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Abstract: The current paper presents timber framing structures and their design process using CADWORK BIM
3D-CAD/CAM software. The fundamental principles of the timber framing system are briefly described, together
with the main stages involved in modelling a timber structure in CADWORK program. A case study highlights the
practical implementation of the method, emphasizing the main design steps and the generation of technical
documentation. The analysis of the results underlines the advantages of using CADWORK for timber framing
design, particularly in terms of design efficiency and the quality of this constructive solution.
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1. INTRODUCTION

In recent decades, the construction domain has shown
an increasing concern toward efficient and sustainable
structural systems capable of meeting current
requirements related to environmental impact reduction
and resources optimization [1], [2].

In terms of sustainability, timber is the only renewable
construction material, with the lowest carbon footprint,
making timber systems suitable solutions for
environmentally responsible buildings.

Compared to traditional reinforced concrete or steel
structures, light timber frame structures offer significant
structural and economic advantages. Their reduced self-
weight leads to lower demands on the supporting
infrastructure and allows for more efficient foundation
solutions [3].

Within this context, light timber frame structures have
emerged as a sustainable and competitive solution, widely
used in residential buildings and, in certain cases, in low-
rise buildings with various functionalities.

Furthermore, favourable seismic  performance,
resulting from the low mass of the system and the energy
dissipation capacity of mechanical connections, represents
an important advantage in seismic regions such as
Romania.

The system also enables a high degree of
prefabrication, contributing to shorter construction time
and improved quality. In addition, the thermal
performance of light timber frame walls provides a high
level of energy efficiency [2], [4].

The main purpose of the current paper is to analyse the
application of this structural system within CADWORK
BIM 3D-CAD/CAM software, with the focus on structural
modelling and resulting technical documentation [5].

The case-study presented hereinafter is a step-by-step
manual realization of a light timber frame structure,
describing the basis of 3D modelling for beginners.
Nevertheless, CADWORK BIM 3D-CAD/CAM contains
an Element Module option, which allows an automated
modelling of structures. Users create building elements
such as walls, floors, and roof structures based on
predefined construction details stored in a customizable
library. It simplifies the 3D modelling process by

automatically assembling structural components that can
include several layers and different materials.

The contribution of the paper consists of presenting a
case study that highlights the advantages of using
CADWORK in the design of light timber frame structures,
emphasizing its positive impact on design efficiency and
on the overall building quality.

2. GENERAL ASPECTS ON LIGHT TIMBER
FRAME STRUCTURES

2.1. Structural concept and main components of light
timber frame systems

Timber framing structures represent a well-established
construction technique widely used in modern building
practice due to their structural efficiency, reduced
structural weight, and favourable environmental
characteristics. These systems are based on the use of
relatively small cross-section timber members arranged in
repetitive structural configurations and connected through
mechanical fasteners to form load-bearing assemblies
such as walls, floors, and roof structures [6].

Light timber frame (LTF) systems consist primarily of
vertical studs, horizontal top and bottom plates,
intermediate blocking elements, and structural sheathing
panels, typically made of Oriented Strand Board (OSB) or
plywood. The vertical studs are usually spaced at distances
between 400 mm and 600 mm and are responsible for
transferring vertical loads from floors and roofs to the
foundation. The structural sheathing panels attached to the
timber framing provide in-plane stiffness and allow the
wall to function as a shear wall capable of resisting
horizontal loads generated by wind or seismic actions [7].

The structural performance of these systems is
strongly influenced by the interaction between the timber
framing and the sheathing panels. Mechanical fasteners
such as nails, screws, and metal connectors ensure the
transfer of forces between structural components and
contribute to the overall stability of the system. According
to the design principles presented in Eurocode 5, the
resistance and stiffness of timber structures depend
significantly on the mechanical behaviour of the
connections, which are responsible for transmitting forces
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between elements and providing ductility to the structural
system [8].

Timber used in structural applications presents a
favourable strength-to-weight ratio and good mechanical
performance when properly processed and protected. The
physical and mechanical properties of timber depend on
factors such as species, moisture content, and
manufacturing processes. Modern wood processing
technologies allow the production of structural elements
with  improved mechanical characteristics and
dimensional stability, making timber a reliable material
for load-bearing structures [9].

In addition to the primary structural elements, light
timber frame walls include several functional layers that
contribute to the performance of the building envelope.
Timber members are commonly treated with fire-retardant
and antiseptic solutions in order to increase their
resistance to biological degradation and fire exposure. The
cavities between studs are typically filled with thermal
insulation materials such as mineral wool, basalt wool,
cellulose fibre, or polyurethane foam, which significantly
improve the thermal performance of the building.

A typical wall assembly in light timber frame
construction includes exterior cladding, a ventilated air
cavity, a weather-resistant membrane, the structural
sheathing panel, the timber stud frame filled with
insulation, a vapour control layer, and an interior finishing
layer such as gypsum plasterboard. These layers
contribute to improved thermal efficiency, acoustic
performance, and moisture protection of the structural
system [6].

2.2. Types of light timber framing systems

Two main structural systems are traditionally
associated with light timber frame construction: balloon
framing and platform framing. These systems originated
in North America during the 19" century and have
subsequently been adopted worldwide due to their
efficiency and adaptability in residential construction.

The balloon framing system is characterized by
continuous vertical studs extending over multiple stories,
from the foundation to the roof level. Floor joists are
supported by ledger boards attached to the studs, while the
wall framing remains uninterrupted over the entire
building height.

Although this system allowed rapid construction using
standardized timber elements, it presented several
disadvantages, including increased fire risk due to
continuous wall cavities and the need for long structural
members.

Due to these limitations, balloon framing has gradually
been replaced by the platform framing system, which is
currently the most widely used construction method for
light timber frame buildings. In platform framing, each
floor level is constructed as an independent platform
consisting of floor joists, decking panels, and load-bearing
walls. Once the floor platform of a level is completed, the
walls of the next story are erected on top of it.

The platform framing system offers several
advantages. Floor platforms act as horizontal diaphragms
that distribute lateral loads to the vertical structural
elements, improving the global stability of the building.

Additionally, the platform system simplifies the
construction process and improves safety during
assembly, as the completed floor platform provides a
working surface for constructing the upper walls.

Another important advantage of platform framing is
the high potential for prefabrication. Structural wall
panels, floor components, and roof elements can be
manufactured in controlled factory environments and
transported to the construction site for rapid assembly.
This approach reduces construction time, improves quality
control, and minimizes construction waste. The structural
and constructive particularities of platform framing
systems have been studied extensively in the literature and
have demonstrated their efficiency for residential
buildings [10].

Recent developments in timber construction have also
introduced the use of engineered wood products such as
GLULAM and cross-laminated timber (CLT). These
products consist of multiple layers of timber boards glued
together, resulting in structural panels with improved
strength, stiffness, and dimensional stability [11].

2.3. Structural behaviour and applications of timber
frame buildings

The structural behaviour of light timber frame
buildings is largely governed by the performance of shear
walls, which represent the main elements resisting lateral
loads. Shear walls consist of timber framing combined
with structural OSB boards that work together to resist in-
plane forces generated by wind or seismic actions.

The lateral load resistance of timber framing shear
walls depends on several parameters, including the
thickness and mechanical properties of the sheathing
boards, the type and spacing of mechanical fasteners, the
geometry of the wall panel, and the anchorage system
connecting the wall to the foundation.

The mechanical connections between the sheathing
panels and the timber framing play a crucial role in
determining the stiffness, strength, and ductility of the
structural system [7].

One of the most important characteristics of timber
framing structures is their favourable behaviour under
dynamic loading conditions. The ductility of nailed or
screwed joints allows the structure to undergo relatively
large deformations while maintaining its load-bearing
capacity. This capacity for energy dissipation improves
the seismic performance of timber framing buildings and
reduces the risk of brittle failure mechanisms [12].

Another important advantage of light timber frame
structures is their relatively low self-weight compared to
masonry or reinforced concrete buildings. Reduced
structural weight leads to smaller seismic forces and
allows the use of lighter and more economical foundation
systems. Furthermore, the high level of prefabrication
associated with timber framing construction enables rapid
assembly and improved construction efficiency.

Light timber frame systems are predominantly used in
residential buildings, including single-family houses,
duplexes, and low-rise multi-story buildings. However,
their application has expanded in recent years to include
educational facilities, office spaces, and small commercial
buildings.

EVOLUME 21 ISSUE | JUNE 2026



Efficient Design of Light Timber Frame Structures using CADWORK Modelling

This trend is largely driven by the growing interest in
sustainable construction solutions, as timber is a
renewable material that stores carbon and requires less
energy for production compared to conventional
construction materials [13].

Advances in design methodologies, building
regulations, and engineered wood products have
significantly contributed to the increasing use of timber-
based structural systems worldwide.

Consequently, light timber frame structures represent
a viable structural solution for contemporary buildings,
combining structural performance, energy efficiency and
environmental sustainability.

3. CASE STUDY: LIGHT TIMBER FRAME
STRUCTURE MODELLING USING CADWORK
BIM 3D-CAD/CAM PROGRAM

The purpose of CADWORK modelling is to create a
complete digital representation of a considered light
timber frame structure, thus enabling efficient planning
and production through technical documentation.

The model captures all main structural elements,
including walls, floors, and roof panels, along with their
components, together with the necessary metal
connectors.

This level of detail allows for automated generation of
2D drawing sheets, production lists, cut lists, optimization,
and CNC files, supporting prefabrication and on-site
assembly, while providing a clear overview of the building
for designers, constructors and beneficiaries.

3.1 General presentation of the structure

The analysed timber framing structure is a single-story
single-family building, with a built-up area of 70 m? and a
non-habitable storage attic.

The building layout includes an entrance hall, a
sanitary unit, a dressing room, one bedroom, and an open-
plan kitchen and living area, as shown in Figure 1.

Figure 1 Ground-floor layout.

3.2 Materials

All structural components of the light timber frame, as
well as the roof framework, are made of C24 timber.

To ensure stiffness and compact behaviour of the wall
panels, OSB 3 boards with various thicknesses (12 mm for
walls and 18 mm for roof) are utilized.

Metal connectors play a crucial role in ensuring the
stability and integrity of light timber frame structures.
According to the American Standard IBC 2024 and IRC
2024, the OSB boards are fixed using screws, nails or
staples, which provide reliable fastening onto timber
elements.

M12 bolt anchors are designed to accommodate
differential movement and thermal expansion, and secure
the wall panels to the concrete floor, usually spaced at no
more than 1.20 m. The bottom plate is anchored to the
foundation with WHT340 hold-down anchors which
resist uplift and overturning forces, particularly under
lateral loads such as wind or seismic action. These
connectors are essential for efficient load transfer and for
maintaining the overall structural performance of the light
timber frame system.

ABR9020 metal brackets from Simpson Strong-Tie
are used to secure the ends of the sill beam to the timber
studs.

Rafter anchors, namely H2.5T: 32x162 mm from
Simpson Strong-Tie, are introduced to ensure proper
connection to the wall panels, Figure 2.

a) b) c) d)

Figure 2 Metallic connectors: a) M12 bolt anchors,
b) WHT340 hold-down anchors, ¢) ABR9020 brackets,
d) Rafter anchors.

3.3 Light timber frame constructive rules

Light timber frame walls are usually built from dried
lumber with lengths up to 6 m. The members are typically
cut from nominal 50x150 mm sections, resulting in the
finished dimensions of 45x145 mm.

Vertical studs are generally spaced between 400-600
mm. Structural external wall panels are sheathed with
OSB boards of 1250 mm width, 2500 mm height (cut to
2416 mm) and of at least 12 mm thickness, installed with
small perimeter reductions and expansion gaps of
minimum 3 mm between adjacent panels to accommodate
moisture-related movement. An important rule is that the
boards edges must be positioned over the vertical studs
and horizontal plates, to allow proper fastening.

Structural wall frames include double end studs, a
bottom plate, a top plate that also acts as a tie beam, and
intermediate  blockings. Structural walls are first
positioned at the building corners, and the distance from a
corner to the next structural wall is typically limited to
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about 3 m, while the spacing between two structural walls
should not exceed 6 m.

Internal wall panels are non-structural and self-
supporting, sheathed with gypsum boards 12.5 mm thick,
1200 mm wide and 2555 mm long, installed without
spacing between panels.

3.4 Structural modelling using CADWORK 3D

The initial stage in CADWORK 3D involves
establishing the building levels: foundation, ground floor
and roof.

Then, the floor is traced and the external and internal
wall panels are built, by adding 3D elements, as presented
in Subchapter 3.3.

Each element is created, positioned, and assigned a
name within Groups and Subgroups, allowing the panels
to be manufactured and delivered on-site as complete
units.

An example of an external wall panel at ground-floor
level, PE-07, showing all its components, is presented in
Figure 3.

OSB board.
top plate

] | i . s S - i v,

bracket
'\ bolt a;

old-down anchor
bottom plate

Figure 3 Light timber frame external wall.

Tie plates of 45x145 mm cross-sections are placed
above the wall panels, considering that their joints must be
offset from the splice of the top plates by a minimum
distance of 1200 mm.

The roof structure is then modelled, starting with the
gable end walls. The end walls include a bottom plate,
vertical studs, top plate and 12 mm thick OSB 3 boards,
together with blocking elements for the longitudinal
bracing system. The lateral braces are placed at 2.5 m
intervals and have a cross-section of 28x120 mm.

The construction of the roof continues with the

modelling the end rafters, followed by the non-structural
ridge beam at the top of the structure. The remaining
rafters are then copied and positioned along the roof span,
with each rafter trimmed to align with the ridge.
Rafter ties are installed at the bottom to resist lateral
forces, while blocking elements are placed between the
rafters to ensure their stability. In addition, horizontal
collar ties are placed on rafters at the upper third of the
roof height, Figure 4.

The structural sheathing, consisting of 18 mm thick
OSB 3 boards, is then installed, followed by counter-

battens and battens to support the metal roofing, thus
completing the roof construction.

Figure 4 Roof structure.

The final CADWORK 3D model is depicted in Figure
5.

Figure 5 Final 3D model of the building.

3.4 Automatic documentation and model outputs

The 3D model developed in CADWORK BIM 3D is
not only a visual representation of the building, it also
provides checking the structure, extract quantities,
generate documentation and share information with
collaborators. What makes the process very efficient is the
fact that all outputs are generated directly from the same
digital model.

The first step, before any export should be done, is the
model verification. In timber structures, where there is a
large number of repetitive elements, small modelling
errors can easily appear. The “Check for element
duplicates” function helps identify overlapping or
accidentally copied components. This is important not
only for model clarity, but also for keeping material
quantities correct.

The “Collision check” function is equally important. It
detects geometric interferences between structural
elements or between structure and other components. In a
prefabricated light timber frame system, where accuracy
is critical, eliminating clashes at the modelling stage
prevents problems later in production or on site.

Once the structure is validated, we can generate
material lists directly from the model. CADWORK allows
the export of detailed bills of materials that include timber
members, panel layers, and other defined components.
Quantities such as dimensions, sections, volumes, and

EVOLUME 21] ISSUE | JUNE 2026



Efficient Design of Light Timber Frame Structures using CADWORK Modelling

surfaces are calculated automatically based on the
geometry, as shown in Figure 6.

CADWORK ROMANIA PRODUCTION LIST 11-03-2026
Project name: Wooden House = mrk"
Customer:  Faculy of Civil Engineering and @@ )
- Buiding Services from Iasi
Designer: Senior Lecturer Oana NECULAI
No. X-section Les Volume Real
Production|V2Me Quantity |\ ) Real n':f (Tot.)
[mm] [m2]
Group:Parter
Sub group:PE-01
1 Top plate 1 45x145 3916 0,026
3 Stud 9 45x145 2375 0,139
4 Stud 1 45x145 2375 0,015
5 Stud 1 45x145 2375 0,015
6 Stud 4 45x145 1985 0,052
7 Headers 3 45x145 1299 0,025
8 Window sil 1 45x145 1209 0,008
9 Headers 3 45x145 965 0,019
10 Stud 1 45x145 740 0,005
11 Bottom plate 1 45x145 3916 0,026
12 Blocking 1 45x145 466 0,003
13 Blocking 1 45x145 354 0,002
14 Stud 2 45x145 245 0,003
15 Blocking 1 45x145 201 0,001
16 Blocking 1 45x145 94 0,001
17 Blocking 1 45%145 88 0,001
32 0,341

Figure 6 Extract from Bill of Quantities.

Because this information comes straight from the 3D
model, it reflects the real structure, not an approximation.
The data can be exported in formats suitable for Excel
processing or integration with production systems. This
creates a direct link between design and execution.

The software also allows export of images from the 3D
model, Figure 7.

cacwork’
Figure 7 Exported image of 3D structural model.

These can be perspective views, structural framing
views, or exploded diagrams that clearly show how the
system is assembled, Figure 8.

Such images are useful for presentations, coordination
meetings, or technical explanations. They help
communicate the structural concept in a clear and
accessible way, even to people who are not familiar with
specialized software.

For sharing the model in an interactive format,
CADWORK offers the possibility to generate a Web
Viewer file in HTML format. This creates a 3D model that
can be opened in a web browser, without requiring a
CADWORK license. The user can navigate the model,
isolate elements, and inspect the structure.

In addition, projects can be uploaded to the cloud
platform BlMteam. Through this environment, the model
can be accessed online and shared with team members. For

teams working in different locations, this simplifies
coordination and keeps everyone aligned with the latest
model status.

Figure 8 Exploded 3D structural model.

Finally, based on the same 3D structural model, it is
possible to automatically generate a complete set of 2D
technical documentation required for the design and
fabrication processes.

Group:
Ground floor
Sub group:
PE-01

ERENEREERERAGESNE i

Figure 9 Exported 2D plane of an external wall panel.

This documentation typically includes architectural
and structural plans, elevations, cross-sections, and
detailed drawings of individual structural elements. The
use of a unified 3D model ensures consistency between all
generated drawings and reduces the likelihood of
discrepancies between different views of the structure.
Moreover, the model allows precise extraction of
dimensions,  connection  details, and  material
specifications, which are essential for manufacturing and
assembly. An example of such a 2D technical drawing is
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presented in Figure 9, illustrating the detailed
representation of external wall panel No. 01.

These drawings are directly linked to the model, so
when the geometry changes, the documentation can be
updated accordingly. The exports can be delivered in PDF,
DWG or another formats, depending on the project
requirements. This ensures consistency between the
digital model and the construction documents.

4. CONCLUSIONS

The presented case study demonstrates that even for a
small-scale building, the use of a detailed 3D model
significantly improves clarity and control over the
structural system.

Each wall panel, structural element and connector can
be defined, verified, and documented within the same
project. This approach simplifies coordination and ensures
that the technical documentation accurately reflects the
real structural configuration.

At the same time, the possibility to automatically
generate bills of quantities, 2D drawings and visual
outputs directly from the model supports prefabrication
and shortens the transition from design to execution.

The presented case-study confirms that digital
modelling in CADWORK is not only a visualization tool,
but a practical working method that increases efficiency
and reliability in the design of light timber frame
structures.

In conclusion, working with CADWORK BIM 3D-
CAD/CAM for creating timber framing projects means
that design, verification, quantity extraction, visualization,
sharing and documentation rely on the same structured
dataset. This reduces manual work, limits errors, and
creates a clear connection between design decisions and
the information used in production and execution.
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