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Abstract

While the grade of innovation in a variety of industries has been on a steady rise, the construction
industry have been criticized for failing to keep pace, pushing the need for new innovative ways of
working. In regards to the design phase, Skanska applies di erent techniques and practices in order
to develop models and drawings, and changes made to the design have a major impact on the aspect
of both cost and time.

In reinforced structures, even the simplest of changes, such as adjustment of width, lead to a
necessity of additional complex revisions of reinforcement. The Current way of working, require
remodelling major parts when these changes occur. In the desire to streamline this process, new
software that enables parametric design, is challenging the status quo by linking elements to each
other, and as a result, creating the dynamic environment needed in current time.

Through studying theory and collection of empirical data, a script prototype was created through
Grasshopper, enabling the creation of a reinforced parametric retaining wall following a double-curved
road line. This study showed that parametric design has potential to be included into current work ow
at Skanska. Initially requiring a higher investment in form of time and money compared to traditional
modelling, scripts and parametric models can be re-used, leading to fast returns once another similar
project is completed.

Concluding, the undisputed edge that comes with parametric modelling over the classical design
process, has an opportunity to revolutionize industry in the similar manner to BIM at the beginning
of the decade. Overseeing the future, designers and engineer would take on more managerial role,

coordinating the software and develop new scripts.

Keywords: Parametric Design, Parametric Modelling, BIM, Tekla, Grasshopper, retaining wall,

change management
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Chapter 1

Introduction

1.1 Introduction

This thesis is made as a nal step in the MSc program \Design and Construction Process Management"
at the University of Chalmers, together with the division of Architecture and Civil Engineering and

in collaboration with the Structural Bridge Department at Skanska, Gothenburg, Sweden.

1.2 Background

The construction industry has previously been targeted to criticism regarding lack of innovation In-
gemansson (2012), leading to a desire to change them in order to be more e cient and to use lesser
resources to create more. While change can appear in di erent shapes and forms, either as a carrot
or a stick, Change Management to some degree in order to improve is required. This thesis aims to
challenge the design phase and discuss how to implement new ways of working, especially within the
eld of Parametric Design. Parametric Design is a tool used to automate the modeling of di erent
structures, but can also be used in the future to use other inputs such as environmental regulations
as a boundary when designing.

At the time of writing, Skanska uses di erent techniques and processes in the design phase of a
building/construction to develop drawings. In some projects, the 3D models are required while in
others, 2D drawings are enough. The use of BIM is more or less limited to the construction phase and
only used when 3D models are produced.

Typically, designers work together with structural designers to create models and drawings. While
the drawings and models produced are made through di erent processes, they are all made manually.
To semi- or fully automate this process would bene t the process both regarding time and money.

When conducting an initial interview with the supervisor of the thesis, a concern regarding changes

during the design phase was expressed. One example of a design change could be to change the width



of a bridge. This lead to additional work in the model where rebars and other details would also have
to be adapted. By using parametric design, it would mitigate this problem if objects and instances in
the model are dependent on each other. Furthermore, it could also work as a tool to iterative test a

construction model, optimizing it in di erent aspects.

1.3 Aim

The aim of this study is to research the possibility of a parametric design of structures through external
software. Furthermore, to investigate how to implement the solution in the most e ective way. At the

end of this report, the following research questions will be answered:

Is it possible to include parametric design into the current work ow?
Does parametric design lead to savings regarding time and money?
Can the design process include di erent structures, e.g. bridges and retaining walls?

Is it possible to provide the model with class structures in order to use BIM in an e cient way

during the building process?

The outcome of this research is to provide Skanska with a basic platform/way of working for a
parametric design that can be adapted into many di erent projects and also to identify possible aws
to prevent unnecessary development of non-working features. Furthermore, this thesis will also discuss
the topic of implementing new features into an existing work process through Change Management

as well as evaluating it together with designers working with real-life bridge projects in Tekla.

1.4 Scope

In order to limit this study, this thesis will limit the content of the term \structures" to focus on
retaining walls. Retaining walls shows many similarities with bridges, which the department at Skanska
mainly works with. They both often include piles and reinforced concrete and the structures are
constrained to a given road line.

While the use of BIM is an important topic in terms of streamlining the building process, this
thesis will brie y touch upon this aspect, in order to include classes, names, materials, and other BIM

information.



1.5 Method

This study is compiled based on ve main parts; Initial interview with the company, theoretical
study, interviews aimed to gather empirical data, development of the prototype, and nally evaluation
combined with analysis.

The initial interview was conducted in order to identify and precise the extent of the work as well
as the department's thought about parametric modeling. Secondly, a theoretical study in the form
of a literature review about key concepts related to the subject combined with tutorials introducing
the parametric software in order to lay ground for further study. Thirdly, the collection of empirical
data in form of semi-structured interviews aimed at gathering the understanding and knowledge about
current state of the company. The collected data combined with theory was used as a foundation in
the process of creation of a module inside Grasshopper.

The practical part, the Grasshopper module, was evaluated in terms of usability for Skanska's
Bridge department, as well as adaptability to create other forms of structures. Lastly, the result was

evaluated and analyzed. Based on these, conclusions were compiled into recommendations for Skanska.



Chapter 2

Theory

The following chapter will present the theoretical framework together with the CAD programs being
currently used in order to create models and drawings in the design phase. Moreover, this chapter

will also describe the software used to create parametric models.

2.1 Change Management

Change Management is an important aspect of the construction industry. Bilge Erdogan (2005) stated
that change can either be business-related, based on technology, people, cultural or related to design.
The Swedish construction industry has previously been criticized for being too conservative regarding
change and innovation (Nordstrand, 2008; Ingemansson, 2012), and therefore preventing productivity
growth, to increase its overall quality and to lower its costs. Ingemansson (2012) argues that calling it
"conservative" is to mitigate the industry's problems and that there are more reasons to why, in some
cases, the construction industry is not considered innovative. The de nition of innovation is one, that
innovation is related to product design and not structures, another that many construction companies
work are small and cannot compete with large regional companies regarding research and development.
To call it conservative can therefore be true in some cases, while in others unfair. This is also supported
by an interview conducted by Ingemansson (2012)together withSveriges Byggindustrier Companies
were asked in 2012 if they had increased the number of virtual buildings, e.g. 3D modelling. Only 12
percent of the small companies asked had increased this, while the same number at larger companies

was 91 percent. This shows the di erence between companies in the construction industry.

Ingemansson (2012) describes further that a majority of construction companies, small and large,
argues that the focus on pro tability and lack of time acts as a road bump in implementing change in

companies.



2.2 Building process

When a need for a new construction occurs, a building process is initialized. A building process
can be divided into several phases, mainly; pre-phase/Planning, Designing, Constructing, and man-
aging/using. While all of these phases got their own characteristics, they are also both directly and
indirectly linked. The construction process also di ers between a process of building or buying a
construction (Nordstrand, 2008). Moreover, this thesis is written in collaboration with a construction
consulting o ce and the building process will be described keeping this in mind.

While creating 3D models is typically an activity within the designing phase, the information
created is used in phases down the line as well. Therefore, it is crucial to understand all phases, to

see how they are connected, in order to improve them.

2.2.1 Planning

The planning phase is where the foundation of the project is laid. Nordstrand (2008) stresses the
importance to have a competent project leader that plans and coordinates the project and its di erent
actors in order to mitigate common problems that might occur. During this phase, decisions are
very much connected to the scale of the project as well as what is going to be built, where and how.
A smaller project, e.g a home to a family, don't require the same amount of extensive planning as
a large infrastructure project do, even though the project share similarities in many other aspects
(Nordstrand, 2008). Furthermore, McGeorge and Zou (2013) argues that the stakeholders' needs
should be re ected in the business strategy chosen.

Initial decisions concerning the designing of the structure are also made during this phase. De-
pending on which type of contract the contractor uses, the design is either done by the contractor or
hired from another rm. Depending on the scale of the project, the design can be made either more

or less advanced, be done in 3D or 2D, include additional information or not (Nordstrand, 2008).

2.2.2 Designing phase

The designing phase is the part of the construction process where the needs of the contractor/owner
are taken into account and presented on, traditionally drawings and description drawings (Nordstrand,
2008). McGeorge and Zou (2013) argues that there is a need for a cultural change in the construction
business to streamline the process. Eastman (2011) also states that there is a need for new technologies
to make the process even more e ective, further con rming the need for a broad understanding in all
of the phases in order to make it better in all aspects.

As previously stated, the design can either be created by using 3D models or in 2D depending

on several reasons. Limited knowledge about 3D programs, the extent of the project, and what's
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requested by the project were some of the reasons stated by interviewees (Designer, 2020; Engineer,
2020). .2D drawings originally stem from drawings made by pen and paper but have developed into
the term CAD, while digital 3D models were made available when modern software became more and

more advanced.

2.2.3 Constructing

Depending on which type of contract is used, the construction can either be done in-house or contracted
to a rm, and the activities performed during this phase can di er. Generally, in this phase ground
preparation is done and the construction of the structure. In some projects, the construction is done
mainly on the construction site while in others where components are pre-fabricated, the construction
site is more or less just an area where they are assembled Nordstrand (2008).

Throughout the history of the construction process, di erent tools and techniques have been used
in order to plan and control the production regarding time used, money spent and resources. The tools
and techniques used di er depending on the knowledge on-site and the extent of the work, whereas
a large construction project often requires a broader use of planning tools in order to deliver within
budget Nordstrand (2008).

A common activity during this phase is to compute the amount of materials needed for a specic
part of the building, e.g. "How much concrete is needed to produce the slab?". Typically, information
on the drawings is used to calculate this volume. Moving forward to a more digital future, using BIM
Software to extract this type of information can be done in just one click if using 3D models correctly.
This will be described more in chapter 2.3.

(Nordstrand, 2008) stresses the importance of having a solid way of working with new drawings
on the construction site. To only have one model, which continuously is updated when a new version
is delivered to the construction site will reduce the risk of building something that has later been

changed in another version of a model.

2.2.4 Using

When the building is built and delivered to the owner, the project enters a Using phase. For example,
if houses are built, this is when owners start to move in (Nordstrand, 2008).

While the scope of this project is limited to the design phase, it is of value to mention that there
is a tendency in the construction business to use more BIM during the Using phase, e.g. to include
lamps, rooms, appliances, etc to provide the owner with information regarding e.g. age and when they
are needed to be renovated (Eastman, 2011). This information can be included by the designers when

creating the models, but will only do so in it is requested.



23 BIM

BIM (Building Information Model) is a tool used to extract additional information from the models in
order to streamline the building process (Milyutina, 2018). Objects in models can contain information
regarding volume, construction order, quality, material, contractor, supplier, execution time, and
more. There are standards that regulate what type of information the models should contain, such
as CoClass which is a new standard developed in Sweden by the BIM Alliance (BIM Alliance, 2020).
While designing a structure mostly is limited to the designing phase, the use of BIM is an integrated
part of all of the phases. However, the use is often limited depending on the level of expertise in the
project (Milyutina, 2018).

Di erent software is used in order to extract the information available and companies work in
di erent ways. Three software that is used to a greater extent is BIMsight, BIM360, and Navisworks.
These software's are used as tools to collect information in the models and present them in ways to

favor planning, calculate quantities and more.

2.3.1 Codes, classes and names

3D Models, and elements inside these models, can be labeled and named after functions, names,
positions, and more. There are di erent initiatives that use their own set of codes in order to describe
an element. The standards of codes exist in order for the client to extract the same information from
the model as the designer does (Corporation, 2020). By using the same codes, the client can also
prepare templates within the BIM software and start to organize its work even before the rst model

has been delivered (Corporation, 2020).

2.4 Parametric Design

Parametric design or modeling enables a more dynamic work ow for the creation and modi cation

of geometric objects in the model than the classical way. According to Eastman (2011), a major
bene t of parametric modeling, which heavily contributed to the extended implementation of this kind

of work ow, was the fact that numerous objects could share parameters with each other. Objects
such as walls can be bounded by oor plans, where slightest changes of the oor plan's attributes
or characteristics (i.e. height between oor planes or dimensions), results in changes to the wall
object connected to it. On the opposite side, changes to the wall object such as position correspond
to the adequate transformation of the oor plane. To put it in another way, a large number of
complex geometries can be bounded to complex curves, and therefore managed in a more simple

way automatically unlike the error-prone, manual way in designs that contain an extreme amount of



objects.

Eastman (2011) elaborates that most of the parametric object families recognize thé-than con-
ditions, instructing the objects on how to act when di erent conditions apply. For simple geometries
as for instance a wall object, the software can determine an appropriate attachment type between wall
and oor or ceiling. On the other hand, is more complicated cases where a slab has to incorporate
reinforcement, the software can calculate the amount of reinforcement needed dependent on the load,
but also place and space it according to the speci cation. To put it di erently, objects can modify

themselves to an extent, by using the simple data input from the engineer.

There is a distinction between loose coupledand tight coupled systems within parametric BIM
work ow. Tightly coupled systems work through Application Programming Interface (API) equipped
within the BIM system Janssen (2015). Within that system type, graph-systems transmit information
through native API of the BIM software resulting in the direct insertion of the model in the BIM
environment every time graph-system is updated. An example of that system is Dynamo/Grasshopper
and Revit. On the other hand, loose coupledsystem work through the exchange of a model, where
graph-system produces a model in a standard le format (i.e. IFC), which then can easily be imported
into BIM software. In other words, the model can be created based on a set of inputs from the
parametric model, this process is calledcooking Further, the cooked model can serve to generate the
exchange model (i.e. in IFC-format) which then can be imported into BIM-system in order to create
a BIM model.

Janssen (2015) argues that the benet of theloosely coupledapproach is mainly the ability to
exchange les in the universal format and therefore combine diverse ways of working. However, the
exchange of cooked models must be e cient enough to be able to output an associative model. A
model that includes not only geometry but also interrelations between objects that would de ne their

nal form.

2.5 Software

Di erent software can be used in order to parametrically design a model. Software used in this thesis
is chosen in regards to which ones are used at Skanska, especially in bridge projects. An evaluation
of di erent software will not be included in this thesis. Grasshopper and its connection to Tekla will

be examined. A few add-ons and other software were also used in order to enhance the functionalities

and these will be described below.



2.5.1 Microsoft Excel

Microsoft Excel, further referred to as Excel, is a program used to calculate, store, and manage data
and values. The program is included in the software suite Microsoft O ce, developed by Microsoft
and published by Microsoft Corporation (Properties, 2020). Excel is used worldwide and to a great

extent at Skanska as well as the current department.

2.5.2 Trimble and Tekla Structures

Trimble is a technology company working in many di erent industries, such as Agriculture, Civil
Engineering and Construction, Transportation, Rail and more, and their solutions are used in many
countries. In 2011, Trimble bought the Finnish company Tekla. Tekla is the creators of the BIM
software Tekla Structures (Trimble, 2020).

Tekla (2020c) describes Tekla Structures as &...advanced structural BIM software that lets you
create, combine, manage and share multi-material 3D models packed with valuable construction in-
formation." . Currently, Tekla Structures is used in some projects at Skanska, both during the design
phase and in the construction phase, and this is the reason why Tekla Structures was chosen as the
main modeling software of this thesis.

Traditionally, drawings have been used when building new construction. However, a paradigm
shift is approaching where drawings are being replaced by 3D models where Tekla Structures in
some Skanska Projects has been the software of choice. Furthermore, the models also provide the

construction site with additional information, utilizing the techniques of BIM.

2.5.3 Tekla Bridge Creator

Bridge Creator is a feature included in Tekla 2018, and later versions, allowing cross-sections to be

aligned and extruded along a double curved road line, creating complex geometries. (Tekla, 2020b).

2.5.4 Rhino

Rhino is a 3D modeling tool used to create models of various forms. It comes with a graphical interface
where the user can either create models and surfaces through di erent tools or import DWG les and
use these. The interface is constructed by windows, presenting di erent views of the model, together
with toolbars containing functions.

Rhino 6, the latest version of the software, is delivered with the add-on Grasshopper (Rhinoceros,
2020). Rhino is developed and owned by Robert McNeel Associates with their main o ce in Barcelona,

Spain (Rhinoceros, 2020).



Grasshopper

Grasshopper is an add-on included in the latest version of Rhino. It is a tool that, through graphical
elements, enables the user to create models through parametric codes and algorithms. It provides
the user with a user-friendly interface and boxes including di erent functions. The functions can
be described as recipes, combining inputs to create new outputs. No knowledge of programming is
needed in order to use Grasshopper but the software allows the creation of new boxes through Python
programming. The eventual limitations of the software can, therefore, be mitigated by a skilled
user. Grasshopper works seamlessly together with Rhino. Additional add-ons and functions can be

implemented into grasshopper Rhinoceros (2020).

Tekla Live Link

In order to allow Grasshopper to communicate with Tekla, Tekla Live Link is used. Tekla Live Link
is an add-on in Grasshopper which translates geometries created in Rhino into Tekla. Tekla Live
Link also adds additional features into Grasshopper, such as creating rebars and other structural
components (Tekla, 2020a).

Tekla Live Link updates the model generated in Tekla in continuously, allowing the user to make
adjustments to the script and see the changes being made in real-time. Tekla Live Link is created and

developed by Tekla (Tekla, 2020a).

Bumblebee

Bumblebee provides Grasshopper with features allowing the user to import or export data from and

to an Microsoft Excel le (.xsl). Bumblebee is created and developed by David Mans (Mans, 2016).

Human Ul

Human Ul is used to construct an interface into Grasshopper to increase the user friendliness in the
programs and scripts created through Grasshopper. Buttons, sliders, prompts and more can be created

to allow inputs directly into the model and Grasshopper (Heumann, 2019).

2.6 Retaining Walls

A Retaining Wall is made up of mainly two parts, a slab and a wall connected to the slab, see gure
2.1 (Sundquist, 2005). According to International Building Code (further referred to as IBC) by
Thornburg (2018) , retaining walls are structures whose main objective is to resist the lateral loads

caused by soils on the other side of the wall. Those structures are particularly used when the long slope
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is undesired. Retaining walls should meet the standards speci ed by IBC such as resisting overturning
and sliding, as well as withstanding pressure caused by water uplift or back lling weight on the slab.

The most common type of retaining wall is cantilever wall, including its variations (with or without
toe slab or Z-pro le - commonly used on train station platforms) Rutgersson (2009). Due to the weight
of back lling on the heel slab as well as its own weight, the retaining wall gets its stability. In the case
of the higher wall, it can also be stabilized by a ange placed on the heel slab, which takes o0 some
of the load from the stem. Occasionally, the retaining wall can be anchored in the back lling. In that
case, the anchor takes the majority of the horizontal forces that act on the wall stem.

Retaining wall of gravitation type gains its stability due to its own weight, and is not anchored in

any way.

Figure 2.1: Example of a retaining wall (Rutgersson (2009))

During the modeling phase, retaining walls share many similarities with bridges. Sometimes, their
edge girder has the same cross-section to allow a smooth transition from the retaining wall to the
bridge. Also, they often follow the same road line and base points that the cross-sections are extruded

from. This makes for a good example to try out di erent solutions on.

2.6.1 Concrete

Concrete's main characteristic is its ability to handle high compression forces. However its capacity
to take tensile force is merely around 5-10 % of its compressive strength (Almgren, 2009), therefore
pure, unreinforced concrete's bearing capacity is restricted to it. Damages that occur in the form of
cracks lead to a sudden break. For that reason, in order to be able to use concrete in structures where

tensile forces exist, the concrete structure is complemented with reinforcement.
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Like any other building material, concrete is classi ed in categories regarding its physical prop-
erties. Exposure class refers to environmental conditions (i.e. exposure to seawater) that contribute
to the process of degradation of concrete, leading for instance to corrosion of rebars. Strength class
speci es compression that concrete can handle after a period of twenty-eight days. It is a classi cation
system made up of increasing numbers with "C" as pre x (in Sweden, from C12/15 to C100/115).

Those numbers correspond to minimal pressure concrete can handle expressed in Mega Pascal (MPa).

2.6.2 Piles

Piles are used in a retaining wall when the soil cannot maintain the support of structure by itself.
Di erent types of piles can be used, e.g. concrete or steel. Piles are placed from a coordinate list

composed of X, Y, and Z values. X and Y represent the horizontal placement, and Z the vertical?).

2.6.3 Reinforcement

Reinforcement can be classi ed into two main groups - main reinforcement, whose main task is to
handle tensile forces, and secondary reinforcement - which supports main rebars, helps to distribute
cracks but also functions as safety reinforcement (Berg, 2009). Moreover, rebars are classi ed with

respect to nish quality, which commonly refers to its solidity/strength.

All reinforcement must be labeled in order for it to be separated from other types (Almgren, 2009).
According to Swedish Standard (NAD(S)/SS-ENV 10 080), B5S00A and B500B (B=Betonsthal) are the
two main classi cations used today, where only reinforcement of B500B (in older standards labeled as
Ks500ST) type is allowed due to its higher ductility. Despite the new standard, the older ones are still
frequently occurring. Over the years, development in the construction industry has led to a reduction
in the amount of reinforcement used. This in turn, results in the increased importance of supervising

the positioning of rebars in the cross-section (Almgren, 2009).

In order to protect reinforcement in the concrete structure, the concrete cover layer is de ned as
the shortest distance in the cross-section, from the edge of the structure to rebars. This distance is
dependent upon several factors, as environmental conditions that the structure will be exposed to.
Moreover, the covering layer acts as an assisting mechanism for transmission of drag force between

the main structure and reinforcement, especially next to anchoring points of rebars (Almgren, 2009).

There are di erent standard shapes of rebars depending on their placement in a structure. A few

shapes are shown in gure 2.2. Rebar shapes, in Sweden, are named after the alphabet.
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