in a broad and open way, the research design will consequently 

determined as a less structured and open type. The other affecting factor in selecting the 

research design is that how dominant we are at the control of the activities and events within 

our study area. Hence it is obvious that in cases with low controllability, we need to avoid 

experimental research designs. [41] 

 

3.2. Steps in conducting a literature review 

  

This part is very critical in our research process. The first step in conducting a research 

process in science is to be adequately familiar with researches and progressions within our 

interest research area. This activity would show us the point where we should start our efforts 

from in that specific research area. Relevant documents and literature will be collected at this 

level. We need to use keywords to fulfill this requirement. Choice of proper keywords is 

critical at this phase, whereas using too specific keywords won‟t retrieve sufficient outcomes 

and too general keywords would inappropriate information. We need an organized method in 

order to perform a satisfying literature search with proper results. We should devote 

appropriate timing with proper efficiency on this issue of searching for relevant literature. The 

appropriate time allocation in here is fulfilled as the retrieved literature is recognized as 

proper literature for our research process. Consequently, we need to review them and make a 

compilation of our literature review. Then, we need to integrate the collected material in a 

way that serves our research process and goals. At a later step we should introduce the 

connections among the explored works and researches. In fact we show how they relate to 

each other and whether they are in agreement with each other or not. The other aspect in this 

step is to consider the relationship between the reviewed literature and our own work. We 
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should also avoid frequent use of secondary sources of information in our literature review 

process. The reason is quite obvious as the chance of applying bias or deviation is increased in 

such literature material. In cases we confront secondary sources of information, it is highly 

advised to track down the original source and use it as our source of information. [40] 

 

3.3. Data collection methods 

 

3.3.1. Direct observation 

 

According to Patron (2002, p.4): “Fieldwork descriptions of activities, behaviours, actions, 

conversations, interpersonal interactions, organizational or community processes, or any other 

aspect of observable human experience. Data consist of field notes: rich, detailed descriptions, 

including the context within which the observations were made.”  

 

This observation method has been used in this thesis work for the hospital supply chain 

members under study area and also direct observations has been made to roll container 

manufacturing company called Helge Nyberg AB and companies using same material 

handling product like ICA supermarkets. In the visits to ICA it has been found that: Three or 

two sided containers are normally equipped with straps to pull the sides together and to 

restrain the load. Wheels are rather in small sizes and a variety of items should be loaded on 

roll containers. It is important that there are many of these straps used in restraining and 

pulling the sides together. These straps should be preferably attached to the containers. It is 

important to remember that accidents may happen when straps come free or fail. 

 

3.3.2. Primary Data 

 

Primary data is characterized by the way it has been collected. Cases involving direct 

observation and gathering of data as a firsthand experience benefit from primary data 

collection method. Primary research involves the use of immediate data. This type of data can 

be gained through communication or observation like surveys, visits and interviews. A direct 

connection is made between the researcher and the case under study in this type of data 

collection. There is no need to say that primary data involves much more time energy when 

compared to the secondary data collection method. 

 

Within the current thesis work, communication with organization personnel has been made 

through verbal face to face communication and through emails. 

 

3.3.3. Secondary Data 

 

A primary type of data at a researcher‟s hand which is not collected by himself is called 

secondary sort of data whereas it can be collected from the material and information 

published in the organization website or other scientific or non-scientific websites. Although, 

the secondary data can be quite old in some cases, but it can be the only source to base our 

research on it. However the attractive point about the secondary type of data is the time and 
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money saved in it. Secondary data has been frequently used in this thesis work like referring 

to the websites related to the thesis issues.  

 

3.3.4. Interviews 

 

According to Patron (2002, p.4): “Open-ended questions and probes yield-in-depth responses 

about people‟s experiences, perceptions, opinions, feelings, and knowledge. Data consist of 

verbatim quotations with sufficient context to be interpretable.”   

 

The advantage for interviews is that they are targeted and focused purely on the case study 

topic [41]. However, interviews can be in form of personal, telephone, post and group 

interviews [1]. In the current thesis work, the interviews have been personal. 

 

Interviews are generally categorized as standardized, unstructured or semi‐structured [10].  

 

 Standardized interviews imply asking the same questions in all interviews with a set of 

answer alternatives or closed questions in other words. [1] 

 

 Semi‐structured interviews which have been the interview method used in this project 

leave more freedom to the discussion. However some main questions and subject of 

interview session should be predetermined. [10]. The important point in this method of 

interviewing is to prepare purposeful questions before-hand and possibly give 

confidence and trust to the interviewee in order to have proper answers without bias. 

We should also try to stay neutral in order to avoid affecting the interviewee‟s 

statements. Following these tips would help us holding a high quality interview 

session. [41] 

 

3.4. Qualitative research design 

 

At first place, it is good to know that research is a process. In this process, we use scientific 

methods to take the knowledge boundaries one step further. In this process, we seek some 

objective methods and procedures in order to farther place the knowledge boundaries. This 

way, the results would be assured in terms of the scientific approach they are obtained with. 

[40] 

 

Primary sources should be preferred over secondary sources in our research design. This is 

due to the fact that in the transference process of information from one source to another 

source, the probability for distorting information can increase. This distortion of information 

can either happen deliberately or inadvertently. In case we can have access to an eye-witness, 

we should interview him/her as a primary source. If we face secondary sources of information 

in our research process, it is highly recommended to find the primary source of that 

information. [40] 

 

Stringent criticism is the other issue in our research. Whether our information type is a 

primary or secondary, we need to apply this consideration into the credibility issue of our 

obtained information. In this part, we apply both internal criticism and external criticism. 

External criticism deals with the validity and genuineness of our sources of information while 
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the internal criticism is directed at trustworthiness, reliability and precision of the contents 

within our source of information. [40] 

 

In qualitative methods, the researcher wants to experience the relevant issues in person. The 

researcher wants to feel the experience to make come around a conclusion. The owner of this 

type of attitude towards the research issue is called the anti-positivist. This group of people 

usually support the Emergent Designs compared to the positivists (quantitative method fans) 

that decide on a research design prior to collecting associated data. [40] 

 

3.4.1. Case study research 

 

The case study is but one of several ways of doing social science research. Other ways include 

experiments, surveys, histories, and the analysis of archival information. Each strategy has 

peculiar advantages and disadvantages, depending on three conditions: (a) the type of research 

question, (b) the control an investigator has over actual behavioral events and (c) the focus on 

contemporary as opposed to historical phenomena. [41]  

 

Case study is a qualitative research method which is intensively focused on an individual, a 

group or a confined community with the aim of performing analysis. In such works, there is a 

proper coverage of a specific case considering related unique characteristics while the 

generality and full scale complexity of the issue is included. In this method of research, we 

should not miss the important point that we are not confined to a single individual only. If it 

happens that a single individual is to be under study which is a requirement to go ahead with 

our case study research method, we should make sure that this single individual represents a 

population. Also we should make sure that the individual under study is exceptionally unusual 

for the phenomena being studied. [40] 

 

3.4.2. Case study research models 

 

According to Yin (2006), researches within a case study can be categorized in three groups. 

These three groups are: Exploratory research, Explanatory research and Descriptive research. 

Although in many case studies, the whole research process follow one of these categories 

mentioned in above line, but there exists a possibility for applying a dual or triple 

combination of these methods in research process. In other words, these methods of research 

can be used as complementary for each other to serve the purpose of our case study research. 

However, among these three categories, the exploratory research method fits best to the nature 

of current thesis work. 

 

Exploratory research is also known as a traditional research method which is conducted 

mostly in cases with poor definition of a problem. As it is the situation for the current thesis 

work, the exploratory research method is used when an earlier model of our work is not 

available to be used as a basis for our work. This type of research usually gets started with a 

vague outlook and impression of what we are supposed to do. Exploratory research guides us 

through a process to choose the best research design, data collection method and selection of 

topics. Exploratory research often relies on secondary research such as reviewing available 

literature and/or data, or qualitative approaches such as informal discussions with consumers, 

employees, management or competitors, and more formal approaches through in-depth 

interviews, focus groups, projective methods, case studies or pilot studies. The outcomes of 
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exploratory research are not usually useful for decision-making alone. However the point is 

that these results can hand in significant insight into a given situation. The outcomes of 

qualitative research can give some information on why, how and when something occurs, but 

the point is that we can‟t get to answers to questions like ”how often” or ”how many.” [41] 

 

3.4.3. Participant observation 

 

According to Welman & Kruger, (2002, P.184): “PARTICIPANT OBSERVATION requires 

the researcher, for an extensive period of time, to take part in, and report on, the daily 

experience of the members of a group, community or organization, or the people involved in a 

process or event (or whatever is being studied).”  

 

In this thesis work, I became an observing member of the working group within the 

organization under study to gain first-hand experience and observation in some cases. This 

helped me as the participant observer to see the concerns and problems from the perspective 

of the actual members who are involved in the issue under study. However, the degree of 

participation was different for me, but the highest degree of participation was within the main 

hospital, where the cargo and goods were received and distributed within the hospital 

departments and sections. The point I should have kept in mind in this activity was not to 

compromise my own role as a researcher in experiencing the activities of a group. I should 

also have had proper recording and observing of the group activities within the VGR 

organization. [40]  

 

3.4.4. Unstructured and in-depth interviews considering focus groups 

 

This qualitative research method is more frequently used in explorative research. We apply 

this method in order to identify leading parameters in our focus area with the aim of preparing 

appropriate questions to these variables and produce a hypothesis in order to go to the next 

level of research. Due to the unfamiliarity with the new area under study, it is almost 

impractical to make interviews following a regular schedule. In unstructured interviews it is 

quite common for the interviewer to introduce a holistic theme of discussion and let the 

interview process go on as a result of impulsive interaction among the interviewee and 

interviewer. The other point in this type of unstructured interviews is that we should 

exclusively state highly touching and sensitive in here. Such questions do not fit other types 

of interviews like telephonic interviews and postal surveys. In analyzing the recorded and 

transcribed information from the interviewee, his/her gestures and spontaneous behavior 

should be considered. In the reporting section, the interviewer should also write down the 

reflective notes plus the analytical and methodological notes to be used for developing further 

interviews. [40] 

  

3.4.5. Using “what-if” Analysis to Identify System Performance Problems 

 

What-if analysis is a tool or technique used for hazard identification. This method uses a 

brainstorming approach to hazard identification through a rather loose structure and multi 

faceted team of experts to generate what-if questions. These questions follow a philosophy of 

assuming probable accidental events at the first stage. And at later stages they deal with 
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immediate and eventual consequences regarding the brainstormed accidents. At the end the 

availability of safeguards would be detected. In case of lack of a safeguard, new proposals 

should be offered to cover these probable sources of accidents.  
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4. Organization Introduction 
 

Västra Götaland province is a western Swedish province with 1.5 million inhabitants. Västra 

Götaland is Sweden‟s top ranking region for transportation and industry and a transit zone for 

freight from the whole of Scandinavia. The largest port of Scandinavia is located in Göteborg. 

[38] 

 

VGR is a large organization with 50,000 employees. VGR organization is responsible for 

health and medical care units and activities within this region relating to regional development 

in fields such as trade and industrial development, public transport, culture and the 

environment.  [36], [38] 

 

VGR has 17 hospitals, 121 healthcare centers and 170 public dental care centers under 

control.  [37] 

The operating cost for VGR is 40 billion SEK. [38] 

 

The logistical goal for VGR and naturally WESTMA as one of its subordinates is to offer 

cost-effective supplies and solutions to the customers and stakeholders in order to gain a high 

level of customer satisfaction. [38] 

 

WESTMA is an organization with two basic functions of purchasing and logistics. The 

organization mainly interacts with customers from different sectors like health care units 

(hospitals and clinics) and building industry. This organization owns two depots and fulfills 

the delivery function as well. The operational area being covered by this company is Västra 

Götaland province. 

 

Sisjön Depot in Göteborg and Skövde Depot have the function of warehousing and 

distribution of consumables to the customers. Most of the consumables items and articles are 

delivered through these depots/warehouses from almost 300 suppliers to 5,000 customers. 

 

There is a Laundry located in Alingsås with the function of providing services associated with 

laundry, textiles, and sterile products within the Västra Götaland region hospitals and health 

care system.  There are 300 employees within this laundry who wash and treat around 40 

tonnes of textiles each day to meet up with the demands of the customers. 

 

As mentioned before in introduction part, WESTMA is an organization introduced within 

Västragötlandregionservice. WESTMA has two depots and around 8000 articles that have to 

be handled through the ordering process till the final delivery to end-customers. Out of these 

8000 articles, 5300 of them are delivered to one of the depots located in Sisjön and the 

remaining articles are directly delivered by the first-tier supplier to the end customers. It is 

interesting to know that the total number of end-customers add up to be around 3500. The 

dominant vehicle being used in WESTMA for sorting, transportation and delivery is roll-

container. Together with the laundry located in Alingsås they own around 8000 roll-

containers in total. 

 

The information given in above lines about the VGR and WESTMA are depicted in the 

following picture. The picture shows the area under study in this thesis project. 
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Figure 1: WESTMA Logistic Process 
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5. Analysis 
 

As cost is a limit for feasibility of any costly alternative solution to the current situation 

within the organization, the preventive actions and ergonomic considerations are prioritized as 

a response to the current problematic issues associated with roll containers. Ergonomic task 

design strategy would be accompanied by the ergonomic roll-container design guidelines. 

Using what-if-analysis method, the problem is to be analyzed in this chapter. 

 

5.1. Defining the Activity or System of Interest 

 

At this part boundaries for which risk related information is needed would be delineated. 

 

In this risk assessment we would try to cover roll containers handling issues relating to a 

specified hospital supply/demand chain that is operated by WESTMA. WESTMA is a 

subgroup to the bigger organization VGR. VGR covers the Västra Götaland province in 

Sweden. This supply/demand chain includes some hospitals, clinics, pharmacies, two depots 

and a laundry. Goods are delivered in Sisjön warehouse and sorted out in that warehouse for 

be redistributed to the other depot. There is a flow of materials and clothes from laundry to 

hospitals which is also done by aid of roll containers. Roll containers are not nestable, so that 

they will be returned in the same spacing area in lorries and trucks, but empty. Personnel have 

to handle roll containers in warehouses, hospital and clinical areas and also in laundry both 

for delivery and dispatching of goods and items.   

 

5.2. Defining the Problem of Interest for the Analysis 

 

5.2.1. Operational Performance of the Roll Containers 

 

Efficient logistics and storage solutions will dramatically reduce the life cycle costs and 

improve customer satisfaction in supply chain. Roll Containers provide us with a core element 

for efficient logistics to retail sections and points of delivery to final customers. Flexible, 

visible and smooth transportation from the warehouse to the POS destinations results in 

reduced handling and increased quality control. In latter versions of roll containers, the empty 

roll containers are stackable, reducing space and transportation requirements in return phase 

of transportation tasks and operations. Therefore, through harnessing the full flexibility of roll 

containers in different aspects of logistics we can attain to top levels of operational 

performance. These different aspects may involve issues like loading and unloading, variety 

of items to be transported by roll containers, proper capacity filling as volumetric and weight 

efficiency. Reduced number of picking orders and damage claims may also be in the same 

category. 
 

5.2.2. Economic Excellency 

 

General sense and understanding about the consequences of ergonomic considerations is 

confined to issues like health and safety. However we are historically aware of the fact that 
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ergonomics is motivated by business initiatives. Ergonomic aspect integrated into different 

levels of management and administration has been put into action for its contribution to 

efficiency and better quality levels. This is mainly the reason people have been convinced to 

enforce ergonomic guidelines. Hence the society with a straight mind supported by 

economical justifications has taken assistance from science to make the best out of different 

elements associated in production and working environment. These elements or factors 

involved in this area can be the productivity, quality, health and safety. These factors are all 

considered as the main factors revolving around working environments. A proper 

combination of these factors may lead us to the best result in economy. Otherwise if we 

consider these factors as separate elements of our organization and not as integrated factors 

into our organization, it would result in excessive costs and expenses with less efficiency and 

productivity while overlooking the human health and safety issues. The sly hint in this regard 

is that these unwanted costs are usually difficult to be made visible to the authorities and 

involved personnel. This is the reason it becomes less important for some parties to take 

ergonomic steps as non-priority type steps in organization. [4] 

 

When it comes to the current situation of roll containers, it seems to be vague somehow. Here 

in this sector we do have a big variety of roll containers to handle. The additional price for 

making adjustments to roll containers varies a great deal. As it was mentioned in the pervious 

lines the reason for this is the fact that there are many different types of roll containers. 

Besides there are the following issues as constraints to make amendments to these containers. 

 

 Improving the roll container by putting new and better parts in it after it has been 

used for some time does not seem feasible in business economics terms. 

 

 The amount of time they go out of service and consequential energy for recovery is 

not recoverable in economic terms.  

 

 Course  of depreciation for a typical roll container is estimated to be around five 

years.  

 

As it was mentioned earlier in the introduction part, the design for these roll containers 

are also old (much older than 5 years) which is beleived to be the term of depreciation 

for a standard roll container. [24] 

  

5.2.3. Ergonomic Performance 

 

Many people ignore the ergonomic point of view in many cases. The reason might be the 

inherent and hidden nature of this issue. Scientific and fundamental studies pay a bigger 

attention to ergonomic issues. As we get further involved into industrial and managerial 

advancements, ergonomics plays a bigger role in organizational decision making. We may put 

ergonomic consideration at many stages in our organizational process. At the purchasing 

phase we may buy the devices or vehicles with minimum inconvenience for the users. 

Another important issue in ergonomics is to make sure that proper training is at place and 

continuously being conveyed for the personnel.  As a result of being ergonomically aware, 

many benefits are delivered to the organization as a whole. These benefits could be less 

insurance payments for the personnel, a healthier status for the personnel, later retirements 

and less off days for curing and rehabilitation. In today‟s industrial and working environments 

human resource is centrally located in importance. Work force (human) is the core of any 
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activity in this regard. This is the final trend in technologically and socially 

advanced/responsible countries. There are already many institutes and organizations in place 

to lead, reorganize and inspect the orientation of Swedish working environments towards 

what they are expected to be. To name one of those active associations in this area it could be 

referred to Swedish work environment authority (Swedish acronym: AML). [8] 

 

The basic enactment is the Work Environment Act passed by the Swedish parliament. This 

Act defines the outer framework governing conditions in the workplace. The Swedish Work 

Environment Authority (formerly the Swedish National Board of Occupational Safety and 

Health) has been given the task by the Government for framing the more detailed rules on the 

subject. They try to fulfil this order by publishing their achievements in their Statute Book 

(AFS), provisions and general recommendations defining more closely the requirements to be 

met by the working environment. Rules issued before 1978 are called Directions and Notices, 

but few of them now remain in force. This is a proof for the dynamic frontier breaking and 

pioneering role of a society. Rules and regulation for working environments need to be 

upgraded frequently along with advancements in different fields. The Statute Book is 

generally updated and made available to the public as soon as a period of three or four weeks 

of the printed version appearing on the website assigned for Swedish work environment 

authority. [8] 
 

An important issue that employers and high ranking authorities need to know and be attached 

to is mentioned in sixth section of statute book (AFS 1998:1). Here we get to know that there 

is a responsibility defined for the employer side. This responsibility tells us that it is up to the 

employer to make sure that the personnel is fully and properly trained to work in a safe and 

sound condition: [30] 

 

Section six with the title of knowledge, skills and information in the Work Environment 

Authority‟s Statute Book (AFS 1998:1) tells us that the employer shall ensure that the 

employee has sufficient knowledge concerning the following items: 

 

“Suitable work postures and working movements, the proper use of technical equipment and 

aids, the risks entailed by unsuitable work postures, working movements and unsuitable 

manual handling, and early indications of the overloading of joints and muscles. The 

employer shall give the employees general information concerning the weight of the loads 

handled. Where possible, exact information shall be given concerning the weight of loads and 

the centre of gravity or heaviest side when a package is eccentrically loaded. The employer 

shall further ensure that the employee is given the opportunity of training in a suitable work 

technique for the task involved. He shall also ensure compliance with the instructions given.” 

 

5.2.4. Environmental Issues 

 

Today the environmental aspect of all kinds of activities is receiving more attention. This is 

due to the public concerns about environment supported by rules and regulations passed by 

committed governments. Especially when it comes to a country like Sweden which is known 

to be pioneer in environmental friendly technologies, there need to be a scrutinized work on 

environmental issues and pollution preventing methods. 

 

In Västragötlandregionservice there exists a large number of trucks and Lorries doing the 

transportation task between depots, laundry and hospital sector. 
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Here we are mainly facing two types of pollution throughout this chain of delivery and 

collection: firstly the air pollution and secondly noise pollution resulted from inbound and 

outbound logistics throughout this supply/demand chain.  

 

In air pollution part of the problem we have our frequent and large number of unit loads being 

forwarded. The reduced number of trucks being sent between different locations in this 

logistical chain would result in fewer emissions from motor vehicles in use. A more efficient 

loading and unloading of roll containers either from the weight perspective or volumetric 

perspective would lead to this goal. With a better information system and better use of 

available space in the trucks and trailers we may have less frequent transportations. As a 

consequence this will result in fewer emissions of gases into environment. 

 

The other environmental concern is the noise pollution created as result of handling the roll 

containers. 

 

The aim is to reduce the noise produced by roll containers, not only when they are in motion, 

but also when they are being handled. Noise is generated, for example, when the container 

wheels and fork wheels roll over an uneven surface, when the forks are bumped against the 

ground, pallet walls and cargo and when various component parts of the roll containers bump 

and rattle. Finding better ways of fastening the cargo also deserves more attention. As an 

example in Netherland a rule has been passed on noise peak level standard, where in case of 

roll containers, a noise reduction of more than 20 dB(A) will have to be achieved in order to 

comply with the peak noise level provisions demanded in the Order in Council. The standard 

requirement is as following. As both Sweden and Netherland are in EU, Sweden is assumed to 

have similar standards in this regard. [24], [25] 

 

There is a general exception for the loading and unloading activities during the day period. 

 07.00 - 19.00 

hours 

19.00 – 23.00 

hours 

23.00 – 07.00 

hours 

 

Peak level on the house front 

 

 
1)

 

 

65 dB(A) 

 

60 dB(A) 

*Peak noise standard from the Decree Retail Trade Environmental Protection (1998)
 1
 

 

5.3. Subdividing the activity or system for analysis 

 

5.3.1. Warehouse located in Sisjön (1) 

 

Sisjön Depot in Göteborg has the function of warehousing and distribution of consumables to 

the customers. Most of the consumables items and articles are delivered through these 

depots/warehouses from almost 300 suppliers to 5,000 customers. 

 

                                                
1
 *Piek, (2005). Peak noise during the evening and night. [online] Utrecht: Piek.  Available at: 

http://www.piek.org/downloads/peak_interlrai.doc 
[Accessed 5 Jan 2009] 
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5.3.2. Clinical areas and hospital (2) 

 

VGR has 17 hospitals, 121 healthcare centers and 170 public dental care centers under 

control. [37] 

 

5.3.3. Laundry in Alingsås (3) 

 

There is a Laundry located in Alingsås with the function of providing services associated with 

laundry, textiles, and sterile products within the Västra Götaland region hospitals and health 

care system.  There are 300 employees within this laundry who wash and treat around 40 

tones of textiles each day to meet up with the demands of the customers. 

 

5.4. What-If Analysis 

   

                        

 
Table 5.1. What-If analysis used for hazard identification 
Division 

No. What if…? Immediate system condition Ultimate consequences 
Safe guards and 

recommendations 

1,2,3 

1 
Roll-container/cart 

accidentally strikes a 
door  

Trolley and door get distorted and 
goods fall on the floor resulting in 

loss of / damage to the goods 
Interruption in goods supply 

bumpers installation 
at critical sites 

1,2,3 

2 
wheel system breaks 

or collapses                        
Roll-container tilts and topples.  

Interruption in goods supply and 
probable personnel injury 

Regular check-ups 
and maintenance for 
roll container wheels 

and castors 

1,2,3 

3 
floor surface jerks roll 

container 
Goods would fall on the floor Interruption in goods supply  

Keeping the 
associated floor 
surfaces up to 

standard 
requirements of roll 

container 
movements 

1,2 
4 

Roll container breaks 
under pressure or in 

movement 

Damage to the goods and 
equipments 

Time and products waste in 
distribution channel 

 

1,2,3 
5 

Roll container door or 
side-walls fall on 

worker’s thumb/finger 
Foot or hand injury 

Personnel injury, sick leaves, losing 
money and time 

 

1,2,3 

6 
Personnel misses the 

edge of tailboard 
Personnel may fall down with the 

trolley 
Serious injury to the personnel, loss of 

goods and delay in supply chain 
 

1,2,3 

7 
Personnel misses 

edge of lift                                
Personnel gets injured 

Delay in supply of goods and 
personnel injury 

 

2 
8 

Food tray slides off roll 
container/cart 

 

Probable injury of personnel and 
damaged case 

Delay in supply of goods and 
personnel injury 

 

1,2 

9 

wheel (heavy) 
suddenly slides under 

roll container                          
 

Probable loss of control and injury 
for personnel and people around, 

probable strike against 
surrounding barriers and overturn 

of the roll-container 

Injury of the personnel and 
interruption in supply chain along with 

associated economical losses 
 

1,2,3 

10 

Roll container(metal) 
accidentally strikes 
against another roll 

container 
 

Probable overturn of trolley or 
goods slip off from shelves. 

Human injuries are also 
expected. 

Trolley damaged and loss to human 
health and interruption in supply chain 

 

1,2,3 
11 

Roll container hits a 
rigid box on the way 
while being pushed     

Box-trolley damage, probable 
overturn of trolley, human injury 

Interruption in supply line and 
economical loss plus human health 

loss 
 

1,2,3 

12 

Metal roll container 

strikes against the feet 
of workers 

 

Probable foot injury and 
decreased control over the roll 

container 

Human health and productivity could 
essentially be decreased  
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1,2,3 

13 

Roll container struck 
sudden non-predicted 

ground surface                      
 

Strike between personnel and 
trolley, goods may slip off the 

shelves and in some cases may 
the overturning happen 

Disturbance in supply chain and 
personnel injury in extreme cases 

 

2 

14 

Trolleys too heavy for 
some elevators in 

some 
departments(buildings) 

to lift them 
 

Either making damage to the 
elevator or lengthy process of 

goods delivery to the final spot 

Disturbing the building transportation 
system and making building facilities 

idle and inefficient 

 

1,2 

15 
trolley struck pallet                                          

 
Pallet covering nylon may tear off 

and goods may fall apart 
Damage to the goods, interruption 

and confusion in distribution channel 
 

2 

16 

wheel stuck or 
jammed hole in an 

area outside 

warehouse floor 
 

Probable slip-off goods from the 
shelves and overturn of roll 

container. Probable damage to 
goods and roll-container wheel 

damage. Human health in 
potential danger 

Delay in delivery line and economical 
loss plus work force and public health 

and safety at risk 

 

1,2,3 

17 

wheel stuck or 
jammed hole inside 
within the purpose 
designed area with 

specified floor quality                     
 

Probable slip-off goods from the 
shelves and overturn of roll 

container. Probable damage to 
goods and roll-container wheel 

damage. Human health in 
potential danger 

Delay in delivery line and economical 
loss plus work force safety at risk 

 

1,2,3 

19 

 
wheel stuck or 
jammed door                               

 

Probable damage to door and 
wheel plus fall off of goods and 
damage to goods and human 

Delay in delivery line and economical 
loss plus work force safety at risk 

 

2 

20 

wheel stuck or 
jammed in the place 
the hallway and lift 

door/gate meet 
 

Probable damage to the roll-
container and lift gate. Goods fall-

off at the elevator entrance and 
disturbance at elevator function 
plus the risk to human health 

Delay in delivery line and economical 
loss.  People and personnel safety at 

risk. Interruption in deliveries and 
hospital transportation function 

Using ramps 

1,2,3 

21 

Worker’s feet hit 
against the roll 

container                                 
 

Probable injury to the foot and roll 
container and elements in 

surrounding area 

Human health at risk, decreased level 
of service and economical loss 

 

1,2,3 

22 
Roll container 

unexpectedly moves 
 

Situation goes out of control. 
Many kinds of injuries and losses 

are expected. 

Less reliability and productivity at 
work place. 

 

1,2,3 

23 
your ankle is hit by 
being struck  by a 

heavy gate                               

Injury to the ankle and the foot. 
Situation goes out of control. 

Loss of human health and reduction of 
efficiency in deliveries to the wards. 
Less productivity and reliability in 

supply chain. 

 

1,2,3 

24 
you were trapped by 
roll container (metal) 

 

Injuries and bruises in the whole 
body. Goods may slide off the 
shelves especially from the top 

shelf.  

Reduction in work force productivity 
and safety. Economical loss plus the 

lack of satisfaction in service receiving 
parties. 

 

1,2,3 

25 

Discarded packaging 
material is laid on the 

floor. 
 

Act as obstacle to the roll 
container while moving and 

container tilts 

Personnel injury. Economical loss and 
delivery delayed 

Availability of 
garbage bins and 
proper working 

culture encourages 
workers to keep the 

floor clean. 

1,2,3 

26 
Trolleys assigned for 
each depot get mixed 

Possibility to lose some roll-
containers and leave them idle. 

Misfit for loading them and 
placing them into the truck from 

the dimensional perspective 

Increased waste and chaos in supply 
chain plus the economical loss for 
replacing the idle roll containers 

 

1,2,3 

27 

Human error in placing 
the right items of 

goods in roll-
containers at 

distribution centers 
and warehouses 

Some items mentioned in 
checklist, missing in trolleys being 

delivered to final spots 

Customer dissatisfaction and 
unnecessary rework, risk of losing the 

contract 
 

1,2,3 

28 

Noise pollution at 
warehouses due to old 

and noisy design of 
roll containers 

Lower level of awareness in 
personnel due to the noise and 
the protection coverings on their 

ears and harm to personnel 
hearing and mental health 

Higher probability of human error and 

lower labor efficiency  
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2 

29 
Noise pollution at 
urban and clinical 

areas 

Producing hearing problems for 
personnel with more involvement 

with the task of handling roll 
containers and bigger 

dissatisfaction for those who are 
present at the area for being 

disturbed 

Lower efficiency or people facing this 
undesired noise and missing the 

respect for social and labor rights. 
Patients disturbance at hospital and 

clinical areas. 

 

1,2,3 

30 

Increased number of 
defective roll 

containers going out of 
line  

Increased cost of repairing roll 
containers and necessity for 
having too much of spare roll 

containers for these cases; too 
much of rework 

Unhealthy material handling chain in 
supply/demand chain and economical 
loss plus many unpredicted delays in 
the distribution and delivery channels 

 

1,2,3 

31 
Stolen roll containers 

while empty 

Extra time and money to replace 
them.  Decrease in number of 

back up roll containers 

Economical loss plus wasted time. A 
confusion and disorganized situation 

for some time. 
 

1,2,3 

32 
Stolen roll containers 

while loaded 

Extra time and money to replace 
the goods and the roll container.  
Decrease in number of back up 

roll containers. Customer 
inconvenience. 

Risk of losing the contract to supply 
our customers for lack of reliability in 
supply chain. Economical loss plus 

wasted time. A confusion and 
disorganized situation for some time. 

 

1,2,3 

33 

Release of hazardous 
chemicals and 

medications in the 
supply chain 

Depending on the identity of 
released material; human health 

in danger and probability of 
robbery and misuse of these 

products 

Supply chain turbulence and risk to 
the society. Economical loss plus 

missing social responsibilities 
 

2 

34 

The wrong medication 
reaches the hands of 
nurses and doctors at 

the emergency 
situation 

Mistreatment of patients or delay 
in their treatment 

Probable mortality and deteriorated 
patient condition. Strong 

dissatisfaction with supply chain 
service providers and distributors 

 

2 

35 
Roll container moves 

on a step  
Roll containers goes unstable and 

overthrows 

Economical loss plus worker health at 
danger and misalignment with delivery 

promises  

Doing risk 
assessment and 

engineering 
calculations for 

these cases to have 
the proper 

accountability during 
the tasks of workers 

2 

36 
Roll container moves 

on/in to a groove 
Roll containers goes unstable and 

overthrows 

Economical loss plus worker health at 
danger and misalignment with delivery 

promises 

Doing risk 
assessment and 

engineering 
calculations for 

these cases to have 
the proper 

accountability during 
the tasks of workers 

1,2,3 

37 

Worker steps inside a 
roll container while 
doing the assembly 
task and container 

rolls away 

She/he would probably lose 
control. Falling down with the 
shelves and walls probable 

collapse. 

Worker health and safety at acute 
danger. Economical loss plus health 

loss. 

Acute training for 

workers plus 
illustrated posters 

and notes in working 
place for workers 
not to neglect this 
issue instinctively. 

1,2,3 

38 
Worker falls off the 
warehouse dock 

Serious injuries to worker and 
substantial damage to goods and 

roll container. 

Economical loss plus health and 
safety problems.  

Installing Dock 
safety guard. This 
product helps to 

prevent fork trucks, 
pallet trucks and 

personnel from 
falling off a Loading 

Dock 

1,2,3 

39 
A tow truck or trolley 

falls off from the 
warehouse dock 

Worker injured and tow truck 
together with the probable 

number of roll containers being 
towed would be damaged 

Economical loss plus health and 
safety problems 

Installing Dock 
safety guard.This 
product helps to 

prevent fork trucks, 
pallet trucks and 
personnel from 

falling off a Loading 
Dock 
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1,2,3 

40 
Tail lift collapses due 

to high loadings 

Personnel injury. Goods and 
equipments on and around it 

would be damaged. Tail lift goes 
out of function. 

Economical loss plus health and 
safety problems 

Tail lift should be 
loaded according to 
the ratings assigned 
for it. Overloading 

should be forbidden. 

2 

41 
Worker slips while 

pulling the loaded roll 
container 

Serious foot and hand injuries. 
Roll container may go out of 

control. 

Economical loss plus health and 
safety problems 

Using handles and 
safety gloves and 
footwear. Proper 
safety procedures 

should be 
established in work 
place. Floor space 

should be kept 
clean. 

2 

42 
Worker slips while 

pushing the loaded roll 
container 

Worker falls down and roll 
container goes out of control. 

Roll container may collide with a third 
object before being stopped. 

Economical loss plus health and 
safety problems 

Using handles and 
safety gloves and 
footwear. Proper 
safety procedures 

should be 
established in work 
place. Floor space 

should be kept 
clean. 

2 

43 

Worker’s hand is stuck  
in the gap between 

handle and roll 
container side wall 

(metal) 

She/he injures hands and loses 
control of roll container. More 
serious if roll container is in 

motion.  

Economical loss plus health and 
safety problems. 

Leaving enough 
clearance between 

handle and roll 
container walls plus 

wearing safety 
gloves by workers. 

1,2,3 

44 

Some items of goods 
disappear for unknown 
reasons on the way to 
final spot of delivery 

End customer would miss some 
of the expected items at work and 

gets disturbed at work. 

Loss in economical issues plus the 
disturbance in supply/demand chain 
and loss of trust in different parties 

involved in this network. 

Proper labeling and 
tagging of roll 
containers and 

goods for visibility in 
the chain, plus GPS 
enabled trucks and 

vans. 

1,2,3 

45 

Loaded/unloaded shelf 
jumps out of 

inserted/installed 
position 

Damaged goods and injured 
personnel. 

Economical loss plus health and 
safety problems. 

Proper shelf 
installation 

procedures and 
techniques. 

2 

46 

Stuff fall out of kitchen 
roll containers while 

being dragged by tow 
trucks 

Probable injury of personnel and 
damaged food trays 

Delay in supply of goods and 
personnel injury 

Proper risk 
assessment and 

safety procedures to 
check if the 
specified roll 

containers are safe 
to be dragged or 

not. 

1,2,3 

47 

A  worker in 
warehouse 

experiences a severe 
muscular cramp during 

loading/unloading a 
roll container 

Work goes out of control and 
worker can get injured 

Damage to goods and worker, worker 
sick leave. Interruption in warehouse 

work flow and supply chain 

Ergonomic loading 
of roll containers, i.e 
leaving the heavier 
goods in a height 

that body doesn’t go 
through much force. 
Leaving lighter tasks 

and packages to 
older coworkers. 

3 

48 

Washing system 
malfunctions while 

washing roll 
containers.  

Bacteria, dirt and microbes 
stagger in (joints)of roll containers 

Goods delivered to hospitals and 
clinics may get infected. Patients and 

people dealing with roll containers 
may get infected. Raised 

dissatisfaction in the whole network. 

Check roll 
containers before 

they leave the 
laundry and do the 
maintenance job for 
the washing system 

in laundry. 

3 

49 
Some dirty clothes mix 
with washed clothes  

Possibility of infection in patients 
Severe illnesses may be conducted to 
others, especially the patients. losing 
the trust plus huge economic losses. 

Clear division of 
responsibilities in 

the organization and 
tidy working areas 

supported by double 
checks by other 
personnel and 

supervisors/auditors. 

1,2 

50 
The personnel develop 

fatigue pains in their 
body 

Elevated chance of human error 
and instability in handling goods 

and roll containers 

Inefficiency in supply/demand chain 
and sick leaves plus the chronic pain 

for personnel 

Rotating workers 
and alternating the 
tasks among them 
especially when it 
comes to stressful 
tasks and activities.  
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1,2,3 

51 

Inefficient 
management of 
shipments in the 

relevant transportation 
channels 

More frequent shipments 
travelling along the channel 
together with the excessive 

number of staff required to handle 
this issue  

A large size of organization with low 
efficiency and damage to 

environment(pollution) due to 
excessive transportation 

Using real-time 
(online) 

transparently 
connected channels 

of information on 
products at different 

levels of 

organization  

1,2,3 

52 
Order quantity and 

real needed quantity 
do not match 

Extraordinary level of stock 
Warehousing costs increase plus the 

fear of goods being expired 

Using real-time 
(online) 

transparently 
connected channels 

of information on 
products at different 

levels of 
organization 

1,2,3 

53 

Packaged 
consignments 

provided by second-
tier (upstream) 

supplier don’t match 
roll containers owned 

by VGR 

Chance of injury while 
loading/unloading them within 

VGR facilities and waste of space 
in transportation and handling 

vehicles in VGR and other 
downstream chain members 

Ergonomic problems, plus economic 
losses due to extra works 

Putting appropriate 

demands and 
standards for 

upstream suppliers 

1,2,3 

54 

Personnel are not 
being trained 

periodically for 
ergonomic behavior 

Unsafe act 
MSDs for workers and high-risk 
working environment plus the 

payments for sick leaves  

Providing and  
persuading 

personnel with 
ergonomic 

guidelines in a 
variety of means 

and methods 

1,2,3 

55 

While worker is 
removing/adjusting a 

metal tray in roll 
container, he misses 

the tray 

Overall Injury to worker plus 
damaged goods  

Economic and health loss plus the 
interruption in supply channels 

Adopting safe 
working culture by 

workers and 
replacing metal 
shelves by non-
metallic(plastic 

composite) shelves 

1,2 

56 

The packaging for 
chemical and 

poisonous items is 

ruptured while being 
handled 

Workers injury and environment 
and damage 

Possibility of serious poisonings and 
delay in delivery plus the economical 

loss to the value chain 

Special and 
separate handling 

for these items 
together with proper, 

purpose-fitted 
packaging 

2 

57 

Accident of roll 
containers being 

dragged by tow-truck 
in the aisles located in 
hospital site and other 

hospital personnel 
moving in the same 

site as the tow-truck is 
moving. 

Severe injury to personnel due to 
rather high speed of tow truck  

Health and safety loss plus the sick 
leave and insurance charges 

Restriction of 
movement in some 

areas 

1,2 

58 

Fittings (lugs) among 
roll containers get 
disconnected while 

being dragged by tow 
trucks 

Probable breakage of roll 
containers. Damage to the goods. 

Personnel injury. 

Economical losses and shortage in 
roll containers plus health and safety 

endangered 

Periodic 
maintenance and 
checkups for the 

fittings of roll 
containers and 
personal strict 
attention on 

engaging the locking 
system properly 

1,2 

59 

What if the worker 
goes under cold-stress 

condition while 
working 

Worker tries to work at a normal 
pace to catch up with the work 

load 

Worker starts to miss the proper lifting 
power and loses control while 

working. High risk for health and 
safety plus damages to the goods 

Handling, lifting and 
lowering and other 

tasks should be 
done at a slower 

rate so that the body 
can recover 

properly. Heating 
consideration is also 

necessary. 

1,2,3 

60 

Personnel forgets to 
fasten the straps 

around roll containers 
in the truck 

Roll containers moving and 
attacking each other and the 
walls during transportation 

Damage to roll containers and the 
walls of the truck container. 

Overturning of roll containers and 
goods slipping off the shelves which 
makes a lot of confusion and rework 

at delivery point. 

The soundness of 
relevant facilities 

should be checked 
periodically plus a 
double check for 
their fastening 
confirmation 
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6. Empirical Results 
 

6.1. Design and Utility Recommendations on Roll Containers for 

Improved Performance 

 

It‟s quite common for leading users to specify type and specification of the roll container they 

will buy and use. These are the big customers that make a foundation to build standards for 

roll containers. Despite this standardization, there is still a place for customization and adding 

some special features. Small users usually buy off-the-shelf. However, there are some criteria 

and features to be selected for different components of a roll container. In the following there 

would be a through look into different elements required to be considered before purchasing 

the roll containers. 

 

6.1.1. Castors and Wheels 

 

Castors and wheels play an important role in the ease with which a roll container can be 

moved. Roll containers are usually supplied with two fixed and two swivel castors at two side 

ends. This arrangement gives a proper maneuverability, stability and a satisfying steering 

especially if the container is being handled from the side with swivel castors. It is interesting 

to know that a higher level of maneuverability can be obtained by using four wheel swivel 

castors. This change has a drawback as well. This may lead to a weaker control in straight line 

traveling and make slopes difficult and in some cases dangerous and risky circumstances may 

happen especially when we are handling heavier, more unevenly distributed loads. 

 

There are also other factors which need to be negotiated before purchasing the proper roll 

container. These factors may be the wheel diameter, tyre material, bearing arrangement and 

accessories such as brakes and thread guards. [6], [11], [12], [13], [27], [28], [31] 

  

 Wheel diameter 

 

It has been proved that the bigger the size of wheel in roll container the easier it is to handle 

and move the roll container. This is due to the bigger force needed for the smaller wheels to 

overcome the discontinuities and imperfections in working area floor surfaces. These 

imperfections and discontinuities can emanate from a variety of sources or causes. The reason 

could be the rough and uneven surface texture, expansion joints in concrete, waste material on 

the floor like discarded cartons or cardboards, door sills or lift entrances and wrinkling soft 

floor coverings. The wheel diameters commonly fitted to roll containers are 75mm, 100 mm 

and 125 mm, though larger diameters of the mentioned sized are more common in rougher 

and more unpredictable areas. [6], [28] 

 

Eventually it can be concluded about castors/wheels that roll containers with bigger wheels 

will take less effort to pull or push and that they are less likely to overturn if the wheels hit an 

obstruction or barrier on the floor. It is good to know that industrial trolleys with the same 

payload as a roll container have significantly larger wheels, up to 200 mm in diameter. [6], 

[11], [12], [13], [27], [28], [31] 
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 Tyre material 

 

Wheels can either be produced as a complete moulding of a single material or be fitted with 

tyre of a different material. Tyres used for castors can be in a big variety of material types.  

Tyres made of hard materials, such as cast iron and nylon, usually provide lower rolling 

resistance when compared with softer materials such as rubber or polyurethane. Lower rolling 

resistances make containers easier to push or pull. Although cast iron wheels have good load 

capacity but they are noisy, heavy and can cause damage to floor surfaces. They are usually 

only used in industrial environments. Therefore, it can not be a good option for hospital 

supply chain as a roll container component due to the peaceful environment demanded for this 

supply chain. Clinical areas are very sensitive to noise. 

 

Nylon wheels are lighter and quieter than cast iron. They are much less likely to cause 

damage to the floor surface. This can be considered as a candidate option for roll containers 

used in hospital supply chain. 

 

Polyurethane has a lower rolling resistance than rubber, has greater resistance to tearing and a 

higher load capacity. Its rolling resistance is greater than nylon, but, because it is softer than 

nylon, vibration and consequently noise on rough surfaces will be less. This option seems 

even to be more interesting regarding the noise reduction issues. 

 

The rolling resistance of a wheel is also affected by the hardness of the surface on which it is 

moving. As with the tyre material, a harder floor surface will result in a lower rolling 

resistance. A carpeted floor or any floor with soft deep nature can dramatically increase the 

rolling resistance. In VGR hospital supply chain, where the roll containers need to be moved, 

most of the areas are of a rather hard and continuous characteristics, but still in some places 

they have to move roll containers on irregular non-standard surfaces. [6], [11], [12], [13], 

[27], [28], [31] 

 

 Bearings 

 

The wheel of a castor is supported on its axle by a bearing which for roll containers is usually 

one of the three following types. These types are plain bearing, roller bearing or ball bearing. 

 The ball bearing rolling resistance is the least of the three, followed by the roller bearing and 

then the plain bearing. 

 

As it may be perceived, plain bearings are simple and low cost. They often consist of a hole 

simply bored through the hub of the wheel. In nylon wheels or those fitted with nylon 

bearings, only occasional re-greasing is required. The drawback for this model is that it is 

more noisy comparing to the two other types mentioned earlier. 

 

Ball bearings and roller bearings are usually quieter than plain bearings. Roller bearings are 

particularly good in situations where large impact forces are involved but are not so good 

when side forces act. As a drawback for roller bearings and ball bearings it should be noted 

that they may require more regular maintenance than nylon bearings and grease nipples are 

usually provided to enable this. However as a more expensive option we have sealed bearings 

which are available in the market and are prelubricated with an operating life of 10 to 20 years 

in good conditions, which is far in excess of the life of the typical roll container. This last 

option may look ideal for hospital supply chain if cost is not an issue, but there are expense 

limits even in hospital supply chain. [6], [11], [12], [13], [27], [28], [31] 
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 Accessories 

 

Thread guards are available from some castor manufacturers. These fit on either side of the 

wheel and are intended to prevent threads, string, etc, from wrapping around the axle and 

jamming the wheel. If the axle of a castor becomes entwined with thread, the ability of the 

wheel to rotate can be impaired, making the roll container more difficult to push or pull. This 

event can finally cause a lot of inefficiencies in supply chain and it can be an ergonomic 

overlooking due to the excessive force needed by personnel during their pulling/pushing 

operation. [6], [28] 

 

In many cases there are different places and moments which require the roll container to stop 

promptly. This also helps preventing accidents where roll container is going out of control.  

Two types of locking brake are available on castor wheels, a hand operated brake and a foot 

operated brake. The hand operated brake is typically a bar threaded through one of the castor 

side plates such that when it is rotated it presses on the web of the wheel. The foot operated 

brake usually acts on the tread of the wheel and allows the brake to be applied or released 

quickly without bending down. To operate the hand type brake the operator has to bend down 

and turn the threaded bar which could be difficult in confined spaces, because sometimes the 

gap between adjacent roll containers is very limited. For roll container users the foot brake 

appears to be the practical and ergonomic option. [6], [28] 

 

The point is that the positioning of the castors under the chassis must be such that the brake is 

easily accessible. [6], [28] 

 

In cases that we have swivel casters in our roll containers, we can benefit from direction 

locks. These locks allow a swivel castor to be locked in either 2 or 4 positions, such that the 

swivel castor effectively acts as a fixed castor when the lock is activated /engaged. With the 

typical 2 fixed/2 swivel castor arrangement this type of lock appears to be of little practical 

use for roll containers.  Most of the roll containers take the 2fixed/2swivel arrangement for 

their casters. This can also be true in roll containers being used in hospital supply chain. 

 

As a sample when it comes to choose a caster for our roll container, these factors can be 

important to be considered: 

 

Required load capacity 

 

Many of those engaged with this work area believe that this is the most important criterion for 

choosing the type and model of our casters. To stay on the safe side there has been a rather 

universal agreement on the load capacity of each caster in roll containers which is expressed 

in terms of bottom line load capacity for each caster. In the industrial and managerial fields 

they say that each caster should have the capacity to support one-third of the total weight. 

This can be considered as an easily comprehensible criterion for people involved in this field. 

This design-manufacturing requirement may arise from different uncertainties like rough 

surfaces covered with barriers like card boards or plastics. It may also happen due to 

overloading or unbalanced type of load distribution on the casters. Another reason that makes 

it necessary to respect this safety factor is that sometimes personnel do not handle the roll 

containers in a proper way. Thus using this safety margin will compensate for human error as 

well. [6], [11], [12], [13], [31] 
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Mobility needs 

 

Experiences along with engineering calculations have proved that the size of wheels and 

casters in roll containers will have a positive effect on their mobility and maneuverability in 

work places. The other effective element which has a serious role in reducing the resistance 

and consequently improving maneuverability is the bearing type which has the economical 

limits in front of it. According to a survey in market it has been observed that urethane, 

polyurethane, solid elastomers or elastic polymers and nylon are more commonly being used 

and trusted as wheel material. [6], [11], [12], [13], [31] 

 

Floor conditions 

 

This part also plays an important role in selecting our caster and wheel type. We consider this 

factor as an inflexible factor which requires other demands to get adapted according to its 

specifications. We need to make our selection or design regarding to the quality of the floor 

like being oily, greasy, smoothness and slope. We should also check whether if we need a non 

marking wheel material or it is not an issue. Also we need to foresee if there is any carpeted 

area to be covered by roll containers and then start selecting our wheel and caster type. [6], 

[11], [12], [13], [31] 

 

Environment conditions 

 

Different materials may behave differently in various environmental conditions. The same 

rule works for the material used in casters and wheels. For this part we need to investigate 

about average and extreme amount of humidity, temperature, dust, noise tolerability and many 

other factors. We need to know that our floor area is clean or filled with any kind of obstacles. 

Also the speeds of pulling/pushing tasks are very crucial to the selection criteria. 

 

Regarding the above mentioned factors we may choose casters with sealed swivels for areas 

with spraying functions and silence critical areas. Casters may also be chosen or designed for 

towline vehicle speeds or AGV speeds. However most roll containers are made for normal 

walking speed nowadays, but for future applications castors with fitness for higher speeds 

may become dominant which are costlier at present time. [6], [11], [12], [13], [31] 

 

6.1.2. Static Controllability of Roll Containers 

 

There are many effective parameters to consider when talking about static firmness of roll 

containers. These factors can be the height of roll container, the width and depth, wheels‟ 

location considering chassis frontier lines and finally way of load distribution both 

horizontally and vertically which the latter one is more critical. [4], [28] 

 

Referring to basic static science rules we conclude that we move towards stability as we place 

the load concentration in the middle of the bottom plate (chassis) of roll container and the 

same comment is true as we place the load concentration at the lower heights of roll container. 

Also one may conclude that the more outward oriented wheels are placed at corner more 

stability would be gained. Otherwise as we distance from these criteria we start to encourage 

overturning moments which is not favourable. [4], [28]   
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However it is sometimes inevitable to move in instability direction to compromise for the 

sake of design purposes. As a sample we can refer to “A” frame nestable roll container which 

is supported by two fixed and two swivel castors. In this type of design there is less distance 

between two front wheels which are swivel types. This compromise in stability is due to the 

necessities imposed by design of a nestable roll container. Although a good, smart design may 

keep us on the safe side, but in some situations we may face stability problems. This can 

happen in a case where we have to pull a ”A” frame nestable roll container from the side with 

swivel casters. In this situation an obstacle on our way can lead our load container to a very 

unstable and vulnerable condition. [4], [28] 

  

6.1.3. Dynamic controllabiliy of Roll Containers 

 

According to the results published by HSL laboratories about the theoretical effect of small 

steps in the path of a roll container, it has primarily been recognized that bigger wheels would 

more easily ride over such steps. Moreover this leads us to make the conclusion that the risk 

of the containers overturning would be reduced. Tests were carried out by HSL to provide 

practical information on the effect of speed, type of container and load height on the 

behaviour of containers being pushed into steps in a specified height range. [4], [28] 

 

With higher speeds, the containers can overcome higher steps heights. The sequence of events 

in this case would involve a jump of roll container over the step. However in more extreme 

cases we may expect the containers to have a tilting motion with no capsizing. It is quite 

obvious that roll containers of small sized wheels would stop at step points even though they 

are moved with an increased speed. However, small-sized wheel roll-containers would be 

stopped at lower steps compared to the roll-containers with large sized wheels. 

 

Also when we use containers with lighter weights, even a small-sized wheel container would 

behave in a similar manner to the bigger sized wheel containers. In other words, these small 

wheel sized containers are more liable to jump over the steps and to tip (but not overturn) in 

response to the impact with the step. [4], [28]  

 

Altogether, the experiences and experiments confirm the theory that bigger wheels are better 

on uneven surfaces. The other important finding is that as speed of roll containers increases, 

the resistance to motion reduces. [4], [28] 

 

6.2. Points to remember while assembling and demounting roll-

containers 

 

As it was mentioned before, most modern roll containers are designed and manufactured in a 

way to be disassembled and packed together while not being in use. This helps logisticians to 

minimize the occupied space. Depending on the type of roll container the occupied space is 

roughly from one-fourth to one-sixth of the time when they are fully assembled. 

 

As most roll containers are made up of rather heavy metal rods and meshes, there is a risk of 

injury while assembling a roll container. That is highly suggested that operators wear safety 

gloves while assembling roll containers for a better protection of hands and fingers. [4], [28] 
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The folding or in some cases disassembly/demounting of roll containers is an important point. 

Panels of roll containers are usually interconnected by using hinge mechanisms or even lugs. 

In some types of container this system of hinged paneling allows the sides to be folded 

together. This is even possible when sides are at the same time attached to the container base 

and in some other models it is possible for the sides to be fully detached from the base panel. 

In these designs the hinges are usually provided and guided with long hinge pins so that the 

sides can be lifted vertically by a few centimeters without the hinges becoming dis-assembled.  

This allows the side, for instance, to be lifted and swung out from its folded position to its 

assembled position over lugs in the base, and then lowered down so that location pegs on the 

bottom of the panels engage in the lugs thereby connecting the side and base together. 

However the detail design and configuration of the hinges and lugs can be slightly or 

substantially different among different manufacturers. However, this would help us having 

more stable and firm roll containers at the same time that we benefit from the flexibility 

which means savings in volume, energy, time and money. [4], [28] 

 

There is a tendency to make roll containers lighter and lighter. Due to this light construction 

and rather high degrees of freedom in casters, it is likely for roll container to move while 

operator is assembling it. This accidental consequence is more probable to happen while 

assembling the side-panels. Therefore care must be taken to avoid injuries such as bruised 

shins and trapped-injured fingers during this task. It feels more convenient for operators to 

place a foot on the base tray/panel of the container to apparently lock any possible 

movements. As experience proves, this precaution should be given to workers to avoid 

stepping on the roll container base part, because of the danger of losing balance if the 

container moves. [4], [28] 

 

There are cases that lugs and hinges become damaged, distorted or out of alignment. As soon 

as one of these cases has been observed it should be considered as an alert because the 

container can become much more difficult to assemble and the risk and severity of injuries are 

likely to increase. It is highly risky situation for workers to be injured as they struggle to force 

the mating parts to align and link up to the desired position. Therefore it should be a necessity 

for organizations and companies to consider and include the frequent and regular schedule of 

maintenance programs and inspections of hinges and lugs in roll containers under their 

supervision. There is no need to say that in cases of a damaged hinge or lug to the extent of 

making assembly difficult or insecure, the container has to be removed from service until it 

gets fixed and fits for proper use. [4], [28] 

 

When operators are assembling roll containers, they need to keep it in mind not to position 

their bodies so that twisting and stretching becomes inevitable. When workers are lifting side 

panels to detach it they need to stand facing the panel and lift it straightly and directly. It feels 

much safer and more precise to use both hands in this part of operation. This will also reduce 

the chance of the hinge jamming and consequently the force that has to be applied, which in 

turn will reduce the risk of injury. [4], [28] 

 

In cases that foldable roll containers are equipped with shelves, extra care should be taken by 

the workers when assembling/installing these shelves. Usually, when the container is folded, 

the shelf is hinged upright and held in place by a retaining clip or latch. The risky situation is 

that the latch gets distorted and therefore properly fixing and securing the shelf in the upright 

position. However this can become more risky with more severe consequences due to the 

reason that, it may not be immediately apparent to the operator. The adverse consequential 

event chains in a case where the latch is damaged or has not been engaged properly, leads us 
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to accidental situations like: as the sides are opened outwards, the shelf falls forward injuring 

the hands/fingers of the personnel. [4], [28] 

 

Thus it is an obligation to instruct workers taking extra care while folding roll containers to 

ensure that shelves are securely fixed in the upright position. If it is turns out that the shelf 

retaining device is not functioning properly, the roll container should be taken out of service 

immediately until full repair is applied and it has been tested /qualified for further use. [4], 

[28] 

 

6.3. Handling empty roll containers 

 

It is important to know that roll containers should always be under operator control while in 

motion. They should never be pushed and released allowing them to travel on their own and 

without being controlled. 

 

According to pervious experiences it is highly advisable for operators not to step inside a roll 

container. This will expose the operator to the risk of moving roll container and unbalancing 

the operator. Operators should never stand inside the open frame of a roll container when it is 

nested. This may lead to roll container moving or being moved, hence making a clumsy 

situation for the operator. 

 

Operators are seriously prevented from riding in/on a roll container because of the inherent 

and hidden danger involving this action. Especially when someone rides on the outer of a roll 

container, the position of its center of gravity will be displaced to somewhere close to the 

outside edge which will increase instability of roll container with an increased fear of falling 

down. [4], [5], [28] 
 

6.4. Moving non-nestable/non-nested roll containers 

 

Whenever there is a demand for pulling or pushing an empty roll container it should be 

obligatory for the operator to move it with two hands and single hand pulling-pushing should 

be avoided due to lack of control. This way we assure that there is sufficient directional 

control for the operator. [4], [5], [28], [35] 

 

6.5. Moving nested roll containers 

  

When roll containers are nested the center of gravity moves toward the fixed casters side of 

the base frame. Hence, there would be a high risk of overturning if a single nested roll 

container is to be pulled from the side with fixed casters. Therefore when handling a nested 

roll container, we need to push it from the side with fixed casters and not pull it. [4], [5], [28], 

[35] 

 

When roll containers are packed together to make a unit, there is little risk of overturning due 

to the inherent safety character in moving them. Operators need to push them, otherwise they 

will not stay together or in other words this is the only way to keep containers nested. [4], [5], 

[28], [35] 
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It is usually a good practice to strap the nested containers together to avoid risky situations.  

This is especially important when they are being pushed down a slope. In this case there is a 

risk of the leading ones to breaking free, accelerating down the slope causing some sorts of 

disasters. [4], [5], [28], [35] 

 

6.6. Filling and emptying activities in roll containers 

 

Many harms and injuries can take place at this phase. Proper implementation of ergonomic 

guidelines can secure personnel‟s life and health in short and long run. 

 

6.6.1. Lifting and lowering tasks 

 

It is quite common for operators to face back injuries due to lack of attention to safety 

guidelines while filling or emptying roll containers. Operators‟ task should go through a risk 

assessment process if they are supposed to handle packages weighing over the permitted 

guideline loads. 

 

The HSE has released some figures as guideline loads for different situations. It has stated the 

guideline load for men to be 250N provided that the package is being held at waist height and 

also close by the body of operator. Depending on the level of deviations from these two 

criteria, this figure should be decreased. There are some diagrams made by different 

researchers on how this guideline load should be changed with respect to the changes in the 

physical position of the operator. As an example, when reaching in to the back of a roll 

container to lift an item from its floor, the guideline load for men is reduced to 50 N. The 

guidelines for women are approximately two thirds of those for men, which mean that the 

guideline load would be 30 N for the latter example. 

 

It is generally recommended that the figure needs to be reduced if there is a repeated type of 

task to be handled. It is advisable that the load should be reduced if frequency reaches 30 

times per hour. To be more specific on this issue we can say consider that for frequency of 1 

or 2 times in a minute, there should be a reduction of 30% for the load and if we face a 

frequency of 8 times per minute the reduction number turns to be 50% and if the repetition 

pace is 12 times a minute or more, we need to decrease 80% of the load. [5], [14], [15], [16], 

[17], [28], [34], [35] 

 

6.6.2. Loading 

 

It is quite common for users of roll containers especially those large sized organizations and 

the leading ones to provide their operators with safety procedures on how they should use roll 

containers. 

 

One of the important points at very first steps is to thoroughly inspect roll containers before 

using them in transportation and delivery tasks. It should be considered as a stressed 

obligation that operators should never use a damaged roll container. 
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At the next step, before we start loading the roll container, it should be stationary and on a flat 

surface and also in case the roll container is equipped with brake mechanism, it should be 

engaged. 

 

It is highly recommended to arrange and place items in layers rather than in columns in cases 

which allows us to do that. The reason is that the packages and goods stacked in columns are 

less stable and more prone to overturning than packages arranged in layers. Instead the 

packages arranged in layers tend to lock together providing a wider base and consequently 

better stability on sloped surfaces. 

 

Containers should never be loaded above the load line or above a level where the operator can 

not see over the load. If the load is too high, an operator will not be able see the area in front 

of a container which is being pushed and the risk of running into walls, other people and 

obstructions on the floor will increase, which may finally lead to the roll container 

overturning. 

 

It should be considered as an obligation to goods being packaged that individual package 

weights are supposed to be within the limits set by manual handling guidance. Workers and 

delivery personnel should hold loads close to their bodies, avoid twisting and turning of the 

torso and bend legs rather than backs when handling loads. It can be of great efficiency in this 

regard if personnel are provided with comprehensive guidance on manual handling as on-job 

training courses, workshops or even memory joggers to establish this guidance in their mind. 

 

In order to keep the center of gravity as low as possible, we should place our heavier loads 

and items at the bottom plate of the roll container and go to upper shelves with lighter items 

and packages. If the centre of gravity is high, there is a significantly elevated risk of the 

container overturning if the wheels hit a barrier or obstruction on the floor. The higher the 

center of gravity goes the higher the chance of overturning and tipping of roll container hitting 

smaller obstructions at even lower speeds of travel. There is no need to explain more on the 

risks of a load with a high centre of gravity in our roll containers. [4], [14], [16], [17], [28], 

[33], [34]   

 

6.6.3. Unloading 

 

As it may be perceived from the nature of the task, many procedures and precautions in the 

loading phase can apply to unloading phase of operation as well. Before operator starts 

unloading the roll container he/she needs to check if the load is stable or not. Operator should 

make sure that the top level packages are not risky for the task. If there is any probability on 

this issue, a safer way should be sought to unload it. 

 

Operators also need to make sure that the shelves are firm at their places before they start to 

unload. Otherwise there could be a collapse in the container if the shelves are not properly 

fixed at their places. 

 

Operator needs to open the straps in a careful manner to avoid any sudden release of stretched 

straps which could lead to injuries. There could be a high level of energy released from the 

straps which are highly tensioned. 
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It has become a general rule to unload the roll container from top to bottom. That is very 

important to make sure that the whole container is emptied before he/she goes to the base 

shelf. In these cases head impacts are reported when safety instructions were not followed. 

[4], [14], [16], [17], [28], [33], [34] 

 

6.7. How to push and pull roll containers 

 

It has been a critical issue for those involved in this industry to design the material handling 

task in pulling the roll container or pushing it. This would be decided depending on the 

situation the container is being handled and physical conditions of the area that handling is 

taking place. In general, pushing is preferred over pulling but in different situations each of 

them may have advantages over the other one, especially when it comes to restricted areas 

which confine the maneuverability power/degree of freedom in the operator. However in such 

cases where pulling is dominant over pushing, the necessity of either an inbuilt or detachable 

handle is more critical for safety of workers‟ hands, feet and fingers. It should also be 

considered when loading a container to load it as if both pushing and pulling are involved to 

get to unloading phase. Although weight of containers and their maneuverability are more 

important factors when finding the roots and sources of accidents, pulling/pushing task 

designation is also an important issue. However these actions should be predesigned and 

conveyed to the operators in a transparent and understandable way. [4], [14], [16], [17], [18] 

 

6.7.1. Pushing roll containers 

 

As it was mentioned before, roll container manufacturers usually mention it in their 

instruction manual to push the containers rather than pulling it. There are some advantages for 

pushing compared to pulling a roll container. In the following there is a summary of the 

reasons pushing is preferred over pulling in general: [4], [14], [16], [17], [18] 

 

 In cases that operators stumble, slip or fall down, the roll container would be moving 

away from them and the risk of injury by impact from the container is reduced. 

 

 

 In contrast to pushing tasks, accidents have happened to many operators while pulling 

a roll container. Hence there is a big risk of injury in pulling roll containers. By 

pushing them, the risk of accidents involving the operators pulling the roll cage onto 

their own feet or ankles would be significantly reduced. These commonly occur when 

the operator stops but the container does not stop due to its force of inertia in 

movement. 

 

 It is quite obvious through practice and theory that pushing provides a better posture 

for the operator and he/she does not need to twist in order to see where he or she is 

heading to. 

 

 It has also been experienced that the container is less likely to tip if the fixed castors 

are leading. This fact is also touchable through theory. 

 

 It should turn into a habit for involved workers that both hands should be used to 

equalize the load on their body and to provide proper directional and steering power. 
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The disadvantage of pushing is that the operator cannot see the area immediately in 

front of the roll container. This risk can be minimized if the roll container is merely 

filled such that the operator can see over the top of the load and the area in front of the 

roll container is checked for obstructions before moving off. There should be a marked 

height limit for loading containers in push cases to enable working personnel to have a 

clear sight of their path. According to HSE-HSL a maximum load height of 1.4 m is 

considered for 5th percentile females to see over the load as a bottom-line. 

 

 Pushing also has the drawback which reduces the level of control of the workers when 

maneuvering in tight situations. [4], [14], [16], [17], [18] 

 

6.7.2. Pulling roll containers 

 

The prominent advantage which is highly agreed upon by different involved parties is that the 

operator has the full view ahead of him/her when handling the roll container. However it is 

much less ergonomic to do this. In practice it is very unlikely for an operator to continuously 

keep the two hands on the roll container. This means loss of full control over the roll 

container. It is also advised to use an extension handle to help operators keep their feet (heels) 

safe when pulling the roll container. Pulling with one hand also involves a twisted gesture 

which is non-ergonomic and would later result in either temporary or chronic backaches. 

Thus, pulling with two hands is much safer than pulling with two hands especially regarding 

control and maneuverability in tight situations. However it is quite common for operators to 

mishandle these cases which needs better education and reminders in form of depictions at 

their working place. This method has been proved useful in some working environments. [4], 

[14], [16], [17], [18] 

 

An obvious and immediate benefit from pulling is that there is less risk of impacts on others 

on the path the handling is being done (This statement is especially true when workers are 

handling roll containers filled with packages at high levels so that the view would be blocked 

for personnel). But on the other hand an operator keeping both hands on the container and 

walking backward is more vulnerable to cause accidents. This may be the reason that it is 

generally advised to push a roll container rather than pulling when not specified. However 

there are cases and conditions where pulling is highly preferred over pushing which need no 

discussion. These cases could be the time operator is moving out a roll container from the 

storage area or from a truck, but however as it was emphasized in above lines pushing is 

preferred to pulling in general. [4], [14], [16], [17], [18] 

 

It has been proved to be a very good practice to provide pulling straps which have the 

advantage of moving the operators‟ feet and hands away from the wheels, reducing the risk of 

injuries. The drawback of this idea is that the maneuvering space required in this new 

situation is rather large and in tight environments where close control of roll container is 

needed we face problems to control the roll container. [4], [14], [16], [17], [18] 

 

6.8. Roll container designs and constructions 

 

Roll containers usually follow a similar construction method and they share many 

specifications in general. Their chassis members are usually made of rectangular hollow steel 

section though in many cases the chassis is offered in a plastic form. The uprights and panel 
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edges are made of steel tubes. Panel sides are usually made up of steel mesh or steel solid rod. 

Shelves are made of reinforced steel mesh (or sheet) or polymer moldings. The provision for 

the steel parts to get away with the wet conditions is to zinc-plate or electro-galvanize them. 

The load carrying capacity of a roll container is usually specified by their manufacturers. The 

customary range of carrying loads stated by manufacturers start from 200 Kg to 500 Kg and 

sometimes this figure goes up to 700 Kg. Even in some cases they specify a load capacity for 

the shelves which is usually between 100 and 150 Kg. Their base widths vary from 

approximately 670 mm to 740 mm and lengths vary from approximately 800 mm to 860 mm. 

Roll containers are manufactured and provided in a variety of heights. It starts from 1550 mm 

and goes up to 1830 mm. there are usually two wheel sizes used in roll containers; 100 mm 

diameter and 125 mm diameter, which the second one is more commonly used. [27], [28] 

 

Besides these descriptions, there are also innovative designs that may have a bigger portion of 

market in future. This may relate to the drawbacks inherent to metallic characteristics of 

current roll containers, like their heavy weight that can aggravate consequences in accidental 

events and contingencies. Metal is less flexible compared to plastics and composites so that 

the chances for modular designs are less comparing to non metallic designs. The following 

lines will points out some more benefits from these futuristic designs:  

 

According to Bush & Myers (2004): “The wire cages commonly rust at the points where the 

wires meet to form the cage, these points providing crannies where general dirt, bacteria and 

viruses may lodge. This makes cleaning difficult, if not impossible, to the standards required 

in food stores, hospitals, pharmaceutical stores and factories. This new and innovative design 

having modular, demountable, virtually all plastic construction, can offers an economic, 

hygienic, safe-to-use, adaptable, lightweight but stable alternative to the ubiquitous wire roll-

cage trolley and pallets.“ [27] 

 

6.9. Castors and their arrangements 

 

A general design suggestion on roll container stability issue is to possibly place castors closer 

to corners to improve the stability of roll containers. [28], [31] 

 

A typical roll container is equipped with two types of castors (swivel casters with degrees of 

freedom to rotate and steer the container and the fixed type which is unidirectional and 

confines the roll container movements) and in market place we find an arrangement of these 

two castor types running under roll containers which is as follows: one side is standing on two 

fixed casters and the other side stands on two swivel casters. To have a better control over the 

roll container it is advised to handle (push) it from the side with swivel/rotating casters. This 

recommendation gets more serious when roll container is heavily loaded and the floor on 

which roll container is being moved is uneven or sloped. [6], [11], [12], [13], [28], [31] 

 

In places and conditions that uneven and rugged surfaces are expected wheels with larger 

sizes in diameter should be used so that the operator has to apply less force to move the roll 

container. [6], [28] 

 

The other feature that can be installed together with castors are the ancillaries. It is possible to 

buy roll containers having brakes on casters as well, but in practice you can not find many roll 

containers having a brake system. The reason behind this matter could be the level surfaces 

where the rolling resistance of casters is enough to deter the roll container from moving. 
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Brakes are usually very useful in the vehicles especially at the points of delivery which is not 

level. In these cases there is a risk of moving containers when the fastening straps or other 

strains are released. However these braking inbuilt equipments can cause extra cost. Not all 

buyers would like to go under its expenses, so that they prefer to live with the risk regarding 

their working environment and floors. A risk assessment can be helpful to make decisions in 

these cases. [6], [11], [12], [13], [28], [31] 

 

6.10. Handles in roll containers 

 

Many accidents and injuries regarding operators handling roll containers are reported to be on 

their fingers and hands‟ back part. The reason behind this issue is that in roll containers 

without inbuilt handles operators usually use the corner posts/poles to handle the roll 

container. This issue gets more critical especially when the roll container is supposed to be 

passed through a narrow gap like a doorway in a hospital ward or entrance to an elevator 

door. [32], [28], [14] 

 

Handles that project out from the roll container will reduce the number of containers that can 

be packed into a vehicle and are therefore not usually fitted. However, handles, or rather hand 

holds, that do not project are more often provided. These are incorporated into the front or 

back panels of the container and are intended to provide hand holds that ensure that the 

operators hands are kept within the overall width or technically safe area of the container. 

They can be vertical or horizontal. Handles, either vertical or horizontal, that are set inboard 

require main frame members, added to the corner posts, to be used. The advantage of such 

handles is that they have an extra role to provide some protection to the hands of the operator. 

Vertical handles are believed to be better than horizontal handles. The reason is that the 

operator has the free will to choose his favorite height to apply his power over the roll 

container and make a move. [32], [28], [14] 

 

Experiments made by Lee and Chaffin show that the pressure exerted on operator‟s back 

varies depending on the type of the handling action. Handling can either happen in push or in 

pull. Body reaction to these forces would be different. The other variable in this regard is the 

height that the handle is installed. These results make a confusing situation to make the right 

decision about the horizontal handles height, because the roll container would go under 

different conditions with either pull or push operations. [4] 

 

However when it comes to handles in a more general context and considering the above 

mentioned variables we come to know that in push tasks, the ideal height regarding lower 

back pressure is around 1.1 meter where the worst case has been calculated to be around 1.5 

meter. But in pulling operations the lower back pressure has an adverse relation to the handle 

height. However, a handle height of approximately 1 meter should be a wise compromise 

considering both pushing and pulling operations. [4] 

 

On the other hand according to Darcor Casters & ErgoWeb (2001): “Optimally, each person 

should be able to select their own point of contact, either through an adjustable handle system, 

or a continuous handle system that may be grasped at the height of choice. The following 

general rules apply: 

 

For pushing, handhold height should be between elbow and hip height since elbow and hip 

heights vary from person to person, there is no single recommended handhold height for 
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pushing. If an adjustable height horizontal handle or continuous vertical handles are supplied, 

a range of approximately 29 in. to 47 in. will accommodate about 90% of the American 

working population. 

 

For pulling, handhold height should be between hip height and knee height, and the Handhold 

may need to be offset from the equipment to ensure adequate foot clearance since hip and 

knee heights vary from person to person, there is no single recommended handhold height for 

pulling. If an adjustable height horizontal handle or continuous vertical handles are supplied, a 

range of approximately 18 in. to 39 in. will accommodate about 90% of the American 

working population.” [4]  

 

The other issue regarding handle installation and space design in the place that the 

handle/roll-container is going to operate is the space and freedom of movement for operators 

handling roll containers. Handles need to have sufficient space around them to enable the 

operator to use them without the risk of injuring himself and/or waste of time. 

 

According to HSL-laboratory department functioning within HSE., “handles should have a 

length of at least 140 mm for each hand and a depth clearance of 75 mm. This will allow 

sufficient space for an operator wearing safety gloves to use the handle. They should also 

have a diameter of at least 25 mm to avoid cramping the operators‟ fingers.” 

 

The depth clearance can cause inconvenience unless handles project out from the container. 

Some manufacturers provide detachable handles as an accessory which removes the need for 

the operator to hold the container at its corners. This would consequently lead to a reduced 

risk of finger trapping accidents. [4], [28] 

 

The common benefit from all types of detachable handles is that the personnel working with 

roll containers have the chance to stay in a position further away from the roll container. This 

will be beneficial through the advantage of reduced risk of injuries, impacts and trapping 

damage in feet, fingers, hands, ankles and heels to an operator pulling a roll container. [28] 

 

6.11. Loading and unloading vehicles 

 

It is quite common for roll containers to be handled automatically at the sorting and dispatch 

spots, but it is inevitable sometimes to do the task auto-mechanically at the points of delivery 

down the stream like a hospital or pharmacy. As it is today, a fully loaded roll container can 

go as far as 500 Kg running on a 100 or 125 mm wheels and castors which is a potential risk 

in manual handling. This can be a good reason for upstream service providers to consider as 

many as possible risks that their loading and restraining quality may pose during 

transportation and delivery to different final destinations. With final destinations it can be 

perceived of different qualities of facilities and areas which are of course expected to become 

as unified as possible. However the alternatives available here would be classification of 

destination points for delivery or being flexible enough to exceed the requirements of worst 

case scenarios. Therefore, the loading at upstream should bear it in mind that accumulation of 

risk factors may lead to a disaster during transportation or delivery at final destinations.  

  

Though information on loading and unloading provisions and procedures has been delineated 

thoroughly in the following two sub-sections, there are points overlapping and covering both 

phases which are important to be strict about and keep attention on them. 
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Tail lifts are commonly used in both phases of loading and unloading which is the source of 

many accidents with injuries of high intensity like bone breakage and amputations. 

 

There are many safety considerations presented in this work and following two sections to 

avoid and mitigate the risks and consequences associated with these two phases. When it 

comes to tail lifts we are advised to do the loading/unloading of Lorries and trucks on flat 

surfaces and/or in professional sites. Proper restraining straps are recommended for and prior 

to both phases of loading and unloading. Tail lifts should be subject to periodic controls and 

maintenance besides the equipments like side and end ramps and stops to ensure proper 

control and restraint over roll containers. 

 

Another holistic issue in this regard is to design and preplan the proper task chain and work 

site, like omitting the need of moving the transportation vehicle/truck while the tail lift is 

loaded. This would remove many risky scenarios and situations where workers may get 

entrapped and injured.  [32], [33], [34], [28], [18], [17], [14] 

 

6.11.1. Loading roll containers into vehicles 

 

Different methods may be used for different warehouses depending on the nature/volume of 

their activities to load vehicles with roll containers. This task can be done by a variety of 

equipments either in manual or automatic form or anywhere between them. Dock levelers and 

lift tables make loading tasks much easier where an increased level of flexibility and agility 

can be gained through this simple technology installed at normal warehouse docks and vehicle 

loading/unloading gate.  

 

The above is assumed to be a bottom line for an organization or facility to use roll containers 

as a mean of transporting and handling their goods. After this step as it has also been observed 

in VGR warehousing and material handling system like many other organizations and 

companies, the loading process is often done mechanically. They do this task of loading 

containers with roll containers by using fork-lift trucks. This can be a reason for reduced risk 

and accidental consequences due to omission of manual handling of containers. 

 

 However there are cases and loading/unloading platforms where roll containers are handled 

manually either into or out of a vehicle. There are two important points to stick to in this 

process: 

 

 Loaded/empty roll containers should stay safe during the transportation phase. 

 

 Considering the unloading site, roll containers should be able to be unloaded safely 

and securely at their destination spot. 

 

It is quite common to use straps to fix and secure the roll containers in the transportation, but 

the point that some involved personnel overlook is that they have to provide this fastening 

task by sufficient and proper restraining straps. This cautionary step would prevent and 

disastrous release/escape of roll containers at the unloading spot. Thus it can be a more 

controlled process which increases the quality levels in delivery and customer needs. [32], 

[33], [34], [28], [18], [17], [14] 
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6.11.2. Unloading roll containers out of vehicles 

 

Unloading involves more risks compared to the loading process. This may be due to the 

accumulation of risk factors from the loading phase through the process which leads to 

unloading.  

 

At this stage workers are required to fulfill many requirements as well as auditing authorities 

who are in charge to check if things are operating at proper conditions or not. 

 

 Traffic lights can be installed at the dock site to avoid any risky movement by 

workers. This would help workers to work more safely and securely by this device 

which shows the right time to open the warehouse gates and load/unload roll 

containers as the truck is being sensed at the right spot and position.  

 

 Tail lifts should be in periodic checkups and in good condition to prevent any failure 

at this spot. When extended and stretched out to the dock or ramp, we need to know 

that there is a specified level for number of roll containers and their weight on tail lift. 

This limit should be strictly followed. In cases necessary to use stops (usually foot 

stops) on the tail lift, it should be noted that containers have to stop by their fixed 

caster side at the stop plate otherwise due to the degrees of freedom in swivel casters 

they may rotate and release themselves from the tail lift stops and cause problems like 

accident and overturning. At this stage, highly sloped surfaces should be avoided, 

especially when a roll container is unevenly loaded or its center of gravity lies at a 

rather high point where there is a higher tendency to tip or overthrow for roll 

containers. Ramps and dock levelers would be beneficial in these cases to compensate 

for the risks in a highly sloped surface. 

 

 The path covering the unloading bay should be cleared from obstacles, dirt, oil and 

grease, etc… 

 

 The proper condition of a roll container should be assured before workers start to 

move them out of the vehicle. The proper condition also involves secure placement of 

items in/on roll container. Sometimes goods are ready to fall apart or fall down as 

workers start to move them out of their fixed position state.  

 

 In case there are damaged roll containers they need to be taken care of in a safe mode. 

This task turns out not to be a single operator task and there should be a co-worker at 

least to give a hand. In these cases there is a easy way to solve the problem which is 

very risky and should be avoided by working guides and rules: that is to transfer the 

items and goods from a damaged roll container to another loaded roll container which 

means overloading and overloading involves many risks. Hence the left option in these 

cases would be to use an empty roll container for transferring packages of goods. 

 

 According to organizational role and responsibility distribution chart, someone should 

be assigned to check the soundness of restraining straps on roll containers to make 

sure that a roll container will stay stable before straps and locking systems devised 

in/around roll container are released. In order to increase the safety level some other 

authorities should have it as their task to make a double check on this issue at the 

proper spot in this chain of supply.   
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 At the final stage in delivery of goods, tow truck drivers are used to chain up roll 

containers and take the job to the end point. Here the operator working with these 

rather small sized four-wheel transporting vehicles should be aware of the maximum 

number of roll containers and the weight these tow truck vehicles can afford to move 

safely. The locking system between roll containers and tow truck tailing should be in 

good condition with ease and security of binding them together, otherwise they should 

be redirected out of transportation system until they get properly repaired. It is also 

preferred to confine the freedom of swivel castors by placing up the swivel side as the 

tow truck is in motion to avoid noise and unwanted twist force. The other point in this 

case study is that, these towed chained containers are being moved in clinical areas 

and hospital wards to each section or a person in charge to sign the delivery of these 

packages and items. As the transportation is going through a non-industrial area, 

safety procedures and precautions should be regulated and enforced more severely. 

The new working area needs to be facilitated with ramps and bridges to make the job 

streamlined and high sloped ramps should be avoided due to the high risks involved. 

On the other hand in the new area, speed needs to lower and it is preferable to have 

more silent types of roll containers considering the noise level limitation in clinical 

areas. [32], [33], [34], [28], [18], [17], [14] 

 

6.12. Considerations and Provisions Regarding Noise 

Reduction 

 

It is good to know that in our case we are required to reduce noise during operation. In 

addition to establishment and encouragement of quiet behaviour among workers, there exists 

nestable steel roll containers with either steel or plastic platforms which use noiseless steel 

material of 65 db voice magnitude. They also may use low noise wheels on the other hand 

with four nylon swivel casters with two brakes. To reduce noise it would be helpful to avoid 

individual parts except optional shelves which are inevitable in some cases. 

 

As regards the improvement of roll containers and implementation of quiet behavior among 

personnel, the following key points can be taken into account: [7] 

 

 Installing elastic wheels and castors for roll containers. 

 

 Leaving less space for play where it is reduced by decreasing clearance between the wheel 

and fork bearings. 

 

 The places that wheel is in contact with mainframe, should have springy components. 

 

 

 Rattling in the wall frames should be eliminated or reduced in any feasible way. 

 

 Having a noiseless floor can be very effective in reducing noise pollution. 

 

 Elastic bumpers should be applied in appropriate places. 

 

 Fastening the cargo in a way to prevent them causing rattling sound. 
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 Avoid moving roll containers on paved areas. 

 

 Using innovative plastic composites with resin and fiber reinforcement for improved 

reaction to forces to replace metal base panels and shelves. Not only the silence 

requirements are met this way, but also the hygienic and safety standards are better 

served.   

 

6.13. Safety observations in handling roll containers 

 

Finally there are some points which seem to be very primitive, but in practice following these 

rules would be very effective in reducing injuries and losses. 

 

 There should always be a safe mind about availability of help for a single worker to 

seek in case she / he faces difficulties in moving up a sloped surface like rams, rugged 

and uneven grounds, on grooves like those ones at elevator doors. This is also 

applicable where the view is not completely visible or when we have heavy loads on 

our roll container or when the container/packages in container is/are damaged. No 

need to say that each operator should not take responsibility of moving more than one 

loaded roll container.  

 

 Wearing safety gloves together with handles installed on the roll container are both 

necessary to stay safe. The other safety wear are foot wears and safety shoes. These 

safety wears should be at easy access of personnel whose jobs are to handle roll 

containers manually.  

 

 Personnel should be encouraged to keep floor area free from any obstacle that may 

face up against the movement of roll containers or tending to get locked into the 

castors and produce difficulties in their movement. 

 

 Although auto-mechanical handling of roll containers makes the job easier and safer 

but neglecting the fact that non-manual handling of containers can damage roll 

containers is a source of risks and inefficiencies. Thus regular schedule of checking, 

maintenance and repair should be applied strictly on these roll containers.  

 

 Proper speed and loading should be applied to each roll container; otherwise we may 

face toppling while pulling them. Goods and packages should be loaded in roll 

container according to the chronology that they are going to be picked and delivered at 

final point to the customers. The limit in this case is to stick to the requirements for 

height of center of gravity. Otherwise we will experience toppling of roll containers 

during their state of movement. 

 

 According to HSE the maximum force we may expect male and female workers to 

handle without risk assessment is 250 N and 130 N respectively. One of the factors 

influencing this force can be the wheels orientation with respect to movement 

direction. In case they are parallel, the starting force would be 2 percent of the whole 

load on the roll container and if these two directions have perpendicular relation to 

each other, the needed force to start the movement would be 5 percent of the whole 

roll container weight. The other factor affecting starting force is accounted for in case 
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of sloped surfaces where bigger forces are needed to stat the movement. As the slope 

increases, the required force increases as well. This fact necessitates the risk 

assessment to be done in these cases considering the tendency to slip for workers on 

sloped surfaces. These tasks can be done provided that the calculated force lies under 

the maximum expected force from workers. However surface material is an issue in 

this regard. High friction surfaces are more desired in order to avoid slipping of 

workers.  
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7. Conclusions 
 

Roll containers are very easy to handle and effective facilities when it comes to distribution 

and delivery of goods. On the other hand, companies and organization face budget limits and 

authorities decision supports on purchasing new models of roll containers and replacing old 

types. Meanwhile the solution for companies at this era of change would be to assure that 

proper ergonomic training and enforcements are at place. Health and safety facilities and 

accessories would partially mitigate the hazardous situations in this chain of delivery and 

transportation activities.   

 

However soon or late companies and organizations would be affected as health and Safety 

legislations are getting more precise and stricter, the manual handling issues are receiving 

more attention and focus. Money and time are being spent on this issue to get to higher levels 

in meeting up with requirements specified in related standards and guidelines. As role 

containers are very often being used in association with manual handling in supply/demand 

chain, they can have very important effect on reduction of accidents and Inefficiencies for 

industries and people. 

 

Hence the market demand already exists regarding optimized and ergonomic design and 

manufacture of roll containers with meeting the customization requirements from the 

customer sides. By market demand I mean the demand from any party which is affected 

directly or indirectly by use of roll containers. As it is quite comprehensive in this regard, 

more or less the whole supply/demand chain can be potentially or actually affected. Therefore 

it seems to be a multi-partition right to make the right decision in this regard.    

 

In our case where hospital supply chain has been under study, there are some design 

considerations regarding the roll container as well as some ergonomic, safety and security 

revisions that need to be conveyed throughout the organization through proper methods 

applicable to each department and warehouse.  
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8. Future research 
 

Investigations on possible time frame and required investment with the positive feasibility 

assumptions for including the first tier supplier in chain of roll container users within this 

supply chain is highly recommended. One of the obvious benefits resulted from this 

integration would be the saving of time and cost associated with unpacking and repacking of 

consignments in VGR-WESTMA warehouses/depots. As an infrastructural requirement to 

fulfilment of this idea, the organization would need to get enabled with e-logistics facilitators 

and online automated communication platforms in order to meet up with increased 

complexity within its supply/demand chain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



[55] 

 

9. References 
 

1. Arbnor, I. & Bjerke, B. (1994), Företagsekonomisk metodlära, Studentlitteratur, Lund 

 

2. Bergman, B. & Klefsjo, B. (2003). Quality: From customer needs to customer 

satisfaction.Translated from Swedish by Karin Ashing., 2008. Poland: Pozkal. 

 

3. Castleberry, G. A. (1991). The AGV Handbook: A Handbook for the Selection of 

Automated Guided Vehicle Systems. Michigan: Braun-Brumfield. 

 

4. Darcor Castors & ErgoWeb, 2001. The ergonomics of manual material handling 

[online] Toronto: Darcor Ltd. Available at: 

http://www.darcor.com/_common/pdfs/WhitePaperFinal.pdf 

[Accessed 13 Sep 2007] 

 

5. Darcor Castors Inc. (2002). Work place risk factors. [online] Available at: 

http://www.ergocasters.com/ergocasters/WORKPLACE_RISK_FACTORS.htm 

[Accessed 5 March 2008] 

 

6. Darcor Limited. (2009). Castor Selection Criteria: How to Select the Perfect Caster 

and Wheel. Available at: http://www.darcor.com/technical/caster-selection-criteria/ 

[Accessed 3 Feb 2009] 

 

7. De Gooijer. E.Y., ( 2003). PEAK: Places – People – Products, solutions for evening 

and night distribution [online]. Available at: 

http://www.bestufs.net/download/Workshops/BESTUFS_I/Budapest_Jan03/BESTUFS

_Budapest_Jan03_Gooijer_NL_2.pdf 

[Accessed 6 Jan 2009] 

 

8. European agency for safety and health at work, (2008). European work-sweden-

legislation [online]. Available at: http://se.osha.europa.eu/legislation 

[Accessed 7 June 2009] 

 

9. Free Patents Online. (1989), A nestable roll container: Available at: 

http://www.freepatentsonline.com/EP0310195.html 

[Accessed 3 Dec 2008] 

 

10. Ghauri, P. et al., (1995), Research Methods in Business Studies – A Practical Guide, 

Prentice Hall, London 

 

11. Globe Industrial Castor Factory. (2007), Product category of European castor series, 

Available at:  http://en.globe-castor.com/newEbiz1/EbizPortalFG/portal/html/ 



[56] 

 

CategoryList.html?ProductMultiCategoryPicker210_action=Searchcategory&Product

Picker_action=Searchcategory&CategoryID=c373e921fb8595d18f7f1aea04adcef8# 

[Accessed 5 Oct 2008] 

 

12. Globe Industrial Castor Factory. (2007), Products category of light duty series, 

Available at: http://en.globe-castor.com/newEbiz1/EbizPortalFG/portal/html/ 

CategoryList.html?ProductMultiCategoryPicker210_action=Searchcategory&Product

Picker_action=Searchcategory&CategoryID=c373e914a2310b318ffaec215dd796d6 

[Accessed 5 Oct 2008] 

 

13. Globe Industrial Castor Factory. (2007), Product categories of medium duty series 

with polyurethane castors, Available at: http://en.globe-castor.com/newEbiz1/Ebiz 

PortalFG/portal/html/CategoryList.html?ProductMultiCategoryPicker210_action=Sear

chcategory&ProductPicker_action=Searchcategory&CategoryID=c373e921fb7de78f8

f7f1aea04adcef8# [Accessed 5 Oct 2008] 

 

14. Health and Safety Executives (2006). Getting to grips with manual handling 

(INDG143(rev2)) [online]. Available at: http://www.hse.gov.uk/pubns/indg143.pdf 

[Accessed 10 Jan 2009] 

 

15. Health and Safety Executive (2003). Heat stress in the work place. What you need to 

know as an employer. (GEIS1) London: HSE. 

 

16. Health and Safety Executives (2006). Manual handling assessment chart (INDG383) 

[online]. Available at: http://www.hse.gov.uk/pubns/indg383.pdf 

[Accessed 10 Jan 2009] 

 

17. Health and Safety Executives (2003). Preventing Slips and Tips (INDG225) [online]. 

Available at: http://www.hse.gov.uk/pubns/indg225.pdf [Accessed 10 Jan 2009] 

 

18. Health and Safety Executives (2007). Warehousing and Storage-Keep it Safe 

(INDG412) [online]. Available at: http://www.hse.gov.uk/pubns/indg412.pdf 

[Accessed 10 Jan 2009] 

 

19. International Ergonomics Association, (2000). What is Ergonomics. [online] 

Available at: http://www.iea.cc/browse.php?contID=what_is_ergonomics 

[Accessed 5 March 2008] 

 

20. Kotelnikov, V. (2001). Kaizen mindset. [online] USA: inspirational Business e-

Coaching. Available at: http://www.1000advices.com/guru/processes_kaizen 

_mindset.html [Accessed 5 June 2009] 

 

21. Loon, J.Van. (2008). STARS Methodology. [online] Austrailia: Knol. Available at: 

http://knol.google.com/k/j-van-loon/stars-methodology/133q5jnxzsxwt/3?locale=en# 

           [Accessed 8 Feb 2009] 

 

../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/categories
../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/medium%20duty%20series
../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/polyurethane%20castors
http://www.piek.org/downloads/peak.doc
http://www.1000advices.com/index.html
http://www.1000ventures.com/
http://www.1000ventures.com/


[57] 

 

22. Mazur, G. (2009). What is QFD? [online] Michigan: Japan Business Consultants, 

Ltd. Available at: http://mazur.net/qfd.htm [Accessed 1 july 2009] 

 

23. Patton, M.Q. (2002). Qualitative research & evaluation methods. 3
rd

 ed. 

California: Sage Publications, Inc. 

 

24. Piek (2002). Long-term PEAK-programme: How innovative measures meet Dutch 

noise emission standards [online] Utrecht: Piek. Available at: 

www.piek.org/downloads/peak.doc [Accessed 5 Jan 2009] 

 

25. Piek (2002). Peak noise during the evning and night. [online] Utrecht: Piek.  Available 

at: http://www.piek.org/downloads/peak_interlrai.doc 

[Accessed 5 Jan 2009] 

 

26. Piek (2002). PEAK solutions for evening and night distributions.[online] Utrecht: 

Piek. Available at: http://www.piek.org/engels/solutions.htm [Accessed 5 Jan 2009] 

 

27. Q, Bush, F. S. & Myers, A.J.  (2004). Roll Container [online]: World Intellectual 

property Organization. Available at: http://www.wipo.int/pctdb/en/wo.jsp?IA=WO 

2004080780&WO=2004080780&DISPLAY=DESC 

[Accessed 27 Jan 2009] 

 

28. Roebuck, B. & Norton, G. (2002). Safety of roll containers. (RR009) Sheffield: HSE. 

 

29. Springer, T. (2007). Ergonomics for Healthcare Environment. [online] Knoll Inc. 

Available at: http://www.knoll.com/research/downloads/healthcare_ergonomics.pdf 

[Accessed 15 Oct. 2008] 

 

30. Swedish Work Environment Authority (1998). Ergonomics for the Prevention of 

Musculoskeletal Disorders (AFS 1998:1). Sweden: Swedish National Board of 

Occupational Safety and Health on Ergonomics for the Prevention of Musculoskeletal 

Disorders. Available at: http://www.av.se/dokument/inenglish/legislations/eng9801.pdf 

[Accessed 5 June 2008] 

 

31. TENTE International GmbH. (2009), Products. Available at: 

http://se.tente.com/EN/8.html [Accessed 6 Oct 2008] 

 

32. Thorworld Industries 2009. Bumpers, Restraint and protection products [online]. 

Available at: http://thorworld.co.uk/range/bumpers_restraint_protection_products 

[Accessed 5 Jan 2009] 

 

http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc


[58] 

 

33. Thorworld Industries 2009. Products-Dock Levellers [online]. Available at: 

http://thorworld.co.uk/range/dock_levellers 

[Accessed 5 Jan 2009] 

 

34. Thorworld Industries 2009. Products-Loading and unloading accessories[online]. 

Available at:http://thorworld.co.uk/range/loading_unloading_accessories 

[Accessed 5 Jan 2009] 

 

35. Vi, P. (2000) Muscleoskeletal Disorders [online] Ontario: CSAO. Available at: 

HTTP://WWW.CSAO.ORG/UPLOADFILES/MAGAZINE/VOL11NO3/MUSCULO.HTM 

[Accessed 25 Jan 2009] 

 

36. Västra Götaland regionen, (2009). Environmental development: Available at: 

http://www.vgregion.se/en/Regionkansliet/Tillvaxt--Utveckling/Miljoarbete-i-Vastra-

Gotaland/Environmental-Development-/ [Accessed 14 August 2009] 

 

37. Västra Götaland regionen, (2009). Healthcare: Available at: 

http://www.vgregion.se/en/Vastra-Gotalandsregionen/Welcome-to-Vastra-

Gotaland/Visit-Vastra-Gotaland/ 

[Accessed 14 August 2009] 

 

38. Västra Götaland regionen, (2009). Welcome to Västra Götaland!:Available at: 

http://www.vgregion.se/en/Vastra-Gotalandsregionen/Welcome-to-Vastra-Gotaland/ 

[Accessed 14 August 2009] 

 

39. Wang, John X. & Roush, Marvin L. (2000). What every engineer should know about 

risk engineering and management. New York: Marcel Dekker, Inc. 

 

40. Welman, JC. & Kruger, SJ. (2002). Research methodology. 2
nd

 ed. Oxford: Oxford 

University Press. 

 

41. Yin, Robert. K. (2006), Case Study Research:  Design and Methods, 3
rd

 ed., London: 

Sage Publications Inc. 

 

http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc
http://www.piek.org/downloads/peak.doc

