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Tiivistelmä

Projektin päämääränä oli kehittää ristiinlinkitetystä polyeteenistä valmistettujen vesijohtojen 
asentamiseen liittyviä tuotteita, painon ollessa putkien kannakoinnilla. Tuotteet on suunnattu 
yritysten väliseen kaupankäyntiin. Vesijohtojen asennukseen liittyviä ongelma-alueita tutkittiin 
käyttäjäkeskeisillä tutkimustavoilla. 

Lopputyöprojekti eteni kolmessa vaiheessa: tutkimus, konseptisuunnittelu sekä prototyyppien 
laatiminen. Tutkimusvaiheessa käyttäjätutkimuksen yksi keskeisistä löydöksistä oli, että 
urakoitsijat eivät halua käyttää ristiinlinkitettyä polyeteeniputkea suurempien halkaisijoiden 
koossa koska putki on liian joustavaa, eikä vastaa heidän putkien asennukseen liittyviä 
esteettisiä tottumuksiaan. Putkituotteet joihin haastatellut urakoitsijat olivat tottuneet, olivat 
materiaaliltaan kuparia tai CPVC:tä. Uusien kannakkeiden kehittämiseen sijaan paino työssä 
siirtyi putken liiallisen joustavuuden ratkaisemiseen.

Konseptointivaiheessa syntyi idea eristeen käyttämisestä jäykistävänä rakenteena 
ristiinlinkitetyn polyeteeniputken tukemiseksi. Eristettä tutkittiin 3d-mallin avulla jonka 
jälkeen idean teknistä toimivuutta kokeiltiin putken lämpölaajenemiskäyttäytymisen 
tietokonesimulaatiolla. Eristeen lisäksi luotiin konseptit siihen sopivista muovisista 
putkikannakkeista

Tietokonesimulaation tulokset näyttivät lupaavilta, joten eristeestä päätettiin valmiistaa 1:1 
mittakaavan prototyyppi CNC-jyrsimellä Aalto yliopiston puupajalla. Muoviset putkikannakkeet 
3d-tulostettiin. Valmistetuilla prototyypeillä tehtiin käyttäjäkokeilua Uponorin laboratoriossa 
Virsbossa.

Projekti osoitti että käyttäjäkeskeiset suunnittelumetodit ovat tehokas tapa määrittää keskeiset 
muotoiluongelmat tuotekehityksen konseptointivaihetta varten.

Avainsanat / tuotemuotoilu, tuotekehitys, käyttäjäkeskeisyys, konseptisuunnittelu, 
käytettävyys, ergonomia, business-to-business

Abstract

The objective for this project was to develop cross-linked polyethylene pipe installation related 
products, with the focus on pipe hangers, for a company which deals mainly in business-
to-business products. The problem areas related to pipe installation were explored using 
human-centred design methods.

The thesis project was done in three parts: research, concept design and prototyping. During 
the research phase, the user research results showed that a majority of the contractors 
interviewed said that they didn’t want to use the cross-linked polyethylene pipe in larger 
dimensions because it was too flexible and didn’t match with the aesthetics of pipes they had 
grown used to, namely copper and CPVC. Instead of the lack of new pipe hanger products, 
the pipe flexibility was identified as the major design problem.

During the concept creation phase an idea was created for a structurally stiff insulation, to 
help support the overtly flexible cross-linked polyethylene pipe. After the exploring the shape 
properties with 3d-modeling, the technical feasibility of this concept was tested with a computer 
simulation. In addition, plastic pipe hanger concepts were created to work with the insulation.

The results of the simulation came out promising, so a 1:1 scale prototype of the insulation was 
fabricated by CNC-milling, in the prototyping phase, with the same materials as were used in 
the simulation. The plastic hanger parts were 3d-printed. The testing was done in Uponor’s 
laboratory in Virsbo, Sweden, where the prototype was user tested during installation.

The project showed that human centric design methods are an effective way of defining the 
most important aspects which should be focused on in a product design process concept 
creation phase.

Keywords / product design, human-centred design, concept design, usability, ergonomics, 
business-to-business
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1. Introduction

1.1 Self-motivation

I’ve been gravitating towards product design during my studies. Despite the relatively small 
amount of directly product design related courses in the collaborative and industrial design 
program, I had done several product design courses during my exchange studies at Chiba 
University. In addition to this, competitions and smaller product design jobs on the side of my 
studies had fuelled my interest in the topic. When it came time to start thinking about my thesis 
topic, I of course wanted the thesis to be about product design also. In my mind, a thesis work 
should be the fi nal step towards the work life and should as such be closely as possible to the 
actual work that I would be doing as an industrial designer, after I had graduated. I wanted the 
thesis project to give me an honest view to the product design development process, inside 
a manufacturing company. 

I had heard Uponor was beginning a collaboration with Aalto university, for a BA course on 
product ideation. I then contacted Ismo Talonpoika, who was the contact person at Uponor 
for the BA course, and suggested doing a master’s thesis on product design for Uponor. The 
plan went forward with an interview and initial negotiations, and fi nally in July 2016 the project 
was launched as I was hired as a trainee for the duration of my thesis. 



16 17

1.2 About the company

Uponor Inc. was formed in 1982 and it was a subsidiary or Asko Inc. until 1999. (Mikkonen, 
2008, p. 7) The company is divided into two diff erent companies: one producing products 
related to infrastructure and one that focuses on housing solutions. My work was done for 
Uponor Suomi Inc. which deals mainly with housing plumbing and heating solutions. Plumbing 
line of products consists of use water and waste water products. 

Uponor has always been a plastics company, doing injection moulding for various types of 
products during the years. The company is probably most familiar to Finnish people, for those 
past products under the brand name Upo. They still have a large production facility for injection 
moulded parts at their Nastola factory in Finland. PEX-pipe is also manufactured there by 
extrusion. Additional production facilities exist in Sweden and in the United States of America. 

The use water side of the product portfolio includes diff erent piping solutions, mainly 
aluminium-polyethylene composite (MLC) and cross-linked polyethylene (PEX) pipes. The 
pipes are targeted both to commercial and housing sectors.

1.3 Project premises

1.3.1 Project starting points

The initial brief from Uponor was that they wanted me to look into their PEX-piping products 
and develop hanger products for said pipe. The main market for PEX-pipes is in the United 

1. Research
July 2016-

October 2016

2. Concept 
development
November 2016-
December 2016

3. Prototyping / 
user testing
January 2017-

April 2017

Defi ning the topic
Background research
User research
Finding defi ning problems

Concept creation
1st iteration
2nd iteration
3rd iteration
Selecting a concept for prototyping

Simulation 
3d-printed prototype
Prototype user testing

Figure 1: Thesis timeline.

States, so the products should preferably fi t the markets of both the United States and Europe. 
This meant there would be challenges in the diff erent rules and regulations regarding the 
installation work, not to mention the imperial and metric measurement systems.

At the moment, Uponor does not have very many hanger products. When contractors are 
using Uponor pipes, they will buy all the hanger products from other manufacturers. The 
hanger product development is part of an eff ort to shape the Uponor product off ering towards 
a more complete package of products. In the optimum case, this would include everything 
needed for the PEX-pipe installation, in addition to the pipe itself. Off ering the product as a 
package is seen as a way to increase B2B sales.

Figure 2: The generic product development process, according to Ulrich & Eppinger 
(2016, p.14)

Typical tasks for a concept development phase, within a company hierarchy. (Ulrich & 
Eppinger, 2016, p.14) I ended up taking part in most of these tasks. 

Marketing:

• Collect customer 
needs

• Identify lead users
• Identify competitive 

products

Design:

• Investigate feasibility 
of product concepts

• Develop industrial 
design concepts

• Build and test experi-
mental prototypes

Manufacturing:

• Estimate manufacturing 
costs

• Asses production feasi-
bility
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1.3.2 Project scope and timeline

The project begun with a project plan, which included a timeline. Due to the limited time available 
for doing a master’s thesis project, my work had to be restricted to user research and concept 
design. I had divided the project into three main stages: research, concept development and 
prototyping. I included a two month buffer in the prototyping phase to account for unexpected 
delays in the schedule. The project end was stipulated by the university spring deadlines for 
the written part.

What ended up working on in my thesis work would be the mere beginnings of a product 
development process which would end up in taking the end result to production. Since I was 
doing the work mainly by myself, I would take part in tasks that would typically be shared in a 
product development team. 
1.3.3 My role in the project

I was working in Uponor Suomi product development, in Nastola, Finland. My local supervisor 
at Nastola was Ismo Talonpoika. I would travel once a week to Nastola for a meeting on the 
project process. In addition, I would be reporting my progress to Jyri Laakso who oversees 
product development both in the United States and in Finland. I was also supported by 
experts like product managers and sales representatives inside Uponor, who would help me 
in realizing parts of the project. This would include things like replying me on questions about 
technical details, for my background research, arranging interviews with contractors and 
helping with prototyping and testing.  

1.3.4 Thesis framework and goals

In order to understand the issues surround PEX-piping, I wanted to approach the design 
challenge by human-centric design methods. In the core of this would be user research. It 
wouldn’t make any sense to guess on any of the requirements that the user might have, so the 
research by interviews and observations would be essential. I ended phrasing my research 
questions as such:

• How do you design products for a B2B company, using human-centred design methods? 
• What kind of properties does a good product for a B2B company have, to be manufactured 

in-house?

Figure 3: Tyco’s Rally Point product development process with nine distinct phases 
and review gates. (2016, p.23)

1.3.5 Thesis work and the company product development process

This thesis concentrates on the concept creation phase of a product development project. 
The initial need for a product has been identified by the management of product development 
at Uponor, and a project has been created to generate new product ideas, based on the brief. 
I have been then hired as a concept developer for the project. Uponor follows a gate model 
of product development, this concept development project work is located before gate one, 
in the bigger picture of product development. This means the thesis project would be still part 
of defining a concept and in the next stage the feasibility of the concept would be looked at in 
more detail. This would include things like manufacturing methods, manufacturings costs and 
the specific product family the concept could applied to. 
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2. Background research

2.1 Literature review

After the briefing of my project assignment, I was briefed by project manager Pekka Jalonen at 
the Nastola offices, about the main issues that go into the installation of Uponor pipe products. 
I was also given resources to look into. These included Finnish plumbing regulations and 
Uponor’s own product literature like the Uponor MLC plumbing tech guide (Uponor, 2015) and 
product catalogue. These gave me the basic idea of how the Uponor piping products were 
installed. 

I could read all I wanted about the plumbing regulations, but due to the multitude of considerations 
that go into a plumbing installation, it quickly became clear that the fastest way for me to learn 
about the products, would be to go see the installation work at a jobsite. The literature review 
took place while I was waiting for the arrangements for the first  jobsite visit.

In addition to the technical side of things, my literature review included books about product 
development and user research. I found Ulrich & Eppinger’s “Product Design and Development” 
(2016) to be the most important reference regarding product development. It describes also 
the user research process in a compact way. Another big influence already from my previous 
projects, has been Rob W. Fitzpatrick’s “The Mom Test: How to talk to customers & learn if 
your business is a good idea when everyone is lying to you” (2013). The book describes the 
problems of user research in a very down-to-earth and practical way.
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2.2 Terminology related to the research

2.2.1 User-centred design / human-centred design

The two terms have been used interchangeably, the term “human centred design” or HCD was 
made popular by Donald A. Norman with his book: “The Design of Everyday Things” (1990). 
The term has also found its way into ISO standards: “ISO 9241-210:2010 - Ergonomics of 
human-system interaction -- Part 210: Human-centred design for interactive systems” (2010). 
Sampsa Hyysönen uses the term “user” in his book “Käyttäjä tuotekehityksessä” (2009) or 
“User in Product Development”. Ulrich & Eppinger (2016, p.223) talk of user-driven products 
as an opposite of technology-driven products. 

One could say that user-centred design (UCD) is a sub-category of HCD, and the term UCD 
could be used to talk about specific aspects of HCD. The design agency IDEO defines HCD 
in their Design Kit (2015) as “a process that starts with the people you’re designing for and 
ends with new solutions that are tailor made to suit their needs”. 

An example of the difference of the terms: in my case of pipe hanger products, I could be 
designing for a specific group of people in mind (UCD or even HCD as IDEO puts it), namely 
the installation crew. On the other hand, in the case of pipes and their hangers being left 
visible after the installation, one could argue that this kind of product could have an effect on 
the people using the space the products were installed in, especially if the product brings forth 
negative associations. In that case one could argue that the “user” is also the person using the 
space, although the definition is already not so clear. Another example in architectural design: 
a large skyscraper in a city centre. The building affects the people living inside it, and in the 
immediate surroundings, but it will also have an effect on the passengers on a plane, who 
recognize the building as the plane is approaching the city airport. Beauty is in the eye of the 
beholder, as the saying goes. If one is taking into account the beholder in addition to the user, 
the term “human centred design” would be preferable to “user centred design”. I will be using 
HCD as the preferred term, throughout this thesis.

User research

The practise of finding out more about the people you are designing for. “Finding out who your 
customers are, what they want, and what they need is the start of figuring out how to give it to 
them.” (Kuniavsky, Goodman, & Moed, 2012, p.11)

2.3 Benchmarking

To find out more about the products that already exist in the pipe hanger category, I did 
research on different manufacturers and their products. This included mainly product 
catalogues available online, on the manufacturers’ websites. By looking into the diversity of 
existing products, I started to get an understanding of the most common materials used, and 
the typical mechanical solutions that were in use. 

My research begun with what products were available in Finland. This process took place 
alongside with the first jobsite visits in Finland. From those I got an understanding of the 
bigger picture of an installation, the typical parts used and steps included in the installation. 
Based on this, I also got a better idea of what kind of product catalogues to research. There 
are several types of applications of pipe installation and related products, and fresh water 
systems that I was concentrating on, was just one of them. 

2.3.1 The parts of a pipe hanger installation

A typical pipe installation consists of three main parts: an attachment to a surface, a connecting 
piece and a pipe hanger. The attachment could be a bolt anchor, drilled into concrete or 
a U-profile attached typically to concrete a ceiling. The connector which attaches to a bolt 
anchor or a U-profile is in most cases a piece of M8 threaded rod, in some cases a short bolt 
is used. The hanger is attached to the connector piece and it holds in place the pipe that go 
through it.

The pipe hanger

The most typical construction seemed to be of galvanized steel sheet metal, pressed into a 
half circle shape. Condensation preventing insulation was typically made of synthetic rubber 
because of its crush resistance under pressure from being clamped onto a pipe. Fastening 
mechanisms utilized typically hinges and screws for clamping the hanger down in place 
around the pipe. 

Because of Uponor’s expertise in injection moulded plastic parts, and the possibility to 
manufacture a plastic hanger in-house, I tried to find also existing plastic hanger products. 
Those ended up being very rare. It would seem that the sheet metal construction that was the 
most popular option among manufacturers, had a good ratio of strength to manufacturing cost. 
None of them were directed specifically for PEX-pipe installation though, but were designed 
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Figure 4: Typical pipe hanger products.

to facilitate the installation of diff erent kinds of pipes, regardless of the pipe material. Typically 
these would include copper, iron, stainless steel, CPVC and MLC.

Connection between the anchor and the pipe hanger

Threaded rod seemed to be the prevalent choice in hanging the pipe from the ceiling. In 
some instances, a trapeze-type hanger would be used but even then, the trapeze-profi le 
would be hung from the ceiling with pieces of threaded rod. The Finnish way looked to be 
to always have a piece of threaded rod, when coming down from either a trapeze-profi le or 
an concrete anchor. The reasoning behind this seemingly complicated method was that the 
insulating layer would be installed on top of the hanger and the pipe, leaving only the threaded 
rod sticking out of the insulation. So even though you could lay a pipe down directly on top 
of a trapeze-hanger, you still need clearance to the trapeze, in order to have space for the 
insulation around the pipe. This would be accomplished via using short pieces of threaded rod 
and a separate hanger around the pipe.

Anchor

This part is generally speaking the means of attaching a piece of threaded rod onto the 
surface the pipe is hung from. A typical anchor has a bolt-like construction, and it screws into 
a hole drilled onto a concrete surface with the use of a socket wrench. The bolt head has an 
inside threading to screw in the threaded rod.

Another typical way of anchoring a piece of threaded rod is to have the anchor cast in the 
concrete as an insert. The mechanical benefi ts of this type of anchor is the secure attachment 
to the concrete compared to a bolt-type anchor, which can slip out if the hole is not drilled 
properly. Also, the insert can easily facilitate a longer threading, which in turn allows for a 
wider range of height adjustment for the threaded rod. This type of insert is typically used with 
cast-in-place concrete structures. In theory, it could be used also for prefabricated concrete 
module manufacturing. The challenge in that case would in the project management and pre-
planning, to make sure that everything fi ts correctly during construction.

2.3.2 Key learnings from benchmarking

Pipe hanger

The most common material is galvanized steel. Condensation insulation is usually synthetic 
rubber. In Finland, the most common hanger is the split-ring type, which secures around the 
pipe typically with two machine screws. Some manufacturers have made eff orts in making the 
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Figure 5 (above): Typical components for attaching pipe to a concrete surface: an 
anchor bolt, a bolt or a piece of threaded rod and a pipe hanger (Hilti.fi). Figure 6 
(below): similar components used in attaching Uponor MLC pipe to a concrete wall.

installation quicker by adding a hinge on one side, and a quick attachment which allows the 
hanger to be closed by hand, without separately threading the screw in. The final tightening 
can then be done later on with a screwdriver or a cordless drill. This two step attaching is 
essential to the installation process, you first have to close hanger loosely when putting up 
the pipes, making the fitting connections etc. After everything is in place, adjustments can be 
made, and then the final step is tightening the hangers.

The bottom line with pipe hangers is, that the Finnish style of installation is quite tedious 
and time consuming. (This is also what a foreman told me later on at one of the installation 
sites.) If every hanger has one or two screws, it quickly adds up to a lot of work for the whole 
installation of water piping system. It would make sense to look into how the installation work 
could be made faster. There were also existing efforts by different manufacturers on this 
matter, which further validates the point.

Connector piece

Threaded rod is most commonly used for water piping. It is readily available, cheap, can take 
a lot of pulling force, and the threading makes for a secure attachment. In addition, it has 
some stiffness to it, so it will resist the movement of the pipes somewhat, for example due to 
pressure shock. The only negative points I’ve found for using it, is cutting it into length: you 
need to saw it, since using for example bolt cutters would crush the threading at the end of 
the rod, making it hard to thread anything onto it. This means in practise that the cutting will be 
done at the jobsite with a power tool, like an angle grinder, in a specified cutting station. Some 
manufacturers like Hilti offer threaded rod in pre-cut module lengths, specifically for reducing 
the cutting work at the jobsite. 

All in all, the threaded rod seems to be at the moment the perfect compromise of availability, 
cheap price and required mechanical properties. Therefore I didn’t put any specific focus on 
thinking about new alternative solutions for it, doesn’t make much sense to try to re-invent 
the wheel.

Anchor

The anchor pieces available today are quite good already. There do not seem to be any “low 
hanging fruit” in this area. The parts that are available for example from Hilti are inexpensive 
and have been proven in installation work for years. The mechanical principles of operation 
are of a certain type, so trying to re-design an anchor would very likely end up in a complicated 
engineering challenge, which would be out of scope for my work as a designer.
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Uponor PEX pipe with the Quick And Easy fitting

The PEX memory properties are utilized in making a water tight seal between the fitting and 
the pipe. A fitting is installed with the following steps:

1. Cutting the pipe to a suitable length. This can be done with either manual pipe cutters 
(especially for the smaller diameters), or a battery operated power tool as can be seen in 
the pictures on the opposite page. 

2. Setting the fitting ring in place. The ring has teeth at the rim of the ring, in order to stop 
the ring when it is flush with the end of the pipe. The purpose of the PEX-ring is to give 
additional compression force to the fitting seal. It is shaped thicker in the middle so as to 
give extra force to the spot where the sealant rims of the fitting piece are located. 

3. Expanding the end of the pipe with an expander tool. The power tool head expands 
and rotates in automatic cycles as to give an even expansion to the pipe. The expansion 
cycles are first continued until the pipe end meets the tool flange and has gone as far 
into the expander as it can go. After that the operator gives the pipe extra 2-4 expansion 
cycles with the power tool, so as to give more time to set the fitting in place. The amount of 
extra cycles depend on the ambient temperature of the installation site. In a cold weather 
situation the plastic requires more expansion cycles to make enough space for the fitting. 

4. Setting the fitting in place. The plastic fitting is pushed into the pipe until the pipe end 
meets the flange at the fitting. The plastic will then contract in 30-60 s. and another pipe  
can be connected to the fitting.  In the case of a T-joint or a 90 degree fitting, the correct 
rotation of the fitting needs to be set when pushing the fitting in. After the plastic has 
contracted it is impossible to rotate the fitting anymore. 

Making a fitting joint with this system is quick compared to soldered joints, but it requires some experience 
from the installer. If the pipe hasn’t been expanded enough, or the installer takes too long to set the fitting 
in place, resulting the fitting not going far enough into the pipe, the only way to fix this is to cut the pipe 
before the fitting. The fitting has to be then discarded and a new joint made. As a last resort in a critical 
situation the ring can be cut off the pipe and the pipe end heated. The fitting can be then pulled out of the 
pipe. The cutting of the ring is not recommended as the usual practise though, since it can easily result in 
cutting into the pipe underneath it. This can then result in degrease of the structural integrity of the pipe, 
voiding the manufacturer’s warranty. The pipe should be never cut open at the fitting, in an effort of re-
using the fitting for another joint. This can easily result in damaging the fitting underneath the PEX-pipe. 
Even a tiny cut in the fitting’s sealant rims can result in a  leak. (Uponor, 2007)

Figure 7 (opposite page): Uponor Quick And Easy fitting installation process.
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3. Field research

3.1 User research

I chose qualitative methods for my user research. This would include jobsite visits and 
interviews with contractors. In addition, I would be interviewing sales representatives and 
product managers from Uponor. The contractors would be ones that have installed, or are in 
the process of installing Uponor pipe products. 

3.1.1 First jobsite visits in Finland

Three jobsite visits were arranged in Finland, to give me a better idea of the Finnish installation 
methods. These included one new apartment house jobsite, one re-pipe jobsite and one 
single house re-pipe jobsite. All of these installation sites used Uponor composite pipes for the 
fresh water systems. The reason for there being only MLC installation site, is that PEX-pipes 
are not that popular in Europe, the floor heating systems being an exception. Since I would 
be doing product design for PEX-products, it would make sense to have the emphasis on the 
U.S. installation sites. Finnish jobsite visits would still serve a purpose of seeing examples of 
the local installation methods.

My preparations for the Finnish jobsite visits were merely the fact that I was planning on 
asking how the installation work is done. My knowledge of this subject was a bit too limited to 
even know what to ask specifically. Of the three jobsites, two had the pipes already installed, 
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waiting for the next crew to install the insulation. At those sites I would ask the foreman 
to explain how the installation process goes. The answers would represent the view of an 
expert, giving an overall picture of the process, but being scarce on details. I tried to work 
around this by asking further questions on the details of the work. In the end, I came to the 
conclusion that it was too much work to try to ask someone to remember every detail of some 
work process, not to mention that it might be very hard for them to do, without the tools at 
hand and outside of the work situation. 

Luckily I got to observe one installation crew do their work at the single house re-pipe jobsite. 
They were in the process of changing old copper pipes to the new Uponor MLC pipes. The 
copper had already been removed and the MLC installation was underway. I took pictures of 
the work and interviewed the foreman and the Uponor sales representative who was taking 
me to the visit by car. 

Figure 8: Installation of Uponor MLC pipe by LVI-Dalton Oy.

Key findings of the Finnish installation site visits

The main reason for the jobsite visits in Finland was to see and record the typical local 
installation methods. According to the foreman of the apartment house re-pipe jobsite, the 
pipe installation is typically a work phase which the installers don’t usually like, since it is 
tedious and time consuming with lots of detail work. This comes from there being typically 
several pipe lines combined with limited installation space. The installer therefore has to 
have a good understanding in his mind of how everything goes together. Drawings exist from 
the engineering, but they are only projections of the three dimensional real situation. Also, 
especially at a re-pipe jobsite when adding piping to an old building, they might not be fully 
accurate. So in the end, the installer has to make adjustments to make it all work together. 
According to the foreman, this challenge in the work combined with the incompetence that 
is sometimes seen in the workers, adds up to poor workmanship. It is then the job of the 

foreman to inspect the work and to tell the installer to fix any bigger problems, for the work to 
be passable. 

The single housing re-pipe installation jobsite on the other hand, had a highly motivated 
and experienced crew. The company selling point was doing the re-pipe work in one day. 
According to them, the customers usually take a long time to decide to do the re-piping, but 
when they finally do, they want it done as soon as possible. The MLC fast work methods and 
the crimp-type fittings allowed for this. 

The main findings of all the jobsite combined is that the level of difficulty in the installation 
case varies a lot as does the competence level of the installation workers. These matters 
have to be of course taken into consideration in the product design.

3.1.2 Planning the U.S. interviews

In order to understand the American installation process, I wanted to see the work done by a 
professional. As Ulrich & Eppinger write (2000, p.60) about the importance of experiencing the 
use environment of the product: “Without this direct experience, technical trade-offs are not 
likely to be made correctly, innovative solutions to customer needs may never be discovered, 
and the developing team may never develop a deep commitment to meeting customer needs.” 
It would be potentially a waste of time guessing about the installation process or merely 
reading about it. 

I had already seen some work done on a Finnish re-pipe jobsite, but I was curious how 
it might differ in the United States. My plans included talking to the installation crew and 
asking about their work. A schedule was made for me to go the United States to visit different 
installation sites. I prepared a list of questions under topics, in order to give me room to 
adjust my questions based on how the interview was proceeding. I then made an interview 
plan which I submitted to a colleague in the United States to give them an idea of what I was 
interested in, to help pick out suitable installation sites to visit.

(List of questions in the appendices)

3.1.3 Jobsite visits with informal interviews

I was scheduled for a two week research trip to the United States. The first week would 
be spent in Orlando area, in Florida and for the second week I’d travel to Minneapolis in 
Minnesota, for the local area jobsites. The Uponor North America headquarters is also located 
near Minneapolis, in Apple Valley, so the visit also gave me a chance to see their installation 
training facility.
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There were a total of ten installation sites I visited: 

Apartment buildings: 4
Hotels: 3
Condo buildings: 2
Commercial (Walmart): 1

Eight out of the ten sites were using Uponor PEX-piping as the water mains and / or in 
branching off from the main water lines. On the two exceptions, copper pipes were used 
as the water mains. These sites were added so we could see the traditional type of pipe 
installation.

Typically the day would begin with a sales representative picking me up from my hotel by car. 
We’d then drive to the first jobsite of the day. On the way there, I’d have an informal interview 
with him, asking some preliminary information about the site we were going to visit, who 
was the foreman etc. I found these chats to be very valuable. The sales reps work with the 
customers closely so they are the first to hear about problems the customers might be having 
with the products. 

After arriving at the jobsite, we’d put our safety gear on, meet with the foreman and then go 
around the jobsite. Uponor had teamed me up with a representative of the Uponor North 
America (UNA) product development, who had his own interests in the jobsite visits. This was 
a way to get more out of the visits for the company product development. Also, it worked well 
for me too, since I had now a local guy with a good understanding of the installation work, to 
help me with the questions. 

The jobsite visit would proceed with us asking to see specific things, in my case water main 
line installations. While the foreman was showing us around, I’d then ask him to explain how 
the installation had been done. I would record audio of the conversations and take pictures 
of every specific thing he’d tell me about. I’d try to take rather too many pictures than too 
few. This way the pictures would help me in analysing the interviews later on. Sometimes the 
background noise at the construction site would make it difficult to understand the speech on 
the recordings, so the pictures proved to be very valuable. As part of my company provided 
protective gear of a helmet, protective shoes and a high-visibility vest, I had also bought 
myself a pair of active hearing protection. These proved to be essential in the more noisier 
environments. The earmuffs I was using, had microphones in them, so I could hear speech in 
a normal way, but the protectors would cut out any harmful impulse noises from the workers 

Figure 9 (opposite page): some of the jobsites I visited during my research trip. All 
pictures from Florida, except lower right corner one from Minnesota.
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around us using power tools. In addition to not getting permanent hearing damage, my gear 
allowed me to concentrate on the conversation I was having with the person I was interviewing, 
without flinching every now and then at the loud noises. 

At the end of a day, I would go through the recordings in my hotel room, looking at the pictures 
I had taken, writing down the major findings.

Key findings of the jobsite visits

Contractors do not like how the PEX-pipe flexes when used in larger diameters, in long straight 
runs. They prefer using CPVC for the water mains for this reason. They are used to copper 
piping and neat straight pipe lines. 

The importance of the neatness of an installation job was matter that came up with all of the 
foremen. This is due to pride of wanting to do a good job, and passing the inspection after the 
installation. I was told that different installation crews (and therefore also sometimes different 
companies) compare their works since they have to usually fit their installations along with the 
others, in a restricted space. If some crew was found to be making shoddy work, they would 
quickly have a reputation for that. 

3.1.4 Interview with a contractor company

In the end, during my two week trip, there was only one lengthier one hour interview with the 
people at the Modern Plumbing Industries Inc. main office. At the interview, there were a total 
of seven people sitting at the table, five engineers and executives of the company, and two 
Uponor sales reps. With my topic list as a backup, I started on the matters I felt were the most 
important ones. As the discussion begun to process, it quickly became clear that there wasn’t 
enough time to go through every topic I had in mind. I wanted to keep the people interviewed 
talking, so I would go with what they had to say, sometimes giving a short summary of what 
had been said, in order to make sure that I had understood what they meant. I tried to not to 
interpret too much what had been said and stick to the facts. I’d change the topic whenever 
I felt that one particular subject was done with. My prepared list of topics was there for me to 
check if there some particular subject that I had missed. After all, the data gathered was more 
important than sticking to a rigid plan (Ulrich & Eppinger, 2000, p. 66) 

Figure 10 (opposite page): Uponor PEX-pipe installations at different jobsite I saw during 
my visit. In addition to white, the highly flexible ½ inch PEX-pipe is available in red and 
blue to help the installation crew to keep track of the hot and cold water circuits. 
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I was going to try to go deeper into what makes the people of this kind of profession tick, but 
having so many people there hearing each others comments, it just wasn’t going to happen. 
I think they had the presumption of this being the typical “customer’s voice” type of talk 
Uponor has done before, where the main focus is on some specific mechanical details that 
the customers want improved.
 
In hindsight, it didn’t help that I was introduced as being from the Uponor product 
development, and had come all the way from Europe to talk to these people. I thought I 
would have the freedom of being a university student doing his thesis interview, but instead I 
was the representative of Uponor Finland there. I had planned some questions of the of user 
experience type of topic, but talking of your personal passions and things like what they enjoy 
about their work, did not fit with this idea of an Uponor product development interview. How 
the interview ended up being, was a combination of pre-planning and my desperate efforts 
of reading the general mood of the people involved, the difficulty being that they were from a 
different cultural background from mine. It was lucky for me, that the interview was at the end 
of the first week, so I had had time to get somewhat accustomed to talking to the local people. 

I made written notes during the interview and also recorded the whole interview with an audio 
recorder. I opted out of using a video camera, since I wanted to keep the recording equipment 
as little noticeable as possible, to help relax the atmosphere. 

In the end, I got good information out of the interview, but on a limited amount of topics. 
A good estimation on an amount of interviews would be at least ten. (Ulrich & Eppinger, 
2000, p. 64) Taking into consideration the jobsite visits and the conversations with the sales 
representatives, there were fourteen shorter interviews in total. 

Key findings of the contractor interview

According to the interview, the plumbing industry is very conservative. New products are met 
with caution, since they haven’t been proven yet to work properly for long periods of time. 
As their CEO put it: “I can’t imagine any hotel owner wanting anything “new” used in (the 

Figure 11 (opposite page): Examples of typical Finnish and U.S. installation methods: 
on the top, the white pipe is Uponor MLC composite, at a jobsite in Lahti, Finland. The 
hanger is clamped directly around the pipe - the insulation layer will be added on top 
of the hanger and the pipe. In the bottom picture an example of a finished CPVC water 
mains installation in Florida - the insulated pipe sits in a sheet metal saddle, on top of 
a trapeze type of hanger. 
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construction of) their building”. Contractors have liabilities for their work, and since they deal 
with plumbing, mistakes can have serious monetary repercussions, for example in the case of 
water damage to the building. For them product guarantees by the manufacturers play a big 
part in choosing what products to use. 

At the same time, contractors like to bring new smart product solutions to their customers, 
since this makes them look good. They gave the example of Hold-Rite (Tm) brackets which 
they have been using for years. These products aim to cut down on the installation time of 
PEX-products. It makes sense that they are acceptable to these kinds of products, since 
the products do not take part in the critical parts of the water system, but rather support the 
installation work.

3.2 User research results

3.2.1 Contractor pain points

The list of user findings was presented as “Contractor Pain Points” along with direct suggestions 
on corrective measures. The reason for this was to give a quick starting point to the reader to 
begin the thought process of what to do about the problems. The report was used to convey 
to the United States and Finland product developments teams about the findings. It wasn’t 
directly related to the problem area of what I was looking into, but more of a closure to the 
user field research trip.

(Complete list of findings in appendices)

3.3 Directions based on user research findings

3.3.1 Company design needs

The biggest finding in relation to the hangers of PEX-piping, was that contractors do not like 
using PEX-products in horizontal water main pipings, because the pipe would sag due to 
heat expansion and this would result in an aesthetically unpleasant results. Because of this 
reason, in some of the apartment house jobsites I saw, the main horizontal water line was 
CPVC and they would branch off from that into the apartments with half inch PEX-piping. 

The smaller half inch piping, would be running inside an apartments walls and out of sight, 
so in that case the flexibility was not a problem, but a benefit. The flexibility helps in running 
a pipe without any extra joints, to the next fitting. A CPVC pipe, in comparison, would need 
glued joints every time you’d want to make a 90 degree turn, for example coming down 

from the ceiling to a dry wall. So the contractors liked the quick and easy fitting system of  
a PEX-pipe, saying it practically eliminates the problem of having dry-fits, but found the sag 
of the larger diameter pipes problematic. A dry-fit means for example a failed glue joint in a 
CPVC fitting - a “dry” area between the contact points devoid of glue, which will leak water.  

To combat the sag property of the PEX-pipe, Uponor has a an additional product, which is 
a c-shaped profile made of galvanized steel sheet metal. This profile clips onto a PEX-pipe 
and due to its shape, will hold onto the pipe. Additional stability is added with three zip-lock 
ties that are installed in the middle and in the ends, around both the pipe and the c-profile. 
Without the support profile installed, the hanger spacing is recommended to be four feet, and 
with the profile on, 8 feet hanger spacing can be used. The eight feet distance is important, 
since it is the standard which is used for copper piping, which is one of the big competitors for 
the PEX-products. 

In the case of copper piping, the contractors are used to installing the supports first every 
eight feet, and then adding the horizontal main pipe lines on top. Typically a trapeze type of 
hanger would be used to hang several pipes. After sweating the joints (soldering) of the main 
horizontal line, branching pipe connections would be drilled and drawn from the main pipe, 
with a specialized tool. So the benefit of copper is that you can install long hanger runs and 
then worry about the branching later on. With PEX-pipe however, you have half the hanger 
spacing and then even more hangers in addition, since Uponor’s installation guidelines 
stipulated that an additional hanger would be needed at every branching or 90 degree fitting. 
The steel c-profile was created as a fix to combat the problems with hanging the PEX-pipe. It 
is an additional cost in any case, and does not help with any preconceptions the contractors 
might have against using PEX-pipes.

3.3.2 Differences between the U.S. and Finnish installation methods

The most important difference turned out to be how the hangers were installed to the pipes. 
In Finland, the pipe hanger is typically clamped straight onto the pipe, having just a strip of 
insulating rubber between the hanger metal and the pipe. In the United States the hanger or 
pipe support is by regulation, outside of the insulated layer. The Finnish way of installation 
takes more time in many cases, since every individual hanger has to be tightened around the 
pipe with one or two screws. The United States way is to use typically a clevis or tear drop 
type of hanger - the pipe is then inserted through the hanger during installation. Both types of 
installation require the pipe to be uninsulated during the pressure test of the water system, to 
see if there are any leaks. 
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In the Finnish way, the insulation is laid on top of both the hanger and the pipe, with only the 
threaded hanger rod sticking out of the insulation when the work is finished. In the United 
States type installation, the pipes are propped up from the hangers with pieces of wood 
during pressure testing, and finally the insulations are slid through the hangers, under and 
around the pipe. When I showed pictures of the Finnish way of installation to the foremen in 
the United States, the workmanship was perceived as neat, but the method time consuming.

Figure 12 (opposite page): Examples of typical Finnish installation methods at a 
apartment building jobsite in Lahti, Finland. On top picture, the hangers are covered 
with mineral wool insulation. The bottom picture is the one I would show to the U.S. 
contractors as an example of Finnish installation methods. 
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4. Design

4.1 About design method - human-centred design

When a company like Uponor, which has already products of a certain category in their portfolio, 
and a user base, in practise, there isn’t really much alternatives to using the user as the basis 
for designing new products. A user centred approach has been widely acknowledgement to 
be one of the cornerstones in designing successful new products (Keinonen, Takala, 2006, p. 
92). The field of business-to-business plumbing products is driven on cost and profit. Some 
key questions for the specifications of such a  product are the cost of a minimum viable 
product, and what kind of profit can one make on using said product? Additionally, when 
talking about water piping, there are responsibility issues since a failure in a water pipe line 
can have cause significant damages to housing property. Therefore any guarantees that a 
manufacturer can make for their product, play an important role in selling it. (Interview with 
Modern Plumbing Industries Inc. representatives, November 18th, 2016)

4.1.1 Pipe installation use cases

The process of bringing water PEX-pipes to a building starts with an architectural plan of a 
new building, or a plan to renovate an existing one. After the first draft of architectural drawings 
have been approved by the customer, different companies of engineering disciplines will get 
to work in making plans for the different parts that make a building functional. For example, an 
engineer who is responsible for the water distribution system design, will specify the different 
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pipe, insulation and hanger types to be used in the piping plans. A plumbing company will be 
hired to get the actual installation work done at the build site. To get the job, the contracting 
company will make an offer of the installation work, taking into account the material and labour 
costs to still meet a certain margin of profit. Several companies might be competing to get the 
job. The company with the cheapest offer might get the job, but it is not always that simple. 
There also needs to be taken into consideration the reputation of the company, what kind of 
jobs they have completed before, what kind of quality of work have they provided in the past. 

After the plumbing contractor has been chosen, they will do a detailed plan of installing the 
pipes, according to the drawings by the engineer. For their original offer to get the job, they 
have done an estimation of the work cost, with a certain margin of error to make sure they 
meet their margin of profit. For the installation plan, they will choose the products to be used, 
according to the specifications by the engineering drawings. The specifications might say that 
a certain type of product which meets certain properties has to be used, but there might be no 
mention of a manufacturer or a certain brand. It is then up to the contractor to choose which 
product they will use in the installation work. The products chosen will be a part of the total 
cost calculations. (Interview with Modern Plumbing Industries Inc. representatives, November 
18th, 2016) 

What product  the contractor ends up choosing, boils down to cost savings. Either the product 
used needs to be cheap to save money in buying it, or it needs to save money in installation 
time which means savings in labour costs. The product also needs to be reliable, since the 
contracting company is responsible for all errors in the installation work. Even this side of 
the product properties is in the end, about cost savings - it costs money to repair mistakes or 
failures by products, that happen in the installation work.

At the bottom tier of this hierarchy, there is also the end-user. This is the person working for 
the contractor, putting up the pipes at the jobsite. Everything has been chosen for him to be 
used, he has no say in the selection, but is paid to only do the job. This is something that I saw 
in every one of the larger contracting companies, during my visit to the United States. In some 
smaller contracting companies, like the one small housing re-piping installation site I visited in 
Lahti, the owners are also doing the installation work. They will still typically have some hired 
workers, since the installation work is usually done in small teams of two to three men. 

4.1.2 Design drivers

Drivers are often just guesses about the future. Often they are deliberately overstated, in order 
to clarify the idea. On the other hand, they can be such self-evident truths which nevertheless 
have not yet been achieved in present products (Keinonen, 2000, p. 195).

When talking about plumbing products and accessories, based on my research, the purchase 
decision maker is in most cases is not the end-user. This brings up a question, to whom would 
I design my product then? On what basis should a product of this category be designed on? 
One could say that the ethos of a designer dictates that one should design good products. What 
is a good plumbing product? I mentioned the end-user being the person doing the installation 
work. In fact, the actual end-user is the person living in the house that the installation work 
was done for. They will most likely pay attention to the water system only when something 
goes wrong. Of course, there is not much choice in this matter, since most of the water related 
technology is typically hidden inside the walls of a house. The product I would be designing, 
will be an accessory to an existing product, which is the PEX-pipe for water. It would needs 
to meet specifications to be part of a well functioning water system. So the only part I have 
freedom in the design work, is the installation process.

Based on my research on existing products, it seemed that certain properties of hangers 
could possibly be enhanced.

There are three main parts when you want to hang a pipe from a ceiling: an anchor, a threaded 
rod and a pipe clamp. A typical installation of a pipe hanger would have these following steps: 

1) drilling a hole for an anchor to the concrete ceiling
2) hammering the anchor into the drilled hole
3) cutting the threaded rod to a certain length according to the pipe installation height
4) screwing in the threaded rod into the anchor by hand
5) screwing the pipe hanger onto the threaded rod by hand
6) checking the height of the pipe hanger and adjusting the height if needed
7) attaching the clamp around the pipe loosely by tightening the screws on the clamp
8) installing fittings to the pipe, fine-adjusting pipe height
9) when pipes are in the right place the clamp around the pipe is fully tightened 

I went through the functions of these different parts to see if I could find potential for improvement, 
within the framework of what is viable for the company to produce. Since Uponor specializes 
in injection moulded and extruded plastics, if something could be manufactured from plastic 
that would have priority over designing metal parts.

The anchor is made for the threaded rod, therefore the rod would have to be looked at first. Using 
threaded rod as the attachment to the structure above is a mechanically secure way. The rod 
is also cheap and readily available. It also restricts sideways movement somewhat, therefore 
dampening the movement of the pipes due to pressure shock or something bumping into the 
them. Any excessive pipe movement is bad for the joints of the pipe and might lead to a leak. The 
main negative side of using threaded rod is that it needs to be pre-cut to a certain length. Since 
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typically the rod that is used is 8 mm thick, you would typically use a power tool, like an angle 
grinder to cut it. Some pre-planning is needed for the cutting to be effi  cient on an installation site. 
Some manufacturers like Hilti, off er threaded rod as pre-cut to certain module lengths. If the pour 
on the ceiling is not even though, you have to cut the rods individually anyway. 

The hanger holds the pipe onto the threaded rod. There are several diff erent types of hangers 
on the market, depending on the pipe diameter and whether mounting the pipe on a horizontal 
or vertical surface. For the horizontal PEX water mains pipes, the hangers can be divided 
into two main categories: hangers that attach directly onto the pipe and hangers that attach 
on top of the insulation. In the United States the hanger needs to go on top of the insulation, 
according to the regulations. In Finland, the hangers typically go under the insulation and 
have just a strip of rubber in between the pipe and the hanger. 

Taking into consideration how well the threaded rod was working for this application, I chose 
to concentrate on the pipe hanger. Existing rods and anchor products would be used with the 
new hanger design. I chose the following design drivers:

Easy to install
Less steps in installation

4.2 Concept design

Due to the potential patenting of certain parts of the fi nal design, I cannot disclose those plans 
in this thesis report. This includes also concepts and ideation work that directly lead to the 
fi nal concept. 

4.2.1 Preliminary functionality exploration concepts

After benchmarking, I had a period of waiting, for the user interview arrangements to be 
made. During that time I made concept designs based just on the products I had seen so far. 
My goal was to explore potential new solutions and technical details. This phase had no real 
human centred goal behind it, but was more to just get a better understanding of what goes 
into pipe hanger products. I feel that it is potentially a bit risky to start designing without the 
correct premises of the product needs being found out.

I chose to do 3d-models of the exploration concepts so as to make it easier to explain the 
ideas to my supervisors in a thesis progress report meeting. The renderings worked well in 
that sense, the pictures sparked discussion and ideas on further developments.

Figure 14: Further concept development, after the pipe sag problem had been identifi ed 
and the U.S. installation methods had been research. On the left an idea for a modular, 
insulating support structure - the pipe can be fully insulated by adding a locking top layer. 

Figure 13: Early function exploration 3d-modeling.



50 51

4.2.2 Choosing the direction for concept design

The main issue with the horizontal PEX-piping that came up from the research was that the 
product is too fl exible, especially when warmed up, and this was causing issues with the 
hanger installation cost and complexity. I had some theories on how to fi x this, so I proposed 
that instead of designing new hangers, I would do a concept on how to fi x the pipe sag and 
then design hangers based on the same concept.

The fi rst idea was to add something to the pipe to give it more rigidity. Based on my experience 
in architectural design, I knew how a beam structure worked - a pulling force is formed on 
the lower part of a beam while the top part is being compressed. In the case of a plastic 
pipe, the polyethylene is relatively fl exible but can take compressive forces well enough, you 
would need something underneath the pipe to take the pull and hence prevent the pipe from 
sagging. Having this kind of additional structure on one side might not be optimal - this would 
force the installer to use time in checking that the pipe was rotated in the correct position. If the 
positioning wasn’t precise, this would make for a shoddy looking installation work. Therefore 
the structure would be visually easier as an uniform shape around the pipe. Insulation was 
usually added on top of the pipe, after it was installed onto the hangers. So I had an idea of 
using this insulation somehow as the stiff ening structure.
 
Since the product that this additional stiff ening was needed for, was a specifi c type of larger 
diameter PEX-pipe which comes also in straight sticks as well as in a roll, I thought that 
perhaps this pipe could come pre-insulated from the factory. The theory was, that a plastic 
layer on top of the insulation would take the pull underneath the pipe, and therefore make 
for a stiff  composite structure. The insulation would prevent the top layer from heating up as 
quickly as the pipe itself. The pipe would be permanently fi xed to the insulation, so in eff ect 
the insulation would try to counter the force from the pipe heat expansion. So the insulation 
and the top layer would tense up like a spring when the pipe would expand, the tension 
would be again released when the pipe cooled down. This eff ect could already be seen in the 
Uponor composite PEX-pipe, where an aluminium layer suppresses the heat expansion of 
the PEX-layers. 

Other theoretical possibilities were adding carbon fi bre fi laments onto the pipe surface, as 
part of the extrusion process - they would act similar as steel tension rods inside a reinforced 
concrete structure. There were diffi  culties in fi nding an expert who I could ask if this was 
feasible. In the end, when discussing the possibilities with my supervisors, it was deemed 
better to not change the pipe product itself in any way. The reason was that changes to the 
production of the pipe would be too costly and complicated. This meant that a restrictive factor 
for the concept was now in eff ect: whatever the concept ended up being, it needed to utilize 
the pipe the way it came now from the factory.

Figure 15: The specifi cations of the simulation, from the simulation report by 
Stressfi eld Oy (2017).

Figure 16: Heat expansion simulation diagram, pipe expansion at 65° celsius 
(scale factor 10), for a length of 2500 mm. On top picture, insulation glued onto the 
pipe, below without the gluing. On the top picture the solid structure suppresses the 
pipe heat expansion, while in the bottom picture the pipe slides out of the insulation 
30,6 mm while expanding (Stressfi eld 2017).
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Figure 17: Simulation result diagram of the effect of a layer of aluminium to the sag of 
the pipe. (scale factor not reported) In the top picture the insulation with the aluminium 
layer and in the bottom picture without the aluminium. It is clear to see from the results 
that the aluminium layer plays a big part in the structural strength of the insulating 
layer (Stressfield, 2017). 

The next idea was to use the insulation as a support structure on top of which the pipe itself 
would be laid out. It would in effect similar to the steel c-profile that already existed, if the 
hangers would connect directly onto it. It has to be noted here that this kind of setup was 
possible in theory for the United States market, because their regulations stipulated that the 
hangers were to be installed outside of the insulation layer. In Finland for example, the hanger 
is directly around the pipe (with a strip of rubber in between) and the insulation goes then on 
top of the hanger and the pipe. 

The structural principles of the previous ideas could work also in the new one: to have a plastic 
or aluminium layer underneath the insulation to take the pulling force. It quickly became clear, 
that instead of a flexible material, a hard insulation would be needed to make this structure 
possible. The reason for this is, that a flexible material will yield under a compression force, 
preventing the structure from functioning as intended. 

4.2.3 Simulation

It wasn’t known though, if this kind of structure would work. The first idea was to make a 
prototype and do a heat test in the company laboratory. After evaluating how much time and 
effort it would require to make this happen, I proposed that a simulation would be outsourced 
to find out how the materials would act when heated up with water. Compared to doing the 
testing with a prototype, this would be the faster way to initially find out if the idea was worth 
taking forward or not.

The simulation was done assuming a 32 mm thick insulation. This was the thickest class of 
insulation for water piping. My guess was, that anything thinner than that wouldn’t be able to 
function as a support. The initial test setup was without any additional stiffening structures, I 
wanted to see what the results would be for a basic round shape. Further adjustments and 
additional structures could be then estimated, based on the results. 

There were three different test setups for the simulation: pipe with insulation glued onto it, 
pipe with insulation not attached to it, and plain pipe. The glued on insulation was there 
as a variation of having pre-insulated pipe manufactured. It was estimated though by my 
supervisors, that this would probably not be a viable option as it would require changes to the 
pipe manufacturing process.

4.2.4 First iteration based on the simulation results

Since the simulation results showed that the insulation might be used as a stiffening structure, 
I made a design of the hanger with the insulation in mind. The material would be injection 
moulded polypropylene because of Uponor’s capability and expertise for injection moulding. 
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Mass production would also cut down the price of a single part, even though the initial tooling 
costs would be higher, compared for example to a stamped metal part. 

I made a 3d-print of the first design to see how the proportions would turn out to be. Also, the 
material thicknesses were initially just guesses on what might work. After the 3d-print was 
finished, it was obvious that certain adjustments needed to be done to places where high 
structural stress would probably occur. I used my intuition and experience on plastic parts 
design to get the dimensions so that I figured they would work. The prototype could then be 
shown to engineering to ask for advice on the structure. A physical object prototype is a faster 
way to explain to others your concept, compared to a sketch or a verbal explanation (Ulrich 
& Eppinger, 2016, p.297)

In addition to the structural strength, I took into consideration the user ergonomics. This mainly 
means that when working on ceiling installation with your arms raised high above your head, 
the attachment of the part should be quick and the installation should not require too much 
fine motor skills. The reason for this is that the static position of the raised up arms hinder the 
blood flow to the muscles. This in effect makes the muscles work anaerobically which results 
in the fatigue of the muscles and furthermore in hindrance to the muscle function (Launis & 
Lehtelä, 2011. p.73). 

blood �ow
to the muscle

requirement of blood 
�ow to the muscle

rest static 
work

dynamic
work

Figure 18: The ratio of blood flow to muscles and the requirement for it, in different 
situations. (Launis & Lehtelä, 2011, p.73)

4.2.5 Second iteration

For the second version, small tweaks were made in the dimensions of the hanger piece. I 
was again reminded of the importance of physical prototyping. I thought what I saw on the 
computer screen while 3d-modelling was good proportions-wise. After having seen the test 
3d-print, it was easy to see I had made some of the dimensions or parts of the model too 
small. As a mechanical enhancement, a quick attachment of threaded rod to the hanger piece 
was looked into and is under process of integrating into the next steps of the design. 
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5. Prototyping

5.1 Prototype building based on the second iteration

I discussed with my supervisor that a laboratory test would be in order, to see how a real-life 
situation would compare to the simulation results. We wanted to see if the insulation would 
work enough as a support structure, when hot water was running through the pipe. I made a 
plan for the test setup and arranged for a test session at the Uponor test laboratory, in Virsbo, 
Sweden. For the test rig, several pieces of the insulation were CNC-machined from blocks of 
polystyrene, at the Arabia campus wood workshop. I then ordered other needed installation 
parts like anchor bolts, threaded rod and backup metal hangers to be delivered to the school. 
The whole package was then shipped to Virsbo. 

(Plan for test setup in appendices)

New versions of the hanger pieces were 3d-printed at the Arabia campus. I wanted to see how 
the pieces would function in an installation, while building the test setup. I was also hoping 
that we could ask for feedback from the laboratory personnel who would helping in building 
the setup. The 3d-printed parts wouldn’t have the structural strength of an injection moulded 
part, but it was estimated that they would be strong enough to withstand the stresses from the 
relatively short heat cycle test time of five days. 
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The prototype testing was done in the final stages of the thesis work, so unfortunately I couldn’t 
get the results in time to add to this report. The biggest issue was if the idea for the structural 
insulation would work in practise. 

5.2 Prototype user testing

I travelled to Virsbo with my thesis supervisor, Ismo Talonpoika in May of 2017. We were 
supported on site by Jim Sköld, from the Uponor test laboratory. I wanted to test out for myself 
how the installation work goes, so I had requested that he leave some of the preliminary setup 
work for me. We’d put up steel profiles onto to the test area ceiling, to hang the pipes from. 
The profiles were added so there would have a clear reference surface, to measure the pipe 
sag from. We used a steel C-profile to attach the threaded rods onto with spacers and nuts. 
The installation work was surprisingly tricky. We would keep dropping the parts on the floor 
every now and then. Furthermore, threading the nut onto the threaded rod, inside a 25 x 25 
mm space of the C-profile was uncomfortable to say the least. 

Jim had worked as a plumber in the past, so I had an informal interview with him, about the 
issues regarding pipe installation work in general. He gave me also some feedback on the 
hanger and insulation design. 

The insulation was built with the same materials as in the simulation: two polystyrene foam 
parts, forming a tube-like shape around the 32 mm diameter PEX-pipe. The top surface would 
have an aluminium coating, which would act as a stiffening layer. In the production version, the 
aluminium would be attached to the foam halves already at the factory. I had to use aluminium 
tape to simulate this layer. The halves were thought to be attached with aluminium tape also 
in the final version. The original idea was that the tape could be rolled on the insulation, when 
it was already around the pipe, hanging from the ceiling. This quickly became non-feasible, 
as the space around the pipe was too cramped to handle a roll of tape in. I had seen the lack 
of space also earlier, during my jobsite visit, but I didn’t think of it as a problem before I was in 
the process of doing the installation myself. 

We ended up preparing a length of pipe with the insulation around it, rolling the tape on the 
insulation, and then finally putting the insulated pipe up on the hangers. The process of rolling 
tape around five meters of insulation, on a comfortable table height took 25 minutes from 
three people, trying to make it smooth and quick as possible. So the process of applying tape 

Figure 19 (opposite page): Building the rail system at the test laboratory for hanging the  
prototypes from. The work for ceiling installation requires a lot of uncomfortable 
working positions, usually having your arms above your head level for long periods of 
time, even when using a ladder.
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on the insulation during the installation phase, when the pipe and the insulation was hung 
from the ceiling, needed to be re-thought.

5.2.1 Key findings of test installation

Working positions in pipe installation can be very uncomfortable. A lot of time is spent with 
your arms above your head. This can result in repeated stress injury in the long run (interview 
with Jim Sköld, 2017). Therefore it is important that the products should be designed so as to 
cut down on the installation phases and the parts that are used.
 
According to my observations and short experience with the installation work, the decrease 
in fine motor skills should also be taken into consideration. For example having to use a tool 
which needs exact placement (for example a Phillips-head screwdriver) in order to fasten 
something, should be avoided.

One of the most important findings for me personally, was the reminder of how trying out the tasks 
of the user, helps in understanding the issues related to the product you are designing. In this 
case, doing some of the tasks and being frustrated about them reinforced the idea that the issues 
should be looked into, to see if they could be helped via the design work for a new product.

5.3 Next steps of product development

After the results come from the heat expansion testing, the feasibility of the concept can be 
decided. It might turn out to be a dead end, but that is also an acceptable conclusion to an 
explorative concept like this (interview with Ismo Talonpoika, 17.5.2017). If the insulation part 
doesn’t work, the hanger concept can be looked into. There would still be improvements to be 
made in the installation process, for example in cutting down on the installation time. 

If the insulation concept is feasible, next would be further research on the manufacturing 
method. Possibly hard polyurethane would be used in the final product. The attachment of 
the surface material has to be solved. It can be aluminium, but perhaps there would be also 
a suitable plastic that could be used. Attachment of the insulation halves needs addressing 
also, snap fittings or even a glued construction could be used. To decide this would need 
further interviews and user testing with contractors, to make sure that the product would fit 
their working methods. 

Figure 20 (opposite page): The original idea for the aluminium surface was to use strips 
of tape along the length of the insulation. Due to the rough surface from the CNC-milling, 
the aluminium tape had to be coiled tight around the insulation to prevent it from crushing 
under compressive forces from bending.  
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Conclusions

The thesis describes a case study of a concept development project, using human-centred 
methods of design. The work was in three phases: research, concept design and prototyping. 
After the initial brief from Uponor to design a hanger system for PEX-piping, a user study 
was conducted to look closer into the issues surrounding the matter. After the user research 
showed the pipe flexibility being one of the main issues, it was chosen as the focus for 
creating new concept ideas. The user research included plenty of interviews to get the view 
of the people leading contracting companies. What was left lacking though, was the view of 
the installation crew, who do the actual installation work. This was supplemented in the later 
stages of prototyping. I think this information would’ve made a bigger impact on the design if 
it had been discovered earlier on in the project.

In the concept ideation phase an idea for a structural insulation was developed into a 
3d-model, which was then used as basis for conducting a computer simulation for a the heat 
expansion of a pipe using said insulation. The concept was then taken forward for prototyping. 
At the same time, concepts for plastic pipe hangers were created in three iterations, utilizing 
3d-modelling and 3d-printing. 

In the beginning of the prototyping phase, it was decided that a heat expansion test should be 
done in the Uponor test laboratory. For this, a physical 1:1 prototypes of both the insulation 
and the hangers needed to be made. The insulation was CNC-machined out of polystyrene, 
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at the Arabia campus wood workshop. The hanger concepts were then 3d-printed. The parts 
were shipped to Virsbo, Sweden, where the installation took place in the time of three days. 
The installation process at the laboratory turned out to yield important information about the 
difficulties of pipe installation. This was experienced first hand by the author, by taking part 
in the installation process. The need for this kind of experience was noted already in the 
beginning of the project, but due to the difficulties of setting up this kind of test installation, it 
was brushed aside as not having priority over conducting the user research. The laboratory 
testing was not done in time for writing the thesis written part, so the results couldn’t be 
included here. The initial look of the installed insulations looked promising, how they will react 
to hot water running through the pipe, is left to be seen.

Some answers to the research questions

How do you design products for a B2B company, using human-centred design 
methods? 

The results of the project show that a thorough enough qualitative user research (Ulrich 
& Eppinger, 2000, p. 64) works well in gathering information about the needs of a client. 
Quantitative methods could also be used, but a lot of weight is then put on how the questions 
are worded. I made the plan of my interviews in a quantitative manner, a list of questions that 
I thought should be asked from all of the people interviewed. The issues discussed in the 
interviews turned out to be somewhat complex and I think that some of the details would’ve 
been lost with a quantitative approach.

Although with a company like Uponor, dealing mainly in B2B business, the focus should be in 
the clients’ needs, the needs and issues of the end-user shouldn’t be overlooked. In this case 
the client, or the buyers of the products (decision makers) are the contracting companies and 
their executives, but the end-users are the people working in the installation crews of said 
companies. As a designer, a participatory approach to the user research gave good insights 
into the installation work. 

What kind of properties does a good product for a B2B company have, to be 
manufactured in-house?

In the case of Uponor and their history with injection moulded plastic parts, it made sense 
to look into the possibilities of using injection moulding as the manufacturing method for the 
pipe hangers. A good product for in-house manufacturing utilises the strengths and expertise 
of the company in question. It fits well in the product portfolio of the company, and does not 

cannibalize sales of another product in the company (interview with Ismo Talonpoika, 2016). 
For B2B sales, the product needs to offer benefits to the client. This can include things like 
manufacturer’s warranties or reductions in installation times. A product can cost more, if it 
saves in the installation labour costs. 

Next steps

After the laboratory testing is finished, the results will be evaluated to see if the concept or 
parts of it, have potential to be developed into a product. If so, further research is needed 
to find optimal materials to be used. The manufacturing methods and the costs have to be 
evaluated. A second iteration of prototyping is needed, for conducting user evaluation with 
contractors. Feedback from contractors and the members of their installation crews is needed 
to evaluate the functionality of the new product concept. 

Personal notes and reflection on the thesis project

I have to say I truly got what I bargained for with this thesis project. It has given a good 
view into the beginning stages of a product development project, inside a large corporation. 
Operating inside a such large company is a world of it’s own. There are lot of possibilities for 
support on your project, but I found the biggest hurdle to be to find the needed resources. 
Who to contact, where to ask, what needs to be done to make reservations, etc. This takes 
a certain time to get used to. At the same time there are also good things about this kind of 
“large machinery” - I feel there is “the big picture” view on things: if some action is seen as 
needed, and it is approved then resources are available with the focus on making things 
happen instead of dwelling on useless small details. 
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Appendices

1. Contractor pain points

Mikko Heiskanen, 23.12.2016

Pain points of contractors based on the user research

• Almost everyone (of the contractors, the supervisors) said they want to do a neat looking 
job and they are not confident that this can be done with PEX on the horizontal water 
mains. The Minnesota local rep had a set of photos just for this purpose, to prove that you 
can pull it off.

Suggestion: have better picture material ready for the reps to show. At the moment they 
have to build up their own picture material banks.

“The first thing I ask somebody who sits down with me to show a new product, is show me 
it in use somewhere already.”
 
“We use mainly CPVC (for re-piping), I’ve heard a lot of guys use PEX. What I don’t like 
about it, for me, it’s hard to make it look good.”
 
“You put some hot water through it, it’ll sag and look like crap.”

• The PEX pipes used in the mains, require a different installation approach than copper, 
more hangers in general and additional ones at the T-joins.

Possibility: Develop the pipe so that it is more rigid. This could be done with something 
in addition to the PEX pipe or by changing how it is made via extrusion. In any case, there 
shouldn’t be additional steps (like using the c-profile) to use it, in the field.

• The C-profile is being marketed as a cost saver to a problem that was originally generated 
by the PEX pipe itself. One contractor said they don’t like how you have to use an extra 
part (c-profile) to support the pipe up with.

• The horizontal PEX mains piping has to be supported off the hangers by a block of wood, 
or a piece of insulation, since it will be pressure tested and full of water afterwards, before 
the insulation goes on top. So the insulating crew have to lift the pipe up if there hasn’t 
been any collaboration with the crew that put the piping in, to include those blocks. 
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Possibility: to have a hanger with a removable block to prop up the pipe, now they have 
make the pieces that go under the pipe.

Difference to Europe: In U.S. you cannot insulate around the hanger, so a clevis type on 
is popular, also it is cheap. In Europe, they insulate specifically around the hanger, which 
is therefore a split ring type and has only a strip of insulating foam between the metal and 
the pipe.

• When they branch off the mains with a ½” PEX pipe, when that pipe is cast in the slab, it 
goes there inside a corrugated plastic tube. The central Florida local rep said that they’d 
like the option of pulling the ½” PEX pipe out for repairs, but the corrugated tube is too 
tight of a fit to do this. The corrugated pipe should be flexible, but at the same time 
shouldn’t be easy to crush.

Possibility: look into choosing or developing a better corrugated pipe for this specific 
application Difference to Europe: PEX branching from the mains, is done overhead, the 
only exclusion being floor heating systems.

• In Minnesota, larger PEX piping is slower to install than CPVC, because of the cold 
weather.

Suggestion: look into if this is making a difference in deciding if the contractors will not 
use PEX. This should be technology-wise fixable. You basically need to figure out a handy 
way to heat the pipe before expanding it.

• Installers still use duct tape to seal off PEX pipe ends, even though there have been 
instructions on not doing so. (The glue might make the pipe weaker)

Suggestion: develop better training instructions
Suggestion: supply suitable tape with the pipe

• Installers use damaged fittings, even when told not to. The smaller fittings come in bags 
of a hundred or so, they get damaged in the bag or in the trays the installers use to keep 
them sorted, when moving around the jobsite. This is a problem because the installers don’t 
inspect every fitting they will put in. One contractor said, just the slightest nick which might 
cause a drip at random, a month later. There was a wish from one contractor for Uponor, to 
include in the installation training, specific orders to inspect every fitting the installers put in. 
They say a diligent inspection practise is already in use for CPVC fittings, but in that case, 
they look in the inside of the fitting and for Uponor it’s the other way around.

Suggestion: develop better training instructions to avoid this problem. Having the 
installation crew understand the importance of this matter, might make them also take 
better care of the fittings.

Possibility: for the longer run, look into developing a tray / holder system for Uponor, to 
hold all the accessories in, as part of a complete system that Uponor offers. At this point, 
all the crews need to build their own fitting trays. They said you can’t buy them anywhere. 
They are now kept for example, in the same trays that they used to have copper fittings 
in (at least one jobsite). This might also hint that they are handling them in a similar way, 
unless very well informed. Because outside damage matters the most, Uponor fittings 
should be handled more carefully than CPVC fittings for example.

• Some installers cut off the pipe ring and the pipe from the fitting, even though they were 
told not to. One of the sales reps even said there’s a good way to do it – cut the ring off 
and then heat the pipe end and pull the fitting out. So people seem to have confidence 
that they can cut a pipe off and still be able to re-use the fitting.

Suggestion: either have better instructions on how to remove a pipe from a fitting, or 
have better instructions in training on how to correct a problem where you put in the 
wrong fitting for example. Also, the people in the field seem to be using this trick in any 
case, so it wouldn’t be wise to not address it in training. Who knows how many cut-out 
and successfully re-used fittings you have for every leak that comes up. Even one of the 
foremen we interviewed said he had done this a couple of times.

• Installers will use a hose clamp on a PEX plastic fitting to secure the connection, in case 
the pipe wasn’t pushed all the way in on the fitting.

Suggestion: this is related to the previous point in the way, that the people in the field 
come up with their own fixes and solutions if they, for example, don’t feel that the Uponor 
instructions on replacing the fitting in case of a messed up pipe connection, are reasonable. 
Perhaps you have a multi-port which is a more expensive fitting - you put in a pipe in the 
wrong place, what are the instructions on fixing this situation? Cutting out the pipe starts 
to become tempting. In this case, they know that cutting the pipe off the fitting is not the 
right thing to do, but at the same time, re-doing the whole thing by cutting a piece off the 
pipe, is not viable. 

Suggestion: research should be done on the details of what are the reasons that end up 
in a situation where you are tempted to try to cut out a pipe from a fitting, or make a “DIY” 
fix on the pipe-fitting joint.
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• Some contractors don’t know that the C-profiles come with the zip-ties, in the box.

Suggestion: pack them up so that they are easy to spot when opening package up. 
Having the contractors buy their own might end up in them using inferior zip-ties to tighten 
the c-profiles up with.

• Some engineers are “old-school” and do not like new products, or do not like to spec 
certain things. This applies to some customers also. 

“I can’t imagine any hotel owner wanting to have anything new in their building.” (Regarding
plumbing related products)

• The blue coating on the ½” PEX pipe gets scratched sometimes when you push stops on it.
• On wooden frame construction, the fire stops don’t take into account that the building 

might shrink when the lumber dries up.
• On a condo jobsite, they were switching from blue coloured ½” PEX to clear one, because 

the buyers had been complaining that you can see a bit of the blue pipe on a finished 
install, since it will be sticking out of the wall a bit.

• The PEX pipe rings slip out of the small tabs and the ring slides down the pipe, when 
trying to expand it.

Suggestion: better instructions in training, to cut the pipe carefully perpendicular or 
hold your thumb behind the ring when expanding. According to a sales rep, this is cause 
specifically because the pipe is not cut straight.

Possibility: develop better cutters, so it is possible only to cut the pipe straight.

What the contractors like:

• As little thinking as possible for the installation crew 
Via pre-planning and project management. This is why they use BIM for putting up anchors 
in the pour, so there is only one place where the threaded rod goes, for the hangers.

• Labour saving solutions
For example, the Hold-rite telescopic Stout-bracket instead of an individually cut piece 
to fit the metal frame. On the smaller site in Minnesota, with a wood frame house, I saw 
a piece of 2 x 4 used, and they didn’t have any problem with that. On bigger sites, every 
minute counts.

Another solution I saw in use were the installation boxes. They cost more but save in 
labour, have the valves in there already so you don’t to plug the pipes for testing. Soux 
Chief seems to be one of the biggest manufacturers. They have some usability issues 
though, for example to attach outside pipes to the valves there is too little space to fit your 
hand in there so you’d need a special tool. If Uponor wants to go into this area, the better 
usability might give an edge over the competition.

• Quality and warranties
As little problems later on as possible. Quality and warranties are important, contractors 
are careful with what products they use, because of liability issues.

• Efficient, quality new products
Contractors like to bring new products to the customers, it makes them look good.

• Taking pride in their work 
Foremen, on a personal level, previously being a craftsman before getting a more 
management level position. Also because contractors working on the same jobsite 
compare their works, so it is sometimes a matter of pride to make a good looking job. 
The customer might not see it in the end, because of the lowered ceiling, but in addition 
to the inspection, it needs to look good to keep up a certain reputation. The crews end up 
struggling for space on some jobsites, and usually the sprinkler systems crews are the 
most bossy, everyone else has to work around them. 

• Being supplied on time
This ties into a question I asked about getting materials from one company, as a complete 
system. The answer was that it is good to have only one place to get materials from, but 
at the same time, if that one supplier is late, the whole installation job suffers.

• Building Information Modelling or BIM
The whole work flow is made smoother via pre-planning. This applies to ordering supplies 
by floor so as to minimize storage on-site, and lessening conflicts between installation 
crews. Also prefabricating some things in their own workshops, since you can, for example, 
get exact amounts and lengths of threaded rods to use, from the model.
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2. User research planning for the U.S. interviews

Mikko Heiskanen, 28.10.2016 (provided to the UNA product development as a plan on 
what I wanted to achieve with my interviews)

The hypothesis is, that the installation crew wants the work done as fast as possible. 
I’d like to know if this is true (and to what extent) and what other important matters are 
there in addition, for improving the installation work flow. What comes to the interviews in 
general, I want to know what are the biggest bottlenecks in the installation process. I’ve 
heard so far, that installing pipe hangers is a tedious part of the installation work, but it is 
not clear how big of a part, time expenditure –wise, it is in the whole process. Especially in 
bigger job sites like apartment buildings, the piping systems and the related hangers can 
get quite complex so I’d like to see if there would be possibilities in speeding this process 
up, by means of developing new products.

I’d try to keep the interview time under one hour. 

The prepared explanation for the beginning of the interview, if needed

“This interview is a part of user research, of an industrial design masters thesis for Aalto 
University in Helsinki, Finland. The thesis work is done in collaboration with Uponor. All 
the feedback will be anonymous.”

My work in Uponor is in product development. We’re looking into creating new PEX-piping 
related products. For that, I’d like to understand more about how the installation work is 
done and also about the people doing the installation work.”

Questions by topic

There is probably not enough time to ask everything, so I’ll have to see based on the first 
interview, what to emphasize in the next interviews. The best option would be, that these 
questions could get tested out on someone before the “main event”. 

The questions in bold are the ones I’d ask everyone, I’d fill them in with other ones 
according to how much time is left and how the conversation goes. I’d try to end the 
interview with questions about future plans and on positive aspects of the work.

I’m considering applying some user experience design methods to my design process. 
I’m yet not sure on how well this kind of approach would apply to this situation. This idea 
is the reason why there are some not so directly installation work related questions.

Background and occupation related

• Age, Occupation / education / title / responsibilities in the installation team
• How long have you worked in this field? 
• How long have you been working with PEX-piping products?
• What size projects do you typically work on? (Residential or bigger projects 

like apartment or commercial buildings)
• How would you like to develop in your profession / work life? What kind of steps have 

you taken in improving? 
• How do you see the level of challenge in your work? (Not enough, just fine, too much)
• What kind of challenges you meet in your profession? Name three or more. (Meaning, 

what is difficult or tricky in the work, problems as a separate question) 
• Three top things you dislike in this line of work?
• Three top things you enjoy most in this line of work?
• Your future goals in your occupation

Process of installing PEX-piping

(Listed below are just examples to use as comparison, based on assumptions and what 
I’ve seen and heard so far in Finland) 
• Getting the piping plans from the engineering office

• Alternative creating them by the contractor (smaller businesses)
• What kind of adjusting is needed on the jobsite, what things can you choose 

to do a certain way, are there decisions that need to be confirmed from 
somewhere?

• Getting the materials for the job
• Planning on what to get, how do you get information on the things to buy? 

(Assuming a smaller business contractor) 
• Where do you buy the materials? 

• Arriving at the jobsite
• Planning the work
• Drilling holes for piping

Installing the piping

• Installing hanger rails
• Cutting threaded rods / pre-cut rods
• Cutting piping
• Selecting fittings
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• Installing hangers onto rails
• Attaching fittings to pipes (fittings first, pipes raised afterwards or the other way?)
• Attaching pipes to hangers
• Adjusting
• Tightening the hangers
• Inspecting the piping
• Installing insulation (What stages are involved?)

• Final inspection
• Final steps before the system is put to use
• Stages of vertical piping installation
• At what kind of heights are the pipes installed to typically? 
• How do you start building systems with several pipes running beside each other?
• How do you install to high ceilings?

Pipe Hanger Specific

• What kind of properties do you look for in a pipe hanger?
• Do you do some kind of test to see if a new product is good enough?
• Are there suppliers of pipe hanger products that you trust to deliver a good product? 

Why?

Accessories

• What kind of solutions do you use to arrange the tools or installation products 
on the job site?

• Where do you buy your tools?
• What kind of technologies do you use in your work? (Things like: smartphones, 

computers, cad-software)

On problems

• Three top problems / problem situations regarding PEX-piping installation? 
• Three top problems / problem situations regarding piping installation in general?
• Three top faults when doing PEX installation (noticed in final inspection or just 

what happens when doing the work)
• What kind of injuries have happened to you while on the job? 
• What kind of accident / stress related injuries have you experienced or have heard of 

happened to fellow installers in this line of work? (Stress meaning, injury caused by 
repeated movements, the kind of problems you develop in the long run)

On piping installation in general

• What are the good points of using copper piping? / Have you had customers that have 
wanted specifically copper piping installation? If so, why?

• How do you manage lifting heavy pipes to the hangers?
• Any preference on pipe hanger products? / How do you select the pipe hangers 

to be used? (What kind of criteria, what is most important)
• What goes into deciding on the material of the piping to be installed? (Who decides 

what material to use, what are the reasons?)
• What kind of precautions do you take to assure work safety?

3. Plan for the laboratory test setup

insulated pex pipe,
d32/4,4 mm

uninsulated pipe,
d23/4,4 mm

Insulation comes in lengths of ~ 2500 mm, targeted hanger 
spacing is 2500 mm, might have to adjust to somewhere 
between 2400 and 2500 mm. Hanger attachment to structure 
above with M8 threaded rod.
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HEAT EXPANSION TEST SETUP PLAN, Mikko Heiskanen, 19.4.2017
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