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Abstract

In collaboration with the construction company Skanska, a product intended to facilitate waste
material transportation at construction sites was developed. The current solution, known as an
industrial wheelbarrow, specializes in storing, transporting and disposing waste material.
However, due to improper adaptation to human or machine use, this is frequently a problematic
procedure causing time consuming countermeasures. The result of the development was
therefore a solution adapted for both human and machine use in order to reduce resources
required, which is uncommon on the current market.



Acknowledgements

We would like to give our thanks to those who have helped us during this last semester at
Hogskolan i Skovde. Without their guidance and support, this project would not be possible.
To Lennart Ljungberg, Peter Thorvald, and Johanna Ho6g from Hogskolan i Skévde for all the
help with the report structure and given insights regarding the project. A great deal of thanks
also goes to Jakob Geidenmark from Skanska Hus for the given opportunity, valuable
information, and experience. Finally a special thanks to our friends and families who have
helped and supported us throughout this project.



Table of Contents

1. Introduction

1.1 Background
1.2 Problem Definition
1.2.1 Purpose
1.2.2 Objective
1.3 Strategy
1.3.1 Agile Methodology
1.3.2 Set-based Design
1.4 Limitations
. Preliminary Study
2.1 Literature Review
2.1.1 Ergonomics
2.1.2 Anthropometrics
2.1.3 Market Research
2.1.4 Function Analysis
2.2 Empirical Study
2.2.1 Interviews
2.2.2 Observations

. Preliminary Product Definition

. Initial Conceptual Design Phase

4.1 Brainstorming

4.2 Braindrawing

4.3 Concept Evaluation Using the VALUE Method
4.3.1 Summary of Evaluation

. Final Conceptual Design Phase

5.1 Morphological Matrix

5.2 Concept Evaluation using Questionnaire

5.2.1 Summary of Evaluation

. Final Product Definition

. Product Development

7.1 Concept Refinement Using SCAMPER

© N N N o o o A W0 w w kB

W W WRNNNDNRNRR P P B P P PR
N BN © © © W W N © © N N O A W W N O



7.2 Concept Selection Using Pugh’s Matrix
7.3 Environmental Development Aspects
7.3.1 Material
7.3.2 Recycling of the Product
7.3.3 Extending Product Life
7.4 Product Testing
7.4.1 Adjusting Wheel Position
7.4.2 Adapting Hatch to Wheel Position
7.4.3 Reducing Friction
7.4.4 Improving Ergonomics
7.4.5 Structural reinforcements based on FEM calculations
. Results
. Discussion
9.1 Concept Performance
9.2 Project Goals & Requirement Specification Fulfillment
9.3 Use of Agile Methodology
9.4 Concept Selection
9.5 Prototyping and User Tests

10. Future Work
References

Appendix

33
35
35
36
36
37
40
41
42
43
44
45
48
48
48
49
49
50
51
52
55



1. Introduction

The thesis project was conducted in cooperation with Skanska Hus AB to improve the
conventional industrial wheelbarrow used during building productions. The product is used on
construction sites in order to transport waste materials to dedicated waste management centers.
The industrial wheelbarrow is considered both difficult to transport and resource-intensive to
empty its content, making it rather unsuitable for use. Therefore the project's goal is to develop a
solution that facilitates material management at construction sites in an improved manner.

1.1 Background

Skanska Hus AB is a branch of Skanska AB responsible for constructing residents, commercial
estates, industrial, and public buildings. Skanska AB is a world leading building- and project
development company located in Scandinavia, Europe and the US. The company was founded in
1887 and today has 9 200 employees in Sweden working in multiple branches. They are a company
striving for sustainable solutions and to become leading within quality, green building, work
environments, and ethics (Skanska, 2021).

Figure .1: Material disposal at a Skanska construction site in Hjo.

At Skanska, in order to keep construction sites unhindered for personnel, leftover material must
be transported from the building site to the appropriate waste management center, see figure 1.1.
One consequence of building production is the material that can not be utilized during the
construction. There exists many different means of transporting such waste to the designated area,
depending on factors such as available manpower, machinery, space and time.



Figure 1.2: The Starke Arvid industrial wheelbarrow ([Image of Starke Arvid’s industrial
wheelbarrow], n.d.).

The most commonly used industrial wheelbarrow by Skanska Hus AB is a product used during all
phases of building production from the brand Starke Arvid. A three-wheeled wagon intended for
transportation of debris through manual pushing of the cart, see figure 1.2. Its dimensions allows
it to be operated indoors in a satisfactory manner, as its width allows it to be maneuvered through
doors and narrow corridors. This is especially important during later stages of building production,
as the installation of walls and other building necessities massively limit the available space that
is shared between construction workers, machines and other tools. Starke Arvid is also capable of
being transported using a crane by utilizing the four attachment points located at the top of the
wheelbarrow. However, the positioning and stationary nature of the attachment points do not
provide a satisfactory means of emptying the industrial wheelbarrow. Additionally, compared to
other industrial wheelbarrows, Starke Arvid lacks capability to be transported using forklifts and
instead relies on manual labour in order to be transported or emptied without subjecting the product
to risk of damages.



1.2 Problem Definition

The currently used industrial wheelbarrow (1.W.B) at Skanska Hus AB demonstrates a demand for
a product which effectively transports materials in both indoor and outdoor environments. The
disposal sequence with the product represents a negative factor to the efficiency of waste material
management, this due to the required time in performing the procedure. The depletion exceeds the
desired times for Skanska Hus, and workers can thereby seek their own solution to reduce the
times. The result can be unsafe decisions from the workers in order to hasten the depletions,
utilizing unregulated shortcuts. Developing a product that is better adapted for use and disposal
can reduce or eliminate the negative consequences, ultimately saving time and improving the work
environment at construction sites.

1.2.1 Purpose
The aim of the project is to develop a product that satisfies the following goals:

e The new product mimics the original Starke Arvid in terms of fundamental properties by
maintaining:
- Similar dimensions (1530Lx 750Wx 930H mm).
- Storage volume (400L).
- Maneuverability (Low turning radius, easy to operate in rough terrain).
o The solution facilitates transportation using forklifts and cranes.
e The product reduces emptying sequence time.
o The emptying sequence does not require vehicular support.

1.2.2 Objective

Using agile methodology and set-based design, the project will investigate effective solutions to
reduce time spent transporting and disposing waste material at construction sites. It will identify
the most critical factors resulting in ineffective material handling, and methodically develop and
evaluate solutions based on user input.



1.3 Strategy

The project utilized a modified version of Ullman’s Mechanical Design Process (Ullman, 2010)
throughout the entire product development process. Ullman’s design process was considered an
appropriate basis due to its versatile nature, as it constructed out of the following product
development ‘blocks’ in subsequent order:

« A Product discovery which establishes the need of the to-be developed solution.

« Project planning which allocates time, money, people and equipment appropriately.

« Product definition identifying how to decompose an undefined problem into smaller and
more feasible subproblems.

» The Conceptual design is utilized in order to generate solutions and evaluate them based
on data received from previous phases.

« Product development revolves around refining the developed and evaluated solutions,
and developing a selected solution into a product.

« Product support can include introducing the product to the customer, supporting vendors,
manufacturing and assembly.

Simple modifications to Ullman’s design process were in order to adapt strategies according to the
problem intended to be solved. Considering that the problem development context for this project
is highly dynamic, there is a need for pursuing multiple design concepts, ideas and solutions
simultaneously, in order to provide maneuverability when unanticipated circumstances appear
during the development process (Singer et al., 2009). As such, an agile methodology and set-based
design was applied to the project strategy in order to promote a more iterative and human centered
design process, see figure 1.3.

Preliminary Initial Final Updated

Product Product
. » product ¥ conceptua * conceptual 4 product
discovery development
definition design phase design phase definition
_ -~ Evaluate
Identify Generate Generate Select
-t N ts N ts conceptual design oncent
customers concepts concepts documentation concep
Generate Generate ~
, Evaluate Evaluate . § Generate
customers concepts concepts engineering roduct
needs P P specifications P :
Evaluate Document and Document and Set Evaluate
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i i specification .
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Figure 1.3: Ullman’s mechanical design process modified according to agile and set-based
design.



According to the iterative and user evaluated nature of the agile methodology, Ullman’s original
Conceptual design was replaced by two comparable phases (Initial and Final Conceptual Design
phase). In order to maintain flexibility, Singer et al. (2009) states the conceptual design phase
should develop solutions in frequent iterations that subsequently should be presented to relevant
users in order to collect valuable feedback. As such, each conceptual design phase provides the
development with new information increasing the knowledge base, allowing the designers to make
more educated decisions when iterations have been carried out. This modification promotes a more
human centered development process for this specific project.

Set-based design advocates making influential decisions as late as possible when the knowledge
base is superior in order to make the right decision. In this case it meant the original product
definition was split into two; the preliminary and updated product definition. A concept selection
should therefore be proceeded after the updated product definition has been completed; when all
user evaluations have been documented and compiled. This keeps the development process close
to the demands of the users, and reduces the risk of presenting an undesired final product.

1.3.1 Agile Methodology

In the field of software development, agile methodology aims to provide maneuverability during
development processes. While the definition of agile methodology is considered imprecise, the
general agile method practises “short timeboxed iterations with adaptive, evolutionary refinement
of plans and goals” (Larman, 2003). As such, it gives teams frequent opportunities to learn more
about the objective, which reduces the risk of delivering a non functional product.

1.3.2 Set-based Design

Set-based design is a means of counteracting the limitations of traditional product development
processes. The principle is applicable wherever knowledge is insufficient when developing
complex products, systems or activities (Holmdahl, 2018). The method revolves around
eliminating choices over time instead of selecting fixed points to narrow down concepts. By
striving towards making influential decisions later, when knowledge is satisfactory, developers
establish a better decision basis allowing for more precise and correct decisions (Holmdahl, 2018).
Developers are therefore more likely to select the best concepts, risk fewer revisions and ultimately
result in less intensive communication, which is a considerable culprit of inefficiency. Singer et
al. (2009) states “set-based design seems to complement agile development” due to the comparable
aim of pursuing a group of ideas rather than a single concept. Set-based design is therefore likely
to bear good prospects to improve an agile strategy by promoting the aim to develop the right
product (Singer et al., 2009).



1.4 Limitations

Skanska does not develop their own equipment for material handling, due to this there will be no
aid in estimating production costs of concepts or help with developing prototypes. Due to limited
knowledge in FEM, the project will refrain from any advanced strength calculations and only
analyze basic situations of acting stresses.

User tests and observations on sites are difficult to perform due to the Covid-19 pandemic. The
communication with Skanska is thereby limited to mainly digital meetings, resulting in insights
from real life situations being hard to obtain.

Biomechanics when interacting with the unit will not be calculated, this due to the objective and
focus of reducing depletion times for the product, not improving ergonomic the emitted strains
onto users.



2. Preliminary Study

A preliminary study is advantageous to use in order to fill knowledge gaps. The more knowledge
gaps identified early, the better. Otherwise they risk appearing in less appropriate stages of
development, resulting in delays and costly countermeasures (Holmdahl, 2018). Physical
ergonomics affecting I.W.B. design and measurements, market research for design functions, as
well as observation and questions answering the functions of Starke Arvid will be discovered in
this chapter.

2.1 Literature Review

The initial step of the preliminary study is performing a literature review in order to get information
regarding goals and relevant conditions on a detail-level (Osterlin, 2016). The review intends to
study relevant factors impacting the design from the perspective of the user and the current
solution. As such, ergonomics and anthropometrics are examined in order to craft a suitable
human-machine interaction adapted to the workspace and physical limitations of the body.
Additionally, a market research and function analysis will provide a deeper understanding of the
essential functions, desired features and variation of solutions regarding commercially used
industrial wheelbarrows.

2.1.1 Ergonomics

Worker ergonomics is an essential area of design when developing tools or devices intended for
manual labour. Mathiassen et al. (2014) describes ergonomics as an interdisciplinary subject that,
in a holistic perspective, examines the interaction between human, technology and organization in
order to optimize health and well-being for workers and the performance in the design of products.
As such, the subject is generally split into three categories: load ergonomics, information
ergonomics and system ergonomics. Different professions differ fundamentally regarding what is
required of the single individual’s physical and mental ability (Mathiassen et al., 2014), and as
such, the importance of respective subjects differ depending on profession. Historically, applying
industrial ergonomics was considered a “nice touch” but is today regarded by many as a necessity
(Pulat et al., 1992). As it ensures employee health and safety, it is beneficial for workers as well
as organizations. Pulat et al. (1992) states that by studying workers and their workplace,
workspace, equipment and facilities avoids the typical losses of failing to apply ergonomics, such
as:

. Lowered production output. « Injuries, strains.
. Lower-quality work. « Higher material and medical cost.
. Increased probability of errors and . Increased lost time.

accidents. « Increased labor turnover.



From an organizational perspective, failing to practice good ergonomics will impede the capability
to achieve the organization’s full potential (Pulat et al., 1992).

Individuals’ capability to deal with mental and physical requirements also differ. (Mathiassen et
al., 2014) states that it depends both on functional factors such as fitness, work technique,
experience & muscle strength, and also structural factors like gender, age, length, and weight.
Construction workers are in a particular work profession that requires short but exceedingly intense
sessions of muscle force, often performed repetitively during working hours (Mathiassen et al.,
2014). In particular, lifts and relocation tasks that stress the back, legs and arms. This heavily
contradicts the ideal dynamic and prolonged activities.

According to Ray et al. (2012), stooping motions are a common cause of back spasms and sprain
for construction workers. As such, designing the working environment around avoiding such
postures will decrease the workers’ relatively high risk of injury (Ray et al., 2012). Applied in the
case of industrial wheelbarrow development, means:

« The grip interface height must disencourage stooping posture while pushing the device.
« The height of the 1.W.B walls must disencourage stooping posture when
loading/unloading.

Forces applied when pushing, pulling, pressing and lifting may be augmented by the use of a
leverage or possibly a body weight. Depending on the position of the handle interface, users are
therefore not required to solely use sheer muscle strength when operating a device, see figure 2.1,
(Pheasant & Haslegrave, 2006). Pheasant & Haslegrave (2006) also states additional factors like
handle size, shape and coefficient of friction allows for improved ability to transmit forces. While
pushing can be performed with the flat of the hand, a gripping handle is effective in order to exert
a pulling, pressing or lifting force (Pheasant & Haslegrave, 2006).

oy ,:';;‘f;‘ . PO oF n;\—:—::;:im
Figure 2.1: Lifting (Pheasant & Haslegrave, 2006). Figure 2.2: Right hand in neutral position.



Additional factors affecting grip strength are the position of the wrist and the handle orientation.
Pheasant & Haslegrave (2006) claims grip strength is greatest in a neutral position. Actions such
as extension, radial deviation and flexion decrease strength - where the latter mentioned has the
greatest negative impact. Therefore, it is desirable to design a handle that keeps the grip as close
to the neutral position as possible, see figure 2.2.

2.1.2 Anthropometrics

Pheasant & Haslegrave (2006) states that as humans are a variable, user-centered design requires
an understanding of its variability. All humans differ in size, proportions and dimensions which
creates the need of a human science that deals with body measurements, also known as
anthropometrics. In particular measurements of body size, shape, strength, mobility, flexibility and
working capacity (Pheasant & Haslegrave 2006). In order to be utilized correctly, Pheasant &
Haslegrave (2006) states three types of data is required:

« Anthropometric characteristics of user population.
. How the characteristics might impose constraints upon the design.
. Criteria defining an effective match between product and the user.

Since Skanska Hus AB is an international business based in Sweden, tapering the utilized
anthropometric characteristics to Swedish data is logical. In particular, Swedish individuals
between the age of 18-60. Even though it is a profession dominated by men, it is of high importance
to adapt the design to both genders according to Pheasant & Haslegrave (2006). Otherwise, tools
have been proven to exert distinct differences in postural loading between male and female
operators; typically impeding female workers resulting in increased risk of injury.

Antropometri.se, see figure 2.3, was utilized in order to receive data of the addressed user
population (using the 95th percentile). Specifically, the elbow height was evaluated in order to
determine the height of the grip interface and walls in order to disencourage stooping motions. On
average, the optimal height of such features must be 1042,36mm for women and 1103,78mm for

men.
2. Val av antropometriska matt: Medelvarde och standardavikelse

Staende

;
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——
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Figure 2.3: Using antrompometri.se to evaluate elbow height.



2.1.3 Market Research

Understanding the needs of customers is fundamental to identifying, specifying, and justifying a
product opportunity (Baxter, 1995). As such, e market research was conducted by gathering
information regarding competitive products to Starke Arvid using online search engines.
Differences between the product's shape and functions, as well as resemblances towards Starke
Arvid was sought. Akito Morito from the Sony Company believed that customers cannot say what
they want from a product which they have never imagined before (Baxter, 1995). Therefore,
designers must find a way to obtain that unimagined knowledge, allowing the creation of
something completely new to emerge.

Based on the outcome of the market research it was discovered products intended for material
transportation at construction sites are quite specialized and similar to one another. Regarding
transportation options, products are either adapted for manual or machine use; not both
simultaneously. The manually operated industrial wheelbarrows frequently feature two larger front
wheels and a lockable swivel wheel in the back. Such wheel composition makes the product easy
to maneuver. Additionally, manually operated 1.W.Bs feature lifting solutions for cranes while no
counterpart exists for machine operated solutions. The products from Starke Arvid and Nordsec
also feature rubber edges in order to reduce damages upon collision with walls or other objects,
see figure 2.4.

Figure 2.4: (Left to right) Ramirent Self-dumping ([Image of a tipping container at Ramirent],
n.d.), Nordsec ([Image of Nordsec’s industrial wheelbarrow FV400], n.d.) and Starke Arvid
LW.B ([Image of Starke Arvid’s industrial wheelbarrow from Stdllning], n.d.).

While the products might appear rather similar, the emptying procedure is a solution that
differentiates the industrial wheelbarrows apart:

« The Ramirent is emptied by using a forklift and pushing the front towards a container
wall. This will trigger the opening mechanism which rotates the container forward.

« Nordsec has a J-shape in the front in order to make the manual vaulting procedure softer.

« Starke Arvid has no solution to facilitate the emptying procedure other than the slanted
front that can be seen on the other products.
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Figure 2.5: Starke Arvid’s mobile toolbox ([Image of Starke Arvid’s mobile toolbox], n.d.) and
another industrial wheelbarrow for tools ([Image of a mobile toolbox], n.d.).

There also exists similar products dedicated to transportation of tools, rather than waste materials.
Starke Arvid’s mobile toolbox features a hatch that serves both as a working station and locking
mechanism, see figure 2.5. As the hatch also introduces risks of crushing, it features a gas-damped
spring function in order to minimize injury. The product also provides the ability to recharge tools
directly from the toolbox.

Products which could be used for inspiration regarding design and functions appeared outside of
construction environments as well. Old mine carts intended for manual use in narrow mine shafts
featured specialized functions for heavy content handling and transportation. One version of
minecarts are the ones that empties their contents on the side by a vaulting motion, allowing easy
depletions from the rails. Classical wheelbarrows are also analyzed and discussed in order to
understand their functions and immutability design through time, see figure 2.6.

Figure 2.6: (Left to right) Illustration of an old mine cart and a wheelbarrow.
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2.1.4 Function Analysis

A function analysis establishes a deeper understanding of the original product’s functions and uses.
The analysis originates from a prime function the product fulfills, where each supporting
subfunction is derived from. As such, the "Function analysis is the catalyst that helps teams see
the functions that underlie a project, product, or process.” (SAVE International, 2016).
Accordingly, the function tree is a helpful tool during development as it covers the expectation of
the product from the eyes of the user. The analysis is therefore a way to grant the designers an
expressional language and structure to the product’s functions (Osterlin, 2016). With these means’
ideas can become clearer and more concrete in development.

Based on all information gathered from the literature review, a function analysis was formed, see
figure 2.6. With the intent to shape a design it is vital to see its main functions, core intent, and
finding out how these could be achieved (Osterlin, 2016). The original product's main function
was to improve material transport; therefore, it became the prime function for this function tree.
Each function derived from this displays vital uses required for the 1.W.B. operation. Guidelines
from the function tree are implemented to the requirement list, ensuring results fulfilling
customers’ needs of the product.

IMPROVE
MATERIAL TRANSPORT

IMPROVE IMPROVE MATERIAL OPTIMIZE UNIT
MANEUVERABILITY MANAGEMENT STORAGE
ILIT,
\F//:rcntufl; FACILITATE MAXIMIZE LOAD
T T PACIT
s MANUAL TRANSPOR CAPACITY
OFFER LIFTING MEDIUM  OFFER LIFTING MEDIUM MAXIMIZE STORAGE MAXIMIZE
FOR FORKLIFTS FOR CRANES SPACE STRENGTH
OPTIMIZE OPTIMIZE
SHAPE SIZE
MIDNADZE MINIMIZE CORROTION D:)SRT?(\l/E;?JETIECYr\Eh(‘)F
WEAR & TEAR
LOADS
MAXIMIZE OPTIMIZE OUTDOOR OFFER SUITABLE ey OPTIMIZE INDOOR
STABILITY MANEUVERABILITY GRIP MANEUVERABILITY
LOWER CENTRE MAXIMIZE FACILITATE MINIMIZE MAXIMIZE TURNING
OF GRAVITY TRACTION ACCELERATION DIMENSIONS RADIUS

Figure 2.7: The function analysis tree.
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2.2 Empirical Study

The last part of the preliminary study was conducting an empirical study aimed towards examining
users affected by the benefits and limitations of the currently used industrial wheelbarrows.
Initially, the interviews would outline the primary problematic areas needed to be solved, as the
opinions of the experienced personnel is a likely step of getting closer to the root problem(s).
Additionally, conducting an observation at a construction site would establish the purpose of the
currently used solutions. By engaging with the user it is therefore possible to learn why a specific
solution is favoured during a certain context, and why others are less preferable.

2.2.1 Interviews

Interviews are utilized to further expand knowledge by investigating user experience, opinions or
behaviours in relation to products or services (Wikberg-Nilsson et al., 2015). Wikberg-Nilsson et
al., (2015) mentions one advantage of performing interviews is to gain insights regarding the
current product from different perspectives, allowing designers to obtain information even within
inexperienced knowledge areas.

The interview was conducted at Skanska Rental in Skdvde, an affiliated company of Skanska AB
in charge of product rentals to construction sites. The tutor of the project advised an interview at
Skanska Rental in order to obtain their experience and knowledge regarding the 1.W.B. The
interviewees consisted of personnel located at the office where they were asked open-ended
questions intended to promote discussions regarding product usage, limitations, benefits,
environmental aspects and other personal thoughts. The reasoning behind this decision was to
gather as much context as possible. The users' perspectives on the product influenced this project's
understanding of needs, dislikes, and wishes according to the summarized points below:

. The LLW.B. Starke Arvid is their most commonly rented waste transporter.

. Starke Arvid is typically essential throughout the entire construction process.

« Multiple LW.B. are in use during building projects. This can however lead to limited
work spaces.

. Sorting procedure needs extra focus depending on construction sizes.

« The current expected lifespan of the product is 10 years, but may be much shorter if the
product becomes crushed by forklifts (a common cause of its usage end).

. Easier to operate in larger areas rather than smaller spaces.

. Mainly intended for indoor usage.

« The LW.B. is stored outside, so it needs to be weather resistant.

Specific interview questions and answers can be found under appendix 1.

13



2.2.2 Observations

Performing observations is appropriate in situations where detailed descriptions regarding settings,
meanings and values of its inhabitants need to be explored (Mathers et al., 1998). The method is a
well-established process for exploring the social world and is used for identifying undiscovered
user-related obstacles and needs in specific contexts. The observer is intended to investigate the
designated users’ experience by watching, listening to, and asking affected individuals (Wikberg-
Nilsson et al., 2015). The intention of the observation is to get an understanding of why a specific
industrial wheelbarrow is used during a certain context, as many different solutions currently exist
on the market. By investigating what factors contribute to a specific choice, it will be easier to
adapt the final concept to fit the specific needs of the user. As such, performing the observation on
a larger construction site with a greater variety of options regarding the use of tools, machinery or
other support may yield considerable input concerning the choice of 1.W.B used.

The observation was conducted in Hjo accompanied by the industrial supervisor, giving a tour
presenting the building and its floor planning. Multiple industrial wheelbarrows were placed
around the construction area to collect the generated waste during the current installation of
plasterboards, see figure 2.8.

Figure 2.8: One of many industrial wheelbarrows at the construction site.

Industrial wheelbarrows like Starke Arvid were a common sight inside the building, generally
placed next to respective working stations generating waste material. There was no need for
material sorting at the workspace as each station worked with only one material at a time, filling
the I.W.B with a single material type. The aesthetics of the 1.W.Bs revealed some had been exposed
to more wear and tear than others. The example shown in figure 2.8 was heavily dented on its
sides, as forklifts were required to compress it horizontally in order to get a proper grip during
transport. The minor damage did not affect its performance and was still fully functional in its

14



current state. However, not all 1.W.B survive the grasp of the forklift, as it is the most common
reason industrial wheelbarrows are rendered non-functional according to Skanska personnel.

v g e N
Figure 2.9: The left displays workers attaching tools and rope to the industrial wheelbarrow. To
the right is a self-emptying 1.W.B.

While designated spaces for tools existed, a few commonly used gadgets were prefered to be kept
closer to the 1.W.B during certain phases; such as hammers during the construction of inner walls.
This was a simple convenience that increased efficiency by minimizing time spent walking. Ropes
were also attached to industrial wheelbarrows and would serve the purpose of allowing the
wheelbarrow to be tipped by cranes, as the current layout of attachments did not provide an
effective manner of disposing the content - only transporting it back and forth. In several cases,
construction workers had to be on the wheelbarrow (while it was in the air) in order to tip the
contents into the designated container. Putting themselves under considerable risk, see figure 2.9.

Unlike the Starke Arvid 1.W.B, the wheelbarrow by Ramirent provides a way to dispose contents
using heavier construction vehicles. By utilizing a forklift to push the bottom part towards the
disposal container, the top would perform a tipping motion resulting in the disposal of its waste
material. However, this product was considered a luxury among the employees and was generally
not available on projects with smaller budgets or space.

15



3. Preliminary Product Definition

By identifying the needs of the customer that a product should satisfy a guideline for the desired
outcome can be created (Dieter & Schmidt, 2012). It should avoid forcing the project into specific
directions and predicting it towards a single outcome, instead it should use realistic constraints that
incites solution diversities (Dieter & Schmidt, 2012).

The product definitions for this development are presented in a requirement specification, see table
3. The document is updated constantly during the project and utilized to summarize evaluations
generated by the following conceptual design phases. The preliminary requirement specification
is composed of criteria discovered during the preliminary study, such as brief functional
requirements and optimal product dimensions to promote ergonomic use. This specification is to
be complemented based on feedback from the first and second concept development phase,
ultimately forming the final requirement specification which is presented under chapter 6.

Table 3: Preliminary requirement specification.

Requirement Specification Requirement Wish Source

Functional requirements

Storage storage capacity >200L >400L Interview

Allow for effective unit storage Take up % of its size Take up s of its size Function analysis
when stored when stored

Low turning radius Yes Interview

Modular Yes Interview

Rain is not collected in storage space Yes Interview

Worker ergonomics & safety

Grip height 1040mm 1040mm < X < Literature study
1100mm

Offer lifting solution for forklifts Yes Interview

Offer lifting solution for cranes Yes Function analysis

Low center of gravity Yes Function analysis

Content can be disposed without the Yes Interview

use of machinery

16



4. Initial Conceptual Design Phase
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Figure 4.1: The initial conceptual design phase of the design process.

Based on the information gathered from the preliminary study, the first set of concepts were
developed. These initial solutions were then to be discussed with Skanska personnel where the
feedback would set the direction of the next conceptual design phase.

4.1 Brainstorming

The method is used to forge initial thoughts in a large quantity. Aiming for all ideas to take place,
even unconventional and crazy (Osterlin, 2016). The method relies strongly on stimulation of the
memory and associating ideas which have never been considered in the current context (Dieter &
Schmidt, 2012). No criticisms against ideas are allowed, all ideas could become useful in some
ways. By doing the method in pairs, shared ideas can direct thoughts into specific tracks, resulting
in individual ideas getting lost (Baxter, 1995). A drawback but working with others grants the
possibility to complete others ideas to suit the situation better.

The brainstorming was performed with the use of verbal discussions between the designers to
generate thoughts and potential concepts. Discussions of the original 1.W.B. resulted in some
concept ideas and desired alterations to improve the product. Its utilization at multiple occasions
resulted in a foundation for the upcoming method of Braindrawing where the ideas could take a
visual form. The developed brainstorming map can be found under appendix 2.
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4.2 Braindrawing

The method is utilized to illustrate thoughts into a visual medium in the form of physical or digital
sketches. These sketches are not to be criticized or evaluated, and are generated for a quantitative
purpose (Osterlin, 2016). Out of the box ideas and unconventional approaches to the concepts are
encouraged. Allowing no restrictions in exploring possibilities, making the method suitable for
defining multiple ideas. The method is used individually, until the illustrations are shown to other
participants. Osterlin (2016) explains that sketches can spark new concepts and ideas for all parties.
When the ideas are being transformed into an interactive and discussable medium such as a sketch,
alterations and combinations are much easier to perform.

The braindrawing began by transporting ideas from the brainstorming session onto paper, see
figure 4.2. Sketches of the I.W.B included wheel configurations, tipping sequences, shapes,
mechanisms, and machine interactions. The sketches were created with a goal of quantitative
numbers and broad perspectives.
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Concept A Concept B Concept C Concept D

Figure 4.2: Concepts A-D and their inspirations. All generated by braindrawing.
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4.3 Concept Evaluation Using the VALUE Method

The acronym stands for V Advantage, Limitation, Unique Elements and is suitable when evaluating
concepts rapidly. The method typically follows a brainstorming session, and aims to describe
concepts in a similar way where it contributes to understanding the ideas and promoting
discussions (Wikberg-Nilsson et al., 2015). By splitting the features of each concept into
advantages, limitations and unique elements developers gain a better understanding of how the
final concept should perform (Wikberg-Nilsson et al., 2015).

Combining functionality of a product with users’ demands and wishes is a central task of
successful user-centered design (Schroppel et al., 2020). However, evaluating features regarding
user-product interactions that result in pleasurable or efficient use can be considered a rather
complex task; as identifying different product properties during usage context is challenging
(Schroppel et al., 2020). As such, there is a need to understand what use scenario is important, and
what factors affect it. Aforesaid knowledge is likely to be found among individuals with
considerable experience using industrial wheelbarrows at construction sites, which means
receiving feedback from such people is highly desirable.

As a result, the method was performed in collaboration with the industry supervisor and
construction workers at a construction site in Hjo. Each individual concept was discussed and
evaluated based on the experiences of the employees. This allowed us not only to identify crucial
functional aspects, but also less visible factors impacting product performance. A summary of the
evaluation of the respective concept is presented below, where comments to make an impact on
later development are highlighted by cursive and bold fonts.
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Concept A

A concept directed towards manual usage,
see figure 4.3; the depletion sequence is
performed by rotating the barrow around a
top-mounted axle, allowing material to fall
out from the bottom.

Figure 4.3: Concept A.

Table 4.1: VALUE evaluation of concept A.

Advantage

Ergonomically great due to the disposal
mechanism relying on gravitational force.
The slanted bottom would improve
material disposal by letting it glide down
the slanted surface.

Limitation

Provides extremely limited storage space
for waste material. Not effective as it
requires more transportation rounds. Not
durable enough for construction sites due
to wheel configuration and mechanism.

Unique element

The disposal mechanism is unique since it
requires little to no force to be utilized.
Versatile  handle interface  allows
numerous grip positions to be used.

Concept B

The concept features dual content holding
with individual emptying possibilities, see
figure 4.4. It is therefore directly targeted for
human use only and to reduce the required
force in performing the depletion sequence.
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Figure 4.4: Concept B.

Table 4.2 VALUE Evaluation of concept B.

Advantage

Splitting the storage area into two, allows
less intensive vault operations, making the
solution an ergonomic improvement.

Limitation

Separation of contents is not necessary as
material is only disposed of one type at a
time.

If the workers have to manually remove
waste material after the emptying sequence
alterations should be considered.

Must ensure that protruding materials are
allowed to be transported.

Unigue element

Seems to be a soft shape with a fragile
structure, might not be not suitable for the
demanding work.
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Concept C
Based on the original 1.W.B. Starke Arvid,
but adds a toolbox and wheel adaptation
allowing it to be transported in a staircase, see
figure 4.5. It also has lifting mediums beneath
it for forklifts.

T
B N
Figure 4.5: Concept C.

Table 4.3: VALUE Evaluation of concept C.

Advantage

Good application of modularity, does not
compromise space used for transporting
material. Could be adapted to the
situation by taking in or out the modular
box.

Limitation

The solutions for the wheels are not
relevant due the restriction of not using
stairs. The emptying process is equally
difficult to the current solution at
construction sites.

Unigue element

Additional storage for tools is a
convenient idea.

Concept D

Utilizes a lever to easier lift up the concept
with the help of physics, see figure 4.6. A
hatch is placed on the front of the product to
allow material to fall out.

Figure 4.6: Concept D.

Table 4.4: VALUE Evaluation of concept D.

Advantage

The lever provides a more ergonomic
method of disposing waste material.

Limitation

The angle is too low for emptying all the
content. It will result in waste material
getting stuck during the depletion.

The hatch can be damaged when designed
to be falling forwards, making the concept
more vulnerable.

Unique element

Lever that facilitates the disposal of
material.
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4.3.1 Summary of Evaluation

The evaluation method resulted in aspects deemed important for usability, manual depletion,
structure shape, and material handling. Aspects are summarised into the following bullet points:

« Separation of contents is not necessary.

« Emptying sequences that partly rely on gravitational force could be ergonomically
superior.

« Protruding materials must still be allowed to be transported and emptied.

o The product will not be used in staircases.

» The emptying sequence must not result in waste material getting stuck.

« Correct angles of the barrows are required to avoid additional manual depletion.

« Storage space is important in order to reduce the amount of transportation required.

o Allow numerous grips when used manually.

« Fragile structures should be avoided.

Knowledge obtained from the evaluation incited upcoming design phases with new areas of
development focus, becoming a source that expands previous insights against the expected final
result. The following criterias from the evaluation were added to the requirement specification in
order to ensure the final concept selection considers the newly discovered areas:

Table 4.5: Criterias added to the requirement specification after the initial concept evaluation.

Criteria Requirement Source
Storage compartment is not separated into several Yes VALUE evaluation
containers

No material stuck after tipping sequence Yes VALUE evaluation
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5. Final Conceptual Design Phase
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Figure 5.1: The second conceptual development phase of the design process.

The evaluation of concepts from the previous development phase combined with the information
gathered from the preliminary study allowed for development of concepts more aligned with the
users’ needs and wishes.

5.1 Morphological Matrix

The method divides overall design problems to simpler subproblems (Dieter & Schmidt 2012).
For each subproblem a feasible solution is sought, then in a systematic way combined to bring
forth multiple complete solutions. A table is created to organize the subproblems and solutions
appendix 3. The column headings show subproblem names and the rows display subproblem
solutions (Dieter & Schmidt, 2012).

The weakness of this method is that identifying functions and combining subsolutions requires
knowledge of the problem structures, since the method itself does not provide this (Jones, 1992).
The method's strength is however that designers are granted with a wide generation of new ideas
for their area of search (Jones, 1992).
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Problem Option 1 Option 2 Option 3 Option 4

Container shape Slanted cuboid Half cylindrical Cuboid Hexagonal prism

ne 1or p
efor pul

Emptying Tipping it forward Botto ) Front hatc Tipping it sideways
sequence

Handle interface Original Bicycle handlebars

Machine Hooks for the crane Cuboids fof forklifts hape for forklifts No support
transportation

Manual Push P Pedal Batteries
transportation

Figure 5.2: Three selected outcomes from the morphological matrix.
Blue is concept 1, red concept 2, and green concept 3.

The method was used by taking different problems and connecting them downwards, see figure
5.2. A narrowing and selection of concepts to bring forth from this method was required in order
to cope with the amount of possible outcomes. Based on knowledge from previous evaluation in
chapter 4.3 and subjective decisions in terms of different subproblem solutions lead to three
concepts being selected, see figure 5.3.

Figure 5.3: (from left to right) Concept 1, 2, & 3.
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Concept 1

The first concept features a solution targeting vehicular depletions of forklifts. An attachment point
formed as a hook is placed at the front of the I.W.B. it will be attached to the side of a container
and act as a lever to initiate a rotation. The wagon will then go 90° to deplete all the containing
materials. Some features that this concepts have is:

o Forklift lifting mediums.

o Original Starke Arvid measurements and volume.

o Original Starke Arvid tipping procedure.

o Raised handle to 1m, improving stature during manual pushing of the I.W.B.
o Attaching a hook to the desired waste container to create vaulting motion.

Concept 2
The second concept has a quadratic design which allows maximum volume to be held inside it. It
will not be able to deplete its content without the use of machinery. It is possible to use with a
crane but a forklift is the main machine. Beneath the 1.W.B. is a hatch which is opened by pushing
a mechanism down on the side of a waste container. To close the hatch after depleting the content
of the I.W.B. it will be lowered to push the hatch to a close by pressing it down to the side of a
container. Some features that this concepts have is:

o Quadratic design.

» Stackable on top of each other.

« Suitable for forklifts and cranes.

« Not suited for human depleting processes.

« Emptied by opening a bottom hatch.

Concept 3

The third concept has a front hatch which is opened manually using a lockable hinge. This .W.B.
will deplete its content automatically and not require any vaulting motions, the reason for this is
the concepts slanted bottom. The materials weight together with gravity will result in the content
sliding down along the slanted bottom. It also has a toolbox fitted on the backside for the workers
to carry a few tools with them.

« Suited for human transportation and depleting processes.

« Waste material is emptied by opening the front hatch; no lifting motion required.
« A removable, replaceable module for tools.

« Not adapted for vehicular transportation or depletions.
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5.2 Concept Evaluation using Questionnaire

The questionnaire consisted of both qualitative questions seeking customers' judgments and
quantitative questions seeking specific opinions about the concepts. The qualitative research
identifies the main customer need and their expectations while the quantitative questions confirm
idea validations (Baxter, 1995). The richness of qualitative questions allows answers to be more
personal and elaborated, but summarizing the results statistically is easier with quantitative
queries, with answers such as: yes or no (McLeod, 2018). The questionnaire was decided to be
using one quantitative- and two qualitative to receive answers within both areas. Three questions
for each of the three concepts was queried:

« Should this solution replace the current .W.B?
e Why?
« Any additional input on the solution?

Before the questions were asked, each concept was visually presented with appropriate callouts
describing respective features. McDonagh et al. (2002) states this form of visual product evaluation
“enables the design team to gain further insight into values that are being assigned and attributes
that are recognized as valuable”. The data generated therefore captures different users’ range of
responses combined with personal views and opinions (McDonagh et al., 2002). As such, the
combination of both quantitative and qualitative data provides benefits like:

« Rich design resource material.
« Promote focus group discussions.
« Straightforward analysis due to the standard data retrieval.

However, McDonagh et al. (2002) also mentions limitations of the method such as:
« Forms can restrict user responses.
« Poor image quality affects the response or misleads users.
» Users can be inexperienced with such exercises and experience difficulties.
It is therefore of high importance that the content visualized in the form is presented equally in

terms of description and quality and provides appropriate guidance for the user. The form can be
seen in appendix 5.
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Concept 1

1

Figure 5.4: Concept 1.

Table 5.1: Concept 1 evaluation.

Why this solution was considered an
improvement over the Starke Arvid:

- Good solution when telescopic loaders or
forklifts are available.
- Good for when depleting heavier loads.

Why this solution was considered a
downgrade over Starke Arvid:

- You might bump into the attachment
point and accidentally open the 1.W.B with
that large hook in the front.

Additional input on the solution:

- Starke Arvid has today no good way of
being emptied. Lifting it by the anchor
points, Could thereby be better.

- The 1.W.B must not become too heavy.

- The attachment hook should be replaced
by a smaller hook under the I.W.B. that
releases the tipping the same way, spring
loading it, that way less mechanics can
malfunction.

- Smart solution with tipping, but that only
works with a truck. But if manual tipping
is performed (rolled up to an emptying
platform) what happens then?

Concept 2

Figure 5.5: Concept 2.

Table 5.2: Concept 2 evaluation.

Why this solution was considered an
improvement over the Starke Arvid:

- Users deemed it convenient.

Should simplify things during transporting
heavier cargo.

- Good for the ergonomics to be lifted
with a crane.

Why this solution was considered a
downgrade over the Starke Arvid:

- Feels like an uncertain construction,
closing the hatch might result in breakage
or malfunction.

Additional input on the solution:

- The hatch must be closed completely.
Otherwise waste material will be able to
fall out during use.

- The stacking function can become
useful if a machine could transport
multiple 1.W.B. to a distance at the same
time.
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Concept 3

Figure 5.6: Concept 3.

Table 5.3: Concept 3 evaluation.

Why this solution was considered an improvement over Starke Arvid:

- Smooth depletion process when the container is at the same level.

- Would become faster and easier to deplete when you are alone.

- Starke Arvid has already been used for transporting tools, so the toolbox was
considered a good idea.

Why this solution was considered a downgrade over Starke Arvid:

- There are doubts if the locking mechanism will be used. People might eventually start
vaulting it like the Starke Arvid 1.W.B instead.

Additional input on the solution:

- The side hinges will not work in the long run. It was argued to be better with some
form of top mounted hinge with a lever so that it can be opened easier.
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5.2.1 Summary of Evaluation

The combination of both quantitative and qualitative feedback allowed for documentation of
features with high precision.

« Keep the final product as light as possible.

« Atoolbox would add additional versatility.

« If introducing new mechanisms, they must be convenient in order to be used.

« When dealing with opening mechanisms, it must be designed so it does not accidentally
open.

« A stacking function can be useful for transporting I.W.Bs more time effectively.

The following criterias from the evaluation were added to the requirement specification in order
to ensure the final concept selection considers the newly discovered areas:

Table 5.4: Criterias added to the requirement specification after the final concept evaluation.

Criteria Requirement Wish Source

Unit weight <67 kg Questionnaire evaluation
Features tool carrying module Yes Questionnaire evaluation
Contents can be disposed without help from Yes Questionnaire evaluation

additional workers
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6. Final Product Definition

The final requirement specification consists of different criterias to be used for the final concept
selection in Chapter 7.2. Criterias have been collected from literature review chapter 2.1 and
empirical studies in chapter 2.2. Concept evaluations in Chapter 4.3 & 5.2 also contributed with
criterias.To see the product definition theory and usage, see Chapter 3.

Table 6.1: Updated requirement specification.

Requirement specification Requirement Wish Source Last changed

Unit and component dimensions

Unit dimensions (length, width, height) <1530 mm, Interview 12/2-2021
<750 mm,
<1040 mm
Unit weight <67 kg Questionnaire 12/4-2021
evaluation
Storage volume >200L >400L Interview 12/2-2021
Storage weight > 500 kg > 750 kg Interview 12/2-2021
Wheel size >= @400 mm Interview 12/2-2021

Functional requirements

Rain is not collected in storage space Yes Interview 12/2-2021
Unit can rotate 360° on the spot Yes Function analysis 12/2-2021
Allow braking of device Yes Function analysis 12/2-2021
Reduce collision force on edges risking Yes Observation 12/2-2021

impact with objects

Feature tool carrying module Yes Questionnaire 12/4-2021
evaluation
Can be transported using vehicles Crane or Interview 12/2-2021
forklift
Contents can be disposed using vehicles Crane or Observation 5/3-2021
forklift
Storage compartment is not separated Yes VALUE evaluation 12/3-2021

into several containers
Worker ergonomics & safety

Grip interface height position 1040mm <x< Literature study 3/3-2021
1100 mm
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Grip interface width

Grip interface allows for neutral hand
position

Contents can be disposed manually

No material stuck after tipping sequence

Contents can be disposed without help
from additional workers

Production and sustainability
Replaceable container

Replaceable tires

Yes

Yes

Yes

Yes

Yes

420mm <x<
480mm

Yes

Literature study

Literature study

Observation

VALUE evaluation
Questionnaire

evaluation

Interview

Interview

3/3-2021

3/3-2021

5/3-2021

12/3-2021

12/4-2021

12/2-2021

12/2-2021
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7. Product Development

In this chapter concepts are refined and developed into products. Realizing the product, from
concept selection to prototype and user tests.

7.1 Concept Refinement Using SCAMPER

SCAMPER is a method that allows product modifications to become structured and analytic by
using a checklist. The word SCAMPER is an acronym for:

o Substitute

« Combine

o Adapt

« Modify

o Putto other uses

o Eliminate

« Rearrange or reverse

The method is utilizing generated material from earlier conceptual design phases to find new
solutions to the problem (Baxter, 1995). The advantage of using a structured checklist is that
modifications will not be overlooked, the obvious alterations will not be the only visible options,
thereby allowing solutions to the problem not thought possible (Baxter, 1995). These alterations
hope to result in modifications improving the characteristics of the concepts. Giving the product a
step closer to the desired use, see figure 7.1. The implementation of the SCAMPER method can
be seen in appendix 4.

Figure 7.1: Resulting concepts from SCAMPER, from the left 1, 2, & 3.
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7.2 Concept Selection Using Pugh’s Matrix

The Pugh Matrix compares design concepts to conclude which one meets a set of criterias best
(Burge S., 2009). The criterias is gathered from the project's final requirement specification in
Chapter 6, ensuring fulfillment of the project purpose. The method provides an approach that
considers multiple factors at once and makes concept decisions to be more objective instead of
subjective. An advantage of using this method compared to others is its ability to handle a large
number of decision criterias simultaneously (Burge S., 2009).

The method was used to assess the three refined concepts in order to select the concept considered
the best more objectively according to the requirement specification. However, as the rating system
is based on the opinion of the developers, it is a method permeated by assumptions. In order to
reduce the impact of such subjective opinions when proceeding with the method, the weight factor
of respective criteria was based on the following motivations:

» 5 were requirement criteria deemed detrimental for the function of the product.
« 4 were requirement criteria related to the project goal.

« 3 were other requirement/wish criteria identified.

« 2 were wish criteria originating for the user during concept evaluations.

« 1 were wish criteria originating from other sources than the user.

By following a structure, the final result is more likely to be reproduced. As such, the points
awarded to each concept was based on the extent it fulfilled respective criteria, described as
following:

o 3 if the criteria was fulfilled.

« 2 if the criteria was close to being fulfilled.
o 1 if the criteria could be fulfilled.

o 0 if the criteria was not fulfilled whatsoever.

The final score measure in weighted points deems what concept is considered the best based on

the highest score. The weighted points are generated by multiplying the criteria weight factor
(one to five) with the criteria fulfill level (zero to four).
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Table 7.1: Concept selection matrix with weight factor.

Criteria

Unit and component dimensions

Unit dimensions (length, width, height)

Storage volume

Storage weight

Wheel size

Functional requirements

Rain is not collected in storage space
Unit can rotate 360° on the spot

Allow braking of device

Reduce collision force on edges risking impact with objects
Features tool carrying module

Can be transported using vehicles
Contents can be disposed using vehicles

Storage compartment is not separated into several
containers

Worker ergonomics & safety

Grip interface height position

Grip interface width

Grip interface allows for neutral hand position
Contents can be disposed manually
No material stuck after tipping sequence

Contents can be disposed without help from additional
workers

Production and sustainability
Replaceable container

Replaceable tires

Requirement

< 1530 mm,
< 750 mm,
<1040 mm

>200L

> 500 kg

Yes
Yes
Yes

Yes

Yes

1040mm <x<
1100 mm

Yes
Yes
Yes

Yes

Yes

Wish

>400 L
> 750 kg

>= @400 mm

Yes
Crane or forklift

Crane or forklift

420mm <x<
480mm

Yes

Total weighted points

Continue development?

Weight
Factor

2

4

Concept
1

150

No

Concept
2

155

No

Concept
3

176

Yes
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7.3 Environmental Development Aspects

Environmental aspects have been in consideration throughout the project. Material, recycling, and
product life spans are considered and applied.

7.3.1 Material

Selected materials for the intended product consist of recycled steel, plastic, and rubber.

Steel:

Discarded steel from products such as appliances, car bodies, and food packaging can be melted
in a furnace to create new steel (Lewis et al., 2001). The world’s most recycled material is steel,
the metal can be recycled many times over without losing its properties (SSAB, 2021). Therefore,
the choice of recycled steel is a good environmental choice for this product without losing the
metal’s original raw properties. The specific steel has been selected to be S235JR (Ovako, 2021).

e Main structure and axles will be made from recycled steel.
« Minimize the amount of material required (light weighting).

Plastics:

Most plastics are manufactured from non-renewable resources such as oil and gas (Lewis et al.,
2001). They come in a vast diversity with different abilities and properties. The benefit of selecting
plastic in different applications is their light weight; less material will be needed to reach the sought
function (Lewis et al., 2001). The plastic will be used to protect the steel structure from frictional
tear by acting as a diving medium between the movable mechanisms and the metal.

e Used as plain bearing for mechanisms.
e Recyclable thermoplastic.

Rubber:

Standard tires made out of rubber will be used on the intended product. Rubber is a compound that
can be tailor-made by selecting different polymers and additives (Forrest, 2019). According to
Forrest (2019) does the automotive industry stand for ~60% of the synthetic rubber and ~75% of
the natural rubber used worldwide, the tires intended for this product fall under this category. To
lower the environmental impact of creating new rubber tires, used tires from previous 1.W.B. will
be fitted on products when feasible.

e Tires for the I.W.B.

e Impact protection around the wagons sharp edges.
e Reused from previous I.W.B when possible.
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7.3.2 Recycling of the Product

“A material becomes waste when it is discarded without expecting to be compensated for its
inherent value” (El-Maghraby et al., 2014). By recycling the material their functions and value is
perceived once more. The materials selected for the intended design of the new I.W.B. are recycled
materials, these will after the products lifespan be brought to waste management centers for
recycling.

One metal recycling example from El-Maghraby et al., (2014) mentions that recycling 1000 kg of
aluminum cans saves 5000 kg of mined bauxite and 95% of the required energy to refine the
material. The amount of energy and resources are lowered when utilizing recycling compared to
manufacturing new products from freshly produced materials. Resources originated from recycled
materials result in products that are more beneficial for the environment.

7.3.3 Extending Product Life

“The broad concept of durability is to keep products functional, efficient and culturally relevant
over a longer period than most consumers have come to expect” (Lewis et al., 2001). The original
I.W.B. Starke Arvid has a lifespan between 6 months and 10 years, depending on structure
durability. By improving the product’s life, less resources are required in making replacements or
replacement parts. Ways of improving the products life according to Lewis et al. (2001) are to:

o Design for likely misuse as well for the intended use
o Design for easy maintenance and repair

36



7.4 Product Testing

Creating prototypes is an essential aid when developing products, where understanding the human
interaction is crucial to the product’s success (Wikberg-Nilsson et al., 2015) A mock-up is a form
of early prototype used for practical testing of developed solutions in order to allow for more
thorough evaluations. Wikberg-Nilsson et al., (2015) states that by developing prototypes you will:

Gain additional knowledge regarding the design problem.
Explore and develop innovative solutions.

Examine interactions between humans and solutions.
Examine user experience and functionality.

The prototype will be developed using the favorable concept from the Pugh’s matrix. Using the
method, practical issues with the concept will be identified, examined, evaluated, and solved in
order to deliver a final product of considerable quality.

Figure 7.2: Prototype construction of the selected concept.
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Figure 7.3: Finished prototype with all components named.

The functional prototype for testing was constructed in scale 1:8 out of foam board and glue, see
figure 7.3. This allowed for cheap and rapid construction of prototypes compared to the alternative
of creating it in 1:1 scale with more durable but expensive material. Its intended use was to examine
the emptying mechanism and process in action at a disposal area, see figure 7.4. The emptying
process was one factor that affected the time efficiency of an 1.W.B., but additional untested factors
also exist. However, those factors were considered difficult to test in a simulated environment and
would require 1:1 scale prototypes and real user tests in order to effectively determine such user
dependent issues, see figure 7.5. This option was out of scope for the project due to time and
financial limitations.

Transport to 4
construction

h 4

Transport to Position in Empty by

Fil with waste ¥ | cte container front of container pulling U-handle

Figure 7.4: Factors affecting time spent during the waste transportation cycle. Factors
highlighted in grey are to be tested.

As such, the testing of the prototype would only consider and examine the effects of the newly
introduced hatch and locking mechanism as it was a major deviation from the original product. In
order to test it, gravel was used to simulate the properties of stored and emptied content. While it
does not reflect the properties of each and every material transported in an industrial wheelbarrow,
it grants knowledge regarding how the mechanism performs and if any issues exist that prevent
the contents of being emptied properly.
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Figure 7.5: Using gravel to examine the emptying sequence.

When the U-handle was pulled back, see figure 7.5, the hatch automatically opened due to the
force of the stored material pushing the hatch open. This functioned exactly as intended and a large
majority of all gravel slid down the slanted bottom without any additional user input. Due to the
positioning of the 1.W.B some gravel was emptied onto the platform, as the sloped bottom stops
at the same position as the front of the wheels, which causes confusion how to position the unit
properly. However, the outcome revealed several additional, more serious issues regarding the
concept that need adjustments:

o The surface-on-surface friction between the U-handle and the container would result in
wear over time.

o When lifting the unit with a forklift the U-handle and container might risk being crushed
and must therefore be further evaluated to reduce such risk and increase durability.

« The U-handle designed to be pulled backwards contradicts the previous literature study
chapter 2.1.3 regarding ergonomics and must be further developed in order to allow for a
more natural interaction.
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7.4.1 Adjusting Wheel Position

When first filling the prototype with gravel it became considerably front-heavy due its triangular
shape and as such, flipped forward. As it was filled with additional gravel the center of gravity
was gradually moved back which caused all wheels to remain on the ground as intended, see figure
7.6. A solution is required for the I.W.B. to carry light loads.

NN
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Figure 7.6: When the 1.W.B is filled to 10% and 90% of volume capacity. Considerable loads
positioned in front of the wheel axle will cause a frontwards flipping motion.

As a concentrated force positioned in front of the wheel axle is the culprit of the unit flipping,
positioning the axle, and thereby the wheels, further towards the front of the .W.B. would solve

the presented problem, see figure 7.7. However, moving the wheels to the front of the unit would
hinder the opening of the front hatch, which will be addressed in the following chapter.

'y
s
194

y I i.

Figure 7.7: When the adjusted I.W.B concept is filled to 10% and 90% of volume capacity.
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7.4.2 Adapting Hatch to Wheel Position

The previous modification of wheel positioning introduced a new issue with the concept that
resulted in the hatch not being possible to open, as seen in figure 7.8. Due to the vertical VV-shape
of the hatch, rotating it along the hinge was not possible due to the side of the hatch being
obstructed by the front wheels.

Figure 7.8: The wheel blocking the front hatch from opening.

As only the side of the hatch was obstructed by the front wheels, it was deemed possible to keep
the front part of the component intact, while only modifying the hatch sides. By splitting the sides
of the hatch attached to the hinge the opening procedure can be kept the same as previously, see
figure 7.9. Accommodating the new position of the wheels could thereby still be possible.

Hatch

Hatch }

Figure 7.9: Modifying the hatch in order to accommodate positioning the wheels closer to the
front.
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7.4.3 Reducing Friction

One issue was the possible wear and tear caused by surface-on-surface from the U-handle
mechanism. When pulling the component towards the user the metals would constantly glide on
one another, creating friction that makes the handle both harder to pull for the user, and introduces
considerable tear. It was therefore discussed to replace the U-handle with a similar mechanism
consisting of joints in order to eliminate the surface-on-surface friction.

|

Figure 7.10: Introducing two joints for opening and closing of the hatch with less friction.

It was quickly realized that only one joint provided limitations that would result in the hatch
opening, even in a closed state. As such, joint one was only allowed to be moved back and forth
and not sideways in order to solve this problem and remove unintentional play. This created the
need for another joint with additional freedom of movement in order to compensate. The result,
see figure 7.10, was two joints, where moving the first back and forth would shift the hatch between
an opened or closed state.
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7.4.4 Improving Ergonomics

Another major concern was the ergonomic impact of pulling the U-handle towards the user. It
promoted an inappropriate stance and pulling motion that, at worst, risks injuries. As such, this
aspect was improved in order to allow for constant use without risking harmful consequences. By
adjusting the interaction to flow naturally with the strengths of the body, such injuries can be
reduced or avoided.

Joint 1

Hatch

= we

Figure 7.11: Replacing the original pull mechaniém with a lever.

Legos were used to investigate new solutions as it excels in creating joint-like features. Combined
with the new joints introduced in chapter 7.3.3, a lever was developed in order to pull back joint
one, see figure 7.11 & 7.12. Utilizing a lever, compared to the old solution, promotes a more
natural movement when interacting with the 1.W.B which reduces muscle tension, thus leading to
an improved ergonomic performance.

Figure 7.12: Pulling down the new lever (colored green) in order to open the hatch.
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7.4.5 Structural reinforcements based on FEM calculations

In order to ensure the structural strength of the new I.W.B. Finite Element Method (FEM)
calculations have been made, testing its durability by applying forces to its forklift mediums and
front hatch. FEM is a computing program to approximate solutions to complex mathematical
problems, such as modeling physical deformations in materials (Liu & Quek, 2014). Calculations
regarding structure and joinery strengths of the final concept have been performed using the
program PTC Creo Simulate, see figure 7.13. Applied forces have been selected from the
maximum weight for the .W.B. resulting in applied forces of 3000 Newton, see figure 7.14. The
resulting maximum stress located directly between the lifting medium and the barrow reaches the
stress of 32 Mpa. By using a safety factor of two the structural integrity is deemed durable. The
metal in the wagon is S235JR as mentioned in chapter 2.3, this material has a tensile strength
between 360-510 MPa (Ovako, 2021). The front hatch will hold for the pressure applied from a
full cargo weight; displacement however can reach 0.5mm.
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Picture 7.13: FEM results from PTC Creo Simulate.

To ensure the structural integrity of the 1.W.B. additional reinforcements to the lifting mediums
and front hatch are fitted. Crushing the unit from the sides would risk destroying the hinges which
ultimately renders the 1.W.B nonfunctional. If the current solution would be left unchanged, it is
likely to be less durable than the original Starke Arvid product. Since one of the intentions with
this concept was to improve durability over the original product, these modifications are crucial.
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Figure 7.14: External forces applied to the I.W.B while transporting using forklift.
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8. Results

This chapter presents the outcome from the project, see figure 8.1. A final concept developed using
agile methodology with iterative states, refining functions and its usability to reach the project
expectations. Development has been performed in order to improve the industrial wheelbarrows
emptying sequence time.

Figure 8.1: Render of the final product, showcasing the hatch in a closed and opened state.

The design is made out of metal sheets welded together forming the industrial wheelbarrow.
Featuring a slanted triangular shape allowing material to deplete itself with the help of gravity
during a depletion sequence. Lifting mediums designed for forklifts are fitted on both sides of the
wagon. Ergonomic aspects have been considered, resulting in handle heights and operational
heights to be optimal for manual use. Two hatches are placed at the front of the I.W.B operated
with a mechanism placed inside the forklift mediums of the wagon. Four anchor points for lifting
and transporting the wagon are fitted on the topside corners of the 1.W.B for a crane.
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In addition to the requirement specification, the product also had to fulfill the following project
goals:

e The new product mimics the original in terms of fundamental properties by maintaining
similar dimensions, storage volume and maneuverability.

Table 8.1: Comparison of product dimension and storage volume.

Product Dimensions (mm) Storage volume (L.iter)
Developed 1.W.B 1300Lx 750Wx 1000H 350
Starke Arvid .W.B 1530Lx 750Wx 930H 400

The goal is considered fulfilled as the dimensions of the final product compared to the reference
(Starke Arvid) varies in the 15- to O percent interval. While the length of the unit is reduced by
15%, height is only increased by 12.5%, and the width dimension is kept the exact same with 0%
difference. The storage volume is also reduced by 12.5%. Additionally, the maneuverability is
similar as no modifications were made to the quantity, composition or features of the wheel setup.

o The solution facilitates transportation using forklifts and cranes.

The product features horizontal extensions on its sides that allow for transportation using forklifts,
see figure 8.2. Much like the Starke Arvid 1.W.B, the product also features four hooks which allows
it to be transported using cranes. The goal is therefore fulfilled.
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e The product reduces emptying sequence time

The introduced lever mechanism completely changed how the user interacts with the industrial
wheelbarrow, see figure 8.3. Instead of spending great time and effort trying to vault the unit over,
the user can push the lever down and let gravity help with the content depletion. The goal is
therefore fulfilled.

Figure 8.3: Pulling the lever to engage the emptying sequence.

e The emptying sequence does not require vehicular support

Since the traditional way of vaulting the wheelbarrow has been replaced by the previously
mentioned lever mechanism, the emptying sequence will not require any vehicular depletion
support. Regardless of content weight the action can be performed, resulting in no need for
vehicular aid in order to perform the procedure.

N '
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Figure 8.4: Comparing the traditional emptying sequence with the new lever mechanism.
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9. Discussion

This chapter presents the designers personal thoughts regarding the project outcome and course of
action. How the project would benefit from making full scale prototypes to test depletion times
and vehicular capabilities. Discusses how the agile methodology helped the project reach good
concepts through the iterative developing stages.

9.1 Concept Performance

The new 1.W.B. will be more expensive and harder to manufacture than the original Starke Arvid,
this due to the complex structure and large component amount. However, the new concept is
considered to be something innovative compared to the existing 1.W.B. on the market. Even though
the concept relies on appropriate situations where the tipping procedure can be performed using
elevated platforms. Its design ideas to improve aspects of ergonomics and depletion times is
regarded as beneficial.

Some thoughts of uncertainty exist in regard to the mechanism operation. Its lever might be
interpreted as a second handle intended for pushing or pulling the 1.W.B. This misreading could
cause a mishappening where the lever opens the front hatches somewhere inappropriate. Due to
this awareness of concern appearing in the final stretch of the project, no alteration will be done to
fix this issue.

9.2 Project Goals & Requirement Specification Fulfillment

All of the project aims for the project became fulfilled with only slight alterations to the
measurements of the product. Its volume has been reduced by 50 L in order to cope with the new
design of the 1.W.B., this volume is considered a downgrade for the product. By reducing the
volume, the number of depletions is increased when using the product compared to the Starke
Arvid. The new front hatches and vehicular transportation capability will however make up for this
downgrade making the aim of reducing emptying times to be fulfilled.

The requirements of the project became easier to fulfill than the project aims due to the agile
working methodology throughout the project. When it was time for the final development using
the Scamper method, all knowledge from previous evaluations, and project requirements guided
the process of the method. Specific alteration to make each individual concept fulfill the set
requirements and wishes thereby became easier to obtain. The iterative stages resulted in all
concerts landing close to the desired results. The only criteria that is wished to be improved some
more is the vehicular depletions, this would make the concepts depletion times improve even more.

48



9.3 Use of Agile Methodology

The choice of an agile and set-based design strategy was seen as an unconventional approach of
performing a report developing a physical product. The development processes did benefit
immensely however from the method's number of iterations and feedback stages. Allowing more
feedback stages with valuable feedback from experienced users made sure that new concepts came
closer to desired outcomes. The concepts were always aligned with the users’ requirements or
wishes that resulted in a final concept selection process between several competitive solutions,
rather than a single relatively effective concept among numerous underdeveloped solutions. This
resulted in more options, giving the development process more maneuverability just as intended
with the agile methodology.

The method was an appropriate strategy to deconstruct ill-defined problems. It proved to be a
methodical way of uncovering a problem one layer at a time, resulting in a natural development
progress. The constant communication with relevant users allowed for gathering of additional
context whenever uncertainties appeared. As such, the project frequently followed a clear direction
which resulted in most of the work throughout the process being relevant when performing the
concept selection.

The report documentation of the process did on the other hand prove to be difficult when utilizing
agile methodology. Multiple different report structures were tested in order to present the iterative
states properly, it all resulted in hard structures to follow and understand. Midway through the
project the current structure was selected, which became deemed a good structure to follow.

9.4 Concept Selection

The concept selections have been done to be as objective as possible, Skanska Hus and their
employees on construction sites have helped to bring forth concepts suitable for the end need.
Since their experience with the 1.W.B. is far greater than the designers, their ideas and values have
been considered heavily during the project.

Based on previous evaluations during the project, a narrowing of ideas had been polishing the
ideas coming out. Each new iterative development phase created concepts more fitted for the end
results. The final concept folding using Pugh’s matrix resulted in points for the three concepts to
be similar, due to earlier concept phases these three all were suitable solutions for a final solution.
Two concepts were however extremely close to each other in the matrix’s outcome. Therefore, the
decision was made to bring both these concepts further to user tests and Skanska Hus to help decide
the final, most suited concept to finish the project.
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9.5 Prototyping and User Tests

A prototype became a wanted result of the project from the start, both from Skanska Hus AB and
from the designers. This was because of the time reduction objective for the project, but without
suitable situations the prototype construction became left out. The ultimate wish was to compare
the final concept against the used Starke Arvid. A comparison like this would however require
specific data from the Starke Arvid which has been used throughout the project as a product
representing most .W.B. on the market. The acting Covid-19 situation resulting in onsite
construction visits proved themself difficult, retrieving data of depletion times hard to retrieve.
Thereby it became hard to gather. During the project's progress this depletion time from the
original product finally became ruled out. Resulting in the time reduction objective to be evaluated
with assumptions. The new product's performance versus the original is therefore hard to interpret.

The wish to make a full-sized prototype was established by the thought to make user tests. To
make the tests as beneficial as possible, the tested product needed to be used in all stages.
Therefore, required to be the correct size for machines and waste material to be handled properly
by the users.
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10. Future Work

While the product can be considered a complete solution, there is still lots of iterative work left.
First of all, the choice of interaction for opening the hatch must be further discussed and tested as
the current solution is very unlikely to be optimal. The reasoning behind this is based on two
aspects: cognitive ergonomics and physical ergonomics. The two solutions presented throughout
the development process (the lever mechanism and U-handle) are possible to be superior based on
what type of ergonomics is considered. The lever mechanism is better from a physical ergonomic
perspective, as the motion is more natural to the human body. However, the U-handle can be
considered better from a cognitive perspective, as the solution is much less likely to be interacted
with due to the less natural motion it promotes. The hatch is therefore less probable to be opened
when not intended to, which is a feature that increases reliability. This is therefore a grey area
requiring more attention in order to find a solution that satisfies the needs of both cognitive and
physical ergonomics.
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Appendix
Appendix 1 - Interview

Questions asked:

« Measurements of the barrows, volume, length, height, depth. Why?

. Weight limits and common weights?

. Are they a common product in all building sites?

. In what stages of production is this product rented?

. Is it difficult to bring these products forward in terrain?

« Which barrow is preferred? The electrical or the manual?

« Inwhat scenario is it effective and not so effective?

« How is material being sorted with it?

« How is the material sorted when the building site has multiple building levels?
. Are other products used at building sites to carry the materials to containers
. Any additional input?

Responses:

« Industrial wheelbarrows are always used in building projects by Skanska
« Industrial wheelbarrows are used from start to final stages
. The manual 1.W.B. is used the most
- They are adapted for indoor usage
- Easier in larger spaces such as schools rather than small apartments
- Renovations with I.W.B. can be difficult
= Requires many I.W.B.
= Minimum space for all the .W.B.
. Larger areas lead to the possibility of using larger . W.B
. Sometimes the workers throw the waste from scaffolds or the building into rubbish shutes
. Decent sized wheels makes it quite maneuverable in terrain
. The site leaders are affecting a lot how clean the sites are
. Waste material most sometimes be carried out manually
. Renovation projects are more difficult, while new productions are easier. From a
logistical viewpoint
. Som L.W.B. hold for 10 years, other 6 months. This is often caused by forklifts squeezing
the 1.W.B together during transportation.
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Appendix 2 - Brainstorming map
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Appendix 3 - Morphological Matrix

The morphological matrix with visual aid for each option

Problem Option 1 Option 2 Option 3 Option 4
Container shape  Slanted cuboid Half cylindrical Cuboid B Hexagonal prism

Bicycle handlebars Double-V One for push,
- — one for pull
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Appendix 4- SCAMPER
Concept 1

Substitute exchanging the metal wire to strops, and the chain.

Combine the shape of the barrow to act as a stopping mechanism .

Adapt the shape of the hook reducings its hindrance of manual tipping.

Modifying hook length and fitting rubber spacers to reduce risk of being pinched when
used with machines.

Put to other uses allow it to be used for transporting fresh material & tools around.
Eliminate- no changes.

Rearrange or reverse was performed and added to points above.

Concept 2

Substitute the front hinge to a manual opening from the back.

Combining the front hatch mechanism acts as an extra locking to increase hatch
durability.

Adapt fitted a substructure inside the I.W.B. to strengthen the durability and allow
forklifts to lift it by squeezing.

Modify removed the front hatch completely from the design and lowered the angled
bottom to allow more length of the . W.B.

Put to other uses allow it to be used for transporting fresh material & tools around.
Eliminate No hinge for the front hatch, no tilted front.

Rearrange or reverse was done and added to points above.

Concept 3

Substitute the locking mechanism for a more time-efficient solution.

Combine the new handlebar with the traditional to allow for more types of grips.
Adapt was not performed.

Modify the geometry to allow for vehicular transportation.

Put to other uses was not performed.

Eliminate the slanted front and sides in order to simplify manufacturing.
Rearrange or reverse was not performed.
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Appendix 5 - Questionnaire Evaluation

The solution intends to fulfill Starke Arvids earlier function while being able to transporte and
empty using a forklift.
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Stackable solution with bottom hatch, allows two 1.W.B. to be transported simultaneously with a
forklift. Only suitable for machine depletions, with either forklift or crane.
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A solution that places great emphasis on being able to transport and empty the feed wagon
without the help of either a machine or a vehicle.
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The queried question for each concept consisted of following:

e Would you want this solution to replace Starke Arvid on the construction site?
- Alternative one: Yes
- Alternative one: No

e |f Yes, what makes you feel that?
- Open answer:

e |If No, what makes you feel that?
- Open answer:

e [Optional] Do you have any further inputs about the concept?
- Open answer:
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