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Abstract

This thesis investigates, develops and proposes finite-element modelling strategies
for timber shear walls constructed as timber frame walls and cross-laminated timber
walls. The thesis recommends various techniques to reach reliable results and at
the same time reduce the modelling elants. Studies are made on the eledts of
scaling the structure to multiple floors as well as the influence of the length of
the individual wall elements. Discussions are made on the behaviour of the di [erent
modes of deformation and it is found that there is a significant potential to reduce the
calculated deformation of timber shear walls by taking into account the friction to the
foundation or floor as well as considering the weak axis strength of shear and tension
connectors. Further a discussion is held concerning modelling strategies suitable for
linear dynamic analysis and recommendations are made to take precautions of how
the non-linearities in the model are linearized in the analysis.

Keywords: Timber structure, Shear wall, Finite-element method, Modelling strat-
egy, Sti[ndss assessment.
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1

Introduction

In view of the increasing use of timber in construction and the trend to build taller
buildings with this natural material, the need for reliable and robust 3D numerical
models becomes an unavoidable necessity to the structural engineer. At present,
little guidance is available on the subject and traditional, code-based methods, that
for instance rely upon direct proportionality of the length and sti ness of timber
walls are not suitable for modern high-rise timber construction, in particular for
hybrid timber-concrete structures.

The sti ness of timber walls, whether cross-laminated timber (CLT) or timber frame,
depends signi cantly on its connections to the oors and the linear shear-connection
in-between individual panels. However, a detailed modelling of all the connectors
in a 3D-model (see Figure 1.1) quickly becomes cumbersome and unmanageable in
large scale 3D-models.

Figure 1.1: Example of an intricate modelling technique for a timber frame wall
in a nite-element software.

Therefore, the following thesis proposes a pragmatic approach to modelling timber
shear walls, both for cross-laminated timber as well as timber frame walls, for use

1



1. Introduction

in large scale 3D nite-element models. The modelling approach should thereto
consider all aspects to allow for e cient post-processing. For example, how to
isolate the elements at shear joints to easily read out the shear ow directly from
the 3D-model.

1.1 Aims

The aim of the thesis is to propose general FE-modelling strategies for timber shear
walls constructed as timber frame and cross-laminated timber walls. The main focus
Is to achieve a correct wall sti ness, along with a scaleability to global models with
systems of shear walls. The proposed strategy should at the same time capture the
behaviour of all the applicable modes of deformation for the type of construction.
A central topic will be to balance the level of model simpli cations in proportion to
the exactness of the results and the post-processing possibilities. Where the global
behaviour of the shear wall and the possibility to view results at wall boundaries,
across surfaces or at certain connection points might be in con ict due to the FE-
modelling strategy.

The aim is also that the provided modelling strategy can be modied for use in
modal analysis of the timber structure. The main issue here being the linearity
of the model since, for example, non-linear springs would get linearized in a linear
dynamic analysis. Which in turn leads to an incorrect sti ness of the structure.
Essentially the modelling strategy could have two alterations for a non-linear and a
linear model with a clear conversion procedure.

1.2 Limitations

The focus of the thesis is to provide a pragmatic general FE-modelling strategy for
timber frame shear walls and cross laminated timber shear walls such as applicable
for use in high rise timber construction. The subject of tall timber buildings and
its applicable FE-modelling techniques is however far broader with in uences from
several building parts and their behaviour under di erent loading. Limitations are
therefore adapted on both structural and material level.

The sti ness de nitions of layered and orthotropic materials will be investigated
and various reduction factors discussed. Di erent cross-section build-ups of cross-
laminated timber will also be brie y mentioned but the sti ness assessment methods
will be concentrated to symmetric build-ups with 90 alternating board layers. Like-
wise, the in uence of the shear wall length will be discussed but the studied test
structures will have a xed wall height.

Although the scaleability of shear walls are studied the investigation is limited to
stacked walls and walls in series in 2D and 3D. The rigidity of oor/roof systems
and their in uence on the force distribution on the shear walls are not included in
the report. The studied structures presented in section 1.3.1 are chosen to cover

2



1. Introduction

the general behaviour of timber shear walls as stand alone walls, walls in series and
stacked walls. Walls with openings such as windows and doors will not be investi-
gated. This is partly to concentrate the scope but also due to the common method
to consider that wall partitions with openings does not contribute to the sti ness of
the structure. There are also several di erent types of shear wall connection systems
on the market and within the report only a selection of connectors commonly used
in modern practice are discussed.

1.3 Method

As a rst step in the work ow a literature study will be conducted with three main
topics to be investigated.

- The construction principles and types of connections used for shear walls con-
structed both as timber frame and cross-laminated timber walls.

- The sti ness de nition of cross-laminated timber in a nite-element software.

- Finite-element modelling approaches for shear walls in general and for timber shear
walls and their connections in particular.

Along with the literature study of the state-of-the-art a software study will also be
performed on the methods currently used by di erent commercially available nite-
element softwares. With the knowledge base from the literature and software study
optimized modelling strategies will then be developed. The proposed strategies will
be evaluated for criteria concerning the included modes of deformation, the level of
pre-processing needed, the scaleability to global building models, the post-processing
possibilities and if they are general enough to not rely on the performance of spe-
ci ¢ FE-softwares. As a guidance in the evaluation the following three questions are
established to ensure that the produced models actually provides the results needed.

- Which results are needed from the model?

- To calculate and present these results which demands are set on the FE-model
regarding geometry, element types, sti ness, meshing and boundary conditions?

- How are these modelling demands met in an arbitrary FE-environment?

Within the thesis all proposed modelling strategies will be developed decoupled
from a speci ¢ FE-environment. The strategies should be such that independently
of which FE-software that is used the strategy is feasible and produces equal results.
Within the investigative work however the FE-softwares SOFiSTIK, with Rhinoceros
and Grasshopper as pre-processor, and Dlubal RFEM with the RF-LAMINATE add-
on is used to test and evaluate methods, So stik (2020), Dlubal Software GmbH
(2016). It is kept in mind that possible limitations of the software might have an

e ect on the direction of work. If situations like this occur, considerations will be
made on using additional testing and proo ng software.



1. Introduction

1.3.1 Reference structure

The reference structure is a 3-storey residential timber building. The construction
is in cross-laminated timber with oors spanning the width of each apartment unit.
The oors attach rigidly to the walls and acts as a diaphragm transferring the loads
from wind or seismic events to the shear walls and ultimately the ground. The
shear walls provide the primary lateral bracing system for the building. The ver-
tical load transfer occurs through the cross-laminated timber walls and perimeter
glue-laminated beams. While the load path through the inner walls is direct, the
staggered arrangement of the walls on the perimeter gives rise to cantilever con-
structions. Stability of these cantilevers is achieved through the story high cross-
laminated timber walls that are supported o -center but connected rigidly to the
oor slabs above and below. They are stabilized by a horizontal force pair in the
oor slabs which act like horizontal beams tied back to the inner shear walls. The
foundation of the building is concieved as a shallow foundation in conventional man-
ner.

Figure 1.2: Reference structure.

The global building model will be analysed in the structural design software Tim-
berTech (2013). A software speci cally developed for analysis of timber structures
in cross-laminated timber and timber frame construction. The calculation method
implemented in the software, developed at the university of Trento, will further be
referred to as method A and is explained in-depth in section 4.1. A selection of
shear walls and their respective loads are then extracted from the global model to
provide a clear basis for comparison between di erent modelling strategies. The
structures has been chosen to highlight the behaviour of di erent modes of deforma-
tion and they will also function as a step wise increase of complexity in the shear wall
model. These test structures are then analysed using 4 di erent sti ness assessment
methods (methods B-D) described in chapter 4.
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Shear wall construction

2.1 Timber frame construction

A standard timber frame shear wall is constructed of a wood frame with studs and
a top and bottom member. The frame is then covered on one or both sides by a
sheating-panel that is nailed or stapled to the wooden frame, see gure 2.1.

Figure 2.1: Typical timber frame shear wall construction.



2. Shear wall construction

2.2 Timber frame modes of deformation

The main modes of deformation of timber frame shear walls that are commonly
considered in today's practice are presented in gure 2.2, Casagrande et al. (2015),
Hummel et al. (2016).

Figure 2.2: Modes of deformation for a timber frame shear wall.



2. Shear wall construction

The rocking deformation of the timber frame wall is in gure 2.2 referenced as rigid-
body rocking. In comparison to the cross-laminated timber wall however a timber
frame wall has much more ductility to account for. This means that the assump-
tion that the timber frame wall will rotate as a rigid-body is further away from
reality than it is for a generally more sti cross-laminated timber wall, Hummel et
al. (2016). Method A and B further explained in sections 4.1 and 4.2 views this in
separate ways where method A assumes a rigid-body rotation in the same way as for
a cross-laminated timber wall and method B calculates the horizontal deformation
as a combination of compression perpendicular to grain in the sill plate caused by
the vertical wall studs and elongation of the tension anchor, see gure 2.3. How this
behaviour is modelled in an FE-software is discussed in chapter 5.

Figure 2.3: Compression perpendicular to grain in contact zone between stud and
sill plate and slip of the tensile anchoring, Hummel et al. (2016).
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