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The purpose of this thesis was to solve the problem of creating a timber framing
of the walls of the 4-level residential building using Revit by Autodesk for Maltese
company Integrated BIM in the already existing model made by the team. The
house is located in Los Angeles, CA, USA. The model was made in order to help
builders on the building site.

The second purpose was to find the most convenient, rational and suitable ap-
proach for creating timber framed constructions for residential and low-rise com-
mercial buildings in BIM basing on Revit 2020 without any experience under tight
deadlines.

The thesis consists of a theoretical and practical part. In the theoretical part the
main idea of BIM was considered as well as the usage of BIM concepts in timber
framing. Internet, articles and books helped to handle with that.

In the practical part research on the best extensions for timber framing in Revit
was done. Also, a deep review and comparison in a form of the table were made.

As the result, the most suitable option to cope with the problem was defined and
applied to the study case.
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1 INTRODUCTION

Every big project consists of a lot of little time-consuming details, which could be
annoying, but it should be done properly and fast in order to adhere deadlines. At
first glance it might seem that the building on its 3D model consists just of a big
quantity of large objects such as walls, doors and windows. But it is in this way,
only if it is taken into account the architectural model. The structural model is

more detailed and complicated.

One of such a detail is framing, especially timber framing. It gives a shape for the
building and a structural support, that is why that part of the building could not be

ignored and it definitely should be paid enough attention on it.

Unfortunately, it is extremely hard to do timber framing design and modelling in
Revit due to not developed built-in functionality for such a task. That is why the
decision is to consider all the possibilities which are available for everybody, com-
pare them to each other and to choose the best one. As the result of the research,
that approach in the real modelling case is going to be used.

The structural model is just a part for the whole BIM project and Revit by Auto-
desk is the most convenient and the main must-have BIM software for that pro-
ject.



2 BUILDING INFORMATION MODELLING

According to previous studies and as stated in “Introduction of BIM Technologies
in Construction” [2] BIM — Building information modelling is an approach for mak-
ing drawings and plans, building, operating, maintaining and renovation, refur-
bishment or demolishing of the building much more effective. It includes a big
digital data, which is made by gathering and processing all the relevant infor-
mation concerning the building: architectural, constructional, logistical, economic
and technological. The building is considered as a whole single object in BIM,
which means that any modification of its characteristics leads to changes in all
connected parameters (drawings, schedules, specification and other data
sheets). All the database relating the whole lifecycle of the building is closely
connected to 3D geometrical model. Both work as a mechanism where its every
part is very important for the whole work to control the lifecycle of the building. In
BIM, all the database is shared throughout all the participants which makes rela-
tionships between all project decision making members easier and more effective
to totally handle the project.

Nowadays it is impossible to imagine any building project without BIM. Especially
if it is about Open BIM conception — universal BIM collaborative approach to de-
sign, construction and maintaining based on open work standards and processes
when all the main project participants share their data with each other usually
using IFC format. It is the same as a rejection of using your cell phone. There is
no point, because advantages of our modern technologies are obvious. BIM is a
must-have tool which gives us an opportunity to control the whole facility on each
stage of its life process. It helps to avoid errors which could appear due to over-
lapping project activities.

On the first glance, BIM is beneficial only economically. If it is taken a deeper
look, it will be seen that it also has a big environmental and social positive sign.
Using BIM helps not to waste materials, to use as much as needed, and as the
result, to make less harm to the nature. Also, it could be preserved historical ap-
pearance much more effectively. BIM helps for better planning of infrastructure
and other public facilities, which improves its quality and increases economic
profit as well as social approval. BIM is a huge support for project participants,

clients and society. [14]



3 CASE STUDY DESCRIPTION

The study case is an apartment building which will be located on 600 N. Gramercy
Pl. Los Angeles, CA, USA. It is a four-storey building. The basement there and
the ground floor serve as a parking zone. The last three floors are residential. The
parking zone’s structure is made from the reinforced concrete and the last three
floors have the timber framed structure. It is not built yet, but when the model is
done it will be. The client has provided a lot of drawings via BIM 360 TEAM, which
are full of information needed to build both 3D models: architectural and struc-
tural. It is an exceptional and quite ineffective way of using BIM, because the
drawings are not produced from the model, which is not according to BIM con-
ception, but anyway, the case is still very close that is why it is acceptable for
further research.

According to the documentation, which was received from the client, the whole

wall frame on the upper floors should look like as it is shown in Figure 3.1:
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Figure 3.1 Structural detail of wall framing (Customer’s explanatory note)

Not every frame will be 2x6, because according to the rules in the framing notes,
three and four storey wood structures require 3x4 or 2x6 studs at 1 6”’0.C. max
in bearing partitions below two stories. As the walls are less than 6”, 3x4 studs

are used.



4 HOW BIM SOFTWARE SHOULD BE USED IN TIMBER CON-
STRUCTION

Nowadays timber constructions gain a very big popularity in the building industry
due to the modern trends focused on green solutions and its role is growing each

day, due to that wood is a warm and an organic material.

In some countries, wooden houses are one of the main cultural part. For example,
one of them is the United States of America. There are a lot of neighborhoods
which fully consist of timber houses no matter if it is a countryside or metropolis.
The wood could be easily formed, modified, shaped, and adjusted as it is a very
compliant material. According to statistics around 90% of the new houses there

in 2018 year were made from wood [4].

In compliance with “Timber framing — rapid and reliable” [1] the invention of bal-
loon framing and platform framing reduced construction costs, which afforded to
build faster, and as the result it turned into a very good option for the poor. Rela-
tive to the concrete, it is much cheaper. Using wooden structures, it is not needed
to build up deep foundations or to use heavyweight materials. Using of concrete
really slows down a building process which affects the final price. Undoubtedly,
that invention brought up speed and convenience to construction. Despite of its
disadvantages, it has a lot of advantages, which are available when it is properly

used and they could lead to maximum efficient usage.

Lumber framing always played a big role in the building industry and today that
role is only growing, especially with people’s focus on the green solution, because
wooden houses produce less CO2, which make them very eco-friendly. Wood
has very good thermal insulation properties, thus balancing temperature in the
winter and summer. Due to that it could save heating and conditioning energy up
to 60%. It is also very beneficial due to easily built construction and that it could
be fully recycled. It could be used not only in residential houses, but also a big

variety of types of buildings.

Wooden framing easily stands against earthquakes, that is why it is widespread
in corresponding regions, and it is not needed to pay much money for that relative
to brick houses [5]. As the world is moving forward to BIM ideology, digital
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wooden framing solutions are becoming more and more important. It goes with-
out saying, that BIM reduces costs and increases the quality of future construc-
tions. BIM software makes all these goals come true. It is a must-have tool for
every architect, which makes it possible to realize key decisions on each project
as efficiently as possible. It is suitable not only for architectural specialists, but
also for structural engineers, who could facilitate and speed up the working pro-
cess. BIM software saves 90% of the time needed to manually put every stud and
plate in the needed corners and to produce shop drawings. BIM software is a very
useful on every stage of the building process, because using these tools helps
not only to build, but also to estimate costs and to sketch alternative options for
the project and that it is important to make everything according to all the require-
ments and constraints. Thereby, it is perfect to think over the whole strategy of
development of our project from the beginning until the end. As can be seen, its

benefits concentrate not only on one certain part of the building lifecycle.

While designing the project, it could be compared the solutions for different layers
in floors and walls, using different timber types, shapes and sizes. That is why it
is very easy to look into details and update the framing in every part of the building
as well as automatic production of schedules for every item, all the dimensions
and literally every kind of information. Fabrication of the elements goes also very
smoothly using BIM data, because it could be exported it to the milling machines
and cut everything as accurate as it is possible. With BIM it is not needed to buy
an extra material and elements, because now it is not needed to count everything
manually by ourselves. It also helps to bring elements on the site in right order
which helps us to avoid time-consuming operations with sorting. It is a very valu-
able ability which makes construction very efficient. As for in-use stage, BIM is
extremely useful for maintaining the object or for making solutions for renova-
tions. Today with BIM all the operations with the project on each stage of its lifecy-
cle save time, money and efforts. Framing tools are very flexible, powerful and it
is absurd to ignore such an opportunity, which obviously promotes rapid devel-
opment of every project. Not less important, that they are easy to use, thus it
becomes available to not too experienced engineers. They save not only the time,
but also, they help to avoid strong mistakes while designing and if they were al-

ready made - to adjust them in time at every project stage. [3]
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5 RESEARCH METHODOLOGY

Research on the main topic of the thesis is based on comparison of actual ap-
proaches for creating timber framing in Revit 2020. Firstly, a review on the basic
functions which are available in the initial and Revit® Extensions by Autodesk are
going to be done. Also, different extensions by other side authors, which are
available on today’s market are considered. They will be compared with each

other concerning some aspects which are important for daily users:

— Set of tools and functions

— Convenience, accessibility and logicality of the interface because it will
significantly save time and effort spent on the project

— Distribution Terms & Costs

— Easiness of performing frequent operations, because fast adaptation will
increase the effectiveness

— Quantity of actions to complete a typical operation

— Familiarity of use

— Realism and attractive appearance of the finished structure
The case study was done in the following phases:

Firstly, determination of the problem: the task was to complete the frame of the
house with very tight deadline. That is why, it was obvious that it is not possible
to do that manually, as it is not effective and very time-consuming. After, research
questions should be identified, because | do not have any experience working
with frame in Revit. The next step was to start an investigation on the best option
to solve the problem. Information in the Internet was collected, watching tutorials
and reading an articles. After analysis of all the available options, a decision was
made that the best option will be to start working on the problem using extensions
for Revit. Next, working with the best solutions in that field should be tried and

the best one should be chosen by evaluation and deep comparison.



6 OVERVIEW ON ORIGINAL REVIT TOOLS FOR WOODEN
STRUCTURES

Revit has a very rich set of basic tools which afford us to build almost whatever
could be wished. It could be used either them or official Revit Extensions by Au-
todesk, which includes timber framing. Unfortunately, these extensions are no
longer available for 2019" and 2020™ versions of Revit. Its production stopped

on 2018 version.

The company is working with 2020™ one, which made it impossible and pointless
to consider official Revit Extensions as a participant in the research on the best
solution for timber framing. That is why my decision is to start the overview with
the tools which exist directly in Revit. All the examples are going to be presented
using units of imperial system, because the company is mostly directed on the

projects in the USA.

It is better to show the performance of each approach for wooden framing creat-
ing a simple 1-story building — it is enough to create just the main basic ele-
ments to demonstrate all the functions and tools. At the beginning a basis for
further modelling is going to be prepared, that is why firstly it is needed to go to
north elevation to put several levels to the project. The first thing is needed to
be done is to create the floor slab. Let it be made from concrete and let it have 1
feet thickness. The next step, it is needed to add some wood framing family to
the project, that is why it will be two elements: timber columns and beams,
which in the further actions could be easily transferred to the studs and plates.
Bottom plates on the floor have to be put, therefore beams are going to be used
for that. For example, 8’x2” beams are fine and it have to be put around the
whole area of the slab in that way that it is going along its edge (Figure 6.1).

Now it is a framework on which it will be placed the horizontal beam system on
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which the floor of the house is going to be placed.

Figure 6.1 Initial framework for further beam system

Then it has to be duplicated one of the previously loaded beams and to make a

new one 2x6”. It has to be placed also around the area of the concrete floor as

shown in Figure 6.2:

Figure 6.2 Arrangement of vertical side elements of the beam system
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In the next part it is needed to use the tool called “array” which affords us to

multiply the beam and spread it along the floor. (Figure 6.3)
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Figure 6.3 Spreading of the vertical elements along the floor

After, the beams could be covered with the 1’ 0” plywood. Therefore, now it is a
complete wooden floor structure. The bottom part is finished. (Figure 6.4, 6.5)

R

Figure 6.4 Completed floor's beam system
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Figure 6.5 Fully completed floor

Consequently, for the walls, 7” walls with 6” air layer is going to be created and
it will be covered from both sides with 72" plywood. It has to be placed around

the area of the floor as shown in Figure 6.6:

Figure 6.6 Arrangement of the walls around the perimeter

These walls are needed because it is much easier to put the framing inside it ra-
ther than just to guess where the right place for them should be. Thus, the next
13



step is to place something in the nature of pillars in the corners for further fram-

ing, and it is needed to use structural columns for that purpose. (Figure 6.7)

Figure 6.7 Arrangement of corner’s pillars

Then, 2x6” studs are going to be put to the north wall using the same tool as

before “array”. (Figure 6.8)

Figure 6.8 Arrangement of studs
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Next, it has to be done the same on the west wall and copy both to the rest of the

walls in the following way as in Figure 6.9:

-~
Yoy
b

Figure 6.9 Completed arrangement of studs

For today it is the best thing to do something the same in Revit.

That already looks acceptable, but it is not finished yet, because top plates are
needed to be put over the studs and some in between of the top and the bottom

ones. 2x6 beams are going to be used for that. (Figure 6.10)

Figure 6.10 Arrangement of top plates
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Then it is needed to just copy it and put it in such a way, that it will support the

windows, because it needs some construction. (Figure 6.11, 6.12)

Figure 6.4 Arrangement of window bracing

Figure 6.5 Detailed view of window bracing

Thereby, now it is the foundation, floor and walls, which is enough to demonstrate
that approach.

As it has been mentioned before, Autodesk will not deliver any extension con-
nected with timber framing, that is why it has been just shown the optimal way to
perform high productivity in wooden structures without additional help.
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7 INFORMATION ABOUT EXTENSIONS FOR TIMBER STRUC-
TURES

Nowadays, the market offers us some solutions for timber framing, which could
make our life easier and to optimize our working methods as well as to improve
our workflow in BIM [6]. That is why customers do not have to waste time on the
time-consuming actions and they can easily switch to alternative way outs deliv-
ered by other companies. The most popular one was chosen for today based on

the customers reviews in Autodesk’s and other architectural forums [11] [12] [13].

7.1 Wood Framing Extension for Revit developed by AGACAD

If you have ever tried to build framing yourself, then you can confirm with no
doubt, that it could be very boring and monotone. In that case, everybody dreamt
about some boost. The first extension that is going to be considered is Wood
Framing by AGACAD. As claimed by its developers, everything in their products
is a mouse click away, and it is going to be checked it on the same case, that was
an example for previous chapter [7] [8]. Thus, just to be clear, the floor and the
walls have to be put, as before, but for now these many actions do not need to

be repeated to build a really qualitative wall framing.

Firstly, TOOLS 4 BIM Dock should be installed on the computer. It is a sort of a
menu screen where all the available addons for Revit by AGA CAD could be

seen. (Figure 7.1.1)
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Figure 7.1.2 TOOLS 4 BIM Dock

Each addon has a certain set of tools. For instance, for the wood framing it has

the following structure form: (Figure 7.1.2)

WOOoD
FRAMING
2 [ o mon B O
Bl Eall UL S
Floor Panel Roof Panel Layout Roof+ Truss+ (new Floors wall+ smartWalls Sort Mark CutOpening Rafters (obsolete)
Layout families only for
new projects)

Figure 7.1.3 Wood Framing section from TOOLS 4 BIM Dock

After all the tools for wood framing are downloaded and installed, directly in Revit
a new tab T4R: Wood Framing will be seen. There a lot of new tools will be seen
for each part of the building, but only the “Wall plus” tools are needed. Framing
of the walls could be started with “Wall plus” quick and easy. (Figure 7.1.3)

Architecture  Structure  Steel  Systems  Insert  Annotate  Analyze  Massing & Site  Collaborate  View  Manage  Add-Ins  TOOLS4BIM  T4R: Wood Framing ~ Modify | Parts =~

A o © B B BH & = L B ; ¢ |

Configurations  Truss Systems  Trusses  Shop Drawings Frame Add/Modify Split Build MNumber Create Roof+ Floor+ Rafter+
T T T T Wall Elements @ / < Um Parts Log Wall Elements Assembly el -
Truss+ Wall+ - - -

Figure 7.1.4 T4R: Wood Framing top main tool bar
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It has a big quantity of sub-tools, but not every of them is needed. In case if a
more complex structure needed to be built with, for example, details, then it could

be easily done with these sub-tools, because they are very intuitive.

Thus, coming back to the case, when the walls have already been erected, there
are a few steps left before the walls are framed. To have everything configured
perfectly, the first thing which is needed to be done, is to go to the “Link Wall”
sub-tool. (Figure 7.1.4)

gl = Update Frame m=m . == L B Link Wall
L‘!" x Del F ] = &rl' ==z] {(}}

elete Frame o Configs -
Frame Add/Modify Split Build MNumber Create i
Wall Elements j Modify Other ~ Parts Leg Wall Elements Assembly Settings ~

Wall+

Figure 7.1.5 Wall + tool sub-bar

It needed to find the wall types which were used to model the house and to set a
proper configuration. In this case, 5” wall is needed to be chosen, which has 3

layers. It will be seen that the framing layer and framing configuration are
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modifiable. As it is seen, framing layer for structural layer is set automatically as

it is a structural layer. (Figure 7.1.5)

R Linkwall — ] kY
———|Basic Wall : Exterior - CMU on Mtl. Stud Family: Basic Wall
Type: Generic - 3"
| Basic Wall : Exterior - EIFS on Mtl. Stud Total thickness: 0
Layers
Basic Wall : Generic - 12" EXTERIOR SIDE
Functicn Material Thickness Framing Layer Framing Configuration Configuration  Frame Frame Part Split Parts Split by
Basic Wall : Generic - 12" Masonry 1 iStructure Plywood, Sheathing v | -~ None-- v | Fixed v O O O
 Basic Wall : Generic - 4" Brick 2 iStructure EIFS, Exterior Insulation Frame ¥ - None -- v | Fixed v ] O 0
3 {Structure Gypsum Wall Board ¥ -- None -- v § Fixed v 0 O O

=== Basic Wall : Generic - 3"
! Basic Wall ; Generic - §"
Basic Wall : Generic - 6" Masonry
1Basic Wall : Generic - 8"
1Basic Wall : Generic - 8" - Filled
Basic Wall : Generic - 8" Masonry

== Basic Wall : Interior - 3 1/8" Partition (1-hr)

Figure 7.1.6 Link Wall window

For others it has to be set up a framing layer called “Sheeting”. Framing configu-
ration is needed only for the structural layer, which means for the study case that
just for the 2" one. (Figure 7.1.6)

R Link Wall - m] X
Basic Wall: Exterior - CMU on Mtl. Stud Family: Basic Wall
Type: Generic - 5
! Basic Wall: Exterior - EIFS on Mtl. Stud Total thickness: 0
Layers
Basic Wall : Generic - 12* EXTERIOR SIDE
Function Material Thickness Framing Layer Framing Configuration Configuration  Frame Frame Part Split Parts Split by
Basic Wall : Generic - 12" Masonry 1 {Finish1 Plywood, Sheathing 0" 01/2" % Sheathing v [ -- None - v { Fixed O O O O
2 [Structure EIFS, Exterior Insulation Frame | Frame v ¢ Fixed v ] ] []
== Basic Wall : Generic - 4" Brick . — —
3 {Finish2 Gypsum Wall Board o Sheathing Il v [ -- None - v { Fixed O O O O

=== Basic Wall : Generic - 5"

Basic Wall: Generic - 6"

Basic Wall: Generic - 6" Masonry

e

Basic Wall: Generic -

Basic Wall: Generic - 8" - Filled

Basic Wall: Generic - 8" Masonry

=== Basic Wall: Interior - 3 1/8" Partition (1-hr)

Figure 7.1.7 Layer menu from Link Wall
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It is needed to be selected the wall which is needed to be framed, then “framing
configuration” is needed to be chosen on the “Wall +” Tab. It works as a standard
which will be different for each of the projects. Proper settings are needed to be
set to “framing configuration” just once for each project, next time that does not
need to be done. User interface is divided into three parts. The top pane is for
configuration types and their versions. It has seven different configuration types,
which basically are needed for the deeper control of the framing parameters. For
this case configuration type “Frame” is enough. It could be saved as many con-
figurations for each type as needed and could be used in different wall types.
(Figure 7.1.7)

R Wall+. Default Framing Parameters - O X

Material Class: Wood

Configuration Type: | Frame v

Cenfiguration Mame: | Frame & ‘ Save || Save As || Rename

Configuration Settings | Modify Configuration Settings | Elements Mark Definitions | Modify Settings

H:HE Commen Settings
Use for all Framing Elements (except Openings) [
Main Type of Studs |_WF Stud : LMBER 26 v
H:m] Wall Framing Width (b) 0-11/2
Depth (h,d) 0'-51/2
HE:H Opening Framing Main Type of Plates |_WF Plate : LMBR 2x6 -2
Width (b) 0-11/2
J L Connection Depth (h,d) 0'-51/2
Define Depth (h,d) by Layer Thickness
Wall Frame Panels

I J End Connection

=1 W Connection

T Connection

Ridge Stud

Blocking/Mogging

==

rlﬂm Sarnndan: St

Save || Close

Figure 7.1.8 Settings in Wall + Framing Parameters

Different settings of chosen configuration types could be browsed there. On the
left pane different elements of future framing could be seen, and different framing
configuration settings on the right pane as well. Each element has a really big

variety of settings, which afford us to build every kind of framing.
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When the configurations are finished, the last step could be started. Everything
is done to be ready to frame the first wall. It is needed to select one of the walls
and to go to “Wall +” and to press “Frame Wall”. For better accessibility “Wall +”
Tab could be dragged down to the main working space. Framing process will take

around several seconds, depending on the power of the computer. (Figure 7.1.8)

Figure 7.1.9 Completed wall framing

As a result, it is a really good framing. For big projects it is really a great oppor-
tunity to create framing for every wall in the project. Not less important to admit,
that everything in Wood Framing Wall+ is a mouse click away, which means, that
it could be saved 90% of the time, needed to do the same operations manually.
The price for that extension is € 2.500,00 for 12 months, which is not too much
for big companies, but could be very tangible for small start-ups.
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7.2 ENRWOOD-FRAMING developed by ENRVISION

The second one extension is going to be reviewed is ENRWOOD-FRAMING de-
veloped by ENRVISION. That extension could be tried with 10 days trial, which
iIs enough to understand all the functions there. It is needed just to install that
extension with exe-file, then it is ready to use. It has a very simple upper main
tool bar. In accordance with ENRVISION’s instructions [9], for the study case only
“F Wall” and “F Building” is needed. (Figure 7.2.1)

MEEa B 0 - @EROC

L
Floor Joist Roof Rafter Beamn Post F building Attachment Single Element Generate Supports Analysis Design Control About

Figure 7.2.1 ENRWOOD-FRAMING main tool-bar

Thus, to create framing using that extension, firstly it is needed to choose “F Wall”

tool and a wall framing data screen will be seen. (Figure 7.2.2)

Framing Single Wall x
Options
Wwiall Mame: 356724 Select Section
Stud Spacing [in] |'|E Mame :2«B
Fill By Plates Width 1.5 Diepth 5.5

[] Manual Sections

Manual

Elemenrt Section Edit ~
[ Top Plate Section s Edit

Bottom Plate Sec... |26 Edit

Stud Section 26 Edit

Header Section 26 Edit

W
£ >
Framing " all Cloze

Figure 7.2.2 Settings for wall framing

After, it is needed to change framing data from that form and to click “Framing
Wall” button to apply our framing. Framing will be created automatically: (Fig-
ure 7.2.1)
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Figure 7.2.3 Completed Framing

“F Building” tool will create walls in the same wall, the difference is that it frames

the whole building, including rafter, floor etc.

The section of the beams could be also changed, using tool “Edit Section” (Figure
7.2.4)

'O NS REEEa R 2 — BHERO

Edit Section Floor Joist Roof Rafter Beam Post Fbuilding Attachment Single Element Generate Supports Analy5|s Design Control About

Figure 7.2.4 Edit Section tool on the main tool-bar

Then the next form could be seen: (Figure 7.2.5)

Select Section *

Specie: / Grade |DOUGMS FIR-LARCH |.-" |N°' 2 |

Section Type |Sawn-Westem |

Section name ,E |

[ Incized
[] Reverse

[ wiet

ak.
Figure 7.2.5 Element’s Section Settings
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That extension has very rich section library: (Figure 7.2.6)

4| Select Section - [m}
Section Material Wood v
wood Class Sawn ~
Species Grades ‘width Depth Plies Claszification Grading Agency Type
ALASKA CEDAR oo | 2"-4" Thick L]
ALASKA HEMLOCK MNo. 1 3
ALASKA SPRUCE MNo. 2 6
ASPEN MNo.3 7
BALDCYPRESS Stud ]
BALSAM FIR Construction 1
BEECH-BIRCH-HICKORY Standard
COAST SITKA SPRUCE Lility
COTTONWOOD No.1
DOUGLAS FIR-LARCH No.2

DOUGLAS FIR-LARCH (NORTH),
DOUGLAS FIR-S50UTH
EASTERN HEMLOCK
EASTERN HEMLOCK-BALSAM K
EASTERN HEMLOCK-TAMARAL
EASTERN HEMLOCK-TAMARAL
EASTERN SPRUCE
HEM-FIR

HEM-FIR {NORTH}

MIXED MAPLE

MIXED OAK

MIXED SOUTHERN PINE
MOUNTAIN HEMLOCK
NORTHERN PINE

NORTHERN RED OAK
MNORTHERN SPECIES
NORTHERN WHITE CEDAR
PONDEROSA PINE

RED MAPLE

RED OAK

RED PINE

REDWOOD

SITKA SPRUCE

SOUTHERN FINE
SPRUCE-PINE-FIR
SPRUCE-PINE-FIR (SOUTH)
WESTERN CEDARS
WESTERN CEDARS {(NORTH)
WESTERN HEMLOCK
WESTERN HEMLOCK [NORTH)
WESTERN WHITE PINE
WESTERN WOODS

WHITE DAK

YELLOW POPLAR

Grades |2"-l" Thick, EASTERN WHITE PINE, Select Structural

Section |Sawn - Westem. Graded Lumber, 23

Allowable Stresses

Bending Fb Parallel Compi 1 Modulus of Elastici Modulus of Elastici
Compression [psi) Tension Ft (psi) [575 Paralel Fe [psi] 1200 E+ fksi) EY fksi) |FW:|
Tension [psi] Shear F [psi] Perpendicular Fol (psi] EI Emin-# (ki) Emin*t’ [ksi] l:l

Cancel
Figure 7.2.6 Element’s section library

That extension does not suit the needs, because there is no option to create any
different form of framing — just a standard one. It has a very big quantity of prob-
lems, mistakes, errors, which interrupts the workflow and prevents from being
effective. Also, their web-site seems to be no longer supported as well as their
extension, that is why this extension inapplicable for today’s market. But it costs
only € 499,00, which is appropriate for companies, but even that price is too big.
The biggest problem of that extension is that there is no any big variety of choice

and it is not possible to customize the timber framing.
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7.3 MWF Pro Wood developed by StrucSoft Solutions

The last extension for Revit is MWF Pro Wood developed by StrucSoft Solutions.
Their official webpage tells [10] that it is a modeling tool for exact situations as
case study, which allows us to build a complex custom framing including every
single aspect of wooden framing as different materials, layers, type of structures.
That add-on also could do production of sheets, quantities, schedules much eas-
ily. As in AGACAD extension it also automatically detects all the openings like
windows and doors, and frames it in that way, that the user set it before. It is also
possible to configure connectors, add nails, hangers, bolts, service holes and
other fastenings if needed. As in AGA CAD extension, the group of selected walls
could be easily framed and it is not needed to frame manually each wall one after
another.

Thus, to launch that extension, just an installer is needed. After it is needed to
activate it, otherwise all the tools will not be available. It is a bit tricky, but there is
an opportunity to find an instruction at the official web page, after it will not cause

any more guestions.

As it was in AGA CAD, the first thing everyone has to pass through is customiza-
tion of settings, because they directly depend on the project. It is more about
creating conducive conditions for further framing, that is why it is needed to load

in some data to the project.

The main tool tab in that extension is as follows in Figure 7.3.1:

s & 0 » & O M RePp=E MNB= Camill » EEa» a
i plat Panel  Qu clection  Create Quick Properties Reg

MWF Seitings Operations Joins  Settings Template Tem
B s g =%

oyl
=
o
o
oD
£ &
S
-
2
=
=
a
o
=
=

MWF Pro Wood Lite Wall MultiLayer Wall Set Up Wall Visibility Wall Model

Figure 7.2.1 MWF Pro Wood main tool tab

For the good start, firstly it is needed to click on “Settings” above the “Wall Set
Up” and choose “Load Data”. (Figure 7.3.2)
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x| O
Settings | Ternplate Template
T Manager  Map

Load Data
Project Panel Names

Project Member Pricrities

Project Color Assignments
Project Material Scheme

Subassembly Catalogs
Project Join Heuristics

Global Settings Import Export

Figure 7.2.2 Settings pop-up window

The pop-up window looks as shown below in Figure 7.3.3:

. Select Data Directory *

Root Directory: |C:‘aF‘rogram Files"StrucSoft Solutions*\Revit Tools 21}21}\Eu| Select Folder. ..

Directory: [ smb =001 -

V%

Figure 7.2.3 “Select Data Directory” pop-up window

It is going to load in framing markers, join markers, split conditions, different rule

sets etc.

The next thing some studs that are going to be used in this project are needed to
be loaded in, consequently from the insert tab it is needed to load a family and
right down there in the end MWF PRO wall folder will be seen, then “Imperial”
should be clicked and the “MSF dimensional lumber” should be grabbed there for

horizontal members and “lumber column” for the vertical members. After right

27



families are loaded, right dimensions for the project could be selected. For both

horizontal and vertical elements, it will be 2x4 and 2x6 respectively. (Figure 7.3.4)

Specify Types
Farnily: Types:
-Dimension Lumber-Column.r Type A | S¢ | I | Sy | ly | d | b | -
Dimension Lumber.rfa @ v @) v @ v e M @ ] @ v @) o
2x3 |0.035F 1.563 1.953 0.938 0.703 0" 21/2" 0 112"
2x4 0,04 5F 3.063 5.359 1313 0.924 0" 31/2" 01t
2x5 |0.055F 5.063 11.39 1.688 1.266 0 41/2" 0" 112"
2x6 |0.065F 7.363 20.8 2.063 1.547 0" 51/2" 0" 112"
2x8 |0.08SF 13.14 47.63 2.719 2.039 0" 71754 0t 1t
2x10 {010 5F 21.39 93.93 3.469 2.602 0" 91/4" 0" 12"
2x12 |0125F 31.64 178 4.219 3164 0" 114t 0 et
2x1410.14 5F 43.89 280.8 4.569 3727 1114 00 112"
Ixd |0.06 SF 3104 8.932 3.646 4.357 0" 31/2" 0" 212"
3x5 |0.03 5F 8.438 18.98 4.638 5.859 0" 41/2" 0" 212"
3x6 |0.10 5F 126 34.66 5.729 7.161 0" 51/2" 0" 212"
3x8 |0.13 5F 21.9 79.39 7.552 9.44 0" 71/4" 0" 212"
3x10|0.16 5F 35,653 164.9 9.635 12.04 0" 91/4" 0" 212"
3x12|0.20 5F 52.73 296.6 11.72 14.65 0" 111740 0t 22
3x1410.23 5F 73.15 4346 13.8 17.25 1 11/4" 00 212"
3x16|0.26 5F 96.9 7389 15.89 19.86 1 31/4" 00 212"
x4 |0.095F 7146 12.51 7148 12.51 0" 31/2" 0" 312"
4x3 |0115F 11.81 26.58 9.188 16.08 0" 41/2" 0" 312"
4x6 |03 5F 17.65 48.53 11.23 19.65 0" 51/2" 0" 312"
4x8 |0185F 30.66 1111 14.8 25.9 0" 71/4" 0" 312"
410022 SF 4591 230.8 18.29 33.05 0" 91/4" 0" 312"
412 10,27 SF 73.83 415.3 22.97 40.2 0" 11174 0" 312"
4141033 5F 106.3 7.6 27.56 43,23 1 112" 0 312"
4x16 {038 5F 1401 1086 31.65 55.38 1 31/2" 0 312"
< > v
Select one or more types on the right for each family listed on the left Cancel Help

Figure 7.2.4 Stud’s dimensions

When it is done, the templates are ready to be created. MWF works in a reverse

engineering type manner where something that is already existing is taken, such

as a default template panel and it changed to look exactly the way is needed. So,

now it is going to be started with framing. Firstly, it is needed to be select the

desired wall and clicked “Create” on the MWF main tool tab. The general menu

could be seen there, where the desired values for some different parameters
could be set. (Figure 7.3.5)
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£ MWF Pro Wood Lite x

General
(Generic - 5" - 356784) Split Points
Parameter Value (®) Use Markers
r-o (O Offsets Absclute
Extension Start -0
Offset
First Stud Offset 1-4"
[ ]
Min. Panel Length 1-0"
Prefix Panel
Start Reference Panel -
Stud Spacing 1-4"
Suffix Height
[ ]
Panel Type
Mode T "
Function BT "
Usage Bearing ~| (O Dimensions
Style Wood Length: 0" 0"

Height: oo
Show Properties

Seleat Create Template Help Close

Figure 7.2.5 Framing parameters

But firstly, it is needed to go to the “Template” and to choose 2x4 default template
for the beginning. MWF is reading this wall, it is seeing those openings, and it is
putting all of the members inside in a right way.

MWF will create framing as it follows in Figure 7.3.6:

Figure 7.2.6 The result of the first framing try
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Everything suits us, except that middle horizontal plates, or as it is also called
bracing, which are missing, but according to the drawings they should be there,
which means that the template should be updated. Thereby, what is needed to
be done, is to select the needed walls, then go to “Properties” on the top main

tool bar.

There are tons of different settings, which afford us to make full customization of
the framing, as it is in AGA CAD. Therefore, it is needed to go to “Miscellaneous”
to edit “Horizontals”. (Figure 7.3.7)

£\ MWF Pro Wood Lite: Panel2 X
Pansi2
-1 - (Geneic - 5" - 356212) General Info Structural - Miscellaneous Edits Wamnings.
. - Panel2
2- (Generic - 5" - 356250) Feawre Edit Manufacurer ~
3- (Generic - 5" - 356284) Studs Edit None v
4- (Geneiic - 5" - 356318) Enel Daection B . o
Tracks Edit None v
Opening Framing Edit Mone v
EndStuds Edit None v
Structural Members Edn None ™
Furing Edit None v
Extra Studs Edn None ™
P -
Bracing Edit Mone v
Splices Edit None ~
Lifing Holes Edn None v
Styro Edit None ~
Kicke Edn None v
~ v
Panel Type
Mode Functio Usage Syl Categary
Pro | Exterior ~ | | Bearing ~ | | Wood ~ ~
[ Al Panels
OK Close Template Help

Figure 7.2.7 Framing settings for already existing walls

There the desired offsets are needed to be set and to choose the needed family
of plates as shown in Figure 7.3.8.

£\ Horizontals X
® Horizontal O Diagonal Honzontal

Start Point (@) Offsets (O Spacing

Reference Offset from Elevation  Extension [JRatic  Mumber of Horizontals |1

Offsetfomstat B v|[oo Fer First Offcet| T 0"

End Port T

Reference Offset from Elevaion  Extension Spacing |1 0"

Angle Vertical Justification Lat Justification

0 | [Top ~ | | wall centedine

Family| |_WF Plate ; LMBR 2c4

Apply Material Thickness Stagger Offset: |I' 0"
[ Stop At Kings List of Definitions
Delete Add Update
1 0"1" 0), Fam . Agl(0).Just(D). Viust{0)
Start+0 0" - End+0' 0" <> Blevi-1" 0”1 0"), Fam(|_WF Plate : LMBR 2x4), Agl(0),Just(0), Viust(0)

[] Punch Holes

Type

Close

Figure 7.2.8 Settings of horizontal offsets

30



After applying the result will not be long in coming. (Figure 7.3.9)

Figure 7.2.9 Completed framing

For that extension the price will be € 2.250,00, which is almost the same as for
AGA CAD extension. Anyway, the price is quite huge if you want to use only its
modelling functions — it could be less. If you want to use it for more complex tasks,
as, for instance, production of shop drawings or collaboration with fabricator, be-
cause all the inside data could be exported to CNC machines for fabrication, then

it will distinctly save your time.

The result is almost the same as in AGA CAD extension and the functions there
are more or less very similar. Of course, there are some differences, but they are

not crucial.
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8 COMPARISON OF TIMBER FRAMING MODELLING OPTIONS

As it was told before, a deeper comparison of these three extensions in a form of

the table. It will have 8 aspects of comparison, with some points out of 5, after

they will be summed up and it will be made a conclusion based on the total result,

the maximum of which is 35.

Set of tools and functions — assessment will be based on how many func-
tions it has.

Convenience, accessibility and logicality of the interface — assessment will
be based on the way all the tools are located inside the extension.
Distribution Terms & Costs — assessment will be based on the price which
is paid for the product for a certain period regarding those tools and func-
tions which it provides.

Easiness of performing frequent operations — assessment will be based
on the personal feeling of how much complex completing of one or another
tool.

Quantity of actions to complete a typical operation — assessment will be
based on the speed of achievement of the final result.

Familiarity of use — assessment will be based on the time needed to un-
derstand how the extension works.

Realism and attractive appearance of the finished structure — assessment

will be based on the perception of the final result.
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Extensions | Wood Framing ENRWOOD- MWF Pro Wood
Extension for | FRAMING devel- | developed by
Revit developed | oped by ENRVI- | StrucSoft Solu-
Aspects by AGACAD SION tions
Points (out of 5)
Set of to_ols and 5 1 5
functions

Convenience,

accessibility 5 4
and logicality of 5

the interface

Distribution

Terms & Costs 4 2 4
Easiness of per-

forming fre- 4 3 3

quent opera-

tions

Quantity of ac-

tions to com- 3 5 4

plete a typical

operation
Familiarity of 5 4 3
use

Realism and at-
tractive appear- 5 3 4

ance of the fin-
ished structure
Total (out of 35) 28 20 27

Table 8.1 Comparison Table of Revit Extensions

As it could be seen, AGACAD'’s extension and MWF’s one have almost the same

quantity of points, both performed very well, but AGA CAD is a winner in that

competition. Of course, both of them claim quite impressive opportunities, but

AGACAD’s extension really is better than the rest of others, because it was easier

and more familiar. That is why a decision was made to frame walls in Gramercy

project, using AGA CAD extension, which was approved by the management in

Integrated BIM. All the figures in Appendix 1 show the result of using AGA CAD’s

extension for timber framing for the walls on the 2", 3 and 4 storey in the study

case.
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9 SUMMARY

In the conclusion | want to say, that it was truly a fruitful experience to make a
research on my thesis topic. | can say with no doubt, that | have gained a very
valuable practice experience. | do believe that it is going to help me in the future.
| have studied the market very carefully and picked out the best ideas how to
cope with the issue that | have faced during going through the project. It was

beneficial and useful for the company which | have contributed to.

As the result, | have achieved a solution of the predefined problem successfully
and | am glad that | have managed to compare all the approaches for timber
framing in Revit. | do believe that my efforts will help someone who could face

with the similar problem to simplify their workflow.

In the end of my work, | have found out that even the worst extension for timber
framing for Revit is better than to do it manually. | Have proved that extension by
ENRVISION could be very useful in addition for the manual approach. As for two
other extensions, it goes without saying, that they could and should exist sepa-
rately, as it is a full-fledged way of solving any timber framing issue in BIM. The
comparison table showed that extension by AGA CAD is a little bit better, but | do
not see a big difference — they both have a huge potentional for industry. Despite
of that both have user-friendly menus and a really big quantity of options that is

why you will definitely need some sort of tutorial.

| would rather say that it more depends on each engineer, that difference is more
in the personal sense of usage. Nevertheless, | am convinced that if you want to
do timber framing in your model, you definitely have to try these two extensions,
because undoubtedly it is a very powerful and flexible tool. It helps for much faster
decision-making in your project on each stage of the project and to avoid unde-
sirable mistakes. Moreover, nowadays every engineer has to be in touch with the

latest technologies and industry trends.

| am very thankful for that experience, because | could not even imagine that |
am going to learn as much as | did. | really feel that | have improved quite a lot
myself in the field of research, writing and modelling. | am sure that | am going to

use the gained skills in my future career.
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FIGURES

Figure 7.2.1 Structural detail of framing (Customer’s explanatory note), p. 6
Figure 7.2.2 Initial framework for further beam system, p. 11

Figure 7.2.3 Arrangement of vertical side elements of the beam system, p. 11
Figure 7.2.4 Spreading of the vertical elements along the floor, p. 12
Figure 7.2.4 Completed floor's beam system, p. 12

Figure 7.2.5 Fully completed floor, p. 13

Figure 7.2.6 Arrangement of the walls around the perimeter, p. 13
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Figure 7.2.8 Arrangement of studs, p. 14

Figure 7.2.9 Completed arrangement of studs, p. 15

Figure 7.2.10 Arrangement of top plates, p. 15

Figure 7.2.5 Arrangement of window bracing, p. 16

Figure 7.2.6 Detailed view of window bracing, p. 16

Figure 7.2.7 TOOLS 4 BIM Dock, p. 18

Figure 7.2.8 Wood Framing section from TOOLS 4 BIM Dock, p. 18
Figure 7.2.9 T4R: Wood Framing top main tool bar, p. 18

Figure 7.2.10 Wall + tool sub-bar, p. 19

Figure 7.2.11 Link Wall window, p. 19

Figure 7.2.12 Layer menu from Link Wall, p. 20

Figure 7.2.13 Settings in Wall + Framing Parameters, p. 21

Figure 7.2.14 Completed wall framing, p. 22

Figure 7.2.15 ENRWOOD-FRAMING main tool-bar, p. 23
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Figure 7.2.17 Completed Framing, p. 24
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Figure 7.2.21 MWF Pro Wood main tool tab, p. 26
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Figure 7.2.24 Stud’s dimensions, p. 28

Figure 7.2.25 Framing parameters, p. 29

Figure 7.2.26 The result of the first framing try, p. 29

Figure 7.2.27 Framing settings for already existing walls, p. 30
Figure 7.2.28 Settings of horizontal offsets, p. 30

Figure 7.2.29 Completed framing, p. 31
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