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Abstract

Building Information Modelling (BIM) and Virtual Reality (VR) are two of the main directions in the
BIM-strategy of the Swedish Transport Administration. Starting from the year 2015 it is a requirement
to use BIM even in tenders.

In order to meet these requirements WSP developed their own product Open VR - a data platform for
visualization, communication, planning, designing as well as a tool for documentation of new and
existing environments.

Geotechnical analysis is an important part in most of the projects and affects the economy, the projects
timeframes and further projects design greatly. Availability of good quality basic data is a requirement
to succeed in a project. Inaccurate and late delivered rock and soil 3D models cause the problems at
the design stage. A completely or partially automated process for creating 3D soil models using
geotechnical database and models presentation in Open VR would provide both economic benefits and
reduce the amount of repetitive work in the CAD environment.

One of the biggest issues is to combine data coming from different sources and therefore clear
standards on how different fields of technology should prepare their information are needed. The goal
of this master thesis is to develop a guideline how to prepare geotechnical objects for Open-VR.

Firstly software that could be used for preparing geotechnical data for Open VR were identified and
described. Three products were chosen: NovaPoint, Civil3D, Power Civil. After that data were
processed using the software chosen for comparison. Geotechnical objects (3D models of soil layers
and 3D boreholes) were prepared for Open VR using these three products. The results were evaluated.
Finally a guideline for preparing geotechnical data for Open VR was written. This guideline can be
used not only for preparing the geotechnical data for Open VR but for any other product which can be
used for the model coordination (for example, NavisWorks etc). This guideline can be used in any
geotechnical project where geotechnical data of Swedish standard are used. This guideline can be used
as it is in order to create 3D models of soil layers and rock surfaces with help of Civil3D. In case that
another kind of software should be used, this guideline can be used as a basis, because the workflow is
the same, but some correction can be done concerning what “button should be pressed”.

Recommendations were given depending on the project requirements and application area. Taking into
account that WSP decided to not continue with NovaPoint and use Civil 3D and Power Civil instead,
then it is recommended to use Civil 3D when it is necessary to create soil layers using field



investigations. Results of 3D modelling can be used in NovaPoint, loaded to Open VR and, if
necessary, even be imported into Power Civil.

Power Civil can be used in large-scale projects where advanced 3D modelling is required or when all
other area of technology use Power Civil for project design.

Even though NovaPoint does not have priority at WSP it should not be out of the game, it can be very
useful in projects where the usage of BIM is a requirement. Considering that NovaPoint has good
communication with GeoSuite and can produce smart 3D models it is recommended to have a license
of NovaPoint at WSP in order being able to follow software development.
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Table of abbreviations

2D - Two-dimensional/ two-dimensional space

3D - Three-dimensional/ three-dimensional space

4D - Four-dimensional/ four-dimensional space

API - Application programming interface

ASCII - American Standard Code for Information Interchange

BIM - Building Information Modelling

CAD - Computer Aided Design

CPT - Cone Penetration Test

DGN - Design (file format Microstation)

DWG - Drawing (file format AutoCAD)

GIS - Geographic Information System

MUR - Markteknisk Undersékningsrapport

OSS - Open Source Solutions

RDT - Data file format which is used in Geotech’s field logging equipment
SGF - Svenska Geotekniska Foreningen (Swedish Geotechnical Society)
SGI - Statens Geotekniska Institut (Swedish Geotechnical Institute)
STD - Data file format developed according to SGF-standard

TRUST - TRansparent Underground Structure

VisSim - Visual block diagram language for simulation of dynamical systems and model based design
of embedded systems

VR - Virtual Reality

WSP - is one of the world’s leading professional services firms in its industry, working with
governments, businesses, architects and planners and providing integrated solutions across many
disciplines.



1. Introduction

1.1 Background

“The use of 3D virtual reality (VR) modeling for urban planning, building and infrastructure
(highways, railways, underground systems) is widely appreciated by the public, designers and
authorities. The ability to represent the existing buildings and the landscape by combining terrain data
and aerial photography provides instantly recognizable views and drive-through sequences understood
easily by local people. The level of realism and accuracy gives confidence that the proposals will look
as designed and have the advantage of being set in the context of the existing landscape.” (Tullberg &
Connell, 2008)

Moreover Building Information Modelling (BIM — abbreviations see Table of abbreviations) and VR
are two of the main directions in the BIM- strategy of the Swedish Transport Administration. Starting
from the year 2015 it is a requirement to use BIM even in tenders.

In order to meet all requirements, be attractive for customers and be competitive on the market WSP
has developed their own product Open VR. This is a data platform for visualization, communication,
planning, designing as well as a tool for documentation of new and existing environments.

Open VR is built on an open VR-engine from OpenSceneGraph. The advantage of using open source
is the possibility to develop and customize the application over a long period. The application can be
customized for every new project. The client can freely copy and use the models at will. This makes it
very attractive for the usage.

The application uses CAD-files with 3D objects. The result is a world where anyone can navigate
absolutely free and measure both in plan and height; or choose a section both horizontally and
vertically.

Even though development of Open VR started for more than five years ago challenges still exist. One
of the biggest issues is to combine data coming from different sources and therefore clear standards on
how different fields of technology should prepare their information are needed.

Geotechnical analysis is an important part in most of the projects and affects the economy, the projects
timeframes and further projects design greatly. Availability of good quality basic data is a requirement
to succeed in a project. Inaccurate and late delivered rock and soil 3D models cause the problems at
the design stage. Being able to quickly obtain accurate models would help considerably. A completely
or partially automated process for creating 3D soil models using geotechnical database and models
presentation in Open VR would provide both economic benefits and reduce the amount of repetitive
work in the CAD environment.

1.2 Goal

The goal of this master thesis is to develop a guideline how to prepare 3D geotechnical objects — 3D
models of soil layers and rock surfaces and 3D-models of geotechnical investigations (3D-boreholes).
3D models can be used in a project design by the geotechnical team, by other areas of technology who
are involved in the project and interested in using geotechnical data, by the VR team in order to create



the coordination model for the project using the Open VR or any other products which can combine
3D objects (for example, NavisWorks etc). The guideline can be used within the organization or by
other companies who are working with geotechnical data because the principal ideas and workflow are
the same even though one chooses software which is not recommended in this thesis.

The first step is to identify and describe software that can be used today for creating 3D models for
soil layers and rock surfaces and for creating 3D-boreholes. The second step is to create 3D soil layers
and 3D-boreholes by using chosen software and evaluate the results of the test (compare workflow,
time spent for operations, number of steps, complexity of process and the data obtained during the
tests). Finally, write a guideline how the 3D models for soil layers and rock surfaces can be created.
The guideline can be used by any geotechnical team who is working with Swedish standard of
geotechnical data. Created 3D models can be used in a project design and for creating coordination
models by using, as it is in this case - Open VR, or any other suitable for this purpose software.

The Geotechnical Department of WSP in Stockholm specified “Usage of Open VR at all stages of
designing” as one of the main directions of development for the year 2015.

That is why this Master Thesis is topical and will be useful and interesting for different parts. First of
all it is of big interest of those who prepare 3D geotechnical models in a project, but also for the data
coordinator at the VR Department who is responsible for the coordination model which can be created
with a help of Open VR or other VR products.

1.3 Limitations

Software chosen for comparison in this master thesis is one of those which are used today at WSP.
Criteria of comparison chosen for evaluation of software and workflow are related to the geotechnical
field. Most important for this master thesis is how 3D models of soil layers and other geotechnical data
that can be shown in Open VR can be created with different software.

1.4 Methods

The Master Thesis is carried out by studying previous experience of using VR within geotechnical
team at WSP and other consulting companies, for example Sweco (Hedberg, 2007) and Rambdll.
Experience in creating and using of 3D-models by geotechnical team at WSP, Sweco and Ramboll
was studied. The course GeoSuite, Presentation 3D/ BIM was taken in May 2015. At this workshop,
the course literature, the workflow recommendations, news for GeoSuite and other Vianova products
were given. In addition it was possible to clarify all questions appeared at the thesis writing.

In order to define software which can be used for comparison in the thesis, projects performed in the
previous years were studied. The experts in this area were interviewed. The software which can be
used in order to create 3D models for soil layers, rock surfaces and 3D-boreholes and available on the
market were analyzed.

The methodology for this master thesis is chosen so it covers the whole workflow starting from
gathering of raw data and finishing with transferring this data to a VR-model.

In order to be able to make a correct and fair comparison of these different products, regarding their
ability to create 3D-models of soil layers, the data coming from the same running project is used. A



sample area with 140 points was defined. Area of investigation is around 45000m? which is not so big
and points are distributed quite regularly.

Firstly the database for the sample area is created. This step is the same for any software in the
comparison.

Next step, which is also the same for any software in the comparison, is the automatic interpretation
which is performed in geotechnical database GeoSuite.

When the interpretation control in GeoSuite is performed the 3D models for soil layers, rock surfaces
and 3D boreholes is created with a help of chosen for the comparison software.

The results of the tests are evaluated and presented in the Table 1.
According to the results the recommendations are given.

Finally, the guideline “Workflow: Geotechnical data preparation for Open VR using GeoSuite and
Civil 3D” (Appendix 1) is written. This document can be used by anyone who needs to create 3D
models for soil layers and rock surfaces by using Swedish standard geotechnical data.



2. Virtual reality

2.1 Background
"Virtual reality” (VR) as a term was first used in the 1980s.

From the very beginning virtual reality was associated with a computer-generated simulation of a
lifelike environment that can be interacted with in a seemingly real or physical way by a person, esp.
by means of responsive hardware such as a visor with screen or gloves with sensors; such
environments or the associated technology as a medium of activity or field of study; cyberspace.

During the years the meaning of this word has deformed and became quite wide and is “used to
describe applications in which we can interact with spatial data in real-time. At the same time this term
is overlapping a number of groups of technologies, such as “virtual environments”, *“visualization”,

“interactive 3D”, “digital prototypes”, “simulation”, “urban simulation”, “visual simulation” and “4D-
CAD”. (Whyte, 2002)

There are two terms that can be distinguished in connection to virtual reality:

e VR medium — when the term “virtual reality” is used to refer to the VR medium there is a
focus on the virtual environment and the model created within the computer. There are three
characteristics that define virtual reality as a medium:

1. interactive —possibility to interact with models;
2. spatial — representation of models in three spatial dimension;
3. real-time — possibility to get a feedback from actions without noticeable pause.

These characteristics can be presented differently, and they depend on the application. The
extent of interaction can vary. The users can be limited in creating objects within the virtual
environment, in changing some of objects’ parameters and conditions in which they can be
shown. (Whyte, 2002)

e VR system - when the term “virtual reality” is used to refer to the VR system the focus is on
the hardware and software. (Whyte, 2002)

Virtual reality systems support the use of an interactive, spatial, real-time medium and are comprised
of the computer hardware and software, the input and output devices, the data and the users - Figure 1
Components of a VR system.
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Figure 1 Components of a VR system
Source: (Whyte, 2002)*

Virtual reality (VR) is a new tool for design, production and management of the built environment.
Virtual reality is being used in industry for a range of different tasks. It is being used most widely at
the later stages of design, but there is not one single approach to its use. Instead there is a set of related
strategies, drivers and models. (Whyte, 2002)

Organizations are using virtual reality in conjunction with a range of other advanced technologies,
such as object-oriented CAD, parametric modelling, laser scanning, photogrammetry and Geographic
Information Systems (GIS). The use of these other technologies influences the strategies that
organizations develop for building and optimizing VR models and for translating data to VR systems
(Whyte, 2002)

BIM is one of the technologies which is used in VR in order to improve the process of project
designing and coordination models efficiency. BIM objects can contain besides the objects coordinates
some additional information. The geotechnical investigation, for example, can contain information
about the equipment and the investigation method which is used, who and when performed it.

However, there are some similarities how organizations are implementing and using virtual reality.
They make a distinction between models created for professional uses, for example, consultant
engineers, constructors etc (models can be used internally within one organization or in conjunction
with other professional organizations involved in the same project), and for those for wider
interactions, for example, end-users, clients, managers, funding institutions and planners.

Virtual reality is just one of the possible media in which 3D data can be visualized. All visualizations
in virtual reality are not the same. Different strategies can be used for building interactive, spatial, real-
time models from 3D data and the modelers’ priorities affect the visualization. The strategy chosen
depends on the input data, the task and the system. (Whyte, 2002)

For built environment applications, many of the spatial models that are interacted with in real-time are
created using data from CAD or GIS packages. (Whyte, 2002) Complex and highly detailed data
require more computational time. In order to make models more suitable for usage they can be
optimized by using texture maps, using primitive solids, using distance-dependent levels of detail,
using billboards or selectively loading objects within the model depending on the viewpoint.



Early users of virtual reality struggled with translation of the data. Nowadays this problem is not as big
as it was before however it still takes time in order to translate data from CAD environment into
virtual reality.

There are three main approaches in translating the data to virtual reality:

1.

2.

“A library-based approach, where a library of components or objects is archived for reuse
within the VR environment, eliminates the need for repetitive data transfer and optimization of
common parts. Such an approach can also be described as object-oriented. Objects can contain
information about their behaviors and processes, as well as their geometry. Significant time
and effort is initially required to build up the library; however this time is compensated by the
reuse of information” (Whyte, 2002) - Figure 2.

r__—_ - -~ “-—"~—"=-=-=-=-== I
| Kit of I
| Parts I
I I
| |
| I
I I
| 4 I
1 VR [
| >  Building I
| S Model I
| - I
e e e e e e - —— J

Figure 2 Library of forms approach
Source: (Whyte, 2002)*

Simple translation approach is an approach where complete CAD models can be used to
generate VR models by straightforward translation of the whole model, sometimes in
conjunction with algorithms for optimization (Whyte, 2002) - Figure 3.

| |

[ | N
| CAD I T VR :
| Model I 31  Building I
[ 1 Model
I U .
——— = |

Figure 3 Simple translation approach
Source: (Whyte, 2002)*

A translation approach has been used in projects where there are few repeated elements and
the data is predominately geometric, or where the design process is completed and the design
is fixed and unchanging. The result is typically a highly rendered or optimized model for
presentation. (Whyte, 2002)

A database approach to VR creation uses a central database to control component
characteristics and both CAD and virtual reality are used as graphical interfaces to that
database - Figure 4. The building model is created in the central database and viewed through



the different applications, one of which is the VR package. A full implementation of such a
system would allow updating of the model in both CAD and virtual reality. (Whyte, 2002)

Central
database

Figure 4 Database approach

”Organizations that use virtual reality for the representation of engineering and design data
may or may not be involved in the creation and optimization of the models that they use.”
(Whyte, 2002) Depending on how the process of creation and optimization of data is built,
data can be integrated with other digital data or may be outsourced and be a part of
responsibility of specialists.

2.2 Open VR

2.2.1 Background

Open VR is a VR-platform of high international standard which was developed for more than over ten
years and is owned by WSP

Open VR consists of two parts - Figure 5:
o application (describes user interface and functionality);
e VR-objects which build VR-model.

The VR-application Open VR can be used for free by customers according to the rules which are
defined at the projects start.

Open Source Solutions (OSS) consists of free open source in form of (C++) library. In this case
libraries like Open GL, OpenSceneGraph, Open AL, ODE, SDL etc. They are downloadable both in
source code form and in dll form.

Open source does not just mean access to the source code. There are a number of criteria which should
be completed according to the distribution terms of open source, for example, free redistribution,
license must not be specific to a product, etc. (Open Source Initiative, 2015)

“The OpenSceneGraph is an open source high performance 3D graphics toolkit, used by application
developers in fields such as visual simulation, games, virtual reality, scientific visualization and

7



modelling. Written entirely in Standard C++ and OpenGL it runs on all Windows platforms, OSX,
GNU/Linux, IRIX, Solaris, HP-Ux, AIX and FreeBSD operating systems. The OpenSceneGraph is
now well established as the world leading scene graph technology, used widely in the vis-sim, space,
scientific, oil-gas, games and virtual reality industries.” (OpenSceneGraph, 2012)

Open VR

VR-solution, virtual world of project

VR model
VR objects N
VR application
Basic functionality and PP u
adjustments Python
Base XYZ I I

Open VR platform (WSP)
C++ Open VR
Open Source Solutions
C++ Bibliotek u

OSS I |

Figure 5 Open VR

“OpenGL is the premier environment for developing portable, interactive 2D and 3D graphics
applications. Since its introduction in 1992, OpenGL has become the industry's most widely used and
supported 2D and 3D graphics application programming interface (API), bringing thousands of
applications to a wide variety of computer platforms. OpenGL fosters innovation and speeds
application development by incorporating a broad set of rendering, texture mapping, special effects,
and other powerful visualization functions. Developers can leverage the power of OpenGL across all
popular desktop and workstation platforms, ensuring wide application deployment.” (OpenGL, 2015)

In order to make Open VR suitable for built environment WSP used C++ Core functions and Python
Wrapper.

A workflow of Open VR presented in Figure 6.
Objects which can be imported to Open VR have different formats and come from different sources.

CAD objects are usually prepared by designers/constructors of numerous field of technology and
contain information about railway and road design, pipe system, earth surface, soil structure,



constructions, buildings etc. Each field of technology has its own approach to work in/with 3D. They
use different software (AutoCAD, ArchiCAD, Civil3D, Tekla, Microstation, Power Civil), that is why
3D objects may have different type, for example, 3D faces, solids, meshes, polyface meshes etc.

CAD, VISSIM and GIS data goes through 3D modelling program (in this case 3D MAX) and after
that they can be imported to Open VR.

Base functionality like viewpoints, navigation, forms, activation of rides, light and extinguish objects,
grouping of objects, etc are included in Open VR's basic support. All projects have VR-solutions
customized for each particular case and interact via internet. A big advantage of Open VR is ability to
manage big models, use textures of high resolution and that it quickly loads information. Moreover it
supports direct connection to CAD and GIS data. In addition it is possible to take a section in Open
VR environment and save it as dxf file, which can be used in CAD environment.

Open VR has a number of unique advantages:
e open format;
e 0pen source code;
o free distribution of model and application.
VR objects, which are developed for the project, belong to and are owned by the customer.

This general platform for real time visualization of different activities can be used for clear
communication from the very beginning of project design; it can be used as well as a platform for
planning and constructional design; and even for documentation of existing and new environment.

Open VR Workflow

Jﬁ VISSIM (fzp)

CAD A N
Open VR
CAD Z
AutoCAD
e : ESRI (shp)
Microstation CityGML

Figure 6 Open VR — Workflow

Source: (Tullberg, 2007)



As it was mentioned before Open VR combines and represents different kind of information coming
from various area of technology. For most of the projects one of the most critical parts from the very
beginning is soil condition. It is affecting the cost of construction, time for performing project design
and its execution. Open VR can be an important and very useful tool in order to reduce the total cost
of project execution. For this purpose a project can be presented in Open VR. Roads, pipes, railways,
tunnels, constructions and soil layers as well as existing drillings can be uploaded to Open VR and
clearly show in 3D environment the project conditions. Sections in critical areas can be taken for
further analysis. Open VR can be sent to a customer who can use it for presenting and discussing with
those who are responsible or influence the project development — municipality, politicians etc. An
advantage of Open VR is that it can be very useful and understandable by both designers and
customers. In order to carry out tasks to create Open VR efficiently without wasting time it is
necessary that each area of technology prepare their data (3D objects etc) as soon as possible, in a
format which is appropriate to load to the model. For that purpose it is important to have established a
routine with a clear workflow: who is doing what, how, which software suites best in each particular
case. Nowadays a lot of companies use outsourcing or assistance of sub-consultant or resources in the
company. That is why this case study is so important for WSP. The purpose is to analyze the existing
working approach at geotechnical department, make an analysis of accessible software, give
recommendation for improvement and create a manual which can be available and useful for
geotechnical staff in the whole company.

2.2.2 Example projects where Open VR is
used

According to information presented by Odd Tullberg (Chef, department of Visualization and VR at
WSP) at Visual Forum 2011 — Gaming and Visualization for urban planning, there are more than four
hundred projects where Open VR was successfully used. (Tullberg, 2011)

All large projects at WSP use VR nowadays.

Appendix 2 gives an overview of projects where Open VR was used during the years 2003-2006. A
short description of the project, customer and year of realization are given (document is in Swedish).
Unfortunately | could not find a similar document for projects carried out after 2006, but | give a brief
description of largest completed and ongoing projects where Open VR has been used.

Hagastaden — one of Stockholm’s largest and most important urban development projects with
estimated construction time 2010-2025. According to information presented on the web page of
Stockholm municipality related to ongoing construction projects (Stockholms Stad, 2015), by 2025,
the area of Norra Station between the city of Stockholm and Solna, will be built and developed into an
entirely new neighborhood, with a mix of housing, parks and knowledge-intensive industries.

Open VR was used in order to coordinate activities of all actors involved in the process of rebuilding
the Norra Station area. Otherwise it would have been very complex to understand what is happening in
the project.

Stockholm Cityline (Citybanan) is a 6-km-long commuter train tunnel running between Tomteboda
and Stockholm South, with two new stations at Odenplan and T-Centralen.
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Stockholm City Line passes for the most part through rock, but in the waters of Riddarfjarden between
Riddarholmen and Soder Maélarstrand it runs through a submerged concrete tunnel. (Swedish
Transport Administration, 2014)

WSP was involved in all stages of this project starting from year 2003 (feasibility study stage) until
now, when they started building. A VR - model over the big and complicated construction was created
with specific focus on presentation of different soil layers (primarily rock surface) and geotechnical
solutions, such as sheet piles etc.

The Stockholm Bypass (Forbifart Stockholm) is one of Sweden’s largest infrastructure projects
which will create a bypass of central Stockholm and will connect Kungens Kurva (E4/E20) in the
south and Haggvik (E4) in the north. (Burleigh, 2012)

The entire project includes motorways, bridges and two tunnels. About 18 km of the total 21km rout
will go in tunnels.

This is not only one project. This is 6 big projects with 5-6 enormous junctions and one very long
tunnel. A lot of people are going to be involved in this project in different stages - it will be about 20
different disciplines.

In order to be able to work together in the project, communicate and interact, a VR-model was used.
Before each meeting the VR-model was updated as much as possible: hand sketch, PDF files, GIS data
of different formats, CAD etc. It was a bit slow in the beginning, because each field of technology had
to prepare data for the VR-model, all participants learned how VR can be used, but later it was
successfully used. The VR-model is a very helpful tool, and it went much faster and easier to discuss
the problem issues in the meeting. The peculiarity of this project is that all versions and alternatives
are presented in VR-model. Even though VR-model was used in most of cases the Swedish Transport
Administration required producing drawings. That is why all drawings and documents are in the
model as well.

Subway route Odenplan — Hagastaden — Arenastaden (TUB A)

In 2014 WSP got a big and prestigious project of designing the new subway route Odenplan —
Hagastaden — Arenastaden - Figure 7.

Odenplan becomes an important transport point when the City Line will be completed. It will be
possible to change here between subway and commuter rail and relieve the Central Station. From
Odenplan a new metro line will go to the Arena City in Solna.

The subway will continue to Hagastaden — a new neighborhood with hospitals, universities, research
institutes, enterprises, housing, culture and services that connect Solna and Stockholm.

From Hagastaden the subway continues north to the Arena City in Solna.

WSP started using Open VR from the project start. The VR-model is used by designers in everyday
work, in meetings in order to better understand the issue discussed, to produce basic material and work
sketches.

In order to make it easier to update the VR-model, each area of technology is responsible for data
which should be presented in the VR-model. Different area of technology work with different software
(Microstation, Power Civil, Civil 3D, NovaPoint, Tekla, SBG GEO, etc) and produce 3D-model in
different ways and 3D objects of different format and types. In order to make the process of updating
the VR-model economically and time-efficient it was decided that each field of technology should
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prepare data themselves; data should be exported/ saved in specified format (dwg) as 3D
surfaces/objects.

However there are no instructions, descriptions or requirements how the 3D objects should be created
or presented.
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Source: (Stockholm lans landsting, 2015)

I am, personally, responsible for preparing the geotechnical data for Open VR. Open VR is very
useful presentation tool but the biggest issue is to prepare the 3D data. When 3D objects are created,
than it does not take much time in order to create coordination model. First of all the rock surface
should be created. It is used by other areas of technology in order to find most suitable location for
tracks, stations, platform exits etc. Unfortunately there is no unified standard how the rock surface
should be created, what kind of software should be used, what kind of data can be used etc. That is
why the workflow often depends on a person who is performing a task, on the person’s experience,
and it can be difficult to follow what has been done in the project and it takes time in order to replace
this person if it is necessary. It is good to know what kinds of tools are available; it makes it easier to
work if there is a manual available with descriptions, tips and tricks. It was discussed at the
geotechnical department that it is good to have “a backup person”, so if something happens it is quite
easy to replace a person in a project. Clear instructions and established workflow is extremely useful.
Moreover, it is a very good help for new employees, both for those who will produce 3D models and
for those who will estimate how much time and resources are necessary in order to create 3D surfaces.
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3. 3D design in construction

3.1 Background

The key part of any virtual reality system is the data. Models may be built within the virtual
environment, but are more usually imported from CAD. They can also be obtained directly from the
physical world using techniques such as 3D laser scanning, photogrammetry or geometry capture from
film. (Whyte, 2002) In this master thesis models obtained in or with help of the CAD environment
will be discussed.

The construction industry is in the stage of moving from traditional 2D-drawings to model based
design (3D). Thus BIM, where models include not only geometrical data but also information
regarding spatial relations and semantics (Roupe, 2013), and VR-systems are being more relevant and
are used more often.

If one looks at how BIM technology is used in different areas of technology it is easy to notice that
BIM is quite widely used in house projects. But it was not so often used for underground
constructions. Nowadays the situation is changing, but a number of issues should be solved, for
example, which software is better suited for each particular case and project, what kind of data can be
used, the format of result data, how additional information can be used and connected to different
objects, etc.

Some years ago the Swedish Transport Administration (Trafikverket) together with Formas, Sven
Tyrens Stiftelse and others started the TRUST project (TRansperent Underground Structure). The
central part of this project is development of a BIM model for geotechnical purposes. This is a hug
project which has as a goal to create better conditions for underground construction in Sweden.

According to Hagberg (2015) BIM applied to the geotechnical field (so called GeoBIM) has
advantages such as:

e Improved interpretations and risk analyses.

e Improved communication between geotechnical engineers but also towards other professional
players and maybe even to laymen.

e Provide possibilities for keeping track of the enormous datasets in large infrastructure projects.

e Refined assessment methods based on a more complete soil model in conjunction with the
structural model.

Figure 8 shows a graphical view of the GeoBIM-model. In the model performed measurements are
shown as well as the designed tunnel and the results of analysis of investigations. Moreover the
existing buildings are presented.
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Figure 8 Example of usage of BIM-model

Source: (Hagberg, 2015)

Unfortunately this project is still under construction and geotechnical engineers still have to work in
the traditional way when results of geotechnical investigations can be presented in plans or sections
(2D). 3D models over soil layers can be also created.

There are a number of advantages to use 3D models in the project design. 3D-models can be used to
find conflicts and collision. 3D-models can be used in order to make traditional plans and sections
(2D-drawings); volume calculations can be performed and 3D-models can be used in VR-model for
presentation and as a discussion material.

There are some disadvantages regarding 3D-modelling. One of them is that it can be complicated to
combine models which are created by different designers in different software; it can be complicated
to exchange 3D-data because they are not of the same type and cannot be used in the same way by
everyone.

3.2 Experience in using 3D and GeoBIM in
construction design

One of Northern Europe’s largest road tunnel projects which were wholly performed in 3D is the
infrastructure project Norra lanken in Stockholm. Norra lanken runs between Karlberg and Vértan. It
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is five kilometers long. Most part of it is housed in underground tunnels, with the longest single stretch
of tunnel being about three kilometers long.

It was a requirement that everything in the project should be designed in 3D — it was a challenging
task, time and economically consuming but it was an attempt to avoid mistakes which were made in
similar project Sodra lanken and to learn how to work and think differently — in 3D.

3D-models for tunnels, roads, existing and planned constructions, pipes, soil surfaces etc were created.
2D-drawings were produced automatically using 3D-models. Usage of 3D-models helped to find and
solve collisions in early stages and make volume- and cost calculations. For example, evaluate
excavations volumes, value sheet-piles walls etc.

The practice shows that 2D-drawings can be produced easily and very fast but it can take a long time
when the production can start. 3D-models for existing constructions can be created once and changes
seldom (only if they should be taken away). 3D-models for designed constrictions can change a lot
before the design and position of constructions can be locked.

The Norra lanken project started a new trend of usage of 3D in underground constructions projects.
City link (Citybanan) project used 3D-modelling a lot and in different ways. One example is that 3D-
modelling was used in order to place in wall sheet piles and control placement and collisions of
anchors and installed piles.

Within the Stockholm Bypass Project Trafikverket uses BIM (Wenander & Batelsson, 2015). 3D
models used as a basic for procurement of contractors. The models include rock models analyzed from
an uncertainty perspective with the aim of creating an upper and a lower reference level applicable to
contracts. (Wenander & Batelsson, 2015) Results were presented by Karin Wenander at the conference
“Grundlaggningsdagen” on 12 Mars 2015 in Stockholm.

Even GeoBIM started to be used, for example, in the ESS Project (European Spallation Source). ESS
is a planned materials science research facility using neutron scattering technique. This is a project
which will enable scientists to sees and understand basic atomic structures and forces. Construction
composed of six hundred meters long linear accelerator which accelerates protons and collides with a
tungsten target.

The requirements to minimum subsidence are extremely high that is why geotechnical analysis is so
important. GeoBIM-model was created in order to be able easier communicate and discuss alternative
solutions and consequences from geotechnical perspective.
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4. 3D modelling for
Geotechnical Field Of
Technology

4.1 Geotechnical data handling

When we are talking about 3D modelling related to geotechnical field it is possible to distinguish two
groups of objects:

1. Surfaces which represent soil layers, for example, clay, sand, rock etc. They are created using
the results of soil and rock drilling, and can be completed or corrected with other information
such as outcrop data, measurements of excavations, information about rock level obtained at
installation of poles and sheet walls piles. Soil surfaces can be completed with other “support”
points or points with additional information about soil structure (seismic, gravimetrical data,
geo radar etc).

2. 3D-modelling of geotechnical constructions and solutions, such as sheet walls piles, calk
cement columns, and many others.

Due to time limits software analysis for 3D-modelling of geotechnical constructions will not be
included in this report.

The creation of 3D models representing geological soil layers using the results of soil and rock
investigations (geotechnical investigations) are of interest and will be reviewed in this master thesis.
Further the term geotechnical data and/ or information will be used. Geotechnical data or information
can be related to the data obtained at geotechnical investigations, samplings, laboratory testing; to the
data which shows the results of soil interpretations and the results of 3D-modeling of soil layers and
rock surfaces.

“Geotechnical investigation is investigation which aims to determine soil conditions in an area that is
to be built. The study also includes the determination of the characteristics of occurring soils and rock.
Field survey should provide a basis for an assessment of how land should be used, eg regarding
appropriate foundation ways and needs of stabilization measures on slopes. As a basis for a
geotechnical field investigation existing maps and aerial photographs are used. The survey in the field
is usually initiated probe designed to assess handedness of various occurring soil layer, determine their
firmness and define the depth to the bottom, eg, rock. In the next phase of the study is done sampling
and groundwater measurements. With sampling referred uptake of soil samples for subsequent
examination in the laboratory, the soil is classified and, where appropriate, tested for strength.”
(Axelsson, 2015)

According to Geoteknisk Falthandbok published by Swedish Geotechnical Society (SGF, 2013)
geotechnical investigation refers to investigations which aim to examine soil and ground water
conditions concerning levels and following order of soil layers, parameters and properties.

According to European standard geotechnical investigations can be divided in three groups:

o Field investigation (drilling (test-holes), in-situ test, geohydrology test)
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e Samplings
e Laboratory testing investigations

Planning and performing of geotechnical investigations should follow European and Swedish
standards, such as SS-EN 1997-2.

Investigations should follow some principal ideas; a number of steps should be performed before 3D-
modelling of soil layers can be started, for example:

o Definition of goal of investigation, type of construction and geotechnical category;
e Archive inventory;

e Choice of investigation method and sampling class;

e Performance of investigation;

e Up taken samplings sends to laboratory;

e Preliminary site evaluation performs;

o Ifitis needed adjustment of the drilling and testing program implements.

Figure 9 shows steps of underground data processing. Visualization and information processing is
important on all of these stages that is why they are shown concurrently.

> Visualization

Data . Model -
> Data> procession > Modelling > usage > Archiving
> Information processing

Figure 9 The process of underground data handling

Each processing stage presented in Figure 9 has special features and peculiarities which influence how
easy or complicated 3D-modelling, BIM and VR can be used in a project.

4.1.1 Data collection

There are hundreds of different methods for gathering data. The choice of method depends on project
area environment and purpose of investigations. New methods appears all the time, different kind of
machines and equipment are used, information can come in different formats depending what kind of
software and machines are used. While working in international projects or using off-shoring
important to remember that data for same methods can look differently in different countries.
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4.1.2 Data processing

Data processing is the procedure when values gained during investigation process are converted to
geotechnical parameters which can be used for soil layer modelling and calculations. For example, a
number of turns can be transformed to shear resistance or drill core can be interpreted to soil or rock.
In Sweden nowadays all geotechnical investigation data after processing used to be gathered in
GeoSuite database.

4.1.3 Modelling

Modelling of soil and rock surfaces is the process of interpreting of measurements at each point of
investigation. Each bore hole has X and Y coordinate, Z — is measured as well and represent top level
of investigation point. Depending on soil structure it can be different numbers of soil levels and Z-
values which represent those levels at each particular point.

For geotechnical project management a product of VIANOVA — GeoSuite is used. It allows creating a
project based on data obtained during geotechnical investigations. File extension is .snd for bore hole,
.gvr ground water measurements, .prv for samplings, .mil for environment.

When all the data are gathered in the database it is possible to create separate files for different soil
layers — for example, files which represent rock surface. The file is a .pxy format and can be saved as
.xt file, copied to excel. Moreover, these files can be imported in some software for direct modelling
of 3D surfaces. It will be shown and discussed later. File includes X, Y coordinates and level Z which
represent chosen, while writing out, attribute.

At this stage an important role plays how experienced in geotechnical and geological field staff who is
working with data processing.
4.1.4 Model usage

The created models can be used in different ways. They can be used as a layout for future construction
design. Often design depends on functional requirements and then construction can be adapted to
geotechnical conditions. Sometimes geotechnical conditions can be taken into account from the very
beginning of project and the configuration of construction can be optimized.

Models can be used for a constructions calculation, drawings production, planning of production,
volume and cost calculations.
4.1.5 Archiving

All processed information in form of models, processed and interpreted investigations can be saved in
an archive and reused in future projects. There is no single 3D-archive from which information can be
easily downloaded or obtained in another way. There exist a number of different geodatabases:

o Trafikverket

e Geoarkivet Stockholms stad

e Branchens Geotekniska Arkiv (SGI)

e Geodata.se

e SGU (Sveriges geologiska undersékning) web service with wells archive etc

e SGFs (Svenska Geotekniska Foreningen) dataformat
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e SKB SICADA

o All consultants/ offices/ employees have their xls, GIS, AutoGraf data

4.2 3D modelling of soil layers — principal
ideas

For each particular project it should be decided which 3D models over soil layers should be created. In
some projects it is enough to have 3D model for rock surface but other projects require 3D models for
other soil layers as well. When, for example, lime-cement columns are planned to be installed, it is
necessary to have 3D models for clay.

Assume that all soil layers in the project should be created. We can generalize information in
boreholes and minimize a number of layers to three which are used more often filling, clay, and
friction soil. Sometime a layer of dry crust clay can be determined and modelled. The rock surface
should be created also.

Figure 10, for example, shows a borehole with not homogeneous soil layers which should be
generalized. The first soil layer, which goes down about 5,5 meters, consists of different materials,
such as macadam, gravel and sand. All these materials can be joined into one soil layer — filling. Next
soil layer is a clay which starts from the depth 5,5 meters and goes down to the depth 10,5 meters. As
it shown in Figure 10 the clay layer has some disseminations of sand. Generalization should be applied
for this soil layer also.
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Figure 10 Borehole
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The last soil layer in this borehole is friction soil layer which consists of sand and till, and they can be
combined in one soil layer — friction soil.
Figure 11 shows the interpretation for this borehole made in the WinRit.
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Figure 11 Interpreted Borehole in the WinRit

In order to get continuous 3D models for soil layers without collisions it is important that each
borehole has only one interpretation indicator for each soil layer. Figure 12 shows one of boreholes
with automatic interpretation performed in the GS Presentation. In this case clay layer has
disseminations of other material and there are several indicators for clay layer. If one uses data from
automatic interpretation without checking and adjustment there will be a lot of conflicts between
created 3D models.

When interpretation for all boreholes in the project is performed, 3D models over soil layers can be
created. TIN-interpolation is a method which is used most often in order to create 3D models over soil
layers. Another method witch can be used is a grid interpolation.
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Figure 12 Automatic interpretation in the GS Presentation
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5. Software available for
Investigations

In order to choose programs for analysis and discussion | used my own experience in this field, asked
specialists who work with 3D-design and modelling in the geotechnical field, checked out literature,
reports, presentations related to this topic. | even found a master thesis which was performed at Luled
Tekniska Universitet in 2007 where the author makes a similar analysis. | use his experience but
complete with some new software which came out lately.

51 NovaPoint

NovaPoint was used at WSP during some years, but now WSP took a decision do not continue with
this software and use Civil 3D and Bentley Products (Microstation and Power Civil). Today
NovaPoint software is not supported at WSP and the idea is that all add-ons will be released for
AutoCAD Civil 3D and shortly only a basic package of Novapoint will remain. That is why this
product is not of big interest for analysis in this thesis. Hedberg (Hedberg, 2007) described in his
master thesis Novapoint and analysed it. He recommended this product for creating drawings which
should present data from 3D-models and show boreholes at the same time. Hedberg noticed at the
same time that 3D-models created in Novapoint Terrain had worse esthetic visualization possibilities
and designing tools are very limited compared to other software. Today we have new products
available on the market which are more powerful, can maintain geotechnical information and 3D
models. One of them is AutoCAD Civil 3D.

I give a brief description of the most important tools and functions of Novapoint from a geotechnical
point of view.

Novapoint GS Archive

Novapoint GS Archive is the overall tool for creating new projects, organizing project structure and
data, previewing existing data, creating new data by executing different tools for the actual need —
slope stability calculation, acquiring soundings raw data format and presentation within national
standards, designing sheet walls or pile groups or calculation of settlements due to impact of new
structures. (Vianova Systems, 2015)

GS Archive supports exporting data from soundings to external databases. Various database platforms
are supported — Access, SQL Server, Oracle, etc. Exported data can be accessed for GIS purposes and
other needs. (Vianova Systems, 2015)

Appendix 3 includes GS Archive’s product description. (Vianova Systems, 2015)
Novapoint GS Presentation

Novapoint GS Presentation is the central product of GS Toolbox. Much of the work associated with
geotechnical investigations lies in collection of data and compilation of soil properties. Results are
presented in standardized tables and charts - single borehole, plans and profiles. GS Presentation
contains rational tools for administration and presentation of geotechnical data. (Vianova Systems,
2015)
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Appendix 4 includes GS Presentation’s product description. (Vianova Systems, 2015)
Novapoint GS Settlement

Novapoint GS Settlement is a user-friendly computational tools to perform calculations and sensitivity
analyzes for future subsidence of the soil due to changes in load and / or pore water pressure. Various
nonlinear soil models can be used, with the ability to account for creep effects. Input data and results
are shown and verified in tabular and / or graphic. (Vianova Systems, 2015)

Appendix 5 includes GS Settlement’s product description. (Vianova Systems, 2015)
Novapoint GS Stability

Novapoint GS Stability is a rational tool for stability calculations. By using sections as a layout
modeling can be fast and safe. Profiles for modeling of undrained shear strength and pore water
pressure provide powerful capabilities to simulate arbitrary state in the earth. Efficient control of input
data reduces risks of erroneous models and wrong input data. The results can be presented in graphic
form and in a detailed report. (Vianova Systems, 2015)

Appendix 6 includes GS Stability’s product description. (Vianova Systems, 2015)
Novapoint Terrain

Novapoint Terrain is not a part of GS products but is useful tool even for geotechnical field.
Novapoint Terrain helps to design the soil and terrain - both in 2 and 3 dimensions. With the unique
elevation functions it is possible to create the new ground - directly in 3D. This we deal further with
the help of powerful terrain tool with the ability to manage volumes, soil layers and 3D objects.
(Vianova Systems, 2015)

Appendix 7 includes Terrain’s product description. (Vianova Systems, 2015)

5.2 Autodesk - AutoCAD Civil 3D

AutoCAD Civil 3D software is a civil engineering design and documentation solution that supports
Building Information Modeling workflows. It is one of the most used in civil engineering design
software which is developed by Autodesk. AutoCAD Civil 3D, can help in better understanding of
project performance, maintain more consistent data and processes, and respond faster to change.

With Civil 3D, is it possible for all in the project to work on the same basis with the terrain model
(DEM model, mountain model and layers under the ground). By using shortcuts to different model
files is it possible for everyone in the project to work with their own files, but with the same base
material.

The tool Civil 3D is not available for Swedish needs in the same way as, for example, Novapoint
where you can present cross sections, profiles and calculations according to the Swedish guidelines.
Obviously, Civil 3D can calculate and draw out both profiles and cross sections. But we need to adapt
it for Swedish guidelines. For this purpose Naviate can be used - it is a CAD tool based on AutoCAD
Civil 3D functionality and has been adapted to a certain extent for the Swedish market. Version 14.0
of GeoSuite (the one which is used now at WSP) supports Civil 3D 2013 or 2014. The guideline
(Appendix 1) includes description how models, representing different soil layers, can be created with
help of Civil 3D; how surfaces created in Civil 3D can be shown on the sections with boreholes.
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5.3 Bentley Systems

5.3.1 Power Civil for Sweden/ InRoads

Bentley's Power Civil is a Microstation based product which is very similar to InRoads. If one
compares product data sheets for these two products (Appendix 8 and 9) it is easy to notice that they
have in general almost the same features, but InRoads has some extra tools, for example, it supports
more read/write data formats; it is possible to attach multimedia files such as photo, movie, audio to
any point or linear feature etc.

Table 1 gives an overview what kind of features are included in DTM (digital terrain model) analysis
for these two products:

Features in Power Civil Features in InRoads

*Information in Swedish:

Generera konturer Generate contours from data points accounting
for breaks, random points, voids, edges, and
other criteria

Kontrollera trianglars maximildngder ) .
Control maximum length of triangles

Control density of points on linear features for
optimal surface presentation

Visa avgransningslinjer for schakt och fyllning | pisplay cut-and-fill delineation

Visa och redigera egenskaper View and edit feature properties

Fargkoda visning av trianglar, slanter, Color code display by triangles, slopes,
elevationer och aspekter elevation, and aspect

Visa slantvektorer View slope vectors

Analysera marklinjer Analyze line of site

Visa modeller med gridnat, profiler och View gridded, profiled, and elevation models
elevationer

Table 1 Comparison of DTM Analysis features for Power Civil and InRoads

According to Bentley’s description of features for DTM analysis, it is possible to control density of
points on linear features for optimal surface presentation using InRoads. This tool is not included in
Power Civil.
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The difference between these two products is not significant from the geotechnical point of view, and
taking into account that WSP uses Power Civil, analysis and study of InRoads will not be performed.

Power Civil is a powerful tool for infrastructure projects. It provides complete drafting capabilities,
powerful mapping tools, and design automation for civil transportation professionals. (Bentley
Systems, 2015) Power Civil, in the same way as InRoads, does not support data format used in GS
Presentation and can be used for 3D modelling only if layout (data) is prepared/ exported/saved in
appropriate format.

DTM (3D model) can be created from graphics in a Power Civil, when data digitized in a drawing
loads into a surface. The digitized data must be located in its correct position in a three-dimensional
(3D) drawing file. When loading digitized contours, for example, each contour must be located at its
proper elevation. Power Civil accepts text, circles, arcs, lines, polylines, points, 3D faces and even
meshes. Each vertex of the mesh element is imported into the target surface as a random point.

It is possible to load DEM (Digital Elevation Model) data into a surface. It can be useful for site
location and preliminary engineering.

It is also possible to load geometry point coordinates to the active surface. Geometry graphics can be
loaded as random, breakline, interior boundary, or exterior boundary points. The elevations of the new
points can come from the cardinal points of the horizontal alignment, the active vertical alignment
belonging to the active horizontal alignment, or from an existing surface.

One more important function which is typical for Power Civil as well as for InRoads and Microstation
is the ability of these products to read and create files in both dwg and dgn formats. It means that it is
quite easy to use layout created in an AutoCAD environment in order to create 3D models in Power
Civil (or other Bentley Products). It is possible as well to save data in Power Civil to dwg if it is
necessary.

Surfaces created in Power Civil can be exported to LandXML. This is a very important feature,
because LandXML files can be loaded to sections with boreholes.

5.3.2 GEOPAK

Bentley GEOPAK is a family of integrated civil design and engineering software ideally suited to civil
engineering and transportation projects of all types. Developed and supported by practicing civil
engineers and professional surveyors, GEOPAK applications offer a plan-production focus that
enables engineers to concentrate on delivering high-quality projects in one continuous cycle, from
survey to construction.

The GEOPAK software line represents a comprehensive, field-to-finish solution for transportation
infrastructure, water resources and land development. (Bentley Systems, 2015)

GEOPAK contains MicroStation’s full suite of referencing, dimensioning, text and drawing tools.
GEOPAK includes a suite of tools: geotechnical, road, site, drainage, water/sewer, survey, landscape.

Unfortunately, GEOPAK does not support Swedish standard data which are used at GS Presentation
and boreholes cannot be imported and used for 3D modelling of soil layers. Because other functions of
this program are almost the same as InRoads/ Power Civil, and this product does not used at WSP, this
product will not be included in analysis.
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5.4 Other programs

Other software which exist on the market were analyzed regarding the possibility to be used for
creating 3D models for soil layers and rock surfaces using Swedish standard geotechnical data. A short
description together with a motivation why they are not interesting for further studies is following.

54.1 Conrad

Conrad is a software, developed by SGI, which is used for presentation and analysis of CPT-
investigations (Cone Penetration Test). Data obtained at drilling are loaded to Conrad, where they are
processed and the results of the analysis are presented. (Conrad product data sheet — Appendix 10).

Conrad is used only for processing of CPT-investigations, does not contain any 3D-modelling
functions and that is why it is not interesting for this thesis.

54.2 Edison

Edison is software developed by SGI. Edisons’s function is to fill a gap between investigation made in
the field and presentation performed in an office. Edison can be used directly in the field for data
control, adjustment and borehole validation. A short description of this software can be found in
Appendix 11. Edison does not have 3D-modelling tools, that is why it is not included in the analysis in
this study.

54.3 GEO5

GEOS5 software is developed by FINE. It helps to address a wide variety of geotechnical problems.
Besides common geotechnical engineering tasks, such as stability analysis, excavation design,
retaining wall design, soil settlement analysis, the suite also includes highly sophisticated applications
for the analysis of tunnels, building damage due to tunneling, stability of rock slopes etc. GEO5
consists of a wide range of powerful programs based on analytical methods and the Finite Element
Method. (Fine, 2015)

The Terrain program enables creation of a digital terrain model and subsoil layers from inputted
points, edges or bore holes, respectively. Such model can then be used to create 2D and 1D geological
profiles. These profiles are subsequently utilized in other GEO5 programs. (Fine, 2015)

The program enables a general data import. Therefore, it is possible to enter an arbitrary amount of
measured geotechnical data. This proves particularly advantageous in case of extensive landslides,
mines and dump slopes, for which continuously updated measurements are available. (Fine, 2015)

The program also determines volumes, i.e. the total volume of excavation works and built
embankments in individual construction stages. (Fine, 2015)

Even though this program seems to be very powerful and includes a wide range of geotechnical
software solutions it cannot be used for analysis because it cannot import the file format used in GS
Presentation.

544 Soil Vision

SoilVision System Ltd. developed SoilVision software which applies new technologies such as
automatic mesh refinement, unsaturated soils, and 3D analysis. (Soilvision Systems, 2015) This
program can also not be used in this thesis because it is impossible to import data used in GS
Presentation.
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http://www.soilvision.com/amr.shtml
http://www.soilvision.com/subdomains/soildatabase.com/index.shtml
http://www.soilvision.com/subdomains/svslope.com/why_3d_slope_stability.shtml

545 SBG Geo

Geo is SBG's office programs for surveying and construction measurement and helps in an easy and
efficient way to manage daily tasks, from the coordinate calculation and volume calculation to 3D
models, drawings and reports.

The systems advantages can be summarized as follows:
 Powerful - Does not require underlying CAD software

« Simple structure, but with many advanced features

* User-friendly

* Rational workflow

* The result of 30 years' development

* Used in over 20 countries

* Has been translated into many languages

* One of the world's most modern and powerful geodesy softwares

» Additional modules for alignments, volume calculation, terrain models, tunnel management, point
cloud and network adjustment makes Geo a complete geodesy system. (SBG, 2015)

This software cannot import data used in GS Presentation and that is why it will not be analyzed in
this master thesis even though it has tools for 3D modelling, volume calculation etc.

5.4.6 GIS software for geotechnical needs

A geographic information system (GIS) is a relatively new software tool for geotechnical engineers
but has the potential to become a powerful tool. Its capabilities range from conventional data storage
to complex spatial analysis and graphical presentation. (Hellawell, et al., 2001)

There is a number of softwares which includes GIS tools for solving geotechnical tasks. One of them
is RockWorks developed by RockWare. This software was used as a standard in the petroleum,
environmental, geotechnical and mining industries. (RockWare, 2015)

RockWorks can be used when evaluating construction and excavation sites in the beginning, middle or
ending phase of a project.

The Borehole Manager allows bringing soil boring, sampling, well screening and other information
into the program via a simple Excel or ASCII file import (Figure 13). It is not possible to directly
import Swedish standard files which makes complicated to use this software in Sweden.
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Figure 13 RockWork's Borehole Manager
Source: (RockWare, 2015)

RockWorks has a lot of useful tools and, for example, allows viewing downhole sampling information
in 2D and 3D using a variety of methods and color schemes - Figure 14.

Figure 14 Presentation of downhole sampling information in 3D

Source: (RockWare, 2015)

RockWorks allows creation of sections showing modeled lithology and stratigraphy; generation of
solid models and volumetric estimations of stratigraphy, lithology, and other downhole parameters;
estimation of excavation volumetric - Figure 15.
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Figure 15 Estimation of excavation volumetric in RockWorks

Source: (RockWare, 2015)
Some other leading GIS software which support geotechnical needs: ESRI — ArcGIS; Pitney Bowes —
MaplInfo etc

It is obvious that integration of GIS in the geotechnical field will continue. To succeed in it requires a
combination of geotechnical knowledge and the GIS-based skills. It can be achieved, for example, by
training the geotechnical engineers in using the software as well as understanding the GIS concepts.

5.5 Analysis of software

551 Evaluation approach

In order to be able to make a correct and fair comparison of these different products, regarding their
ability to create 3D-models of soil layers, the data used are from the same project is. From a project
with more than 7000 investigations points a sample area with 140 points was defined. The area of
investigation is around 45000m? which is not so big and points are distributed quite regularly.

A typical workflow for a geotechnical project includes:
¢ Inventory of previously conducted investigations;
e Planning of investigation program and data collection;
o Loading of investigations results to database;
e Data processing;
o Establishment of Soil Technical Investigation including drawings (plan, profile, section);
e Presentation of interpreted soil layers in profiles/ sections;
e Stability and settlement calculations;

e Drawings for geotechnical constructions and soil reinforcement;
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e Establishment of Technical PM,;
e Underlay for cost — and volume calculations

While choosing approach for evaluation | mostly looked at processes which influence the results of 3D
modelling of soil layers and next following data presentation in Open VR. That is why in evaluation
will be included the following processes:

e Raw data collection and editing
e Data processing
e Data Presentation and editing

The most significant part of the analysis is associated with the last third point, because here the chosen
for comparison softwares are used. First and second points are important as well but they are
performed before one starts using software for data interpretation and modeling. That is why these
processes are described in section 5.5.2 and 5.5.3 but are not compared.

55.2 Collecting the data

Nowadays it happens very seldom that one starts a project in a place where there is no basic
information about geology. That is why under collecting the data | mean not only new investigations,
but inventory of the old ones.

Geotechnical information can come from different sources. In the early stages geotechnical
information can be obtained, for example, from geological maps and existing investigations. The
requirements on the accuracy of the data at this stage are quite low because the data is used for general
recommendations. Detailed analysis, calculation and drawings production is coming in later stages
when position of designed constructions is defined. This material can be further used as a basis for
planning geotechnical investigations. The requirement on accuracy and scope of the geotechnical
information increases when approaching the construction stage.

Compared to other disciplines geotechnical information can be described as a time independent. It is
important, however, to control plan and height coordinate systems for “old” data; transform
coordinates if it is necessary. It is important to sort out invalid points, for example, if the situation
changed a lot, for example in case of excavations, rock blasting etc.

Field investigations are carried out using different methods depending on the stage, purposes and
geotechnical conditions.

The studies carried out in the field are aimed to determine soil types, soil boundaries and geotechnical
properties. Determination of soil types and characteristics are usually performed in laboratory, but
some properties may also be determined in field.

Today there are two systems in Sweden for collection of field data in digital form: Geoprinter, which
stores data obtained in the memory and Geologg that stores data on disk. Both systems follow SGFs
list of field codes.

WSP Sweden AB has GM 75 GTT, GM 100 TT and Geotech 604 machines which are equipped in
general with Envi data collection tool, except one machine which has Demon field logging equipment.
Even though they have different manufactures and work differently, they give the same results and
data can be converted to snd format which is used at GS Presentation.
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STD - data file format developed according to SGF-standard in order to improve data communication.
This data format can be imported by very few programs in Sweden and Norden. This brings limitation
in software usage.

RDT - data file format which is used in Geotech’s field logging equipment.

Even though both std and rdt file format can be imported by a small range of software, they have an
advantage because they were created in order to exploit and forward information according Swedish
standard without complex correction afterword.

ASCII (American Standard Code for Information Interchange) is a character-encoding scheme. Most
computers use ASCII codes to present text, which makes it possible to transfer the data from one
computer to another. For example, this format can be used in order to import data in form of text rows,
representing X-, y- and z- coordinates.

Nowadays in Sweden there is no uniform system for collection of data from laboratory. Companies
who carry out laboratory investigations have different systems for both collection and reporting of
data. In many systems data are stored in such a way that a transfer between systems is possible.

SGI has developed a number of computer programs for storing and presenting laboratory data. Today
it is almost impossible that laboratory application can communicate with other analytical and
evaluation programs. However, the data format is quite general, which makes it possible to
communicate and transfer data between different systems.

SGI is working on creation of database for laboratory investigations, where data collection, calculation
and storage of results occur in a data-based system. The idea is that it will be possible to transfer data
to other program or obtain data directly. (Viberg, et al., 2002)

553 Processing of raw data

SGI has developed a number of computer software to evaluate the parameters of laboratory data. The
systems have been built in principle to both store and provide analytical values. Today, the
possibilities are small for most applications to communicate with other analysis and evaluation
programs. However, the data format is fairly general, which makes it possible to transfer data.

In our case ASCII format is not so interesting because it contains very little information from
investigation and it can be very complicated to use such format because it needs a lot of additional
work so it can be used.

The main programs which can be used are those which can read raw data files, such as std- and rdt-
formats. Softwares which can read these formats are Edison, Conrad and GS Archive.

As was mentioned in 6.4.2, SGI developed the program Edison for control of data directly in the field.
The program can import files created in geoprinter and geologger. Data can be presented on the screen
both in graphical and alphanumerical form. It is possible to correct data and save the results in a hew
file.

Conrad is described in 6.4.1, and used only for processing of CPT-investigations. This method gives
better information about soil conditions compared to other methods. CPT-test generates a large
amount of measured data which is transferred to Conrad. Data are processed in the program and results
are shown in diagrams according to SGI standard.
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The advantages of this software are that it is easy to use and has a simple interface. It is adapted to the
latest standards and evaluation methods. (SGI, 2011)

When the diagrams are drawn there are no possibilities to process data further. It is not possible to
export these data and use them for 3D-modelling. The only way, today, is to import std- and rdt-files
to GS Archive.

Files should be imported to GS Archive, where a project can be created and investigations included in
this project. From GS Archive one starts GS Presentation where all files can be viewed, corrected and
interpreted. When interpretation of soil layers is performed the results automatically are saved in .tlk
files. Each investigation has its own interpretation file where all interpreted layers are presented and
have Z-level. While performing interpretation it is possible to correct performed interpretations, add or
take away some interpretations and save changes.

One very useful tool in GS presentation is that it is possible to export interpretations of soil layers in
separate files for separate soil layer using filter. It is possible to choose only rock or clay or some
specific stop code. The list can be exported to *.pxy or *.kof format. An example of a pxy file is
shown in Figure 16 and includes investigations names, coordinates and levels at stop code 95, which
shows rock level.

| WA _test_95 - Motepad

File Edit Format Miew Help

BYZ-COORD-FILE ,v1.0 ,2015-04-30, ,
Geosuite x¥Z2  Stopp 95nivier terridngm )
04R_325 6577420.3101 153724, 7357 -0.6250 BH ,
04R_330 6577389, 3170 153765.7250 -3.1410 BH ,
14wl 6577405,3290 153614, 5510 14.8300 BH ,
1w 6577415.3600 153650.1080 3.1000 BH ,
14wz 6577420,0200 153669, 5000 1.9200 BH ,
14w05 6577435,.9680 153732, 7960 0.1300 BH ,
153-2 §5773590.80%0 153602.4750 11.5%00 EH )
238 6577366, 8670 153763, 2180 5.3200 BH ,
246 6577288.4400 153782, 9990 22.3200 BH ,
258 §577424.58740 153595, 5800 5.4200 BH )
2B3-210 6577440,9723 153756, 3192 -1.6&400 BH ,
267-180 6577466, 9046 153754, 3158 5.7200 BH ,
376 §577328.59840 153673, 88460 28.6200 EH )
378 6577334,1670 153693.1250 25.3200 BH ,
380 6577339.4440 153712, 5690 22.5200 BH ,
3587 §577323.8740 153685, 5110 27.6200 EH )
380 6577329,.1300 153704,9240 27.1200 BH ,
Mol 6577363, 0460 153643, 6050 26.1770 BH ,
amo2 6577359, 8060 153653.7390 24,4770 BH ,
Moz 6577354, 5670 153656.4250 26,1020 BH ,
amod 6577346, 7150 153660, 55350 26.9010 BH ,
IMos 6577353,6230 153668,3770 22.8570 BH ,

Figure 16 PXY file for points with stop code 95

A * kof is shown in Figure 17. It looks a bit different than a *.pxy file but includes in general the same
information. In Sweden the *.pxy files are used, and the *.kof files are used in Norway.
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| MA&_test 95 - Motepad

File Edit Format Wiew Help

00 COORD-FILE 2015-04-30 hd
00 Geosuite xX¥Z  Stopp S99nivder terrangm #
03 04R_329 BH 8577420.310 153724.740 -0.625 "
03 04R_330 BH B577389.317 153765.725 -3.141 w
03 14wil BH B577405,329 155614.551 14,830 w
03 14wioZ BH 5577415,.360 153650.108 3,100 w
05 14wos BH B577420,020 153669, 590 1.920 w
03 14w0o5 BH B577435,.968 153732.796 0.130 w
os 153-2 BH 6577390,800 1534602.475 11.5%90 bl
03 238 BH 6577366.867 153763.218 5.320 bl
03 246 BH 8577288.449 1537B2.999 22,320 hd
03 258 BH 6577424.5874 153505, 580 5.420 hd
0% 263-210 BH 8577440.5872 1537556.315 -1.640 "
03 267-180 BH B577466,905% 153734.314 5.720 w
03 376 BH B577328.964 153673, 886 £8.620 w
03 378 BH 6577334,.167 153693.125 25,320 w
03 380 BH B577339.444 153712, 569 22.520 w
o3 387 BH 6577323, 874 153685.511 27,620 bl
03 3809 BH 6577329.130 153704.924 27,120 bl
053 JIMOLl BH 65377363.046 153643.605 26.177 hd
05 IMoZ2 BH 6577359,.806 153653.730 24,477 hd
05 IMO3 BH 6577354.567 153656.425 26.102 "
053 JMo4 BH 6577346, 71 153660.553 26,901 w
g5 JIM038 BH B577363.623 153668.377 £2.857 w
o3 JIM09 BH B577357.659 153670.071 £3.356 w
o5 JM1l0 BH 5577349,084 153674.115 23,671 w
03 JM1ll BH 6577345,965 153677.292 24,165 bl
053 IMls BH 6577377.504 153678.100 18.135 bl
053 ImMl4d BH 0577356.682 1536B82.938 22.674 had

Figure 17 KOF file for points with stop code 95

554 Presentation and editing of
investigation point

Presentation of field investigations and laboratory tests are carried out at all stages in geotechnical
production. As a rule, results of geotechnical investigations are presented on drawings and in text
documents. The requirements that results of investigation shall be available in digital format are
increasing. Today, in most of the projects it is a requirement as well that 3D-models created in a
project shall be delivered, sometime even BIM-models should be delivered.

Regarding how results of investigations should be reported on different stages of geotechnical
production, they can be divided into two parts. The first part can be called presentation of performed
investigations. In this case investigations are shown in plan, profiles, and sections without showing
interpretation of soil layers and results are included in separate report MUR. The second part is
interpreted and evaluated data which can be used for planning and can be presented in interpreted
plans, profiles and sections and be presented in technical description.

To present the results of field investigations and laboratory tests a program called GeoSuite is used.

Today there is not one standard how and in which program 3D-models should be created. Often it
depends on knowledge and experience of the person who is performing 3D-modelling.

In Novapoint there is an option how 3D-models can be created: as a grid or as a TIN surface. Created
3D-models of soil layers can be exported to a dwg file for further usage in the Open VR. They can be
also used for production of traditional geotechnical drawings but in this case, in addition to Novapoint,
one of AutoCAD products (for example, Autodesk Map 3D), which is able to generate sections with
boreholes and interpreted soil layers, should be used.
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It is also possible to create a surface in Autodesk Map 3D by using created in GS Presentation pxy
files for different soil layers. It is not possible to use pxy file directly in AutoDesk Map 3D. Pxy file
should be first saved as txt file. When importing the txt file, columns should be defined before it can
be imported in Autodesk Map 3D.

Autocad Civil3D can import pxy file directly and there is no need to specify columns. 3D-models
created in Civil 3D can be shown quite easy on the sections with boreholes. These facts make
AutoCad Civil 3D very attractive for geotechnical purposes. Moreover other areas of technology, for
example, roads and highways, water and wastewater treatment, use Civil 3D applications in small and
large projects.

Basic data for creating 3D models in Power Civil can be a dwg/ dgn files which can contain different
kind of objects: points, blocks, lines, polylines, 3D polylines, 3D faces, text which represent heights or
text which is, for example, a symbol “x” which has correct position in 3D (X, y and z coordinates).

It is also possible to import a txt file with coordinates in order to create 3D models. In Power Civil
TIN interpolation is used while 3D models are created. Because the same approach is used in both
Power Civil and Civil3D for creating 3D models, the results are the same or almost the same.

The advantage of using Power Civil is that this software has powerful tools for the design of roads,
railroads, pipe systems etc. If all areas of technology are using this software in the same project then it
is very easy to produce drawings (sections, profiles, plans) where all components can be shown. Tools
for surface design, correction, manipulation and calculation are user-friendly. The software has a
number of applications which are adapted to a specific subject with a wide range of special features.

While creating 3D models the data which can be included in it can be of different type. It is possible to
add to the surface new data later on without starting the whole process from the very beginning; it is
possible to exclude some data from triangulation by deleting specific features from the list of features.
There are more advantages in using Power Civil: while creating profiles and cross sections objects are
coming to the correct layer and have correct characteristics such as color, line type etc. Once created,
the configuration file responsible for how objects are shown in plan, sections, profiles, can be saved
and used later on. It saves a lot of time in drawing production and configuration file used in one
project can be used later in other projects; the file can be changed, corrected and distributed.

One of the main disadvantages of Power Civil is that it requires changing software and it does not look
similar to AutoCAD, that is why it makes it more difficult to be used by personal who are not used to
work in such environment. Created in Power Civil 3D models, can be exported to LandXML and then
imported to sections with boreholes.

The other option is to create sections and profiles in Power Civil and then copy them to sections with
boreholes. It is important to remember that in this case there should be alignments created which are
the same as section in GeoSuite.

When 3D models of different soil layers are created, they should be controlled and checked so they do
not go into each other. It can happen if boreholes contain different number of soil layers, for example,
not each borehole contains information about rock level or contains clay etc.

Civil 3D has a great tool which helps to control created rock 3D-models. It finds investigations which
are not drilled to the rock surface but stopped at the level below interpreted rock surface. Results are
presented in a dwg file graphically — rock levels coming from 3D model are shown together with level
of borehole which lies under the rock surface. In this way it is very easy to find areas where support
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points can be added in order to solve conflicts between surfaces representing different soil layers, so
they look more realistic and correct.

While using Civil 3D there are some options how support points can be added. It is possible to add
some support interpretation points which can be exported to pxy files and to Civil 3D-model as well.

5.5.5

As was described in 1.2 the goal of this master thesis is to identify and describe software that can be
used today for creating 3D models for soil layers, rock surfaces and 3D boreholes which can be used
further in coordination models, for example Open VR. The comparison criteria are mostly related to
the building of 3D models but there are also other criteria which are important from geotechnical point
of view.

Presentation of the Analysis

Results of the comparison of the three chosen softwares NovaPoint, Civil 3D and Power Civil are

presented in Table 2.

NovaPoint

Civil 3D

Power Civil

Communication with
GS Presentation

Works well.

Works well.

Files should be
exported from GS
Presentation and
afterwards imported as
a coordinates or
graphically.

File format (Ability to
communicate with
other programs)

Works in own format.
There is possibility to
export data to dwg
format

Works in dwg format

Works in both dwg and
dgn format

Creating of 3D-
models

Interpolation performs
with help of grid
network. It gives less
exact and
mathematically correct
model compare to TIN-
model

TIN-triangulation

TIN-triangulation

Editing of 3D-models

Can be done with help
of support points. It is
possible to add and edit
points, but there is
need to start AutoCAD
in order to see sections
with boreholes and soil
layers and add support
points using these
sections

Easy to edit
interpretation in
borehole, add new or
delete wrong points or
interpretations.
Possible to add support
points for model
correction. No need to
change software.

There is no direct
connection to database
and that is way it is not
possible to add, delete
or edit interpretation of
boreholes directly.

But It is possible to add
support points, lines
etc
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Presentation of
borehole in 3D

Created in NovaPoint
3D boreholes can be
exported to dwg and
then be visualized in
Open VR.

3D boreholes are
generates
automatically, created
solids (different
cylinders for different
material) can be used
for Open VR

Not available. Possible
to create but needs a lot
of manual input and
editing.

Tools for farther 3D
modelling

In order being able to
make farther 3D design
AutoCAD should be
used. AutoCAD has
connection with
NovaPoint and in this
way results of 3D
design can be
presented in
NovaPoint.

There are tools for site
grading, road and
water waste system
design.

Powerful functions for
road, terrain, railway
and pipe design.

Usability

It depends on previous
experience. Nova Point
19 is more BIM
oriented and requires
from user see over
routines and approach
how to work but there
are advantages as well
in using this product,
because all objects can
have additional
information.

It depends on previous
experience. Autodesk
products are used at
WSP for a long time.

There is experience in
using Power Civil by
WSPs Geotechnical
Team. Before was it
possible to choose
what to use as a
platform AutoCAD or
Microstation and it was
easier for users to learn
this product. Now this
option is not available.

Possibility to use data
for Open VR

3D boreholes and soil

layers can be exported
to dwg file and used in
Open VR.

3D boreholes and soil
layers can be used
directly in Open VR.

Soil layers can be
saved as dwg file and
used in Open VR.
Process of direct
obtaining of 3D
boreholes by using
Power Civil is
impossible.

Table 2 Software comparison

In order to create 3D models of soil layers, the results of investigations should be imported in
GeoSuite (the only one option today for Sweden for geotechnical project management). The database
for the sample area with 140 points was created in GeoSuite. 39 of the 140 investigation points are the
ground water pipes which are not so useful for 3D modeling of soil layers and rock surface but they
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are important for the calculations and for the project design. 25 of the 140 investigation points show
the rock level and were used for 3D modeling of the rock surface.

The boreholes should be analyzed and interpreted and surfaces should be created. In this study the
points for the sample area were automatically interpreted in GS Presentation. The results of the
interpretation were controlled in the WinRit. The further processes of 3D modelling of soil layers,
rock surfaces and 3D boreholes were performed with a help of the software chosen for comparison. It
means that all programs used for 3D modelling of soil layers should be able to communicate with the
GeoSuite database directly or in another way.

This thesis does not study other options, such as alternative approaches in representation of
geotechnical data etc, and concentrated mostly on the current situation in the industry.

As it is shown in the Table 2, there are two products which have good communication with GS
Presentation: NovaPoint and Civil 3D. Power Civil does not have direct communication with GS
Presentation and can be used for 3D modelling of soil layers if processed data are exported from
GeoSuite to suitable format. While creating 3D surfaces products are using different approaches. Civil
3D and Power Civil use TIN-interpolation while NovaPoint has an option to create 3D models by
using the grid approach as well.

Novapoint has good communication with GS Presentation, boreholes can be interpreted, edited and
adjusted but there is need in using AutoCAD. In order to produce drawings there is also need to use
AutoCAD; it means that for data preparation for Open VR there is need of two products instead of
one. NovaPoint is BIM oriented and it can be a big advantage to use this software taking into account
that in many projects it is a requirement to use BIM and 3D modeling.

Civil3D also provides good communication with GS Presentation and has a user-friendly interface for
geotechnical data processing and 3D-modelling. 3D boreholes can be created easily and results can be
saved in a dwg and can be used in Open VR. Another advantage of using Civil 3D is that other areas
of technology use it as well. Working in the same environment makes the design process faster and
more economically efficient. There is no need to import, export, transform or convert data to be able to
use it.

Power Civil has advantages in the form of powerful tools for road, railway and water waste systems
design. When all areas of technology are using Power Civil for infrastructure projects the drawing
production and their updating can be easily performed. Models created in Power Civil can be used and
exchanged freely between different users. Soil layers can be saved as 3D faces in dwg or dgn format
and used in Open VR. As mentioned before there is no direct communication with GS Presentation,
and that is why it is not possible to edit interpretations, delete or add support points for model
adjustment.

Even though NovaPoint and Civil 3D have tools for automatic borehole interpretation, a lot of manual
work remains. Depending on basic data and project size the process of soil layer interpretation and 3D
modelling can take a lot of time.
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6. 3D Modelling Workflow

6.1 Interpretation of soil layers

The first step in creating 3D models is to define soil layers in GS Presentation. Interpretation can be
done according to field codes directly in GS Presentation window or graphically in WinRit window.
Automatic interpretation of soil layers in boreholes and test samplings often needs adjustments and
supplementing. In order to make the process of 3D modelling of soil layers easier it is a good idea to
decide and choose the minimum needed number of layers while interpreting. For example, it can be
decided for a project which layers need to be interpreted, as well as if there is need to distinguish
between clay and dry crust clay. Often there are three layers which are distinguished and specified:
filling, clay, frictional soil and rock top surface.

In order to get continuous and complete surfaces without collisions, when one of the surfaces goes into
another, each borehole should contain information about all defined layers. Some investigations
methods do not give information about the order of soil layers in a borehole and give, for example,
only information about rock level. In order to define soil layers in such boreholes, it is possible to look
at the nearest investigation points and define soil layers considering drilling protocol for this borehole
and information about soil layers in the nearest boreholes. If all boreholes have information about all
defined soil layers it reduce time for correction of soil layers, because in such case, a basic data
(points) for triangulation for each soil layer has the same x, y coordinates and z value depends on the
performed interpretation. In this case we will get surfaces where soil layers follow correct soil
structure and order. It is not so easy to always follow this rule but it is good to do this when possible.
If there is no clay in the area then the thickness of this layer will be 0 and bottom level of filling and
bottom level of clay will be the same. In the first step we make interpretations which can be corrected
and adjusted in further steps by editing the levels of interpreted layers and by adding support points
which can help to get more reliable models. When triangulation is done we will get triangles in the
areas where there is no clay and this should be taken into account, for example if one creates contour
lines for clay based on a 3D model for this soil layer. If one wants to correct interpretation of rock
level in a borehole it is not enough to change the interpretation of rock level in WinRit, it is necessary
to make changes in the boreholes protocol.

It is even possible to make graphical interpretation in AutoCAD by creating sections, draw soil layers
borders in the sections, control and edit interpretations if it is necessary.

6.2 Power Civil

6.2.1 PXY files for differents layers using filter options

The next step of the workflow depends on the software we are using. For Power Civil we have to
create pxy files in GS Presentation using filter while exporting all interpreted layers - Figure 18. The
pxy file contains information about points in a specific layer in form of list of coordinates (X, v, z).
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Figure 18 Export to PXY-file

6.2.2 Editing of pxy-files

There is no need to edit pxy files and they can be imported directly into Power Civil.

6.2.3 Read coordinates, soil layers

If one chooses Power Civil in order to create soil layers using pxy files, then they can be imported
directly in Power Civil using the Text Import Wizard - Figure 19.

E‘ Text Irnport Wizard @
“Wizard M ame: |< Mew v| [ Ok, ]
Data Type: | Surface - | Cancel
Description: E dit

Edit...
Delete

Help

[izplay and Annotate

File Mame:
"H:\bemphBerg_Stoppkod_95 150508, pry"' Ll

Figure 19 Text Import Wizard

The first two lines in pxy files can be deleted so that pxy files contain only coordinates, but this is not
necessary because it is possible to specify in the Text Import Wizard which lines from the file should
be imported ““Start import at Line”- Figure 20.
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?" Text Import Wizard - Step 1 of 4
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Figure 20 Text Import Wizard - Step 1 of 4

It is possible to decide what kind of information should be included while importing the data. For
example, it is possible to skip some columns with irrelevant information and it is possible to specify
what kind of information is in the column using Column Data Format which include such options as
skip, name, northing, easting, elevation, contour elevation, exclude from triangulation, etc - Figure 21.

e TextImport Wizard - Step 4 of 4

Calumn Data Format: | Northing

T |

Surface Options
Agaregate
Random

Ore then Zeros

Ewclude from Triangulation
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Figure 21 Text Import Wizard - Step 4 of 4

There is an option to import points graphically. It means that the dwg file with points for different soil
layers should be created first. Points can be imported in Power Civil using Import Surface From
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Graphics. The disadvantage with this method is that all points will be imported as one feature and it
will not be possible to delete only one point using the Delete Feature tool shown in Figure 22.

E* Delete Feature El =] @
Surface: Berg_Graphical -]
Features:

Mame Style Descripl ﬂ

Bezults....

Aggregate

Help

1 | 1] [ 3

Figure 22 Delete Feature tool for Surface created using Import Surface From Graphics

If points are imported using the Text Import Wizard then it is easy to find points to be deleted (Figure
23) and it is very simple to edit, adjust or correct points using Edit Feature Point - Figure 24.

E‘ Delete Feature E"E‘@
Surface: [ Stopd5T LB — ]
o
Features:

M arne Style Das ﬂ _
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rvoms p [ Heb |
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Figure 23 Delete Feature tool for Surface created using the Text Import Wizard
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Figure 24 Edit Feature Point Tool in Power Civil
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It is recommended to use the Text Import Wizard for importing data from the pxy file to Power Civil.

6.2.4 Create a surface

When data are imported they should be triangulated. It is possible to choose the maximum length of
triangles. For example, if we do not want to have triangles for rock surfaces with length of triangle
sides longer than 100 meter we can specify that and it will stay even though we re-triangulate surface
or add new data to it -Figure 25.

rE" Triangulate Surface El =] @ﬁ

Surface: | Stopd5T LB i |
D escription; W

b amirmumm Length:
100 #| e
Extended D ata Checks Lock Triangulation
Results

Mumber of Points:

Mumber of Triangles:

Elapsed Time (Seconds]: Mare...

Figure 25 Triangulate Surface Tool In power Civil

Triangles can be deleted manually or using Filter where one can specify Maximum Length, Minimum
or Maximum Angle, Add Exterior Boundary etc - Figure 26.

rE" Delete Triangles By Filter E =] @

Surface: | Stop35TUBA, ] [ pply |

lgrore | Cloze |
| Mavirium Leg Length: 00000 —H |
| HOelp |

| Minirmurn Angle: 0™00'00,00"
o | M aximum Angle: 0™00'00,00"
Elevation Range
High: 0,000
Lo 0,000

E stenior Boundary

J|iGenerate Exteror Boundang

Feature Mame:

Feature Style: Aggregate i

Triangulate

Figure 26 Delete Triangles Tool inPower Civil

A triangulated surface can be saved as dtm and used in the project by others if it is needed.
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6.2.5 Editing of 3D models

3D models created in Power Civil can be corrected and adjusted by adding support points. This
process looks differently compared to NovaPoint and Civil3D but if the database was created
correctly, then a lot of options and possibilities in points adjustments and manipulations using
database are available.

6.2.6 Data preparation for Open VR

Dwg files with 3D faces can be used for model coordination in Open VR. It does not take much work
and time to load 3D objects in dwg files to Open VR. The better the quality of the dwg files the better
the coordination model. Dwg and dgn files with 3D faces can be easily produced in Power Civil.

Creating 3D boreholes using Power Civil is as mentioned before a complicated process with a lot of
manual work. It is easy to make mistakes, miss something and it is not economically efficient,
especially in big projects. In small projects, with 10-20 boreholes, it is not critical and 3D boreholes
can be created manually using, for example, solid tool. But it is impossible for big projects, like
Tunnelbana project with more than 7000 boreholes.

The alternative is to create 3D boreholes using the export functionality in GeoSuite and create dwg the
file with solid objects for interpreted boreholes there. Dwg can be used in Open VR straight away.

6.3 NovaPoint

If we work in NovaPoint or Civil3D there is no need to create pxy files (as it was before) because
there is a direct connection between GeoSuite and these programs.

6.3.1 Loading to NovaPoint GeoSuite database

When the first step described in 8.1 is performed and we are ready with interpretation of the soil layers
we can load GeoSuite database to NovaPoint by importing autograf.dbs, which contains the database
for the whole project and interpretations for all layers. It is possible to load databases from different
projects at the same time and this can be extremely useful when we need to create an overview of the
geotechnical situation in the area of interest and we have several projects in this region.

Novapoint works with processes. Activities should be created and similar processes can be grouped
under an activity. Everything we do should be placed in the correct activity, but it is possible to edit it
if it is necessary.

Novapoint is model oriented. Everything is objects. If one clicks on the object, for example, CPT-
investigation, its properties appear: name, status (current or designed), coordinates, coordinate systems
information, depth of drilling, method etc

When we import the GeoSuite database we should specify a name of this process (for example, Import
TUBA) and choose under which activity it should be saved - Figure 27.
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Figure 27 Import tool in NovaPoint

6.3.2 Creating surfaces

To create soil and rock surfaces in NovaPoint Modellering — Underyta tool should be used. Here we
need to choose which activity this process should correspond to, give a name to the surface and choose
a template for surface creation under Mall. It is possible to specify the maximum side length of the
triangles in settings.

TIN-triangulation remains the default interpretation method in NovaPoint but it is possible to choose
grid interpolation if needed.

Surfaces together with 3D boreholes are shown in the NovaPoint interface. Figure 28 demonstrates 3D
boreholes with interpreted layers for each investigation shown with different colors and created rock
surface.

ewign -

Figure 28 3D boreholes and rock surface in NovaPoint

Source: (Andersson, 2015)
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6.3.3 Editing of surfaces

In order to control the quality of created soil layers in NovaPoint profiles or cross sections can be
drawn and visual control can be performed. Profiles and cross sections show soil layers as lines,
boreholes position in a section with a symbol and interpreted soil layers in each borehole presented as
a vertical line with different colors - Figure 29.

Figure 29 Profile in NovaPoint

Source: (Andersson, 2015)

It is not possible to see boreholes drawn in the traditional way directly in the NovaPoint environment
and this can be counted as a drawback, because there is no possibility to see immediately what kind of
investigation were performed and estimate if interpretations were done correctly.

It is impossible to edit interpretations directly in NovaPoint and AutoCAD should be used in order to
make adjustments. In AutoCAD profiles or cross sections should be generated again. Alignments
created in NovaPoint can be loaded into AutoCAD and sections can be taken in the same places as in
NovaPoint. When sections are generated it is possible to load surfaces created in NovaPoint and bring
them into generated sections with boreholes presented in the traditional way.

Before one can start editing interpretation of soil layers and add support points in order to correct
models, in NovaPoint should an activity for this process be created. Support points can be saved as
leveling points in GS Presentation and they can be used for surface updating.

6.3.4 Data preparation for Open VR

Surfaces created in NovaPoint can be exported to dwg files in order to be used in Open VR. The
resulting dwg file contains objects for different soil layers in form of polymeshes. Unfortunately
objects created in this way lose their BIM component and objects are not so “clever”. 3D boreholes
can be exported from GeoSuite via 3D functions. Boreholes created in this way are solid objects which
can be used in Open VR.

6.4 Civil3D

In order to establish a connection between Project in GeoSuite and Civil 3D plan drawings can be
created from GS Presentation. In settings it is possible to choose if symbols for boreholes should have
real Z level och Z=0.
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6.4.1 Loading of GeoSuite database and creating surfaces

By using tool 3D model in menu Civil3D GS Plan we choose boreholes which should be loaded and
used for creating soil layers. If we want to exclude a borehole from triangulation and do not want to
have it drawn in 3D we simply check it off from the list. We can refresh the list so that new and
updated boreholes appear in the list. If the database is big it can take some time before all data are
loaded. All marked boreholes are automatically presented as 3D cylinders divided into different colors
depending on interpretation performed previously. In order to see a surface one should mark which
surface should be shown in Soil Surface toolbar - Figure 30.
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Figure 30 Dialog boxes in Civil 3D for Loading of Database and Surface Creation

It is possible to control the maximum side length of triangles in Civil3D by using Surface Properties
dialog box for each surface in the Prospector window.

6.4.2 Editing of surfaces

It is possible to visually control surfaces, create sections in problem areas and surfaces created load in
this section in order to look closely at specific borehole and estimate how the interpretation was made.
It is possible to edit, delete or add interpretation in borehole, and add support points which can be
included in the triangulation.

Civil3D has one very good feature which is not available in NovaPoint or Power Civil. It is possible to
control rock surface. The program is checking all boreholes in the database which do not go to rock
and compare their stop level to the rock surface. The result of this control is presented in dwg file with
text in the problem area showing the stop level of borehole and the rock level from surface. Results of
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this control can be used in order to add support points and correct rock surface in areas where the
program showed that the rock surface cannot be so high here.

In order to update surfaces it is necessary to first refresh the GeoSuite connection because the database
with interpretations files (*.tlk) were updated. All previously layers will be deleted and updated. It is
worth noticing that previously chosen settings for maximum side length of triangles will disappear.

6.4.3 Data preparation for Open VR

Surfaces created in Civil3D and 3D boreholes can be used directly in Open VR. Moreover Civil3D
surfaces can be used by other areas of technology for design purposes. Most road and waste water
projects are using Civil3D as a design tool. In this way it is very easy to present information coming
from others on geotechnical drawings.

6.5 Comments

NovaPoint has a direct connection to GS Presentation, which stores field data and field data can be
imported in NovaPoint environment with attractive BIM component. Surfaces and 3D boreholes with
interpreted layers can be exported to dwg and used in Open VR. But there is a need to jump between
NovaPoint and AutoCAD while making surface control, editing surfaces, adding support points. The
requirement to create an activity for each process is quite new for “CAD users” in a geotechnical team
and it will take some time to study this approach.

Power Civil has powerful tools for data processing; creating 3D models and further 3D design. Power
Civil does not have a direct connection with GS Presentation but data can be loaded via pxy files. The
process of model editing is different how it is done in NovaPoint or Civil3D and it can be realized
both graphically and by editing the database. 3D soil layers can be saved in dwg or dgn format and
used in Open VR but there is no possibility to automatically create 3D boreholes.

Civil3D has a good connection to GS Presentation. Boreholes can be easily loaded in Civil3D and
surfaces for different soil layers can be fast created and updated. It has good possibilities for model
editing and adding of support points for surface adjustment. Surfaces created in Civil3D and boreholes
can be used in Open VR. Surfaces created in Civil3D can be imported in NovaPoint if it is necessary
and can be used for project design by other areas of technology. Civil3D is a CAD environment and
that is why it is familiar for users. Geotechnical sections can be created with boreholes and interpreted
soil layers. 3D models from other areas of technology can be shown in geotechnical sections and
updated if it is necessary.

Very often the client influences what kind of software should be used in the project. The geotechnical
area of technology often depends on other area of technology and adjusts itself in question of choosing
software. For example, in railway projects Power Civil (Microstation) is often used; in road and waste
water projects Civil3D or NovaPoint is preferably used. NovaPoint is up to date with its BIM
component and it makes it very attractive to be used especially in big and complex projects with many
disciplines involved.
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7. Results and Discussion

7.1 Results and Discussion

VR, BIM, GIS, 3D modelling in the geotechnical field of technology are very urgent questions.
Development and researches are ongoing on different levels, including consultants, customers,
conductors, authority, universities etc. The large, comprehensive project TRUST is going on with
focus on a BIM model for geotechnical purposes - GeoBIM. The aim of this project is to create better
conditions for underground construction in Sweden. It is supposed that in 2016 the method and model
which can be used for interpretation and communication will be presented. It is not clear how and
when the “ordinary users”, such as consultants, will get access to GeoBIM and how it can be used not
only for project overview, but for 3D modelling, possibility to make drawings, calculations and how it
will be possible to use data from GeoBIM for coordination with other areas of technology and other
participants in the project, for example, municipality. That is why it is still important to be able to
produce own 3D models and present them together with other disciplines in coordination model using
virtual reality.

Ten years ago 3D in the geotechnical field of technology in Sweden was a very new issue and was not
well investigated; software were not adjusted to the tasks to be performed and there was a lack of
alternatives available including programs for 3D modelling of geotechnical data and VR platforms.

Today all large infrastructural projects like Norra Lénken, Citybanan, Malarbanan, Tvérbanan,
Tunnelbana etc in Stockholm, Vastlanken in Gothenburg and many others are designed wholly in 3D,
used 3D models to produce 2D-drawings or used 3D modelling on some special occasions, for
example in order to perform collision control of existing and designed construction, calculations etc.

The process of choosing software for analyses in master thesis were limited by number of software
available on the market which are able to use, read, import or in any way understand data obtained in a
field and process them. This number is relatively low because not many software can communicate
with GeoSuite, process data and present them according to Scandinavian standard. There is a number
of powerful geotechnical software available in Europe and in the USA but they cannot be used in
Sweden because they cannot read the file formats used here.

Virtual Reality is used more and more. Different software available for city modelling, such as
CityEngine (ESRI), VCity3D (Virtualcity) etc But WSP decided to develop its own platform based on
open source described in section 2.2.

Open VR collects all models in the project in a simple and user-friendly interface which can be
installed by anyone in a project and be used in everyday work, meeting, creating basic documents etc.
Today each area of technology and each particular constructor creates its own models in own way
depending on professional experience and knowledge. Data coordinator should check each particular
model how it looks like, if it can be imported in the Open VR directly or should be processed before.
Often designers do not know what kind of information, which format, what kind of objects are better
for the Open VR and this makes it more difficult and slows the process of transferring information
from CAD/GIS/BIM to Open VR. It is good to have a manual for each field of technology for data
preparation for Open VR.
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As described in section 6 3D models of soil layers can be created quite easy and fast but it needs a lot
of adjustments so models do not conflict with each other and look real. 3D models based on
interpretation data can be complemented by other information, for example measurements of outcrop,
data from installation protocols of piles, sheet piles etc. Created 3D models of soil layers can be used
for a project design by geotechnical and other areas of technology. 3D models together with 3D
boreholes can be imported in the Open VR for data coordination and, project design.

Programs which were analyzed in this thesis have their advantages and disadvantages. Two of the
programs show good communication ability with GeoSuite — NovaPoint and Civil 3D. NovaPoint is
BIM oriented and it makes it more interesting and up to date but there is a need to change software to
AutoCAD in order to make sections, profiles, make graphical interpretation, and add support points
etc. Working approach, when there is need to create activity for each process, differs from the one in
geotechnical team and it will take time to learn how it works. Civil 3D has direct connection to
GeoSuite Presentation, user-friendly interface to work with geotechnical information; profiles,
sections can be created here and interpretation, editing of interpretation, adding of support points can
be performed. 3D boreholes and 3D models for soil layers can be imported in Open VR and used by
other field of technology in project design. All this make Civil 3D more attractive for usage in the
projects. It is important to notice that Power Civil has a lot of advantages concerning 3D design but
unfortunately cannot communicate with GeoSuite and produce sections with boreholes according to
Swedish standard.

In conclusion it is worth to notice, that often the choice of software in a project depends on a client
who decides how a project should be performed, what kind of software should be used, and how final
result should be delivered.

The analysis of programs performed in master thesis was time limited, all three software are very
powerful, have a lot of applications and have a lot of functionalities. Sometimes it was difficult to say
where the software limits is. In order to be able to make deeper analyses it requires that one works
with all three software some years and tests them in everyday work.

It is clear that 3D has a central role in project design nowadays. It is more and more often required that
3D models should be delivered as a final result in the project. 3D models of soil layers are used for
drawings production and for data control in coordination models. Often special platforms, such as
Open VR at WSP, are used for data coordination, project management and as a basic documentation in
the project. Today BIM technology is named more and more often in the projects and a lot of
researches are going on in this field. But today there are no standards in which say how 3D modelling
for soil layers should be done and it makes it difficult to control results of 3D modelling.

Guideline created in this work can be used widely. It can be used in a projects where there is need to
create 3D soil layers and rock surfaces by using geotechnical data which has Swedish standard (file
format). If another kind of software is chosen for geotechnical data presentation and editing of soil
layers and rock surfaces then this guideline can be used as a basis but adjusted according to the used
product. It can be used as a guideline to prepare 3D geotechnical layout for any other product for
model coordination which uses 3D models (for example, NaviswWorks). This guideline can be used at
WSP or any other Scandinavian company which uses GeoSuite for geotechnical project management.
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7.2 Recommendation for WSP

Depending on the project requirements and application area recommendations can differ. Taking into
account that WSP decided to not continue with NovaPoint and use Civil 3D and Power Civil instead
then it is recommended to use Civil 3D when it is necessary to create soil layers using field
investigations. Civil 3D has good communication with GS Presentation; it is possible to create both
3D surfaces and 3D boreholes with interpreted layers. Results of 3D modelling can be used in
NovaPoint, they can be as well loaded to Open VR and if it necessary even imported in Power Civil as
3D faces.

Power Civil can be an option when all others field of technology uses Power Civil for project design,
typically for railroad projects. It is good to use Power Civil in large-scale projects where advanced 3D
modelling is required. For example, if we need to make 3D modelling of excavation, sheet piling,
design other geotechnical constructions. In this case not only soil layers but models for geotechnical
solutions can be produced, used for 2D-presentation, volume calculations and for data coordination in
Open VR.

Even though NovaPoint does not have priority at WSP it should not be out of the game, it can be very
useful in projects where BIM takes a central part. Taking into account that NovaPoint has good
communication with GeoSuite, can produce smart 3D models and with help of AutoCAD even
produce traditional geotechnical drawings it is good idea to have a license of NovaPoint even at WSP
and be updated what happens there.

7.3 Recommendation for software developers

7.3.1 GeoSuite

o Develop communication tools between GS Presentation and Bentley products, for example
Power Civil. If it will be possible to import data in Power Civil in the same way as it is
possible in Civil 3D, or by using Text Import Wizard it will give more possibilities for project
design.

e WinRit functionality can be improved so it is possible to choose many interpretations level to
be deleted at a time. It takes quite a long time to delete one interpretation level and it is
necessary to press button “Delete interpretation” every time you want to delete interpretation.

7.3.2 NovaPoint

Develop possibility to see boreholes in traditional way directly in NovaPoint environment.
o Develop functionality to edit interpretation of soil layers directly in NovaPoint Environment.
o Develop tools for adding support points for soil layers adjustments.

e Develop possibility to specify that there is no specific material in this area while creating 3D
models of soil layers.

e Develop an option when one can specify how soil layers should be created; in this way upper
layer will be forced to lay over down layer and it will reduce adjustments work of interpreted
soil layers.
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e Develop KCP (calk cement columns) functions in the same way as it done in Civil 3D.
Develop piling, sheet piling tools with 3D and BIM component.

7.3.3 Civil 3D

o Develop tools for 3D design of geotechnical solutions, for example piling and sheet piling, in
the same way as it realized for calk cement columns.

7.3.4 Power Civil

o Develop geotechnical functionality

o Develop approach to import boreholes’ data from GS Presentation and being able to present
them in plan, section and profiles.

e Develop tools to automatically create boreholes in 3D in order being able to load them in
Open VR or other coordination model.
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8. Conclusions

The process of 3D-modelling takes a central part in a project design nowadays. A lot of projects
require that 3D models should be delivered as a final result in the project. 3D models of soil layers are
widely used in a project design. They can be used for the calculations, the drawings production and for
the data control in coordination models. Often special platforms, such as Open VR at WSP, are used
for data coordination, project management and as a tool to store the documentation in the project. Such
platforms can import and combine different types of data (CAD, GIS, BIM, etc) and present them in
an easily understandable and recognizable by professional and local people view.

The process of 3D modelling of soil layers and rock surfaces, using the results of geotechnical
investigations, is limited due to the Swedish data standard. Very few software are able to read or
import the data directly from the GeoSuite (geotechnical project database traditional for Scandinavia).
That is why a number of software which was used for analysis in this thesis is not high. The programs,
which were analyzed in this master thesis, can be used for 3D modelling of soil layers, rock surfaces
and creation of 3D boreholes. All of them have some advantages and disadvantages.

Two of the programs, NovaPoint and Civil 3D, have good communication with geotechnical database
(GeoSuite). NovaPoint has BIM features, which makes this product very attractive to be used in the
projects where BIM is required.

Civil 3D has a user-friendly interface for the 3D modelling of soil layers, rock surfaces and 3D
boreholes. Moreover it is easy to use the created 3D models in order to produce traditional
geotechnical 2D profiles and sections. The process of soil layers interpretation, editing of
interpretation, adding of support points can be easily performed in Civil 3D. In order to improve the
process of project designing and communication in the project the 3D boreholes and the 3D models for
soil layers can be used in coordination models, such as Open VR, NavisWorks. The created 3D
models can be used by other areas of technology in a project design. All this make Civil 3D very
attractive for users and is recommended in this thesis to be used.

Power Civil has powerful 3D-modelling tools but unfortunately cannot communicate with GeoSuite
and produce sections/profiles with boreholes according to the Swedish standard.

The guideline created in this work (Appendix 1) can be used widely. It can be used in a projects where
there is need to create 3D models of soil layers and rock surfaces by using geotechnical data which has
Swedish standard (file format). If another, as recommended in this study, kind of software is chosen
for geotechnical data presentation and editing of soil layers and rock surfaces, then this guideline can
be used as a basis but adjusted according to the used product. It can be used as a guideline to prepare
3D geotechnical layout for any product for model coordination which uses 3D models (for example,
Open VR, NavisWorks). This guideline can be used at WSP or any other Scandinavian company
which uses GeoSuite for geotechnical project management.

Finally, it should be noticed, that challenges still remain. The standardization of the process of 3D-
modelling and BIM for geotechnical data should be completed. There is need in further developing of
both the geotechnical database and software which can be used for 3D-modelling of soil layers, rock
surfaces and 3D boreholes.
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Appendixes

Appendix 1 — Workflow: Building 3D models from
geotechnical data

Appendix 1 has its own page and figure numeration and can be used as a separate document.

*The data from the same sample area with 140 investigation points was used for creating this
guideline.
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Workflow: Building 3D models from geotechnical data

When all investigation data is uploaded to GeoSuite database it is possible to start processing
the data: make interpretation of soil layers, create 3D models of soil layers, and perform
models adjustment and control, prepare geotechnical basic data for Open VR.

1. Project settings
Before starting working with a data it is a good idea to specify coordinate and height
system for your project.
Choose Koordynatsystem in menu Projekt. Specify coordinate and height system for
your project and press Berékna Lat/Long fran XY. Press spara in order to save chosen
alternative - Figure 1.

'Koordinatsys'te'm
~Projektgrénser
Min : Max ¢
%: | 557o40s.158 | esa4a74.267
Yoo | 14s425.840 | 153391228
System: |SWEREF 991800  w| Hajd: [RHz000 |
/
Berskna Lat/Long Frén 5Y ) Surerlge
; ! Sweden
Uppdatera Karta | Markera I Spara markering 1 A ) ]
Rita ut borthdl | Flytta centum I Spara cenkrum ]
~Latitude/Longitude
Min Max :
Longitude: [ 17.972307 | 18059660
Latitude [ 59,330865 | sa.a7E64
Spara I Avbryt !
GL‘J(_')SIE Danmark Lie 5
Denmark Kartdsta | Anvandarvilleor | Rapporters ert karfi

Figure 1 Dialog window Koordinatsystem in GS Presentation

Figure 2 shows the project borders with Google map in background. It is even
possible to have a look at a project as it is shown in Figure 3.
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Figure 3 Alternative view
2. Make the interpretation of soil layers in the GeoSuite.

Open a project in the GS Presentation.
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If you want to make interpretation for the whole project then mark all points in the
project, right click in the window with boreholes and choose *“Tolkning enl.
Faltkoder...”

If you want to make interpretation for a specific area (saved in Urval).

Right click in the window with boreholes and choose “Hamta Urval...”

In appeared window choose the selection (urval) you are planning to work with -

Figure 4.
Hamta Urval I&

Urval: NA_Exlb.dbz |
[ Behall pamarkta

ok | At |

L

Figure 4 Dialog window to choose urval

After that right click in the window with marked boreholes and press “Tolkning enl.
Faltkoder...”

In a dialog box we can choose if we want to replace existing interpretation and if we
want that interpretation will be performed according to the standard interpretation
- Figure 5.

Tolkning enligt faltkoder e

[v Schablontolkning av friktions- och lematerial

v Ersatt eventuel befintlig talkning:

Endast id som ar pamarkta i listan tolkas!

Tolka | Avbryt

Figure 5 Setting for interpretation

When interpretation is completed the message saying that it is done appears and we
can see how many boreholes were updated -Figure 6.

35 Presentation |

"-.I Uppdaterat 95 Id med tolkning!
L' Visa loggfik
CANATALL-1\_CADAVC\DENGEOSUTTENTIK20150516 et 7

Yes Mo

Figure 6 Message showing how many boreholes where updated
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The created txt file shows if new interpretations were made for the boreholes, if
boreholes were updated or if they were not changed at all - Figure 7.

| TIk20150516 - Motepad

File Edit Format Yiew Help

Tolkning enligt falkoder 2015-05-16

Tolkar Id: 00IwWGV11l uppdaterades ej - (befintlig tolkning}!
Tolkar Id: 0131wP62 uppdaterades e] - (befintlig tolkning)!
Tolkar Id: 011wPE4 uppdaterades eJ - (befintlig tolkning)!
Tolkar Id: 0131wP65 uppdaterades e] - (befintlig tolkning)!
Tolkar Id: 011wPE& uppdaterades e] - (befintlig tolkning)!
Tolkar Id: 09R29 ny tolkning skapad!

Tolkar Id: 09R30 ny tolkning skapad!

Tolkar Id: 09R31 ny tolkning skapad!

Tolkar Id: 09rR33 ny tolkning skapad!

Tolkar Id: 10rR05 ny tolkning skapad!

Tolkar Id: 10rR06 ny tolkning skapad!

Tolkar Id: 10rR0O7 ny tolkning skapad!

Tolkar Id: 10rR08 ny tolkning skapad!

Tolkar Id: 10rR11 ny tolkning skapad!

Tolkar Id: 10rR12 ny tolkning skapad!

Tolkar Id: 11109 befintlig tolkning ersatt!

Tolkar Id: 11E110 befintlig tolkning ersatt!

Tolkar Id: 11111 befintlig tolkning ersatt!

Tolkar Id: 11E112 befintlig tolkning ersatt!

Tolkar Id: 11E113 befintlig tolkning ersatt!

Tolkar Id: 11114 befintlig tolkning ersatt!

Tolkar Id: 11E140 befintlig tolkning ersatt!

Tolkar Id: 11R72 ny tolkning skapad!

Tolkar Id: 11R73 ny tolkning skapad'

Tolkar Id: 11rR74 ny tolkning skapad!

Tolkar Id: 11R75 ny tolkning skapad!

Tolkar Id: 11R77 ny tolkning skapad!

Tolkar Id: 11R78 ny tolkning skapad!

Tolkar Id: 12r16 ny tolkning skapad!

Tolkar Id: 12R17 ny tolkning skapad!

Tolkar Id: 13r01 ny tolkning skapad!

Tolkar Id: 13r02 ny tolkning skapad!

Tolkar Id: 13r03 ny tolkning skapad!

Tolkar Id: 1401 ny tolkning skapad!

Tolkar Id: 14E01A ny tolkning skapad!

Tolkar Id: 14E01AGY uppdaterades ej - (bef1nt11g tolkning)!
Tolkar Id: 1402 ny tolkning skapad!

Tolkar Id: 1403 ny tolkning skapad!

Tolkar Id: 1404 ny tolkning skapad!

Tolkar Id: 1405 ny tolkning skapad!

Tolkar Id: 14E06 ny tolkning skapad!

Tolkar Id: 1407 ny tolkning skapad!

Tolkar Id: 14e08 ny tolkning skapad!

!|Tolkar Id: 14086V uppdaterades ej - (befintlig tolkning)!
Tolkar Id: 14E08MI uppdaterades e] - (befintlig tolkning)!
Tolkar Id: 1409 ny tolkning skapad!

Tolkar Id: 1410 ny tolkning skapad!
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Figure 7 Logdgfil

Next step is to draw all interpreted boreholes in the WinRit window in order to
estimate the results of performed automatic interpretation. Mark the boreholes which
should be shown in the WinRit (it is possible to use function “Hémta Urval” in order
to mark all boreholes in a sample (urval)) - Figure 8.
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Figure 8 Mark interpreted boreholes in ID window

Press “Rita 1d”’symbol f“ﬁ'-ﬂ.
All chosen boreholes will be drawn in the WinRit window.
In order to visualize made for soil layers interpretation, press the ’Hamta tolkningar”

3

button.

Figure 9 shows how it can look like. It is obvious that there is need to edit
interpretation. It can be performed by using functionality which allows add, move or
delete interpretation. When you are satisfied with made changes, save the
interpretation by pressing the ”Spara tolkningar” button.
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Figure 9 WinRit window with automatically interpreted boreholes

3. Draw the interpreted boreholes in 3D in Civil 3D

Version of GeoSuite 14.0 supports Civil 3D 2013 or 2014.

Version of GeoSuite 14.1 supports Civil 3D 2015.

In order to draw boreholes in 3D we need to specify in the settings that we want that
boreholes will be shown in 3D - Figure 10. If we are not specifying that Z should have real
value then everything will be drawn in 2D.
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Next step is to generate a plan drawing. If we choose one of boreholes symbols and check the
properties for it we see that symbol placed (draped) on a ground surface and has in this case

Figure 10 "Verklig Z" should be chosen

Z=4.057 - Figure 11.

IBIock Reference '] | i | & | [ |
| General =
Color O BylLayer
Layer PLID
Linetype ByLayer
Linetype scale 1
Plot style ByColor
Lineweight BylLayer
Transparency ByLayer
Hyperlink
| 3D Visualization -
| Material BylLayer |
Geomer -
Position X 150398 3959
Position Y 6583663.0722
Pasition Z 4.057
Scale X 4
Scale Y 4
Scale Z 4
Misc -
MName PL_SON
Rotation 130

Extended Data Display Design

Ohbject Class

Figure 11 Plan drawing with properties window

In the GS Plan menu choose Geoteknik Civil3D-modell.
Two dialog windows appear: Boreholes and Soil surfaces.

If we choose Markera alla in Window Boreholes as it shown in Figure 12 all boreholes will

be drown in 3D — Figure 13.
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Figure 12 Boreholes - dialog window
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Figure 13 3D boreholes created in Civil 3D

The 3D Boreholes are 3D solids which have different colors and placed on layers depending
on the interpretation.
4. Generate 3D surfaces in Civil 3D

In order to generate 3D surfaces for soil layers mark in the dialog window Soil surfaces those
soil layers you want to generate — Figure 14.

x
T3 Yisa FENT Borrth&l  Farg
B Berg 6 I 25
EFrikl:iu:unsju:urd 11 ;...
Lera 11 25,
Markyta 21 [J25...
W Fylning 11 25,
Okant material 1a 25,
o
(=)
m
+
=
et t 416 Markera alls | Avmarkera alla

Figure 14 Dialog box - Soil surfaces
Figure 15 shows the generated soil layers.
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Figure 15 3D soil layers generated in Civil 3D

In order to set in the maximum side length of triangles right click on Surface: Berg in
Toolspace / Prospector, choose Surface Properties and under Definition flick specify the
maximum triangle length - Figure 16.

The same manipulations can be done for other surfaces in order to specify the maximum side
length of triangles.

The created surfaces are TIN surfaces which have different colors and placed on respective

layer. TIN surfaces can be used in Open VR directly or can be converted to 3D faces using
Explode tool.
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b Surface Properties - Berg = @

|InFormati0n | Diefinition -l.ﬂ.nal\,fsis "|5tatistiu:s ”

Definition Options Yalue i
EllBuild |
Copy deleted dependent objects Mo L
Exclude elevations less than Mo I
Elevation < 0.000m
Exclude elevations greater than Mo
Elevation = 0.000m
Use maximum angle Mo
Maximum angle between adjacent TIM lines 00,0000 (d)
Use maximum triangle length e
Maxirmum triangle length &0, 000m
Convert procaimity breaklines o standard Mo
Allony crossing breaklines Mo i
Flowabicr Foonica |lea swerzime hrasbline alowusbine sk inkareoebioe
Operation Type Parameters
f} Add multiple points & poinks added

=) =)B) B

[ ik l [ Zancel l [ Apply ] [ Help

Figure 16 Surface Properties
5. The surface control

Firstly make a visual control of the created surfaces. Start with rock surface - Figure 17.

Figure 17 Visual control of the created rock surface

Rock surface were created using boreholes with interpreted rock levels. But often there are
other boreholes in a project which do not go down to the rock. It is obvious that rock model
should go under these boreholes. To make this control choose Bergkontroll Civil 3D-modell
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and specify that *.dbs file should be used for surface control. Accept layer Berg as our rock

surface.
The program shows how many mistakes are founded, how many mistakes are more than 1
meter and a value of maximum mistake - Figure 18.

AutoCAD kessage @

Antal fel = 1 awv 6, Antal fel > L0m = 1 bax fel 1.18m
Utritat pa AuoCAD-lager BERGKOMTROLL

b 0K

Figure 18 Message

On the drawing, where mistakes are found, the text showing different levels is placed - Figure
19. The level (-10.7) is coming from the rock model and the level -11.9 is coming from the
investigation which does not go down to the rock.

-119410.7)

v

Figure 19 Rock control shown in drawing
6. The surface editing
In order to adjust rock levels in areas where mistakes were found it is possible to add some

extra points with a rock interpretation or add interpretation of rock surface in this borehole. In
order to add an extra point, choose Digitalisera XY and Skapa nya ID - Figure 20.

Digitalisera XY @

| Skapa nya id

Jinkludera metoder/provtagning

| ok || awmt || Hip. |

Figure 20 Digitalisera XY

Z level for created point should be placed depending on a situation, but place it a bit lower
than existing borehole. In this case it is placed 0.6 meter under bottom level of borehole -
Figure 21. Save the results.
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Digitalisera Id-lage (Koder enligt SGF)
Id x: [B583614.2 R
CPT
0 [aviigring v| v: [150411.9 Hfa
Kod: z. [125d
Kalbiers | | Bndald || Idista. |
| Spara | | Byt | [ futt 1d ]
Stird
| Rita ut efter "Spara’ Yingh

Slb Jb
Sh Kb
Tr

Skannad Pdf...

Trz
Skannad bild...

[ ztord
Prawg

Figure 21 Dialog box - Digitalisera Id-lage

7. Update Civil 3D model

In the dialog window for selected boreholes choose Ladda om GeoSuite kopplingen

to reload GeoSuite connection because the database was updated. All created layers will be
first deleted and constructed again. OBS! The settings for maximum triangle length which
were defined before will disappear. And it is required to make the settings changes again for
each updated surface in the same way as it was described in section 3. Taking all this into
account it is recommended to control model in 3D, plan and sections, edit model and after that

make final adjustments for triangulation settings.

8. The surface adjustments by adding support points in the sections

Even though we added one support point in rock surface there is still conflict between two

surfaces - Figure 22.
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Figure 22 Rock surface after adding support point

We will look at this case, using sections, and will add support points directly in the sections.
Generate a section using tool Generera sektion under the GS Plan. The result will be a
traditional geotechnical section with boreholes — Figure 23.
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Figure 23 Traditional geotechnical section with boreholes

In order to show generated 3D models in the section, choose under the GS Sektion function
Terrangmodell Civil 3D. The dialog window will appear - Figure 24.
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Select model - Civil3D-dwg 5]

Open DWGE-windows

DG on file

Chwg-File:
Open

Sekhonz inztallningar
[] Rita ut sk&ming far 30-0bjekt

Figure 24 Dialog window - Select model

Specify where the surfaces, which we want to be shown on the section, can be found. If the
dwg file with the surfaces is opened in Civil 3D then we choose it under Open DWG-windows

as it shown in Figure 24. And press Select.
If dwg file with 3D surfaces is not opened we can use DWG on file. We choose the dwg file

with 3D models which we want to use and then press Open - Figure 24.
Results are shown in Figure 25.

Yoo e =
o4
I

Figure 25 Section with boreholes and surfaces created in Civil 3D

Figure 25 shows that there is a conflict between two surfaces and to solve this we can add

support point to surface “Friktionsjord™ in order to rise it up a bit.
To do this choose under GS Sektion/ Tolkning tool L&gg till Stodtolkning. A dialog window

will appear - Figure 26.
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Lagg till talkning

b aterial Frik:tionzjord -

[ Flacera ut tu:ulkning] | Ayvbryk |

Figure 26 Dialog window ’L&gg till stédtolkning”

Choose here a material for support point — in this case it is Friktionsjord and press Placera ut
tolkning - Figure 26.

Mark on the section where support points should be added and press esc when you finished.
Symbols for added points look as it shown in Figure 27.

Figure 27 Symbol for point for support interpretation

Do not forget to save changes by pressing Spara Tolkning under GS Sektion/ Tolkning.
Refresh GS Presentation and press on Avvagning under Id - Figure 28.

M&,_test - G5 Presentation
i Arkiv  Ritningar Instdllningar Kommunikation Hijilp

EE™ N | Al r e @ Koordinatzysten: [ -

o - 1 | X| v 7| Kod |
B =11 82163.423 97479545 12.184 213
=[] 000G 11 =102 62169.994 07478.344 12370 213
- [E) DLMYP42 =103 82171609 97476,799 12.839 213
- [E] DLMP45 = 104 §2173.403 97473,554 15309 213
- [E) DLMYP4E =105 82181896 97471477 15985 213
-.[E) OLMP4T Za1 583614.224 150411900 212,500 BG
B ULMvP48 =17 583621334 150407.924 212,586 +Fr
- [E) 0LMPa40 =T 583624920 150404,854 -14.379 +Fr

Figure 28 Support Points under Avvagning in GS Presentation

Two points with code +Fr appeared here. Code +Fr is used for Friktionsjord material.
The codes for other materials are presented in Figure 29 and can be as well founded under GS
Presentation Hjalp.
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Mappning stédpunktskoder och tolkat material

Symbol Textkod Stidpunkt Tolknings material

& F +Fy  Fylning
+My  Mylla
== T +T Torv
+Gy  Gytya
| Let +Lt  Torrskorpa
Le +le Lera
+EKv  Kwicklera
b Lm +Lim  Lermorin
= S1 +51  Sikt
Sa +Sa  Sand
o Gr +Gr Grus
& St +5t Sten
Q Fi Friktjord
s Mn +Mn  Moréan
+X  Oként

+BE  BelBl(berg el block)
¥ Bl +Bl  Block
A B +B Berg

+Gk  Geokonstruktion

Figure 29 Codes for support point

Go back to the plan drawing in Civil 3D and update the connection with GS Presentation and
recreate 3D surfaces for soil layers as it is described in section 6.
Figure 30 shows the results of adjustment. It is clear that collision of two surfaces is solved.
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Figure 30 Results of adjustment using adding support points in section

We can update the section which we had drawn before and read in it updated soil layers in the
same way as it was described before. The results are presented in Figure 31.

Figure 31 Section with updated soil layers

9. Soil Surface Settings
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In Civil 3D the Data Shortcuts instead of XREF are used. In order the other areas of
technology are being able to use the created drawing with 3D models for soil layers
some operations should be done.

The first step is - right click on Data Shortcuts and choose Set Working Folder... -
Figure 32.

Create Data Shortcuts..,

Set Data Shortcuts Project Folder...

5‘% Pipe Mew Data Shortcuts Project Folder...
- T8 Press Set Working Folder...
- [E View

Associate Project to Current Drawing...

Associate Project to Multiple Drawings...

Yalidate Data Shortcuts

Refresh

Figure 32 Set Working Folder...

When the working folder is specified, right click on the Data Shortcuts again and
choose New Data Shortcuts Project Folder... - Figure 33, Figure 34.

W HNILSI TR LIS

[EI--ﬁ Survey
~[E] View Frame Groups

Create Data Shortcuts...
é% Surfaces

EZI---':E Alignments
E‘E Pipe Metworks
% Pressure Networks
[I#Fllﬂ-I View Frame Group Asszociate Project to Current Drawing...
Aszociate Project to Multiple Drawings...

Set Data Shortcuts Project Folder...

Mew Data Shortcuts Project Folder...
Set Working Folder...

Walidate Data Shortcuts

Refresh

Figure 33 New Data Shortcuts Project Folder...
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! Mew Data Shortcut Folder E

Working Folder;
H:\Study| TESTYDMWE

Mame:

SoilLayers

Description:

[T1Use project template

Project templates folder:
C:Civil 30 Project Templates), El

Project template:

Praojekkmall Wag

Created by Date created:
IMSERALTIEY 2015-05-22 12:55
[ O ] [ Cancel ] [ Help ]

&

Figure 34 Dialog window for New Data Shortcuts Project Folder...
After that right click on the Data Shortcuts again and choose Associate Project to Current

e -

Create Data Shortcuts...

-- .I:E Alignme Set Data Shortcuts Project Folder...

----- ﬁ% Pipe Me Mew Data Shortcuts Project Folder..,
m Pressure Set Working Felder...

Associate Project to Current Drawing...

Associate Project to Multiple Drawings...

Walidate Data Shortcuts

Refrezh

Figure 35 Associate Project to Current Drawing...
Select the project to be associated with the current drawing as it shown in Figure 36.
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! Sssociate Project to Current Drawing

Wiarking Folder

NSbudy TESTIDNWG

Select Project:

SoilLayers - ]

[ K, ] [ Cancel ] [ Help ]

.

Figure 36 Project to be associated with current drawing
Right click on the Data Shortcuts again and choose Create Data Shortcuts... - Figure 37.
! Create Data Shortcuts
Share Data

Selected objects will be accessible to all users who point to the same working folder.
These shortcuts are available in the Prospector.

Ohject Status Description

=y ] Surfaces
é% Berg To be added
To be added

To be added
To be added

Hide already published objects

Pick. in drawing [ (0] 4 ] [ Cancel ] [ Help ]

Y

Figure 37 Create Data Shortcuts

Now other areas of technology are being able to use this drawing by using the tool Create
Reference... as it is shown in Figure 38.
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i o |[E] Wiews Frame Groups
E‘IE' Data Shortcuts [HAStudy A TESTVDW G S0illayers]

Open Source Drawing..,

_— Promaote
- -5 Alignrments —
ﬁ% Pipe Metworks Remave
= - [T

_Figuré 38 Create Reference...

In the opened dialog window choose a layer and a style for the surface. When you are
satisfied, press OK - Figure 39.

! Create Surface Reference
Source surface: Surface laver:
perg Bergyta %
Properties Yalue

= Information

Marne Berg
Descripkion De=scription
Shvle { Trianglar Punkker och orans

Render Makerial

[ (0] H Cancel H Help ]
Z

Figure 39 Create Surface Reference

Zoom/ Extend and check the results. In this case rock surface was used to be inserted in a
drawing using function Create Reference - Figure 40.
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Figure 40 Rock Surface inserted using Create Reference tool
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Appendix 2 — Overview of reference projects of
Open VR
Nationalmuseum

Framtagning av relationshandlingar och VR-
modell 6ver Nationalmuseum. Omgivning,
fasader och interidrt. Laserscanning och
inmatning. Mycket hoga krav pa interiora
modellen. VR-modellen anvands for planering av
Vernissagen

Statens Fastighetsverk, 2006-

Referens: Lisbeth Soderhall

Kontakt WSP: Odd Tullberg, 031 7272612
SKF

Layoutplanering i VR infér omfattande
ombyggnad av fabrik for rullagerproduktion. SKF
Open VR.

SKF Sverige AB 2006-
Referens: Jan Ek 031-337 17 26
Kontakt WSP: Monica Ek 031-727 28 28

Citybanan Open VR

Samgranskningsmodell i VR med anpassad
funktionalitet. Citybanan under centrala
Stockholm i samband med projektering av ny
jarnvégstunnel.

Almaqvist och Ahlgvist Arkitekter, 2006-
Referens: Bengt Ahlgvist 0243-44 50 00
Kontakt WSP: Odd Tullberg 031-727 26 12
Roslagsbanan

VR modell i samband med projekteringen av ny
planfri korsning med jarnvagsbro.

SL och Téby Kommun, 2006-
Referens: Lars Segerman

Kontakt WSP:Bertil Brodin, 08-688 66 57
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Soédertunneln

Visualisering av Knutpunkten och nya
stationsomradet i Helsingsborg med
jarnvagstunnlar. Hamnomrade mm.

Helsingborgs stad projekt ”Jarnvéagstunnlar”
2006-

Referens: Bengt Lindskog
Kontakt WSP: Lars Halling 040-699 62 56
Gillbergavégen Eskilstuna

Visualisering av vag och jarnvég i samband med
projektering av planskild jarnvégskorsning. VR-
modellen anvéndes internt samt som underlag for
bilder till presentationsmaterial.

WSP 2006

Kontakt WSP: Monica Ek 031-727 28 28

E18 Sagan Enkdping

VR-modell for bygghandling.

Végverket i Mélardalen, 2006

Referens: P-O Borg

Kontakt WSP: K-G Lundstrom 054 - 13 21 29

Navet Kalmar

Visualisering av ny trafiklosning och nytt
polishus i Kalmar.

Gatu- och parkkontoret i Kalmar 2006
Referens: Lars-Olof Olofsson

Kontakt WSP: Reino Erixon 036-30 43 20
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Almedahls AB

Visualiseringsprojekt i samarbete med WSP
Akustik och Almedahls infér Stockholm
Furniture Fair dér syftet var att illustrera med ljud
och bild hur textil kan skapa en vacker miljo med
god rumsakustik.

Almedahls AB 2005-2006

Referens: Johanna Lundgren 033-48 01 26
Kontakt WSP: Klas Hagberg 031-727 27 03
Sélvesborgsviken

Visualisering av alternativa vagskisser.
Sélvesborgs Kommun 2006

Referens: Vigert Goransson 0456-160 81
Kontakt WSP: Daniel Andersson 0455-447 97

Henriksdal

Visualisering av geoteknik i samband med
tillbyggnad av bergrum for reningsverk.

Stockholm Vatten 2006
Referens:

Kontakt WSP: Beatrice Lindstrom 08-688 64 36

Partihallsforbindelsen

VR-modell éver omfattande trafikplats inklusive
bro och tunnel i centrala Goteborg.

Végverket 2004-2005
Referens: Bengt Johansson 0771-119 119
Kontakt WSP: Hakan Hakel6ov 031-727 27 88
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Citybanan

VR-modell dver stor och komplex anldggning
under centrala Stockholm i samband med
projektering av ny jarnvagstunnel. Berg- och
geotekniskt fokus.

Banverket 2004-2005

Referens: Lennart Bergendahl 0243-44 50 00
Kontakt WSP: Odd Tullberg 031-727 26 12
Vastlanken

VR-modell dver alternativa losningar for ny
jarnvagstunnel under Goteborg. Inkluderar ocksa
resultat av geotekniska undersokningar sasom
borrhal och seismik.

Banverket 2005

Referens: Per Lerjefors 0243-44 50 00
Kontakt WSP: Odd Tullberg 031-727 26 12
Kaolintakt Billinge

Visualisering med VR-modell och animeringar
som beskriver landskapspaverkan vid olika
tidpunkter i samband med anstkan for ny
kaolintakt.

Prikon AB 2005
Referens: Olle Hedenstrom 043-577 95 60
Kontakt WSP: Monica Ek 031-727 28 28

Haningeleden

VR-modell éver olika alternativa utformningar av
trafikled séder om Linkdping.

Linkdpings Kommun 2005
Referens: Kjell Ivung 013-206724
Kontakt WSP: Jerker Hagglund 054-13 21 22
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Lilla Aserod

Visualisering av detaljplan for
smahusexploateringsomrade utanfor Stromstad.

Veidekke Bostad AB 2005
Referens: Lars-Olof Rubin 046-19 94 00
Kontakt WSP: Monica Ek 031-727 28 28

Vastra Hallerna Il

Visualisering av smahusexploateringsomrade
utanfor Stenungsund med VR-modell som
projekteringsverktyg.

HSB Boprojekt Vast AB 2005
Referens: Ake Nilsson 031-720 29 34
Kontakt WSP: Bo Naverbrant 031-727 27 86

Drottningholms slott

Dokumentation och visualisering med ortofoto av
interiorer.

Fastighetsverket 2000-2004

Referens: Erland Montgomery, AlX Arkitekter
08-690 29 54

Kontakt WSP: Magnus Larson 031-727 26 91
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Appendix 3 — NovaPoint GS Arkiv

NOVAPOINT GS ARKIV

——

NMOVAPOINT GS ARKIV ir det verktyg som anvands fér att organisera och
starta presentations- och berdkningsverktygen. Har organiserar du och skapar
arkiv, nya projekt, och administrerar insamling av data samt exporterar data till
bland annat GlS-verktyg. | GS Arkiv kan geoteknisk information visas pd ett
Andamalsenligt satti listoroch férhandsaranskningsvyer och ger darigenorm en
god dverblick och status éwver befintliga data.

Novapoint




* Project administration
+|mport and export of data and projects

+ Display project in Google Map

» Starting of calculation tools
* Preview of documents
» Overview

Project administration
=5 Archive s the overall tool for creating new projects,

organizing project structure and data, previewing existing
data, creating new data by execating different tools for

the actual need — slope stability caloulation, acquiring
soundings raw data format and presentation within national

standards, deslgning sheet walls or pile groups or calcula-
tion of settlements due to impact of new structures.

Starting of calculation tools
All G5 Toolbox products may be started from the toclbar

or the menus.

Al products within the Toolbox share a common data
structure. The strocture may to some extent be confignred
by defining additional user defined foldems.

Imiport and export of data and projects
The Archive supports exporting data from soundings
to external datsbases. Various database platforms are

supported — Access, SCIL Server, Oracle, etc. Exported
data can be accessad for GIS purposes and other needs.

5 Archive supports drag and drop of projects from ex-
ternal sources. & project database from another company
can easfly be dropped into your own company’s designed
project stracture.

Overview

By designing project archives in a structured way spacific

projects can easily be found. The projects can be sorted by
project name, id or other specific data. An overall search

function may be used to locate “missing” projects. Archives

VIANOVA SYSTEMS AS » +47 E7 21 70 00 » WWW VIAMOVASYSTEMS. NOD

may also be recrganized.

Projects or parts of a project can be easily copled or moved
beatwean projects.

Diocuments within the project may be reglstersd as valid
document types. Thess decumnents are opened in the same
manner a8 with the Windows Explorer.

Previewing AutoC AD dwy, files makes it possible to exa-
mine the content of a specific drawing without s tarting

AuroCATD.

Google Map
Projects according to EUREF or with known longituds /
Iatitude are in thedr exctents in Google Map. Maps

in Google Map may be displayed by project or by folder.

w VIANOVA
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Appendix 4 — Novapoint GS Presentation

NOVAPOINT GS PRESENTATION

NMOVAPOINT GS PRESENTATION &r den centrala produkten | G5 Toolbox.
Mycket av arbetet | samband med geotekniska undersékningar ligger i
insamlande av méatdata och samrmanstéllning av jordegenskaper. Rasultat av
detta presenteras | standardiserade tabeller och diagram — enstaka borrhal, planer
och profiler. G5 Presentation innehaller rationella verktya fér administration och
presentation av geodata.

Novapoint
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« Efficient drawing production
« Powerful maintenance of drawings

* |ntegration to Novapoint Road and Terrain model

» Surveying data stacks
# Edit of sounding data
» Import/Export facilities

Surveying of data stacks

=5 Presentation interprets data from standard formats
regls tered by drilling equipment. By converting the raw
data into standard protocols, the initial raw data is always
preserved.

Edit and verification of sounding data

By viewing the result from the soundings in protocol and

graphics, complementary comments and interpretations
may be added and quality check can be performed eficiently.

Efficient drawing production

A central part of gectechnical deslgn Is to present resulis
from field and laboratory tests in drawings. This 1s easily
performed using built in tools. Complementary to ordi-
nary plan views, cross sections and profiles, there are some

specialized diagrams as groundwater variation diagrams,
inclinometer diagrams, etc.

Maintenance of drawings

The ability to automatically update exdsting drawings with
new dara 1s very convenient. This reduces the nead to ge-
nerate new drawings whenever new data {s added to the
project — and it preserves previously performed editions of
these d rawings.

Import/Export facilities
Communication is 3 key word in modern design. G5 Presen-
tation has efficlent tools for importing and exporting data.
Mot only nationalstand ard formats are supported (FXY in
Sweden, KOF in Morway, etc). A specalized communi-
cation protocol Is also present towards other applications
(Geoplot in Morway).

VIANOVA SYSTEMS AS » +47 E7 21 70 00 » WWW VIAMOVASYSTEMS. NOD

Integration

Even more important is the close integration to other
domain users. As a member of the Novapoint family GS
Presentation has a well-developed integration to Movapoint
Road and Terrain model. By delivering interpreted sotl data
into the Qaudri database valuable information on road de-
sign and terrain data may be drawn directly on geotechnical
drawings. Data from the presentation tool may also be used
as {npur to the calcnlation tools within the Toolbo

w VIANOVA
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Appendix 5 — NovaPoint GS Sattning

NOVAPOINT GS SATTNING

NOVAPOINT GS SATTNING & ett anvandarvinligt berikningsverktyg fératt
utféra berdkningar och kanslighetsanalyser fér framtida sattningari jord pd grund
av andringar | belastning ochfeller porvattentryck. Olika icke-linjira jordmodeller
kan anvindas, med méjlighet att ta hdnsyn till krypeffekter. Indata och resultat
visas och verifieras i tabellform och/eller grafiskt.




* Tabular and graphical presentation
« Automatic generation of stress distribution

+Easy to perform sensitivity analysis

* Mon-linear soil models
» Possibility to vary loads
# Fast calculations

The user interface

The user interface 15 designed to be very easy to use. It
consists of panes, representing logical steps within the
caleulation process — panes for project information, sofl
layering and properties, loads, pore pressure and control
parameters. The resulis are presented in tabular and graphi-
cal views, and the results may be exported to other graphical
presentation tools.

2D/3D calculations

Settlements are caloulated by asuming uniaxdal strain and

vertical pore water flow (11} formulation). Settlements

within a cross section or over a 30) amea are performed by
a set of 103 calonlations. The 113 profiles may be copled

and interpolated between existing profiles where the cb-
tained soil layering and parameters may be revised bafore

calkeulation.

Loads

Loads may be applied as a combination of uniformly
and trapezoidal distributed loads over rectangular areas
at defined depths. The stress distribution with depth is
caleulated either by Boussinesq equation for an infinite
foundation or the simple 1:n method. The stress distribu-
tlon may also be imported from an ASCTI file generated by
other methods. The loads may be permanent or varied with
time. This gives for instance the opportunity to simulate
the effect of surcharging.

Pore pressure

Time dependent steady-state pome pressure different from
hydrostatic may be defined. This for instance may be nsed
to account for 30 steady state Aow fields and changes in
ground water table with time. Time dependent excess pore
pressure may also be defined. This can be used to fnclude
exCeEs pore pressures that are not cavsad directly by excess
vertical loads. Instead, the pore pressure may be shear indu-
ced or cyclical accumulated pore pressure or pore pressire
from pile installation.

Soll model

55 Settlement supports various soll medels — Janbu's mo-
del, Krykon and Chalmer's model. Krykon and Chalmer's
model are taking creep effects into account, although the
Chalmers model can also be used without if desired. In ad-

VIANOVA SYSTEMS AS » +47 E7 21 70 00 » WWW VIAMOVASYSTEMS. NOD

dition to these soil models there (= a possibility for plogg ing
in a self-pogrammed User model.

Results

‘The resultz Tisplacements, strains, pore pressures and stres-
ses are presented in graphical views. The msults may also
be tabulated and exported to other presentation tools, A11
crucial data for the caleulation and the main results may be
printed out as a report.

Sensitivity analysis

A sensitivity analysis is easy to perform by copying an
existing calculation point and in the new calculation point
changing for example a sofl property or the pore pressure
profile. The msults for both caleulation points can then be
viewed In the same graphical view making a comparison of
for example the displacernent or the pore pressune possible.

w VIANOVA
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Appendix 6 — NovaPoint GS Stabilitet

NOVAPOINT GS STABILITET .

NOVAPOINT GS STABILITET &r ett rationellt verktyg for stabilitetsberdkningar.
Genom anvandning av fardiga sektioner som grund kan modelleringen bli
snabb och séker. Profiler fér modellering av odrénerad skjuvhallfasthet och
porvattentryck ger kraftfulla majligheter att simulera godtyckliga tillstand |
jorden. Effektiv indatakontroll redicerar riskerna fér felaktiga modeller ochindata.
Resultaten kan presenteras bade | grafisk form och i en utfrlig rapport.

Novapoint

90



+|ntegration — cross sections

+ Lindrained shear strength praofiles

«Lines for shear strength and pore water pressure

+ Plain user interface
# Different calculation methods
# Soil nails

Powerful interfaco

By using cross sections with soundings as templates, the
definition of the scil geometry 15 simple and fast The
soundings do not cnly give points in the soll where diffe-
rentsoil layers are located. They also give input to the table
of material proparties for each sofl layer. The user interface

performs automatic control of the geometry —ensuring that
the layers do not intersect.

Profiles

Profiles are a unique feature to represent the variation of
undrained shear strength and pore water pressure in the soil
layers. Any state of these properties can be simulated. The
user gives the variation graphically by defining points in a
section with a given parameter value, By Isolines
for the resulting state gives good control of the achieved
model. Profiles may be combined with other contributions
like constant shear strength or lydrostatic pore water pres-
sure from a defined ground water level.

Stabilizing structures

If needed stabilizing actions of the soll can be modellad.

This can be achieved in thres different ways using:

*+ Antomatic procedure for caleulation of needed helght
of bay

s Simulation of lime cement blocks in the soll volume.

+ Soil nails.

Solution methods

The sobutlon methods within G5 Stability are: Beast (two
different models based on Morgenstern-Price) and Simp-
lified and modified X

By using any Beast model the Swedish combined method

VIANOVA SYSTEMS AS » +47 E7 21 70 00 » WWW VIAMOVASYSTEMS. NOD

may be used — easily selected by a checkboor. Within friction
materials the drained shear strength may be modelled by
giving a percentage of the undrained shear strength.

Presentation of results

The results from the analysis are presented, in addition
to the critical shear surface, in a graphical diagram. The
diagram shows the forces, moments and shear forces used
within the solution for the critical shearsurface. A comple-
te documentation of input data and the results from the

analysis, including graphics, may be printed out and saved
as a calcolation report.

7 VIANOVA
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Appendix 7 — NovaPoint Terrang

NOVAPOINT TERRANG

NOVAPOINT TERRANG hjilper er att projektera mark och terréing - bade | 2 och 3
dimensionar. Med de unika héjdsattningsfunktionema skapar vi den nya marken — di-
rekti3D! Detta hanterar vi vidare med hjdlp av kraftfulla terrdngverktyg med méjlighet
att hantera volyrmer, markskikt och 30-objekt.




Dynamiska hdjdsattningsfunktioner—-i = Volymberdkning mellan markmodeller

3Dl
Terrdngformer och 3D-objekt

+ Volymberdkning med rutndtsmaodeller

Hajdsdtming med Novapoint Terrdng

Hejdsirtnings funktionerna | terringsmodulen dr

fantastiskt enkla, men otroligt krafrfullal Skapa den nya
markéverytan med hjilp av punkthtjdersom direkt hamnar
korreke § rymden —med synliga himingar. Redigera, fhytta,
hitj, sink och dndra punkthéjderna — alit uppdateras direkt!

Mirvi fir firdiga har vi hitjdplanen och samtidigt 3D-data
att anviinda 1 terringmodellen. N1 tinker héjdsgirtning,

verktyget raknar &t er! Dags att kasta linjalen och minira-
knaren!

Projektera i 3D - arbeta i terrdng

1 terringmodulen har vi en uppeittning verktyg som higlper
088 art myttja terringmodell for art skapa olika markformer,

markobjekt och annan terring. Vi arbetar med 30-polylin-
jer och tar pa allvar steget in 1 att projeltera 1 3D,

Volymberdkning
T arbetet med 30-modeller har vi miflighet att f4 fram
volym mellan olika markmodeller och £4 den uppdelad @

schakt/yll-massor.

Vikan dessutom arbeta med volymberikning med hjflp av
mutnitsmodeller. Har kan vi ange ocklekar
och 13ta de ingd § berikningama far schake/fyll-volymer-
na. Detta kan sedan presenteras | planer och sektioner {

TappoTter.

VIANOVA SYSTEMS SWEDEN AE » 0321 700 12 20 « WWW.VIAMDVA SE a VIAHOVA
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Appendix 8 — INnRoads - Product Data Sheet

Incindes axcalent ok for commarcial

o iialfand davabpmant g weil ag
endmnmental ramediafion

Proven Technology for Designing and

sustaining Transportation Infrastructure

Bereys InRoads Suite gives engineers the flaxibility to work the way they want with the power they
neadto complete thairinfragtructure projects. Running atop Bantley's flagship product, MicroStation®,
InRoads Suite provides complete drafing capabilities, powarful mapping tools, and design automation
for eivil tranaportation professionals. InRoads Suite features conatraint-drven, 30 parametric modeling
with an innovative approach to designing civil companents in e total-projact context

Civil Information Modeling

Today's enginesrs and desiprer facs a paredigm shift. Mo lon-
[er ane documents just for the cument project or consiniction.
Anenginesr must proside information and designe that can
camy beyond consiniction into opersti one, mainerance, and
rehahilitation — and back to design if ne: essany. InAede Suite
uriquely supports this esalution of civi enginessing infometion,
encompassing the entire vl projectlifecycle. The information-
rich modeling of InRaads Suite imegrates with CAD, mapping,
GI5, and even busiress toals ks 30 PORs, offering awesome
power thatmakes the mest of the engineer’s acquired Inowl
edye whils supparting rediional, proven methodologies.

Design Sephistication

InFioads Suite is used for roads and highweys, railways, and
public works projects a3 well 38 commenial, indstria, and en-
vimnmentd land dewslopment. The enftware provides a greaer
lewel of design Ecphistic etion then standand mols theough the
application of design nules. Users are able 4o work nmutiple
viewe and dimensione. For made and highweays, Bemleys
unique Aoedwey Designer provides an alkinqone visual ool for
30 parametric design of the complete road eorndor. This and
riher fully deweloped copabiities preduce impressive impve-
mentz in the arezs of design productivity and project socuracy.
Preject Versatlity

Extremely versatie, Infoads Suite i uesd for =l types and
phazee of civil projects, lange and small, by users of every level
ot expertize. The software imegrates all aspects of the civi
project, from comider studies o firal design and poduction of
constniction delverables. It handles 3 wide varisty of complex
t3sks 5ich g5 inkerchange design, roundabout design, suvey
tata reduction, site development, sanitany and storm water
network design, and production of coretniction etaking reports.
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Fexible and Configurable

InRcads Suite and MicroEtation deliver dl the drafting and
drawing production capabilities needed to complete your proj-
et And the strengihs of InAozds Suite are enhanced by Civ
Bezullraw; the civil-specific version of MicreStetion AccuDaw®
—animuitive, precision drafting tool thet anficipates the users
intent, reduring the rumber of mouse clicks and other actions
requined to echiews drafting tasks. Civil AccuDraw siream-
ines the drafting process by eupparting civi-specific dratting
comentions with opfions for stetion and offsstz, bearings and
distances, atimuche, and more.

Beszause workfirws can vary widdly deperding on the scope of
the project, Infoads Suite offers users the exibiliy towork in
wayt that beet it their specific resde. The eoftware is fully
corfiguratie, erabling users bocusiomize the Ifoads Suite
enwimnment 1o mest project standarde or personal prefererces.
Roadwey liberies stream|ine repetiive tasks aoross projects
and promoie rapid evaluationof design aternativ es for oritical
decizion making. Infcads Suite awomsatee the prduction of

& complets amay of designdelverables. Embedided project
management capatilities help wsers stey on top of ll project
componenis ard defverables — capshilities tat are tightly ine-
grated with Bentley's ProjectiViss® project oollsh oration sysiem
o connecting people and infformation acrss project Eama

Working With Field Data

A complete civil enginesring solution, InRoads Swits offars a
Tul complement of furctionabty that enshles ueers o work
subomeatical ly with survey, GPS, LiDAA, Point Cloud, and other
foms of fieM data The softwere supports the leeding devicss
@l formeats, hardling 2 bad amay of existing mpagraphy in-
fomation. Adjustments are caloubsied using any of the industny-
standand methodz Users can modify and process the deta =
neaded and when the design is complete, uploed design data o
data colechors for stakecut or auemeted machine guidancs for
site preperation.



InRoads features intelligent, intuitive 30 Civif Information Modeling
for the full lifecycle of civil and transportation projects.

Integrated Mapping

InAo=de Suite corkaing a comprebensise =t of mapping and GIS
datz compilation and editing 1pols. These tocls alkw the enginser m
combine engireering and GIS data for better decision processing in
preimiranydesign, acoourk forsereitive issues like wedand mitigation,
and even publich meaps for public approvals. The design process
expande o enforce business and topalogical nikes and adhers o
adminisirative restrictions. By combining erginsering and mapping
ocds, Bendey brings CAD and enginesring design acouracy, ease-
of-use, and etficiency bo Q5. Dverdl, users make better-informed
decisione throug h analyeis, visualzetion, and preeentation and better
communicaie through efurning meaps and inkelligent AOFe.

Feature-Based Surface Modeling

InAnzde Suite enables users 1o create imteligent models conkaining
rat only temain data but also roadway or site feshures. Features ans
visually distingui shed by structure, appsarance, and symbology. The
sortteans uses fiangulabed surfaces 1o repressnt tamain - for bath
eyisting ground and propoeed design. inieligent digital emain modeling
(DT lets ug=rs incorporaie features such as roadway cererines,
pavement edges, or ditches inthe surizcs medel. Thess can be random
featurae for norrunifonmly ocourming poimts or breaklines that epresent
featuree connected in linearsegments — 2 in the case of ridges, edges
of pevement, and curbe. Inerior woids or holes reprezant building
oz, lakss, and 50 on Exderior-boundary features can be placsd
around eurfans areas bo maimain wt-and-Al linee in propossd desigrs.
In zddition, other topegraphy features are represented in the 30 model,
including utilities thoth abowe and belmw ground|, buiklinge/pads, or
any mpological data colected.

Flextible Geometry Creation

The ful complement of coonlinate geometry (CDGC) and advanced
alignment design capabiities of InRoeds Sute erable fask creation of
precision horizontal and verlical alignments &s the three dimereional
rcaway is developed. Elevation profles display surfece information =
wel 23 vertical dignments associabed with horizonkal alignments. &
combined, true 30 alignmen constcted from the horizontal and vertical
definitiors can be displayed in the plan view. The software suppois
unrestricted viewing with unlimited geometry editing ard manipulation
either graphically or with precision key-in & check imegrity capability
Incates end dlows removal of decontinuities and highlighs other
patential imsues such s nontangemtid cumves fior resclution/comection.

In-Context Rosd Design

InAo=de Suite offers in-¢ onket, emart design of 30 rad conidors with
FRoatway Designer. Thie ool streamlines the complex dewslopment of
every aepect of the roadway in @ single, parametric preserdation. Users
can move rapidly Along a corridor 3t comrolled inbervals, viewing and
dyremically designing all roadway components in concert. The soft
ware Jummatically computes dramic wlumes m talancs ot and Al

FRoatway Designer dieplays four-port views of the design — plan,
profil, croes eection, and superekevation. Users eee immediate visual
fe=dback in dl views 23 the wirk progreeses. The madwey is easily
modified by dirsctmanipulation of paremetric graphical comporents or
by mecision inpurt in contect-s2 na ive didog bowse. Roadway Designers
unique capatilities enable users 1o tanget nown existing Faetures.
This allowe the model i condorm o orvground demarde. Color coding
showes potemtial problem aress a5 the design develops. Lsers can st
desipn decisions in Roadwey Decigner betfme applying them.

Dagim Interacvely & pian, profie, crogs secion, and spersisvatin nehg Aoaoway Desgmar
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Roadway Designer’s interactive, 30 modeling capabilities combine

parametric, constraint-driven tools with engineering theorem,
keeping engineers in total control over all software decisions.

Foattway Desiqner offers smte-of-the-art design aromation. From
horizonizl digrmerk, warticd alfgment, and surace infomation, the
sottweans gerertes 30 models of the full comidor eing predefined
#pical eactions. The softwame automatically ersures confomearce

o standards ag it spesde the corridor development procses. When
witening mede, Aoedwey Designer aulomaticaly createe rareitions n
rumbers and widths of lanes in eccomlance with userdesign criteria
Usam can ineractively edit superalevation on the fy. End conditions
can be computed at any paintin the pmeess.

Usem can easily modify and create desigrdnked ligem comporemts -
without progrem ming — ard apply desipgn constraints that offer skeek
coniral of the 30 pareme ic modeling process. Components can be
open orchesd shapes and include curb and gubier ssctions, sidewalks,

Designed witt inRoads,. fik project by Crelgfiton Mannig
Enghsars feahires hteligent 30 madaing, maghis contmiad
grading and gtaiefess constrrcOon and Epecion

WOy 13350, EQ FW:zGhG.a

02l

Liss gnd-area volmme cacwatnng foalow farcompactin faciarg.
rAMOVAlof moBsrmiie materil, and comrecin frcorianrs.

asphalt |ayers, sqgregate lyers, medans, bamiers, slopse, and dibches.
Foatway Designer aummatically crestes surfeces for uss in cresfing
e eeclions, perfoming volime calculstions, and aiding visuslization
and rendering. Users can Ao menge com porents o creste a single
design surface orcrests a madel of the entire corridar.

Viznal Design Vernfication

Dlesign verific ation has never been eesier. Infneds Suite dloes user
1o virtually drive through the 30 comidor mods and visually irspact it
for any design defciencies or physical corflicts. In 30 04, enginesrs
can fully vievs road festures from &l angles toidentfy geps or
misalignments, koak for utility conflicts, and check dearances. They can
alzn visually evaluate sight distance, pavement marking, and signing
25 well & 1y out multiple z=sthatic meatments o reach the desired
result. Lsing InFloads Suite with MicroStation's rendering features -
for example, color fil, ehading lighting, and backgrounds — improves
the deeign at any phese and adds a lewsl of sssurarcs in project
coretructability.

Cemprehensive Resultz Evaluation

InAn=de Suite provides flewible creation of croes sectione from any
bazeline. Cusiom cmss eections can be cuk at skewed angles or
broken-back sectiore, singly or in muliiple groupings. The softwars
aummatically arnoizies each cross section as determined by the user
orstandard A full eray of civil components can be included in the
crse eection, including surfacs features, storm and sanitany st res,
rcaattway com panenis, ard notations such as limits or stationing.

Uzere can chooee from 2 variety of wolume cakculations that greatly
enhance acurady over breditions| methods. Sophisticaied end-ares
wolume cakzulations et usere determine the lewel of apauracy based on
the frequency that croes s=ctions ane cuf. Using this method, InRoads
Svite ol30 recop nizes comporens in the crse eection and acourately
compubes componerk wolumes. The soitwears offers the Redhility 1o
process volumee based on etraight-line orcurved alignments. Cakula-
tion methods include Triargle olume from Surfaces, Hybrid Tiangle
Volume by Station and Wolumes by Gid Approimations. InAeeds Suite
randles muttipls surface types - exsting, designed, and subsiraiuim -
and can ignore or woid suriaces for caloulation

Site Design

For site design, InRoeds Suite includes Bentley's dynamic Site Modsler,
enatling enginears and designers o inberactively create and manipe-
late models relative 4o one another The dynamic setting alkws users
o mows, mizte, and edit rdividial models and ses the impact 1o adja-
cerk modeks or 4o the entire project model. Additional site design tooks
are @ilored 1o the spescific requirements of 518 enginesrs, offering
interactive site feature modeling within the inelligent temain modal.
This allowe users to manege every zspect of the land development
procees. The enfware acoounts for kots, parcels, boundarnies, property
takess, right-ofweys, and other espects of land owremhip. It arometes
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design fora ful range of site feamres —inchiding ponds,
drainage ditches, buikdng pads, and cul-de-sace. Sophisticated
surfmce-m-surtace analysis helps usem acouraiely balanos
carthworks and inpoint best case consruction ecenarice.

Storm and Sanitary Network Design

A comprehereive application for surface and wastawsier
collection eyste ms rounds cut InPcads Suile. InRcads Suile pro-
videe the ahifity toimerectively creete 3 30 eseociatve model
relative o the existing and design ground medels &= wel s
mad ard site qeometry. Lisers can manipulete reteorks inplan
or profile views, displaying notorly the Infe=de Suite drainage
model bt also other utifties modeled in InRcads Suie. This
dllowe uzers bo plan for clzsh evoidance and identify potantial
probilem areae betoe they occuc Users can model, analyes, and
design complete stom weler and senitany sswer retwirks,
replete with inlets, cuberts, charnels, catch basire, manholes,
pumpe, ard pipes.

A mbust set of computation ¥ools eccourt for the ful amay of
surfece runoff conditions and perform design checks 4o ensure

comfonmeance with minimum and ms<imum requirements.
Induetry-standard hydraulic methods ane used bo analyes and
design the eysteme. Rational, Modified Rational, and Soil
Conservetion Senice urit bydrograph modeling and pond-
routing routines calculate hydrdlogic impacts for pond sizing
and out-flow characieristice. Users cen create the full set of
tydmgraphs, drawinge, and reparts.

Preject Deliverables

InRoads Suite providee design, volume, and cmes s=ction
data in XML indusiny-£tardand format for data exchange.
Prjectdata can be uzed in mubtiple formats, including Excel
spreackheets, HTWL or text fies, FOFs, primable documents,
&nd other nutput. Reporting tmolks automate the production of
& variety of etandard reports, inchiding hoizontal and verical
elignments, quantity @kects, clearance mports, stekecut,
legal descriptions, surfaces, and mone. InRcads Suite prvides:
full support 10 crests lagal descriptions. The software mtputs
standard formate for Trimble, TORCOM, and Leica for machine-
commlled grading and machine guidancs.

&
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Appendix 9 — PowerCivil for Sweden - Product

Data Sheet

Ertitrder defad motondgsutiamning
med & varanira deroende horsontel
OcHT Vertikal E onimil

Mgyt EnkEr och kDmpiex bmmeder
TPy MEgrErmt med vAqpmeitern

knmmersel mariteciing samt

PRODUKTDATAELAD

Beprtivad teknik for att utforma och uppratthalla infrastruktur

Bantleys PowerCivil for Sweden gar ingenjtrar flexibilitetan att arbata pa det satt de vill och
med den kraft da behtvar for att slutftra sina anlaggningsprojekt. Det arbjuder fullstindigs
skissmojligheter, kraftfulla karthanteringsverktyg och automatiserad dasign fir projektaring.
PowarCivil for Swadan tilhandah&llar beroandestyrd, 20-paramatrisk modallaring mad ett
innovativt synsatt pd utformning av infrastrukturobjekt i hala projektat

Anl3ggningsinformationsmodellering

[agens ingenjorer och konstnakatrer stir infor ett para-
digmkifte. Dokument amvnds inte 2ngre bara for skhell
projekt alfier konstruktion. En ingenjor misia erbjuds
information och design som strScker sig borom konstnadion
fram till it urderh&l och restsurering — och tillksks 61
desigr om 53 krivs. PowerCivil for Sweden sifider pl ett
unikt £3tt denra utveckling v infimation om ankiggningen
vilken omfattar hela infrastnicrprojeliets esoykal. Power-
Civil for Sweden indormetionsriks modellering inteqreras
med CAL, kzriaring, GIS och tll och med sfiSrsverktyg som
30 POF:er. Den erbjuder ocked stor styrka som kan dra nytta
v det mests 3w ingenjdrers fondrvade lmskap samtidigt
s0m den sifder traditionel ks beprivade metodes.

Sofistikerad design

ProwerCivl fior Sweden anvands for vaga, moloreagar,
jamsagar oot offentfiga projekct lika wal som ior knmmersisl],
industriall nch miljom3 ssig markmojekiering. Frogrammet
erbjuder en hdgre nivd av sofistiterad design 3n standand-
verkiyy gerom att desigregler amands. Amandane kan
arbeta i flera vyer och dimensioner. Fir vagar och molona-
gar erhjuder Bentleys unila Roadway Desgner ett visuall
verktyg med alit-i-ett for paramerisk 30-design av hela
vagkomidoren. Denna och andea helt utveckdade majighe-
ter skapar imponerande forkStningar inom omridera for
designproduktivitet och exakthet | projekien.

Mangsidighet for projekt

ProwerCivl fior Sweden &r extremt méngsidigt och anvands
fior alla typer och fazer av ankaggningsprojeld, stora och
=mi, av amsandare pd alk kompetensnivier. Programmet
integrerar alla aspeliar av anisgnningsprojeltet, frén kom-
dorstdier 1ill den shetfiga wtomningen och produktionan av
konstruktiorsurderlag. Det fanterar ett stort antal knmplexs
uppgifter, L. wigkorsningar, pé- och awfarian, utformning av
rondedler, haniering av inmétt data, design av dagvatien och
Felopp =mi produkiion av rapporter om wisstning.

Flexibalt och konfigurarbarnt

PoowerCavl for Sweden inkhaderar ala miligheter
prchsktion aw skisser och ritningar | MicroStation® f et
nda program. Styrkan hos PowerCl for Sweden forstarks
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& Ciwil Accullvaw, dan fisr 2nlSggningskonstruktion
specialanpassade versonen ov MicoStation Amlaw®

— et intuithvt verktyg for precisionsskizsning vilk=t ger en
farhandsvisning av arwandzrens inientioner sami minskar
antaiet musklickningar och andra Sigirder som kravs ior att
processen genom att sidja specift aniSgoningeanpassade
skissknmventioner med abernativ ior stationer och offsat,
winklar och avstind, asimut med mera.

MOlggOr autman £odigomsE ot mi scft MEgraton med
Bentiey Navigatoe

Ettersom arbetsfioden ken vaniera myckat beroenda pd
projektets mAl, erjudar PowerCivil jor Sweden anvandare
Tletibiliteten att arbets pé de =30 som bast pasmar deras
spacifita behov. Frogrammet & helt konfigurerbart villet
{gar det mijligt for ameandare att anpassa arvardarmiljon i
PowerCivil for Sweden =4 att den uppiyller projskistandar-
der allier personligs dnskemél. Bbliotek for motorvdSgar
Tarenkdar utiorandet av uppgifier som upprepas genom
piojekiet och stirker srabb uiveckling av designalienativ
for viltigt beshusfattande. PowerCwil for Sweden
auiomatiserar produldtionen av en fisll standig wppsatining
& konstruktionzunderiag. integrerade mofligheter till
projektiedring hg2lper arvandare att styra alla projekteom-
porenter och produktionsdokument — dessa mojligheter &
néra integrerade med Bentleys projettsama betssysiam
Projectize fir 2t koppks ssmmen m3rniskor och
infomation i projekctgnapper.




PowerCivil far Sweden innehéller funktioner fir intelligent,

intuitiv modellering i 30 av information for hela livscykeln

fdr mark- och vagprojekt.

Fullstandig skissning, visualisering och pablicering
ProwerCivil for Swedan innehdiier alks kraitflla mojighetar for att
skeapa, redigera, visa, viszlisera och publicera med MicroStation,
Bentleys Aapgskeppsprodul | et enda krafthilt program o znlagg-
ningzprojektening. Vane g du placerar enkel CADHgradl, amoteringa
eller detaljpizner for innstnidiorsunderisq alier erbjuder en proma-
nad genom en renderad designmodall kommer PowerCiil for Sweden
alt pira jobbet. Programmet sider dver 50 rasierfomat, inkhesie
mériga format med geomieenser, vilket hiziper ingenjdner och kon-
strultidrer 3t skaps konstruktioner och att s ingenjDrasmaningar.
Eftersom inget projekt r fullst3ndigt foman ressitaten har publicerats,
inkluderzr PowerCivil for Sweden magigheter 1l utskrift och plotining
pé kanda enheter, ange uishriftevarizbler for storlek, skala och symbo-
ler samt pebdicering 6l Adobe FOF — inkhesive 30 FOE

Arbeta med faludata

| en Wening med alit-i-ett erbjder PowerCovil for Sweden en
fullstindip uppsatining funktionar som gor det maggt for avandare
gt arheta autnmatiskt med inmAtningzr, GFS, LiAR och andrz
former av ialidata. Programmet sidder ledande enheter och formet
och hanberar ett siort spekium av befintlig iopografisk information.
Justeringar ber&knas med hj2ip av ndgon 2v de metoder som A
branschetandand. Amandare kan Sndra och hearbeta data efter be-
hirw och neér leorestnaktionen & full=t2ndiy, overfora konstnaktionsdats
till datainsamlare fir utsStining eller aulomatizerad maskinstyming

fior markmreparery.

Imtegrarad kariering

PowerChil for Sweden inmehdilier en omiattande uppsatning werktyg
fior leartering samt for kompilering och redigering av BES-data. Med
dessa verktyg kzn ingenjtren kombinerz konstrultion och BS-data
och uppnd ke3ttre beslutshamaring i forstudietasan, redioizs kinsliga
fréigor som minskning av vamarker och till och med publicers kartor
fitr godkannands frin alim&nheten. Designpocessen utbkas fidr att
tz med branschregler och topokogisks regler samt gira anpassningsr
till adminisirativa begrareringar. Ganom att kombirers konstruk-
tions- och kerieringsverktyy tar Bentiey med exsktheten hos CAD
och konstrukctionsdesig och effiektiitet till GIS. Sammanfatiningan
Ar att arw2nidare tar beshn som 3 batire underyypds genom anshys
=amt kan presentera och pd ett batire satt kommunicera genom
utstita kartor och intelligenta POF-fler.

Egenskapshaserad ytmodellering

PowerCiil for Sweden gor det majligt for anvandare att skaps intel-
ligenita modedler som imea bara innehiller tamingdsata utan ocked
vag- och markpgenskaper. Funktionarma ar visuellt urskiljbera penom
stuliur, utssende och symboler. Programmet anvander triangulerade
yior for att reprasentara terangan — bda den befintliga och den
fisvesslagna korstnaktionen. Med imaligent digital terringmodellering
|04} kan arwardare inforliva egenskaper =3 som vagmittirjer, trot-
toarkanitar och diken i yimodellen.

Desss kan vara hizndade pgenskaper ior punkier som inte 8r enbet-
liga eller brytlinjer som representerar eganskaper anshitra i njara
seqment — =4 som ar faliet vid kanter med riviskilrader, rothoar-
kznter och lureor. Inre tommm eller hl representerar an byggnads
battenyta, star och = vidare. Egenskaper fir exierna begramsnings-
linjer Ian placeras nnt yiomeSden fir 3t begransa linjer ior schakt
och fyfining fill den foreslagna konstrultionen. Dassutom represenie-
ras andra typografifunitionen i 30-modalien, rr for olila media (bide
under och ver marken), byggraden'grunder eller andra topologiska
data som far zamlats in.
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Kmstrers (EFENY §[iAT, POt (P ooi SiEwing med
IyAinav Anaway Desimer

Skapa flexibal geomadtri

Den fillst2rdiga uppsstningen med knonfinetgeomatri [COGD) och
mojligheterna tll avancerad Brjeforngskonstruktion i PowerCivil for
Sweden gor det mojligh st snabbt skapa precisionsjesteringar hori-
sontelh och vertikait rdr tredimensionella wagar skapas. Hevations-
profiler visar yinformation lika wal som vertikal injeforing associprad
med horisomizll Enjedoring. En kombinerad vertlig 30-injeftring som
har lmstneerats frin horisomalia och vertials definitioner kan visas
i plameyr. Frogrammet sifider obegrfinsad visning med obegransad
redigering & geometri och menipulening antingen grafiskt eller med
recisionsinmaining. En moflighet till integritatzkontrall hittar och
medper borttagning av osammanhingande linjer samt markerar
anira mijiga probiem s&som kursor som inie Ranger ihop for
upplBsning omigering.

Sammanhangande vigkonstruktion

PowwerCivil for Bweden tilkandatdller sammanhingande konstruk-
tion av vagkorridorer | 30 med Roadway Designer. Detia verkdyg
farenklar den komplexa wveckingen av alks aspekter av vagen ien
e parametrisk presentation. Anvandane kan roca sig sraebbt ngs
en kormidar, mad konirolierade imervaller sami wisa och dynamisk u-
foma alia wagkomponenier i et sammanhang. Frogrammet berSknar
ariomatiskt dynamiska volymer §0r att balarsera schakt och fylining.

Roadway Desigrer visar fyra ofika ver av Enstnaktionen — plan, pro-
i, reairenitt och skewing. Amdandare fir omadelber visuell jaadhack
i alla wyer varefter arbetet framskridier. Vagen kan enkelt Sndras ge-
nom direkt manipulering av parametrisks grafisk komporenier elle
gerom precisiorsinmatning | sammenhargsbemende dialogar Mad
de unika mejlighetema | Aoadway Designer kan arvandare arbeta
med just de egenskzper som gr 3t redigera for det valda objektet.
Detta gar att modellen verensstsmmer med markiravan.

Farg kodning visar potentiella problemom i den varetier modedlen av
wagen uivecklss. Arwindare kan testa knmsinktionsheshe i
Roadway Desigrer innan de arvinds. Roadway Designer erbjuder
den bista aulomatiseringen av konstniktionen. Frén horisomizd lin-
jedaring, vertikal limefring och ytinformation genesarar programmet
A0-modalier av hela komidoren med hgalp av fordefrierade typsek-
lioner. Programmet =er sutomatiskd till att tverensstammalsa finns.
med stardarder varefiar utved:ingsprocessan av korridonan fram-
shrider. Nar vagar breddas scaper Aosdway Designer aulomeatiskt



vergingar for antal fler och bredder pd filer i enlighet med amvands-
reres korstnakdiorskiterier.

Amvandara kan interaktivt och snabit redigera skevming. Shutiomdl-
Iandan kan bersknes ndr som halst under processan. Aneandare

kean enkelt Andra och skapa konstruktionsintel figenta knmponener

— istan programmering — och anvinda korsinddiorsbegransningar
som erbjuder smidig koniroll 2¢ moda lering sprocessan med 30-
parametrar. Komponenter kan vara oppna eller stangds former och
inkdiuerar s=kdiorer med kurvor och avlopp, trotioarer, asialtskikt,
sammarskagna skikd, refuger, barirer, sianber och diken. Roadweay
Designer skapar auioma tiskt yior som kan ameandas i befrsnitt ar att
utira volymber2kningar och till galp #r vizwmlisering och rerdering.
Amvandara kan ocks8 sammaniogs komporenter och skapa en enda
korstnuktionsyta aller skaps en modall av bela koridoren.

Visuall verifiering av konstraktion

Verifiering av konstruktioner bar aldrig varit entlare. PowerCiv
for Sweeden medger for amvandare att virellt kiva genom 30-
korridormodellan och vissellt inspekters den e att hitts eventualis
fel eller fisisk konfiikter. | 30 0A kzn ingenjtrer fullst2ndigt wisa
vigegenskaper frin alla vinklar fior 2t hitta gap och linjefiringsial,
leta efter knnfikiar med ror och kontroliers manginaler fitr friglng. De
kean oksA wisuall utvrdera avstind for sk, markaring av trottoarer
och skyltning samt prova olik estetisks wiiomningar for attnd
tnzkade reaultat. Mad hisip av rendaringsfunktiones i FowerCivl for
Swedan — vz farghylining, seuggning. bekyzning och bakgrunder -
kean konstruktionen forhstiras i villen fas som helst och detta bagger
1ill en sakertetsrivd nar det giller pojektets genomitrande.

DOmiattanda utvirdering av resultat

Powerhil for Swedan erbjuder ett Aexibelt skapsnda 2w tvrssk-

tioner frén vilkan baslinje som halst. Fgna tvarsekfionsr kan skaras
ut med snada vinklar eller “hroken-back™ selkfioner, enstaka eller i

gepperingar. Frogrammet ammoterzr subomatiskd vane helrssktion

s0m det bestamts av amindaren aller som standand. En fdllstandig
uppsatining med aniggringskomporenter kan inkluderas i bearsnit-
fet, inkhesie ytfunktioner, funktioner §or dagvatien och avioppseat-
fen, vigkomponenter och annoleringar, b ex grinser eller stationer

[Dgtta profeit som har CHUPTELS MEd (A 3¢ POWERCkT e

Sweden av Creigitton Manning Engineers innendferintefigenta
Ak enmer e 30-modelienng, masthk ontniiead gradenng och

s St v knns ik o och s pektion.

Amvandara kean valja mellan minga wolymberSkningar som i stor
utstrackning fiorketirar kborrektheten jamfort med raditionell:
metnden. Sofistikerade berdmingar av shetfi volym gor det majligt

Roadway Designers inferaktiva mdjligheter till 30-modellering kombine-
rar parametriska, begransningsstyrda verktyg med konstruktionsteorem
vilket ger ingenjdrer total kontroll dver alla programbesiut.

for amesindare att bestimma rivin av komekthet haserat pi den
fredoweres med vilken tersektioner 2r witagre. Dm du snvander den
heétr metoden k3nner PowerCivil for Sweden ocks! igen komporenter
i terssktionen och berdknsr komponentyolymer kormekt. Programmet
ertjuder Aexibiieten ot bearbeta volymer haserat pi raka injer
alier bigiomadie linjefringar.

argehvolymer via station och volymer via gndappeoeimening. Road-
way Designers imeraktiva majigheter il 30-modellaring kombinerar
perzmetriska, begransningsstyrda verktyg med konsinikdiorsieo em
wilket gar ingenjinar otal koninod over alks programbeshet. Power Ciil
Tor Sweden hanierar flera yttyper - befintliga, utformade och nder-
lipgande — nch kan ignovera eller wndvika yior for berakningar.

Maridoonstruktion

For ankaggningsdesign inkiuderar Bentleys program PowerCasal

for Sweden en dyramisk markmodellerare som gor det mogt or
ingenjorar och korstnddtner att interakdivt skaps och manipulera
modelier i rekation 1ill varandra. Med de dynamisks instsllningama
kan anvindzne Siytta, otera och redigerz enstaka modeller och

se piverkan pd intilliggande modeller alier hela projektmodalien.
Yterfigare verityg fir anl3ggningskonstruktion 2 skraddarsydda for
de specifika bahoven hos markani3ggningsingenjinar och erbjuder
imeraktiy modellering 2v markegenskaper inom den intelligents
terrangmodellen. Detta gor det mojligt ior ameandare att fantera alls
aspekier av markpojelteringsprocessen. Programmet kan amandas
fow jordlotier, fomier, granser, egendomar, =envitut och andra aspekter
av Bgande av mark. Det asiomatiserar konsinektion av et stort antal
aniaggringsagenskaper - inkdusive dammar, swiningsditen, bygg-
naders botteryta, parkeringar och wAndplatsen. Sofistikerad analys av
yta-tilkyta hisilper anwandsre ztt telansera markarbeten korekt och
hitta ded bedsta altemativet for konstruktionsscenarier.

AP il CyTAMEST (S 0-E0moheen MFVErTERTY 3y fesgen,
Vel U O Ot O D ivaNtEts STy av modelergan

Design av dagvatten- och avioppsnatverk

PowsaZal for Sweden & ett omiattande program #8r system f6r
irsamling av yivatien och avioppevatien. PowerCivil fior Sweden
erhjder miighaten ait imerakiia skapa en associativ modall i 30
wilken &r rektiv till befintliga modedler och knnstruerade modeller
iz wil som w3g- och markgeometri. Amandare kan Sndra natverk i
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plareer eller profilvyer och ime bara viss avinningsmodeller
i PowerCivil for Sweeden witan Sven andra funbtioner som
har modellerats | PowerCovil for Sweden.

FYzefR-d

woraiyte BY

=]

Anvir berdiningar av siigiligs voymer firatt i@t
Amiireisetaiinra; fortagning av ofnskal maeria i
iy av o

Dattz gir det majligt for ameandare att planera 55 3t inga
Imockar sea uppstd och att identifiera potentiells problem-
omrfiden inrezn de uppstir. Anvandane kan modellara,

anakysera och utioma fullsiandiga nabwerk fitr dagvat-

tenledringar och avioppsladringar, kmmpiett med brunrer,
lnivertar, kznaler, insamingshassanger, inspektionsbrunrar,
pumgar och 1ar. En robust uppsStining med berdkmingsverk-

Litinrma avinmings- och avigpssystem hisgremt med
V- och marmtorming.

lmm.qa,.—;

tyg kan amendas for en fullst3ndig uppsatining med villkor
for avrinningsytor sami wtitea kontroller fior i s3kerstalls
konformitet med minimi- och maximieas: Hydraulisks
medoder som Ar branschstandard kan anvandas for att
analysara och utorma system. Hydrogratisk modellaring
mesd metodiema Rational, Modified Rational och Sol
Conservation Sendca och rikining vid dammar berSinar
fryudrodogisk piverkan pd dammetoriek och eganskaper ior
uifitidet. Anvandare kzn skapa en fill stindig uppsatining
hydrograler, ritningar och rapporter.

Konstruktionsundariag

PowerCivil for Sweden levenerar data for konsiruktion, vo-
tym och tlrssktioner § branschens ¥ML-standandiormat for
datastiyte. Konstndktionsdata ksn amendaz i flers format,
inklusive Bxcel-datasrk, HTML- aller textfiler, PDF-filer, do-
kument v utskrift och annan uidata. Aappoderingsverktyg
aulomatiserar produltionen av ett antal standandrapporien,
inklusive horisomiell och vertieal Enjeforing, wolmbe-
rakmingar, rapporier Beer kollisionskontrod, ut=Stining,
juridiskn beskrivningar, yior med merz. PowerCidl for
Sweeden erbijader et fullstandiot sind far att skaps juridizka
beskrivmingar. Programmet levererar i standandformeaten
for Timble, TOPCON och Leica or maskinkontmollerad
gradering och measkinkgalp.

o e
| L e Sy
N
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CONRAD ar ett

datorprogram for
redovisning och

uivardering av CPT-

undsrsékmingar.
Programmer dr
utvecklar vid SGI

Appendix 10 — Conrad - Product Data Sheet

Geotekniskt datorprogram

Conrad 3.1

Redovisning och utvardering av CPT-undersckningar
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COMRAD ir ett datorprogram for redovisning ~ Fordelar med Conrad
ochutvardening av CPT-undersokmngar Ett  » Generellt - tllimphart for alla CPT-utrust-

program for geotekmker, utvecklat av geo-
tekmber.

CPT-sondering anvands mmera 1 stor om-
fatining vid geotekmska vhredningar Meto-
den ger bittre information om jordforhallan-
sonderingzmetodar.

ningar

= Littanviint - menystyrt med enkla och 13-
dverskadliza rutiner.

* Anpaszat fill de senaste standarderna och
utvardenngzsmetoderna.

Faciliteter

Nya funktioner i CoNRaD 3.1 ir-
« Majlighet att utvirdera sulfidjord och ler-

En CPT-sondenng genererar en stor mangd morin
matdata som Sverfors fill CONRAD. Virden  » Fler exportfimktioner av data, bla export till
pa jordparametrar beriknas med empiriska Antograf.
ekvationer, dir CPTresultaten utgfrmeang-  » Majlighet att ligea till egen utvirderings-
Statens geouelmlska. NS Jittas av detta anvindarvinliga datorpro- — + Enklare mmatning av férstksuppgifter.
581 93 Linksping sram, utvecklat vid SGL » Majlighet att valja svenck- eller engelck ver-
Besiksadress: o
Olaus Magnus vig 35 COMRAD ir baserat pi de principer som be-  » Bitire méjlizheter att anpassa skaler.
Telefor: 013-20 18 00 Slyjys§ SGIInformation 15, revision 2007.  » Redovisning anpas=ad tll ny europeisk stan-
Telefax: 013-20 19 14 dard.
E-post info@swedgeo.se + Programmet finns mumera ocks3 i nétverks-
Internet: www.swedgeo.se Version.
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COMRAD 3r eft verktyz for geotekmkern att Pmm_h'm_‘__m_.m_

sammanstalla parametrar mfor det analysar- =49&

bete som ingari den peotekmiska uhredmingan. || CFT-ondsi mbed walin B3 e 222000 I E 3
CoMRAD irutformat 53 att ubvirderaren sjalv :";_'5;-:"" r:E Eﬁ;w_-_:?_;':_-:_'_ E'..‘__.'; . ‘ﬂ_: et
viljer ut och redigerar de parametrar somska || 17 e s e £ .
EII.‘._HII.dES. : -Hi"l:-; £ l“;'.:“ [ 3 hl&-‘-‘”‘-‘;x I':. i n"..;"

=
Redovizning av matdata R e > b= 1
av datafiler, tex Geotech CPT-log, import &4n ||
Auntograf eller fran filtminnet Steg 1 redov- _i_ ¥ %
15ar 1 diagramform de uppm3tta parametrar- £ i | i
na . - i | _
* spef=motstand q, E, [5 —H
» mantelfriktion £ | T m CiR ' 1=
* gemererat portryck u, Au andl:“ e e e oA e ek Tt

» fnkhionskvot E,
» portrycksparameter E-l|
Utvardering av parametrar
Indata ill Comrap 3.1 i fltdata frin CPT-sonderingen,
grmdvatten- och'eller portrycksmatmngar och laborato-
nankhrsnknmgal:ﬁminmgudlpﬁuﬂahm baseras pa
utvirderarens styroing och wrval. Aven hir gdrs presen-
fationerna 1 diagramform. Ju mer information som finns Prua: 15.500 kr, exkl moms.
tillzinghiz, desto battre blir utvarderingen. Rabatt vid flera icenser.
BEeaTALLNING Hans Jonsson
Steg I ger uppskatimnyg och/eller berikmng samt A/ PROGRAM: 0132018 36
redovismng av hans. jonsson(@swedgeo. se
- Jocrdlaga',]mdaﬂ, ['asﬂ:l!t,knnsnhthmgsgnd c David Schalin
om innehall i  013-20 1848
programimet: dawvid. schalin@swedgeo.se

Conran 3.1 For Wiknows
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Appendix 11 — Edison - Product Data Sheet

9

Statens geotekmiska institut
581 93 Linkoping
Bedksadress:

Olaus Magnus vig 35
Telefon: 013-20 18 00
Telefae 013-20 19 14
E-post infoi@swedgeo.se
Internet www.swedgeo.se

Datorprogram for geotekniska faltundersdkningar

Edison
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Vad ar Edison? I Epmow finns ocksa en lista pa akiuella

Erasow i ett datorprogram som utvecklats
vid SGI och som fyller ett tommm mellan
utforandet i falt och uppritningen pa konto-
ret, genom att pa ett rationellt satt kunna
granska redigera och kvalitetssikra borre-
sultat redan 1 filt Eprsox kan ocksa med
fordel anvindas pa kontoret for att £ en
smabhb Gverblick ochupprnitning avutférda

Programmet kan 13sa m filer som skapats
1 geoprinter eller geologger (filer lagrade 1
SGF-format). fﬂﬂuakanpmﬂmtﬂaspa
datorns skdrm bade i grafisk och alfa-
numerisk form Det gir att redigera t ex
felaktiga virden eller kommentarkoder och
lagraresuttatet1enmy fil
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metodkoder, kommentarkoder samt para-
meterkoder. Har firms mijligheter att mfi-
ra egna koder av olika slag, t ex fér fore-
tagsspecifika metoder

Erpmow redovisar alla uppmétta paramet-
rar, d vs inte enhart de som ingari den geo-
tekmiska redovisningen, utan ocksa paramet-
rar som kan ge en kvalitatre uppfatinmg om
undersfkningen tex matningshastighet vid
olika typer av sondenng.

Varfor Edison?

* Uppritning av geotekniska faltumder-
sokmingarutfors idag néstan alltid med lnalp
av datorer. Efter redigering i falt med
Ersow ar filen klar fir kentoret.



* Den geotelmiska emloppstiden minskar, t ex tiden
mellan bormingar och geotelmisk rapport eller utlatan-
de. Detta tillsammans med kostnadspress gor att man
fort vill se resultatet av det geotelmiska arbetet. Med
Ensoy ir det mdjligt att snabbt besluta om olika at-
garder.

Malgrupper

Malgrupper for Epmsow ir faltmgen;rer, bormingsle-
dare och andra som hanterar geoteknisk faltdata.

Sysremkrav

Far att anvinda Enrsors behivs filjande datorsystem
+ Microsoft Windows 3.1x, 95, 98, NT eller 2000

* Mnst 3MB mtermminne

* Minst 1 MB ledigt diskutrymome

Prs: 4800 kr, exkl moms.

Rabatt vid flera licenser.

KoWTakTPERSON: Hans Jonsson
tel: 01320 18 36
e-post: hans jonsson@swedgeo.se
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