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Abstract 

This paper investigates the linear elastic behavior of timber shear walls 

under monotonic prescribed displacement. ABAQUS© 16.4-5, is a 

numerical finite element software used as the primary analysis methodology.  

Parameterized models are created for two shear wall specimens of different 

geometry concerning door and window configurations. The shear walls are 

simulated as solid timber framing which is mechanically connected to 

gypsum sheathing board through fasteners. The primary findings are the 

linear elastic shear force distribution of the mechanical joints. Additionally, 

deformations and reaction forces of the shear walls are determined. The 

overall horizontal shear wall behavior of each specific wall was also studied 

in the presence of door and window openings. The simulations indicate there 

is a clear deformation difference in the behaviors of the two shear walls. 

Furthermore, the highest shear force values of the fasteners are located 

around the corners of the openings. The findings are supported by other 

researcher’s experiments and analytical tests, timber shear wall theory and 

Eurocode design requirements.  

Keywords:  Timber structures, shear walls, ABAQUS, FE-analysis, 

parameterized modeling 
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1. Introduction 

Timber engineering-based construction projects are becoming increasingly 

more popular in many parts of the world. In most cases, this pattern is being 

developed in countries with accessibility to timber as a natural resource. For 

example, Swedish woodland is one of the nation's most critical crude 

material assets, since it is classed as one of the key factors for profitable 

business. Sweden has around 8,000 organizations in the division of wood-

based materials, with roughly 44,000 employees and turnover of around 98 

billion SEK [1]. 

The consciousness of the long term natural effect of manufacturing non-

sustainable man-made products has made us more cognizant of the 

ecological advantages of working with renewable materials such as wood 

products. Wooden products can be effective competitors compared to 

synthetic products widespread in the construction market such as steel and 

concrete. It has the potential to provide the industry and customers with 

technical performance and quality products. Some typical examples of 

wood-based timber engineering products on the market include glulam 

laminated timber (Glulam), cross laminated timber (CLT), oriented strand 

board (OSB) and plywood. Architecturally, wood is typically sought after 

for its aesthetically pleasing appearance and has been said to promote well-

being for its occupants [2]. 

The worldwide urbanization drift everywhere throughout the world, and 

especially in Sweden, is requiring expanded densification of urban areas as 

far as more multi-story structures. In the past, strict building regulations 

have limited the timber construction to low rise structures only such as 

family houses and buildings up to maximum of two floors [3]. However, 

with more flexible building regulations and the shortage of housing, 

structural engineers and researchers need to study and develop structural 

design procedures.  

One initiative currently under manufacturing and additional development is 

the construction of prefabricated volume modules to be used for multi-story 

buildings [4]. The assembly of volume modules by the manufacture and the 

on-site construction of the units can be seen in Figure 1. Volume modules, 

constructed typically of solid timber framing and bounded by plasterboards, 

are commonly used for small one or two-story family houses. The units can 

Figure 1: Volume Module Units in controlled assembly environment (left) and during building 

construction (right) [22]. 
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be produced offsite quickly and in optimal indoor conditions, then shipped 

off to be assembled onsite in matter of days. Timber has a high strength to 

total weight ratio due to its density which makes it easy to control during 

prefabrication and installation. Additional benefits include that connections 

between the structural components can be simply done by using nails, bolts, 

and screws [3]. A key component of the volume module structure are the 

shear walls, which provide essential stiffness and lateral load bearing 

capacity to the unit.   

1.1 Problem and Background 

One of the key issues for timber construction is the global horizontal 

stability of the structure. Structural stability becomes more of a concern 

when considering multi-story buildings. Wind and earthquake loads are the 

main cause of structural deformation and can be dangerous for inhabitants. 

To achieve the global behavior, timber construction depends on of the load 

bearing walls behavior within the structural system. These walls provide 

shear and horizontal resistance to the building. Due to the presence of 

possible door and window openings, care needs to be considered during the 

design stage. This is to ensure all the complements and mainly the 

connections are designed accurately so that the applied load can be 

transmitted and taken care by the stiffness of the structure. There is a need to 

construct a system that can offer a large flexibility for building engineers. 

One of the most effective stabilizing systems is the use of shear walls.  

A shear wall is usually built from a timber frame consisting of studs and 

rails with sheathing material connected to one or both sides of the frame. A 

well-structured shear wall carries the lateral forces such as earthquake and 

wind load and transfers them directly to the rigid foundation. Therefore, 

study of shear wall design as a structural load bearing component and the 

connections to the remaining building elements are crucial for building 

safety. Wood is a light weight material, well-known of its sensitivity to 

vibration due to dynamic and static loads, therefore is prone to structural 

instability. For example, five floor buildings are exposed to larger horizontal 

loads than one or two-story houses [3]. Previous feasible studies of 

structural systems have been conducted to analyze the effect of the lateral 

forces [3, 4, 5, 6]. 

A single timber volume module element was analyzed in a pilot project 

financed by Smart Housing Småland and OBOS Sverige AB. A finite 

element model was produced, and results were promising [4]. Consequently, 

the industry continues to develop numerical models that provide a 

comprehensive understanding on the way multi-story buildings behave 

under applied loads. Two limited areas of the model are the integration of 

doors and windows in the shear wall design, and the detailed interactions of 

fasteners connecting the timber framing to the sheathing material. Currently 

there are projects within the industry undertaking this challenge for a limited 

number of floors. However, it would be ideal to predict this behavior for any 
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number of stories. Even in low-rise buildings this increases the difficulty in 

stabilizing and hand calculations may not be easy. 

1.2 Aim and Purpose 

The aim of this study is to create a computer-based model which ultimately 

can be implemented to analyze structural behavior of volume modules 

constructed in multi-story environments as seen in Figure 1. This thesis 

work will contribute the overall objective by developing parametrized Finite 

Element models for single shear wall elements of a volume module. The 

parametrized capabilities should include simplified customization of shear 

wall parameters such as dimensions, center to center spacing, material 

properties, geometry with openings and boundary conditions. The second 

objection is to study the linear elastic shear forces distribution of all the 

shear bearing fasteners between the timber frame and the plaster boards used 

to stabilize the shear wall element. Lastly, a side-by-side comparison of two 

walls with different geometries and façade openings should be analyzed to 

study the impacts of windows and doors in relation to shear bearing 

capacity. 

The purpose of the study is to improve and utilize the capabilities of 

computer modeling for understanding the local and global behaviors of 

timber shear walls. It is desirable to know the influences of design 

parameters of the shear wall and the corresponding behavioral outcomes 

such as force distributions, displacements and overall stability. For future 

studies, this is particularly important towards understanding the interactions 

between neighboring elements of the shear walls. In addition, with an 

accurate model the shear walls and volume modules could ultimately be 

optimized to reduce construction resources and increase load bearing 

capacity.  

1.3 Hypothesis and Limitations 

The first assumption of the shear wall design is that the introduction of 

windows and doors will reduce the overall stiffness and shear bearing 

capacities. Creating openings reduces the number of connections and 

material available to carry the external load. Secondly, the use of computer 

modeling can be used to locate and define critical connections in the 

structure. Regarding the linear shear force analysis of the fasteners, the 

highest forces as presumed to be located around the openings.  

The larger scope of the project is to develop a parameterized model which 

can simulate multiple volume modules assembled in multi-story conditions.  

However, this is an enormous task and not enough time can be allotted for 

this thesis work. Instead, the thesis work will limit its scope to the 

parameterized modeling of shear wall elements which then can be 

implemented in further development of the long-term goals. This includes 
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limiting analysis of critical connections to other elements as simple 

connections. Lastly, the shear wall elements are prefabricated in optimal 

conditions, therefore environmental impacts such as moisture induced 

changes will be neglected. 

Another limitation considered is the constraint of working closely with 

researchers and industry professionals. On one hand, this can be an 

advantage in many cases. For example, it makes collaboration convenient 

and experience is readily available. On the other hand, specific guidelines 

should be maintained and followed. For instance, design plans were 

provided detailing geometry and used as templates for modeling.  

Furthermore, the modeling was restricted to use the finite element software 

ABAQUS© 16.4-5. The size of these data files, consisting of many elements 

and parameters, can be computationally intensive. Executing the files can 

take several minutes at a time. For increased effectiveness, development of 

matrix-based input data should be developed. In addition, a separate 

experimental test will not be performed due to time restraints, limited 

resources and high costs. 

1.4 Reliability, Validity and Objectivity 

ABAQUS is a commercial finite element modeling software which is 

commonly used by structural engineers and researchers. A detailed script of 

the code used to generate the model input file will be maintained (see 

appendix for sample). The inputs and parameters are closely monitored by 

researches and the industry professionals. The design drawings provided by 

the industry are followed and interpolated in as much detail as possible. 

Although ABAQUS is an acknowledged tool it cannot guarantee exact 

behaviors of projects implemented in practice. Therefore, multiple iterations 

of the model are executed and compared with reasonable and accurate 

results. Any inconsistences or invalid data are outlined further in the report. 

Knowledge of previous studies of shear walls, experimental tests and 

analytical calculations help with the validation of the results from the 

modeling. In addition, the analysis is used in conjunction with European 

design code standards. 
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2. Literature Review 

Research studies to dealing with specific prefabricated timber volume 

modules similar to the ones used in this thesis work are limited. However, 

many studies are available which analyze single timber shear walls elements 

with either modeling, analytical or experimental research. Some references 

go as far back as 1927, where research on timber diaphragms is believed to 

of first started [7]. Many of the available research studies use European code 

standards [8, 9, 10, 11] or other similar design codes [6] to check results and 

to formulate equations. In addition, there are sources in the research of 

multi-storey timber buildings, although additional investigation is still 

necessary [3]. Areas of research used for this thesis include general behavior 

of shear wall elements, analysis of mechanical sheathing to timber framing 

connections and analysis of shear walls with window and door openings. 

2.1 General Behavior of Shear Wall Elements 

One example of a simpler approach to a stiffness analysis and displacement 

calculation of a shear wall is the assumption of a braced frame by 

introducing a fictive diagonal element.  Based on a previous braced frame 

study [12], an analysis was derived which can model 3D structures quickly 

in comparison to the Finite Element method. The author suggests that the 

following can be considered in the presented study [5]: 

 

1) the influence of the stiffness of the sheathing material 

2) connections between the sheathing material and the timber framing 

3) compressive and tensile forces at the supports and anchors 

4) variations in geometry (i.e. windows and doors) 

The study uses its own generated numerical data and experimental data from 

a separate study which uses of the same shear wall element parameters and 

properties [5, 13]. The horizontal displacement resulted in 29.7 mm from a 

10kN horizontal force with a strong correlation between the experimental 

and finite element analysis results. The finite element models could provide 

accurate results, but in some cases become too time intensive for the 

analysis of entire buildings [5]. Therefore, the need for a simpler spatial 

model is desirable for concise, accurate and quick results. On one hand, this 

could be an advantage for situations where immediate analysis is needed, or 

simple programs are sufficient. On the other hand, this type of modeling not 

only simulates displacements induced from openings and cracks in the 

sheathing material but also from tensile and compression support 

reactions [3, 5]. 
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2.2 Analysis of Shear Walls with Gaps and Openings 

Another paper [14] investigates and outlines the effect of door and window 

openings in timber framed shear walls. Many wall samples consisting of 

timber frame and OSB panel of different layouts with and without openings, 

were tested using specially designed laboratory methods that comply with 

wooden buildings regulation. The test specimens are represented in 

Figure 2.  

Figure 2: Test schedule of seven different shear wall designs [14] used in experimental and FE 

analysis. 

The walls were put under constant vertical force of magnitude (2.08kN/m) 

as a reasonable approximation, to represent self-weight of the wall and roof 

Test # Diagram Parameter description 

1 

 

Timber framing without additional 

anchoring. 5kN horizontal force. 

2 

 

2 OSB-panels and framing without 

additional anchoring. 10kN 

horizontal force. 

3 

 

Same as specimen (2) with door 

opening.  5kN horizontal force 

4 

 

Same as specimen (3) with 

additional anchoring inside bottom 

corners and door frame.  5kN 

horizontal force. 

5 

 

Same as specimen (2) with window 

opening.  5kN horizontal force 

6 

 

Same as specimen (5) with 

anchoring inside bottom corners.  

5kN horizontal force. 

7 

 

Same as specimen (5) with 

anchoring outside bottom corner on 

the same side as the applied 

horizontal force.  5kN horizontal 

force. 
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loads which kept constant throughout the test. The walls are then side 

pushed by concentrated loads to represent horizontal loads such as wind and 

seismic loads. The shear walls of dimensions of 2.4m length by 2.4m height, 

were anchored to concrete ground using steel anchor bolts to restrain the 

walls against lateral out-of-plane buckling. Yet, the walls could deform and 

buckle locally. Deformation of the shear walls under applied loads was 

measured using linear variable displacement transformers (LVDT). 

To benchmark the results obtained by the laboratory tests, finite element 

models were also created. Several models were analyzed to produce accurate 

and detailed structural components of the walls tested. To maximize the 

accuracy of the prediction, the models were mapped with exact mechanical 

properties as the actual wall components. 

The key objectives of the shear wall tests:  

 

1) Approximately measure the resistance of the individual wall 

components under applied loads  

2) Implement new approach to use alternative and simpler design 

solutions 

The results attained from the laboratory tests for the shear walls concur with 

the finite element method analysis under the same conditions. Lateral 

displacement occurred due to the variation of horizontal loads which 

eventually were the main cause of failure. An illustrative comparison of the 

two sets of results is shown in Figure 3.   

 
Figure 3: Results of experimental vs FE tests of the seven different shear wall designs [14].  Wall 2 

and 7 had the highest shear wall capacity. 

The results demonstrate that doors and window openings can reduce the 

strength and stiffness of the shear walls that show a non-linear deformation 

behavior. The weakest sample was that composed on only timber framing 

and no sheathing. Furthermore, additional anchoring between the ground 
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and base of the shear walls would hardly increase the strength and capacity 

of the walls. This confirms the assumptions made by previous studies [6, 

15], with rules of structural design codes by previous researchers on the 

failure mechanism of structural components for different configurations. 

2.3 Sheathing-to-Frame Connections of Timber Shear Walls 

The lateral shear bearing capacity of light timber framed walls connected to 

a sheathing material is significantly influenced by the interaction at the 

fasteners [16]. The author of this study found limited resources for full scale 

experimental tests on residential style buildings. For this reason, the 

development of numerical modeling was conceived. Among other works, 

non-linear springs were used as the mechanical connectors for the framing to 

sheathing material. A result of the two elements (i.e. framing and sheathing 

material) having linear elastic behavior, loading direction for each 

connection is different. However, it was found to contain limitations and not 

always reliable results [17]. Therefore, the author adapted a new approach to 

account for the different loading conditions by introducing non-linear 

perpendicular beam elements as fasteners in the model [16].  

The aim of the study was to use experimental and numerical modeling for 

five test specimens and conclude the stress distribution among the fasteners.  

The test samples were timber framed shear walls sheathed with a particle 

board and fastened by nails. In addition, the author was also introduced hold 

down brackets on the base of the shear walls which would ultimately 

influence the behavior of the stress distribution. The results between 

numerical modeling and experimental data produced similar conclusions. In 

respect to loading direction, fasteners located along the vertical framing 

components exhibited vertical loading paths. The fasteners located in the 

horizontal top and bottom elements exhibited horizontal loading patterns. In 

addition, both the vertical and horizontal loading paths were in opposite 

directions when examining the left and right side, or top and bottom side of 

the shear wall. Initial nail failure occurred at ends of the external studs from 

in monotonic lateral loading was applied. 
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3. Theory 

In construction business, two major factors are taken into consideration 

when designing a structure are safety and economy. Building structures are 

often exposed to several load combinations, thus it’s crucial to understand 

which and how loads are applied. The applied loads are classified and 

divided into lateral loads which act horizontally and gravity loads acting 

vertically. Since all buildings are subjected to gravitational acceleration that 

possess dead load, live or/and snow loads, results in vertical loading 

directing downwards. In addition to gravity forces, buildings are also 

subjected to acceleration due to wind and earthquake forces causing 

horizontal displacement. The magnitude and intensity of these loads have a 

linear relationship with the height of the building [18]. 

3.1 Horizontal Loading 

Wind loads are of a great significance in structural design due to their 

behavior complexity and effect on building systems. A structure that is 

affected by wind pressure is subjected to deformation. One example of 

deformation can be seen in Figure 4, where a system of internal equilibrium 

forces and reactions occur in the structure to counter wind loading. 

Horizontal loading creates out-of-plane bending of the lateral walls, in-plan 

bending of the diaphragm, and shear action on the top and bottom rails of 

the shear walls. Building systems should be designed to withstand the 

maximum specified wind loads. 

 
Figure 4: Response of timber structural components to wind loads [3] 

However, wind loads are not critical in low rise buildings since the moment 

resistance generated by the connection between floor and wall systems are 

sufficient to accommodate the impact of these forces [3]. Wind load is not 

static but varies over time, therefore considered as dynamic load. The 

variation corresponds and depends on different frequency values of the 

pressure coefficient used. The way that the structure deforms, is based on its 
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mass and stiffness which results in having a certain natural frequency 

value [3]. If the wind hits the structure at the same frequency as its natural 

frequency, large deformation will occur leading to possible failure [1]. 

Another aspect of horizontal loading is seismic forces because of plate 

movement of the earth’s crust causing horizontal displacement in the form 

of earthquakes [3]. The vibration caused by the seismic forces acting on the 

building is split into compression and shear waves. Ground movement in the 

horizontal direction can occur since these waves shake along different axes. 

The movement of the structure occurs at the base where it develops lateral 

loads in the form of shear. This will trigger the counteract inertia forces to 

prevent the building movement when hit by seismic forces [1]. Earthquakes 

are rare in Sweden and this part of the theory will not be directly related to 

this thesis work.   

The main function of structural components is to transfer the loads applied 

on the building directly to the ground regardless of the load direction. 

Accomplishing adequate stabilization in building construction is a crucial 

task.  In Figure 5(a) the structure is said to be stable if it withstands all the 

load combinations. This can be achieved by analyzing and restraining the 

rotational and transitional movements in all directions. By studying the 

building structure as a complete system from top to bottom, it turns out that 

different stability failure scenarios might occur within the structural 

elements depending on the selected design measures. As shown in 

Figure 5(d) and (e), this could be sliding because of the insufficient shear 

resistance between the bearing walls. Another failure combination seen from 

the subfigure (b) and (c) can be caused by the inability to resist bending 

forces which is known as uplifting [18]. 

Figure 5: Prediction of failure modes as a result of wind loads [3], sum of horizontal force accounted 

from increasing floors (a), slippage (d) and (e) or uplifting (b) and (c) between levels [3] 
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3.2 Shear Wall  

To achieve structural stability, a handful of stabilization systems are 

available for designers to take into consideration depending on the building 

design coding requirements. These systems are split into different sub-

systems varying from frames to diagonal bracing and shear walls. In this 

work however, a lateral load resisting system is the focus of the study and 

analysis. An introduction of shear walls is a head start to further understand 

the mechanism of lateral resisting systems. The components of a common 

shear wall design can be seen in Figure 6. 

 
Figure 6: A typical shear wall [19].  Includes the light timber framing, sheathing board and 

mechanical connections (i.e. nails or screws).   

A common light timber shear wall is composed of framing made of solid 

wood, sheathing board made of OSB, plasterboard or Gypsum board, and 

connections of nails, screws or staples. Shear walls are vertical component 

systems that can resist and transfer the horizontal forces acting on a building 

straight to the foundation [18]. In building design, horizontal diaphragms 

such as floor systems, work in conjunction with vertical shear walls to 

support gravity loads, resist lateral loads, and provide structural stability. 

The connection between the floor and shear walls systems is critical since it 

allows the applied loads to pass through to the ground and ensure that the 

structural components function as complete system.  

The dynamic of shear walls becomes progressive when they are connected 

in such a way to form an efficient box structure. This can be achieved by 

placing them symmetrically on all building’s exterior walls. A typical stiff 

and stable assembled structure is presented in Figure 7 consisting of four 

shear walls and horizontal platforms for roof and flooring. 
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On the contrary, if they are not coordinated accordingly the building 

structure will require additional strengthening by combining other 

stabilizing systems. Shear walls are being built as exterior walls and added 

to the building interior as expanded reinforcement. Previous assumptions 

indicate that horizontal forces can be distributed along the wall in proportion 

to their relative stiffness, and particularly to the top part generating uplifting 

forces. These forces generate overturning by tipping the top end over and 

lifting the bottom [3]. In rare cases, the uplift forces can be substantial 

enough to turn the entire wall over. 

Different techniques and standards are used in the present to design and treat 

shear walls systems, one is known by the conventional method. This system 

is based on the ideology of building a shear wall consisting of wooden 

panels screwed or nailed to the frame. The design calculations included to 

analyze the structure’s horizontal bearing capacity, are conservative and 

easier to perform due to the exclusion of sheathing above and below the 

frame openings. An alternative method, is by using solid timber components 

covering the entire or parts of the building. The solid timber method is 

preferable in multi-storey building systems, since the structure is tested 

under ultimate state and serviceability limits. This may result in tenability to 

use larger frame openings and reduce the production cost. Also, solid timber 

elements have a greater stiffness capacity compared to elements used in the 

conventional method, this will allow the structure to cope under critical 

compression forces [3]. 

Structural analysis of shear walls that contain openings are complex and can 

be major concern for engineers since the stress concentration gathers near 

edges. Generally, doors or window openings cause shear walls to be 

vulnerable under dynamic loading conditions. It is well known that the size 

of the openings will contribute to the overall stiffness of the building and has 

a significant consequence of shear response to applied loads [20]. However, 

there is no clear indication on the behavior of the walls when modifying the 

opening location. The possibility to create models with different opening 

geometry and locations using finite element method, will develop a thorough 

understanding of the shear wall system.  

Figure 7: Volume module consists 4 shear walls and horizontal platforms for flooring and roofing 

adding to overall stability and stiffness [22]. 
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3.3 Framing to Sheathing Connections   

Shear walls are commonly made of wooden frame stud walls attached to a 

structural sheathing material such as plywood, Oriented strain boards (OSB), 

and Gypsum. The sheathing material can be attached to either one or both 

sides of the timber framing, increasing the number of connections. These 

options are considered when deciding a desirable stiffness capacity and how 

much material is required. When sheathing is accurately fastened to the stud 

wall framing, the shear wall can provide strength and resistance to forces 

directed along the length of the wall. This connection is commonly regarded 

as a critical design parameter [3].   

There are two typical analysis used for the study of shear wall connections, 

which include elastic and plastic analysis. A commonly seen practice in the 

industry by professionals and engineers is the elastic analysis. A linear 

elastic analysis treats the shear load path individually for each fastener. This 

means that each fastener will have a different magnitude and direction 

according to placement along the shear wall. Plastic analysis is considered 

more elaborate than the elastic analysis. It is reliant on the study of fastener 

ductility [21], although the final results tend to represent more accurate 

behaviors. Eurocode is typically using plastic analysis, however, the 

effective area neglects spacing above and below openings on the face of a 

shear wall [11]. In plastic analysis the load path is distributed evenly among 

all fasteners, and the directions are considered only vertical or horizontal.  A 

demonstration of the two analysis is seen in Figure 8, elastic behavior is on 

the left and plastic on the right.  

 
Figure 8: Load path behavior for elastic analysis (left) vs plastic analysis (right).  The arrows 

indicate shear force direction and magnitude [22].  

In mechanical connections the force displacement behavior can typically be 

modelled with spring elements, either single or paired for non-linear 

behaviors [23]. One example to model this behavior with a single spring 

element is used by pre-defining a force-elongation relation. In 1-dimentional 

analysis, this also means that a zero stiffness exists perpendicular to the 

deformation of the spring. This limits the analysis to only simulate one of 

Force Force 
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two degrees of freedom. An approach to mitigate these limitations is by 

introducing two spring elements with uncoupled non-linear load-

displacement properties [23]. Results may be over conservation in respect to 

strength and stiffness estimates. To account for the conservative estimates, a 

scale factor is created for the spacing between the connections [24].  

Although the drawback here is that the geometry changes can be time 

consuming [25]. Another approach regarding the displacement limitation 

suggests that experimental results from a load-displacement analysis of a 

shear wall unit can provide a relation with modeling of individual modified 

connection properties [24]. However, this can also be misleading since the 

modified connections have not been experimentally verified. 

Two definitions and key assumptions used for modeling of connections are 

uncoupled and coupled. The relationship between the two definitions is 

derived from the relation of forces and displacements. For a spring pair 

element representing the joints between the sheathing and framing, two 

perpendicular displacements exist [23]. For this example, the displacements 

and respective forces will be referred to as vertical and horizontal. In 

Figure 9 the differential relation is demonstrated. 

 
Figure 9: Differential relationship of coupled (right side) and uncoupled (left side) systems.  The 

difference accounts from different contributions of horizontal and vertical forces [23]. 

As seen in the figure above the difference between the coupled and 

uncoupled systems is the influence of forces. In the coupled systems, both 

the vertical and horizontal forces are considered to influence both the 

horizontal displacement as well as the vertical displacement. In contrary, the 

displacements in the uncoupled systems are only influenced by the 

corresponding force in the same coordinate direction. The difference in the 

two systems results in different stiffness matrixes. Selecting the appropriate 

system when modeling joints is a significant step since this will determine 

the load versus displacement relation. The uncoupled approach will be 

assumed for this thesis work. 
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3.4 Shear Capacity of the Connections   

Wood is an orthotropic material, which means its strength, stiffness and 

ductility is dependent on the direction of the applied stress. Normally, the 

stresses due to the tension or shear perpendicular to the grain result in a 

brittle failure. However, if the mechanical connections are designed 

accurately, the failure is more likely to be a ductile compression failure [26]. 

To expand on the ductility of the connection in wooden structures, an 

introduction of the mechanical joints to act as plastic hinges within the 

system can be an effective solution to eliminate the brittle failure. 

Mechanical joints are divided into two main groups based on the way they 

link and transfer the forces between the members. 

 

• Connections with dowel-type fasteners e.g. nails, bolts, and dowels. 

• Connections with metal plates e.g. shear plates, split ring connectors 

Nails are the most common fasteners in the timber building construction. 

This is because their dimensions variety and can be easily treated against 

corrosion [10].  

The European design code for wooden structures (Eurocode5), determines 

the lateral strength of the connection by using simplified formulas extracted 

from the Johansen theory of failure modes, also well as known as European 

Yield Models (EYM) [8]. The assumption of the EYM theory is based on 

the dependency of the failure modes, the embedding strength, the 

dimensions of the connection members, and the yield strength of the 

fasteners on the load-carrying capacity of the joints. The EYM theory is 

reliable to predict the load bearing capacity for a single fastener joint. 

Nevertheless, in most structures the connection consists of multiple 

fasteners. Thus, the strength reduction factor and minimum spacing 

requirements are taken into consideration during the structural design due to 

the presence of fasteners in series and splitting tendency [26]. 

The possible failure modes in the joints are governed by strength of the 

dowel-type connection. For instance, in a single shear timber to timber joint 

using nails fasteners can have six possible failure modes depending on the 

embedment strength of the material, and the ratio between thicknesses of the 

wooden member to the diameter of the fastener used [26]. Whatever the 

case, adequate design measures should be in place. 

In Eurocode 5, the design capacity of wooden connection can be calculated 

as: 

F𝑅,𝑑 = k𝑚𝑜𝑑
𝐹𝑅,𝑘

𝛾𝑚
     (1) 
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where, 

FR,d Design load-carrying capacity of connection 

FR,k Characteristic load-carrying capacity of connection 

γm Partial coefficient for materials 

kmod Modification factor 

The characteristic yield moment of nail is derived using the elastic modulus 

and minimum yield strength of the nail. For round nails, the formula to 

calculate the characteristic value of yield moment is given by Eurocode 5 as: 

 My,Rk = 0.3F𝑢𝑑
2.6   (2) 

where, 

d Nail diameter (mm) 

Fu Characteristic value of tensile strength (N/mm2) 

To predict the type of failure mode, calculations of the shear load bearing 

capacity should be implemented. The shear load capacity for fasteners in a 

single shear joint is the minimum value from the following expressions: 

𝐹𝑣,𝑅,𝑘 = 𝑚𝑖𝑛

{
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 𝑓ℎ,1,𝑘𝑡1𝑑                                                                                                               (𝑎)

𝑓ℎ,2,𝑘𝑡2𝑑                                                                                                                (𝑏)

𝑓ℎ,1,𝑘𝑡1𝑑

1 + β
[√β + 2β2 [1 +

𝑡2
𝑡1
+ (

𝑡2
𝑡1
)
2

] + β3 ((
𝑡2
𝑡1
)
2

) − β(1 +
𝑡2
𝑡1
)]     (𝑐)

1.05
𝑓ℎ,1,𝑘𝑡1𝑑

2 + β
[√2β(1 + β) +

4β(2 + β)𝑀𝑦,𝑅 ,𝑘

𝑓ℎ,1,𝑘𝑑𝑡1
2 − β] +

𝐹𝑎𝑥,𝑅𝑘
4

              (𝑑)  

1.05
𝑓ℎ,1,𝑘𝑡2𝑑

1 + 2β
[√2β2(1 + β) +

4β(1 + 2β)𝑀𝑦,𝑅 ,𝑘

𝑓ℎ,1,𝑘𝑑𝑡2
2 − β] +

𝐹𝑎𝑥,𝑅𝑘
4

         (𝑒)

1.15√
2β

1 + β
√2𝑀𝑦,𝑅 ,𝑘𝑓ℎ,1,𝑘𝑡1𝑑 +

𝐹𝑎𝑥,𝑅𝑘
4

                                                      (𝑓)

 

  



17 

 

where, 

Fv,Rk Characteristic load-carrying capacity of connection 

fh.i,k Characteristic embedment strength in wood member, i 

β Ratio between embedment strengths of members 

ti Member thickness 

d Fastener diameter 

My,R k Characteristic yield moment of fastener 

Fax,Rk Characteristic withdrawal capacity of fastener 

The contribution of the rope effect, Fax/4, to the load bearing capacity should 

be limited to 15% of the Johansen’s part for round nail. However, rope 

effect is not taken into consideration in the present report.  

Different failure modes for single shear timber to timber dowel are presented 

in Figure 10.  Modes a, b and c, show the wooden members fail in 

compression and the nails still under elastic behavior. However, in modes d, 

e and f, the slender nails reach the plastic state.  

 
Figure 10: Failure Modes in single shear timber to timber dowel type joint [27] 

For a multiple number of fasteners connected in line with the same direction 

as the applied load (in this case the connection for the top and bottom rails), 

the total shear load bearing capacity can be determined by multiplying the 

number of effective nails, neff, by the load bearing capacity for a single nail.  

Spacing between nails and end/edge distances is illustrated using table 10.2 

p46, volume 2 of timber design [27]. The Eurocode data is presented below 

in Table 1.  
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Spacing and end/edge 

distances 
Angle α 

Minimum spacing, density 

less than 420 kg/m3, 

without pre-drilled holes,  

a1 (parallel to the grains) 0 ≤ α ≤ 360 d< 5mm, (5 + 5cos α)d 

a2 (perpendicular to the grains) 0 ≤ α ≤ 360 5d 

a3 (loaded end) -90 ≤ α ≤ 90 (10 + 5cos α)d 

a4 (loaded edge) 0 ≤ α ≤ 180 d< 5mm, (5 + 5sin α)d 
Table 1: Eurocode spacing requirements [27]. 

However, the recommended required spacing for fasteners along the edges 

of the sheathing board should not exceed 150mm, elsewhere this limit 

should not exceed 300mm (i.e. internal studs) [8].  
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4. Methods 

Structures designed with timber elements as the primary load bearing 

components is at the forefront of the building industry. This can be a 

daunting task technically, especially for large scale structures where the 

engineers have limited experience. To comprehend all the new challenges an 

in-depth understanding of timber engineering and applied methodology is 

essential. The primary methodology used for this thesis work uses numerical 

finite element modeling of single shear wall elements. The fastener elements 

have elastic linear behavior.   

4.1 Finite Element Modeling of Timber Framed Shear Wall 

The software used to model the timber shear wall is ABAQUS© 16.4-5. The 

software is capable of analysis of complex interactions between components 

and materials. The advantage of a model comes into effect when working 

with numerous parts, elements or connections when analytical methods 

become too tedious. This type of model contains powerful tools that can 

process large amounts of data for solving large equation systems based on 

differential equations. The finite element method is used to solve these 

equation systems with an approximation technique. The method uses 

convergence requirements of the finite element based on preset parameters 

along surfaces or points (i.e. boundary conditions and loading). Additional 

resources of the applications of the finite element method are readily 

available in other research papers [28, 29].  

ABAQUS has its own user-friendly interface that displays most of the tools 

and features the software has. In this mode the user creates the model in real 

time manually. In addition, ABAQUS has a unique feature which allows the 

user to work in the back of the interface, which allows for importing and 

exporting scripting code that is generated by Python coding [28]. For 

parameterizing a model this method is particularly useful because geometry 

coordinates and assembly information can be more conveniently imported in 

large matrices rather than being manually inputted. In addition, in cases 

where repetition occurs in the model (i.e. interactions between hundreds or 

thousands of connections) a simpler Python loop can be scripted to perform 

these actions. A sample of the input data for Python scripting used in the 

modeling of a shear wall is shown in Appendix 1 and 2.  This does not 

include the part of the script which compiles all the steps of the model.  The 

full script is available with special permission from the associated university 

faculty [4]. 

A detailed description of steps used, and parameters are provided in the 

following implementation section. The finite elements used in the thesis 

work will be limited to simple spring, beam and shell elements. The wire-

based elements used in the modelling are predefined cross-sectional profiles 

that interact in a 3D space. The shell elements used are 2D elements that 

interact in 3D space. A significant amount of time will be devoted to 
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developing the FE-model within ABAQUS utilizing the parameterized 

features included with scripting.  

The modeling performed in this work is partly a continuation of a previous 

study [4]. A geometric sample from that model can be seen in Figure 11. 

Here the timber framing and fasteners have been created with beam 

elements while the sheathing board is created with shell elements. The 

fasteners are individual beam elements which connect perpendicular the 

timber framing and the sheathing board. Here partial parameterization was 

utilized, therefore optimizing the script to include openings and variable 

parameters are key in this study. 

 

The interactions between the fasteners, sheathing board and framing are one 

of the most important parameters of the model. As discussed in the theory 

and background sections, the connections between the sheathing board and 

the timber frame are critical components for shear capacity and stiffness.  

ABAQUS has various interactions options to choose from, however in the 

previous study spring elements were used. This means that each connection 

point will relate to six spring elements (i.e. representing three translational 

and three rotational degrees of freedom). Since the fasteners are modelled as 

short beams accounts for eccentricities in the 3D space when simulating the 

connections between the framing and the sheathing boards [4]. In Figure 12 

the effectiveness of springs stiffness used in modeling is illustrated. If weak 

springs are used in the modeling of the connections, the sheathing board and 

timber framing do not transfer the load collectively as seen on the left.  

However, if stiff springs joints are used the sheathing board and timber 

frame will behave as a single unit as seen on the right. 

Figure 11: Basic components used in FE- modelling of an individual timber shear wall [4] 
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Figure 12: The effect of spring’s stiffness on shear wall deformation, low stiffness (left) and high 

stiffness (right) [22]  

To put a shear wall model to an approximate scale, for a 9.6-meter-long and 

2.5-meter-high timber framed shear wall used in the pilot study [4] there are 

492 elements, 964 coupling elements and 5784 degrees of freedom. The 

previous analysis found tendency of slip deformations at connections and 

some lateral bending tendencies of the wall studied. The computational time 

was also estimated between 5-10 minutes for simulation of the entire volume 

module. 

4.2 Alternatives 

There are other alternative methods in the study of shear wall design and 

finite element methodology. In addition to what was already discussed, a 

few more are highlighted in the list below: 

• Elastic vs. Plastic analysis 

• Eurocode design criteria 

• Experimental studies 

As mentioned, an elastic approach is used for the thesis work. This is 

typically suggested for the first stage of analysis and should be followed up 

with plastic analysis. Elastic analysis will be advantageous for our thesis 

work since there it is of interest in finding the most critical joints and how 

the force distribution varies around the openings. In any case, both theories 

are used to calculate the shear wall capacity via load paths. Further 

investigation is recommended in the comparison of elastic analysis versus 

plastic analysis. Based on locations of the largest elastic forces, adaptive 

nonlinear material models can be implemented locally for these areas in 

further studies. 

Eurocode is an accepted and mandatory standard in many cases for the 

industry and practicing engineers. Regarding horizontal loading design for 

structures such as shear wall strength, Eurocode lays out guidelines 

regarding lateral capacity of the sheathing and framing connections as well 

as the spacing between connections [9]. This methodology is most closely 

linked with plastic analysis since all fasteners are assumed to transfer the 

same loading. Eurocode does offer two different likelihoods how a shear 
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wall could behave. The difference is in the resistance to uplifting. One 

method suggests that one stud closest to the edge of the applied load is fully 

anchored resisting overturning moments, while the second method suggests 

that the bottom rail is only partially anchored allowing movement of 

individual studs [3]. 

Currently no current experimental results are available for the test examples 

in this thesis. Therefore, the next viable option is to study the data of similar 

research. This type analysis is objective and relies on the reader’s 

interpretation of the work. Research performed by relevant studies [16, 21, 

30], are a few examples that performed experimental tests and/or analytical 

modeling in a relatable scale to the work presented in this thesis. 
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5. Implementation 

Two wall specimens of different geometry are created for analysis. In 

practical applications, these two shear walls may be integrated as wall 

elements in a volume module unit. The two walls are called DB686 and 

CP681, and the base assemblies of the walls are shown in Figure 13. Each 

of the two wall specimens are simulated under two conditions (i.e. case 1 & 

2). The simulations for wall DB686 are with different boundary conditions, 

and wall CP681 with different configurations of door or window openings.   

5.1 Wall DB686 

The wall measures 5.15m long and 2.552m high. The thickness is equal to 

the width of the timber (95mm) framing plus the thickness of the sheathing 

board (13mm). This wall has one door opening. The parameters (i.e. 

spacing, dimensions, stiffness and material properties) used in the simulation 

are defined in the modeling script provided in Appendix 1. The details of the 

two cases for analysis are listed below. 

Case 1: Lateral displacement in the z-direction is fixed only on one vertical 

edge of the wall. This assumes that the wall is connected to a 

perpendicular gable at that end, and no internal wall exist at the 

other end. An overview of prescribed boundary conditions is shown 

in Figure 15(a). 

Case 2: Lateral displacement in the z-direction will be bounded on both 

vertical edges of the wall. This is to simulate the same wall as in 

case 1 in the event it should be supported with lateral internal wall. 

An overview of prescribed boundary conditions is shown in 

Figure 15(b). 

Note: As previously mentioned, the common length of a volume model wall 

is roughly 9.6m long, therefor wall BD686 is only a portion of one wall.  

The entirety of the assembled wall can be seen in Appendix 3, however this 

analysis is not included in this scope of work.   

5.2 Wall CP681 

The wall measures are 2.94m long and 2.552m high. The thickness is equal 

to the width of the timber (95mm) framing plus the thickness of the 

sheathing board (13mm). The wall is considered be the length of volume 

module gable. This type of wall would typically connect to the two longer 

sides of a volume module. The wall has two window openings. The 

parameters (i.e. spacing, dimensions, stiffness and material properties) used 

in the simulation are defined in the modeling script provided in Appendix 2. 

The details of the two cases for analysis are listed below. 
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Case 1:  Two window openings as shown in Figure 13(b). 

Case 2:  No window openings as shown in Figure 13(c). 

5.3 Simulation Steps 

In this section, a more detailed description of the steps used to create the 

parameterized shear wall element in ABAQUS is provided. Furthermore, 

dimensions and other parameters significant to the analysis are included. All 

the parts and parameters implemented are either extrapolated by design 

plans or guidance from researchers and the industry professionals. Two 

complete shear wall specimens are to be analyzed, walls DB686 and CP681. 

The first wall has a door opening and the second wall has two window 

openings. Two different cases of prescribed boundary conditions are 

analyzed for DB686 as previously mentioned in the methods section. 

1) Creating parts 

Straight wire features were created for each different timber element and 

fastener. The framing could include horizontal top and bottom rails, vertical 

studs and fittings for the openings. On the contrary, box features were used 

for creation of the sheathing board. The sizes and spacing for the individual 

wall components (i.e. timber framing, sheathing board, fasteners) are shown 

in Appendix 1 and 2 for walls DB686 and CP681 respectively. 

Timber Framing 

 

Timber framing consists of the studs and rails. For material properties, C24 

solid timber from Eurocode guidelines are used. The lengths of the timber 

varied from 5.15m to 0.03m. The thickness is 45mm and the width is 95mm.  

Sheathing Board 

The sheathing board used in the industry for the interior sections of the shear 

walls is Gypsum board. The spans are typically 2.552m high from bottom to 

top and vary in widths. The largest width used is 1.5m, and the thickness is 

13mm. For the analysis, only rectangular shaped Gypsum board geometries 

were used. 

Fasteners 

The fasteners in the model represent nails that would hold together the 

timber framing and sheathing board. The nails are assumed to be steel and 

behave rigidly. The dimensions of the nails are 54mm long, and a cross 

sectional area of 25mm. 
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2) Cross sectional profiles, material properties and material orientation 

Dimensions are added to the parts, a material property is defined and 

assigned to the respective part. The profile dimensions and materials of 

individual components are shown in Appendix 1 and 2 for walls DB686 and 

CP681 respectively. 

3) Partitioning 

Partitions are used to create edges and points at locations where connection 

interactions will occur (i.e. the connection of the fasteners to the sheathing 

board and the timber framing) which essentially is establishing the fastener 

spacing. Detailed matrices defining the partitioning parameters are shown in 

Appendix 1 and 2 for walls DB686 and CP681 respectively. The 

approximate partitioning is visually seen in the sheathing board of walls 

DB686 and CP681 Figure 13 (i.e. see gridlines). 

4) Assembly 

Parts are assembled in a manner matching the description on the design 

plans. The sheathing board is offset from the timber framing at a distance 

equal to the fasteners length. The gridlines on the sheathing boards are based 

on the partitioning parameters for fastener spacing. The fasteners are 

transposed and placed perpendicular at the wall plane everywhere along the 

timber framing at partition intersections. The complete and rendered images 

of walls DB686 and CP681 are presented in Figure 13. 

(a)  (b)  (c)  
Figure 13: Assembled shear walls for simulation: DB686 case 1 & 2 (a), CP681 case 1 (b) and 

CP681 case 2 (c).  

5) Interactions 

Engineering features (i.e. springs) are created at the intersection points 

between the sheathing board and the fasteners, as well as between the timber 

framing and the fasteners. The interaction between the fastener and the 

timber framing is considered much stiffer than the interaction of the fastener 

with the sheathing board. Additionally, engineering features are added at 

joints between the timber framing. These are stiff connections in respect to 

slip deformations and for rotation a relative rotational stiffness was used. 

Therefore, spring stiffness for a total of six degrees of freedom are 

prescribed at all the nodal points. Locations of the spring interactions for the 

wall simulations studied are presented in Figure 14. A summary of the 
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number of joint components used for each wall specimen is presented in 

Table 2. 

 (a)  (b)  (c)  
Figure 14: Location of wall spring interactions: DB686 case 1 & 2 (a), CP681 case 1 (b) and CP681 

case 2 (c). 

 Springs Pins 

DB686: (case 1 & 2) 4,438 351 

CP681: case 1 2,760 212 

CP681: case 2 2,592 210 
Table 2: The number of joint components used for each wall specimen. 

6) Boundary Conditions 

For all simulations, the top rails were prescribed with a monotonic 

horizontal displacement in one direction. Wall DB686 is fixed in two 

different boundary condition cases as described at the beginning of this 

section. Wall CP681 is an entire gable side of a volume module, therefore 

both sides would be connected to neighboring wall elements. This is true for 

both cases. Neither wall DB686 nor CP681 considered the implications from 

roofing or additional flooring connections which were not included in the 

scope of this work. An overview of the prescribed constraints is shown in 

Figure 15. Constraints indicated by the triangles on the bottom are fixed in 

the all directions of translational displacement and the sides are fixed in out-

of-plane translational displacement. The arrow in the relative top left corner 

for each wall element represents the 5mm horizontal prescribed 

displacement.  
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                              (a)                                                               (b) 

                        

        (c)              (d) 

                        
    

Figure 15: Wall element prescribed boundary conditions: DB686 case 1 (a), DB686 case 2 (b), 

CP681 case 1 (c) and CP681 case 2 (d). 

7) Mesh 

For the sheathing boards the mesh parameter is forced to have a quadratic 

form. Default mesh sizing was used. The size of the mesh is small enough to 

analyze stress, force or displacement in a presentable way. 

8) Sets 

A set is a method of grouping elements or parts together. This is often 

utilized to visualize some specific targeted element(s). In this case the 

fasteners are grouped in one set to be able to visualize the section forces 

applied to each individual fastener.  

9) Field Output History 

A setting which defines the output of data. For this thesis work the following 

outputs were defined: section forces, displacements and stresses. 

10)  Job 

It is a final step of the numerical processing. Compiles all the inputs and 

parameters and creates an executable output file. From this file visual 

representation of the deformed structure and field output settings are 

available. Results can be exported in various formats. One example is the 

export of vertical and horizontal section force components of the fastener 

beams. This data is then used in MATLAB software for final graphical 

processing. 
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6. Results 

Both walls DB686 and CP681 simulations operate successfully and results 

were obtainable. The compiling time and calculation time was relatively 

quick at about one minute for each process respectively. From the ABAQUS 

environment, many options are available for data output. For the thesis 

work, data extracted was the global deformation of the shear wall and the 

shear force for each fastener between the framing and sheathing boards 

resulting from a prescribed horizontal displacement at the top corner of the 

wall.  

6.1 Deformation Diagrams 

An overview of the deformations for the wall simulations is provided in 

Table 3. The table includes the value and location of the maximum out-of-

plane displacement. Each simulation has horizontal in-plane displacement 

equal to the prescribed displacement of 5mm. 

 

Wall Specimen Maximum out-of-plane displacement 

DB686: case 1 3.2mm, located at the prescribed displacement 

DB686: case 2 0.7mm, located above the top left door corner 

CP681: case 1 negligible 

CP681: case 2 negligible 
Table 3: Overview of the simulated out-of-plane displacements 

The deformation diagrams for DB686 and CP681 are shown in Figure 16 

and 17 respectively. The black arrow in the relative top right corner of each 

diagram represents the 5mm prescribed displacement.  The black dotted line 

illustrates the un-deformed shape of the wall element. There is minor 

vertical slip deformation at the intersections of the sheathing board for both 

walls and cases. An example of this slip deformation is highlighted in 

Figure 16(a). DB686 has notable changes to out-of-plane displacement in 

respect to case 1 & case 2, where out-of-plane bending occurs. However, in-

plane deformation is identical with minor bending. CP681 out-of-plane 

deformation is negligible. Though, in-plane deformation has slightly more 

profound bending in case 1 in respect to case 2.    
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(a)   (b)  

(c)  
Figure 16: DP686 out-of-plane deformation: case 1 (a) and case 2 (b). Horizontal in-plane 

deformation: same for case 1 & 2 (c). Note scale factor of 16 for each subfigure.  

(a)  (b)  
Figure 17: CP681 out-of-plane deformation: negligible for both cases, therefore diagrams are not 

provided. Horizontal in-plane deformation: case 1(a) and case 2(b). Note scale factor of 59(a) and 

30(b). 

6.2 Shear Force Distribution in Mechanical Joints 

The second part of the results are the linear elastic shear forces in the 

fasteners between the timber framing and the sheathing boards. These forces 

are availble as two perpendicular components (in x- and respective y-

directions), from which a resultant force and its direction may be calculated. 

An overview of shear force diagrams for DB686 (case 1 & 2), CP681 

(case 1) and CP681 (case 2) are shown in Figure 18, 19 and 20 respectively. 

The arrows show the magnitude and direction of the shear force acting in 

each fastener. Points with two arrows represent interactions of fasteners at 

the intersections of sheathing boards. The dimensions and spacing of the 

sheathing board elements are available in the corresponding appendix. 
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An overview of shear forces in the fastener beams for wall DB686 is shown 

in Figure 18. The results show clearly that the largest shear forces are 

occuring nearest to the upper left corner of the opening with a maximum 

value of 1.3 kN (value for case 1 & 2 rounded to the nearest whole number).  

Furthermore, nearly the same shear force distribution and magnitudes is true 

for regardless the simulation case. This is believed to be a result of linear 

elastic analysis subjected to small external forces. Therefore only one shear 

force diagram is provided.  

 

 
Figure 18: DB686 (case 1 and case 2) shear force distribution diagram  

The shear force distribution for wall CP681 is shown in Figure 19 and 20 

for case 1 and 2 respectively. Nearly the same maximum shear force 

magnitude was derived for both case 1 & 2. As in the analysis for DB686, 

this is believed to be a result of linear elastic analysis subjected to small 

external forces. The maximum shear force value is 819 N (value for case 1 

& 2 rounded to the nearest whole number). However, the shear force 

distribution pattern is different. In case 1, the shear forces are more 

concentrated around the surface of the window opening. In case 2, the shear 

force distribution is more uniform and concentrated along the top and 

bottom surfaces. 

Maximum shear force = 1.3 kN 
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Figure 19: CP681 (case 1) shear force distribution diagram. 

              
Figure 20: CP681 (case 2) shear force distribution diagram. 

  

Maximum 

shear force = 

819 N 

Maximum 

shear force 

= 819 N 
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6.3 Reaction Forces 

The last part of the results will report on the horizontal reaction forces 

corresponding to the location of the prescribed horizontal displacement at 

the top corner of each wall element. The magnitude of the horizontal 

reaction forces is representative of the horizontal load bearing capacity. An 

overview of the results obtained is provided in Table 4. 

 

 Wall Specimen Maximum Reaction force (kN) 

Horizontal 

Reaction Force 

DB686: case 1 20.972 

DB686: case 2 23.913 

CP681: case 1  5.822 

CP681: case 2 14.850 
Table 4: Maximum horizontal reaction forces for simulated wall specimens 

The highest horizontal reaction force is seen in DB681 (case 2). This is the 

largest wall with the most prescribed displacement parameters. The lowest 

horizontal reaction force is seen in CP681 (case 1). This is the smallest wall 

segment with two openings. 
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7. Analysis 

The results of numerical simulations for two shear walls subjected to 

different loading because of a constant displacement which was presented in 

the previous chapter. It is well established that the two walls deform and 

behave in a certain way depending on the overall geometry. Analysis and a 

comparison between the behaviors of the two walls are employed herein. 

7.1 Load Path 

Wall DB686 

Case 1 & 2 

The load path distribution of the fasteners in case 1 and 2 boundary 

conditions, is presented in the form of vectors illustrated in Figure 18. It’s 

observed that the most loaded fasteners are the critical ones located near the 

corners and around the door opening. The simulation also detects a 

likelihood of tear out in the panel sides’ above the door opening. This is 

caused by the eccentric load acting on the top rails and the weak out-of-

plane bending resistance above the door openings. The load is applied on the 

top rail end then rapidly distributes to the sheathing boards and from there to 

the bottom rail. The shear forces in a single unit show a rotational pattern in 

their movement along the unit boundaries. Consequently, these shear forces 

have the same magnitude but in opposite direction between the unit’s 

borders.  

In a similar manner, the load distribution for the wall case 2 follows the 

exact same force pattern as for case 1. However, insignificant variation in 

the force magnitude is recorded. 

Wall CP681 

Case 1 

The force distribution implied here is illustrated in Figure 19. By looking 

closely at the deformed wall, it’s visible to notice that the fasteners 

connecting the internal studs to the sheathing carry the most loads and reach 

their ultimate resistance. This seems to appear around the window openings 

and between the interactions of the wall units. On the other hand, the 

fasteners connecting external studs and the rails to the sheathing maintain 

the same parallel direction to the members. They are less affected and 

remain in the elastic range. The shear forces are created as result of the 

applied load, to fulfil the force and moment equilibrium for the structure. 

Case 2  

The prescribed displacement generates shear forces in the wall segment that 

follow a rotational sequence where forces at the top of wall are opposite to 
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the direction of the prescribed displacement. The force flow follows a 

consistent pattern with no major force concentrations, see Figure 20. The 

fasteners at the left bottom corner seem to be the most loaded and close to 

reaching their ultimate shear capacity.  

7.2 Further Investigation 

In this section other shear wall deformation and fastener failure analysis are 

provided. However, these will not be considered part of the primary 

analysis. They are available for reference and for further consideration.  

7.2.1 Compression Perpendicular to the grains 

Another observation in relation to the modelling results, is the deformation 

due to the compression perpendicular to the grains located at the intersection 

between the rails and the studs. In most cases, compression perpendicular to 

the grain is an ultimate load situation. This is because it is considered as a 

type of deformation rather than an actual failure. Under a constant applied 

load, the wood fibers of the compressed members are crushed together until 

they fully fail [26]. As illustrated in Figure 21, the shorter studs (right side 

of the figure) carry the most load indicated by the manufacturer and are in 

direct contact with the floor, this will eliminate the effect of the high stress 

concentration as it is transferred directly to the foundation.  Henceforth, this 

type of deformation doesn’t have a huge impact on the overall structural 

stability of the wall. 

 

7.2.2 Deformation and Deflections 

The three deflection modes shown in Figure 22, indicate the type of failure 

that occur in timber shear walls design. Based on geometry of the studied 

walls our interest herein is the in-plane shear deformation and out-of-plane 

bending deformation, although each wall exhibits all three deformation 

modes. 

  

Figure 21: A compression perpendicular to the grain case. 
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Wall DB686 

By looking at the simulation in Figure 16(a) and (b), the top part of the wall 

is deformed out of plane generating lateral bending of the top part. This wall 

is subjected to axial compression and bending respectively since the force is 

applied to the center of gravity of the top rail. The total length of the wall 

results in a slender wall regarding out-of-plane bending. 

Wall CP681   

Shear walls in a single-storey units are being constructed to behave like 

cantilevers, they are fixed at one end and free to move on the other end [26]. 

Looking at this wall, the eccentric force causes a progressive deformation 

and tend to bend the studs and rails in their strong axis. The force also tries 

to cause uplifting by compressing the top part.

 
Figure 22: three modes of deflection, In-plane Bending (Left), Shear (Centre) and Uplifting 

(Right) [3] 

7.2.3 Fasteners Shear Capacity 

The fasteners are loaded in shear and exposed to possible failure. According 

to Johansen’s theory [26], the type of failure mode is dependent on the 

thickness of the wooden members, the embedding strength and 

characteristics yield moment of the fasteners. To validate the theory, the 

shear walls connectors were modelled to be fixed at the timber frame and 

pinned to the Gypsum boards. 

The connection joints adopted in the simulations are Timber-Gypsum type. 

The value of the characteristics shear capacity is taken from the Gyproc 

Manual [31], and that is equal to 855N for hard gypsum.  

To calculate the design strength, the characteristic values are used in the 

following expression: 

𝑓𝑅,𝑑 =
𝑘𝑚𝑜𝑑 𝐹𝑣,𝑅,𝐾

𝛾𝑚
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where, 

𝑘𝑚𝑜𝑑  Strength modification factor taken as 0.9 

𝛾𝑚 Partial coefficient for materials from Eurocode (1.2) 

𝑓𝑅,𝑑 =
0.9𝑥855

1.2
= 642 𝑁/𝑓𝑎𝑠𝑡𝑒𝑛𝑒𝑟  

7.2.4 Overturning and Horizontal Capacity  

The amount of overturning and horizontal capacity is influenced by the 

prescribed displacement and shear stiffness of the wall. The overall shear 

stiffness of the walls is mainly dependent on the stiffness of the connections 

between the frame and sheathing [26]. Due to, the prescribed displacement 

of 5mm resisting vertical and horizontal reaction forces occur to keep the 

wall in equilibrium. The reaction forces obtained from the model results are 

then compared to the allowable design capacities of the wall. The total 

horizontal load bearing capacity, Hd, of a shear wall segment built up of 

more than one unit is the sum of the capacities of each single unit. The 

design values are used to approximate the maximum allowable reaction 

forces. 

The horizontal load is transmitted to the members through the studs, causing 

three types of deformations. These include shear, bending and overturning.  

Uplifting occurs because of the horizontal force trying to tip the wall over. 

The top right side is being pushed to left, which leads to uplifting action of 

the wall bottom right side. Therefore, the studs and rails are put under 

compression and tension. Uplifting can be avoided by additional 

reinforcement of the bottom right corner e.g. hold down brackets [26]. Since 

no load is applied vertically the uplifting action is going to be greater. 

Calculation of the horizontal and vertical capacities is employed herein 

according to Eurocode 5.  

Note: according to the European design standards, wall units that include 

openings can be disregarded in terms of horizontal capacity. 

7.2.5 Horizontal Capacity Calculation 

According to Eurocode 5 the total horizontal load bearing capacity of a 

timber shear element is given as: 

𝐻𝑑 = 
𝑏

𝑠
 𝐹𝑅,𝑑   (3) 
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where,  

𝐹𝑅,𝑑 
Design load-carrying capacity of individual 

fastener (N) 

b Width of the individual panel (mm) 

s Average spacing between the fasteners (137mm) 

The design load value of a single nail is given as: 

𝐹𝑅,𝑑 =
𝑘𝑚𝑜𝑑𝐹𝑅,𝑘

𝛾𝑚
   (4) 

where,  

𝐹𝑅,𝑘 Characteristic shear load-carrying capacity of 

fastener (N) 

𝑘𝑚𝑜𝑑 Modification factor 

𝛾𝑚        Partial coefficient for materials  

Wall DB686 

The results from hand calculations of the total horizontal load capacity of the 

walls and the finite element simulation of the horizontal reaction force are 

found in Table 4. The total horizontal capacity value for the entire wall is the 

sum of all wall units’ capacities as shown in Figure 23. The top and bottom 

parts of the wall work together to bring the structure back into equilibrium.  

 

According to the defined formulas in the beginning of the section, the 

characteristic load-carrying capacity of the fasteners and horizontal wall 

capacity is computed. 

The characteristics shear capacity of the fastener, is taken from the Gyproc 

Manual [31].  

𝐹𝑣,𝑑 =
0.9𝑥855

1.2
= 642 𝑁 

  

Figure 23: Reaction force distribution and wall units in shear wall DB686 
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The horizontal capacity for wall unit 1 with total width of 1210 mm,  

𝐻𝑑,1 = 
1210

137
 642 = 5.67 𝑘𝑁 

The horizontal capacity for wall unit 2 with total width of 1200 mm,  

𝐻𝑑,2 = 
1200

137
642 = 5.623 𝑘𝑁 

The horizontal capacity for wall unit 3 with total width of 1270 mm,  

𝐻𝑑,3 = 
1270

137
 642 = 5.951 𝑘𝑁 

The horizontal capacity for wall unit 5 with total width of 504 mm,  

𝐻𝑑,5 = 
504

137
 642 = 2.36 𝑘𝑁 

The horizontal capacity is the sum of all single units’ capacities, 

𝐻𝑑,𝑡𝑜𝑡𝑎𝑙 = 5.67 + 5.623 + 5.951 + 2.36 = 19.6 𝑘𝑁 

According to the European design standards, wall units that include 

openings can be disregarded in terms of horizontal capacity. Therefore, wall 

unit 4 is not included in the calculations. 

The maximum value of the reaction forces obtained from the simulation 

results in Table 4, are over the ultimate horizontal capacity. It means that the 

magnitude of the prescribed displacement is sufficient to cause failure of the 

structure. 

Wall CP681 

Case 1 

The results from hand calculations and finite element simulation of this wall 

are also found in Table 4. The total horizontal load capacity value for the 

entire wall is the sum of all wall units’ capacities shown in Figure 24. The 

top and bottom parts of the wall should be in equilibrium. 
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The characteristics load-carrying capacity of the fastener is the same as used 

in wall DB686. 

𝐹𝑣,𝑑 =
0.9𝑥855

1.2
= 642 𝑁 

The horizontal capacity for wall unit 1 and 3 with total width of 525mm,  

𝐻𝑑,1 = 𝐻𝑑,3 =
525

137
 642 = 2.46 𝑘𝑁 

The total horizontal capacity is the sum of all single units’ capacities, 

𝐻𝑑,𝑡𝑜𝑡𝑎𝑙 = 2.46 𝑥 2 = 4.92 kN 

As before the reaction force obtained from the simulation results in Table 4, 

is larger than the ultimate horizontal capacity.  

Case 2 

The horizontal capacity for this wall case is the sum of all wall units. The 

average center to center spacing used for this wall is 150mm. 

𝐻𝑑,𝑡𝑜𝑡𝑎𝑙 = 
3000

150
 642 = 12.8 𝑘𝑁 

The maximum value of the reaction force shown in Table 4, is also here over 

the ultimate horizontal capacity.  

Note:  the simulations adopted in this thesis work are conservative since 

they are based on the elastic material behavior. However, calculation of the 

horizontal capacity was sought to be necessary at this stage to confirm if the 

simulated force results are of reasonable size. 

 

Figure 24: Reaction force distribution and wall units in shear wall CP681. 
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8. Discussion 

The parameterized modeling and analysis of two timber framed shear wall 

specimens have been completed. In general, the results from this thesis work 

were found to be closely related to those of other similar work mentioned 

previously and to the speculations made in the hypothesis section. These 

correlations include deformation behavior, effects of doors and windows to 

horizontal load bearing capacity and shear force distribution of the 

mechanical connections. However, more development to the parameterized 

model is needed to achieve the ultimate outcome of modeling multi-storey 

timber structures constructed of volume modules. 

When comparing the results of the fastener shear force distribution as in 

Figure 18 with a similar study [16], common patterns exist.  The highlights 

include strong correlation in respect to shear force directions along the 

framing elements. This correlation can also be referenced to Figure 4. For 

example, the shear force on the top is in horizontal direction opposite to the 

applied force. Consequently, the direction of the shear force on the bottom 

surface is opposite the direction of shear force along the top of the wall 

creating a skewing effect. Furthermore, the shear forces along the framing 

elements are predominately vertical in the middle sections of the shear wall, 

progressively becoming more horizontal reaching the top or bottom surfaces. 

An interesting observation from Figure 18 of wall DB686 are the vertical 

timber elements at the intersections of sheathing board. There are two 

directional components nearly equal in magnitude but opposite in direction.  

This is a result of two separate fasteners which are connected to the same 

timber framing element but different sheathing boards. Observed in both 

wall specimens is that the shear forces are typically larger along the edges of 

the sheathing boards. 

The deformation behaviors between the two wall specimens show different 

characteristics. Both walls are the same height but wall DB686 is longer 

than CP681. The relationship between the length and height could change 

the slenderness ratio of the wall element. A slenderer wall (i.e. BD686) is 

significantly more prone to out-of-plane bending. 

At this stage of the thesis work a progressive model has been developed with 

parameterized abilities. One step to reach to next stage would be the further 

development of models specific to various wall specimens used in the 

practical industry products. This would utilize modeling capabilities and 

progress the development of a model for large scale structures. For example, 

a preliminary model as seen in Appendix 3 was created which connects wall 

DB686 to another smaller timber framed shear wall with a glulam beam. 

This edition of a shear wall could potentially span the entire length of a 

volume module. The connections between the glulam beam and shear wall 

segments should be analyzed closely as this could be a critical component. 

The more wall specimens and combinations which are created will allow for 
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the assembly and analysis of full volume module elements. Two additional 

wall prototypes are also included at the end of Appendix 3. 

Another step to reach the next stage of modeling should be the optimization 

of the shear wall designs for economical and stability benefits. This would 

include more precise and detailed analysis of parameters, experimenting 

with material properties, spring stiffness’s, location of fasteners, the number 

of fasteners and placement of sheathing boards. For example, it could be 

interesting to see the effect on the shear force diagram of the fasteners if the 

sheathing board is fitted around the corners of the openings. See Figure 25 

for an illustration of this description. The left image uses rectangular pieces 

with edges parallel to the opening, while the right image uses rectangular 

pieces with cut outs to create the opening. 

 
Figure 25: Timber framed shear wall elements with different styles of sheathing board. 

Alternatively, timber framed shear walls could be mounted with sheathing 

boards on both faces. This investigation could provide additional strength 

and stability from the extra layer of sheathing board and more mechanical 

connections. Overall, determining how many fasteners are needed or what 

materials provide the best performance could save time and money in 

manufacturing and produce volume modules faster.   
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9. Conclusions 

Numerical models were conducted in the present thesis to investigate the 

structural behavior of the timber shear walls when subjected to horizontal in-

plane load. One of the most important issues of the modelling is the type of 

mechanical connections used between the members. The walls consist 

timber framing connected to sheathing by nails. These nails were modelled 

as small beams which behave as mechanical connectors with six degrees of 

freedom in each end. Another influential factor that affects the ultimate 

capacity and stiffness of shear walls, is the presence of door and window 

openings in the elevation of the wall.  

A comparison between two shear walls subjected to a uniform prescribed 

displacement and having the same material properties but different geometry 

and openings, predict the possibility to study the difference in deformation 

and failure of these walls. The numerical results show that, the openings 

significantly influence the global stiffness of the shear walls as well as the 

shear force distribution in the mechanical connections between the timber 

framing and the sheathing boards. They also affect the overall horizontal 

capacity of the walls. The finite element modelling employed herein can be 

able to predict the shear wall behaviors accurately in terms of global 

deformation, element stiffness and most importantly the shear force 

distribution in the mechanical connections between the timber framing and 

sheathing boards.  

The method of wooden shear walls is one of the most common stabilizing 

systems used in wood construction today. However, it is mainly restricted 

for low rise buildings. Therefore, issues may rise to achieve structural 

stability of high rise buildings.  Further research must be developed to 

investigate the behavior of load bearing walls in multi-storey buildings. One 

area of interest is the importance of the connections between the structural 

members for instance using plastic analysis. Additionally, laboratory testing 

should be carried out to compare and back up the simulation results 

accuracy. 
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Appendix 1: Dimensions and Parameters DB686 script 

**Total length of scripting code:  2120 lines** 

 

################################################################# 

#                                 DIMENSIONS (meters) 

################################################################# 

 

DB_686_Wall_Height = 2.552           

DB_686_Door_Height = 2.12 

 

# dimensions timber frame members in meters (i.e. rails, studs, beams) 

 

DB_686_Top_Rail_Width = 0.095         

DB_686_Bot_Rail_Width = 0.095          

DB_686_Stud_Width = 0.095                 

DB_686_Top_Rail_Thickness = 0.045     

DB_686_Bot_Rail_Thickness = 0.045      

DB_686_Stud_Thickness = 0.045             

DB_686_DoorBeam_Thickness = 0.045         

DB_686_Top_Rail_Length = 5.150 

DB_686_Bot_Rail_Length = 5.150                                                                

DB_686_Stud_Length1 = 2.462  

DB_686_Stud_Length2 = 2.197    

DB_686_Door_Stud_Length1 = 0.342                                                           

DB_686_Door_beam_Length1 = 1.011 

 

#   dimensions of coupling pins 

                

DB_686_Coupling_pins_Width = 0.005        

DB_686_coupling_pins_Thickness = 0.005    

DB_686_Pin_Length = 0.054 

 

#   Dimensions of sheathing board (i.e. Gypsum Board) 

 

DB_686_Gips_thickness = 0.013 

DB_686_Gypsum_1_Length = 1.2135 

DB_686_Gypsum_2_Length = 1.2 

DB_686_Gypsum_3_Length = 1.27 

DB_686_Gypsum_4_Length = 1.056 

DB_686_Gypsum_5_Length = 0.5035 

 

# MATERIAL PROPERTIES 

 

#  Top and bottom rails [Pa] C24 



 

 

El_TopBott_k = 7400000000.0  

Er_TopBott_k = 370000000.0*7400.0/11000.0 

Et_TopBott_k = 370000000.0*7400.0/11000.0 

Glr_TopBott_k = El_TopBott_k/2.0 

Glt_TopBott_k = El_TopBott_k/2.0  

Grt_TopBott_k = El_TopBott_k/2.0  

nylr_TopBott_k = 0.0 

nylt_TopBott_k = 0.0 

nyrt_TopBott_k = 0.0 

 

#  Studs [Pa] C24 

 

El_Stud_k = 7400000000.0  

Er_Stud_k = 370000000.0*7400.0/11000.0 

Et_Stud_k = 370000000.0*7400.0/11000.0 

Glr_Stud_k = El_Stud_k/2.0  

Glt_Stud_k = El_Stud_k/2.0  

Grt_Stud_k = El_Stud_k/2.0  

nylr_Stud_k = 0.0 

nylt_Stud_k = 0.0 

nyrt_Stud_k = 0.0 

 

#   Sheathing board (Gypsum board)  

 

E1_Gips_m = 2500000000.0 

E2_Gips_m = 2000000000.0 

E3_Gips_m = 2000000000.0 

G1_Gips_m = 800000000.0 

G2_Gips_m = 600000000.0 

G3_Gips_m = 600000000.0 

ny12_Gips_m = 0.3 

ny13_Gips_m = 0.35 

ny23_Gips_m = 0.35 

 

#   Spring Stiffness (i.e coupling pins) 

 

Spring_stiff_rails_studs = [1200000000.0, 1200000000.0, 1200000000.0,  

50000000.0, 50000000.0, 50000000.0] 

Spring_stiff_pins_studs = [600000000.0, 600000000.0, 600000000.0,  

25000000.0, 25000000.0, 25000000.0] 

Spring_stiff_pins_gips = [600000000.0, 600000000.0, 600000000.0, 1.0, 1.0,  

1.0] 

 

################################################################# 

#                                 PARTITIONING (used for pin spacing) 

################################################################# 



 

 

#   Top & Bottom rails 686 

 

DB_686_Number_of_partitions_rail = 37 

DB_686_Top_Rail_partition_parameter = [0.0,  0.0225, 0.17025,

 0.318, 0.46575, 0.6135, 0.7635, 0.9135,

 1.0635, 1.2135, 1.3635, 1.5135, 1.6635,

 1.8135, 1.9635, 2.1135, 2.2635, 2.4135,

 2.5635, 2.7135, 2.8635, 3.0135, 3.1505,

 3.2875, 3.4245, 3.554, 3.6835, 3.8155,

 3.9475, 4.0795, 4.2115, 4.3435, 4.4755,

 4.6075, 4.7395, 4.8688, 4.9981, 5.1275] 

DB_686_Bot_Rail_partition_parameter = [0.0,  0.0225, 0.17025,

 0.318, 0.46575, 0.6135, 0.7635, 0.9135,

 1.0635, 1.2135, 1.3635, 1.5135, 1.6635,

 1.8135, 1.9635, 2.1135, 2.2635, 2.4135,

 2.5635, 2.7135, 2.8635, 3.0135, 3.1505,

 3.2875, 3.4245, 3.554, 3.6835, 3.8155,

 3.9475, 4.0795, 4.2115, 4.3435, 4.4755,

 4.6075, 4.7395, 4.8688, 4.9981, 5.1275] 

 

#   Door Beam 

 

DB_686_Number_of_partitions_Door_Beam = 7 

DB_686_Partition_parameter_Door_Beam= [0.132, 0.264, 0.396,

 0.528, 0.66, 0.792, 0.924] 

DB_686_Partition_parameter_Door_Beam_global= [3.8155, 3.9475,

 4.0795, 4.2115, 4.3435, 4.4755,  4.6075] 

 

#   Stud 1 

 

DB_686_Number_of_partitions_Stud_1 = 19 

DB_686_Stud_partition_parameter_1= [0.0781, 0.2012, 0.3243,

 0.4474, 0.5705, 0.6936, 0.8167, 0.9398,

 1.0629, 1.186, 1.3091, 1.4322, 1.5553,

 1.6784, 1.8015, 1.9246, 2.0477, 2.1708,

 2.2939] 

DB_686_Stud_partition_parameter_1_global = [0.1231, 0.2462,

 0.3693, 0.4924, 0.6155, 0.7386, 0.8617,

 0.9848, 1.1079, 1.231, 1.3541, 1.4772,

 1.6003, 1.7234, 1.8465, 1.9696, 2.0927,

 2.2158, 2.3389] 

 

#   Stud 2 

 

DB_686_Number_of_partitions_Stud_2 = 18 



 

DB_686_Stud_partition_parameter_2= [0.0225,  0.1231, 0.2462, 

0.3693, 0.4924, 0.6155, 0.7386, 0.8617, 

0.9848, 1.1079, 1.231, 1.3541,  1.4772, 

1.6003, 1.7234, 1.8465, 1.9696,  2.0927] 

 

#   Door Studs 

 

DB_686_Number_of_partitions_Door_Stud = 2 

DB_686_Partition_parameter_Door_Stud= [0.0508, 0.1739] 

DB_686_Partition_parameter_Door_Stud_global = [2.2158, 2.3389] 

DB_686_Number_of_studs = 10  

DB_686_Number_of_studs_2 = 2 

DB_686_Stud_x_coordinates =  [DB_686_Stud_Thickness/2.0,  0.6135, 

1.2135,  1.8135,  2.4135,  3.0135,  3.4245, 

3.6835,  4.7395, 5.1275] 

DB_686_Stud_x_coordinates_2 = [5.1725,  5.2175] 

 

#      SHEATHING BOARD 

 

#   Gypsum boards 

 

DB_686_Number_of_partitions_Gypsum_1 = 8  

DB_686_Number_of_partitions_Gypsum_2 = 7 

DB_686_Number_of_partitions_Gypsum_3 = 8 

DB_686_Number_of_partitions_Gypsum_4 = 7 

DB_686_Number_of_partitions_Gypsum_5 = 5 

 

DB_686_Gypsum_partition_parameter_1 = [0.0225, 0.17025, 0.318,

 0.46575, 0.6135, 0.7635, 0.9135, 1.0635] 

DB_686_Gypsum_partition_parameter_2 = [0.15, 0.3,  0.45, 

 0.6,  0.75, 0.9,  1.05] 

DB_686_Gypsum_partition_parameter_3 = [0.15, 0.3,  0.45, 

 0.6,  0.737,  0.874,  1.011,  1.1405] 

DB_686_Gypsum_partition_parameter_4 = [0.132, 0.264,  0.396,

 0.528, 0.66, 0.792, 0.924] 

DB_686_Gypsum_partition_parameter_5 = [0.1293, 0.2586, 0.388, 

 0.433,  0.478] 

 

DB_686_Number_of_partitions_Gypsum_horizontal_1 = 21  

DB_686_Number_of_partitions_Gypsum_horizontal_2 = 21 

DB_686_Number_of_partitions_Gypsum_horizontal_3 = 21 

DB_686_Number_of_partitions_Gypsum_horizontal_4 = 4 

DB_686_Number_of_partitions_Gypsum_horizontal_5 = 21  

 

DB_686_Gypsum_partition_parameter_horizontal_1 = [0.0225,  0.1231, 

0.2462,  0.3693, 0.4924,  0.6155,  0.7386, 

0.8617,  0.9848,  1.1079,  1.231,  1.3541, 



 

1.4772,  1.6003,  1.7234,  1.8465,  1.9696, 

2.0927,  2.2158,  2.3389,  2.5295] 

DB_686_Gypsum_partition_parameter_horizontal_2 = [0.0225,  0.1231, 

0.2462,  0.3693,  0.4924,  0.6155,  0.7386, 

0.8617,  0.9848,  1.1079,  1.231,  1.3541, 

1.4772,  1.6003,  1.7234,  1.8465,  1.9696, 

2.0927,  2.2158,  2.3389,  2.5295] 

DB_686_Gypsum_partition_parameter_horizontal_3 = [0.0225,  0.1231, 

0.2462,  0.3693,  0.4924,  0.6155,  0.7386, 

0.8617,  0.9848,  1.1079,  1.231,  1.3541, 

1.4772,  1.6003,  1.7234,  1.8465,  1.9696, 

2.0927,  2.2158,  2.3389,  2.5295] 

DB_686_Gypsum_partition_parameter_horizontal_4 = [0.0225, 0.0958,

 0.2189, 0.4095] 

DB_686_Gypsum_partition_parameter_horizontal_5 = [0.0225,  0.1231, 

0.2462,  0.3693,  0.4924,  0.6155,  0.7386, 

0.8617,  0.9848,  1.1079,  1.231,  1.3541, 

1.4772,  1.6003,  1.7234,  1.8465,  1.9696, 

2.0927, 2.2158,  2.3389, 2.5295] 



 

Appendix 2: Dimensions and Parameters CP681 script 

**Total length of scripting code:  2000 lines** 

 

################################################################# 

#                                 DIMENSIONS (meters) 

################################################################# 

 

# dimensions timber frame members in meters (i.e. rails, studs, beams) 

 

CP_681_Wall_Height = 2.552  

CP_681_Top_Rail_Length = 2.94  

CP_681_Bot_Rail_Length= 2.94   

CP_681_Top_Rail_Thickness = 0.045  

CP_681_Bot_Rail_Thickness = 0.045  

CP_681_Top_Rail_Width = 0.095  

CP_681_Bot_Rail_Width = 0.095  

CP_681_Door_Stud_Length1 = 0.354  

CP_681_Stud_Length2 = CP_681_Wall_Height-0.355 

CP_681_Stud_Length1 = 2.462 

CP_681_Stud_Width = 0.095  

CP_681_Stud_Thickness = 0.045  

CP_681_Gips_thickness = 0.013 

CP_681_Door_beam_Length_Left = 1.11 

CP_681_Door_beam_Length_Right = 0.510 

 

#   coupling pins 

 

CP_681_Pin_Length = 0.054  

CP_681_Coupling_pins_Width = 0.005  

CP_681_coupling_pins_Thickness = 0.005  

 

# gypsum boards 

 

CP_681_Gypsum_1_Length = 0.525 

CP_681_Gypsum_2_Length = 1.710 

CP_681_Gypsum_3_Length = 1.710 

CP_681_Gypsum_4_Length = 0.090 

 

#################################### 

  # Material properties 

#################################### 

 

# Top and bottom rails C24 [Pa] 

El_TopBott_k = 7400000000.0  



 

Er_TopBott_k = 370000000.0*7400.0/11000.0 

Et_TopBott_k = 370000000.0*7400.0/11000.0 

Glr_TopBott_k = El_TopBott_k/2.0 # Isotrop matrial 

Glt_TopBott_k = El_TopBott_k/2.0 # Isotrop matrial 

Grt_TopBott_k = El_TopBott_k/2.0 # Isotrop matrial 

nylr_TopBott_k = 0.0 

nylt_TopBott_k = 0.0 

nyrt_TopBott_k = 0.0 

 

# Studs C24#[Pa] 

El_Stud_k = 7400000000.0  

Er_Stud_k = 370000000.0*7400.0/11000.0 

Et_Stud_k = 370000000.0*7400.0/11000.0 

Glr_Stud_k = El_Stud_k/2.0 # Isotrop matrial 

Glt_Stud_k = El_Stud_k/2.0 # Isotrop matrial 

Grt_Stud_k = El_Stud_k/2.0 # Isotrop matrial 

nylr_Stud_k = 0.0 

nylt_Stud_k = 0.0 

nyrt_Stud_k = 0.0 

 

#   Gypsum board  

 

E1_Gips_m = 2500000000.0 

E2_Gips_m = 2000000000.0 

E3_Gips_m = 2000000000.0 

G1_Gips_m = 800000000.0 

G2_Gips_m = 600000000.0 

G3_Gips_m = 600000000.0 

ny12_Gips_m = 0.3 

ny13_Gips_m = 0.35 

ny23_Gips_m = 0.35 

 

#   Spring Stiffness (i.e coupling pins) 

 

Spring_stiff_rails_studs = [1200000000.0,  1200000000.0, 

1200000000.0,  50000000.0,   

50000000.0,   50000000.0] 

Spring_stiff_pins_studs = [600000000.0,  600000000.0, 

600000000.0,  25000000.0,  

25000000.0,   25000000.0] 

Spring_stiff_pins_gips = [600000000.0,   600000000.0, 

600000000.0,  1.0,  

1.0,   1.0] 

 

################################################################ 

#                                 Parameters for partition CP_681 with openings 

################################################################# 



 

 

#   Top & Bottom rails 

 

CP_681_Number_of_partitions_rail = 32 

CP_681_Top_Rail_partition_parameter = [0.0,  0.0225, 0.0675,

 0.1125, 0.2325, 0.3525, 0.4725,

 0.5925, 0.615, 0.735, 0.855, 0.975,

 1.095, 1.17, 1.245, 1.365,

 1.485, 1.605, 1.725, 1.7475,

 1.7925, 1.815, 1.935, 2.07,

 2.205, 2.325, 2.3475, 2.4675,

 2.5875, 2.7075, 2.8275, 2.8725,

 2.9175] 

CP_681_Bot_Rail_partition_parameter = [0.0,  0.0225, 0.0675,

 0.1125, 0.2325, 0.3525, 0.4725,

 0.5925, 0.615, 0.735, 0.855, 0.975,

 1.095, 1.17, 1.245, 1.365,

 1.485, 1.605, 1.725, 1.7475,

 1.7925, 1.815, 1.935, 2.07,

 2.205, 2.325, 2.3475, 2.4675,

 2.5875, 2.7075, 2.8275, 2.8725

 ,2.9175] 

 

CP_681_Number_of_partitions_rail_Pins_Location = 28 

CP_681_Top_Rail_partition_parameter_Pins_Location= [0.1125, 0.2325,

 0.3525, 0.4725, 0.5925, 0.615, 0.735,  

0.855, 0.975, 1.095, 1.17,

 1.245, 1.365, 1.485, 1.605,

 1.725, 1.7475, 1.7925, 1.815,

 1.935, 2.07, 2.205, 2.325,

 2.3475, 2.4675, 2.5875, 2.7075,

 2.8275] 

CP_681_Bot_Rail_partition_parameter_Pins_Location= [0.1125, 0.2325,

 0.3525, 0.4725, 0.5925, 0.615, 0.735,

 0.855, 0.975, 1.095, 1.17,

 1.245, 1.365, 1.485, 1.605,

 1.725, 1.7475, 1.7925, 1.815,

 1.935, 2.07, 2.205, 2.325,

 2.3475, 2.4675, 2.5875, 2.7075,

 2.8275] 

 

# Door Beam Left 

 

CP_681_Number_of_partitions_Door_Beam_Left = 9 

CP_681_Partition_parameter_Door_Beam_Left= [0.12, 0.24,

 0.36, 0.48,  0.555, 0.63,

 0.75, 0.87, 0.99]  



 

CP_681_Partition_parameter_Door_Beam_Left_global= [0.735, 0.855,

 0.975, 1.095, 1.17, 1.245,

 1.365, 1.485,  1.605] 

 

 

 

# Door beam Right 

 

CP_681_Number_of_partitions_Door_Beam_Right = 3 

CP_681_Partition_parameter_Door_Beam_Right= [0.12, 0.255,

 0.39]  

CP_681_Partition_parameter_Door_Beam_Right_global= [1.935, 2.07,

 2.205] 

 

# Stud 1 

 

CP_681_Number_of_partitions_Stud_1 = 20 

CP_681_Stud_partition_parameter_1= [0.0331, 0.1562, 0.2793,

 0.4024, 0.5145, 0.6486, 0.7717,

 0.8948, 1.0179, 1.141, 1.2641,

 1.3872, 1.5103, 1.6334, 1.7565,

 1.8796, 2.0027, 2.0855, 2.2489,

 2.372] 

CP_681_Stud_partition_parameter_1_global = [ 0.0781, 0.2012,

 0.3243, 0.4474, 0.5595, 0.6936,

 0.8167, 0.9398, 1.0629, 1.186,

 1.3091, 1.4322, 1.5553, 1.6784,

 1.8015, 1.9246, 2.0477, 2.1305,

 2.2939, 2.417] 

CP_681_Stud_partition_parameter_1_global_Centre = [0.6936, 0.8167,

 0.9398, 1.0629, 1.186, 1.3091,

 1.4322, 1.5553, 1.6784, 1.8015,

 1.9246, 2.0477] 

CP_681_Stud_partition_parameter_1_global_Top = [2.1305, 2.2939,

 2.417] 

 

 

#   Door Studs Top 

 

CP_681_Number_of_partitions_Door_Stud_Top = 2 

CP_681_Partition_parameter_Door_Stud_Top= [0.1409, 0.264] 

CP_681_Partition_parameter_Door_Stud_Top_global = [2.2939, 2.417] 

 

#   Door Studs Bot 

 

CP_681_Number_of_partitions_Door_Stud_Bot = 4 



 

CP_681_Partition_parameter_Door_Stud_Bot= [0.0331, 0.1562,

 0.2793, 0.4024] 

CP_681_Partition_parameter_Door_Stud_Bot_global = [0.0781, 0.2012,

 0.3243, 0.4474] 

 

 

#      Gypsum Board partitions parameters CP_681 

 

CP_681_Number_of_studs = 10  

CP_681_Stud_x_coordinates =  [CP_681_Stud_Thickness/2.0, 0.0675,

 0.1125, 0.5925, 1.7475, 1.7925,

 2.3475, 2.8275, 2.8725, 2.9175] 

CP_681_Stud_x_coordinates_Partitioning = [0.1125, 0.5925, 1.7475,

 1.7925, 2.3475, 2.8275] 

CP_681_Stud_x_coordinates_Partitioning_Right = [2.3475, 2.8275] 

CP_681_Stud_x_coordinates_Partitioning_Centre = [1.7475, 1.7925] 

CP_681_Door_Stud_x_coordinates_2 = [1.17, 2.07] 

 

#   Gypsum boards 

 

CP_681_Number_of_partitions_Gypsum_1 = 5 

CP_681_Number_of_partitions_Gypsum_2 = 16   # Top 

CP_681_Number_of_partitions_Gypsum_3 = 16   # Bot 

CP_681_Number_of_partitions_Gypsum_4 = 2   # Centre 

 

 

CP_681_Gypsum_partition_parameter_1_Left = [0.0225, 0.1425,

 0.2625, 0.3825, 0.5025] 

CP_681_Gypsum_partition_parameter_1_Right = [0.0225, 0.1425,

 0.2625, 0.3825, 0.5025] 

CP_681_Gypsum_partition_parameter_2 = [0.12, 0.24, 0.36,

 0.48, 0.555, 0.63, 0.75,

 0.87, 0.99, 1.11, 1.1325,

 1.1775, 1.2, 1.32, 1.455,

 1.59] 

CP_681_Gypsum_partition_parameter_3 = [0.12, 0.24, 0.36,

 0.48, 0.555, 0.63, 0.75,

 0.87, 0.99, 1.11, 1.1325,

 1.1775, 1.2, 1.32, 1.455,

 1.59] 

CP_681_Gypsum_partition_parameter_4 = [0.0225, 0.0675] 

 

 

CP_681_Number_of_partitions_Gypsum_horizontal_1 = 22  

CP_681_Number_of_partitions_Gypsum_horizontal_2 = 6 

CP_681_Number_of_partitions_Gypsum_horizontal_3 = 4 

CP_681_Number_of_partitions_Gypsum_horizontal_4 = 12 



 

 

 

CP_681_Gypsum_partition_parameter_horizontal_1 = [0.0225, 0.0781,

 0.2012, 0.3243, 0.4474, 0.5595,

 0.6936, 0.8167, 0.9398, 1.0629,

 1.186, 1.3091, 1.4322, 1.5553,

 1.6784, 1.8015, 1.9246, 2.0477,

 2.1305, 2.2939, 2.417 , 2.5295] 

CP_681_Gypsum_partition_parameter_horizontal_2 = [0.0225, 0.0781,

 0.2012, 0.3243, 0.4474, 0.5595] 

CP_681_Gypsum_partition_parameter_horizontal_3 = [0.0225, 0.1859,

 0.309, 0.4215] 

CP_681_Gypsum_partition_parameter_horizontal_4 = [0.1116, 0.2347,

 0.3578, 0.4809, 0.604, 0.7271,

 0.8502, 0.9733, 1.0964, 1.2195,

 1.3426, 1.4657] 

################################################################ 

#                                 Parameters for partition CP_681 with NO openings 

################################################################# 

# Parameters for partition 

# 

Number_of_partitions_stud = 16 

Stud_partition_parameter =     [0.15, 0.3, 0.45, 0.6, 0.75, 0.9, 1.05, 1.2, 1.35, 1.5, 

1.65, 1.8, 1.95, 2.1, 2.25, 2.4] 

Number_of_partitions_rail = 19 

Top_Rail_partition_parameter = [0.0, 0.15, 0.3, 0.45, 0.6, 0.75, 0.9, 1.05, 1.2, 

1.35, 1.5,  

                                1.65, 1.8, 1.95, 2.1, 2.25, 2.4, 2.55, 2.7, 2.85, 3.0] 

     

    

Number_of_partitions_gips_x = 3 

Number_of_studs = 6 

Stud_x_coordinates = [0.0, 0.6, 1.2, 1.8, 2.4, 3.0] 

Stud_x_coordinates_pins_rails = [ 0.6, 1.2, 1.8, 2.4] 

Gibson_x_coordinates= [0.0, 0.6, 1.2, 1.8, 2.4] 

# 

# Coordinates for the parts 

# 

# Cross section dimensions 

Width_studs = 0.095 # Width of the studs 

Width_top_rail = 0.095 # Width of the top rail 

Width_bottom_rail = 0.095 # Width of the bottom rail 

# 

Height_studs = 0.045 # Width of the studs 

Height_top_rail = 0.045 # Width of the top rail 

Height_bottom_rail = 0.045 # Width of the bottom rail 

# 



 

 

Part_member_coord_x = [(0.0, 0.0), 

                        (0.0, Top_Rail_Length), 

     

 (0.0, 0.0)] 

Part_member_coord_y = [(0.0, Stud_Length), 

                       (0.0, 0.0),  (0.0, Width_top_rail/2.0+Gips_thickness/2.0)] 

         

 



 

Appendix 3: DB686 interaction with Glulam beam and wall 

segment 

Assembly: 

 

Interactions: 5712 springs, 455 pins 

 

Boundary Conditions: Bottom is fixed, sides are fixed out of plane 

 



 

 

Deformation 1: Horizontal in-plane bending. Maximum horizontal reaction 

for is 22.9 kN at the interaction point between the glulam beam and DB686.  

Horizontal reaction force at the prescribed displacement is 2.6 kN (image 

scale factor 31.71). 

 

 

Deformation 2:  Maximum out of plane displacement is 3mm at the 

interaction point between the glulam beam and DB686 (image scale factor 

31.71) 

 

 
 

  

5mm prescribed displacement  

5mm 

prescribed 

displacement  

5mm prescribed displacement  



 

Force Distribution: Similar force pattern as in DB686. However, there’s no 

existence of force distribution in Glulam beam. This may be a result from 

the type of connection used at the beam ends. 

 

 

Practical Application:  
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Additional wall prototypes: 

 

A wall with two door openings. Length: 5.1825m, and Height: 2.552m 

 
 

A wall with no presence of openings. Length: 6.313m, and Height: 2.552m 

 

 
 

 

 

 

 

 

 

 

 

 


