
LINK_POD

The housing affordability problem is structural rather than cyclical. It is not simply a matter of building 

more dwellings to meet the demand as our endangered environments will not allow us to do so. To 

deal with the long-lasting problem, we need a systematic solution and to work with a holistic approach 

to the life-cycle of buildings. We propose a medium-density modular housing that is moveable, com-

fortable, affordable and adaptable for our target customers. Particularly, we focus on the demand from 

people who need short-term living places from 6 months to 2 years. Our target customers are over-

seas students, travellers having working holidays, families experiencing domestic violence, business 

man and professionals working away from home. Traditional housing supply such as student fl ats and 

rental units are not fl exible and affordable enough to accommodate these ever changing demand. 

Our proposal of fully-fi nished prefabricated modules will bring the housing demand and industry 4.0 

manufacturing process together. Our modular design aims to increase the effi ciency of construction, 

reduce duration and associated costs of development, minimise our carbon footprint and create a 

sense of community.

The rotating modular system provides the fl exibility and diversity to the overall arrangement of the 

modular complex. It can easily form a few options for a potential site. The spacial relationship and 

appearance from outside can be very different from one option to another. There are endless possible 

combinations of modules.

Modules are designed to be easily assembled and disassembled and transportable to other places. 

Therefore, precious land don’t have to be bought before construction starts, which signifi cantly reduc-

es the initial capital expenditure for developers. Purpose-designed structural connectors make the 

module strong and durable while engineered wood product - Bamboo is chosen for its high perfor-

mance and low embedded emission. 

Residents can have easy access to greenery and outdoor space from the pod. The space is private 

and cosy inside, while it can be opened up for residents to socialise with their neighbours. Roof gar-

den and balcony provide passive surveillance and a sense of community. 

An on-line platform is also proposed to connect potential customers, manufacturers, developers all 

together and create a database from post-occupancy data that are collected by sensors embedded 

in the module. 
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Sectional Perspective*

*For illustration purpose, the section is based on a generic arrangement, not specifi c to this site plan and renders 

+ Design for Manufacture and Assembly (DfMA) is the main principle of the structural design. Although 
special fi xings and connectors require low tolerance in manufacture and assembly, it is achievable with 
prefabrication and industrial 4.0.

+ The module is not only designed for quick connections between two residential units, but for easy mainte-
nance of individual structural panels and elements. At the end of life cycle of the module, DfMA makes it 
possible to recycle and reuse the entire building. In this circumstance, both economic and environmental 
benefi ts are maximised.

+ We choose Engineered Wood Product (EWP)- Bamboo for its low embedded carbon emission and supe-
rior structural property.

+ This is a self-designed connector for this competition design concept. Due to the specifi c shape of 
this connector, we called it a ‘Pineapple ring’. The inside hollow is designed for the staircase. This 
connector can divide into three parts, the top and bottom are connected with upper and lower mod-
ules by using 15*M12 bolts with 15 Sihga IF304. By rotating the ring in the middle by 90 degrees, the 
upper and lower module will be locked, and several M100 bolts will then be placed to avoid further 
movements.

+ The angle between one module and the other up or below can be adjusted to adapt to obstacles on 
site. It also gives potentials to a variety of design options and spacial relationships among modules.

+ Service core and circulation stairs are located at the centre of the rotating circle. With our pur-
pose-designed connection rings, the integrity of services and structure is maintained while the mod-
ule is rotated. Therefore, during installation or disassembly, plumbing, electricity and telecommuni-
cation services can be easily connected or disconnected. 

0 1 3 5m

Exploded structure diagram Ring Connection Details Service Risers and Circulation

Design for Manufacture and Assembly



Design for Adaptability and Community

Module Type 1 - 13.35 meters

Module Type 2 - 10 meters
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MODULAR DESIGN 

+ Folding window shutter

with operable window.

Challenge Cup 2020 

+ Service riser and

water tank
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+ Built-in dinning table

and bench

+ Elevated floor for storage

+ Murphy bed

+ Operable shutter can be

opened up as balcony.

D 

+ Built-in appliance

+ Operable window

+ Open-air circulation

space

+ Connection unit

+ Rooftop garden

Cross Ventilation 

Small but Functional 

Space Saving Furniture 

Outdoor Living 

Link Pod 5 





DESIGN FOR COMMUNITY AND OUTDOOR LIVING 
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Structural Design: Material 

2020/8/12

• ‘Wooden Bamboo (Engineered Bamboo Product) is selected for
structural frame and panels, which is a new material that innovated
from the ‘Timber Institute of the Chinese Academy of Forestry’. It is
a kind of ‘high-performance bamboo-based fibre composite
material”.

• Through the authoritative testing:
 The bending strength of this material is ≥350MPa,
 The tensile strength is ≥360MPa,
 The compressive strength is ≥140MPa,
 The modulus of elasticity is ≥30GPa,
 The boiling expansion rate is ≤5%, and
 The strength per unit weight can reach 2.5 times that of steel.

• However, since neither Australia standard nor ARCOTIM provides
relevant standards/calculation methods, thus, for the rest of the
design concept, we would assume to use Engineered Wooden
Product (EWP) as a conservative assumption.

• The conventional size of ‘wooden bamboo’ is 2500mm (L) * 70-
90mm (W) * 30-50mm (T), which is close to the size of Australian
machined grade pine (MGP).

• Therefore, the civil design team will be choosing MGP10 -
45*90mm (the most commonly used in Australia timber-framed
construction) as the primary structural material and taking into the
design/calculations.

Benefit of Bamboo:

• Is sustainable carbon-negative material –

the annual quantity of carbon storage per

hectare of the bamboo forest is up to 5

tonnes, which is 1.46 times that of fir/pine

• Shorter time to grow compared to the

trees;

• Greater potential and benefits; and etc.

• Wooden Bamboo

• MGP10 45*90mm



Structural 
Design & Layout

• Design for Manufacture and Assembly
+Disassembly (DfMA+D) is the main principle of
the structural design.

• With industry 4.0 and proposed automated
production line, this principle is possible to be
applied to our structural design as special fixings and
connectors require low tolerance in manufacture and
assembly.

• The module is not only designed for quick
connections between two residential units, but for
easy maintenance of individual structural panels and
elements.

• This concept of design is aiming at transport the
whole module in once. However, on the distance of
the relocated place, the module can be
downsized/disassembled to relatively smaller panels
(as 1.1-3.2 states).

• These panels are fully reversible, to offer easy
maintenance/reuse/recycle and achieve the circular
economy. At the end of life cycle of the module,
design for disassembly makes it possible to recycle
and reuse the entire building. In this circumstance,
both economic and environmental benefits are
maximised (Akanbi et al., 2018).

• The integral timber technical structure design were
checked accordingly ARCOTIM TimberTech.

• Please check the report for more justifications about the building 
components.



Building Components 
Connectors
A1 – Sherpa M20 connector with 20 pcs of 6.5*85mm long
screws, is an innovative product from Sherpa, Austria.

• This connector has two dove-tailed metal slots that are
separately embedded into each structural member in the
connection.

• However, in comparison with Sherpa, RothoBlaas is also
having an alternative solution - LOCKT50175 with
7mm*80mm screws. In which the LOCKT is also providing
a functional withdrawal capacity,

A2 – Sihga IF304 with 8*GoFix HK 34mm, is also an
innovative product from Sihga, Austria.

• This connector is used in timber-to-timber connections.
The connector needs to accommodate into a 27mm
recess of the timber member, as well as it contains 8
screws and imbedded downward at 45 degrees and
forms a circle. An M12 bolt loads the connector in
tension or by shearing forces.

A3 – is a self-designed connector for this competition design
concept. Due to the specific shape of this connector, we
called it a ‘Pineapple ring’. The inside hollow is designed for
the staircase.

A4 – Modular footing + connector system, which is also a
self-designed. A4 is used to connect the staircase, and
bottom foundation supports. The modular footing which
consists of male and female concrete footing blocks with
built-in I-columns (150UC37.2).

The gaps between panel-to-panel will be sealed by using
RothoBlaas’ EASY BAND universal tape and TRASPIR 135
membrane as a protective layer.

The integral timber technical structure design reports were generated 
by TimberTech ACROTIM and attached in the report.

Plate-to-stud Connection currently…
Will change to Stud-to-stud
connection for further improvement,
since it can provide better bearing
axial capacity.



Thank you.
For more detailed information, please check our report and poster. 

2020/8/12
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OUR APPROACH EXECUTIVE SUMMARY

Modular Design

Aff ordability

Aff ordability

Adaptability 

Sustainability

1

2

3

4 5

Industry 4.0

Transport and 
Installation

+ Housing affordability problem is not simply a matter of building more dwellings or build-
ing cheap houses. It is a systematic problem closely related many factors, such as the 
prolonged development period, compromised design, ineffi cient construction process, 
waste of building materials, shortage of labours, speculators of property market, agent 
and asymmetrical information, complex planning regulations and more. We need a 
holistic approach to the housing affordability problem.

+ In this proposal, we focus on the demand from people who need short-term living plac-
es from 6 months to 2 years. Our target customers are overseas students, travellers 
having working holidays, families experiencing domestic violence, business people and 
professionals working away from home. Traditional housing supply such as student 
fl ats and rental properties are not fl exible and affordable enough to accommodate these 
ever changing demand. It is not only because these buildings take a long time to build 
and cost developers a signifi cant amount of capital expenditure, service providers also 
need to charge at a higher rate to compensate the risk associated with the fl uctuation 
of demand.

+ Our proposal of fully-fi nished prefabricated modules will bring the housing demand and 
industry 4.0 manufacturing process together to solve these issues. We aim to increase 
the effi ciency of construction, reduce associated costs of development, minimise our 
carbon footprint and create a sense of community.

+ Modules are designed to be easily assembled and disassembled and to be relocated 
to other places, therefore, precious land don’t have to be owned by developers or resi-
dents, which signifi cantly reduces the  initial capital expenditure for developers.

+ Then modules are made to demand in an automated factory environment, thanks to 
the industry 4.0 revolution and the on-line platform which makes the whole process 
transparent and effi cient for potential customers.

+ The design of the module minimises on-site construction period and earth work needed 
as in conventional build. The complete prefabricated units only take days to be installed 
which signifi cantly reduces the uncertainty and cost of developments.

+ By reducing all those costs associated with development, the benefi t can be passed on 
to people who live in the community and achieve affordable housing supply for target 
customers.
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+ The largest overall dimension of our module is 3.5m x 12m x 3.3m (Width/Length/
Height). It generally does not require pilot or escort in urban area (refer to Vic, Qld 
and SA escorting guideline), which minimise the cost and complexity for transport. 

+ The balcony and window shutter are operable. During transportation, they can be 
seamlessly folded up to the wall and protect the windows and glass doors behind.

+ As modules can be added on or relocated during its life cycle, the structure, fi xings 
and connection units of the module are specifi cally designed to cope with assem-
bling and disassembling issues. 

+ Each module is a complete and weather proofed unit. It can be stored at anywhere 
that has a levelled ground before transported to site. After site preparation and hav-
ing required footings done, it only takes days or even hours to position the module 
into place and fasten the connection units. It minimises the construction time and 
reduces interruptions of unexpected events (ie. weather) during on-site installation.

+ The module uses light-weight materials and bamboo frames which minimise the 
gross weight of the module for ease of transport and installation. 

+ Smart Factory - The module is standardised built by the factory’s complete pro-
duction line with the assembly machine, which involves a combination of both au-
tomated and manual manufacture processes.  The fully reversible assembling de-
sign requires low tolerance in manufacturing and installation processes as novel 
connectors and Engineered Wood Product - bamboo are preferred to conventional 
framing. Thus, production lines equipped with automated machine arms are critical 
to provide high accuracy and effi ciency on production. Automatic production line 
would also provide better quality and time control. It reduces the need for labours 
which benefi ts countries like Australia from shortage of skilled labours.

+ Smart homes - Sensors are embedded in the laminated bamboo during the produc-
tion of panels and frames. The sensor comprises the monitoring of moisture content, 
vibrations, strains, displacements and loads. A specifi c serial number is assigned to 
each structural elements to track/repair/replace during the life cycle of the module. 
Other sensors are installed to monitor daily consumptions (water and electricity), 
building performance (temp. and moisture) or for safety reasons. Those information 
is available to both residents and manufacturers as a database for analysis and 
research.

+ Effi cient production – As there are only two variations of modular design with similar 
structure, the production can be highly effi cient as parts are standardised and mass 
produced. It is also easy to control the quality in production and have repair/replace 
parts available in future. The cost of the module itself would be much less than con-
ventional construction since less labours are used and less materials are wasted. 

+ There are two variations of modules: 13.35 meters X 3.5 meters as two-bedroom 
unit and 10 meters X 3.5 meters as one-bedroom unit. Both modules are 3.3 meters 
in height with adjustable connection unit.

+ Kitchen unit, appliances, bed frames, wardrobes and storages are prefabricated and 
built into the module for minimal on-site installation and maximum quality control.

+ The module has provisions of service connection on one end (electricity, water, 
drainage and telecommunication) and vertical circulations on the other end. Our 
custom designed connection unit enables rotations between two adjacent modules 
while maintains the structural and service integrity.

+ Standard design with lots of built-ins will improve the effi ciency of manufacturing 
while have a standardised quality benchmark for all units. Maintenance is also easi-
er than traditional building, as all parts of building are standard and mass-produced. 
This ensures the quality of every module meet potential customers’ expectation.

+ In conventional modular construction, one module is stacked on top of the other. 
Floor and roof structure are doubling and wasted. In our modular design, roof tops 
are designed to carry garden beds and decks which provides luxury outdoor space 
for residents. Meanwhile, it improves thermal performance of the module as plants 
and soil work as an extra insulation layer. 

+ The module uses zinc sheets as weather shield for its appearance, light weight and 
durability. Part of the exterior cladding can be opened to form a balcony. It is impor-
tant for people who lives in the “capsule” to connect with the surrounding natural 
environment and other “capsule” dwellers. The design aims to create a sense of 
community while maintains privacy that needed.

Modular Design

Industry 4.0

Transport and 
Installation
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+ This modular design takes a holistic approach in order to provide the maximum 
environmental benefi t of selected materials and assembly/disassembly process in 
each life cycle stage of the building. 

+ The module built by Engineered Wood Product- Bamboo (EWP), acts as a balanc-
ing agent for the greenhouse gas emissions of the urban area, therefore the module 
acts like a carbon pool. The whole-of-life role of the modular design in future Aus-
tralian urban development contributes to the balance of urban carbon emissions.  

+ EWP-Bamboo removes (sequester) carbon as they grow. Carbon is stored inside 
the structure for a long-term until the building reach the end of life. EWP-Bamboo 
has a lower embodied emission but superior structural performance compared to 
conventional constructional materials including timber, concrete and steel. 

+ EWP-Bamboo frames and panels are protected by zinc cladding to maximise its life 
in different climate. The embedded sensors may also extend the life of the whole 
structure by locating and replacing the specifi c parts rather than the whole module. 

+ Buildings start to release carbon before they physically exist, and carbon emission 
extends across the presence of the building. The proposed industry 4.0 manufac-
turing process minimises the carbon emission during material manufacturing and 
assembling process. 

+ The module is designed with light-weight structure and specifi c sizes for easy trans-
port and installation. The design also minimises the use of construction equipments 
on-site. Therefore the carbon spike during the construction process is reduced and 
the GHG emission due to transport is minimised. 

+ At the end of life cycle, the biggest part of superstructure, EWP-Bamboo- can be 
recycled with the minimum wastage factor due to novel connection between the 
components.

+ We designed circular connection unit to enable rotations between two adjacent mod-
ules. Therefore, The angle between one module and the other up or below can be 
adjusted to adapt to site specifi c conditions (such as protected trees and obstacles). 
More importantly, it provides developers multiple options of overall confi guration 
without changing the design and structure of the module. 

+ The module is designed to sit off the ground with point connections to footings. It 
can adapt to sites where there are extensive slopes, level of moistures and surface 
runoff. This reduces the needs for costly retaining walls, concrete slabs and related 
stormwater drains.

+ It has the potential to occupy some trickiest sites in urban area, such as sites with 
large underground infrastructures around the city. Because of its light weight, fl ex-
ible layout and temporary nature, it may provide an affordable solution to various 
restrictions. 

+ The height of the circular connection can be adjusted between 200mm to 400mm 
which gives adequate tolerance to both design and on-site installation.

Adaptability

Sustainability
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OVERALL SCHEME  
BUILD ON DEMAND

+ University/college students
+ Travellers/Working holiday
+ Families experiencing do-

mestic violence
+ Business man and pro-

fessionals who work away 
from home

+ Collect and manage potential users’ 
preference of location, transport 
and other housing demand.

+ Generate options for users to sub-
mit their interests and deposit. 

+ Sending orders to development and 
prefabrication department.

+ In the meantime, orders are sent to 
factory and existing inventory sys-
tem to meet the specifi c demand 
and delivery date.

+ Modules can be quickly replicated 
by automatic production line. La-
bour is partially replaced by robotic 
arms for better quality control.   

+ Dimensions of the unit is de-
signed to be transportable by 
typical fl eet without escorting.

+ Each module is weather 
proofed and self-supported 
with no need of assembling on 
site

+ Land lease agreement is signed 
by developers to start the process  
of design and approvals.

+ The length of the lease agree-
ment is negotiated and agreed by    
potential end users in our booking 
system

+ Each module can be easily 
fi xed onto footings or the oth-
er module through connec-
tion unit. 

+ Services and fi t-outs are 
completed in factory and the 
module is ready to move in 
directly after installation.

Flexible living demand

Target customers with short-term 
living demand (3 - 24 months)

Online Platform Manufacturing process Relocation & TransportDeveloping Process Fast Installation/Unin-
stallation

Relocation & Transport

Disassemble and Reuse

App and Database Prefabrication

Inventory

Pre-owned

Installation

Site selection Design Approvals

Completion
Bookings

Developing Process
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THE HOUSING AFFORDABILITY PROBLEM

Sources:
Parliament of Australia, 2008, Inquiry of the problem of housing affordability, https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Former_Committees/
hsaf/index, assessed on 22 July 2020.

+ This proposal brings mobile architecture and prefabrication industry 
together to separate the pure function of a dwelling from its convention-
ally attached land ownership.

+ The module is fully functional as a normal unit and is as durable as con-
ventional houses. The two types of modular units can form numerous 
combinations and adaptive living complex which can be relocated and 
reconfi gured after a period of time.

+ The purpose is to create a product for those people who need a tempo-
rary habitat at specifi c place and time rather than an investment prod-
uct. While the land ownership, which is often treated as an investment 
facility and sensitive to monetary policies and taxation, can be separat-
ed from the dwelling.

+ The concept of mobile architecture will remove the hassle of purchas-
ing and holding a piece of land. The absence of associated risks with 
land acquisition will signifi cantly reduce the upfront cost and required 
margin of developments.

+ The modular complex can be adaptive to temporary sites and be mov-

able to other locations at the end of the lease agreement. 

+ The module is designed with built-in furnitures and integrated service con-
nections. This will minimise on-site installation works and reduce  unexpect-
ed delays and site related risks. 

+ The modular design of only two major variations in length will signifi cantly 
increase the effi ciency of fabrication, transportation and installation process.

As identifi ed by Australian Parliament inquiry in 2008, the housing affordability problem is structural rather than cy-
clical. It means it is not simply a matter of building more dwellings to meet the demand. The problem is systematic, 
and closely related to the prolonged development period, ineffi cient construction process, compromised design, 
speculators of property market, and complex planning regulations. 

Affordable housing is not about building cheap and small houses, but to have a solution that deals with all the above 
issues. For short-term living demand like students, visitors and working based housing demand,   it is temporary 
and fast-changing. Traditional development and building solution are not fl exible and adaptive enough to meet those 
demand. It is costly and also wastes valuable resources during the process.  Industries and authorities should pro-
mote diversifi ed housing supply and adaptive models to accommodate this  ever-changing demand. Our proposal 
will tackle the problem from the following aspects:

Investment Function
+ The proposal will challenge the current planning schemes, building regula-

tions and even tax policies for potential buyers.

+ The modular complex is applicable to sites that are conventionally not fea-
sible to be built on, such as state-owned land reserves for future infrastruc-
tures, land with temporary or seasonal fl ood risks, and any other temporarily 
available sites around fast expanding urban area.

+ Council should consider concession rates of connections to sewer and elec-
tricity and city council levy for this new type of development. Because of the 
temporary nature of the modular homes, it is not reasonable to pay as same 
rates as traditional units.

+ Government should also consider to give buyers who want to own the mod-
ular home some grants, similar to fi rst home grants for typical fi rst-home 
buyers. This is because the modular home provides an innovative solution to 
the demand and contributes to diverse housing supplies.

+ The shortage of skilled labour in construction industry has been identifi ed as 
a concern of housing affordability problem. (Australian Parliament , 2008). 
This proposal provides a solution to mitigate the issue by prefabrication and 
industry 4.0

+ Modern manufacturing process with computer controlled machinery will  sig-
nifi cantly increase the effi ciency of construction and reduce the need of low 
skilled labours.

+ It will have better quality and time control on labourers due to pre-set man-
ufacturing procedures. Well considered procedures will also reduce unnec-
essary waste of building materials which is an important part of pursuing 
sustainable construction.

+ The safety of employees and tradies will be insured by a better and con-
trolled indoor environment than on-site construction.

Design and Feasibility

Policy and Regulation

Safety and Labour
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Co
st

Land 
Acquisition

Design and 
Consultancy

Cost of 
Financing

Agent fees Development 
Margin

Traditional Development

Proposed Prefab Development

Maintenance (including 
transport and storage)

Demolition 
(relocation)

Construction 
Cost

COST EVALUATION

+ In traditional development, developers need put 
down a large amount of initial deposit for land ac-
quisition. Owning the land for development of a 
length period of time will incur signifi cant amount 
of holding cost and  fi nancial cost.

+ Our proposed modules and development model 
will only need land lease agreement which sig-
nifi cantly reduces initial capital expenditure and 
associated holding costs.

+ The modular design is adaptive to different site 
geometry and topography. The design is simply 

and maintenance, developers/owners can recycle 
and reuse all modules and most materials after 
lease ends. This is a preferable and sustainable 
solution comparing with demolition and landfi lls of 
traditional building.

+ By reducing all those costs and margins associat-
ed with development, the benefi t can be passed 
on to people who live in the community rather than 
investors and speculators of real-estate. There-
fore, this proposal provides people with fl exible, 
affordable and sustainable housing solution.

repeated and applied within pre-set rules. The ex-
tent of works by other consultancies and related 
fees are reduced.

+ An online platform is developed for booking and 
data collection

+ Real demand is confi rmed before development 
started. Risks of market uncertainty and costs 
of selling units are minimised as all modules are 
pre-booked

+ Refer to engineer’s estimation (Appendix B), 
hard costs of the module itself, transport and 

installation are signifi cantly lower than traditional 
construction as it requires less labour and mate-
rials. However, the overall cost will depend on the 
number of modules produced if we take the cost of 
building the production line into consideration. The 
economics of scale will eventually bring down the 
cost of investment in industrial 4.0

+ Developer’s margin is reduced because of short-
er period of development and less uncertainties of 
construction.

+ Although it needs extra costs for module’s transport 
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MODULAR DESIGN

0 3m 1:100

+ Folding window shut-
ter together with sash 
window are  used to 
allow cross ventila-
tion and provide extra 
space for study. 

The overarching idea is to design a space that is small but smart. Small in size doesn’t 
mean we will compromise comfort and function. What we want is to reduce our carbon 
footprint by reducing daily energy consumptions, spaces that are wasted in our homes 
and embedded energy of construction and materials. 

We want people who live in the pod can have easy access to greenery and outdoor 
space. We create a capsule that is private and cosy inside, while it can be opened 
up for residents to socialise with their neighbours. Moreover, roof garden and balcony 
provide passive surveillance and a sense of community. It is important for people to be 

connected because people have to set new relationships and get used to a new environment quickly in temporary 
living.

Even though the module is designed for short term living, the performance of the building is not compromised. All 
bedrooms have operable windows and cross ventilation. All walls are cladded with profi led zinc sheet, framed with 
EWP - Bamboo and fi lled with acoustic insulation. Glazing and fl oors are also thermally and acoustically insulated. 
Thermal performance is further improved as roof garden works as an extra layer to insulate the module. The quality 
and performance of the module is built to last long and to adapt to diverse environment from urban areas to remote 
regions.

+ Service riser is located 
at the centre of rotat-
ing circle. Service can 
be easily connected 
while modules can be 
rotated to adapt to site 
condition.

+ Water tank and boiler 
locates on ceiling

+ Operable shutter can be 
opened up as balcony. 
Fence is installed after. It 
expands the limited interi-
or space to exterior.

+ It can be folded back onto 
exterior wall during trans-
port.

+ The circulation space 
is open to air and con-
nects with the rooftop 
garden of the adjacent 
module. 

+ This communal space 
is where daily conver-
sations can happen 
among residents. 

+ On rooftop, the area 
between the two 
connection rings is 
designed to hold 
100mm soil for gar-
dening. It connects  
to the living space for 
people who live on 
top.

+ Bedroom is elevated to 
give space for storage.

+ Mattress can be folded 
on to wall unit to give 
space for daytime use.

+ Operable full height 
window allows natural 
ventilation 

+ Dinning table can be 
folded on to wall unit 
when it’s not used.

+ Seating bench, shelves, 
and kitchen unit are 
fi xed onto structure for 
ease of transport & in-
stallation.

+ Appliances such as stove, 
oven, and fridge are built 
into the kitchen unit with 
considerations for trans-
port.

+ Operable window at kitch-
en allows for cross ventila-
tion
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STRUCTURAL DESIGN

1.1

2.1

A1 Sherpa
Connector

A2 Sihga
Connector

1.2

2.2

3.1

3.2

A3 - Self-designed -
'Pineapple" ring
connector

A4 Connector for Footing to Base

A4.1 Modular Footing connector

A4.2 Extensible Modular Concrete footing

4.1 Floor Modules

4.2

4.3

5.1

6

Design for Manufacture and Assembly (DfMA) is the main principle of the structural 
design. With industry 4.0 and proposed automated production line, this principle is 
possible to be applied to our structural design as special fi xings and connectors re-
quire low tolerance in manufacture and assembly. The module is not only designed for 
quick connections between two residential units, but for easy maintenance of individ-
ual structural panels and elements. This concept of design is aiming at transport the 
whole module in once. However, on the distance of the relocated place, the module 
can be downsized/disassembled to relatively smaller panels. These panels are fully 
reversible, to offer easy maintenance/reuse/recycle and achieve the circular economy. 
At the end of life cycle of the module, design for disassembly makes it possible to 
recycle and reuse the entire building. In this circumstance, both economic and envi-
ronmental benefi ts are maximised (Akanbi et al., 2018). The integral timber technical 
structure design were checked accordingly ARCOTIM TimberTech. 

+ Wooden - Bamboo is selected for structural frame and panels. Bamboo is a sustainable carbon-negative material

+ The annual quantity of carbon storage per hectare of the bamboo forest is up to 5 tonnes, which is 1.46 times 
that of fi r/pine and 1.33 times that of tropical rain forests. Moreover, compared with trees, bamboo takes a much 
shorter time to grow. Therefore, the application of engineered bamboo has great potential and benefi  ts.

+ The called as ‘wooden bamboo’, which is a new material that innovated from the ‘Timber Institute of the Chinese 
Academy of Forestry’. It is a kind of ‘high-performance bamboo-based fi bre composite material”. This new tech-
nology reduced the material waste generated during manufacturing and increased the utilisation rate of bamboo 
to more than 95%. Through the authoritative testing: the bending strength of this material is ≥350MPa, the tensile 
strength is ≥360MPa, the compressive strength is ≥140MPa, the modulus of elasticity is ≥30GPa, the boiling 
expansion rate is ≤5%, and the strength per unit weight can reach 2.5 times that of steel. However, since neither 
Australia standard nor ARCOTIM provides relevant standards/calculation methods, thus, for the rest of the de-
sign concept, we would assume to use Engineered Wooden Product (EWP) as a conservative assumption. The 
conventional size of ‘wooden bamboo’ is 2500mm (L) * 70-90mm (W) * 30-50mm (T), which is close to the size 
of Australian machined grade pine (MGP). Therefore, the civil design team will be choosing MGP10 - 45*90mm 
(the most commonly used in Australia timber-framed construction) as the primary structural material and taking 
into the design/calculations.

+ 1.1 Standardised panel – Manufactured in industry 4.0 assembly line. The material has set as MGP10 – 
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45mm*90mm in TimberTech for integral structure calculations. The modular panel pre-built-in 3 ‘Sherpa M20’ 
connectors (A1) on each side and 3 Sihga’s IF 304 connectors (A2) on both the top and bottom plate. Double 
external studs for allocating Sherpa M20’s long screws. Average stud spacing is 410mm. The panels will in-
clude a series of structural health monitoring sensors. The gaps between panel-to-panel will be sealed by using 
Roth-oBlaas’ EASY BAND universal tape and TRASPIR 135 membrane as a protective layer.

+ 1.2 Single-layer plywood/bamboo on one side only and act as part of interior fi nish. F14 plywood – Pinus species 
with the thickness of 15mm, by using RothoBlaas’ threaded nails (Ring nail/coils 2.8/3.1*60) to control the frame 

+ 2.1-3.2, 5.1 are using the same techniques as standardised panel as well as the numbers of A1, A2 connec-
tors.#2.1 consists of two half-opened gate panels and the leaving space are for installation of sliding door. And 
#3.1 is hot pressing/bending curved panel, in which this form is unlikely to achieving in MGP10 but except ‘wood-
en bamboo’ or LVL, therefore, in TimberTech’s model will be assuming to have 9 small straight panels instead of 
two curved panels (The drawings of TimberTech model can be found in Appendix D, E and F).

+ 4.1-4.2 The fl oor and roof are designed as Joist type which also builds with MGP10. M12 bolts will be use d to 
connect fl oor/roof to the Sihga’s IF304 that located inside of the modular panels.

+ 4.3 A 300mm hole used as a service core to connect water/electricity/gas, etc. The right side is a 1600mm hole 
for staircase #6.

+ + 6 Modular staircase, connect with basement steel plate by using 5*M25 bolts. The top of the stairs is designed 
as a stackable concept that can be extended up to Level 3.

+ A1 – Sherpa M20 connector with 20 pcs of 6.5*85mm long screws (that’s why needs double studs on external 
edge), is an innovative product from Sherpa, Austria. This connector has two dove-tailed metal slots that are 
separately embedded into each structural member in the connection. Instead of typical long screws being used, 
many smaller screws are used at various angles. This connector has been well developed in Europe with Eu-
ropean timber (C24), in which can provide up to 10 kN in panels’ windward direction and 16.6 kN in withdrawal 
(Austrian Institute of Construction Engineering, 2017; Kowal & Augustin, 2016; Sherpa, 2013, 2018). However, in 
comparison with Sherpa, RothoBlaas is also having an alternative solution - LOCKT50175 with 7mm*80mm. In 
which the LOCKT is also providing a functional withdrawal capacity, however, due to the specifi c shape of itself, 
the capacity in the windward direction of the panel is relatively weaker than Sherpa’s M20. 

+ A2 – Sihga IF304 with 8*GoFix HK 34mm, is also an innovative product from Sihga, Austria. This connector is 

used in timber-to-timber connections. The connector needs to accommodate into a 27mm recess of the timber 
member, as well as it contains 8 screws and downward at 45 degrees and forms a circle. An M12 bolt loads 
the connector in tension or by shearing forces. This connector has also been well developed under Eurocode 5 
and ETA-14/0160 (ETA-Danmark, 2014). After several studies on ETA-14/160, the civil team has assumeD the 
capacity of Sihga IF304 is according to the density of the timber member, therefore, the tension capacity of this 
connector is regarded as 22.58kN (based on a design density of MGP10 from AS1720 – 500kg/m^3).

+ A3 – is a self-designed connector for this competition design concept. Due to the specifi c shape of this connector, 
we called it a ‘Pineapple ring’. The inside hollow is designed for the staircase. This connector can divide into 
three parts, the top and bottom are connected with upper and lower modules by using 15*M12 bolts with 15 
Sihga IF304. By rotating the ring in the middle by 90 degrees, the upper and lower module will be locked, and 
several M100 bolts will then be placed to avoid further movements. This connector has been checked accord-
ingly by using FEA analysis.

+ A4 – Modular footing + connector system, which is also a self-designed. A4 is used to connect the staircase, and 
bottom foundation supports. A4.2 is an extendable modular footing which consists of male and female concrete 
footing blocks with built-in I-columns (150UC37.2). These modules are aiming to provide a different depth of 
foundation footing to meeting all soil conditions in different locations. However, this design concept has not been 

CONNECTORS
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+ Both Serviceability and Ultimate wind/seismic/snow load actions are checked accordingly, which based on 
AS1170.1-4. The detailed calculations and the statement of the calculate limitations can be found in Appendix. 
The integral timber construction design has separated in three reports which regard to three different elevations - 
one module only (ground level), two modules mounted together, and three modules installed together. However, 
due to the lack of time, the civil design team has only positioned these modules without a rotated angle. 

+ Since the ARCOTIM TimberTech does not provide Sherpa/Sihga connectors, the civil design team can only be 
used alternative connectors that has been listed in the software. The integral timber technical structure design 
reports can be found in Appendix D, E and F.

+ The current panel design is under an assumption of using MGP10 (which has been Australia’s main timber 
material for framed structures for years) instead of wooden bamboo. The EWP is a conservative solution since 
wooden bamboo would offer a better characteristic capacity. For both of timber and bamboo are fi bric material 
which always offering a better load capacity on the direction of perpendicular to the grain. The current panel 
structural design is based on the stud-to-plate connection. However, according to a study report’s experiment 
results, the stud-to-stud connections offered better improvement of load-bearing/carrying capacity for the panels 
under compression (Alinoori et al., 2020). Therefore, due to the full module/panels will be tied down to a truck 
and will also experience a deliver trip, for the further improvement, a stud-to stud connection of the panel would 
be considered and re-designed.

checked by using Australian Standards. 

ENGINEERING CALCULATIONS AND LIMITATIONS
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ADAPTABILITY

Service Core

Circulation Core

180o Rotation Angle

Acceptance of prefabricated building by general public is the most crucial challenges 
(Gibb, 2001). The prefab housing is associated with stigma of undesirable, cheap and 
inferior quality due to associations with temporary emergency housing, site offi ces, 
mining accommodation, and so on.

One of our design tasks is to break this stereotype of conventional boxed modular 
construction. The challenge is obvious, how to create a modular unit that can form 
endless arrangements, which is to say, each project can have a unique design by us-
ing the same modular units.  So we designed the rotating modular system to provide 

the fl exibility and diversity to the overall arrangement. It can easily form a few options for a potential site. The spacial 
relationship and appearance from outside can be very different from one to another. There are endless possible 
combinations of modules.

More importantly, this modular system has the adaptability to diverse site conditions. The angle between one mod-
ule and the other up or below can be adjusted to adapt to trees and obstacles on site. Service core and circulation 
stairs are located at the centre of the rotating circle. Our purpose-designed connection rings ensure the integrity of 
services and structure while the module is rotated.
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Detailed drawings for building components in next pages.
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Id Supplier Product Code Volume (m³) Length (m) Unit price Amount
1

Wall 1 0.12 29.63 $3.50 $103.70
Wall 2 0.12 29.63 $3.50 $103.70
Wall 3 0.12 29.63 $3.50 $103.70
Wall 4 0.12 29.63 $3.50 $103.70
Wall 5 0.12 29.63 $3.50 $103.70
Wall 6 0.12 29.63 $3.50 $103.70
Wall 7 0.12 29.63 $3.50 $103.70
Wall 8 0.12 29.63 $3.50 $103.70
Wall 9 0.12 29.63 $3.50 $103.70

Wall 10 0.18 44.44 $3.50 $155.56
Wall 11 0.18 44.44 $3.50 $155.56
Wall 12 0.18 44.44 $3.50 $155.56
Wall 13 0.18 44.44 $3.50 $155.56
Wall 14 0.18 44.44 $3.50 $155.56
Wall 15 0.18 44.44 $3.50 $155.56
Wall 16 0.18 44.44 $3.50 $155.56
Wall 17 0.12 29.63 $3.50 $103.70
Wall 18 0.18 44.44 $3.50 $155.56
Wall 19 0.12 29.63 $3.50 $103.70
Wall 20 0.10 24.69 $3.50 $86.42
Wall 21 0.17 41.98 $3.50 $146.91
Wall 22 0.18 44.44 $3.50 $155.56
Wall 23 0.18 44.44 $3.50 $155.56
Wall 24 0.15 37.04 $3.50 $129.63
Wall 25 0.18 44.44 $3.50 $155.56
TOTAL 3.72 918.52 $3,214.81

2
Floor 1 1.77 437.04 $3.50 $1,529.63
TOTAL 1.77 $1,529.63

3 $/sqrm
Wall 1 1.95 $34.50 $67.28
Wall 2 1.92 $34.50 $66.24
Wall 3 1.95 $34.50 $67.28
Wall 4 1.95 $34.50 $67.28
Wall 5 1.92 $34.50 $66.24
Wall 6 1.95 $34.50 $67.28
Wall 7 1.95 $34.50 $67.28
Wall 8 1.92 $34.50 $66.24
Wall 9 1.95 $34.50 $67.28

Wall 10 7.84 $34.50 $270.48
Wall 11 7.84 $34.50 $270.48
Wall 12 7.84 $34.50 $270.48
Wall 13 7.84 $34.50 $270.48
Wall 14 8.00 $34.50 $276.00
Wall 15 7.84 $34.50 $270.48
Wall 16 7.84 $34.50 $270.48
Wall 17 1.86 $34.50 $64.17
Wall 18 8.00 $34.50 $276.00
Wall 19 1.60 $34.50 $55.20
Wall 20 1.47 $34.50 $50.72
Wall 21 5.98 $34.50 $206.31
Wall 22 7.84 $34.50 $270.48
Wall 23 8.00 $34.50 $276.00
Wall 24 4.16 $34.50 $143.52
Wall 25 7.97 $34.50 $274.97
TOTAL 119.38 $4,118.61

#Quantity Retail Unit Price Total Price
4 Sihga IF304

-if-304-beschichtet-sc-6-im-montagepack/HL1066296/?pmzr=10089&itemId=7001107296 51 $23.58 $1,202.75
TOTAL 51.00 $1,202.75

6 Rotho Blass FE210116 INA - 5.8 - M12 x 160
2.00

TOTAL 102.00 $2.03 $207.06
7 Rotho Blass FE210116 INA - 5.8 - M16 x 160

Wall 10 26.00
TOTAL 26.00 $3.98 $103.48

8 HH10502003
Wall 1 77.00
Wall 2 77.00
Wall 3 77.00
Wall 4 77.00
Wall 5 77.00
Wall 6 77.00
Wall 7 77.00
Wall 8 77.00
Wall 9 77.00

Wall 10 289.00
Wall 11 289.00
Wall 12 289.00
Wall 13 289.00
Wall 14 338.00
Wall 15 289.00
Wall 16 289.00
Wall 17 77.00
Wall 18 338.00
Wall 19 92.00
Wall 20 75.00
Wall 21 262.00
Wall 22 289.00
Wall 23 338.00
Wall 24 186.00
Wall 25 338.00
TOTAL 4,760.00 1 box $224.63

9 Sherpa #Quantity Retail Unit Price Total Price
83024190 M20 78 $57.38 $4,475.64
73181290 Screw 6.5*85mm 780 $0.77 $600.60

#Quantity Retail Unit Price Total Price
10 RothoBlaas Easy Band 60 (EASY60) 5 Rolls $49.28 $246.40

Sealing the panels

11 RothoBlaas Traspir 135 (T135) 2 Rolls $304.92 $609.84
For air-tightness and water resistance

TOTAL $26,599.26 GST INCLUDED

10 Delivery + crane Cost Within 100km and no more than 3.5m width $850 After 3 years inflation $904.72
https://www.modehomes.com.au/how-much-will-it-cost-to-transport-and-crane-my-modular-home/

11 Estimated Cost for Supply $ Installation Estimated as 2 bedrooms, 1 kitchen $ living area (56m^2) $26,680.50
https://i-build.b-cdn.net/wp-content/uploads/pdf/modularhomes/iBUILD%20Modular%20Product%20Price%20List%202020-05-01.pdf TOTAL $27,585.22 GST INCLUDED

Material Cost $26,599.26
Delivery Cost $904.72

Installation Cost $26,680.50
Total Cost $54,184.48

Appendix B General Cost Estimation
Description

Rawlinson 2020 Construction Handbook Framed wall elements - MGP 10

Rawlinson 2020 Construction Handbook F14 Plywood - Pinus species - Thickness: 15 mm

Rawlinson 2020 Construction Handbook Joist floor - MGP 10 - 90 x 45 - 45 x 90 mm - Spacing 100 mm

Ring nail (coils) 2.8/3.1 x 60Rotho Blaas

Incudes Material and Connectors (without insulation infill, roof garden and cladding)
Referred to the data from MODEhouse in 2017, the final price in 2020 which is inflated. 

Estimated as 2 bedrooms, 1 kitchen $ living area (56m^2) 

The retail price for the products from RothoBlaas and Sherpa were accordingly checked with the techinical sales respresentative

https://www.holzland.de/p/idefix-if-304-beschichtet-sc-6-im-montagepack/HL1066296/?pmzr=10089&itemId=7001107296
https://www.modehomes.com.au/how-much-will-it-cost-to-transport-and-crane-my-modular-home/
https://i-build.b-cdn.net/wp-content/uploads/pdf/modularhomes/iBUILD%20Modular%20Product%20Price%20List%202020-05-01.pdf


Appendix C Calculation report of load actions and statements of 

limitations  

Summary: Wind Design 

Table 1: Windward loading 

Height 
m Shape factors Design Pressure 

(SLS) kN 
Design Pressure 

(ULS) kN 
3 0.64 351.85 537.95 
6 0.64 351.85 537.95 
9 0.64 351.85 537.95 

10.4 0.56 307.87 470.70 

Table 2: Leeward loadings along length 

Height 
m Shape factors Design Pressure 

(SLS) kN 
Design Pressure 

(ULS) kN 
3 -0.192 -105.56 -161.38
6 -0.192 -105.56 -161.38
9 -0.192 -105.56 -161.38

10.4 -0.192 -105.56 -161.38

Table 3: Leeward loadings along width 

Height 
m Shape factors Design Pressure 

(SLS) kN 
Design Pressure 

(ULS) kN 
3 -0.32 -175.93 -268.97
6 -0.32 -175.93 -268.97
9 -0.32 -175.93 -268.97

10.4 -0.32 -175.93 -268.97

Table 4: Uplift/Racking Force 

Upper & lower floor racking force (unit 1) Upper & lower floor racking force (unit 2) 

Wind on side (kN) 35.75 WIND ON SIDE 
(KN) 27.15 

Wind on end (kN) 10.98 WIND ON END 
(KN) 10.98 

Calculation of necessary parameters can be found in appendix 1, with these factors we can obtain the 
design wind pressure values using equations provided in As1170.2 and AS4055. Tables 1 to 3 show the 
summary of parameters for each surface. 

Design wind speed obtained for Serviceability Limit state (SLS) was 29.96 m/s and for ultimate limit 
state (ULS) was 37.04 m/s. regional wind speed was selected as per Region A5 since it is approximately 
within 70 km of Melbourne G.P.O. Considering the ULS, our structure is classified to “Ordinary” and 



assumed to have design working life of 50 years. Hence, we shall adopt the annual probability of 
exceedance equivalent to 1/500. Hence, the corresponding value of our VR is 45 m/s and similarly for 
SLS VR = 39 m/s. the site location can be classified as “Category 2” assuming that we have a uniform 
terrain category for each wind direction. The site location is situated in a suburban area with nearby 
structures therefore, we can assume the Ms = 0.92. 

Summary: Earthquake Design 
Table 5 Seismic Design 

Story Height (m) Force (kN) 
1 3.2 0.94 
2 6.4 2.08 
3 10.4 3.66 

Earthquake design uses a force-based design method, which attempts to represent the inertial loads 
applied to a structure (over its height) through earthquake induced base accelerations (velocities and 
displacements) as equivalent static forces. Limitation of the design is that AS1170.4 does NOT consider 
ground failure actions, only shaking.  

Summary: Snow Design 
Table 6 Snow action design 

Ground Snow load (kN/m2) 72.82 

Design snow load (kN/m2) 38.23 

The structure is assumed to ne able to be relocated to any part of Australia therefore, snow loads 
designed for worst case scenario. The exposure reduction factor (Ce) was given as 0,75 for semi 
sheltered roof. The snow load shape coefficient is given as 0.7 as per the figure AS1170.3. (7.2) The 
Ground snow load was designed for the most alpine conditions in Australia giving a load of 72.82  
(kN/m2), this was done as the structure can be relocated to such conditions. For further calculations see 
Appendix. 



Detailed Design Calculations - Wind 

Wind design calculations as per AS4055 and AS 1170.2 

Wind region – A5 (Melbourne inner suburbs) 

Importance Level - 2 

Topographic Class – TO 

Ultimate limit State (ULS) = 500 years 

Serviceability Limit State (SLS) = 50 years 

𝑃, 𝑓 = (0.5 ∙ 𝜌𝑎𝑖𝑟)[𝑉𝑑𝑒𝑠,𝜃 ]
2

∙ 𝐶𝑓𝑖𝑔 ∙ 𝐶𝑑𝑦𝑛

2.4.2 

𝐹 =  ∑([𝑃, 𝑓] ∙ 𝐴) 

Site wind speed 2.2 

𝑉𝑠𝑖𝑡,𝛽 = 𝑉𝑅 ∙  𝑀𝑑 ∙ (𝑀𝑧,𝑐𝑎𝑡 ∙ 𝑀𝑠 ∙ 𝑀𝑇)

ULS, 𝑉𝑅 = 45

SLS, 𝑉𝑅 = 39 Non- cyclonic 

Wind Direction multiplier (𝑀𝑑)

Any direction 𝑀𝑑 = 1

Terrain height multiplier (𝑀𝑧,𝑐𝑎𝑡) 4.2 

Category 3 – suburban area (TC3) 

H = 10.4 ∴ 𝑀𝑧,𝑐𝑎𝑡 = 0.835 SLS 

𝑀𝑧,𝑐𝑎𝑡 = 0.8948 ULS 

Shielding Multiplier (𝑀𝑠) 4.3 

𝑀𝑠 = 0.92

Topographic Multiplier (𝑀𝑇) 4.4 

𝑀𝑎𝑥(𝑀ℎ, 𝑀𝑙𝑒𝑒)

𝑀ℎ = 1     𝑓𝑜𝑟
𝐻

2𝐿𝑈
< 0.05 

𝑀𝑙𝑒𝑒 = 1  𝑎𝑠 𝑝𝑒𝑟 𝑐𝑙4.4.4 

∴ 

𝑉𝑠𝑖𝑡,𝛽 = 𝑉𝑅 ∙  𝑀𝑑 ∙ (𝑀𝑧,𝑐𝑎𝑡 ∙ 𝑀𝑠 ∙ 𝑀𝑇)

SLS 

𝑉𝑠𝑖𝑡,𝛽 = 37 ∙  1 ∙ (0.835 ∙ 0.92 ∙ 1) = 29.9598



ULS 
𝑉𝑠𝑖𝑡,𝛽 = 45 ∙  1 ∙ (0.8948 ∙ 0.92 ∙ 1) = 37.04472

∴ 

SLS 𝑉𝑑𝑒𝑠 = 29.96 𝑚/𝑠

ULS 𝑉𝑑𝑒𝑠 = 37.04 𝑚/𝑠

Aerodynamic Shape Factor - 𝐶𝑓𝑖𝑔 5.2 

External (𝐶𝑓𝑖𝑔,𝑒)

𝐶𝑓𝑖𝑔,𝑒 =  𝐶𝑝,𝑒 ∙ 𝐾𝑎 ∙ 𝐾𝑐,𝑒 ∙ 𝐾𝑙 ∙ 𝐾𝑝

Height (m) 𝐶𝑝,𝑒 (windward) 𝐶𝑝,𝑒  (leeward along 
length) 

𝐶𝑝,𝑒  (leeward along 
length) 

3 0.8 -0.3 -0.5
6 0.8 -0.3 0.5 
9 0.8 -0.3 0.5 

10.4 0.7 -0.3 0.5 

𝐶𝑝,𝑒 𝑠𝑖𝑑𝑒 𝑤𝑎𝑙𝑙 =  −0.65

Roof Surface 𝐶𝑝,𝑒

Upwind -0.913, -0.406
Down wind -0.503
Cross Wind -0.354

Area reduction factor (Ka) 5.4 

𝐾𝑎 = 0.8

Tributary area ≥ 100𝑚2

Local Pressure Factor (𝐾𝑙)
5.4.4 

ℎ

𝑑
= 0.3556 

𝐾𝑙  for positive pressures = 1

𝐾𝑙 for negative pressures = 2

Permeable Cladding Factors (𝐾𝑝) 5.8 

𝐾𝑝 = 1



 

Windward loading 

Height  
m 

Shape factors Design Pressure (SLS) 
kN 

Design Pressure (ULS) 
kN 

3 0.64 351.85 537.95 
6 0.64 351.85 537.95 
9 0.64 351.85 537.95 
10.4 0.56 307.87 470.70 

 

Leeward loadings along length 

Height  
m 

Shape factors Design Pressure (SLS) 
kN 

Design Pressure (ULS) 
kN 

3 -0.192 -105.56 -161.38 
6 -0.192 -105.56 -161.38 
9 -0.192 -105.56 -161.38 
10.4 -0.192 -105.56 -161.38 

 

Leeward loadings along width 

Height  
m 

Shape factors Design Pressure (SLS) 
kN 

Design Pressure (ULS) 
kN 

3 -0.32 -175.93 -268.97 
6 -0.32 -175.93 -268.97 
9 -0.32 -175.93 -268.97 
10.4 -0.32 -175.93 -268.97 

 

Uplift/Racking Force AS4055 

Wind class = N2  

Pressure = 0.92 kPa (table 5.1) 

Width = 3.5m   tables for not specify force for width of 3.5 m therefore assume 4m 

Roof pitch = 0o 

Upper floor 

Wind on side = 0.84 kPa  end → 

Wind on end = 0.92 kPa side  ^ 

 

Lower floor 

 Wind on side = 0.84 kPa   

Wind on end = 0.92 kPa 

 

 



UNIT 1 

Area (side)   3.2 × (9.8 + 3.5) = 42.56 𝑚2

Area (end)   3.2 × 3.5 = 11.2 𝑚2

Therefore  

Upper floor racking force 

Side 42.56 × 0.84 = 35.7505 𝑘𝑁 

End  11.2 × 0.92 = 10.976  𝑘𝑁 

Similar for lower floor 

UNIT 1 

Area (side)   3.2 × (6.6 + 3.5) = 32.32 𝑚2

Area (end)   3.2 × 3.5 = 11.2 𝑚2

Therefore  

Upper floor racking force 

Side 32.32 × 0.84 = 27.1488 𝑘𝑁 

End  11.2 × 0.92 = 10.976  𝑘𝑁 

Similar for lower floor 



Detailed Design Calculations - Earthquake 
Earthquake design as per AS1170.4 

Seismic Hazard  

Importance level 2, D = 1/500 

𝐾𝑝𝑍 = 1 ∙ 0.11 = 0.11 

Subsoil class (site period: 0.5s) = Ce 

Structural Properties  

Natural period   cl 6.2.3 

𝑇1 = 1.25 ∙ 𝐾𝑡 ∙ 𝐻𝑛
0.75

𝑇1 = 1.25 ∙ 0.05 ∙ 10.40.75

𝑇1 = 0.362 (𝑠)

Ductility & performance factor table 6.4 

𝜇 = 2 

𝑠𝑝 = 0.77

Spectral shape factor cl 6.4 

𝐶ℎ𝑇 = 3.2

Seismic Weight 

𝑊𝑖 = 𝐺 + 𝜑𝑒𝑄

𝜑𝑒 = 0.3  𝑄 = 13𝑘𝑃𝑎  𝐺 = 12.6 𝑘𝑁 

𝑊𝑖 = 12.6 + 0.3 ∗ 13 

𝑊𝑖 = 16.5𝑘𝑁 

Base Shear 

𝑉 = (𝐾𝑝𝑍 ∙ 𝐶ℎ(𝑇) ∙
𝑆𝑝

𝜇
) 𝑊𝑡 

V = (0.11 ∙ 3.2 ∙
0.77

2
) ∙ (3 ∙ 16.5) 

𝑉 = 6.70824 (𝑘𝑁) 

Storey hj W Wj Kj^k Kfi Fi (kN) 
1 3.2 16.5 62.1377 0.14 0.939 
2 6.4 16.5 136.94 0.31 2.0796 
3 10.4 16.5 238.178 0.545 3.656 

Total 437.256 

Fi = V *Kfi 



Detailed Design Calculations - Snow 
Snow loads as per AS1170.3 

Roof Snow load         
 4.2.1 

𝑆 = 𝑆𝑔 ∙ 𝐶𝑒 ∙ 𝜇𝑖 

𝐶𝑒 = 0.75 Semi-sheltered         4.2.2 

Annual probability for exceedance (Pi) 

P =1/250 

Therefore probability factor         table 5.1 

Kp = 1.65 

Ground snow load for Alpine 

𝑆𝑔 = 𝐾𝑝 ∙ 𝐾𝑡 [
ℎ𝑜

1000
]

4.4

 

 

Kt = 1.3   net increase in ground snow depth 

ℎ𝑜 = 2228   table 5.2 

𝑆𝑔 = 1.65 ∙ 1.3 [
2228

1000
]

4.4

= 72.821 𝑘𝑁/𝑚2 

𝛾 = 2.9 𝑘𝑁/𝑚2  avg. weight density of snow. 

 

𝜇𝑖 =
0.7(60 − 𝜃)

50
=

0.7(60 − 0)

50
= 0.84 

 

𝜃 = 𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑟𝑜𝑜𝑓 = 0 

 

However according to figure 7.3 flat roof. 𝜇𝑖 = 0.7 

Therefore  

𝑆 = 𝑆𝑔 ∙ 𝐶𝑒 ∙ 𝜇𝑖 

𝑆 = 72.821 ∙ 0.75 ∙ 0.7 

𝑆 = 38.231 𝑘𝑁/𝑚2 

 



Appendix D

TECHNICAL DESIGN CALCULATION REPORT 

Design of Timber Structures 

Project: The Challenge Cup – One module on the ground
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Design codes and standards 
 

The analysis has been carried out according to: 

 

1. AS/NZS 1170.0:2002 – Structural Design Actions 

Part 0: General principles 

2. AS/NZS 1170.1:2002 – Structural Design Actions 

 Part 1: Permanent, imposed and other actions 

3. AS/NZS 1170.2:2011 – Structural Design Actions 

 Part 2: Wind actions 

4. AS/NZS 1170.3:2003 – Structural Design Actions 

 Part 3: Snow and ice actions 

5. AS 1170.4-2007 – Structural Design Actions 

 Part 4: Earthquake actions in Australia 

6. AS 1720.1-2010 – Timber Structures 

 Part 1: Design methods 

7. AS 1720.2-2006 – Timber Structures 

 Part 2: Timber properties 
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General description of the building 

Location 

Address: Melbourne City 

 

Description 
Building length: 3.5 m 

Building width: 13.25 m 

Building height: 3.2 m 
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 Three-dimensional Southeast view 
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Three-dimensional Northwest view 
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Three-dimensional South West view 
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Three-dimensional North East view 
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Materials 

Wooden materials 
The materials used in the project are listed in the following tables. 

f𝑏
′   Characteristic bending strength  

f𝑡
′ Characteristic tensile strength parallel to grain 

f𝑐
′ Characteristic compressive strength parallel to grain 

f𝑠
′ Characteristic shear strength 

E Short duration average modulus of elasticity parallel to the grain 

G Short duration average modulus of rigidity 

𝜌 Average minimum density 

 

 

 

 

 

 

 

 

MGP 

Descr Joint 
group 

𝒇𝒃
′  

[MPa] 
𝒇𝒕

′  
[MPa] 

𝒇𝒄
′  

[MPa] 
𝒇𝒔

′  
[MPa] 

𝑬 
[MPa] 

𝑮 
[MPa] 

𝝆 
[kg/m3] 

MGP 10 - 90 x 45 JD5 17 7.7 18 2.6 10000 670 380.00000004 

 

 

 

Plywood 

Grade Species Joint 
group 

𝒇𝒔
′  

[MPa] 
𝑮 

[MPa] 
𝝆 

[kg/m3] 
F14 Pinus species JD4 4.8 625 480 
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Metal fasteners  
 

Threaded nails 

 

Manufacturer Code Descr. l 
[mm] 

lt 
[mm] 

d 
 [mm] 

dh 
 [mm] 

𝒇𝒖𝒌 
[MPa] 

Rotho Blaas HH10502003 Ring nail (coils) 
2.8/3.1 x 60 60 40 2.8 4.3 600 

 

 

 

 

 

 

 



Technical Design Calculation Report 

Calculation method and numerical model 

Model Description 
Hypothesis adopted for the elements 

The timber walls are constrained at the base by means of connection systems capable of 
transmitting both in-plane and out-of-plane actions action on the wall. 

In the analysis, in presence of horizontal loads, some elements may be defined as “secondary”: 
this mean that their strength and stiffness are neglected in the calculation of the response of the 
building. In the model these elements are represented in terms of mass and they are designed only  
for vertical loads. 

Rigid body rocking – Forces on hold-down / tie-down 

The hold-down or tie-down systems are used to prevent the rotation of the wall caused by the 
overturning moment of the horizontal force. The hold-down, placed on the in-tension edge of the 
wall, is loaded by a force equal to 

𝑇 = {
(

𝑀3−3

𝑏
−

𝑁

2
) ⋅

1

𝑛𝑎𝑛𝑐
 𝑓𝑜𝑟 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

 0  𝑓𝑜𝑟 𝑖𝑛𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

where: 

𝑏 is the lever arm for the internal couple assumed equal to l, where l is the wall length 

𝑁 is the axial vertical load acting on the wall 

𝑀3−3 is the moment acting in the plane of the wall 

𝑛𝑎𝑛𝑐 is the number of connections present at each end of the wall 

Figure: Calculation model of tensile force acting on the hold-down 
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Structural elements 

The following table shows the positions of the individual walls. The last four columns show the 
coordinates of the ends of each wall. 

X1 e Y1 indicate the coordinates of the starting point of the wall 

X2 e Y2 indicate the coordinates of the end point of the wall 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Height 
[m] 

Length 
[m] 

Altitude 
[m] 

X1 
[m] 

Y1 
[m] 

X2 
[m] 

Y2 
[m] 

Wall 1 Frame No 3.2 0.61 0 1.72 1.45 1.12 1.34 
Wall 10 Frame Yes 3.2 2.45 0 1.72 -2.05 4.17 -2.05 
Wall 11 Frame Yes 3.2 2.45 0 4.17 -2.05 6.62 -2.05 
Wall 12 Frame Yes 3.2 2.45 0 6.62 -2.05 9.07 -2.05 
Wall 13 Frame Yes 3.2 2.45 0 9.07 -2.05 11.52 -2.05 
Wall 14 Frame Yes 3.2 2.5 0 11.52 -1.05 11.52 1.45 
Wall 15 Frame Yes 3.2 2.45 0 11.52 1.45 9.07 1.45 
Wall 16 Frame Yes 3.2 2.45 0 9.07 1.45 6.62 1.45 
Wall 17 Frame No 3.2 0.58 0 6.62 1.45 6.04 1.45 
Wall 18 Frame Yes 3.2 2.5 0 6.04 1.45 6.04 -1.05 
Wall 19 Frame No 3.2 0.5 0 6.04 -1.05 5.54 -1.05 
Wall 2 Frame No 3.2 0.6 0 1.12 1.34 0.6 1.04 

Wall 20 Frame No 3.2 0.46 0 4.54 -1.04 4.08 -1.04 
Wall 21 Frame Yes 3.2 1.87 0 6.04 1.45 4.17 1.45 
Wall 22 Frame Yes 3.2 2.45 0 4.17 1.45 1.72 1.45 
Wall 23 Frame Yes 3.2 2.5 0 1.72 1.45 1.72 -1.05 
Wall 24 Frame Yes 3.2 1.3 0 1.72 -1.05 3.02 -1.05 
Wall 25 Frame Yes 3.2 2.49 0 4.17 1.45 4.17 -1.04 
Wall 3 Frame No 3.2 0.61 0 0.6 1.04 0.21 0.57 
Wall 4 Frame No 3.2 0.61 0 0.21 0.57 0 0 
Wall 5 Frame No 3.2 0.6 0 0 0 0 -0.6 
Wall 6 Frame No 3.2 0.61 0 0 -0.6 0.21 -1.17 
Wall 7 Frame No 3.2 0.61 0 0.21 -1.17 0.6 -1.64 
Wall 8 Frame No 3.2 0.6 0 0.6 -1.64 1.12 -1.94 
Wall 9 Frame No 3.2 0.61 0 1.12 -1.94 1.72 -2.05 

 

 

      

 

Wall horizontal stiffness 
The wall stiffness can be estimated  considering the contributions of all the components, as shown 
below. 

Timber framed shear walls 

In the case of framed walls the overall stiffness is calculated taking into account the contribution of 
the following components: 

• sheeting boards (ks) 

• sheet-to-frame nailing (kc) 

• shear connections (ka) 

• tensile connections (kh) 
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Figure: Mechanical model for framed walls overall stiffness  

In case of metal-braced framed walls, the ks and kc contributions are replaced by a single term that 
takes into account the stiffness contribution of the metal bracing. 

 

 

The following table indicates the positions of the walls and their equivalent shear stiffness. 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Heigth 
[m] 

Lenght 
[m] 

Equivalent 
shear 

stiffness 
[kN/m] 

Wall 1 Frame No 3.2 0.61 0 
Wall 10 Frame Yes 3.2 2.45 1390 
Wall 11 Frame Yes 3.2 2.45 1390 
Wall 12 Frame Yes 3.2 2.45 1390 
Wall 13 Frame Yes 3.2 2.45 1390 
Wall 14 Frame Yes 3.2 2.5 1424 
Wall 15 Frame Yes 3.2 2.45 1390 
Wall 16 Frame Yes 3.2 2.45 1390 
Wall 17 Frame No 3.2 0.58 0 
Wall 18 Frame Yes 3.2 2.5 1424 
Wall 19 Frame No 3.2 0.5 0 
Wall 2 Frame No 3.2 0.6 0 

Wall 20 Frame No 3.2 0.46 0 
Wall 21 Frame Yes 3.2 1.87 1023 
Wall 22 Frame Yes 3.2 2.45 1390 
Wall 23 Frame Yes 3.2 2.5 1424 
Wall 24 Frame Yes 3.2 1.3 667 
Wall 25 Frame Yes 3.2 2.49 1415 
Wall 3 Frame No 3.2 0.61 0 
Wall 4 Frame No 3.2 0.61 0 
Wall 5 Frame No 3.2 0.6 0 
Wall 6 Frame No 3.2 0.61 0 
Wall 7 Frame No 3.2 0.61 0 
Wall 8 Frame No 3.2 0.6 0 
Wall 9 Frame No 3.2 0.61 0 

 

Types of structural elements and sign conventions 
Linear elements  

The linear elements are used to model beams and columns. They have a local reference system 
with respect to which stress/force components are shown. The sign convention adopted is shown 
in the figure below. 
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Force Description Unit of measure 
N Axial force kN 

M3-3 Bending moment about local axis 3 kN m 
V2 Shear along local axis 2 kN 

M2-2 Bending moment about local axis 2 kN m 
V3 Shear along local axis 3 kN 

 

 

Figure: sign conventions for beams 

 

 

Figure: sign conventions for columns 

Wall elements  
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The walls, regardless of type, have the following sign conventions. 

Stress Description Unit of measure 

In-plane stresses 
n Axial stress (per unit length) kN/m 

m3-3 Bending moment about local axis 3 (per unit length) kNm/m 
v2 Shear along local axis 2 (per unit length) kN/m 

Out-of-plane stresses 
(plate) 

m2-2 Bending moment about local axis 2 (per unit length) kNm/m 
v3 Shear along local axis 3 (per unit length) kN/m 

Force Description Unit of measure 

In-plane stresses 
N Total axial force kN 

M3-3 Bending moment about local axis 3 kNm 
V2 Shear along local axis 2 kN 

Out-of-plane stresses 
(plate) 

M2-2 Bending moment about local axis 3 kNm 
V3 Shear along local axis 2 kN 

Figure: sign conventions for walls 
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Actions and design loads 

Self-weight of structural materials 
The weights of the structural materials are shown in the table below in kN/m3 

Description Specific weight ɣ  [kN/m3] 

MGP 10 - 90 x 45 5 
F14 Plywood - Pinus species 5.5 

 

Loads acting on the walls 
The following table shows the loads acting on the walls. 

Load name: Load ID 

Position: Position of the wall: internal or external 

gsw: Self-weight 

gns: Non-structural permanent loads 

wu: ULS wind load 

 

Wall name Position Load name gsw 
[kN/m2] 

gns 
[kN/m2] 

wu 
leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

Wall 1 External External walls load 0.35 0.6 -0.27 0.42 
Wall 2 External External walls load 0.36 0.6 -0.27 0.42 
Wall 3 External External walls load 0.35 0.6 -0.27 0.42 
Wall 4 External External walls load 0.35 0.6 -0.27 0.42 
Wall 5 External External walls load 0.36 0.6 -0.27 0.42 
Wall 6 External External walls load 0.35 0.6 -0.27 0.42 
Wall 7 External External walls load 0.35 0.6 -0.27 0.42 
Wall 8 External External walls load 0.36 0.6 -0.27 0.42 
Wall 9 External External walls load 0.35 0.6 -0.27 0.42 

Wall 10 External External walls load 0.2 0.6 -0.27 0.42 
Wall 11 External External walls load 0.2 0.6 -0.27 0.42 
Wall 12 External External walls load 0.2 0.6 -0.27 0.42 
Wall 13 External External walls load 0.2 0.6 -0.27 0.42 
Wall 14 External External walls load 0.2 0.6 -0.27 0.42 
Wall 15 External External walls load 0.2 0.6 -0.27 0.42 
Wall 16 External External walls load 0.2 0.6 -0.27 0.42 
Wall 17 External External walls load 0.37 0.6 -0.27 0.42 
Wall 18 External External walls load 0.2 0.6 -0.27 0.42 
Wall 19 External External walls load 0.41 0.6 -0.27 0.42 
Wall 20 External External walls load 0.44 0.6 -0.27 0.42 
Wall 21 External External walls load 0.22 0.6 -0.27 0.42 
Wall 22 External External walls load 0.2 0.6 -0.27 0.42 
Wall 23 External External walls load 0.2 0.6 -0.27 0.42 
Wall 24 External External walls load 0.25 0.6 -0.27 0.42 
Wall 25 External External walls load 0.2 0.6 -0.27 0.42 

 

Loads acting on the floors 
The following table shows the characteristic values of the loads acting on the decks. 

Load name: Load ID  

Position: Position of the floor: internal or external  
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Environment:  Load type 

α: Roof pitch angle 

gsw: Self-weight 

gns: Non-structural permanent loads 

q: Imposed actions  

fsn: Snow load 

wu: ULS wind load 

ws: SLS wind load 

 

Floor name Position α 
[°] Load name Environment gsw 

[kN/m2] 
gns 

[kN/m2] 
q 

[kN/m2] 
fsn 

[kN/m2] 
wu  

leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

ws  
leeward 
[kN/m2] 

ws 
windward 

[kN/m2] 

Floor 1 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 
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Seismic actions 
The seismic actions are defined according to the AS 1170.4 - 2007. The earthquake motion at a 
given point on the surface is represented by an elastic ground acceleration response spectrum. 

The response spectra are calculated according to the following parameters: 

- the probability factor 𝑘𝑝 for the annual probability of exceedance defined according to the 
importance level for the structure; 

- the hazard factor 𝑍 that depends on the location of the building; 

- the site sub-soil class. 

The above-mentioned parameters are reported below: 

Annual probability of exceedance  

Probability factor 𝒌𝒑 1.25 

Hazard factor 𝒁 0.09 

Site sub-soil class A 

 

Horizontal elastic response spectrum 

The values of the spectral shape factor 𝐶ℎ(𝑇)  are defined by the following expressions in 
accordance to the site sub-soil class: 

Site sub-soil class 𝟎 < 𝑻 ≤ 𝟎. 𝟏 𝒔 𝟎. 𝟏 𝒔 < 𝑻 ≤ 𝟏. 𝟓 𝒔 𝑻 > 𝟏. 𝟓 𝒔 

Ae – Strong rock 0.8 + 15.5 𝑇 max(0.704 𝑇⁄ ; 2.35) 1.056 𝑇2⁄  

Be – Rock 1.0 + 19.4 𝑇 max(0.88 𝑇⁄ ; 2.94) 1.32 𝑇2⁄  

Ce – Shallow soil 1.3 + 23.8 𝑇 max(1.25 𝑇⁄ ; 3.68) 1.874 𝑇2⁄  

De – Deep or soft soil 1.1 + 25.8 𝑇 max(1.98 𝑇⁄ ; 3.68) 2.97 𝑇2⁄  

Ee – Very soft soil 1.1 + 25.8 𝑇 max(3.08 𝑇⁄ ; 3.68) 4.62 𝑇2⁄  

 

The values of the elastic size hazard spectrum 𝐶(𝑇) depend on the above-defined spectral shape 
factor and on the values of the probability factor 𝑘𝑝 and of the hazard factor 𝑍 according to the 
following equation: 

𝐶(𝑇) = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇) 

 

The resultant horizontal elastic site hazard spectrum is reported below 
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Design spectrum for elastic analysis 

To avoid explicit inelastic structural analysis in design, the structural performance and its capacity 
to dissipate energy, through mainly ductile behavior of its elements and/or other mechanisms, is 
taken into account by performing an elastic analysis based on a response spectrum reduced with 
respect to the elastic one, henceforth called a ''design spectrum''. 

This reduction is accomplished by introducing the structural performance factor 𝑆𝑝  and the 
structural ductility factor 𝜇 related to the structural system adopted. 

Structural system LF buildings - Thin bracing panels 

Structural performance factor 𝑺𝒑 0.77 

Structural ductility factor 𝝁 2.00 

𝝁 𝑺𝒑⁄  2.60 

 

The design spectrum is defined by the following expressions: 

𝐶𝑑(𝑇) = 𝐶(𝑇) ∙ 𝑆𝑝 𝜇⁄ = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇) ∙ 𝑆𝑝 𝜇⁄  

The horizontal elastic response spectrum and the horizontal design spectrum (Ultimate Limit State) 
are shown below: 
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Sections of the structural elements 

Framed walls 
Frame geometric characteristics  

t: thickness of the frame 

hb: thickness of top and sole plates 

bs,int: width of the internal studs 

bs,ext: width of the external studs 

im: average studs spacing 

The characteristics of the frame of each wall type are reported 
below. 

Section name # sides with 
bracing Material 

Frame 
thickness t 

[mm] 

Thickness of 
top and sole 

plates hb [mm] 

Width of the 
internal studs 

bs,int [mm] 

# elements 
for each 

internal stud 

Width of the 
external studs 

bs,ext [mm] 

# elements 
for each 

external stud 

Average studs 
spacing im  

[mm] 
Frame 1 1.00 MGP 10 - 90 x 45 90 45 45 1 45 4 409 

Sheet-bracing geometrical characteristics  

bs: sheeting boards width 

sc,b: spacing of fasteners along the perimeter of every sheet 

sc,i: spacing of internal fasteners 

The characteristics of the sheet-bracing are reported below. 

Section name Side Material 
Sheeting board 

thickness ts 
[mm] 

Sheeting 
boards width bs 

[mm] 
Frame-sheeting 
board fastener 

Perimeter 
fasteners spacing 

Sc,b [mm] 

Internal 
fasteners 

spacing i Sc,i 
[mm] 

Frame 1 1 F14 Plywood - Pinus species 15 818 Ring nail (coils) 
2.8/3.1 x 60 100 200 

Figure: dimensions of the 
sheeting boards and fasteners 

spacing 

Figure: dimensions of the frame 
elements 
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Floors with timber joists 
Elements geometric characteristics  

hb:  Cross section height 

bb:  Cross section width 

ib: Joists spacing 

 

The following table sets out the details concerning the floor with joists. 

Section name Material Cross section height hb 
[mm] 

Cross section width bb 
[mm] 

Joists spacing ib 
[mm] 

Joists floor 1 MGP 10 - 90 x 45 90 45 100 

 
 

 

 

  

 

Figure: geometric characteristics of the floor 
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Connections  
Hold Down 

 

Figure: graphical representation of a hold-down in a base connection (timber wall – foundation 
connection)  

Connection 
name 

Connection 
position Manufacturer Description Fasteners 

number 
Fastener 
typology 

Threaded 
rod / Anchor 

Chemical 
anchor type 

Number of 
hold-down at 
each wall end  

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blass WHT 340 14 Anker nail - 

LBA 4.0 X 40 
INA - 5.8 - 
M16 x 160 

EPOPLUS 
chemical 
anchor 

1 

 

 

Timber-reinforced concrete connection 

 

Figure: graphical representation of the shear connection with angle brackets 

Connection 
name 

Connection 
position Manufacturer Description 

Fasteners number 
on the vertical 

plate 
Fastener 
typology 

Anchors 
number 

Threaded 
rod / Anchor 

Chemical 
anchor tipe 

Number of 
sides 

Angle brackets 
spacing i [mm] 

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blaas Titan N - 

TCN 200 30 Anker nail - 
LBA 4.0 X 60 2 INA - 5.8 - 

M12 x 130 

VINYLPRO 
chemical 
anchor 

1.00 500 
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Combinations of actions 
The combinations for the ultimate limit states used in checking strength are as follows. 

(a)  𝐸𝑑 = [1.35 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]   Permanent action only 

(b)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝑄]  Permanent and imposed action 

(c)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝜓𝑙 ∙ 𝑄] Permanent and long-term imposed action 

(d)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(e)  𝐸𝑑 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢]  Permanent and wind action reversal 

(f)  𝐸𝑑 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐸𝑢, 𝜓𝐸 ∙ 𝑄]  Permanent, earthquake and imposed action 

(g)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐹𝑠𝑛, 𝜓𝑐 ∙ 𝑄] Permanent, snow and imposed action 

 

The combinations for the ultimate limit states used in checking stability are as follows. 

For combinations that produce net stabilizing effects: 

o  𝐸𝑑,𝑠𝑡𝑏 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]  Permanent action only 

For combinations that produce net destabilizing effects 

(iv) 𝐸𝑑,𝑑𝑠𝑡 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(v) 𝐸𝑑,𝑑𝑠𝑡 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝐸𝑢, 𝜓𝐸 ∙ 𝑄] Permanent, earthquake and imposed action 

 

The combinations for the serviceability limit states are as follows.  

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑙 ∙ 𝑄 

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑠 ∙ 𝑄 

o  𝜓𝑠 ∙ 𝑄 

o  𝑊𝑠 

 

being: 

𝐺𝑠𝑤  permanent actions: self weight  

𝐺𝑛𝑠  non-structural permanent actions 

𝑄  imposed actions 

𝑊𝑢   Wind action for ULS 
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𝑊𝑠   Wind action for SLS 

𝐸𝑢   earthquake action 

𝐹𝑠𝑛   snow action 

𝜓𝑠  short-term factor 

𝜓𝑙  long-term factor 

𝜓𝑐  combination factor 

𝜓𝐸  earthquake combination factor 

 

The following table presents the values of the factors used. 

 

Action name Description Duration ψs ψl ψc ψE 

Q type A Type A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type Asf Type Asf: Non-habitable roof spaces for residential activities 5 months 1 0.6 0.6 0.6 

Q type B Type B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type C Type C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type Cff Type Cff: Areas where people may congregate - fixed furniture 5 days 1 0.6 0.6 0.6 

Q type D Type D: Shopping areas 5 months 0.7 0.4 0.4 0.3 

Q type E Type E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type F Type F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type G Type G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R1 Type R1: Street awnings 5 days 0.7 0 0 0 

Q type R2 Type R2: Other roofs 5 days 0.7 0 0 0 

Q type R-A Type R-A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type R-B Type R-B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type R-C Type R-C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type R-D Type R-D: Shopping areas 5 months 0.7 0.4 0.4 0.3 
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Q type R-E Type R-E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type R-F Type R-F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R-G Type R-G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Ortho wind ULS Wind pressure ULS 5 seconds 0 0 0 0 

Ortho wind SLS Wind pressure SLS 5 seconds 0 0 0 0 

Snow Snow action for alpine areas 5 months 0 0 0 0 

Snow Snow action for sub-alpine areas 5 days 0 0 0 0 
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Combinations of actions used 
Vertical ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of vertical actions. 

The action of the wind is considered as a uniform load orthogonal to the roof and to each external 
wall. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS 1 50+ years 1.35 1.35 0 0 0 0 0 0 0 
ULS 2 50+ years 1.2 1.2 0 0 0 0 0 0 0 
ULS 3 5 months 1.2 1.2 1.5 0 0 0 0 0 0 
ULS 4 50+ years 1.2 1.2 0.6 0 0 0 0 0 0 
ULS 5 5 seconds 1.2 1.2 0.4 1 0 0 0 0 0 
ULS 6 5 seconds 0.9 0.9 0 0 1 0 0 0 0 

Wind ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of horizontal wind actions. 

The action of the wind is considered as a uniform load orthogonal to each external wall that acts 
separately in the directions X, -X, Y, -Y and as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS Wind 1 5 seconds 1.2 1.2 0.4 1 0 1 0 0 0 
ULS Wind 2 5 seconds 1.2 1.2 0.4 1 0 -1 0 0 0 
ULS Wind 3 5 seconds 0.9 0.9 0 0 1 1 0 0 0 
ULS Wind 4 5 seconds 0.9 0.9 0 0 1 -1 0 0 0 
ULS Wind 5 5 seconds 1.2 1.2 0.4 1 0 0 1 0 0 
ULS Wind 6 5 seconds 1.2 1.2 0.4 1 0 0 -1 0 0 
ULS Wind 7 5 seconds 0.9 0.9 0 0 1 0 1 0 0 
ULS Wind 8 5 seconds 0.9 0.9 0 0 1 0 -1 0 0 

SLS combinations of actions 

The action of the wind is considered as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
SLS 1 50+ years 1 1 0.4 0 0 0 0 0 0 
SLS 2 5 seconds 0 0 0.7 0 0 0 0 0 0 
SLS 3 5 seconds 1 1 0.7 0 0 0 0 0 0 
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Seismic combinations of actions 

The action effects due to the combination of the horizontal components of the seismic action are 
computed using the following combinations: 

𝐸𝑢,𝑋 + 0,3 ⋅ 𝐸𝑢,𝑌 

0,3 ∙ 𝐸𝑢,𝑋 + 𝐸𝑢,𝑌 

Combinations of actions for seismic strength Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
strength 1 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 2 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 3 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 4 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 5 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 6 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 7 ex+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 
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ey+ 
ULS earthquake 

strength 7 ex- 
ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 8 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic stability Ultimate Limit States 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 

stability 1 ex+ 
ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 2 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 3 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 4 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 5 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 6 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 7 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 
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ULS earthquake 
stability 7 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 8 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic drift Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
drift 1 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 2 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 3 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 4 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 
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Horizontal actions 

Modal analysis 
The modal analysis is used to determine the vibration modes of the structure, useful to understand 
the seismic behaviour of the building and to proceed with the linear dynamic analysis.  

The modal analysis involves the solution of the generalized eigenvalue problem: 

[𝑲 − 𝜴2𝑴]𝚽 = 𝟎 

where 𝑲 is the stiffness matrix, 𝑴 the mass matrix, 𝜴2 is the diagonal matrix of the eigenvalues 
and 𝚽 is the corresponding matrix of eigenvectors or modal shapes (normalized with respect to the 
mass matrix); the seismic masses of the diaphragms are calculated with the following combination 
of vertical loads:  

∑(𝐺𝑠𝑤,𝑗 + 𝐺𝑛𝑠,𝑗) + ∑ 𝜓E,i ⋅ Q 

where ψEi is the earthquake combination factor for the imposed action i. 

The eigenvalue, obtained from the solution of the generalized eigenvalue problem, is the square of 
the circular frequency 𝝎 related to the period, T, and to the frequency, f, by the following equations: 

𝑇 =
1

𝑓
and  𝑓 =

𝜔

2𝜋

The participating mass ratio for the mode i-th, corresponding to an acceleration in the global axis X 
and Y and to a rotational acceleration around the vertical axis Z, is given by: 

𝑀𝑥
𝑖 =

𝑚𝑥
𝑖

∑ 𝑚𝑥,𝑗
 [%] 

𝑀𝑦
𝑖 =

𝑚𝑦
𝑖

∑ 𝑚𝑦,𝑗
 [%] 

𝑀𝑧
𝑖 =

𝑚𝑧
𝑖

∑ 𝐼𝑧,𝑗
 [%] 

where: 

𝑚𝑥
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒙)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊

𝑚𝑦
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒚)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊

𝑚𝑧
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒛)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊



Technical Design Calculation Report 

and where  ∑ 𝑚𝑥,𝑗 , ∑ 𝑚𝑦,𝑗  and ∑ 𝐼𝑧,𝑗  are the total masses acting in the axis X, Y and the total
rotational inertia about the axis Z of the unrestrained j-th degrees of freedom. 

Mode Period 
[s] 

Frequency 
[Hz] 

MX 
[%] 

Sum MX 
[%] 

MY 
[%] 

Sum MY 
[%] 

MZ 
[%] 

Sum MZ 
[%] 

Mode 1 0.30 3.33 0.02 0.02 96.29 96.29 3.69 3.69 
Mode 2 0.26 3.79 0.88 0.90 3.70 100.00 95.42 99.10 
Mode 3 0.21 4.75 99.10 100.00 0.00 100.00 0.90 100.00 

Dynamic linear analysis 
The dynamic linear analysis consists of: 

- the calculation of the seismic effects (the seismic action is represented by the design
response spectrum), of each of the vibration modes calculated in the modal analysis;

- the combination of these effects.

The seismic effects of the structural model are obtained by the application of the following external 
loads: 

𝑭𝒙
𝒊 = Γ𝑥

𝑖𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊

and 

𝑭𝒚
𝒊 = Γ𝑦

𝑖 𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊

where:  

𝑭𝒙
𝒊  and 𝑭𝒚

𝒊  are the external loads of the i-th vibration mode due to seismic action along X and Y 

𝑆𝑑(𝑇𝑖) is the spectrum value corresponding to the i-th period

𝚽𝒊 is the i-th modal shape 

Γ𝑥
𝑖  𝑎𝑛𝑑 Γ𝑦

𝑖  are the participating modal factor of the i-th mode given by: 

Γ𝑥
𝑖 =

[𝚽𝒊]
𝑻

𝑴 𝑹𝒙

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 e Γ𝑦

𝑖 =
[𝚽𝒊]

𝑻
𝑴 𝑹𝒚

[𝚽𝒊]𝑻𝑴 𝚽𝒊

The effects for a given direction of acceleration (along X or Y) and for each of the vibration modes 
are combined with the Complete Quadratic Combination technique defined as: 

𝐸 = (∑ ∑ 𝜌𝑖𝑗 ∙ 𝐸𝑖  ∙ 𝐸𝑗
𝑖𝑗

)

1/2

where: 

𝐸𝑗 is the effect of the j-th vibration mode; 

𝜌𝑖𝑗 is the correlation coefficient of the i-th mode and the j-th mode, given by: 
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𝜌𝑖𝑗 =
8 𝜉2𝛽𝑖𝑗

3/2

(1 + 𝛽𝑖𝑗)[(1 − 𝛽𝑖𝑗)]
 

𝜉 is the damping ratio in the i-th and j-th modes; 

𝛽𝑖𝑗 = 𝑇𝑗/𝑇𝑖). 

 

The following table provides the diaphragms properties. 

Diaphragm 
Height above the base of 

the timber structure 
[m] 

xG 
[m] 

yG 
[m] 

Mass i 
[kg] 

1 3.20 6.08 -0.27 12856 

 

The following table provides, for each of the vibration mode, the corresponding period and value of 
the response spectrum. 

Mode Period 
[s] 

Spectrum value 
[g] 

Mode 1 0.34 0.09 
Mode 2 0.24 0.10 
Mode 3 0.20 0.10 

 

 

Wind  

The table below illustrates the horizontal forces acting on the storeys due to the wind action and 
the coordinates of their respective application points. 

Diaphragm 
Height above the reference 

plane 
[m] 

xG,wind 
[m] 

yG,wind 
[m] 

Fx 
[kN] 

Fy 
[kN] 

1 3.20 6.63 -0.30 3.87 14.65 
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The action effects 
In this chapter the internal forces acting on the structural members and on their connections are 
reported with regard to the considered loads. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Va: Shear force on the single connection 

Ta: Tensile force on the single anchor 

dr: Interstory drift  

Load Wall name N 
[kN] 

V2 
[kN] 

V3 
[kN] 

M2-2 
[kNm] 

M3-3 
[kNm] 

Va 
[kN] 

Ta 
[kN] 

dr 
[mm] 

G(sw) Wall 1 0.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 2 0.67 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 3 0.72 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 4 0.74 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 5 0.75 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 6 0.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 7 1.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 8 1.39 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 9 0.90 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 10 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 11 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 12 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 13 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 14 3.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 15 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 16 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 17 0.68 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 18 4.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 19 0.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 20 0.64 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 21 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 22 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 23 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 24 1.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 25 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
G(ns) Wall 1 1.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 2 1.05 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 3 1.28 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 4 1.41 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 5 1.45 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 6 2.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 7 7.40 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 8 4.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 9 2.19 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 10 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 11 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 12 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 13 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 14 14.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 15 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 16 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 17 1.11 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 18 18.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 19 0.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 20 0.88 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 21 3.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 22 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 23 11.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 24 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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G(ns) Wall 25 5.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
          

Q type A Wall 1 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 2 -0.24 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 3 0.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 4 0.47 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 5 0.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 6 2.97 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 7 12.42 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 8 6.87 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 9 2.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 14 19.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 18 26.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 23 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 25 2.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
Ortho wind ULS down Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

          
Ortho wind ULS up Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

          
Wind X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 10 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 11 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 12 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 13 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 14 0.00 0.03 0.00 0.00 0.09 0.00 0.00 0.02 
Wind X Wall 15 0.00 0.48 0.00 0.00 1.54 0.00 0.00 0.35 
Wind X Wall 16 0.00 0.48 0.00 0.00 1.54 0.00 0.00 0.35 
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Wind X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Wind X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 21 0.00 0.35 0.00 0.00 1.13 0.00 0.00 0.35 
Wind X Wall 22 0.00 0.48 0.00 0.00 1.54 0.00 0.00 0.35 
Wind X Wall 23 0.00 0.02 0.00 0.00 0.07 0.00 0.00 0.01 
Wind X Wall 24 0.00 0.22 0.00 0.00 0.72 0.00 0.00 0.34 
Wind X Wall 25 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.01 

          
Wind Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 10 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 11 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 12 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 13 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 14 0.00 4.50 0.00 0.00 14.41 0.00 0.00 3.16 
Wind Y Wall 15 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 16 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 18 0.00 3.69 0.00 0.00 11.82 0.00 0.00 2.59 
Wind Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 21 0.00 0.20 0.00 0.00 0.63 0.00 0.00 0.19 
Wind Y Wall 22 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 23 0.00 3.06 0.00 0.00 9.78 0.00 0.00 2.15 
Wind Y Wall 24 0.00 0.05 0.00 0.00 0.14 0.00 0.00 0.07 
Wind Y Wall 25 0.00 3.40 0.00 0.00 10.87 0.00 0.00 2.40 

          
Seismic static X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 10 0.00 1.56 0.00 0.00 4.98 0.00 0.00 2.91 
Seismic static X Wall 11 0.00 1.56 0.00 0.00 4.98 0.00 0.00 2.91 
Seismic static X Wall 12 0.00 1.56 0.00 0.00 4.98 0.00 0.00 2.91 
Seismic static X Wall 13 0.00 1.56 0.00 0.00 4.98 0.00 0.00 2.91 
Seismic static X Wall 14 0.00 0.13 0.00 0.00 0.42 0.00 0.00 0.24 
Seismic static X Wall 15 0.00 1.63 0.00 0.00 5.23 0.00 0.00 3.06 
Seismic static X Wall 16 0.00 1.63 0.00 0.00 5.23 0.00 0.00 3.06 
Seismic static X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 18 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 
Seismic static X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 21 0.00 1.20 0.00 0.00 3.85 0.00 0.00 3.06 
Seismic static X Wall 22 0.00 1.63 0.00 0.00 5.23 0.00 0.00 3.06 
Seismic static X Wall 23 0.00 0.10 0.00 0.00 0.31 0.00 0.00 0.18 
Seismic static X Wall 24 0.00 0.76 0.00 0.00 2.42 0.00 0.00 2.95 
Seismic static X Wall 25 0.00 0.04 0.00 0.00 0.12 0.00 0.00 0.07 

          
Seismic static Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 10 0.00 0.06 0.00 0.00 0.19 0.00 0.00 0.11 
Seismic static Y Wall 11 0.00 0.06 0.00 0.00 0.19 0.00 0.00 0.11 
Seismic static Y Wall 12 0.00 0.06 0.00 0.00 0.19 0.00 0.00 0.11 
Seismic static Y Wall 13 0.00 0.06 0.00 0.00 0.19 0.00 0.00 0.11 
Seismic static Y Wall 14 0.00 3.49 0.00 0.00 11.16 0.00 0.00 6.37 
Seismic static Y Wall 15 0.00 0.07 0.00 0.00 0.22 0.00 0.00 0.13 
Seismic static Y Wall 16 0.00 0.07 0.00 0.00 0.22 0.00 0.00 0.13 
Seismic static Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 18 0.00 3.28 0.00 0.00 10.50 0.00 0.00 6.00 
Seismic static Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 21 0.00 0.05 0.00 0.00 0.16 0.00 0.00 0.13 
Seismic static Y Wall 22 0.00 0.07 0.00 0.00 0.22 0.00 0.00 0.13 
Seismic static Y Wall 23 0.00 3.12 0.00 0.00 9.99 0.00 0.00 5.70 
Seismic static Y Wall 24 0.00 0.01 0.00 0.00 0.04 0.00 0.00 0.04 
Seismic static Y Wall 25 0.00 3.19 0.00 0.00 10.22 0.00 0.00 5.87 

          
Seismic dynamic X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Seismic dynamic X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 10 0.00 1.49 0.00 0.00 4.76 0.00 0.00 2.78 
Seismic dynamic X Wall 11 0.00 1.49 0.00 0.00 4.76 0.00 0.00 2.78 
Seismic dynamic X Wall 12 0.00 1.49 0.00 0.00 4.76 0.00 0.00 2.78 
Seismic dynamic X Wall 13 0.00 1.49 0.00 0.00 4.76 0.00 0.00 2.78 
Seismic dynamic X Wall 14 0.00 0.68 0.00 0.00 2.18 0.00 0.00 1.25 
Seismic dynamic X Wall 15 0.00 1.31 0.00 0.00 4.20 0.00 0.00 2.46 
Seismic dynamic X Wall 16 0.00 1.31 0.00 0.00 4.20 0.00 0.00 2.46 
Seismic dynamic X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 18 0.00 0.72 0.00 0.00 2.30 0.00 0.00 1.31 
Seismic dynamic X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 21 0.00 0.97 0.00 0.00 3.09 0.00 0.00 2.46 
Seismic dynamic X Wall 22 0.00 1.31 0.00 0.00 4.20 0.00 0.00 2.46 
Seismic dynamic X Wall 23 0.00 1.49 0.00 0.00 4.77 0.00 0.00 2.72 
Seismic dynamic X Wall 24 0.00 0.68 0.00 0.00 2.16 0.00 0.00 2.63 
Seismic dynamic X Wall 25 0.00 1.03 0.00 0.00 3.29 0.00 0.00 1.89 

          
Seismic dynamic Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 10 0.00 0.61 0.00 0.00 1.94 0.00 0.00 1.13 
Seismic dynamic Y Wall 11 0.00 0.61 0.00 0.00 1.94 0.00 0.00 1.13 
Seismic dynamic Y Wall 12 0.00 0.61 0.00 0.00 1.94 0.00 0.00 1.13 
Seismic dynamic Y Wall 13 0.00 0.61 0.00 0.00 1.94 0.00 0.00 1.13 
Seismic dynamic Y Wall 14 0.00 4.40 0.00 0.00 14.10 0.00 0.00 8.05 
Seismic dynamic Y Wall 15 0.00 1.08 0.00 0.00 3.45 0.00 0.00 2.01 
Seismic dynamic Y Wall 16 0.00 1.08 0.00 0.00 3.45 0.00 0.00 2.01 
Seismic dynamic Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 18 0.00 2.30 0.00 0.00 7.36 0.00 0.00 4.20 
Seismic dynamic Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 21 0.00 0.79 0.00 0.00 2.54 0.00 0.00 2.01 
Seismic dynamic Y Wall 22 0.00 1.08 0.00 0.00 3.45 0.00 0.00 2.01 
Seismic dynamic Y Wall 23 0.00 1.74 0.00 0.00 5.56 0.00 0.00 3.18 
Seismic dynamic Y Wall 24 0.00 0.15 0.00 0.00 0.47 0.00 0.00 0.57 
Seismic dynamic Y Wall 25 0.00 1.82 0.00 0.00 5.82 0.00 0.00 3.34 

 

 

Floors 

Floor name: Floor ID 

V2: Maximum shear stress along the local axis 2 for the most stressed element of the 
floor  

M3-3: Maximum bending moment around local axis 3 for the most stressed element of 
the floor 

wist:  Maximum deformation for the most stressed element of the floor 

 

Load Floor name V2 
[kN] 

M3-3 
[kNm] 

wist  
[mm] 

G(sw) Floor 1 0.26 1.68 2549.13 
     

G(ns) Floor 1 1.29 8.30 12588.30 
     

Q type A Floor 1 2.57 16.59 25176.61 
     

Ortho wind ULS down Floor 1 0.00 0.00 0.00 
     

Ortho wind ULS up Floor 1 0.00 0.00 0.00 
     

Wind X Floor 1 0.00 0.00 0.00 
     

Wind Y Floor 1 0.00 0.00 0.00 
     

Seismic static X Floor 1 0.00 0.00 0.00 
     

Seismic static Y Floor 1 0.00 0.00 0.00 
     

Seismic dynamic X Floor 1 0.00 0.00 0.00 
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Seismic dynamic Y Floor 1 0.00 0.00 0.00 
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Forces and moments acting at the base of the 
structure 
In this chapter the values of the actions acting at the base of the walls and the columns of the 
ground floor are reported. With regard to the walls, the first row of the table shows the values of the 
actions related to the ULS combination that maximizes the axial force while the second row shows 
the values of the actions related to the horizontal ULS combination that maximizes the moment 
acting in the plane of the wall M3-3 and the shear force V2 (also acting in the plane of the wall) and 
that, at the same time, minimizes the axial force N. 

In the other rows, the actions at the foot of the walls associated with the different loads considered 
individually are reported. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Wall name Length 
[m] Load / Comb. N 

[kN] 
V2 

[kN] 
V3 

[kN] 
M2-2 

[kNm] 
M3-3 

[kNm] 
Wall 1 0.61 ULS 1 2.53 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.69 0.00 0.00 0.00 0.00 
  G(ns) 1.18 0.00 0.00 0.00 0.00 
  Q type A 0.02 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 2 0.60 ULS 1 2.33 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.67 0.00 0.00 0.00 0.00 
  G(ns) 1.05 0.00 0.00 0.00 0.00 
  Q type A -0.24 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 3 0.61 ULS 1 2.70 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.72 0.00 0.00 0.00 0.00 
  G(ns) 1.28 0.00 0.00 0.00 0.00 
  Q type A 0.18 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
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  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 4 0.61 ULS 3 3.28 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.74 0.00 0.00 0.00 0.00 
  G(ns) 1.41 0.00 0.00 0.00 0.00 
  Q type A 0.47 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 5 0.60 ULS 3 3.55 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.75 0.00 0.00 0.00 0.00 
  G(ns) 1.45 0.00 0.00 0.00 0.00 
  Q type A 0.60 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 6 0.61 ULS 3 8.84 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.99 0.00 0.00 0.00 0.00 
  G(ns) 2.66 0.00 0.00 0.00 0.00 
  Q type A 2.97 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 7 0.61 ULS 3 29.87 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.96 0.00 0.00 0.00 0.00 
  G(ns) 7.40 0.00 0.00 0.00 0.00 
  Q type A 12.42 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 8 0.60 ULS 3 17.50 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.39 0.00 0.00 0.00 0.00 
  G(ns) 4.60 0.00 0.00 0.00 0.00 
  Q type A 6.87 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 9 0.61 ULS 3 6.77 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.90 0.00 0.00 0.00 0.00 
  G(ns) 2.19 0.00 0.00 0.00 0.00 
  Q type A 2.04 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
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  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 10 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 1.54 0.00 0.00 4.94 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.46 0.00 0.00 1.48 
  Wind Y 0.00 0.24 0.00 0.00 0.76 
  Seismic static X 0.00 1.56 0.00 0.00 4.98 
  Seismic static Y 0.00 0.06 0.00 0.00 0.19 
  Seismic dynamic X 0.00 1.49 0.00 0.00 4.76 
  Seismic dynamic Y 0.00 0.61 0.00 0.00 1.94 
        

Wall 11 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 1.54 0.00 0.00 4.94 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.46 0.00 0.00 1.48 
  Wind Y 0.00 0.24 0.00 0.00 0.76 
  Seismic static X 0.00 1.56 0.00 0.00 4.98 
  Seismic static Y 0.00 0.06 0.00 0.00 0.19 
  Seismic dynamic X 0.00 1.49 0.00 0.00 4.76 
  Seismic dynamic Y 0.00 0.61 0.00 0.00 1.94 
        

Wall 12 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 1.54 0.00 0.00 4.94 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.46 0.00 0.00 1.48 
  Wind Y 0.00 0.24 0.00 0.00 0.76 
  Seismic static X 0.00 1.56 0.00 0.00 4.98 
  Seismic static Y 0.00 0.06 0.00 0.00 0.19 
  Seismic dynamic X 0.00 1.49 0.00 0.00 4.76 
  Seismic dynamic Y 0.00 0.61 0.00 0.00 1.94 
        

Wall 13 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 1.54 0.00 0.00 4.94 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.46 0.00 0.00 1.48 
  Wind Y 0.00 0.24 0.00 0.00 0.76 
  Seismic static X 0.00 1.56 0.00 0.00 4.98 
  Seismic static Y 0.00 0.06 0.00 0.00 0.19 
  Seismic dynamic X 0.00 1.49 0.00 0.00 4.76 
  Seismic dynamic Y 0.00 0.61 0.00 0.00 1.94 
        

Wall 14 2.50 ULS 3 51.28 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex+ ey- 0.00 4.45 0.00 0.00 14.22 

         
  G(sw) 3.58 0.00 0.00 0.00 0.00 
  G(ns) 14.62 0.00 0.00 0.00 0.00 
  Q type A 19.63 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.03 0.00 0.00 0.09 
  Wind Y 0.00 4.50 0.00 0.00 14.41 
  Seismic static X 0.00 0.13 0.00 0.00 0.42 
  Seismic static Y 0.00 3.49 0.00 0.00 11.16 
  Seismic dynamic X 0.00 0.68 0.00 0.00 2.18 
  Seismic dynamic Y 0.00 4.40 0.00 0.00 14.10 
        

Wall 15 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.61 0.00 0.00 5.15 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.48 0.00 0.00 1.54 
  Wind Y 0.00 0.27 0.00 0.00 0.85 
  Seismic static X 0.00 1.63 0.00 0.00 5.23 
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  Seismic static Y 0.00 0.07 0.00 0.00 0.22 
  Seismic dynamic X 0.00 1.31 0.00 0.00 4.20 
  Seismic dynamic Y 0.00 1.08 0.00 0.00 3.45 
        

Wall 16 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.61 0.00 0.00 5.15 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.48 0.00 0.00 1.54 
  Wind Y 0.00 0.27 0.00 0.00 0.85 
  Seismic static X 0.00 1.63 0.00 0.00 5.23 
  Seismic static Y 0.00 0.07 0.00 0.00 0.22 
  Seismic dynamic X 0.00 1.31 0.00 0.00 4.20 
  Seismic dynamic Y 0.00 1.08 0.00 0.00 3.45 
        

Wall 17 0.58 ULS 1 2.42 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.68 0.00 0.00 0.00 0.00 
  G(ns) 1.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.39 0.31 0.00 
  Ortho wind ULS up 0.00 0.00 0.39 0.31 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 18 2.50 ULS 3 66.85 0.00 0.00 0.00 0.00 
  ULS Wind 8 20.17 3.69 1.69 1.35 11.82 
         
  G(sw) 4.29 0.00 0.00 0.00 0.00 
  G(ns) 18.12 0.00 0.00 0.00 0.00 
  Q type A 26.64 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 3.69 0.00 0.00 11.82 
  Seismic static X 0.00 0.00 0.00 0.00 0.01 
  Seismic static Y 0.00 3.28 0.00 0.00 10.50 
  Seismic dynamic X 0.00 0.72 0.00 0.00 2.30 
  Seismic dynamic Y 0.00 2.30 0.00 0.00 7.36 
        

Wall 19 0.50 ULS 1 2.18 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.66 0.00 0.00 0.00 0.00 
  G(ns) 0.96 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.34 0.27 0.00 
  Ortho wind ULS up 0.00 0.00 0.34 0.27 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 20 0.46 ULS 1 2.06 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 0.64 0.00 0.00 0.00 0.00 
  G(ns) 0.88 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.31 0.25 0.00 
  Ortho wind ULS up 0.00 0.00 0.31 0.25 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 21 1.87 ULS 1 6.65 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.18 0.00 0.00 3.79 

         
  G(sw) 1.33 0.00 0.00 0.00 0.00 
  G(ns) 3.59 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.26 1.01 0.00 
  Ortho wind ULS up 0.00 0.00 1.26 1.01 0.00 
  Wind X 0.00 0.35 0.00 0.00 1.13 
  Wind Y 0.00 0.20 0.00 0.00 0.63 
  Seismic static X 0.00 1.20 0.00 0.00 3.85 
  Seismic static Y 0.00 0.05 0.00 0.00 0.16 
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  Seismic dynamic X 0.00 0.97 0.00 0.00 3.09 
  Seismic dynamic Y 0.00 0.79 0.00 0.00 2.54 
        

Wall 22 2.45 ULS 1 8.48 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.61 0.00 0.00 5.15 

         
  G(sw) 1.57 0.00 0.00 0.00 0.00 
  G(ns) 4.70 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 0.48 0.00 0.00 1.54 
  Wind Y 0.00 0.27 0.00 0.00 0.85 
  Seismic static X 0.00 1.63 0.00 0.00 5.23 
  Seismic static Y 0.00 0.07 0.00 0.00 0.22 
  Seismic dynamic X 0.00 1.31 0.00 0.00 4.20 
  Seismic dynamic Y 0.00 1.08 0.00 0.00 3.45 
        

Wall 23 2.50 ULS 3 37.28 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 3.84 0.00 0.00 12.28 

         
  G(sw) 2.94 0.00 0.00 0.00 0.00 
  G(ns) 11.46 0.00 0.00 0.00 0.00 
  Q type A 13.33 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.02 0.00 0.00 0.07 
  Wind Y 0.00 3.06 0.00 0.00 9.78 
  Seismic static X 0.00 0.10 0.00 0.00 0.31 
  Seismic static Y 0.00 3.12 0.00 0.00 9.99 
  Seismic dynamic X 0.00 1.49 0.00 0.00 4.77 
  Seismic dynamic Y 0.00 1.74 0.00 0.00 5.56 
        

Wall 24 1.30 ULS 1 4.76 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 0.72 0.00 0.00 2.29 

         
  G(sw) 1.03 0.00 0.00 0.00 0.00 
  G(ns) 2.50 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.88 0.70 0.00 
  Ortho wind ULS up 0.00 0.00 0.88 0.70 0.00 
  Wind X 0.00 0.22 0.00 0.00 0.72 
  Wind Y 0.00 0.05 0.00 0.00 0.14 
  Seismic static X 0.00 0.76 0.00 0.00 2.42 
  Seismic static Y 0.00 0.01 0.00 0.00 0.04 
  Seismic dynamic X 0.00 0.68 0.00 0.00 2.16 
  Seismic dynamic Y 0.00 0.15 0.00 0.00 0.47 
        

Wall 25 2.49 ULS 3 12.78 0.00 0.00 0.00 0.00 

  ULS earthquake drift 4 
ex- ey- 0.00 2.94 0.00 0.00 9.42 

         
  G(sw) 1.82 0.00 0.00 0.00 0.00 
  G(ns) 5.94 0.00 0.00 0.00 0.00 
  Q type A 2.31 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.68 1.34 0.00 
  Ortho wind ULS up 0.00 0.00 1.68 1.34 0.00 
  Wind X 0.00 0.01 0.00 0.00 0.03 
  Wind Y 0.00 3.40 0.00 0.00 10.87 
  Seismic static X 0.00 0.04 0.00 0.00 0.12 
  Seismic static Y 0.00 3.19 0.00 0.00 10.22 
  Seismic dynamic X 0.00 1.03 0.00 0.00 3.29 
  Seismic dynamic Y 0.00 1.82 0.00 0.00 5.82 
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Design of the structural elements 

 

Joist floors 

Bending strength  

The checks are conducted according to § 3.2.1 of AS 1720.1. The following expression shall be 
satisfied: 

𝑀𝑑 ≥ 𝑀∗ 

with 

𝑀𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝑀∗ = 𝑀3−3 𝑚𝑎𝑥 is the design action effect in bending 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the beam about the axis of bending 𝑍 = (𝑏ℎ2/6 ) 

 

The following table illustrates the structural schemes and the envelopes of the bending moment 
diagram for the joist with the most severe checks of each floor. 

Floor name Combination Duration Diagram M3-3 
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Floor 1 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section M3-3 max 

[kNm] 
Z 

[mm3] Comb. k1 k4 k6 k9 k12  f’b 
[MPa] 

Md 
[kNm] Check 

Floor 1 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 

 

Where 𝑓𝑏
′ for rectangular beam sections made of F-grades timber and greater than 300 mm in 

depth is obtained by multiplying the value of table H2.1 of AS 1720.1 by (300/𝑑)0.167. 
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Shear strength 

The checks are conducted according to § 3.2.5 of AS 1720.1. The following expression shall be 
satisfied: 

𝑉𝑑 ≥ 𝑉∗ 

with 

𝑉𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑓𝑠
′ ∙ 𝐴𝑠 

where 

𝑉∗ = 𝑉2 𝑚𝑎𝑥   is the design action effect in shear 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑓𝑠
′   is the characteristic value in shear 

𝐴𝑠   is the shear plane area for a rectangular beam loaded about its major axis in 
   bending 𝐴𝑠 = 2/3(𝑏𝑑) 

 

The following table illustrates the structural schemes and the envelopes of the shear force diagram 
for the joist of each floor with the most sever checks. 

Floor name Combination Duration Diagram V2 

Floor 1 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section V2 max 

[kN] 
As 

[mm2] Comb. k1 k4 k6  f’s 
[MPa] 

Vd 
[kN] Check 

Floor 1 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 
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Floors deflections (SLS) 

The final deflection below a straight line between the supports due to a single type of action, 𝑤𝑐𝑟𝑒𝑒𝑝, 
is taken as: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 = 𝑗2 ∙ 𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 

where: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖   is the final deflection that includes the effect of creep on deformation 

𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 is the short-term deflection 

𝑗2  is the modification factor for creep 

The limiting values for deflections of floors are assumed as shown in the following table according 
to the considered combination of actions. 

 𝑾𝒔 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒍 ∙ 𝑸 

Internal spans l/300 l/400 15 mm l/300 

Cantilever beams l/150 l/200 30 mm l/150 

 

The value of deflection 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is calculated for each type of load in the considered combination of 
actions and the final value 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is defined as the sum of these deflections. 

The following table shows the maximum deformation of each floor (relative to the element in which 
the deformation checks are the most severe). 

Floor name Combination Deflection 

Floor 1 SLS 3 

 

 

The table shows the deflection checks of the floor elements. 

Floor name Section Combination Most restrictive 
check 

Wcreep 
[mm] 

Deflection limit 
[mm] Check 

Floor 1 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 
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Framed Walls 
Combined bending and compression of the studs  

The checks are conducted according to § 3.5.1 of AS 1720.1 on the most loaded internal and 
external stud of each wall. The following expressions shall be satisfied: 

(
𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒

∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
)

2

+
𝑁𝑐

∗

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒
≤ 1 

𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
+

𝑁𝑐
∗

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
≤ 1 

with 

𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗ = 𝑀2−2 is the design action effect in bending out of the plane of the wall 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in bending out of the plane of the wall 

𝑁𝑐
∗ = 𝑁   is the design action effect in compression 

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in compression for buckling out of the plane of the wall 

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒  is the design capacity in compression for buckling in the plane of the wall 

 

The design capacity of each stud in bending out-of-the-plane of the wall is calculated according to 
the following equation: 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the stud about the axis of bending 𝑍 = (𝑏𝑡2/6 ) 

 

The design capacity of each stud in compression is calculated according to the following equation: 
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𝑁𝑑,𝑐 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘12 ∙ 𝑓𝑐
′ ∙ 𝐴𝑐 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘12   is the relevant stability factor for buckling in or out of the plane of the wall 

𝑓𝑐
′   is the characteristic value in compression parallel to grain 

𝐴𝑐   is the cross-sectional area of the stud 

 

The stability factor 𝑘12 takes into account the reduced compressive strength due to lateral buckling. 

The factor value is calculated according to § 3.3.3 of AS 1720.1 as follows: 

(a) For     𝜌𝑐 ∙ 𝑆 ≤ 10                  →            𝑘12 = 1.0 

(b) For    10 ≤ 𝜌𝑐 ∙ 𝑆 ≤ 20        →            𝑘12 = 1.5 − 0.05 ∙ 𝜌𝑐 ∙ 𝑆 

(c) For    𝜌𝑐 ∙ 𝑆 ≥ 20                   →            𝑘12 =
200

(𝜌𝑐∙𝑆)2 

Where 𝑆  is the relevant slenderness coefficient for buckling under compression and 𝜌𝑐  is the 
material constant for columns. 

The slenderness coefficient for buckling out of the plane of the wall is evaluated according to the 
following equations that is consistent with those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑡
 

where 

𝐿  is the height of the stud 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 

The slenderness coefficient for buckling in the plane of the wall is equal to 0 when an effective 
restraint system act continuously along both edges of the stud (i.e. sheeting boards on both the 
faces of the frame). 
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When the sheeting board provides an effective restraint along one edge only of the stud, the 
slenderness coefficient for buckling in the plane of the wall is evaluated according to the following 
equations that is consistent to those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
3.5 ∙ 𝑡

𝑏
  

where 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

In case of walls braced through steel braces, the slenderness coefficient for buckling in the plane 
of the wall is evaluated according to the following equations that is consistent with those provided 
in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑏
 

where 

𝐿  is the height of the stud 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 

 

The material constant values for each material are defined according to equations E2(3) and E2(4) 
of AS 1720.1 assuming 𝑟 = 0.25: 

(a) Columns of seasoned timber    𝜌𝑐 = 11.39 (
𝐸

𝑓𝑐
′)

−0.408
𝑟−0.074 

(b) Columns of unseasoned timber   𝜌𝑐 = 9.29 (
𝐸

𝑓𝑐
′)

−0.367
𝑟−0.146 

 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit State of combined bending and compression. 

Wall name Length 
 [m] Combination Duration N 

[kN] 
M2-2 

[kNm] 
Wall 1 0.61 ULS 5 5 seconds 2.26 0.33 
Wall 2 0.60 ULS 5 5 seconds 1.98 0.32 
Wall 3 0.61 ULS 5 5 seconds 2.48 0.33 
Wall 4 0.61 ULS 5 5 seconds 2.76 0.33 
Wall 5 0.60 ULS 5 5 seconds 2.88 0.32 
Wall 6 0.61 ULS 5 5 seconds 5.57 0.33 
Wall 7 0.61 ULS 3 5 months 29.87 0.00 
Wall 8 0.60 ULS 3 5 months 17.50 0.00 
Wall 9 0.61 ULS 5 5 seconds 4.53 0.33 

Wall 10 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 11 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 12 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 13 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 14 2.50 ULS 3 5 months 51.28 0.00 
Wall 15 2.45 ULS 5 5 seconds 7.53 1.32 
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Wall 16 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 17 0.58 ULS 5 5 seconds 2.15 0.31 
Wall 18 2.50 ULS 3 5 months 66.85 0.00 
Wall 19 0.50 ULS 5 5 seconds 1.94 0.27 
Wall 20 0.46 ULS 5 5 seconds 1.83 0.25 
Wall 21 1.87 ULS 5 5 seconds 5.91 1.01 
Wall 22 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 23 2.50 ULS 3 5 months 37.28 0.00 
Wall 24 1.30 ULS 5 5 seconds 4.23 0.70 
Wall 25 2.49 ULS 5 5 seconds 10.23 1.34 

 

The relevant values for the calculation of the stability factors in bending and compression are 
reported in the following table. 

Wall name Section Stud L 
[m] k12, bending, o-o-p Scompression, o-o-p Scompression, i-p c kcompression, 12, o-o-p kcompression, 12, i-p 

Wall 1 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 1 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 5 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 5 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

Wall 10 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 10 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 20 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

 

The checks are summarized below in the form of a percentage value 

Wall name Section Stud M2-2 
[kNm] 

N 
[kN] 

Z 
[mm3] 

Ac 
[mm2] Comb. k1 k4 k6  f’b 

[MPa] 
f’c 

[MPa] 
Md 

[kNm] 
Nd,c,o-o-p 

[kN] 
Nd,c,i-p 
[kN] Check 

Wall 1 Frame 1 Internal 0.15 1.05 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 23% 
Wall 1 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 2 Frame 1 Internal 0.15 0.95 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 2 Frame 1 External 0.12 0.63 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 3 Frame 1 Internal 0.15 1.16 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 24% 
Wall 3 Frame 1 External 0.12 0.83 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 4 Frame 1 Internal 0.15 1.30 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 4 Frame 1 External 0.12 0.95 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 5 Frame 1 Internal 0.15 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 5 Frame 1 External 0.12 1.04 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 6 Frame 1 Internal 0.15 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 6 Frame 1 External 0.06 2.77 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 7 Frame 1 Internal 0.00 13.23 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 106% 
Wall 7 Frame 1 External 0.00 11.43 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 23% 
Wall 8 Frame 1 Internal 0.00 8.37 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 67% 
Wall 8 Frame 1 External 0.00 6.02 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 12% 
Wall 9 Frame 1 Internal 0.15 2.20 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 30% 
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Wall 9 Frame 1 External 0.12 1.45 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 10 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 10 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 11 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 11 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 12 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 12 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 13 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 13 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 14 Frame 1 Internal 0.00 9.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 73% 
Wall 14 Frame 1 External 0.00 4.62 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 9% 
Wall 15 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 15 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 16 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 16 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 17 Frame 1 Internal 0.14 0.99 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 17 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 18 Frame 1 Internal 0.00 11.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 89% 
Wall 18 Frame 1 External 0.00 6.29 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 13% 
Wall 19 Frame 1 Internal 0.12 0.88 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 19% 
Wall 19 Frame 1 External 0.12 0.84 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 20 Frame 1 External 0.12 0.92 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 21 Frame 1 Internal 0.22 1.29 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 21 Frame 1 External 0.12 0.68 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 22 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 22 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 23 Frame 1 Internal 0.00 6.20 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 49% 
Wall 23 Frame 1 External 0.00 3.58 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 7% 
Wall 24 Frame 1 Internal 0.22 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 24 Frame 1 External 0.12 0.70 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 25 Frame 1 Internal 0.22 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 35% 
Wall 25 Frame 1 External 0.13 1.01 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
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Bearing perpendicular to the grain 

The studs are supported at the base by the bottom plate which is stressed by compression forces 
perpendicular to the grain.  

The following expression shall be satisfied: 

𝑁𝑑,𝑝 ≥ 𝑁𝑝
∗ 

with 

𝑁𝑑,𝑝 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘7 ∙ 𝑓𝑝
′ ∙ 𝐴𝑝 

where 

𝑁𝑝
∗ = 𝑁   is the design action effect in compression 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor 

𝑘6   is the temperature modification factor 

𝑘7   is the length of bearing factor 

𝑓𝑝
′   is the characteristic value in bearing perpendicular to grain 

𝐴𝑝   is the bearing area for loading perpendicular to grain 

 

The length of bearing factor 𝑘7  allows to increase the characteristic capacity in bearing 
perpendicular to the grain where rectangular bearing areas are located 75 mm or more from the 
end of the bottom plate. 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of actions for the bearing Ultimate Limit State. 

Wall name Length  
[m] Combination Duration N 

[kN] 
Wall 1 0.61 ULS 1 50+ years 2.53 
Wall 2 0.60 ULS 1 50+ years 2.33 
Wall 3 0.61 ULS 1 50+ years 2.70 
Wall 4 0.61 ULS 1 50+ years 2.90 
Wall 5 0.60 ULS 4 50+ years 3.00 
Wall 6 0.61 ULS 4 50+ years 6.16 
Wall 7 0.61 ULS 3 5 months 29.87 
Wall 8 0.60 ULS 3 5 months 17.50 
Wall 9 0.61 ULS 4 50+ years 4.93 

Wall 10 2.45 ULS 1 50+ years 8.48 
Wall 11 2.45 ULS 1 50+ years 8.48 
Wall 12 2.45 ULS 1 50+ years 8.48 
Wall 13 2.45 ULS 1 50+ years 8.48 
Wall 14 2.50 ULS 3 5 months 51.28 
Wall 15 2.45 ULS 1 50+ years 8.48 
Wall 16 2.45 ULS 1 50+ years 8.48 
Wall 17 0.58 ULS 1 50+ years 2.42 
Wall 18 2.50 ULS 3 5 months 66.85 
Wall 19 0.50 ULS 1 50+ years 2.18 
Wall 20 0.46 ULS 1 50+ years 2.06 
Wall 21 1.87 ULS 1 50+ years 6.65 
Wall 22 2.45 ULS 1 50+ years 8.48 
Wall 23 2.50 ULS 3 5 months 37.28 
Wall 24 1.30 ULS 1 50+ years 4.76 
Wall 25 2.49 ULS 4 50+ years 10.70 
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The following table summarizes the bearing (perpendicular to the grain) checks for the plates of the 
framed walls. 

Wall name Section Stud N 
[kN] 

Ap 
[mm2] Combination k1 k4 k6 k7  f’p 

[MPa] 
Nd,p 
[kN] Check 

Wall 1 Frame 1 Internal 1.17 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 1 Frame 1 External 0.89 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 2 Frame 1 Internal 1.11 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
Wall 2 Frame 1 External 0.78 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 3 Frame 1 Internal 1.26 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 3 Frame 1 External 0.92 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 4 Frame 1 Internal 1.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 4 Frame 1 External 1.01 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 5 Frame 1 Internal 1.39 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 5 Frame 1 External 1.08 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 6 Frame 1 Internal 1.93 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
Wall 6 Frame 1 External 3.19 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 7 Frame 1 Internal 13.23 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 37% 
Wall 7 Frame 1 External 11.43 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 10% 
Wall 8 Frame 1 Internal 8.37 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 23% 
Wall 8 Frame 1 External 6.02 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 9 Frame 1 Internal 2.41 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 9 Frame 1 External 1.57 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 

Wall 10 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 10 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 11 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 11 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 12 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 12 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 13 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 13 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 14 Frame 1 Internal 9.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 25% 
Wall 14 Frame 1 External 4.62 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 4% 
Wall 15 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 15 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 16 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 16 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 17 Frame 1 Internal 1.12 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
Wall 17 Frame 1 External 0.90 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 18 Frame 1 Internal 11.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 31% 
Wall 18 Frame 1 External 6.29 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 19 Frame 1 Internal 0.99 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 5% 
Wall 19 Frame 1 External 0.94 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 20 Frame 1 External 1.03 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 21 Frame 1 Internal 1.45 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 21 Frame 1 External 0.77 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 22 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 22 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 23 Frame 1 Internal 6.20 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 17% 
Wall 23 Frame 1 External 3.58 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 3% 
Wall 24 Frame 1 Internal 1.50 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 24 Frame 1 External 0.79 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 25 Frame 1 Internal 1.88 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
Wall 25 Frame 1 External 1.06 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 

 
The shear strength of framed shear walls 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit States. 

Wall name Length 
[m] Combination Duration V2 

[kN] 

Wall 10 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.71 

Wall 11 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.71 

Wall 12 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.71 

Wall 13 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.71 

Wall 14 2.50 ULS earthquake strength 5 
ex+ ey+ 5 seconds 4.61 

Wall 15 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 1.82 

Wall 16 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 1.82 

Wall 18 2.50 ULS Wind 6 5 seconds 3.69 

Wall 21 1.87 ULS earthquake strength 4 
ex- ey- 5 seconds 1.34 

Wall 22 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 1.82 

Wall 23 2.50 ULS earthquake strength 8 
ex- ey+ 5 seconds 3.96 

Wall 24 1.30 ULS earthquake strength 4 5 seconds 0.77 
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ex- ey- 
Wall 25 2.49 ULS Wind 6 5 seconds 3.40 

 

Sheet-braced framed walls 

Lateral load-carrying capacity of metal fasteners  

The design load-carrying capacity of a cantilevered panel secured against uplift is determined 
according to a plastic model based on the lower bound method (static theorem) that assumes the 
load-displacement relationships of the sheathing-to-frame joints as completely in the plastic field. 

For a wall made up of several wall panels, the design racking load-carrying capacity of a wall is 
calculated from: 

𝐹𝑣,𝑅𝑑 = ∑ 𝐹𝑖,𝑣,𝑅𝑑
𝑖

 

where: 

𝐹𝑖,𝑣,𝑅𝑑     is the design racking load-carrying capacity of a single wall panel as specified in the 
following. 

Wall panels which contain a door or window opening shall not be considered to contribute to the 
racking load-carrying capacity. 

The design racking load-carrying capacity of each wall panel, 𝐹𝑖,𝑣,𝑅𝑑,  is calculated from: 

 

𝐹𝑖,𝑣,𝑅𝑑 =
𝐹𝑡,𝑅𝑑 ⋅ 𝑏𝑖 ⋅ 𝑐𝑖

𝑠
 

where: 

 𝐹𝑡,𝑅𝑑 is the lateral design capacity of an individual fastener, modified by a factor of 1.2 

𝑏𝑖 is the wall panel width 

𝑠 is the fastener spacing 

𝑐𝑖 a coefficient dependent on the ratio between base and height of a single wall panel. 

For wall panels with sheets on both sides the following rules apply: 

- if the sheets and fasteners are of the same type and dimension then the total racking load 
carrying capacity of the wall should be taken as the sum of the racking load-carrying capacities of 
the individual sides  

- if different types of sheets are used, 75 % of the racking load-carrying capacity of the weaker side 
may, unless some other value is shown to be valid, be taken into consideration if fasteners with 
similar slip moduli are used. In other cases not more than 50 % should be taken into consideration. 

Fastener strength  

The resistance of each fastener is estimated according to the Johansen theory of timber 
connections with dowel-type fasteners for panel-to-timber connections in single shear. 
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The characteristic load-carrying capacity for nails, staples, bolts, dowels and screws per shear 
plane per fastener, should be taken as the minimum value found from the following expressions 

 

𝐹𝑣,𝑅𝑘,𝑎 =  𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑏 =  𝑓ℎ,2,𝑘 ⋅ 𝑡2 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑐 =  
𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑

1 + 𝛽
⋅ [√𝛽 + 2𝛽2 [1 +

𝑡2

𝑡1

+ (
𝑡2

𝑡1

)
2

] + 𝛽3 (
𝑡2

𝑡1

)
2

− 𝛽 (1 +
𝑡2

𝑡1

)] +
𝐹𝑎𝑥,𝑅𝑘

4
  

𝐹𝑣,𝑅𝑘,𝑑 =  1,05 ⋅  
𝑓ℎ,1,𝑘⋅𝑡1⋅𝑑

2+𝛽
⋅ [√2𝛽(1 + 𝛽) +

4𝛽(2+𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘⋅𝑑⋅𝑡1
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑒 =  1,05 ⋅  
𝑓ℎ,1,𝑘 ⋅ 𝑡2 ⋅ 𝑑

1 + 2𝛽
⋅ [√2𝛽2(1 + 𝛽) +

4𝛽(1 + 2𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘 ⋅ 𝑑 ⋅ 𝑡2
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑓 =  1,15 ⋅ √
2𝛽

1 + 𝛽
√2 ⋅ 𝑀𝑦,𝑅𝑘 ⋅ 𝑓ℎ,1,𝑘 ⋅ 𝑑 +

𝐹𝑎𝑥,𝑅𝑘

4
 

 

In the expressions above, the first term on the right hand side is the load-carrying capacity 
according to the Johansen yield theory, whilst the second 
term  𝐹𝑎𝑥,𝑅𝑘

4
 is the contribution from the rope effect.  

Characteristic withdrawal capacity 

The characteristic withdrawal capacity of nails, 𝐹𝑎𝑥,𝑅𝑘, should be taken as the smaller of the values 
found from the following expressions: 

- For smooth nails: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓𝑎𝑥,𝑘,ℎ𝑒𝑎𝑑 𝑑 𝑡 + 𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 

- For nails with improved adherence: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒 = 𝑓𝑎𝑥,𝑘,350  (

𝜌𝑘,𝑡𝑖𝑝

350
)

0.8

 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 = 𝑓ℎ𝑒𝑎𝑑,𝑘,350  (

𝜌𝑘,ℎ𝑒𝑎𝑑

350
)

0.8

𝑑ℎ
2

 

where: 

fax,k,tip   is the characteristic pointside withdrawal strength; 

fax,k,head   is the characteristic headside withdrawal strength; 

fhead,k is the characteristic headside pull-through strength; 

d  is the nail diameter; 

Figure: Failure modes for timber and 
panel connections. 
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dh is the nail head diameter; 

tpen,frame is the minimum value between the pointside penetration length and the length of the 
threaded part in the pointside member; 

t is the thickness of the headside member. 

For smooth nails, the pointside penetration should be at least 8d. For nails with a pointside 
penetration smaller than 12d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

4𝑑
− 2.  

For threaded nails, the pointside penetration should be at least 6d. For nails with a pointside 
penetration smaller than 8d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

2𝑑
− 3. 

In the following table, the calculations for the characteristic pointside withdrawal strength (Fax,k,tip) 
and for the characteristic headside pull-through strength (Fax,k,head) are reported. 

Section Side Fasteners ρk,frame 
[kg/m3] 

fax,k,tip 
[MPa] 

d 
[mm] 

tpen,frame 
[mm] 

Fax,k,tip 
[N] 

ρk,panel 
[kg/m3] 

fax,k,head 
[MPa] 

fhead,k 
[MPa] 

dh 
[mm] 

t 
 [mm] 

Fax,k,head 
[N] 

Frame 1 1 Ring nail (coils) 
2.8/3.1 x 60 317 6.02 2.80 40.00 674 400 0.00 30.16 4.30 - 558 

 

Lateral load-carrying capacity 

The following table shows the resistances of the fasteners used to assemble the panels of the 
walls. 

Fax,Rk is the characteristic axial withdrawal capacity of the fastener 
 
Rope effect limit  is the rope effect limited to a percentage of Johansen part 
 
Fv,Rk is the characteristic load-carrying capacity per shear plane per fastener 

Section Side Fasteners Kser 
[N/mm] Failure mode Fax,Rk 

[N] 
Rope effect 

limit 
Fv,Rk 
[N] 

Frame 1 1 Ring nail (coils) 2.8/3.1 x 60 670 d 558 50% 717 

 

Check of the bearing capacity of the walls related to the lateral load -carrying capacity 
of metal fasteners  

The following table summarizes the geometric characteristics of the wall panels and their load-
bearing capacity Fi,v,Rk. This table also indicates whether the width of each sheet is at least equal 
to h/4 as required by the calculation model. 

Wall name Section Panel bi 
[mm] N panels ci Sheet width 

 h/4 
s 

[mm] 
Fi,v,Rk 
side 1 
[kN] 

Fi,v,Rk 
side 2 
[kN] 

Wall 10 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 10 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 11 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 11 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 12 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 12 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 13 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 13 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 14 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 14 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 15 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 15 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 16 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 16 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 18 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 18 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 21 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 21 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 



Technical Design Calculation Report                  

 

Wall 22 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 22 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 23 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 23 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 24 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 24 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 25 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 25 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 

 

The following table shows the checks with reference to the most significant load combinations 

according to the expression: 

Fv,Rd ≥ Fv,Ed 

Wall name Section Comb. Fv,Ed 
[kN] k1 k13 k14 k16 k17  Fv,Rd 

[kN] Check 

Wall 10 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 11 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 12 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 13 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 14 Frame 1 ULS earthquake 
strength 5 ex+ ey+ 4.61 1.14 1 1 1 1 0.85 10.46 44% 

Wall 15 Frame 1 ULS earthquake 
strength 4 ex- ey- 1.82 1.14 1 1 1 1 0.85 10.43 17% 

Wall 16 Frame 1 ULS earthquake 
strength 4 ex- ey- 1.82 1.14 1 1 1 1 0.85 10.43 17% 

Wall 18 Frame 1 ULS Wind 6 3.69 1.14 1 1 1 1 0.85 10.46 35% 

Wall 21 Frame 1 ULS earthquake 
strength 4 ex- ey- 1.34 1.14 1 1 1 1 0.85 6.97 19% 

Wall 22 Frame 1 ULS earthquake 
strength 4 ex- ey- 1.82 1.14 1 1 1 1 0.85 10.43 17% 

Wall 23 Frame 1 ULS earthquake 
strength 8 ex- ey+ 3.96 1.14 1 1 1 1 0.85 10.46 38% 

Wall 24 Frame 1 ULS earthquake 
strength 4 ex- ey- 0.77 1.14 1 1 1 1 0.85 3.49 22% 

Wall 25 Frame 1 ULS Wind 6 3.40 1.14 1 1 1 1 0.85 10.46 32% 

 

Shear buckling of the sheet  

The model assumes that the shear buckling of the sheet may be disregarded, provided that 

bnet

t
≤ 100 

where 

bnet  is the clear distance between studs 

t  is the thickness of the sheet 
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Connections 

 Hold Down – Connections at the base of the structure 
The design resistance Rd of the hold-downs is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Nailing failure 

• Hold-downs steel failure 

• Failure of the anchor 

• Extraction of the anchor 

Forces on the hold-downs 

The tension force acting on the hold down (Ta) is evaluated as described in 
paragraph “Model Description”.  

The tension force acting on the anchor is calculated taking into account the 
additional moment due to the non-alignment between the external force acting 
on the vertical flange of the hold down and the anchor itself using a coefficient, 
indicated as kt. 

𝑇𝑝 = 𝑇𝑎 ⋅ 𝑘𝑡 

 

 

 

 

Wall name Length  
[m] Connection name N° of anchors at 

each wall end Combination Duration N 
[kN] 

M3-3 
[kNm] 

Ta 
[kN] kt Tp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 1 0.00 

Wall 11 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 1 0.00 

Wall 12 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 1 0.00 

Wall 13 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 1 0.00 

Wall 14 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 29.69 14.41 0.00 1 0.00 

Wall 15 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 1 0.00 

Wall 16 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 1 0.00 

Wall 18 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 37.55 11.82 0.00 1 0.00 

Wall 21 1.87 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex- 
ey- 

5 seconds 4.43 4.28 0.07 1 0.07 

Wall 22 2.45 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 1 0.00 

Wall 23 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 22.62 9.78 0.00 1 0.00 

Wall 24 1.30 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex- 
ey- 

5 seconds 3.17 2.48 0.32 1 0.32 

Wall 25 2.49 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 6.98 10.87 0.88 1 0.88 
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Nailing resistance 

The design value of the load-bearing capacity of the nailing is given by the following expression 

𝑅𝑐,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Rc,k,dens 

where 

Rc,k,dens  is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the fastener 
head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠 factor when the density of the material used is 

less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠 can be evaluated using the formula Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
.  

𝜙  is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

 

Hold-down steel resistance  

The tensile design strength of the steel of the hold-down can be evaluated according to the formula 

Rs,d = ϕ ∙ Rs,k 

where 

Rs,k is the characteristic value of the resistance of the hold down in axial tension 

𝜙  is the capacity factor for steel in tension 

 

Tension resistance of the anchor 

The tension resistance of the anchor is evaluated as reported in section 9.3.2.2 of AS 4100 - 1998 

according to the following formula 

Rt,d = ϕ ∙ Rt,k = ϕ ∙ As ⋅ fuf 

being: 

fuf is the ultimate tensile strength of the anchor 

As the tensile stress area of the anchor 

ϕ is the capacity factor for bolts in tension 
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Pull-out resistance of the anchor 

The characteristic value of pull-out resistance refers to a single anchor regardless of the effects 

due to the spacing or distances from the edges. Moreover concrete is considered to be non-

cracked, dry and at a standard temperature for the actual depth of anchorage. 

The design pull-out resistance can be calculated as 

𝑅𝑝𝑢𝑙𝑙,𝑑 = 𝜙 ∙ 𝑅𝑝𝑢𝑙𝑙,𝑘 

where 

𝑅𝑝𝑢𝑙𝑙,𝑘 is the characteristic value of the pull-out resistance 

ϕ is the capacity factor provided by manufacturers 

 

The checks are summarized in the following tables according to each failure mode.  

 

Name:  Name of the connection in which the hold-down is used  

Comb.:  The most severe combination of load 

Ta,d: Design value of the tensile force acting on the hold down 

Tp,d: Design value of the tensile force acting on the anchor 

Ra,d: Design value of the hold down resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

Rp,d: Design value of the anchor resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

𝑇𝑎,𝑑 ≤ R𝑎,𝑑 = 𝑚𝑖𝑛(𝑅𝑐,𝑑; 𝑅𝑠,𝑑) 

𝑇𝑝,𝑑 ≤ R𝑝,𝑑 = 𝑚𝑖𝑛(𝑅𝑡,𝑑; 𝑅𝑝𝑢𝑙𝑙,𝑑) 

 

Wall name Connection 
name Comb. Ta,d 

[kN] 
Rc,k,dens 
[kN] k1  Rc,d 

[kN] 
Rs,k 
[kN]  Rs,d 

[kN] 
Ra,d 
[kN] 

Tp,d 
[kN] 

Rt,k 
[kN]  Rt,d 

[kN] 
Rpull,k 
[kN]  Rpull,d 

[kN] 
Rp,d 
[kN] 

Failure 
mode Check 

Wall 10 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 11 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 12 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 13 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 14 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 15 Ground 
connection - 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 
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hold down - 
bracket 

Wall 16 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 18 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 21 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 

ex- ey- 

0.07 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.07 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  0% 

Wall 22 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 23 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 24 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 

ex- ey- 

0.32 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.32 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  2% 

Wall 25 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 0.88 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.88 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  5% 
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Angle brackets with anchors – timber to concrete shear 
connections  

The design resistance Rd of an angle bracket is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Shear failure of the angle and/or of the group of fasteners of the connection 

• Shear failure of the anchors connecting the concrete 

Shear forces  

The shear force acting on the single angle bracket is calculated by dividing the total shear force V2 
by the number of angle brackets present in the wall (taking into account the possible presence of 
angle brackets on both sides of the structural element). 

𝑉𝑎 =
𝑉2

𝑛𝑎𝑛𝑐
 

where 

𝑉2  is the design shear force on the considered wall 

𝑛𝑎𝑛𝑐 is the number of shear connections present in the wall 

The shear force acting on the most loaded anchor is calculated taking into account the additional 
moment due to the non-alignment between the external forces acting on the vertical flange of the 
angle bracket and the anchor itself using a coefficient, indicated as kt. 

𝑉𝑝 = 𝑉𝑎 ⋅ 𝑘𝑡 

 

Wall name Length  
[m] Connection name N of 

connections Combination Duration V2 
[kN] 

Va 
[kN] kt Vp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.71 0.43 0.97 0.42 

Wall 11 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.71 0.43 0.97 0.42 

Wall 12 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.71 0.43 0.97 0.42 

Wall 13 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.71 0.43 0.97 0.42 

Wall 14 2.50 Ground connection - hold 
down - bracket 5 ULS earthquake stability 8 

ex+ ey+ 5 seconds 4.61 0.92 0.97 0.89 

Wall 15 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 1.82 0.45 0.97 0.44 

Wall 16 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 1.82 0.45 0.97 0.44 

Wall 18 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 3.69 0.74 0.97 0.72 

Wall 21 1.87 Ground connection - hold 
down - bracket 3 ULS earthquake stability 1 

ex- ey- 5 seconds 1.34 0.45 0.97 0.43 

Wall 22 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 1.82 0.45 0.97 0.44 

Wall 23 2.50 Ground connection - hold 
down - bracket 5 ULS earthquake stability 5 

ex- ey+ 5 seconds 3.96 0.79 0.97 0.77 

Wall 24 1.30 Ground connection - hold 
down - bracket 2 ULS earthquake stability 1 

ex- ey- 5 seconds 0.77 0.39 0.97 0.38 

Wall 25 2.49 Ground connection - hold 
down - bracket 4 ULS Wind 6 5 seconds 3.40 0.85 0.97 0.82 

 

Angle bracket bearing capacity   
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The design value of the shear bearing capacity of the angle bracket can be estimated from the 
characteristic value by means of the following expression 

𝑅𝑎,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Ra,k,dens 

 

where 

Ra,k,dens is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the 
fastener head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠  factor when the density of the 
material used is less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠  can be evaluated using the formula 

Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
. 

𝜙  is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

 

Anchor bearing capacity   

The design value of the shear strength of the anchor is evaluated as 

𝑅𝑝,𝑑 = ϕ ∙ Rp,k 

where 

𝑅𝑝,𝑘 is the characteristic value of the shear strength of the anchor 

𝜙  is the capacity factor provided by manufacturers 

 

The checks are summarized in the following tables according to each failure mode. 

 

Name:  Name of the connection in which the angle bracket is used  

Comb.:  The most severe combination of load  

Va,d: Shear force acting on the angle bracket 

Vp,d: Shear force acting on the most stressed anchor 

𝑉𝑎,𝑑 ≤ 𝑅𝑎,𝑑 

𝑉𝑝,𝑑 ≤ 𝑅𝑝,𝑑 
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Wall name Connection name Comb. Va,d 
[kN] 

Ra,k,dens 
[kN] k1  Ra,d 

[kN] 
Check – 

angle 
brackets 

Vp,d 
[kN] 

Rp,k 
[kN]  Rp,d 

[kN] 
Check - 
anchor 

Wall 10 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.43 18.09 1.14 0.85 17.53 2% 0.42 21 0.8 16.8 2% 

Wall 11 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.43 18.09 1.14 0.85 17.53 2% 0.42 21 0.8 16.8 2% 

Wall 12 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.43 18.09 1.14 0.85 17.53 2% 0.42 21 0.8 16.8 2% 

Wall 13 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.43 18.09 1.14 0.85 17.53 2% 0.42 21 0.8 16.8 2% 

Wall 14 Ground connection - hold 
down - bracket 

ULS earthquake stability 8 
ex+ ey+ 0.92 18.09 1.14 0.85 17.53 5% 0.89 21 0.8 16.8 5% 

Wall 15 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.45 18.09 1.14 0.85 17.53 3% 0.44 21 0.8 16.8 3% 

Wall 16 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.45 18.09 1.14 0.85 17.53 3% 0.44 21 0.8 16.8 3% 

Wall 18 Ground connection - hold 
down - bracket ULS Wind 6 0.74 18.09 1.14 0.85 17.53 4% 0.72 21 0.8 16.8 4% 

Wall 21 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.45 18.09 1.14 0.85 17.53 3% 0.43 21 0.8 16.8 3% 

Wall 22 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.45 18.09 1.14 0.85 17.53 3% 0.44 21 0.8 16.8 3% 

Wall 23 Ground connection - hold 
down - bracket 

ULS earthquake stability 5 
ex- ey+ 0.79 18.09 1.14 0.85 17.53 5% 0.77 21 0.8 16.8 5% 

Wall 24 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.39 18.09 1.14 0.85 17.53 2% 0.38 21 0.8 16.8 2% 

Wall 25 Ground connection - hold 
down - bracket ULS Wind 6 0.85 18.09 1.14 0.85 17.53 5% 0.82 21 0.8 16.8 5% 

 

 
 

 

 

 

Inter-storey drift checks 
The inter-storey drifts at the ultimate limit state calculated from the relevant seismic forces are 
limited in accordance to the following equation: 

𝑑𝑖 < 𝑑i,lim = 0.015 h 

where  

𝑑𝑖  is the inelastic inter-storey drift obtained by multiplying the value determined by an elastic 
analysis by 𝜇/𝑆𝑝 

ℎ is the storey height 

The table below shows the drift checks for each wall. 

Wall name:  Wall ID 

h:   Storey height 

Comb.:           The most severe combination of load  

di:  Evaluated inter-storey drift 

di,lim:  Inter-storey drift limit 
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The table provides the Drift checks in the case of Dynamic Linear Analysis. 

Wall h 
[m] Comb. dr 

[mm] 
dlim 

[mm] Check 

Wall 10 3.20 ULS earthquake drift 2 
ex- ey+ 2.89 48.00 6% 

Wall 11 3.20 ULS earthquake drift 2 
ex- ey+ 2.89 48.00 6% 

Wall 12 3.20 ULS earthquake drift 2 
ex- ey+ 2.89 48.00 6% 

Wall 13 3.20 ULS earthquake drift 2 
ex- ey+ 2.89 48.00 6% 

Wall 14 3.20 ULS earthquake drift 4 
ex+ ey- 8.12 48.00 17% 

Wall 15 3.20 ULS earthquake drift 1 
ex- ey- 3.01 48.00 6% 

Wall 16 3.20 ULS earthquake drift 1 
ex- ey- 3.01 48.00 6% 

Wall 18 3.20 ULS earthquake drift 4 
ex- ey- 4.37 48.00 9% 

Wall 21 3.20 ULS earthquake drift 1 
ex- ey- 3.01 48.00 6% 

Wall 22 3.20 ULS earthquake drift 1 
ex- ey- 3.01 48.00 6% 

Wall 23 3.20 ULS earthquake drift 4 
ex- ey- 7.01 48.00 15% 

Wall 24 3.20 ULS earthquake drift 1 
ex- ey- 2.79 48.00 6% 

Wall 25 3.20 ULS earthquake drift 4 
ex- ey- 5.41 48.00 11% 

 

 



Appendix E
TECHNICAL DESIGN CALCULATION REPORT 

Design of Timber Structures 

Project: The Challenge Cup – Two modules





Technical Design Calculation Report                  

 

Design codes and standards 
 

The analysis has been carried out according to: 

 

1. AS/NZS 1170.0:2002 – Structural Design Actions 

Part 0: General principles 

2. AS/NZS 1170.1:2002 – Structural Design Actions 

 Part 1: Permanent, imposed and other actions 

3. AS/NZS 1170.2:2011 – Structural Design Actions 

 Part 2: Wind actions 

4. AS/NZS 1170.3:2003 – Structural Design Actions 

 Part 3: Snow and ice actions 

5. AS 1170.4-2007 – Structural Design Actions 

 Part 4: Earthquake actions in Australia 

6. AS 1720.1-2010 – Timber Structures 

 Part 1: Design methods 

7. AS 1720.2-2006 – Timber Structures 

 Part 2: Timber properties 
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General description of the building 

Location 

Address: Melbourne City   

 

Description 
Building length: 3.5 m 

Building width: 13.25 m 

Building height: 6.4 m 
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 Three-dimensional Southeast view 
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Three-dimensional Northwest view 

 



Technical Design Calculation Report                  

 

Three-dimensional South West view 
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Three-dimensional North East view 
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Materials 

Wooden materials 
The materials used in the project are listed in the following tables. 

f𝑏
′   Characteristic bending strength  

f𝑡
′ Characteristic tensile strength parallel to grain 

f𝑐
′ Characteristic compressive strength parallel to grain 

f𝑠
′ Characteristic shear strength 

E Short duration average modulus of elasticity parallel to the grain 

G Short duration average modulus of rigidity 

𝜌 Average minimum density 

 

 

 

 

 

 

 

 

MGP 

Descr Joint 
group 

𝒇𝒃
′  

[MPa] 
𝒇𝒕

′  
[MPa] 

𝒇𝒄
′  

[MPa] 
𝒇𝒔

′  
[MPa] 

𝑬 
[MPa] 

𝑮 
[MPa] 

𝝆 
[kg/m3] 

MGP 10 - 90 x 45 JD5 17 7.7 18 2.6 10000 670 380.00000004 

 

 

 

Plywood 

Grade Species Joint 
group 

𝒇𝒔
′  

[MPa] 
𝑮 

[MPa] 
𝝆 

[kg/m3] 
F14 Pinus species JD4 4.8 625 480 
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Metal fasteners  
 

Threaded nails 

 

Manufacturer Code Descr. l 
[mm] 

lt 
[mm] 

d 
 [mm] 

dh 
 [mm] 

𝒇𝒖𝒌 
[MPa] 

Rotho Blaas HH10502003 Ring nail (coils) 
2.8/3.1 x 60 60 40 2.8 4.3 600 

 

Anker nails 

 

Manufacturer Code Descr. l 
[mm] 

lt 
[mm] 

d 
 [mm] 

dh 
 [mm] 

𝒇𝒖𝒌 
[MPa] 

Rotho Blaas PF601460 Anker nail - LBA 
4.0 X 60 60 50 4 5.4 600 
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Calculation method and numerical model 

Model Description 
Hypothesis adopted for the elements 

The timber walls are constrained at the base by means of connection systems capable of 
transmitting both in-plane and out-of-plane actions action on the wall. 

In the analysis, in presence of horizontal loads, some elements may be defined as “secondary”: 
this mean that their strength and stiffness are neglected in the calculation of the response of the 
building. In the model these elements are represented in terms of mass and they are designed only  
for vertical loads. 

Rigid body rocking – Forces on hold-down / tie-down 

The hold-down or tie-down systems are used to prevent the rotation of the wall caused by the 
overturning moment of the horizontal force. The hold-down, placed on the in-tension edge of the 
wall, is loaded by a force equal to 

𝑇 = {
(

𝑀3−3

𝑏
−

𝑁

2
) ⋅

1

𝑛𝑎𝑛𝑐
        𝑓𝑜𝑟 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

                   0                           𝑓𝑜𝑟 𝑖𝑛𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

        

where: 

𝑏  is the lever arm for the internal couple assumed equal to l, where l is the wall length  

𝑁 is the axial vertical load acting on the wall 

𝑀3−3 is the moment acting in the plane of the wall 

𝑛𝑎𝑛𝑐 is the number of connections present at each end of the wall 

 

Figure: Calculation model of tensile force acting on the hold-down 
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Structural elements 

The following table shows the positions of the individual walls. The last four columns show the 
coordinates of the ends of each wall. 

X1 e Y1 indicate the coordinates of the starting point of the wall 

X2 e Y2 indicate the coordinates of the end point of the wall 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Height 
[m] 

Length 
[m] 

Altitude 
[m] 

X1 
[m] 

Y1 
[m] 

X2 
[m] 

Y2 
[m] 

Wall 1 Frame No 3.2 0.61 0 1.72 1.45 1.12 1.34 
Wall 10 Frame Yes 3.2 2.45 0 1.72 -2.05 4.17 -2.05 
Wall 11 Frame Yes 3.2 2.45 0 4.17 -2.05 6.62 -2.05 
Wall 12 Frame Yes 3.2 2.45 0 6.62 -2.05 9.07 -2.05 
Wall 13 Frame Yes 3.2 2.45 0 9.07 -2.05 11.52 -2.05 
Wall 14 Frame Yes 3.2 2.5 0 11.52 -1.05 11.52 1.45 
Wall 15 Frame Yes 3.2 2.45 0 11.52 1.45 9.07 1.45 
Wall 16 Frame Yes 3.2 2.45 0 9.07 1.45 6.62 1.45 
Wall 17 Frame No 3.2 0.58 0 6.62 1.45 6.04 1.45 
Wall 18 Frame Yes 3.2 2.5 0 6.04 1.45 6.04 -1.05 
Wall 19 Frame No 3.2 0.5 0 6.04 -1.05 5.54 -1.05 
Wall 2 Frame No 3.2 0.6 0 1.12 1.34 0.6 1.04 

Wall 20 Frame No 3.2 0.46 0 4.54 -1.04 4.08 -1.04 
Wall 21 Frame Yes 3.2 1.87 0 6.04 1.45 4.17 1.45 
Wall 22 Frame Yes 3.2 2.45 0 4.17 1.45 1.72 1.45 
Wall 23 Frame Yes 3.2 2.5 0 1.72 1.45 1.72 -1.05 
Wall 24 Frame Yes 3.2 1.3 0 1.72 -1.05 3.02 -1.05 
Wall 25 Frame Yes 3.2 2.49 0 4.17 1.45 4.17 -1.04 
Wall 26 Frame No 3.2 0.61 3.2 1.72 1.45 1.12 1.34 
Wall 27 Frame No 3.2 0.6 3.2 1.12 1.34 0.6 1.04 
Wall 28 Frame No 3.2 0.61 3.2 0.6 1.04 0.21 0.57 
Wall 29 Frame No 3.2 0.61 3.2 0.21 0.57 0 0 
Wall 3 Frame No 3.2 0.61 0 0.6 1.04 0.21 0.57 

Wall 30 Frame No 3.2 0.6 3.2 0 0 0 -0.6 
Wall 31 Frame No 3.2 0.61 3.2 0 -0.6 0.21 -1.17 
Wall 32 Frame No 3.2 0.61 3.2 0.21 -1.17 0.6 -1.64 
Wall 33 Frame No 3.2 0.6 3.2 0.6 -1.64 1.12 -1.94 
Wall 34 Frame No 3.2 0.61 3.2 1.12 -1.94 1.72 -2.05 
Wall 35 Frame Yes 3.2 2.45 3.2 1.72 -2.05 4.17 -2.05 
Wall 36 Frame Yes 3.2 2.45 3.2 4.17 -2.05 6.62 -2.05 
Wall 37 Frame Yes 3.2 2.45 3.2 6.62 -2.05 9.07 -2.05 
Wall 38 Frame Yes 3.2 2.45 3.2 9.07 -2.05 11.52 -2.05 
Wall 39 Frame Yes 3.2 2.5 3.2 11.52 -1.05 11.52 1.45 
Wall 4 Frame No 3.2 0.61 0 0.21 0.57 0 0 

Wall 40 Frame Yes 3.2 2.45 3.2 11.52 1.45 9.07 1.45 
Wall 41 Frame Yes 3.2 2.45 3.2 9.07 1.45 6.62 1.45 
Wall 42 Frame No 3.2 0.58 3.2 6.62 1.45 6.04 1.45 
Wall 43 Frame Yes 3.2 2.5 3.2 6.04 1.45 6.04 -1.05 
Wall 44 Frame No 3.2 0.5 3.2 6.04 -1.05 5.54 -1.05 
Wall 45 Frame No 3.2 0.46 3.2 4.54 -1.04 4.08 -1.04 
Wall 46 Frame Yes 3.2 1.87 3.2 6.04 1.45 4.17 1.45 
Wall 47 Frame Yes 3.2 2.45 3.2 4.17 1.45 1.72 1.45 
Wall 48 Frame Yes 3.2 2.5 3.2 1.72 1.45 1.72 -1.05 
Wall 49 Frame Yes 3.2 1.3 3.2 1.72 -1.05 3.02 -1.05 
Wall 5 Frame No 3.2 0.6 0 0 0 0 -0.6 

Wall 50 Frame Yes 3.2 2.49 3.2 4.17 1.45 4.17 -1.04 
Wall 6 Frame No 3.2 0.61 0 0 -0.6 0.21 -1.17 
Wall 7 Frame No 3.2 0.61 0 0.21 -1.17 0.6 -1.64 
Wall 8 Frame No 3.2 0.6 0 0.6 -1.64 1.12 -1.94 
Wall 9 Frame No 3.2 0.61 0 1.12 -1.94 1.72 -2.05 

 

 

      

 

Wall horizontal stiffness 
The wall stiffness can be estimated  considering the contributions of all the components, as shown 
below. 

Timber framed shear walls 
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In the case of framed walls the overall stiffness is calculated taking into account the contribution of 
the following components: 

• sheeting boards (ks) 

• sheet-to-frame nailing (kc) 

• shear connections (ka) 

• tensile connections (kh) 

 

Figure: Mechanical model for framed walls overall stiffness  

In case of metal-braced framed walls, the ks and kc contributions are replaced by a single term that 
takes into account the stiffness contribution of the metal bracing. 

 

 

The following table indicates the positions of the walls and their equivalent shear stiffness. 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Heigth 
[m] 

Lenght 
[m] 

Equivalent 
shear 

stiffness 
[kN/m] 

Wall 1 Frame No 3.2 0.61 0 
Wall 10 Frame Yes 3.2 2.45 1390 
Wall 11 Frame Yes 3.2 2.45 1390 
Wall 12 Frame Yes 3.2 2.45 1390 
Wall 13 Frame Yes 3.2 2.45 1390 
Wall 14 Frame Yes 3.2 2.5 1424 
Wall 15 Frame Yes 3.2 2.45 1390 
Wall 16 Frame Yes 3.2 2.45 1390 
Wall 17 Frame No 3.2 0.58 0 
Wall 18 Frame Yes 3.2 2.5 1424 
Wall 19 Frame No 3.2 0.5 0 
Wall 2 Frame No 3.2 0.6 0 

Wall 20 Frame No 3.2 0.46 0 
Wall 21 Frame Yes 3.2 1.87 1023 
Wall 22 Frame Yes 3.2 2.45 1390 
Wall 23 Frame Yes 3.2 2.5 1424 
Wall 24 Frame Yes 3.2 1.3 667 
Wall 25 Frame Yes 3.2 2.49 1415 
Wall 26 Frame No 3.2 0.61 0 
Wall 27 Frame No 3.2 0.6 0 
Wall 28 Frame No 3.2 0.61 0 
Wall 29 Frame No 3.2 0.61 0 
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Wall 3 Frame No 3.2 0.61 0 
Wall 30 Frame No 3.2 0.6 0 
Wall 31 Frame No 3.2 0.61 0 
Wall 32 Frame No 3.2 0.61 0 
Wall 33 Frame No 3.2 0.6 0 
Wall 34 Frame No 3.2 0.61 0 
Wall 35 Frame Yes 3.2 2.45 1420 
Wall 36 Frame Yes 3.2 2.45 1420 
Wall 37 Frame Yes 3.2 2.45 1420 
Wall 38 Frame Yes 3.2 2.45 1420 
Wall 39 Frame Yes 3.2 2.5 1455 
Wall 4 Frame No 3.2 0.61 0 

Wall 40 Frame Yes 3.2 2.45 1420 
Wall 41 Frame Yes 3.2 2.45 1420 
Wall 42 Frame No 3.2 0.58 0 
Wall 43 Frame Yes 3.2 2.5 1455 
Wall 44 Frame No 3.2 0.5 0 
Wall 45 Frame No 3.2 0.46 0 
Wall 46 Frame Yes 3.2 1.87 1053 
Wall 47 Frame Yes 3.2 2.45 1420 
Wall 48 Frame Yes 3.2 2.5 1455 
Wall 49 Frame Yes 3.2 1.3 695 
Wall 5 Frame No 3.2 0.6 0 

Wall 50 Frame Yes 3.2 2.49 1445 
Wall 6 Frame No 3.2 0.61 0 
Wall 7 Frame No 3.2 0.61 0 
Wall 8 Frame No 3.2 0.6 0 
Wall 9 Frame No 3.2 0.61 0 

 

Types of structural elements and sign conventions 
Linear elements  

The linear elements are used to model beams and columns. They have a local reference system 
with respect to which stress/force components are shown. The sign convention adopted is shown 
in the figure below. 

Force Description Unit of measure 
N Axial force kN 

M3-3 Bending moment about local axis 3 kN m 
V2 Shear along local axis 2 kN 

M2-2 Bending moment about local axis 2 kN m 
V3 Shear along local axis 3 kN 

 

 

Figure: sign conventions for beams 
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Figure: sign conventions for columns 

Wall elements  

The walls, regardless of type, have the following sign conventions. 

 Stress Description Unit of measure 

In-plane stresses 
n Axial stress (per unit length) kN/m 

m3-3 Bending moment about local axis 3 (per unit length) kNm/m 
v2 Shear along local axis 2 (per unit length) kN/m 

Out-of-plane stresses 
(plate) 

m2-2 Bending moment about local axis 2 (per unit length) kNm/m 
v3 Shear along local axis 3 (per unit length) kN/m 

 

 Force Description Unit of measure 

In-plane stresses 
N Total axial force kN 

M3-3 Bending moment about local axis 3 kNm 
V2 Shear along local axis 2 kN 

Out-of-plane stresses 
(plate) 

M2-2 Bending moment about local axis 3 kNm 
V3 Shear along local axis 2 kN 
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Figure: sign conventions for walls 
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Actions and design loads 

Self-weight of structural materials 
The weights of the structural materials are shown in the table below in kN/m3 

Description Specific weight ɣ  [kN/m3] 

MGP 10 - 90 x 45 5 
F14 Plywood - Pinus species 5.5 

 

Loads acting on the walls 
The following table shows the loads acting on the walls. 

Load name: Load ID 

Position: Position of the wall: internal or external 

gsw: Self-weight 

gns: Non-structural permanent loads 

wu: ULS wind load 

 

Wall name Position Load name gsw 
[kN/m2] 

gns 
[kN/m2] 

wu 
leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

Wall 1 External External walls load 0.35 0.6 -0.27 0.42 
Wall 2 External External walls load 0.36 0.6 -0.27 0.42 
Wall 3 External External walls load 0.35 0.6 -0.27 0.42 
Wall 4 External External walls load 0.35 0.6 -0.27 0.42 
Wall 5 External External walls load 0.36 0.6 -0.27 0.42 
Wall 6 External External walls load 0.35 0.6 -0.27 0.42 
Wall 7 External External walls load 0.35 0.6 -0.27 0.42 
Wall 8 External External walls load 0.36 0.6 -0.27 0.42 
Wall 9 External External walls load 0.35 0.6 -0.27 0.42 

Wall 10 External External walls load 0.2 0.6 -0.27 0.42 
Wall 11 External External walls load 0.2 0.6 -0.27 0.42 
Wall 12 External External walls load 0.2 0.6 -0.27 0.42 
Wall 13 External External walls load 0.2 0.6 -0.27 0.42 
Wall 14 External External walls load 0.2 0.6 -0.27 0.42 
Wall 15 External External walls load 0.2 0.6 -0.27 0.42 
Wall 16 External External walls load 0.2 0.6 -0.27 0.42 
Wall 17 External External walls load 0.37 0.6 -0.27 0.42 
Wall 18 External External walls load 0.2 0.6 -0.27 0.42 
Wall 19 External External walls load 0.41 0.6 -0.27 0.42 
Wall 20 External External walls load 0.44 0.6 -0.27 0.42 
Wall 21 External External walls load 0.22 0.6 -0.27 0.42 
Wall 22 External External walls load 0.2 0.6 -0.27 0.42 
Wall 23 External External walls load 0.2 0.6 -0.27 0.42 
Wall 24 External External walls load 0.25 0.6 -0.27 0.42 
Wall 25 External External walls load 0.2 0.6 -0.27 0.42 
Wall 26 External External walls load 0.35 0.6 -0.27 0.42 
Wall 27 External External walls load 0.36 0.6 -0.27 0.42 
Wall 28 External External walls load 0.35 0.6 -0.27 0.42 
Wall 29 External External walls load 0.35 0.6 -0.27 0.42 
Wall 30 External External walls load 0.36 0.6 -0.27 0.42 
Wall 31 External External walls load 0.35 0.6 -0.27 0.42 
Wall 32 External External walls load 0.35 0.6 -0.27 0.42 
Wall 33 External External walls load 0.36 0.6 -0.27 0.42 
Wall 34 External External walls load 0.35 0.6 -0.27 0.42 
Wall 35 External External walls load 0.2 0.6 -0.27 0.42 
Wall 36 External External walls load 0.2 0.6 -0.27 0.42 
Wall 37 External External walls load 0.2 0.6 -0.27 0.42 
Wall 38 External External walls load 0.2 0.6 -0.27 0.42 
Wall 39 External External walls load 0.2 0.6 -0.27 0.42 
Wall 40 External External walls load 0.2 0.6 -0.27 0.42 
Wall 41 External External walls load 0.2 0.6 -0.27 0.42 
Wall 42 External External walls load 0.37 0.6 -0.27 0.42 
Wall 43 External External walls load 0.2 0.6 -0.27 0.42 
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Wall 44 External External walls load 0.41 0.6 -0.27 0.42 
Wall 45 External External walls load 0.44 0.6 -0.27 0.42 
Wall 46 External External walls load 0.22 0.6 -0.27 0.42 
Wall 47 External External walls load 0.2 0.6 -0.27 0.42 
Wall 48 External External walls load 0.2 0.6 -0.27 0.42 
Wall 49 External External walls load 0.25 0.6 -0.27 0.42 
Wall 50 External External walls load 0.2 0.6 -0.27 0.42 

 

Loads acting on the floors 
The following table shows the characteristic values of the loads acting on the decks. 

Load name: Load ID  

Position: Position of the floor: internal or external  

Environment:  Load type 

α: Roof pitch angle 

gsw: Self-weight 

gns: Non-structural permanent loads 

q: Imposed actions  

fsn: Snow load 

wu: ULS wind load 

ws: SLS wind load 

 

Floor name Position α 
[°] Load name Environment gsw 

[kN/m2] 
gns 

[kN/m2] 
q 

[kN/m2] 
fsn 

[kN/m2] 
wu  

leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

ws  
leeward 
[kN/m2] 

ws 
windward 

[kN/m2] 

Floor 1 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 

Floor 2 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 
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Seismic actions 
The seismic actions are defined according to the AS 1170.4 - 2007. The earthquake motion at a 
given point on the surface is represented by an elastic ground acceleration response spectrum. 

The response spectra are calculated according to the following parameters: 

- the probability factor 𝑘𝑝 for the annual probability of exceedance defined according to the 
importance level for the structure; 

- the hazard factor 𝑍 that depends on the location of the building; 

- the site sub-soil class. 

The above-mentioned parameters are reported below: 

Annual probability of exceedance  

Probability factor 𝒌𝒑 1.25 

Hazard factor 𝒁 0.09 

Site sub-soil class A 

 

Horizontal elastic response spectrum 

The values of the spectral shape factor 𝐶ℎ(𝑇)  are defined by the following expressions in 
accordance to the site sub-soil class: 

Site sub-soil class 𝟎 < 𝑻 ≤ 𝟎. 𝟏 𝒔 𝟎. 𝟏 𝒔 < 𝑻 ≤ 𝟏. 𝟓 𝒔 𝑻 > 𝟏. 𝟓 𝒔 

Ae – Strong rock 0.8 + 15.5 𝑇 max(0.704 𝑇⁄ ; 2.35) 1.056 𝑇2⁄  

Be – Rock 1.0 + 19.4 𝑇 max(0.88 𝑇⁄ ; 2.94) 1.32 𝑇2⁄  

Ce – Shallow soil 1.3 + 23.8 𝑇 max(1.25 𝑇⁄ ; 3.68) 1.874 𝑇2⁄  

De – Deep or soft soil 1.1 + 25.8 𝑇 max(1.98 𝑇⁄ ; 3.68) 2.97 𝑇2⁄  

Ee – Very soft soil 1.1 + 25.8 𝑇 max(3.08 𝑇⁄ ; 3.68) 4.62 𝑇2⁄  

 

The values of the elastic size hazard spectrum 𝐶(𝑇) depend on the above-defined spectral shape 
factor and on the values of the probability factor 𝑘𝑝 and of the hazard factor 𝑍 according to the 
following equation: 

𝐶(𝑇) = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇) 

 

The resultant horizontal elastic site hazard spectrum is reported below 
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Design spectrum for elastic analysis 

To avoid explicit inelastic structural analysis in design, the structural performance and its capacity 
to dissipate energy, through mainly ductile behavior of its elements and/or other mechanisms, is 
taken into account by performing an elastic analysis based on a response spectrum reduced with 
respect to the elastic one, henceforth called a ''design spectrum''. 

This reduction is accomplished by introducing the structural performance factor 𝑆𝑝  and the 
structural ductility factor 𝜇 related to the structural system adopted. 

Structural system LF buildings - Thin bracing panels 

Structural performance factor 𝑺𝒑 0.77 

Structural ductility factor 𝝁 2.00 

𝝁 𝑺𝒑⁄  2.60 

 

The design spectrum is defined by the following expressions: 

𝐶𝑑(𝑇) = 𝐶(𝑇) ∙ 𝑆𝑝 𝜇⁄ = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇) ∙ 𝑆𝑝 𝜇⁄  

The horizontal elastic response spectrum and the horizontal design spectrum (Ultimate Limit State) 
are shown below: 
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Sections of the structural elements 

 
 

 

 

Framed walls 
Frame geometric characteristics  

t:  thickness of the frame 

hb:  thickness of top and sole plates 

bs,int:  width of the internal studs 

bs,ext:  width of the external studs 

im: average studs spacing 

The characteristics of the frame of each wall type are reported 
below. 

Section name # sides with 
bracing Material 

Frame 
thickness t 

[mm] 

Thickness of 
top and sole 

plates hb [mm] 

Width of the 
internal studs 

bs,int [mm] 

# elements 
for each 

internal stud 

Width of the 
external studs 

bs,ext [mm] 

# elements 
for each 

external stud 

Average studs 
spacing im  

[mm] 
Frame 1 1.00 MGP 10 - 90 x 45 90 45 45 1 45 4 409 

 

Sheet-bracing geometrical characteristics  

bs:  sheeting boards width 

sc,b: spacing of fasteners along the perimeter of every sheet 

sc,i: spacing of internal fasteners 

 

 

 

 

The characteristics of the sheet-bracing are reported below. 

Section name Side Material 
Sheeting board 

thickness ts 
[mm] 

Sheeting 
boards width bs 

[mm] 
Frame-sheeting 
board fastener 

Perimeter 
fasteners spacing 

Sc,b [mm] 

Internal 
fasteners 

spacing i Sc,i 
[mm] 

Frame 1 1 F14 Plywood - Pinus species 15 818 Ring nail (coils) 
2.8/3.1 x 60 100 200 

 

Figure: dimensions of the 
sheeting boards and fasteners 

spacing 

Figure: dimensions of the frame 
elements 
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Floors with timber joists 
Elements geometric characteristics  

hb:  Cross section height 

bb:  Cross section width 

ib: Joists spacing 

 

The following table sets out the details concerning the floor with joists. 

Section name Material Cross section height hb 
[mm] 

Cross section width bb 
[mm] 

Joists spacing ib 
[mm] 

Joists floor 1 MGP 10 - 90 x 45 90 45 100 

 
 

 

 

  

 

Figure: geometric characteristics of the floor 
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Connections  
Hold Down 

 

Figure: graphical representation of a hold-down in a base connection (timber wall – foundation 
connection)  

Connection 
name 

Connection 
position Manufacturer Description Fasteners 

number 
Fastener 
typology 

Threaded 
rod / Anchor 

Chemical 
anchor type 

Number of 
hold-down at 
each wall end  

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blass WHT 340 14 Anker nail - 

LBA 4.0 X 40 
INA - 5.8 - 
M16 x 160 

EPOPLUS 
chemical 
anchor 

1 

 

 

Timber-reinforced concrete connection 

 

Figure: graphical representation of the shear connection with angle brackets 

Connection 
name 

Connection 
position Manufacturer Description 

Fasteners number 
on the vertical 

plate 
Fastener 
typology 

Anchors 
number 

Threaded 
rod / Anchor 

Chemical 
anchor tipe 

Number of 
sides 

Angle brackets 
spacing i [mm] 

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blaas Titan N - 

TCN 200 30 Anker nail - 
LBA 4.0 X 60 2 INA - 5.8 - 

M12 x 130 

VINYLPRO 
chemical 
anchor 

1.00 500 
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Punched metal plate/Punched strap for tension force  

 

Figure: graphical representation of a punched strap 

Connection 
name 

Connection 
position Manufacturer Description Width 

[mm] 
Length 
[mm] 

Thickness 
[mm] Steel grade 

Number of 
fasteners at 

each end 
Fasteners 
typology 

Number of 
connections at 
each wall end 

Upper levels - 
tensile plate - 
shear plate 

Upper level Rotho Blaas 
Perforated plate 
60x600 thk. 1.5 

mm 
60 600 1.5 S250 30 Anker nail - 

LBA 4.0 X 60 1 

 

 

Punched metal plate/Punched strap for shear force 

 
 

 

Figure: graphical representations of timber to timber shear connection with punched metal plates 

Connection 
name 

Connection 
position Manufacturer Description Width 

[mm] 
Lenght 
[mm] 

Thickness 
[mm] 

Steel 
grade 

Number of fasteners 
at each end 

Fasteners 
typology 

Metal paltes 
spacing i [mm] 

Upper levels - 
tensile plate - 
shear plate 

Upper level Rotho Blaas 
Perforated 

plate 200x300 
thk. 2 mm 

200 300 2 S250 30 
Anker nail 
- LBA 4.0 

X 60 
500 
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Combinations of actions 
The combinations for the ultimate limit states used in checking strength are as follows. 

(a)  𝐸𝑑 = [1.35 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]   Permanent action only 

(b)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝑄]  Permanent and imposed action 

(c)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝜓𝑙 ∙ 𝑄] Permanent and long-term imposed action 

(d)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(e)  𝐸𝑑 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢]  Permanent and wind action reversal 

(f)  𝐸𝑑 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐸𝑢, 𝜓𝐸 ∙ 𝑄]  Permanent, earthquake and imposed action 

(g)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐹𝑠𝑛, 𝜓𝑐 ∙ 𝑄] Permanent, snow and imposed action 

 

The combinations for the ultimate limit states used in checking stability are as follows. 

For combinations that produce net stabilizing effects: 

o  𝐸𝑑,𝑠𝑡𝑏 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]  Permanent action only 

For combinations that produce net destabilizing effects 

(iv) 𝐸𝑑,𝑑𝑠𝑡 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(v) 𝐸𝑑,𝑑𝑠𝑡 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝐸𝑢, 𝜓𝐸 ∙ 𝑄] Permanent, earthquake and imposed action 

 

The combinations for the serviceability limit states are as follows.  

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑙 ∙ 𝑄 

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑠 ∙ 𝑄 

o  𝜓𝑠 ∙ 𝑄 

o  𝑊𝑠 

 

being: 

𝐺𝑠𝑤  permanent actions: self weight  

𝐺𝑛𝑠  non-structural permanent actions 

𝑄  imposed actions 

𝑊𝑢   Wind action for ULS 
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𝑊𝑠   Wind action for SLS 

𝐸𝑢   earthquake action 

𝐹𝑠𝑛   snow action 

𝜓𝑠  short-term factor 

𝜓𝑙  long-term factor 

𝜓𝑐  combination factor 

𝜓𝐸  earthquake combination factor 

 

The following table presents the values of the factors used. 

 

Action name Description Duration ψs ψl ψc ψE 

Q type A Type A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type Asf Type Asf: Non-habitable roof spaces for residential activities 5 months 1 0.6 0.6 0.6 

Q type B Type B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type C Type C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type Cff Type Cff: Areas where people may congregate - fixed furniture 5 days 1 0.6 0.6 0.6 

Q type D Type D: Shopping areas 5 months 0.7 0.4 0.4 0.3 

Q type E Type E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type F Type F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type G Type G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R1 Type R1: Street awnings 5 days 0.7 0 0 0 

Q type R2 Type R2: Other roofs 5 days 0.7 0 0 0 

Q type R-A Type R-A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type R-B Type R-B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type R-C Type R-C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type R-D Type R-D: Shopping areas 5 months 0.7 0.4 0.4 0.3 
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Q type R-E Type R-E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type R-F Type R-F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R-G Type R-G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Ortho wind ULS Wind pressure ULS 5 seconds 0 0 0 0 

Ortho wind SLS Wind pressure SLS 5 seconds 0 0 0 0 

Snow Snow action for alpine areas 5 months 0 0 0 0 

Snow Snow action for sub-alpine areas 5 days 0 0 0 0 
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Combinations of actions used 
Vertical ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of vertical actions. 

The action of the wind is considered as a uniform load orthogonal to the roof and to each external 
wall. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS 1 50+ years 1.35 1.35 0 0 0 0 0 0 0 
ULS 2 50+ years 1.2 1.2 0 0 0 0 0 0 0 
ULS 3 5 months 1.2 1.2 1.5 0 0 0 0 0 0 
ULS 4 50+ years 1.2 1.2 0.6 0 0 0 0 0 0 
ULS 5 5 seconds 1.2 1.2 0.4 1 0 0 0 0 0 
ULS 6 5 seconds 0.9 0.9 0 0 1 0 0 0 0 

 

Wind ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of horizontal wind actions. 

The action of the wind is considered as a uniform load orthogonal to each external wall that acts 
separately in the directions X, -X, Y, -Y and as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS Wind 1 5 seconds 1.2 1.2 0.4 1 0 1 0 0 0 
ULS Wind 2 5 seconds 1.2 1.2 0.4 1 0 -1 0 0 0 
ULS Wind 3 5 seconds 0.9 0.9 0 0 1 1 0 0 0 
ULS Wind 4 5 seconds 0.9 0.9 0 0 1 -1 0 0 0 
ULS Wind 5 5 seconds 1.2 1.2 0.4 1 0 0 1 0 0 
ULS Wind 6 5 seconds 1.2 1.2 0.4 1 0 0 -1 0 0 
ULS Wind 7 5 seconds 0.9 0.9 0 0 1 0 1 0 0 
ULS Wind 8 5 seconds 0.9 0.9 0 0 1 0 -1 0 0 

 

SLS combinations of actions 

The action of the wind is considered as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
SLS 1 50+ years 1 1 0.4 0 0 0 0 0 0 
SLS 2 5 seconds 0 0 0.7 0 0 0 0 0 0 
SLS 3 5 seconds 1 1 0.7 0 0 0 0 0 0 
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Seismic combinations of actions 
 

The action effects due to the combination of the horizontal components of the seismic action are 
computed using the following combinations: 

𝐸𝑢,𝑋 + 0,3 ⋅ 𝐸𝑢,𝑌 

0,3 ∙ 𝐸𝑢,𝑋 + 𝐸𝑢,𝑌 

Combinations of actions for seismic strength Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
strength 1 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 2 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 3 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 4 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 5 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 6 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 7 ex+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 
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ey+ 
ULS earthquake 

strength 7 ex- 
ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 8 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic stability Ultimate Limit States 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 

stability 1 ex+ 
ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 2 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 3 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 4 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 5 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 6 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 7 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 
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ULS earthquake 
stability 7 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 8 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic drift Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
drift 1 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 2 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 3 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 4 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 
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Horizontal actions 

Modal analysis 
The modal analysis is used to determine the vibration modes of the structure, useful to understand 
the seismic behaviour of the building and to proceed with the linear dynamic analysis.  

The modal analysis involves the solution of the generalized eigenvalue problem: 

[𝑲 − 𝜴2𝑴]𝚽 = 𝟎 

where 𝑲 is the stiffness matrix, 𝑴 the mass matrix, 𝜴2 is the diagonal matrix of the eigenvalues 
and 𝚽 is the corresponding matrix of eigenvectors or modal shapes (normalized with respect to the 
mass matrix); the seismic masses of the diaphragms are calculated with the following combination 
of vertical loads:  

∑(𝐺𝑠𝑤,𝑗 + 𝐺𝑛𝑠,𝑗) + ∑ 𝜓E,i ⋅ Q 

where ψEi is the earthquake combination factor for the imposed action i.  

The eigenvalue, obtained from the solution of the generalized eigenvalue problem, is the square of 
the circular frequency 𝝎 related to the period, T, and to the frequency, f, by the following equations: 

𝑇 =
1

𝑓
  and  𝑓 =

𝜔

2𝜋
   

The participating mass ratio for the mode i-th, corresponding to an acceleration in the global axis X 
and Y and to a rotational acceleration around the vertical axis Z, is given by: 

𝑀𝑥
𝑖 =

𝑚𝑥
𝑖

∑ 𝑚𝑥,𝑗
  [%] 

𝑀𝑦
𝑖 =

𝑚𝑦
𝑖

∑ 𝑚𝑦,𝑗
  [%] 

𝑀𝑧
𝑖 =

𝑚𝑧
𝑖

∑ 𝐼𝑧,𝑗
  [%] 

where: 

𝑚𝑥
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒙)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

𝑚𝑦
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒚)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

𝑚𝑧
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒛)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
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and where  ∑ 𝑚𝑥,𝑗 , ∑ 𝑚𝑦,𝑗  and ∑ 𝐼𝑧,𝑗  are the total masses acting in the axis X, Y and the total 
rotational inertia about the axis Z of the unrestrained j-th degrees of freedom. 

 

Mode Period 
[s] 

Frequency 
[Hz] 

MX 
[%] 

Sum MX 
[%] 

MY 
[%] 

Sum MY 
[%] 

MZ 
[%] 

Sum MZ 
[%] 

Mode 1 0.51 1.96 0.01 0.01 94.39 94.39 1.29 1.29 
Mode 2 0.45 2.22 0.91 0.92 1.50 95.89 93.56 94.85 
Mode 3 0.36 2.79 94.97 95.89 0.00 95.89 0.90 95.75 
Mode 4 0.20 4.89 0.00 95.89 4.11 99.99 0.25 96.00 
Mode 5 0.18 5.51 0.04 95.93 0.01 100.00 3.95 99.95 
Mode 6 0.14 6.95 4.07 100.00 0.00 100.00 0.05 100.00 

 

Dynamic linear analysis 
The dynamic linear analysis consists of: 

- the calculation of the seismic effects (the seismic action is represented by the design 
response spectrum), of each of the vibration modes calculated in the modal analysis; 

- the combination of these effects. 

The seismic effects of the structural model are obtained by the application of the following external 
loads: 

𝑭𝒙
𝒊 = Γ𝑥

𝑖𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊 

and 

𝑭𝒚
𝒊 = Γ𝑦

𝑖 𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊 

where:  

𝑭𝒙
𝒊  and 𝑭𝒚

𝒊  are the external loads of the i-th vibration mode due to seismic action along X and Y 

𝑆𝑑(𝑇𝑖) is the spectrum value corresponding to the i-th period 

𝚽𝒊 is the i-th modal shape 

Γ𝑥
𝑖  𝑎𝑛𝑑 Γ𝑦

𝑖  are the participating modal factor of the i-th mode given by: 

Γ𝑥
𝑖 =

[𝚽𝒊]
𝑻

𝑴 𝑹𝒙

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 e Γ𝑦

𝑖 =
[𝚽𝒊]

𝑻
𝑴 𝑹𝒚

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

 

The effects for a given direction of acceleration (along X or Y) and for each of the vibration modes 
are combined with the Complete Quadratic Combination technique defined as: 

𝐸 = (∑ ∑ 𝜌𝑖𝑗 ∙ 𝐸𝑖  ∙ 𝐸𝑗
𝑖𝑗

)

1/2

 

where: 

𝐸𝑗 is the effect of the j-th vibration mode; 
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𝜌𝑖𝑗 is the correlation coefficient of the i-th mode and the j-th mode, given by: 

𝜌𝑖𝑗 =
8 𝜉2𝛽𝑖𝑗

3/2

(1 + 𝛽𝑖𝑗)[(1 − 𝛽𝑖𝑗)]
 

𝜉 is the damping ratio in the i-th and j-th modes; 

𝛽𝑖𝑗 = 𝑇𝑗/𝑇𝑖). 

 

The following table provides the diaphragms properties. 

Diaphragm 
Height above the base of 

the timber structure 
[m] 

xG 
[m] 

yG 
[m] 

Mass i 
[kg] 

1 3.20 5.84 -0.25 17833 
2 6.40 6.08 -0.27 12856 

 

The following table provides, for each of the vibration mode, the corresponding period and value of 
the response spectrum. 

Mode Period 
[s] 

Spectrum value 
[g] 

Mode 1 0.58 0.05 
Mode 2 0.41 0.07 
Mode 3 0.35 0.09 
Mode 4 0.23 0.10 
Mode 5 0.16 0.10 
Mode 6 0.14 0.10 

 

 

Wind  

The table below illustrates the horizontal forces acting on the storeys due to the wind action and 
the coordinates of their respective application points. 

Diaphragm 
Height above the reference 

plane 
[m] 

xG,wind 
[m] 

yG,wind 
[m] 

Fx 
[kN] 

Fy 
[kN] 

1 3.20 6.63 -0.30 7.74 29.30 
2 6.40 6.63 -0.30 3.87 14.65 
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The action effects 
In this chapter the internal forces acting on the structural members and on their connections are 
reported with regard to the considered loads. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Va: Shear force on the single connection 

Ta: Tensile force on the single anchor 

dr: Interstory drift  

Load Wall name N 
[kN] 

V2 
[kN] 

V3 
[kN] 

M2-2 
[kNm] 

M3-3 
[kNm] 

Va 
[kN] 

Ta 
[kN] 

dr 
[mm] 

G(sw) Wall 1 1.38 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 2 1.34 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 3 1.43 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 4 1.48 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 5 1.50 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 6 1.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 7 3.89 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 8 2.76 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 9 1.79 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 10 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 11 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 12 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 13 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 14 7.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 15 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 16 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 17 1.36 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 18 8.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 19 1.31 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 20 1.29 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 21 2.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 22 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 23 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 24 2.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 25 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 26 0.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 27 0.67 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 28 0.72 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 29 0.74 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 30 0.75 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 31 0.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 32 1.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 33 1.39 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 34 0.90 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 35 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 36 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 37 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 38 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 39 3.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 40 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 41 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 42 0.68 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 43 4.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 44 0.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 45 0.64 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 46 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 47 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 48 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 49 1.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 50 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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G(ns) Wall 1 2.36 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 2 2.09 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 3 2.54 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 4 2.81 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 5 2.91 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 6 5.31 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 7 14.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 8 9.13 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 9 4.39 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 10 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 11 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 12 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 13 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 14 29.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 15 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 16 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 17 2.23 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 18 36.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 19 1.92 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 20 1.77 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 21 7.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 22 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 23 22.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 24 4.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 25 11.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 26 1.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 27 1.05 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 28 1.28 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 29 1.41 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 30 1.45 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 31 2.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 32 7.40 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 33 4.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 34 2.19 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 35 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 36 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 37 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 38 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 39 14.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 40 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 41 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 42 1.11 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 43 18.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 44 0.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 45 0.88 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 46 3.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 47 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 48 11.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 49 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 50 5.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
Q type A Wall 1 0.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 2 -0.47 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 3 0.37 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 4 0.94 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 5 1.21 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 6 5.94 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 7 24.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 8 13.62 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 9 4.09 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 14 39.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 18 53.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 23 26.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 25 4.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 26 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 27 -0.24 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 28 0.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 29 0.47 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 30 0.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 31 2.97 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 32 12.42 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 33 6.87 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 34 2.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 39 19.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 43 26.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 



Technical Design Calculation Report                  

 

Q type A Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 48 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 50 2.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
Ortho wind ULS down Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 26 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 27 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 28 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 29 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 30 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 31 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 32 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 33 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 34 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 35 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 36 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 37 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 38 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 39 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 40 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 41 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 42 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 43 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 44 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 45 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 46 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 47 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 48 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 49 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 50 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

          
Ortho wind ULS up Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 26 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 27 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 28 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 29 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 30 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 31 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 32 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 33 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 34 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 35 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 36 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 37 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 38 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
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Ortho wind ULS up Wall 39 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 40 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 41 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 42 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 43 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 44 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 45 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 46 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 47 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 48 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 49 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 50 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

          
Wind X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 10 0.00 1.39 0.00 0.00 5.92 0.00 0.00 1.00 
Wind X Wall 11 0.00 1.39 0.00 0.00 5.92 0.00 0.00 1.00 
Wind X Wall 12 0.00 1.39 0.00 0.00 5.92 0.00 0.00 1.00 
Wind X Wall 13 0.00 1.39 0.00 0.00 5.92 0.00 0.00 1.00 
Wind X Wall 14 0.00 0.09 0.00 0.00 0.37 0.00 0.00 0.06 
Wind X Wall 15 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.04 
Wind X Wall 16 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.04 
Wind X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 18 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Wind X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 21 0.00 1.06 0.00 0.00 4.53 0.00 0.00 1.04 
Wind X Wall 22 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.04 
Wind X Wall 23 0.00 0.06 0.00 0.00 0.27 0.00 0.00 0.04 
Wind X Wall 24 0.00 0.67 0.00 0.00 2.89 0.00 0.00 1.01 
Wind X Wall 25 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.02 
Wind X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 35 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 36 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 37 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 38 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 39 0.00 0.03 0.00 0.00 0.09 0.00 0.00 0.02 
Wind X Wall 40 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 41 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Wind X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 46 0.00 0.36 0.00 0.00 1.14 0.00 0.00 0.34 
Wind X Wall 47 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 48 0.00 0.02 0.00 0.00 0.07 0.00 0.00 0.01 
Wind X Wall 49 0.00 0.23 0.00 0.00 0.73 0.00 0.00 0.33 
Wind X Wall 50 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.01 

          
Wind Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 10 0.00 0.71 0.00 0.00 3.05 0.00 0.00 0.51 
Wind Y Wall 11 0.00 0.71 0.00 0.00 3.05 0.00 0.00 0.51 
Wind Y Wall 12 0.00 0.71 0.00 0.00 3.05 0.00 0.00 0.51 
Wind Y Wall 13 0.00 0.71 0.00 0.00 3.05 0.00 0.00 0.51 
Wind Y Wall 14 0.00 13.51 0.00 0.00 57.64 0.00 0.00 9.49 
Wind Y Wall 15 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.58 
Wind Y Wall 16 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.58 
Wind Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 18 0.00 11.08 0.00 0.00 47.28 0.00 0.00 7.78 
Wind Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 21 0.00 0.59 0.00 0.00 2.52 0.00 0.00 0.58 
Wind Y Wall 22 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.58 
Wind Y Wall 23 0.00 9.17 0.00 0.00 39.11 0.00 0.00 6.44 
Wind Y Wall 24 0.00 0.14 0.00 0.00 0.58 0.00 0.00 0.20 
Wind Y Wall 25 0.00 10.19 0.00 0.00 43.48 0.00 0.00 7.20 
Wind Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Wind Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 35 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 36 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 37 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 38 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 39 0.00 4.50 0.00 0.00 14.41 0.00 0.00 3.10 
Wind Y Wall 40 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 41 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 43 0.00 3.69 0.00 0.00 11.82 0.00 0.00 2.54 
Wind Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 46 0.00 0.20 0.00 0.00 0.63 0.00 0.00 0.19 
Wind Y Wall 47 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 48 0.00 3.06 0.00 0.00 9.78 0.00 0.00 2.10 
Wind Y Wall 49 0.00 0.05 0.00 0.00 0.15 0.00 0.00 0.07 
Wind Y Wall 50 0.00 3.39 0.00 0.00 10.86 0.00 0.00 2.35 

          
Seismic static X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 10 0.00 3.71 0.00 0.00 18.87 0.00 0.00 6.94 
Seismic static X Wall 11 0.00 3.71 0.00 0.00 18.87 0.00 0.00 6.94 
Seismic static X Wall 12 0.00 3.71 0.00 0.00 18.87 0.00 0.00 6.94 
Seismic static X Wall 13 0.00 3.71 0.00 0.00 18.87 0.00 0.00 6.94 
Seismic static X Wall 14 0.00 0.33 0.00 0.00 1.63 0.00 0.00 0.60 
Seismic static X Wall 15 0.00 3.91 0.00 0.00 19.86 0.00 0.00 7.31 
Seismic static X Wall 16 0.00 3.91 0.00 0.00 19.86 0.00 0.00 7.31 
Seismic static X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 18 0.00 0.01 0.00 0.00 0.05 0.00 0.00 0.02 
Seismic static X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 21 0.00 2.88 0.00 0.00 14.66 0.00 0.00 7.31 
Seismic static X Wall 22 0.00 3.91 0.00 0.00 19.86 0.00 0.00 7.31 
Seismic static X Wall 23 0.00 0.24 0.00 0.00 1.20 0.00 0.00 0.44 
Seismic static X Wall 24 0.00 1.81 0.00 0.00 9.26 0.00 0.00 7.04 
Seismic static X Wall 25 0.00 0.10 0.00 0.00 0.49 0.00 0.00 0.18 
Seismic static X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 35 0.00 2.19 0.00 0.00 7.00 0.00 0.00 4.01 
Seismic static X Wall 36 0.00 2.19 0.00 0.00 7.00 0.00 0.00 4.01 
Seismic static X Wall 37 0.00 2.19 0.00 0.00 7.00 0.00 0.00 4.01 
Seismic static X Wall 38 0.00 2.19 0.00 0.00 7.00 0.00 0.00 4.01 
Seismic static X Wall 39 0.00 0.18 0.00 0.00 0.59 0.00 0.00 0.33 
Seismic static X Wall 40 0.00 2.30 0.00 0.00 7.36 0.00 0.00 4.21 
Seismic static X Wall 41 0.00 2.30 0.00 0.00 7.36 0.00 0.00 4.21 
Seismic static X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 43 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.01 
Seismic static X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 46 0.00 1.71 0.00 0.00 5.46 0.00 0.00 4.21 
Seismic static X Wall 47 0.00 2.30 0.00 0.00 7.36 0.00 0.00 4.21 
Seismic static X Wall 48 0.00 0.13 0.00 0.00 0.43 0.00 0.00 0.24 
Seismic static X Wall 49 0.00 1.09 0.00 0.00 3.48 0.00 0.00 4.07 
Seismic static X Wall 50 0.00 0.05 0.00 0.00 0.18 0.00 0.00 0.10 

          
Seismic static Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 10 0.00 0.08 0.00 0.00 0.52 0.00 0.00 0.15 
Seismic static Y Wall 11 0.00 0.08 0.00 0.00 0.52 0.00 0.00 0.15 
Seismic static Y Wall 12 0.00 0.08 0.00 0.00 0.52 0.00 0.00 0.15 
Seismic static Y Wall 13 0.00 0.08 0.00 0.00 0.52 0.00 0.00 0.15 
Seismic static Y Wall 14 0.00 8.09 0.00 0.00 41.63 0.00 0.00 14.78 
Seismic static Y Wall 15 0.00 0.09 0.00 0.00 0.58 0.00 0.00 0.16 
Seismic static Y Wall 16 0.00 0.09 0.00 0.00 0.58 0.00 0.00 0.16 
Seismic static Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 18 0.00 7.83 0.00 0.00 39.86 0.00 0.00 14.30 
Seismic static Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 21 0.00 0.06 0.00 0.00 0.43 0.00 0.00 0.16 
Seismic static Y Wall 22 0.00 0.09 0.00 0.00 0.58 0.00 0.00 0.16 
Seismic static Y Wall 23 0.00 7.62 0.00 0.00 38.47 0.00 0.00 13.92 
Seismic static Y Wall 24 0.00 0.01 0.00 0.00 0.10 0.00 0.00 0.06 
Seismic static Y Wall 25 0.00 7.69 0.00 0.00 39.01 0.00 0.00 14.13 
Seismic static Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Seismic static Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 35 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 36 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 37 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 38 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 39 0.00 4.92 0.00 0.00 15.73 0.00 0.00 8.78 
Seismic static Y Wall 40 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 41 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 43 0.00 4.63 0.00 0.00 14.81 0.00 0.00 8.27 
Seismic static Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 46 0.00 0.07 0.00 0.00 0.23 0.00 0.00 0.17 
Seismic static Y Wall 47 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 48 0.00 4.40 0.00 0.00 14.08 0.00 0.00 7.86 
Seismic static Y Wall 49 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.06 
Seismic static Y Wall 50 0.00 4.50 0.00 0.00 14.39 0.00 0.00 8.09 

          
Seismic dynamic X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 10 0.00 2.95 0.00 0.00 14.37 0.00 0.00 5.52 
Seismic dynamic X Wall 11 0.00 2.95 0.00 0.00 14.37 0.00 0.00 5.52 
Seismic dynamic X Wall 12 0.00 2.95 0.00 0.00 14.37 0.00 0.00 5.52 
Seismic dynamic X Wall 13 0.00 2.95 0.00 0.00 14.37 0.00 0.00 5.52 
Seismic dynamic X Wall 14 0.00 1.09 0.00 0.00 5.51 0.00 0.00 1.99 
Seismic dynamic X Wall 15 0.00 2.47 0.00 0.00 11.95 0.00 0.00 4.62 
Seismic dynamic X Wall 16 0.00 2.47 0.00 0.00 11.95 0.00 0.00 4.62 
Seismic dynamic X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 18 0.00 1.20 0.00 0.00 5.68 0.00 0.00 2.19 
Seismic dynamic X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 21 0.00 1.82 0.00 0.00 8.82 0.00 0.00 4.62 
Seismic dynamic X Wall 22 0.00 2.47 0.00 0.00 11.95 0.00 0.00 4.62 
Seismic dynamic X Wall 23 0.00 2.61 0.00 0.00 12.55 0.00 0.00 4.77 
Seismic dynamic X Wall 24 0.00 1.33 0.00 0.00 6.51 0.00 0.00 5.18 
Seismic dynamic X Wall 25 0.00 1.78 0.00 0.00 8.50 0.00 0.00 3.27 
Seismic dynamic X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 35 0.00 1.57 0.00 0.00 5.01 0.00 0.00 2.87 
Seismic dynamic X Wall 36 0.00 1.57 0.00 0.00 5.01 0.00 0.00 2.87 
Seismic dynamic X Wall 37 0.00 1.57 0.00 0.00 5.01 0.00 0.00 2.87 
Seismic dynamic X Wall 38 0.00 1.57 0.00 0.00 5.01 0.00 0.00 2.87 
Seismic dynamic X Wall 39 0.00 0.65 0.00 0.00 2.07 0.00 0.00 1.15 
Seismic dynamic X Wall 40 0.00 1.29 0.00 0.00 4.14 0.00 0.00 2.37 
Seismic dynamic X Wall 41 0.00 1.29 0.00 0.00 4.14 0.00 0.00 2.37 
Seismic dynamic X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 43 0.00 0.59 0.00 0.00 1.90 0.00 0.00 1.06 
Seismic dynamic X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 46 0.00 0.96 0.00 0.00 3.07 0.00 0.00 2.37 
Seismic dynamic X Wall 47 0.00 1.29 0.00 0.00 4.14 0.00 0.00 2.37 
Seismic dynamic X Wall 48 0.00 1.34 0.00 0.00 4.29 0.00 0.00 2.39 
Seismic dynamic X Wall 49 0.00 0.72 0.00 0.00 2.30 0.00 0.00 2.68 
Seismic dynamic X Wall 50 0.00 0.90 0.00 0.00 2.87 0.00 0.00 1.61 

          
Seismic dynamic Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 10 0.00 0.85 0.00 0.00 4.18 0.00 0.00 1.59 
Seismic dynamic Y Wall 11 0.00 0.85 0.00 0.00 4.18 0.00 0.00 1.59 
Seismic dynamic Y Wall 12 0.00 0.85 0.00 0.00 4.18 0.00 0.00 1.59 
Seismic dynamic Y Wall 13 0.00 0.85 0.00 0.00 4.18 0.00 0.00 1.59 
Seismic dynamic Y Wall 14 0.00 5.87 0.00 0.00 28.79 0.00 0.00 10.72 
Seismic dynamic Y Wall 15 0.00 1.59 0.00 0.00 7.74 0.00 0.00 2.97 
Seismic dynamic Y Wall 16 0.00 1.59 0.00 0.00 7.74 0.00 0.00 2.97 
Seismic dynamic Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 18 0.00 3.26 0.00 0.00 15.84 0.00 0.00 5.96 
Seismic dynamic Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Seismic dynamic Y Wall 21 0.00 1.17 0.00 0.00 5.71 0.00 0.00 2.97 
Seismic dynamic Y Wall 22 0.00 1.59 0.00 0.00 7.74 0.00 0.00 2.97 
Seismic dynamic Y Wall 23 0.00 3.05 0.00 0.00 14.63 0.00 0.00 5.57 
Seismic dynamic Y Wall 24 0.00 0.24 0.00 0.00 1.19 0.00 0.00 0.94 
Seismic dynamic Y Wall 25 0.00 2.84 0.00 0.00 13.68 0.00 0.00 5.22 
Seismic dynamic Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 35 0.00 0.48 0.00 0.00 1.52 0.00 0.00 0.87 
Seismic dynamic Y Wall 36 0.00 0.48 0.00 0.00 1.52 0.00 0.00 0.87 
Seismic dynamic Y Wall 37 0.00 0.48 0.00 0.00 1.52 0.00 0.00 0.87 
Seismic dynamic Y Wall 38 0.00 0.48 0.00 0.00 1.52 0.00 0.00 0.87 
Seismic dynamic Y Wall 39 0.00 3.28 0.00 0.00 10.50 0.00 0.00 5.86 
Seismic dynamic Y Wall 40 0.00 0.86 0.00 0.00 2.76 0.00 0.00 1.58 
Seismic dynamic Y Wall 41 0.00 0.86 0.00 0.00 2.76 0.00 0.00 1.58 
Seismic dynamic Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 43 0.00 1.76 0.00 0.00 5.64 0.00 0.00 3.15 
Seismic dynamic Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 46 0.00 0.64 0.00 0.00 2.05 0.00 0.00 1.58 
Seismic dynamic Y Wall 47 0.00 0.86 0.00 0.00 2.76 0.00 0.00 1.58 
Seismic dynamic Y Wall 48 0.00 1.56 0.00 0.00 4.99 0.00 0.00 2.79 
Seismic dynamic Y Wall 49 0.00 0.13 0.00 0.00 0.42 0.00 0.00 0.50 
Seismic dynamic Y Wall 50 0.00 1.48 0.00 0.00 4.75 0.00 0.00 2.67 

 

 

Floors 

Floor name: Floor ID 

V2: Maximum shear stress along the local axis 2 for the most stressed element of the 
floor  

M3-3: Maximum bending moment around local axis 3 for the most stressed element of 
the floor 

wist:  Maximum deformation for the most stressed element of the floor 

 

Load Floor name V2 
[kN] 

M3-3 
[kNm] 

wist  
[mm] 

G(sw) Floor 1 0.26 1.68 2549.13 
G(sw) Floor 2 0.26 1.68 2549.13 

     
G(ns) Floor 1 1.29 8.30 12588.30 
G(ns) Floor 2 1.29 8.30 12588.30 

     
Q type A Floor 1 2.57 16.59 25176.61 
Q type A Floor 2 2.57 16.59 25176.61 

     
Ortho wind ULS down Floor 1 0.00 0.00 0.00 
Ortho wind ULS down Floor 2 0.00 0.00 0.00 

     
Ortho wind ULS up Floor 1 0.00 0.00 0.00 
Ortho wind ULS up Floor 2 0.00 0.00 0.00 

     
Wind X Floor 1 0.00 0.00 0.00 
Wind X Floor 2 0.00 0.00 0.00 

     
Wind Y Floor 1 0.00 0.00 0.00 
Wind Y Floor 2 0.00 0.00 0.00 

     
Seismic static X Floor 1 0.00 0.00 0.00 
Seismic static X Floor 2 0.00 0.00 0.00 

     
Seismic static Y Floor 1 0.00 0.00 0.00 
Seismic static Y Floor 2 0.00 0.00 0.00 

     
Seismic dynamic X Floor 1 0.00 0.00 0.00 
Seismic dynamic X Floor 2 0.00 0.00 0.00 

     
Seismic dynamic Y Floor 1 0.00 0.00 0.00 
Seismic dynamic Y Floor 2 0.00 0.00 0.00 
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Forces and moments acting at the base of the 
structure 
In this chapter the values of the actions acting at the base of the walls and the columns of the 
ground floor are reported. With regard to the walls, the first row of the table shows the values of the 
actions related to the ULS combination that maximizes the axial force while the second row shows 
the values of the actions related to the horizontal ULS combination that maximizes the moment 
acting in the plane of the wall M3-3 and the shear force V2 (also acting in the plane of the wall) and 
that, at the same time, minimizes the axial force N. 

In the other rows, the actions at the foot of the walls associated with the different loads considered 
individually are reported. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Wall name Length 
[m] Load / Comb. N 

[kN] 
V2 

[kN] 
V3 

[kN] 
M2-2 

[kNm] 
M3-3 

[kNm] 
Wall 1 0.61 ULS 1 5.06 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.38 0.00 0.00 0.00 0.00 
  G(ns) 2.36 0.00 0.00 0.00 0.00 
  Q type A 0.04 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 2 0.60 ULS 1 4.62 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.34 0.00 0.00 0.00 0.00 
  G(ns) 2.09 0.00 0.00 0.00 0.00 
  Q type A -0.47 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 3 0.61 ULS 1 5.36 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.43 0.00 0.00 0.00 0.00 
  G(ns) 2.54 0.00 0.00 0.00 0.00 
  Q type A 0.37 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
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  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 4 0.61 ULS 3 6.56 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.48 0.00 0.00 0.00 0.00 
  G(ns) 2.81 0.00 0.00 0.00 0.00 
  Q type A 0.94 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 5 0.60 ULS 3 7.10 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.50 0.00 0.00 0.00 0.00 
  G(ns) 2.91 0.00 0.00 0.00 0.00 
  Q type A 1.21 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 6 0.61 ULS 3 17.67 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.99 0.00 0.00 0.00 0.00 
  G(ns) 5.31 0.00 0.00 0.00 0.00 
  Q type A 5.94 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 7 0.61 ULS 3 59.28 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 3.89 0.00 0.00 0.00 0.00 
  G(ns) 14.69 0.00 0.00 0.00 0.00 
  Q type A 24.66 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 8 0.60 ULS 3 34.70 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.76 0.00 0.00 0.00 0.00 
  G(ns) 9.13 0.00 0.00 0.00 0.00 
  Q type A 13.62 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 9 0.61 ULS 3 13.55 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.79 0.00 0.00 0.00 0.00 
  G(ns) 4.39 0.00 0.00 0.00 0.00 
  Q type A 4.09 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
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  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 10 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.01 0.00 0.00 14.64 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.39 0.00 0.00 5.92 
  Wind Y 0.00 0.71 0.00 0.00 3.05 
  Seismic static X 0.00 3.71 0.00 0.00 18.87 
  Seismic static Y 0.00 0.08 0.00 0.00 0.52 
  Seismic dynamic X 0.00 2.95 0.00 0.00 14.37 
  Seismic dynamic Y 0.00 0.85 0.00 0.00 4.18 
        

Wall 11 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.01 0.00 0.00 14.64 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.39 0.00 0.00 5.92 
  Wind Y 0.00 0.71 0.00 0.00 3.05 
  Seismic static X 0.00 3.71 0.00 0.00 18.87 
  Seismic static Y 0.00 0.08 0.00 0.00 0.52 
  Seismic dynamic X 0.00 2.95 0.00 0.00 14.37 
  Seismic dynamic Y 0.00 0.85 0.00 0.00 4.18 
        

Wall 12 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.01 0.00 0.00 14.64 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.39 0.00 0.00 5.92 
  Wind Y 0.00 0.71 0.00 0.00 3.05 
  Seismic static X 0.00 3.71 0.00 0.00 18.87 
  Seismic static Y 0.00 0.08 0.00 0.00 0.52 
  Seismic dynamic X 0.00 2.95 0.00 0.00 14.37 
  Seismic dynamic Y 0.00 0.85 0.00 0.00 4.18 
        

Wall 13 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.01 0.00 0.00 14.64 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.39 0.00 0.00 5.92 
  Wind Y 0.00 0.71 0.00 0.00 3.05 
  Seismic static X 0.00 3.71 0.00 0.00 18.87 
  Seismic static Y 0.00 0.08 0.00 0.00 0.52 
  Seismic dynamic X 0.00 2.95 0.00 0.00 14.37 
  Seismic dynamic Y 0.00 0.85 0.00 0.00 4.18 
        

Wall 14 2.50 ULS 3 102.57 0.00 0.00 0.00 0.00 
  ULS Wind 8 32.75 13.51 1.69 1.35 57.64 
         
  G(sw) 7.15 0.00 0.00 0.00 0.00 
  G(ns) 29.23 0.00 0.00 0.00 0.00 
  Q type A 39.27 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.09 0.00 0.00 0.37 
  Wind Y 0.00 13.51 0.00 0.00 57.64 
  Seismic static X 0.00 0.33 0.00 0.00 1.63 
  Seismic static Y 0.00 8.09 0.00 0.00 41.63 
  Seismic dynamic X 0.00 1.09 0.00 0.00 5.51 
  Seismic dynamic Y 0.00 5.87 0.00 0.00 28.79 
        

Wall 15 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.10 0.00 0.00 15.05 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.44 0.00 0.00 6.14 
  Wind Y 0.00 0.80 0.00 0.00 3.41 
  Seismic static X 0.00 3.91 0.00 0.00 19.86 
  Seismic static Y 0.00 0.09 0.00 0.00 0.58 
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  Seismic dynamic X 0.00 2.47 0.00 0.00 11.95 
  Seismic dynamic Y 0.00 1.59 0.00 0.00 7.74 
        

Wall 16 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.10 0.00 0.00 15.05 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.44 0.00 0.00 6.14 
  Wind Y 0.00 0.80 0.00 0.00 3.41 
  Seismic static X 0.00 3.91 0.00 0.00 19.86 
  Seismic static Y 0.00 0.09 0.00 0.00 0.58 
  Seismic dynamic X 0.00 2.47 0.00 0.00 11.95 
  Seismic dynamic Y 0.00 1.59 0.00 0.00 7.74 
        

Wall 17 0.58 ULS 1 4.84 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.36 0.00 0.00 0.00 0.00 
  G(ns) 2.23 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.39 0.31 0.00 
  Ortho wind ULS up 0.00 0.00 0.39 0.31 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 18 2.50 ULS 3 133.71 0.00 0.00 0.00 0.00 
  ULS Wind 8 40.33 11.08 1.69 1.35 47.28 
         
  G(sw) 8.57 0.00 0.00 0.00 0.00 
  G(ns) 36.24 0.00 0.00 0.00 0.00 
  Q type A 53.29 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.01 
  Wind Y 0.00 11.08 0.00 0.00 47.28 
  Seismic static X 0.00 0.01 0.00 0.00 0.05 
  Seismic static Y 0.00 7.83 0.00 0.00 39.86 
  Seismic dynamic X 0.00 1.20 0.00 0.00 5.68 
  Seismic dynamic Y 0.00 3.26 0.00 0.00 15.84 
        

Wall 19 0.50 ULS 1 4.36 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.31 0.00 0.00 0.00 0.00 
  G(ns) 1.92 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.34 0.27 0.00 
  Ortho wind ULS up 0.00 0.00 0.34 0.27 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 20 0.46 ULS 1 4.12 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.29 0.00 0.00 0.00 0.00 
  G(ns) 1.77 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.31 0.25 0.00 
  Ortho wind ULS up 0.00 0.00 0.31 0.25 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 21 1.87 ULS 1 13.29 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 2.28 0.00 0.00 11.11 

         
  G(sw) 2.66 0.00 0.00 0.00 0.00 
  G(ns) 7.18 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.26 1.01 0.00 
  Ortho wind ULS up 0.00 0.00 1.26 1.01 0.00 
  Wind X 0.00 1.06 0.00 0.00 4.53 
  Wind Y 0.00 0.59 0.00 0.00 2.52 
  Seismic static X 0.00 2.88 0.00 0.00 14.66 
  Seismic static Y 0.00 0.06 0.00 0.00 0.43 
  Seismic dynamic X 0.00 1.82 0.00 0.00 8.82 
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  Seismic dynamic Y 0.00 1.17 0.00 0.00 5.71 
        

Wall 22 2.45 ULS 1 16.95 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.10 0.00 0.00 15.05 

         
  G(sw) 3.15 0.00 0.00 0.00 0.00 
  G(ns) 9.41 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 1.44 0.00 0.00 6.14 
  Wind Y 0.00 0.80 0.00 0.00 3.41 
  Seismic static X 0.00 3.91 0.00 0.00 19.86 
  Seismic static Y 0.00 0.09 0.00 0.00 0.58 
  Seismic dynamic X 0.00 2.47 0.00 0.00 11.95 
  Seismic dynamic Y 0.00 1.59 0.00 0.00 7.74 
        

Wall 23 2.50 ULS 3 74.56 0.00 0.00 0.00 0.00 
  ULS Wind 8 25.93 9.17 1.69 1.35 39.11 
         
  G(sw) 5.88 0.00 0.00 0.00 0.00 
  G(ns) 22.93 0.00 0.00 0.00 0.00 
  Q type A 26.66 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.06 0.00 0.00 0.27 
  Wind Y 0.00 9.17 0.00 0.00 39.11 
  Seismic static X 0.00 0.24 0.00 0.00 1.20 
  Seismic static Y 0.00 7.62 0.00 0.00 38.47 
  Seismic dynamic X 0.00 2.61 0.00 0.00 12.55 
  Seismic dynamic Y 0.00 3.05 0.00 0.00 14.63 
        

Wall 24 1.30 ULS 1 9.52 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.37 0.00 0.00 6.73 

         
  G(sw) 2.06 0.00 0.00 0.00 0.00 
  G(ns) 4.99 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.88 0.70 0.00 
  Ortho wind ULS up 0.00 0.00 0.88 0.70 0.00 
  Wind X 0.00 0.67 0.00 0.00 2.89 
  Wind Y 0.00 0.14 0.00 0.00 0.58 
  Seismic static X 0.00 1.81 0.00 0.00 9.26 
  Seismic static Y 0.00 0.01 0.00 0.00 0.10 
  Seismic dynamic X 0.00 1.33 0.00 0.00 6.51 
  Seismic dynamic Y 0.00 0.24 0.00 0.00 1.19 
        

Wall 25 2.49 ULS 3 25.55 0.00 0.00 0.00 0.00 
  ULS Wind 8 13.96 10.19 1.68 1.34 43.48 
         
  G(sw) 3.64 0.00 0.00 0.00 0.00 
  G(ns) 11.87 0.00 0.00 0.00 0.00 
  Q type A 4.62 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.68 1.34 0.00 
  Ortho wind ULS up 0.00 0.00 1.68 1.34 0.00 
  Wind X 0.00 0.03 0.00 0.00 0.11 
  Wind Y 0.00 10.19 0.00 0.00 43.48 
  Seismic static X 0.00 0.10 0.00 0.00 0.49 
  Seismic static Y 0.00 7.69 0.00 0.00 39.01 
  Seismic dynamic X 0.00 1.78 0.00 0.00 8.50 
  Seismic dynamic Y 0.00 2.84 0.00 0.00 13.68 
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Design of the structural elements 

 

Joist floors 

Bending strength  

The checks are conducted according to § 3.2.1 of AS 1720.1. The following expression shall be 
satisfied: 

𝑀𝑑 ≥ 𝑀∗ 

with 

𝑀𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝑀∗ = 𝑀3−3 𝑚𝑎𝑥 is the design action effect in bending 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the beam about the axis of bending 𝑍 = (𝑏ℎ2/6 ) 

 

The following table illustrates the structural schemes and the envelopes of the bending moment 
diagram for the joist with the most severe checks of each floor. 

Floor name Combination Duration Diagram M3-3 
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Floor 1 ULS 3 5 months 

 

Floor 2 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section M3-3 max 

[kNm] 
Z 

[mm3] Comb. k1 k4 k6 k9 k12  f’b 
[MPa] 

Md 
[kNm] Check 

Floor 1 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 
Floor 2 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 

 

Where 𝑓𝑏
′ for rectangular beam sections made of F-grades timber and greater than 300 mm in 

depth is obtained by multiplying the value of table H2.1 of AS 1720.1 by (300/𝑑)0.167. 
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Shear strength 

The checks are conducted according to § 3.2.5 of AS 1720.1. The following expression shall be 
satisfied: 

𝑉𝑑 ≥ 𝑉∗ 

with 

𝑉𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑓𝑠
′ ∙ 𝐴𝑠 

where 

𝑉∗ = 𝑉2 𝑚𝑎𝑥   is the design action effect in shear 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑓𝑠
′   is the characteristic value in shear 

𝐴𝑠   is the shear plane area for a rectangular beam loaded about its major axis in 
   bending 𝐴𝑠 = 2/3(𝑏𝑑) 

 

The following table illustrates the structural schemes and the envelopes of the shear force diagram 
for the joist of each floor with the most sever checks. 

Floor name Combination Duration Diagram V2 

Floor 1 ULS 3 5 months 
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Floor 2 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section V2 max 

[kN] 
As 

[mm2] Comb. k1 k4 k6  f’s 
[MPa] 

Vd 
[kN] Check 

Floor 1 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 
Floor 2 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 
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Floors deflections (SLS) 

The final deflection below a straight line between the supports due to a single type of action, 𝑤𝑐𝑟𝑒𝑒𝑝, 
is taken as: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 = 𝑗2 ∙ 𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 

where: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖   is the final deflection that includes the effect of creep on deformation 

𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 is the short-term deflection 

𝑗2  is the modification factor for creep 

The limiting values for deflections of floors are assumed as shown in the following table according 
to the considered combination of actions. 

 𝑾𝒔 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒍 ∙ 𝑸 

Internal spans l/300 l/400 15 mm l/300 

Cantilever beams l/150 l/200 30 mm l/150 

 

The value of deflection 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is calculated for each type of load in the considered combination of 
actions and the final value 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is defined as the sum of these deflections. 

The following table shows the maximum deformation of each floor (relative to the element in which 
the deformation checks are the most severe). 

Floor name Combination Deflection 

Floor 1 SLS 3 
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Floor 2 SLS 3 

 

 

The table shows the deflection checks of the floor elements. 

Floor name Section Combination Most restrictive 
check 

Wcreep 
[mm] 

Deflection limit 
[mm] Check 

Floor 1 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 
Floor 2 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 

 

 

 

 

Framed Walls 
Combined bending and compression of the studs  

The checks are conducted according to § 3.5.1 of AS 1720.1 on the most loaded internal and 
external stud of each wall. The following expressions shall be satisfied: 

(
𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒

∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
)

2

+
𝑁𝑐

∗

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒
≤ 1 

𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
+

𝑁𝑐
∗

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
≤ 1 

with 

𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗ = 𝑀2−2 is the design action effect in bending out of the plane of the wall 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in bending out of the plane of the wall 

𝑁𝑐
∗ = 𝑁   is the design action effect in compression 

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in compression for buckling out of the plane of the wall 

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒  is the design capacity in compression for buckling in the plane of the wall 
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The design capacity of each stud in bending out-of-the-plane of the wall is calculated according to 
the following equation: 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the stud about the axis of bending 𝑍 = (𝑏𝑡2/6 ) 

 

The design capacity of each stud in compression is calculated according to the following equation: 

𝑁𝑑,𝑐 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘12 ∙ 𝑓𝑐
′ ∙ 𝐴𝑐 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘12   is the relevant stability factor for buckling in or out of the plane of the wall 

𝑓𝑐
′   is the characteristic value in compression parallel to grain 

𝐴𝑐   is the cross-sectional area of the stud 

 

The stability factor 𝑘12 takes into account the reduced compressive strength due to lateral buckling. 

The factor value is calculated according to § 3.3.3 of AS 1720.1 as follows: 

(a) For     𝜌𝑐 ∙ 𝑆 ≤ 10                  →            𝑘12 = 1.0 

(b) For    10 ≤ 𝜌𝑐 ∙ 𝑆 ≤ 20        →            𝑘12 = 1.5 − 0.05 ∙ 𝜌𝑐 ∙ 𝑆 

(c) For    𝜌𝑐 ∙ 𝑆 ≥ 20                   →            𝑘12 =
200

(𝜌𝑐∙𝑆)2 
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Where 𝑆  is the relevant slenderness coefficient for buckling under compression and 𝜌𝑐  is the 
material constant for columns. 

The slenderness coefficient for buckling out of the plane of the wall is evaluated according to the 
following equations that is consistent with those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑡
 

where 

𝐿  is the height of the stud 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 

The slenderness coefficient for buckling in the plane of the wall is equal to 0 when an effective 
restraint system act continuously along both edges of the stud (i.e. sheeting boards on both the 
faces of the frame). 

When the sheeting board provides an effective restraint along one edge only of the stud, the 
slenderness coefficient for buckling in the plane of the wall is evaluated according to the following 
equations that is consistent to those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
3.5 ∙ 𝑡

𝑏
  

where 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

In case of walls braced through steel braces, the slenderness coefficient for buckling in the plane 
of the wall is evaluated according to the following equations that is consistent with those provided 
in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑏
 

where 

𝐿  is the height of the stud 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 
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The material constant values for each material are defined according to equations E2(3) and E2(4) 
of AS 1720.1 assuming 𝑟 = 0.25: 

(a) Columns of seasoned timber    𝜌𝑐 = 11.39 (
𝐸

𝑓𝑐
′)

−0.408
𝑟−0.074 

(b) Columns of unseasoned timber   𝜌𝑐 = 9.29 (
𝐸

𝑓𝑐
′)

−0.367
𝑟−0.146 

 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit State of combined bending and compression. 

Wall name Length 
 [m] Combination Duration N 

[kN] 
M2-2 

[kNm] 
Wall 1 0.61 ULS 5 5 seconds 4.51 0.33 
Wall 2 0.60 ULS 5 5 seconds 3.92 0.32 
Wall 3 0.61 ULS 5 5 seconds 4.91 0.33 
Wall 4 0.61 ULS 5 5 seconds 5.53 0.33 
Wall 5 0.60 ULS 5 5 seconds 5.77 0.32 
Wall 6 0.61 ULS 4 50+ years 12.33 0.00 
Wall 7 0.61 ULS 3 5 months 59.28 0.00 
Wall 8 0.60 ULS 3 5 months 34.70 0.00 
Wall 9 0.61 ULS 4 50+ years 9.87 0.00 

Wall 10 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 11 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 12 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 13 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 14 2.50 ULS 3 5 months 102.57 0.00 
Wall 15 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 16 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 17 0.58 ULS 5 5 seconds 4.31 0.31 
Wall 18 2.50 ULS 3 5 months 133.71 0.00 
Wall 19 0.50 ULS 5 5 seconds 3.88 0.27 
Wall 20 0.46 ULS 5 5 seconds 3.67 0.25 
Wall 21 1.87 ULS 5 5 seconds 11.81 1.01 
Wall 22 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 23 2.50 ULS 3 5 months 74.56 0.00 
Wall 24 1.30 ULS 5 5 seconds 8.46 0.70 
Wall 25 2.49 ULS 5 5 seconds 20.47 1.34 
Wall 26 0.61 ULS 5 5 seconds 2.26 0.33 
Wall 27 0.60 ULS 5 5 seconds 1.98 0.32 
Wall 28 0.61 ULS 5 5 seconds 2.48 0.33 
Wall 29 0.61 ULS 5 5 seconds 2.76 0.33 
Wall 30 0.60 ULS 5 5 seconds 2.88 0.32 
Wall 31 0.61 ULS 5 5 seconds 5.57 0.33 
Wall 32 0.61 ULS 3 5 months 29.87 0.00 
Wall 33 0.60 ULS 3 5 months 17.50 0.00 
Wall 34 0.61 ULS 5 5 seconds 4.53 0.33 
Wall 35 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 36 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 37 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 38 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 39 2.50 ULS 3 5 months 51.28 0.00 
Wall 40 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 41 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 42 0.58 ULS 5 5 seconds 2.15 0.31 
Wall 43 2.50 ULS 3 5 months 66.85 0.00 
Wall 44 0.50 ULS 5 5 seconds 1.94 0.27 
Wall 45 0.46 ULS 5 5 seconds 1.83 0.25 
Wall 46 1.87 ULS 5 5 seconds 5.91 1.01 
Wall 47 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 48 2.50 ULS 3 5 months 37.28 0.00 
Wall 49 1.30 ULS 5 5 seconds 4.23 0.70 
Wall 50 2.49 ULS 5 5 seconds 10.23 1.34 

 

The relevant values for the calculation of the stability factors in bending and compression are 
reported in the following table. 

Wall name Section Stud L 
[m] k12, bending, o-o-p Scompression, o-o-p Scompression, i-p c kcompression, 12, o-o-p kcompression, 12, i-p 

Wall 1 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 1 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 5 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
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Wall 5 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

Wall 10 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 10 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 20 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 26 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 26 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 27 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 27 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 28 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 28 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 29 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 29 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 30 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 30 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 31 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 31 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 32 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 32 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 33 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 33 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 34 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 34 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 35 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 35 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 36 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 36 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 37 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 37 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 38 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 38 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 39 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 39 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 40 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 40 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 41 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 41 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 42 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 42 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 43 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 43 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 44 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 44 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 45 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 46 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 46 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 47 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 47 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 48 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 48 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 49 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 49 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 50 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 50 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

 

The checks are summarized below in the form of a percentage value 
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Wall name Section Stud M2-2 
[kNm] 

N 
[kN] 

Z 
[mm3] 

Ac 
[mm2] Comb. k1 k4 k6  f’b 

[MPa] 
f’c 

[MPa] 
Md 

[kNm] 
Nd,c,o-o-p 

[kN] 
Nd,c,i-p 
[kN] Check 

Wall 1 Frame 1 Internal 0.15 2.10 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 30% 
Wall 1 Frame 1 External 0.12 1.60 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 2 Frame 1 Internal 0.15 1.91 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 2 Frame 1 External 0.12 1.27 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 3 Frame 1 Internal 0.15 2.32 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 31% 
Wall 3 Frame 1 External 0.12 1.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 4 Frame 1 Internal 0.15 2.59 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 33% 
Wall 4 Frame 1 External 0.12 1.90 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 5 Frame 1 Internal 0.15 2.67 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 33% 
Wall 5 Frame 1 External 0.12 2.07 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 6 Frame 1 Internal 0.00 3.86 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 43% 
Wall 6 Frame 1 External 0.00 6.37 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 18% 
Wall 7 Frame 1 Internal 0.00 26.50 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 211% 
Wall 7 Frame 1 External 0.00 22.85 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 46% 
Wall 8 Frame 1 Internal 0.00 16.75 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 134% 
Wall 8 Frame 1 External 0.00 12.05 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 24% 
Wall 9 Frame 1 Internal 0.00 4.82 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 54% 
Wall 9 Frame 1 External 0.00 3.14 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 9% 

Wall 10 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 10 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 11 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 11 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 12 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 12 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 13 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 13 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 14 Frame 1 Internal 0.00 18.19 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 145% 
Wall 14 Frame 1 External 0.00 9.24 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 18% 
Wall 15 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 15 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 16 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 16 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 17 Frame 1 Internal 0.14 1.99 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 17 Frame 1 External 0.12 1.60 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 18 Frame 1 Internal 0.00 22.20 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 177% 
Wall 18 Frame 1 External 0.00 12.57 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 25% 
Wall 19 Frame 1 Internal 0.12 1.76 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 24% 
Wall 19 Frame 1 External 0.12 1.67 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 20 Frame 1 External 0.12 1.83 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 21 Frame 1 Internal 0.22 2.58 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 21 Frame 1 External 0.12 1.36 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 22 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 22 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 23 Frame 1 Internal 0.00 12.40 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 99% 
Wall 23 Frame 1 External 0.00 7.16 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 14% 
Wall 24 Frame 1 Internal 0.22 2.66 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 41% 
Wall 24 Frame 1 External 0.12 1.40 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 25 Frame 1 Internal 0.22 3.57 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 47% 
Wall 25 Frame 1 External 0.13 2.01 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 7% 
Wall 26 Frame 1 Internal 0.15 1.05 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 23% 
Wall 26 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 27 Frame 1 Internal 0.15 0.95 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 27 Frame 1 External 0.12 0.63 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 28 Frame 1 Internal 0.15 1.16 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 24% 
Wall 28 Frame 1 External 0.12 0.83 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 29 Frame 1 Internal 0.15 1.30 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 29 Frame 1 External 0.12 0.95 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 30 Frame 1 Internal 0.15 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 30 Frame 1 External 0.12 1.04 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 31 Frame 1 Internal 0.15 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 31 Frame 1 External 0.06 2.77 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 32 Frame 1 Internal 0.00 13.23 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 106% 
Wall 32 Frame 1 External 0.00 11.43 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 23% 
Wall 33 Frame 1 Internal 0.00 8.37 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 67% 
Wall 33 Frame 1 External 0.00 6.02 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 12% 
Wall 34 Frame 1 Internal 0.15 2.20 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 30% 
Wall 34 Frame 1 External 0.12 1.45 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 35 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 35 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 36 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 36 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 37 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 37 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 38 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 38 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 39 Frame 1 Internal 0.00 9.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 73% 
Wall 39 Frame 1 External 0.00 4.62 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 9% 
Wall 40 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 40 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 41 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 41 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 42 Frame 1 Internal 0.14 0.99 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 42 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 43 Frame 1 Internal 0.00 11.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 89% 
Wall 43 Frame 1 External 0.00 6.29 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 13% 
Wall 44 Frame 1 Internal 0.12 0.88 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 19% 
Wall 44 Frame 1 External 0.12 0.84 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 45 Frame 1 External 0.12 0.92 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 46 Frame 1 Internal 0.22 1.29 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 46 Frame 1 External 0.12 0.68 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 47 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 47 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 48 Frame 1 Internal 0.00 6.20 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 49% 
Wall 48 Frame 1 External 0.00 3.58 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 7% 
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Wall 49 Frame 1 Internal 0.22 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 49 Frame 1 External 0.12 0.70 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 50 Frame 1 Internal 0.22 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 35% 
Wall 50 Frame 1 External 0.13 1.01 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
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Bearing perpendicular to the grain 

The studs are supported at the base by the bottom plate which is stressed by compression forces 
perpendicular to the grain.  

The following expression shall be satisfied: 

𝑁𝑑,𝑝 ≥ 𝑁𝑝
∗ 

with 

𝑁𝑑,𝑝 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘7 ∙ 𝑓𝑝
′ ∙ 𝐴𝑝 

where 

𝑁𝑝
∗ = 𝑁   is the design action effect in compression 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor 

𝑘6   is the temperature modification factor 

𝑘7   is the length of bearing factor 

𝑓𝑝
′   is the characteristic value in bearing perpendicular to grain 

𝐴𝑝   is the bearing area for loading perpendicular to grain 

 

The length of bearing factor 𝑘7  allows to increase the characteristic capacity in bearing 
perpendicular to the grain where rectangular bearing areas are located 75 mm or more from the 
end of the bottom plate. 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of actions for the bearing Ultimate Limit State. 

Wall name Length  
[m] Combination Duration N 

[kN] 
Wall 1 0.61 ULS 1 50+ years 5.06 
Wall 2 0.60 ULS 1 50+ years 4.62 
Wall 3 0.61 ULS 1 50+ years 5.36 
Wall 4 0.61 ULS 1 50+ years 5.79 
Wall 5 0.60 ULS 4 50+ years 6.01 
Wall 6 0.61 ULS 4 50+ years 12.33 
Wall 7 0.61 ULS 3 5 months 59.28 
Wall 8 0.60 ULS 3 5 months 34.70 
Wall 9 0.61 ULS 4 50+ years 9.87 

Wall 10 2.45 ULS 1 50+ years 16.95 
Wall 11 2.45 ULS 1 50+ years 16.95 
Wall 12 2.45 ULS 1 50+ years 16.95 
Wall 13 2.45 ULS 1 50+ years 16.95 
Wall 14 2.50 ULS 3 5 months 102.57 
Wall 15 2.45 ULS 1 50+ years 16.95 
Wall 16 2.45 ULS 1 50+ years 16.95 
Wall 17 0.58 ULS 1 50+ years 4.84 
Wall 18 2.50 ULS 3 5 months 133.71 
Wall 19 0.50 ULS 1 50+ years 4.36 
Wall 20 0.46 ULS 1 50+ years 4.12 
Wall 21 1.87 ULS 1 50+ years 13.29 
Wall 22 2.45 ULS 1 50+ years 16.95 
Wall 23 2.50 ULS 3 5 months 74.56 
Wall 24 1.30 ULS 1 50+ years 9.52 
Wall 25 2.49 ULS 4 50+ years 21.39 
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Wall 26 0.61 ULS 1 50+ years 2.53 
Wall 27 0.60 ULS 1 50+ years 2.33 
Wall 28 0.61 ULS 1 50+ years 2.70 
Wall 29 0.61 ULS 1 50+ years 2.90 
Wall 30 0.60 ULS 4 50+ years 3.00 
Wall 31 0.61 ULS 4 50+ years 6.16 
Wall 32 0.61 ULS 3 5 months 29.87 
Wall 33 0.60 ULS 3 5 months 17.50 
Wall 34 0.61 ULS 4 50+ years 4.93 
Wall 35 2.45 ULS 1 50+ years 8.48 
Wall 36 2.45 ULS 1 50+ years 8.48 
Wall 37 2.45 ULS 1 50+ years 8.48 
Wall 38 2.45 ULS 1 50+ years 8.48 
Wall 39 2.50 ULS 3 5 months 51.28 
Wall 40 2.45 ULS 1 50+ years 8.48 
Wall 41 2.45 ULS 1 50+ years 8.48 
Wall 42 0.58 ULS 1 50+ years 2.42 
Wall 43 2.50 ULS 3 5 months 66.85 
Wall 44 0.50 ULS 1 50+ years 2.18 
Wall 45 0.46 ULS 1 50+ years 2.06 
Wall 46 1.87 ULS 1 50+ years 6.65 
Wall 47 2.45 ULS 1 50+ years 8.48 
Wall 48 2.50 ULS 3 5 months 37.28 
Wall 49 1.30 ULS 1 50+ years 4.76 
Wall 50 2.49 ULS 4 50+ years 10.70 

 

The following table summarizes the bearing (perpendicular to the grain) checks for the plates of the 
framed walls. 

Wall name Section Stud N 
[kN] 

Ap 
[mm2] Combination k1 k4 k6 k7  f’p 

[MPa] 
Nd,p 
[kN] Check 

Wall 1 Frame 1 Internal 2.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 1 Frame 1 External 1.79 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 2 Frame 1 Internal 2.22 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 2 Frame 1 External 1.56 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 3 Frame 1 Internal 2.52 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 10% 
Wall 3 Frame 1 External 1.84 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 4 Frame 1 Internal 2.71 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 4 Frame 1 External 2.01 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 5 Frame 1 Internal 2.78 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 5 Frame 1 External 2.16 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 6 Frame 1 Internal 3.86 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 15% 
Wall 6 Frame 1 External 6.37 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 8% 
Wall 7 Frame 1 Internal 26.50 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 73% 
Wall 7 Frame 1 External 22.85 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 20% 
Wall 8 Frame 1 Internal 16.75 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 46% 
Wall 8 Frame 1 External 12.05 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 10% 
Wall 9 Frame 1 Internal 4.82 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 19% 
Wall 9 Frame 1 External 3.14 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 

Wall 10 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 10 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 11 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 11 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 12 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 12 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 13 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 13 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 14 Frame 1 Internal 18.19 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 50% 
Wall 14 Frame 1 External 9.24 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 8% 
Wall 15 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 15 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 16 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 16 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 17 Frame 1 Internal 2.23 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 17 Frame 1 External 1.80 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 18 Frame 1 Internal 22.20 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 61% 
Wall 18 Frame 1 External 12.57 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 11% 
Wall 19 Frame 1 Internal 1.99 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 10% 
Wall 19 Frame 1 External 1.88 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 20 Frame 1 External 2.06 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 21 Frame 1 Internal 2.91 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 21 Frame 1 External 1.53 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 22 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 22 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 23 Frame 1 Internal 12.40 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 34% 
Wall 23 Frame 1 External 7.16 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 6% 
Wall 24 Frame 1 Internal 2.99 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 12% 
Wall 24 Frame 1 External 1.58 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 25 Frame 1 Internal 3.76 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 15% 
Wall 25 Frame 1 External 2.11 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 26 Frame 1 Internal 1.17 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 26 Frame 1 External 0.89 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 27 Frame 1 Internal 1.11 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
Wall 27 Frame 1 External 0.78 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 28 Frame 1 Internal 1.26 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 28 Frame 1 External 0.92 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 29 Frame 1 Internal 1.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 29 Frame 1 External 1.01 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 30 Frame 1 Internal 1.39 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 30 Frame 1 External 1.08 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 31 Frame 1 Internal 1.93 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
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Wall 31 Frame 1 External 3.19 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 32 Frame 1 Internal 13.23 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 37% 
Wall 32 Frame 1 External 11.43 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 10% 
Wall 33 Frame 1 Internal 8.37 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 23% 
Wall 33 Frame 1 External 6.02 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 34 Frame 1 Internal 2.41 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 34 Frame 1 External 1.57 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 35 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 35 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 36 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 36 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 37 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 37 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 38 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 38 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 39 Frame 1 Internal 9.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 25% 
Wall 39 Frame 1 External 4.62 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 4% 
Wall 40 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 40 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 41 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 41 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 42 Frame 1 Internal 1.12 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
Wall 42 Frame 1 External 0.90 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 43 Frame 1 Internal 11.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 31% 
Wall 43 Frame 1 External 6.29 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 44 Frame 1 Internal 0.99 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 5% 
Wall 44 Frame 1 External 0.94 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 45 Frame 1 External 1.03 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 46 Frame 1 Internal 1.45 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 46 Frame 1 External 0.77 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 47 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 47 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 48 Frame 1 Internal 6.20 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 17% 
Wall 48 Frame 1 External 3.58 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 3% 
Wall 49 Frame 1 Internal 1.50 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 49 Frame 1 External 0.79 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 50 Frame 1 Internal 1.88 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
Wall 50 Frame 1 External 1.06 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 

 
The shear strength of framed shear walls 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit States. 

Wall name Length 
[m] Combination Duration V2 

[kN] 

Wall 10 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.25 

Wall 11 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.25 

Wall 12 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.25 

Wall 13 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.25 

Wall 14 2.50 ULS Wind 6 5 seconds 13.51 

Wall 15 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.40 

Wall 16 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.40 

Wall 18 2.50 ULS Wind 6 5 seconds 11.08 

Wall 21 1.87 ULS earthquake strength 4 
ex- ey- 5 seconds 2.51 

Wall 22 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.40 

Wall 23 2.50 ULS Wind 6 5 seconds 9.17 

Wall 24 1.30 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.46 

Wall 25 2.49 ULS Wind 6 5 seconds 10.19 

Wall 35 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 1.71 

Wall 36 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 1.71 

Wall 37 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 1.71 

Wall 38 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 1.71 

Wall 39 2.50 ULS Wind 6 5 seconds 4.50 

Wall 40 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.80 

Wall 41 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.80 

Wall 43 2.50 ULS Wind 6 5 seconds 3.69 

Wall 46 1.87 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.33 

Wall 47 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.80 

Wall 48 2.50 ULS Wind 6 5 seconds 3.06 

Wall 49 1.30 ULS earthquake strength 1 
ex+ ey- 5 seconds 0.79 

Wall 50 2.49 ULS Wind 6 5 seconds 3.39 
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Sheet-braced framed walls 

Lateral load-carrying capacity of metal fasteners  

The design load-carrying capacity of a cantilevered panel secured against uplift is determined 
according to a plastic model based on the lower bound method (static theorem) that assumes the 
load-displacement relationships of the sheathing-to-frame joints as completely in the plastic field. 

For a wall made up of several wall panels, the design racking load-carrying capacity of a wall is 
calculated from: 

𝐹𝑣,𝑅𝑑 = ∑ 𝐹𝑖,𝑣,𝑅𝑑
𝑖

 

where: 

𝐹𝑖,𝑣,𝑅𝑑     is the design racking load-carrying capacity of a single wall panel as specified in the 
following. 

Wall panels which contain a door or window opening shall not be considered to contribute to the 
racking load-carrying capacity. 

The design racking load-carrying capacity of each wall panel, 𝐹𝑖,𝑣,𝑅𝑑,  is calculated from: 

 

𝐹𝑖,𝑣,𝑅𝑑 =
𝐹𝑡,𝑅𝑑 ⋅ 𝑏𝑖 ⋅ 𝑐𝑖

𝑠
 

where: 

 𝐹𝑡,𝑅𝑑 is the lateral design capacity of an individual fastener, modified by a factor of 1.2 

𝑏𝑖 is the wall panel width 

𝑠 is the fastener spacing 

𝑐𝑖 a coefficient dependent on the ratio between base and height of a single wall panel. 

For wall panels with sheets on both sides the following rules apply: 

- if the sheets and fasteners are of the same type and dimension then the total racking load 
carrying capacity of the wall should be taken as the sum of the racking load-carrying capacities of 
the individual sides  

- if different types of sheets are used, 75 % of the racking load-carrying capacity of the weaker side 
may, unless some other value is shown to be valid, be taken into consideration if fasteners with 
similar slip moduli are used. In other cases not more than 50 % should be taken into consideration. 

Fastener strength  

The resistance of each fastener is estimated according to the Johansen theory of timber 
connections with dowel-type fasteners for panel-to-timber connections in single shear. 
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The characteristic load-carrying capacity for nails, staples, bolts, dowels and screws per shear 
plane per fastener, should be taken as the minimum value found from the following expressions 

 

𝐹𝑣,𝑅𝑘,𝑎 =  𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑏 =  𝑓ℎ,2,𝑘 ⋅ 𝑡2 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑐 =  
𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑

1 + 𝛽
⋅ [√𝛽 + 2𝛽2 [1 +

𝑡2

𝑡1

+ (
𝑡2

𝑡1

)
2

] + 𝛽3 (
𝑡2

𝑡1

)
2

− 𝛽 (1 +
𝑡2

𝑡1

)] +
𝐹𝑎𝑥,𝑅𝑘

4
  

𝐹𝑣,𝑅𝑘,𝑑 =  1,05 ⋅  
𝑓ℎ,1,𝑘⋅𝑡1⋅𝑑

2+𝛽
⋅ [√2𝛽(1 + 𝛽) +

4𝛽(2+𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘⋅𝑑⋅𝑡1
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑒 =  1,05 ⋅  
𝑓ℎ,1,𝑘 ⋅ 𝑡2 ⋅ 𝑑

1 + 2𝛽
⋅ [√2𝛽2(1 + 𝛽) +

4𝛽(1 + 2𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘 ⋅ 𝑑 ⋅ 𝑡2
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑓 =  1,15 ⋅ √
2𝛽

1 + 𝛽
√2 ⋅ 𝑀𝑦,𝑅𝑘 ⋅ 𝑓ℎ,1,𝑘 ⋅ 𝑑 +

𝐹𝑎𝑥,𝑅𝑘

4
 

 

In the expressions above, the first term on the right hand side is the load-carrying capacity 
according to the Johansen yield theory, whilst the second 
term  𝐹𝑎𝑥,𝑅𝑘

4
 is the contribution from the rope effect.  

Characteristic withdrawal capacity 

The characteristic withdrawal capacity of nails, 𝐹𝑎𝑥,𝑅𝑘, should be taken as the smaller of the values 
found from the following expressions: 

- For smooth nails: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓𝑎𝑥,𝑘,ℎ𝑒𝑎𝑑 𝑑 𝑡 + 𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 

- For nails with improved adherence: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒 = 𝑓𝑎𝑥,𝑘,350  (

𝜌𝑘,𝑡𝑖𝑝

350
)

0.8

 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 = 𝑓ℎ𝑒𝑎𝑑,𝑘,350  (

𝜌𝑘,ℎ𝑒𝑎𝑑

350
)

0.8

𝑑ℎ
2

 

where: 

fax,k,tip   is the characteristic pointside withdrawal strength; 

fax,k,head   is the characteristic headside withdrawal strength; 

fhead,k is the characteristic headside pull-through strength; 

d  is the nail diameter; 

Figure: Failure modes for timber and 
panel connections. 
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dh is the nail head diameter; 

tpen,frame is the minimum value between the pointside penetration length and the length of the 
threaded part in the pointside member; 

t is the thickness of the headside member. 

For smooth nails, the pointside penetration should be at least 8d. For nails with a pointside 
penetration smaller than 12d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

4𝑑
− 2.  

For threaded nails, the pointside penetration should be at least 6d. For nails with a pointside 
penetration smaller than 8d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

2𝑑
− 3. 

In the following table, the calculations for the characteristic pointside withdrawal strength (Fax,k,tip) 
and for the characteristic headside pull-through strength (Fax,k,head) are reported. 

Section Side Fasteners ρk,frame 
[kg/m3] 

fax,k,tip 
[MPa] 

d 
[mm] 

tpen,frame 
[mm] 

Fax,k,tip 
[N] 

ρk,panel 
[kg/m3] 

fax,k,head 
[MPa] 

fhead,k 
[MPa] 

dh 
[mm] 

t 
 [mm] 

Fax,k,head 
[N] 

Frame 1 1 Ring nail (coils) 
2.8/3.1 x 60 317 6.02 2.80 40.00 674 400 0.00 30.16 4.30 - 558 

 

Lateral load-carrying capacity 

The following table shows the resistances of the fasteners used to assemble the panels of the 
walls. 

Fax,Rk is the characteristic axial withdrawal capacity of the fastener 
 
Rope effect limit  is the rope effect limited to a percentage of Johansen part 
 
Fv,Rk is the characteristic load-carrying capacity per shear plane per fastener 

Section Side Fasteners Kser 
[N/mm] Failure mode Fax,Rk 

[N] 
Rope effect 

limit 
Fv,Rk 
[N] 

Frame 1 1 Ring nail (coils) 2.8/3.1 x 60 670 d 558 50% 717 

 

Check of the bearing capacity of the walls related to the lateral load -carrying capacity 
of metal fasteners  

The following table summarizes the geometric characteristics of the wall panels and their load-
bearing capacity Fi,v,Rk. This table also indicates whether the width of each sheet is at least equal 
to h/4 as required by the calculation model. 

Wall name Section Panel bi 
[mm] N panels ci Sheet width 

 h/4 
s 

[mm] 
Fi,v,Rk 
side 1 
[kN] 

Fi,v,Rk 
side 2 
[kN] 

Wall 10 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 10 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 11 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 11 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 12 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 12 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 13 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 13 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 14 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 14 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 15 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 15 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 16 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 16 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 18 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 18 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 21 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 21 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 
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Wall 22 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 22 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 23 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 23 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 24 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 24 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 25 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 25 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 
Wall 35 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 35 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 36 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 36 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 37 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 37 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 38 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 38 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 39 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 39 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 40 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 40 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 41 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 41 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 43 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 43 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 46 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 46 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 
Wall 47 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 47 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 48 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 48 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 49 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 49 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 50 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 50 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 

 

The following table shows the checks with reference to the most significant load combinations 

according to the expression: 

Fv,Rd ≥ Fv,Ed 

Wall name Section Comb. Fv,Ed 
[kN] k1 k13 k14 k16 k17  Fv,Rd 

[kN] Check 

Wall 10 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.25 1.14 1 1 1 1 0.85 10.43 31% 

Wall 11 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.25 1.14 1 1 1 1 0.85 10.43 31% 

Wall 12 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.25 1.14 1 1 1 1 0.85 10.43 31% 

Wall 13 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.25 1.14 1 1 1 1 0.85 10.43 31% 

Wall 14 Frame 1 ULS Wind 6 13.51 1.14 1 1 1 1 0.85 10.46 129% 

Wall 15 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.40 1.14 1 1 1 1 0.85 10.43 33% 

Wall 16 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.40 1.14 1 1 1 1 0.85 10.43 33% 

Wall 18 Frame 1 ULS Wind 6 11.08 1.14 1 1 1 1 0.85 10.46 106% 

Wall 21 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.51 1.14 1 1 1 1 0.85 6.97 36% 

Wall 22 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.40 1.14 1 1 1 1 0.85 10.43 33% 

Wall 23 Frame 1 ULS Wind 6 9.17 1.14 1 1 1 1 0.85 10.46 88% 

Wall 24 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.46 1.14 1 1 1 1 0.85 3.49 42% 

Wall 25 Frame 1 ULS Wind 6 10.19 1.14 1 1 1 1 0.85 10.46 97% 

Wall 35 Frame 1 ULS earthquake 
strength 4 ex- ey+ 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 36 Frame 1 ULS earthquake 
strength 4 ex- ey+ 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 37 Frame 1 ULS earthquake 
strength 4 ex- ey+ 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 38 Frame 1 ULS earthquake 
strength 4 ex- ey+ 1.71 1.14 1 1 1 1 0.85 10.43 16% 

Wall 39 Frame 1 ULS Wind 6 4.50 1.14 1 1 1 1 0.85 10.46 43% 

Wall 40 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.80 1.14 1 1 1 1 0.85 10.43 17% 

Wall 41 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.80 1.14 1 1 1 1 0.85 10.43 17% 

Wall 43 Frame 1 ULS Wind 6 3.69 1.14 1 1 1 1 0.85 10.46 35% 

Wall 46 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.33 1.14 1 1 1 1 0.85 6.97 19% 

Wall 47 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.80 1.14 1 1 1 1 0.85 10.43 17% 

Wall 48 Frame 1 ULS Wind 6 3.06 1.14 1 1 1 1 0.85 10.46 29% 

Wall 49 Frame 1 ULS earthquake 
strength 1 ex+ ey- 0.79 1.14 1 1 1 1 0.85 3.49 23% 

Wall 50 Frame 1 ULS Wind 6 3.39 1.14 1 1 1 1 0.85 10.46 32% 

 

Shear buckling of the sheet  
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The model assumes that the shear buckling of the sheet may be disregarded, provided that 

bnet

t
≤ 100 

where 

bnet  is the clear distance between studs 

t  is the thickness of the sheet 
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Connections 

 Hold Down – Connections at the base of the structure 
The design resistance Rd of the hold-downs is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Nailing failure 

• Hold-downs steel failure 

• Failure of the anchor 

• Extraction of the anchor 

Forces on the hold-downs 

The tension force acting on the hold down (Ta) is evaluated as described in 
paragraph “Model Description”.  

The tension force acting on the anchor is calculated taking into account the 
additional moment due to the non-alignment between the external force acting 
on the vertical flange of the hold down and the anchor itself using a coefficient, 
indicated as kt. 

𝑇𝑝 = 𝑇𝑎 ⋅ 𝑘𝑡 

 

 

 

 

Wall name Length  
[m] Connection name N° of anchors at 

each wall end Combination Duration N 
[kN] 

M3-3 
[kNm] 

Ta 
[kN] kt Tp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 11.30 15.75 0.78 1 0.78 

Wall 11 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 11.30 15.75 0.78 1 0.78 

Wall 12 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 11.30 15.75 0.78 1 0.78 

Wall 13 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 11.30 15.75 0.78 1 0.78 

Wall 14 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 32.75 57.64 6.68 1 6.68 

Wall 15 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 11.30 16.50 1.08 1 1.08 

Wall 16 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 11.30 16.50 1.08 1 1.08 

Wall 18 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 6 5 seconds 75.09 47.28 0.00 1 0.00 

Wall 21 1.87 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
5 seconds 8.86 12.18 2.08 1 2.08 
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ey- 

Wall 22 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 11.30 16.50 1.08 1 1.08 

Wall 23 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 25.93 39.11 2.68 1 2.68 

Wall 24 1.30 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 6.35 7.15 2.33 1 2.33 

Wall 25 2.49 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 13.96 43.48 10.48 1 10.48 

 

Nailing resistance 

The design value of the load-bearing capacity of the nailing is given by the following expression 

𝑅𝑐,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Rc,k,dens 

where 

Rc,k,dens  is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the fastener 
head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠 factor when the density of the material used is 

less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠 can be evaluated using the formula Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
.  

𝜙  is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

 

Hold-down steel resistance  

The tensile design strength of the steel of the hold-down can be evaluated according to the formula 

Rs,d = ϕ ∙ Rs,k 

where 

Rs,k is the characteristic value of the resistance of the hold down in axial tension 

𝜙  is the capacity factor for steel in tension 

 

Tension resistance of the anchor 

The tension resistance of the anchor is evaluated as reported in section 9.3.2.2 of AS 4100 - 1998 

according to the following formula 

Rt,d = ϕ ∙ Rt,k = ϕ ∙ As ⋅ fuf 

being: 
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fuf is the ultimate tensile strength of the anchor 

As the tensile stress area of the anchor 

ϕ is the capacity factor for bolts in tension 

 

Pull-out resistance of the anchor 

The characteristic value of pull-out resistance refers to a single anchor regardless of the effects 

due to the spacing or distances from the edges. Moreover concrete is considered to be non-

cracked, dry and at a standard temperature for the actual depth of anchorage. 

The design pull-out resistance can be calculated as 

𝑅𝑝𝑢𝑙𝑙,𝑑 = 𝜙 ∙ 𝑅𝑝𝑢𝑙𝑙,𝑘 

where 

𝑅𝑝𝑢𝑙𝑙,𝑘 is the characteristic value of the pull-out resistance 

ϕ is the capacity factor provided by manufacturers 

 

The checks are summarized in the following tables according to each failure mode.  

 

Name:  Name of the connection in which the hold-down is used  

Comb.:  The most severe combination of load 

Ta,d: Design value of the tensile force acting on the hold down 

Tp,d: Design value of the tensile force acting on the anchor 

Ra,d: Design value of the hold down resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

Rp,d: Design value of the anchor resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

𝑇𝑎,𝑑 ≤ R𝑎,𝑑 = 𝑚𝑖𝑛(𝑅𝑐,𝑑; 𝑅𝑠,𝑑) 

𝑇𝑝,𝑑 ≤ R𝑝,𝑑 = 𝑚𝑖𝑛(𝑅𝑡,𝑑; 𝑅𝑝𝑢𝑙𝑙,𝑑) 

 

Wall name Connection 
name Comb. Ta,d 

[kN] 
Rc,k,dens 
[kN] k1  Rc,d 

[kN] 
Rs,k 
[kN]  Rs,d 

[kN] 
Ra,d 
[kN] 

Tp,d 
[kN] 

Rt,k 
[kN]  Rt,d 

[kN] 
Rpull,k 
[kN]  Rpull,d 

[kN] 
Rp,d 
[kN] 

Failure 
mode Check 

Wall 10 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

0.78 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.78 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  4% 

Wall 11 
Ground 

connection - 
hold down - 

ULS 
earthqua

ke 
0.78 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.78 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  4% 



Technical Design Calculation Report                  

 

bracket stability 4 
ex- ey+ 

Wall 12 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

0.78 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.78 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  4% 

Wall 13 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

0.78 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 0.78 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  4% 

Wall 14 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 6.68 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 6.68 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  38% 

Wall 15 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.08 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.08 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 16 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.08 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.08 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 18 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 6 0.00 17.99 1.14 0.85 17.43 42 0.9 37.8 - 0.00 78.5 0.8 62.8 35.94 0.5 17.97 - - 0% 

Wall 21 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

2.08 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 2.08 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  12% 

Wall 22 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.08 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.08 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 23 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 2.68 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 2.68 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  15% 

Wall 24 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

2.33 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 2.33 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  13% 

Wall 25 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 10.48 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 10.48 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  60% 
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Connections with punched metal plate/punched strap  

The design resistance Rd of a punched strap is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Nailing failure 

• Punched strap  steel failure 

Forces on the tie-downs 

Wall name Length  
[m] Connection name 

N° of 
connections at 
each wall end 

Comb. Dur. N 
[kN] 

M3-3 
[kNm] 

Ta 
[kN] 

Wall 35 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 36 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 37 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 38 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 39 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 29.69 14.41 0.00 

Wall 40 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 41 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 43 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 37.55 11.82 0.00 

Wall 46 1.87 Upper levels - tensile plate 
- shear plate 1 ULS earthquake stability 1 

ex+ ey- 5 seconds 4.43 4.27 0.07 

Wall 47 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 48 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 22.62 9.78 0.00 

Wall 49 1.30 Upper levels - tensile plate 
- shear plate 1 ULS earthquake stability 1 

ex+ ey- 5 seconds 3.17 2.52 0.35 

Wall 50 2.49 Upper levels - tensile plate 
- shear plate 1 ULS Wind 8 5 seconds 6.98 10.86 0.87 

 

Punched strap tensile resistance  

The tensile resistance of the punched element is evaluated on the basis of the indications of 
sections 7.1 and 7.2 of AS 4100-1998. For sections with holes the design tension resistance N∗ 
should be taken as the smaller of the design plastic resistance of the gross cross-section and the design 

ultimate resistance of the net cross-section. 

The design plastic resistance of the gross cross-section is calculated as 

Npl
∗ = ϕ ∙ Nt,pl = ϕ ∙ Ag ∙ fy 

where 

𝜙  is the capacity factor for steel in tension 

Ag is the gross area of the steel cross-section 

fy is the nominal value of the yield strength of the steel 

 

The net cross section resistance can be evaluated using the following expression by assuming an 
uniform distribution of the stress: 

Nu
∗ = ϕ ∙ Nt,u = ϕ ∙ 0.85 ∙ An ∙ fu 



Technical Design Calculation Report                  

 

where 

𝜙  is the capacity factor for steel in tension 

An is the net area of the steel cross-section 

fu is the ultimate value of the tensile strength of the steel 

 

Nailing resistance 

The design capacity of Type 1 joints with nails and screws is given by the following equation: 

Rc,d = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ k16 ∙ k17 ∙ n ∙ Rc,k 

where 

𝜙  is the capacity factor for nails and screws 

𝑘1  is the modification factor for the duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

𝑘16 is assumed equal to 1 since its contribution is already considered in the 𝑅𝑐,𝑘 value 

𝑘17 is the modification factor for multiple nailed and screwed joints 

𝑛 is the total number of fasteners in the joint resisting the design action 

𝑅𝑐,𝑘 is the characteristic capacity of a single fastener estimated according to the Johansen 
 theory of timber connections with dowel-type fasteners for steel-to-timber connections 
 in single shear. 

Wall name Connection 
name 

Number of 
rows 

Number of 
fasteners in a row Combination Rc,k 

[N] k1 k13 k14 k16 k17 n  Rc,d 
[kN] 

Wall 35 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 36 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 37 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 38 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 39 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 40 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 41 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 43 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 46 Upper levels 
- tensile 10 3 ULS earthquake 

stability 1 ex+ 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 
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plate - shear 
plate 

ey- 

Wall 47 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 48 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 49 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 
ULS earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 50 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 8 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

 

The checks are summarized in the following table which shows the characteristic and design 
values of resistance associated with the different failure modes of the components. 

Wall name Connection name Combination TEd 
[kN] 

Rc,d 
[kN] 

Nt,pl 
[kN]  N*pl 

[kN] 
Nt,u 
[kN]  N*u 

[kN] Failure mode Check 

Wall 35 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 36 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 37 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 38 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 39 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 40 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 41 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 43 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 46 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.07 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
0% 

Wall 47 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 48 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 49 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.35 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
2% 

Wall 50 Upper levels - tensile plate - 
shear plate ULS Wind 8 0.87 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
5% 
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Angle brackets with anchors – timber to concrete shear 
connections 
The design resistance Rd of an angle bracket is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Shear failure of the angle and/or of the group of fasteners of the connection 

• Shear failure of the anchors connecting the concrete 

Shear forces  

The shear force acting on the single angle bracket is calculated by dividing the total shear force V2 
by the number of angle brackets present in the wall (taking into account the possible presence of 
angle brackets on both sides of the structural element). 

𝑉𝑎 =
𝑉2

𝑛𝑎𝑛𝑐
 

where 

𝑉2  is the design shear force on the considered wall 

𝑛𝑎𝑛𝑐 is the number of shear connections present in the wall 

The shear force acting on the most loaded anchor is calculated taking into account the additional 
moment due to the non-alignment between the external forces acting on the vertical flange of the 
angle bracket and the anchor itself using a coefficient, indicated as kt. 

𝑉𝑝 = 𝑉𝑎 ⋅ 𝑘𝑡 

 

Wall name Length  
[m] Connection name N of 

connections Combination Duration V2 
[kN] 

Va 
[kN] kt Vp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.25 0.81 0.97 0.79 

Wall 11 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.25 0.81 0.97 0.79 

Wall 12 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.25 0.81 0.97 0.79 

Wall 13 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.25 0.81 0.97 0.79 

Wall 14 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 13.51 2.70 0.97 2.62 

Wall 15 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.40 0.85 0.97 0.83 

Wall 16 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.40 0.85 0.97 0.83 

Wall 18 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 11.08 2.22 0.97 2.15 

Wall 21 1.87 Ground connection - hold 
down - bracket 3 ULS earthquake stability 1 

ex- ey- 5 seconds 2.51 0.84 0.97 0.81 

Wall 22 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.40 0.85 0.97 0.83 

Wall 23 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 9.17 1.83 0.97 1.78 

Wall 24 1.30 Ground connection - hold 
down - bracket 2 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.46 0.73 0.97 0.71 

Wall 25 2.49 Ground connection - hold 
down - bracket 4 ULS Wind 6 5 seconds 10.19 2.55 0.97 2.47 

 

Angle bracket bearing capacity   
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The design value of the shear bearing capacity of the angle bracket can be estimated from the 
characteristic value by means of the following expression 

𝑅𝑎,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Ra,k,dens 

where 

Ra,k,dens is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the 
fastener head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠  factor when the density of the 
material used is less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠  can be evaluated using the formula 

Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
. 

𝜙 is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

Anchor bearing capacity   

The design value of the shear strength of the anchor is evaluated as 

𝑅𝑝,𝑑 = ϕ ∙ Rp,k 

where 

𝑅𝑝,𝑘 is the characteristic value of the shear strength of the anchor 

𝜙 is the capacity factor provided by manufacturers 

The checks are summarized in the following tables according to each failure mode. 

Name: Name of the connection in which the angle bracket is used 

Comb.: The most severe combination of load  

Va,d: Shear force acting on the angle bracket 

Vp,d: Shear force acting on the most stressed anchor 

𝑉𝑎,𝑑 ≤ 𝑅𝑎,𝑑 

𝑉𝑝,𝑑 ≤ 𝑅𝑝,𝑑 
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Wall name Connection name Comb. Va,d 
[kN] 

Ra,k,dens 
[kN] k1  Ra,d 

[kN] 
Check – 

angle 
brackets 

Vp,d 
[kN] 

Rp,k 
[kN]  Rp,d 

[kN] 
Check - 
anchor 

Wall 10 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.81 18.09 1.14 0.85 17.53 5% 0.79 21 0.8 16.8 5% 

Wall 11 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.81 18.09 1.14 0.85 17.53 5% 0.79 21 0.8 16.8 5% 

Wall 12 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.81 18.09 1.14 0.85 17.53 5% 0.79 21 0.8 16.8 5% 

Wall 13 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.81 18.09 1.14 0.85 17.53 5% 0.79 21 0.8 16.8 5% 

Wall 14 Ground connection - hold 
down - bracket ULS Wind 6 2.70 18.09 1.14 0.85 17.53 15% 2.62 21 0.8 16.8 16% 

Wall 15 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.85 18.09 1.14 0.85 17.53 5% 0.83 21 0.8 16.8 5% 

Wall 16 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.85 18.09 1.14 0.85 17.53 5% 0.83 21 0.8 16.8 5% 

Wall 18 Ground connection - hold 
down - bracket ULS Wind 6 2.22 18.09 1.14 0.85 17.53 13% 2.15 21 0.8 16.8 13% 

Wall 21 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.84 18.09 1.14 0.85 17.53 5% 0.81 21 0.8 16.8 5% 

Wall 22 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.85 18.09 1.14 0.85 17.53 5% 0.83 21 0.8 16.8 5% 

Wall 23 Ground connection - hold 
down - bracket ULS Wind 6 1.83 18.09 1.14 0.85 17.53 10% 1.78 21 0.8 16.8 11% 

Wall 24 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.73 18.09 1.14 0.85 17.53 4% 0.71 21 0.8 16.8 4% 

Wall 25 Ground connection - hold 
down - bracket ULS Wind 6 2.55 18.09 1.14 0.85 17.53 15% 2.47 21 0.8 16.8 15% 
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Shear connections with punched metal plate   

The design resistance Rd of a punched metal plate is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Shear failure of the metal plate 

• Shear failure of the group of fasteners of the connection 

Shear forces  

The shear force acting on the single metal plate is calculated by dividing the total shear force V2 by 
the number of metal plates in the wall (taking into account the possible presence of angle brackets 
on both sides of the structural element). 

𝑉𝑎 =
𝑉2

𝑛𝑎𝑛𝑐
 

where 

𝑉2  is the design shear force on the considered wall 

𝑛𝑎𝑛𝑐 is the number of shear connections present in the wall 

 

Wall name Length  
[m] Connection name N of connections Comb. Dur. V2 

[kN] 
Va 

[kN] 

Wall 35 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 1.71 0.43 

Wall 36 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 1.71 0.43 

Wall 37 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 1.71 0.43 

Wall 38 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 1.71 0.43 

Wall 39 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 4.50 0.90 

Wall 40 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.80 0.45 

Wall 41 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.80 0.45 

Wall 43 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 3.69 0.74 

Wall 46 1.87 Upper levels - tensile plate 
- shear plate 3 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.33 0.44 

Wall 47 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.80 0.45 

Wall 48 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 3.06 0.61 

Wall 49 1.30 Upper levels - tensile plate 
- shear plate 2 ULS earthquake stability 1 

ex+ ey- 5 seconds 0.79 0.39 

Wall 50 2.49 Upper levels - tensile plate 
- shear plate 4 ULS Wind 6 5 seconds 3.39 0.85 

 

Metal plate shear capacity   

The design value of the shear strength of single metal plate is calculated according to the following 
expression by assuming an uniform distribution of the stress: 

V∗ = ϕ ∙ Vu = ϕ ∙ 0.6 ∙ fy ∙ Av 

where 

𝜙  is the capacity factor for steel in shear 
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Av is the net shear area 

fy is the nominal value of the yield strength of the steel 

 

Nailing capacity 

The design capacity of Type 1 joints with nails and screws is given by the following equation: 

Rc,d = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ k16 ∙ k17 ∙ n ∙ Rc,k 

where 

𝜙  is the capacity factor for nails and screws 

𝑘1  is the modification factor for the duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

𝑘16 is assumed equal to 1 since its contribution is already considered in the 𝑅𝑐,𝑘 value 

𝑘17 is the modification factor for multiple nailed and screwed joints 

𝑛 is the total number of fasteners in the joint resisting the design action 

𝑅𝑐,𝑘 is the characteristic capacity of a single fastener estimated according to the Johansen 
 theory of timber connections with dowel-type fasteners for steel-to-timber connections 
 in single shear.  

Wall name Connection 
name 

Number of 
rows 

Number of 
fasteners in a row Combination Rc,k 

[N] k1 k13 k14 k16 k17 n  Rc,d 
[kN] 

Wall 35 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 36 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 37 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 38 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 39 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 40 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 41 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 43 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 46 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 47 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 
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Wall 48 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 49 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 50 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

 

The checks are summarized in the following table which shows the characteristic and design 
values of resistance associated with the different failure modes of the components. 

Wall name Connection name Combination Va,Ed 
[kN] 

Rc,d 
[kN] 

Fasteners 
check 

Vu 
[kN]  V* 

[kN] 
Metal plate 

check 

Wall 35 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.43 48.15 1% 45 0.9 40.5 1% 

Wall 36 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.43 48.15 1% 45 0.9 40.5 1% 

Wall 37 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.43 48.15 1% 45 0.9 40.5 1% 

Wall 38 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.43 48.15 1% 45 0.9 40.5 1% 

Wall 39 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.90 48.15 2% 45 0.9 40.5 2% 

Wall 40 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.45 48.15 1% 45 0.9 40.5 1% 

Wall 41 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.45 48.15 1% 45 0.9 40.5 1% 

Wall 43 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.74 48.15 2% 45 0.9 40.5 2% 

Wall 46 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.44 48.15 1% 45 0.9 40.5 1% 

Wall 47 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.45 48.15 1% 45 0.9 40.5 1% 

Wall 48 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.61 48.15 1% 45 0.9 40.5 2% 

Wall 49 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.39 48.15 1% 45 0.9 40.5 1% 

Wall 50 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.85 48.15 2% 45 0.9 40.5 2% 

 

 

 

Inter-storey drift checks 
The inter-storey drifts at the ultimate limit state calculated from the relevant seismic forces are 
limited in accordance to the following equation: 

𝑑𝑖 < 𝑑i,lim = 0.015 h 

where  

𝑑𝑖  is the inelastic inter-storey drift obtained by multiplying the value determined by an elastic 
analysis by 𝜇/𝑆𝑝 

ℎ is the storey height 

The table below shows the drift checks for each wall. 

Wall name:  Wall ID 

h:   Storey height 

Comb.:           The most severe combination of load  
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di:  Evaluated inter-storey drift 

di,lim:  Inter-storey drift limit 

 

 

The table provides the Drift checks in the case of Dynamic Linear Analysis. 

Wall h 
[m] Comb. dr 

[mm] 
dlim 

[mm] Check 

Wall 10 3.20 ULS earthquake drift 2 
ex- ey+ 5.64 48.00 12% 

Wall 11 3.20 ULS earthquake drift 2 
ex- ey+ 5.64 48.00 12% 

Wall 12 3.20 ULS earthquake drift 2 
ex- ey+ 5.64 48.00 12% 

Wall 13 3.20 ULS earthquake drift 2 
ex- ey+ 5.64 48.00 12% 

Wall 14 3.20 ULS earthquake drift 4 
ex+ ey- 10.83 48.00 23% 

Wall 15 3.20 ULS earthquake drift 1 
ex- ey- 5.80 48.00 12% 

Wall 16 3.20 ULS earthquake drift 1 
ex- ey- 5.80 48.00 12% 

Wall 18 3.20 ULS earthquake drift 4 
ex+ ey- 6.04 48.00 13% 

Wall 21 3.20 ULS earthquake drift 1 
ex- ey- 5.80 48.00 12% 

Wall 22 3.20 ULS earthquake drift 1 
ex- ey- 5.80 48.00 12% 

Wall 23 3.20 ULS earthquake drift 4 
ex- ey- 9.54 48.00 20% 

Wall 24 3.20 ULS earthquake drift 1 
ex- ey- 5.36 48.00 11% 

Wall 25 3.20 ULS earthquake drift 4 
ex- ey- 7.34 48.00 15% 

Wall 35 3.20 ULS earthquake drift 2 
ex- ey+ 2.91 48.00 6% 

Wall 36 3.20 ULS earthquake drift 2 
ex- ey+ 2.91 48.00 6% 

Wall 37 3.20 ULS earthquake drift 2 
ex- ey+ 2.91 48.00 6% 

Wall 38 3.20 ULS earthquake drift 2 
ex- ey+ 2.91 48.00 6% 

Wall 39 3.20 ULS earthquake drift 4 
ex+ ey- 5.93 48.00 12% 

Wall 40 3.20 ULS earthquake drift 1 
ex- ey- 2.99 48.00 6% 

Wall 41 3.20 ULS earthquake drift 1 
ex- ey- 2.99 48.00 6% 

Wall 43 3.20 ULS earthquake drift 4 
ex+ ey- 3.19 48.00 7% 

Wall 46 3.20 ULS earthquake drift 1 
ex- ey- 2.99 48.00 6% 

Wall 47 3.20 ULS earthquake drift 1 
ex- ey- 2.99 48.00 6% 

Wall 48 3.20 ULS earthquake drift 4 
ex- ey- 4.90 48.00 10% 

Wall 49 3.20 ULS earthquake drift 1 
ex- ey- 2.77 48.00 6% 

Wall 50 3.20 ULS earthquake drift 4 
ex- ey- 3.80 48.00 8% 

 

 



Appendix F
TECHNICAL DESIGN CALCULATION REPORT 

Design of Timber Structures 

Project: The Challenge Cup – Three modules
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Design codes and standards 
 

The analysis have been carried out according to: 

 

1. AS/NZS 1170.0:2002 – Structural Design Actions 

Part 0: General principles 

2. AS/NZS 1170.1:2002 – Structural Design Actions 

 Part 1: Permanent, imposed and other actions 

3. AS/NZS 1170.2:2011 – Structural Design Actions 

 Part 2: Wind actions 

4. AS/NZS 1170.3:2003 – Structural Design Actions 

 Part 3: Snow and ice actions 

5. AS 1170.4-2007 – Structural Design Actions 

 Part 4: Earthquake actions in Australia 

6. AS 1720.1-2010 – Timber Structures 

 Part 1: Design methods 

7. AS 1720.2-2006 – Timber Structures 

 Part 2: Timber properties 
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General description of the building 

Location 

Address: Melbourne City   

 

Description 
Building length: 3.5 m 

Building width: 13.25 m 

Building height: 9.6 m 
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 Three-dimensional Southeast view 
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Three-dimensional Northwest view 
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Three-dimensional South West view 
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Three-dimensional North East view 

Materials 

Wooden materials 
The materials used in the project are listed in the following tables. 

f𝑏
′   Characteristic bending strength  

f𝑡
′ Characteristic tensile strength parallel to grain 

f𝑐
′ Characteristic compressive strength parallel to grain 

f𝑠
′ Characteristic shear strength 

E Short duration average modulus of elasticity parallel to the grain 

G Short duration average modulus of rigidity 

𝜌 Average minimum density 

 

 

 

 

 

 

 

 

MGP 

Descr Joint 
group 

𝒇𝒃
′  

[MPa] 
𝒇𝒕

′  
[MPa] 

𝒇𝒄
′  

[MPa] 
𝒇𝒔

′  
[MPa] 

𝑬 
[MPa] 

𝑮 
[MPa] 

𝝆 
[kg/m3] 

MGP 10 - 90 x 45 JD5 17 7.7 18 2.6 10000 670 380.00000004 

 

 

 

Plywood 

Grade Species Joint 
group 

𝒇𝒔
′  

[MPa] 
𝑮 

[MPa] 
𝝆 

[kg/m3] 
F14 Pinus species JD4 4.8 625 480 
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Metal fasteners  
 

Threaded nails 

 

Manufacturer Code Descr. l 
[mm] 

lt 
[mm] 

d 
 [mm] 

dh 
 [mm] 

𝒇𝒖𝒌 
[MPa] 

Rotho Blaas HH10502003 Ring nail (coils) 
2.8/3.1 x 60 60 40 2.8 4.3 600 

 

Anker nails 

 

Manufacturer Code Descr. l 
[mm] 

lt 
[mm] 

d 
 [mm] 

dh 
 [mm] 

𝒇𝒖𝒌 
[MPa] 

Rotho Blaas PF601460 Anker nail - LBA 
4.0 X 60 60 50 4 5.4 600 
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Calculation method and numerical model 

Model Description 
Hypothesis adopted for the elements 

The timber walls are constrained at the base by means of connection systems capable of 
transmitting both in-plane and out-of-plane actions action on the wall. 

In the analysis, in presence of horizontal loads, some elements may be defined as “secondary”: 
this mean that their strength and stiffness are neglected in the calculation of the response of the 
building. In the model these elements are represented in terms of mass and they are designed only  
for vertical loads. 

Rigid body rocking – Forces on hold-down / tie-down 

The hold-down or tie-down systems are used to prevent the rotation of the wall caused by the 
overturning moment of the horizontal force. The hold-down, placed on the in-tension edge of the 
wall, is loaded by a force equal to 

𝑇 = {
(

𝑀3−3

𝑏
−

𝑁

2
) ⋅

1

𝑛𝑎𝑛𝑐
        𝑓𝑜𝑟 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

                   0                           𝑓𝑜𝑟 𝑖𝑛𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑙𝑑 − 𝑑𝑜𝑤𝑛

        

where: 

𝑏  is the lever arm for the internal couple assumed equal to l, where l is the wall length  

𝑁 is the axial vertical load acting on the wall 

𝑀3−3 is the moment acting in the plane of the wall 

𝑛𝑎𝑛𝑐 is the number of connections present at each end of the wall 

 

Figure: Calculation model of tensile force acting on the hold-down 
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Structural elements 

The following table shows the positions of the individual walls. The last four columns show the 
coordinates of the ends of each wall. 

X1 e Y1 indicate the coordinates of the starting point of the wall 

X2 e Y2 indicate the coordinates of the end point of the wall 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Height 
[m] 

Length 
[m] 

Altitude 
[m] 

X1 
[m] 

Y1 
[m] 

X2 
[m] 

Y2 
[m] 

Wall 1 Frame No 3.2 0.61 0 1.72 1.45 1.12 1.34 
Wall 10 Frame Yes 3.2 2.45 0 1.72 -2.05 4.17 -2.05 
Wall 11 Frame Yes 3.2 2.45 0 4.17 -2.05 6.62 -2.05 
Wall 12 Frame Yes 3.2 2.45 0 6.62 -2.05 9.07 -2.05 
Wall 13 Frame Yes 3.2 2.45 0 9.07 -2.05 11.52 -2.05 
Wall 14 Frame Yes 3.2 2.5 0 11.52 -1.05 11.52 1.45 
Wall 15 Frame Yes 3.2 2.45 0 11.52 1.45 9.07 1.45 
Wall 16 Frame Yes 3.2 2.45 0 9.07 1.45 6.62 1.45 
Wall 17 Frame No 3.2 0.58 0 6.62 1.45 6.04 1.45 
Wall 18 Frame Yes 3.2 2.5 0 6.04 1.45 6.04 -1.05 
Wall 19 Frame No 3.2 0.5 0 6.04 -1.05 5.54 -1.05 
Wall 2 Frame No 3.2 0.6 0 1.12 1.34 0.6 1.04 

Wall 20 Frame No 3.2 0.46 0 4.54 -1.04 4.08 -1.04 
Wall 21 Frame Yes 3.2 1.87 0 6.04 1.45 4.17 1.45 
Wall 22 Frame Yes 3.2 2.45 0 4.17 1.45 1.72 1.45 
Wall 23 Frame Yes 3.2 2.5 0 1.72 1.45 1.72 -1.05 
Wall 24 Frame Yes 3.2 1.3 0 1.72 -1.05 3.02 -1.05 
Wall 25 Frame Yes 3.2 2.49 0 4.17 1.45 4.17 -1.04 
Wall 26 Frame No 3.2 0.61 3.2 1.72 1.45 1.12 1.34 
Wall 27 Frame No 3.2 0.6 3.2 1.12 1.34 0.6 1.04 
Wall 28 Frame No 3.2 0.61 3.2 0.6 1.04 0.21 0.57 
Wall 29 Frame No 3.2 0.61 3.2 0.21 0.57 0 0 
Wall 3 Frame No 3.2 0.61 0 0.6 1.04 0.21 0.57 

Wall 30 Frame No 3.2 0.6 3.2 0 0 0 -0.6 
Wall 31 Frame No 3.2 0.61 3.2 0 -0.6 0.21 -1.17 
Wall 32 Frame No 3.2 0.61 3.2 0.21 -1.17 0.6 -1.64 
Wall 33 Frame No 3.2 0.6 3.2 0.6 -1.64 1.12 -1.94 
Wall 34 Frame No 3.2 0.61 3.2 1.12 -1.94 1.72 -2.05 
Wall 35 Frame Yes 3.2 2.45 3.2 1.72 -2.05 4.17 -2.05 
Wall 36 Frame Yes 3.2 2.45 3.2 4.17 -2.05 6.62 -2.05 
Wall 37 Frame Yes 3.2 2.45 3.2 6.62 -2.05 9.07 -2.05 
Wall 38 Frame Yes 3.2 2.45 3.2 9.07 -2.05 11.52 -2.05 
Wall 39 Frame Yes 3.2 2.5 3.2 11.52 -1.05 11.52 1.45 
Wall 4 Frame No 3.2 0.61 0 0.21 0.57 0 0 

Wall 40 Frame Yes 3.2 2.45 3.2 11.52 1.45 9.07 1.45 
Wall 41 Frame Yes 3.2 2.45 3.2 9.07 1.45 6.62 1.45 
Wall 42 Frame No 3.2 0.58 3.2 6.62 1.45 6.04 1.45 
Wall 43 Frame Yes 3.2 2.5 3.2 6.04 1.45 6.04 -1.05 
Wall 44 Frame No 3.2 0.5 3.2 6.04 -1.05 5.54 -1.05 
Wall 45 Frame No 3.2 0.46 3.2 4.54 -1.04 4.08 -1.04 
Wall 46 Frame Yes 3.2 1.87 3.2 6.04 1.45 4.17 1.45 
Wall 47 Frame Yes 3.2 2.45 3.2 4.17 1.45 1.72 1.45 
Wall 48 Frame Yes 3.2 2.5 3.2 1.72 1.45 1.72 -1.05 
Wall 49 Frame Yes 3.2 1.3 3.2 1.72 -1.05 3.02 -1.05 
Wall 5 Frame No 3.2 0.6 0 0 0 0 -0.6 

Wall 50 Frame Yes 3.2 2.49 3.2 4.17 1.45 4.17 -1.04 
Wall 51 Frame No 3.2 0.61 6.4 1.72 1.45 1.12 1.34 
Wall 52 Frame No 3.2 0.6 6.4 1.12 1.34 0.6 1.04 
Wall 53 Frame No 3.2 0.61 6.4 0.6 1.04 0.21 0.57 
Wall 54 Frame No 3.2 0.61 6.4 0.21 0.57 0 0 
Wall 55 Frame No 3.2 0.6 6.4 0 0 0 -0.6 
Wall 56 Frame No 3.2 0.61 6.4 0 -0.6 0.21 -1.17 
Wall 57 Frame No 3.2 0.61 6.4 0.21 -1.17 0.6 -1.64 
Wall 58 Frame No 3.2 0.6 6.4 0.6 -1.64 1.12 -1.94 
Wall 59 Frame No 3.2 0.61 6.4 1.12 -1.94 1.72 -2.05 
Wall 6 Frame No 3.2 0.61 0 0 -0.6 0.21 -1.17 

Wall 60 Frame Yes 3.2 2.45 6.4 1.72 -2.05 4.17 -2.05 
Wall 61 Frame Yes 3.2 2.45 6.4 4.17 -2.05 6.62 -2.05 
Wall 62 Frame Yes 3.2 2.45 6.4 6.62 -2.05 9.07 -2.05 
Wall 63 Frame Yes 3.2 2.45 6.4 9.07 -2.05 11.52 -2.05 
Wall 64 Frame Yes 3.2 2.5 6.4 11.52 -1.05 11.52 1.45 
Wall 65 Frame Yes 3.2 2.45 6.4 11.52 1.45 9.07 1.45 
Wall 66 Frame Yes 3.2 2.45 6.4 9.07 1.45 6.62 1.45 
Wall 67 Frame No 3.2 0.58 6.4 6.62 1.45 6.04 1.45 
Wall 68 Frame Yes 3.2 2.5 6.4 6.04 1.45 6.04 -1.05 
Wall 69 Frame No 3.2 0.5 6.4 6.04 -1.05 5.54 -1.05 
Wall 7 Frame No 3.2 0.61 0 0.21 -1.17 0.6 -1.64 

Wall 70 Frame No 3.2 0.46 6.4 4.54 -1.04 4.08 -1.04 
Wall 71 Frame Yes 3.2 1.87 6.4 6.04 1.45 4.17 1.45 
Wall 72 Frame Yes 3.2 2.45 6.4 4.17 1.45 1.72 1.45 
Wall 73 Frame Yes 3.2 2.5 6.4 1.72 1.45 1.72 -1.05 
Wall 74 Frame Yes 3.2 1.3 6.4 1.72 -1.05 3.02 -1.05 
Wall 75 Frame Yes 3.2 2.49 6.4 4.17 1.45 4.17 -1.04 
Wall 8 Frame No 3.2 0.6 0 0.6 -1.64 1.12 -1.94 
Wall 9 Frame No 3.2 0.61 0 1.12 -1.94 1.72 -2.05 
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Wall horizontal stiffness 
The wall stiffness can be estimated  considering the contributions of all the components, as shown 
below. 

Timber framed shear walls 

In the case of framed walls the overall stiffness is calculated taking into account the contribution of 
the following components: 

• sheeting boards (ks) 

• sheet-to-frame nailing (kc) 

• shear connections (ka) 

• tensile connections (kh) 

 

Figure: Mechanical model for framed walls overall stiffness  

In case of metal-braced framed walls, the ks and kc contributions are replaced by a single term that 
takes into account the stiffness contribution of the metal bracing. 

 

 

The following table indicates the positions of the walls and their equivalent shear stiffness. 

Wall name Type of wall 
Element 

resistant to 
horizontal 

loads 

Heigth 
[m] 

Lenght 
[m] 

Equivalent 
shear 

stiffness 
[kN/m] 

Wall 1 Frame No 3.2 0.61 0 
Wall 10 Frame Yes 3.2 2.45 1390 
Wall 11 Frame Yes 3.2 2.45 1390 
Wall 12 Frame Yes 3.2 2.45 1390 
Wall 13 Frame Yes 3.2 2.45 1390 
Wall 14 Frame Yes 3.2 2.5 1424 
Wall 15 Frame Yes 3.2 2.45 1390 
Wall 16 Frame Yes 3.2 2.45 1390 
Wall 17 Frame No 3.2 0.58 0 
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Wall 18 Frame Yes 3.2 2.5 1424 
Wall 19 Frame No 3.2 0.5 0 
Wall 2 Frame No 3.2 0.6 0 

Wall 20 Frame No 3.2 0.46 0 
Wall 21 Frame Yes 3.2 1.87 1023 
Wall 22 Frame Yes 3.2 2.45 1390 
Wall 23 Frame Yes 3.2 2.5 1424 
Wall 24 Frame Yes 3.2 1.3 667 
Wall 25 Frame Yes 3.2 2.49 1415 
Wall 26 Frame No 3.2 0.61 0 
Wall 27 Frame No 3.2 0.6 0 
Wall 28 Frame No 3.2 0.61 0 
Wall 29 Frame No 3.2 0.61 0 
Wall 3 Frame No 3.2 0.61 0 

Wall 30 Frame No 3.2 0.6 0 
Wall 31 Frame No 3.2 0.61 0 
Wall 32 Frame No 3.2 0.61 0 
Wall 33 Frame No 3.2 0.6 0 
Wall 34 Frame No 3.2 0.61 0 
Wall 35 Frame Yes 3.2 2.45 1420 
Wall 36 Frame Yes 3.2 2.45 1420 
Wall 37 Frame Yes 3.2 2.45 1420 
Wall 38 Frame Yes 3.2 2.45 1420 
Wall 39 Frame Yes 3.2 2.5 1455 
Wall 4 Frame No 3.2 0.61 0 

Wall 40 Frame Yes 3.2 2.45 1420 
Wall 41 Frame Yes 3.2 2.45 1420 
Wall 42 Frame No 3.2 0.58 0 
Wall 43 Frame Yes 3.2 2.5 1455 
Wall 44 Frame No 3.2 0.5 0 
Wall 45 Frame No 3.2 0.46 0 
Wall 46 Frame Yes 3.2 1.87 1053 
Wall 47 Frame Yes 3.2 2.45 1420 
Wall 48 Frame Yes 3.2 2.5 1455 
Wall 49 Frame Yes 3.2 1.3 695 
Wall 5 Frame No 3.2 0.6 0 

Wall 50 Frame Yes 3.2 2.49 1445 
Wall 51 Frame No 3.2 0.61 0 
Wall 52 Frame No 3.2 0.6 0 
Wall 53 Frame No 3.2 0.61 0 
Wall 54 Frame No 3.2 0.61 0 
Wall 55 Frame No 3.2 0.6 0 
Wall 56 Frame No 3.2 0.61 0 
Wall 57 Frame No 3.2 0.61 0 
Wall 58 Frame No 3.2 0.6 0 
Wall 59 Frame No 3.2 0.61 0 
Wall 6 Frame No 3.2 0.61 0 

Wall 60 Frame Yes 3.2 2.45 1420 
Wall 61 Frame Yes 3.2 2.45 1420 
Wall 62 Frame Yes 3.2 2.45 1420 
Wall 63 Frame Yes 3.2 2.45 1420 
Wall 64 Frame Yes 3.2 2.5 1455 
Wall 65 Frame Yes 3.2 2.45 1420 
Wall 66 Frame Yes 3.2 2.45 1420 
Wall 67 Frame No 3.2 0.58 0 
Wall 68 Frame Yes 3.2 2.5 1455 
Wall 69 Frame No 3.2 0.5 0 
Wall 7 Frame No 3.2 0.61 0 

Wall 70 Frame No 3.2 0.46 0 
Wall 71 Frame Yes 3.2 1.87 1053 
Wall 72 Frame Yes 3.2 2.45 1420 
Wall 73 Frame Yes 3.2 2.5 1455 
Wall 74 Frame Yes 3.2 1.3 695 
Wall 75 Frame Yes 3.2 2.49 1445 
Wall 8 Frame No 3.2 0.6 0 
Wall 9 Frame No 3.2 0.61 0 

 

Types of structural elements and sign conventions 
Linear elements  

The linear elements are used to model beams and columns. They have a local reference system 
with respect to which stress/force components are shown. The sign convention adopted is shown 
in the figure below. 

Force Description Unit of measure 
N Axial force kN 

M3-3 Bending moment about local axis 3 kN m 
V2 Shear along local axis 2 kN 

M2-2 Bending moment about local axis 2 kN m 
V3 Shear along local axis 3 kN 
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Figure: sign conventions for beams 

 

 

Figure: sign conventions for columns 

Wall elements  

The walls, regardless of type, have the following sign conventions. 

 Stress Description Unit of measure 

In-plane stresses 
n Axial stress (per unit length) kN/m 

m3-3 Bending moment about local axis 3 (per unit length) kNm/m 
v2 Shear along local axis 2 (per unit length) kN/m 
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Out-of-plane stresses 
(plate) 

m2-2 Bending moment about local axis 2 (per unit length) kNm/m 
v3 Shear along local axis 3 (per unit length) kN/m 

 

 Force Description Unit of measure 

In-plane stresses 
N Total axial force kN 

M3-3 Bending moment about local axis 3 kNm 
V2 Shear along local axis 2 kN 

Out-of-plane stresses 
(plate) 

M2-2 Bending moment about local axis 3 kNm 
V3 Shear along local axis 2 kN 

 

 

Figure: sign conventions for walls 
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Actions and design loads 

Self-weight of structural materials 
The weights of the structural materials are shown in the table below in kN/m3 

Description Specific weight ɣ  [kN/m3] 

MGP 10 - 90 x 45 5 
F14 Plywood - Pinus species 5.5 

 

Loads acting on the walls 
The following table shows the loads acting on the walls. 

Load name: Load ID 

Position: Position of the wall: internal or external 

gsw: Self-weight 

gns: Non-structural permanent loads 

wu: ULS wind load 

 

Wall name Position Load name gsw 
[kN/m2] 

gns 
[kN/m2] 

wu 
leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

Wall 1 External External walls load 0.35 0.6 -0.27 0.42 
Wall 2 External External walls load 0.36 0.6 -0.27 0.42 
Wall 3 External External walls load 0.35 0.6 -0.27 0.42 
Wall 4 External External walls load 0.35 0.6 -0.27 0.42 
Wall 5 External External walls load 0.36 0.6 -0.27 0.42 
Wall 6 External External walls load 0.35 0.6 -0.27 0.42 
Wall 7 External External walls load 0.35 0.6 -0.27 0.42 
Wall 8 External External walls load 0.36 0.6 -0.27 0.42 
Wall 9 External External walls load 0.35 0.6 -0.27 0.42 

Wall 10 External External walls load 0.2 0.6 -0.27 0.42 
Wall 11 External External walls load 0.2 0.6 -0.27 0.42 
Wall 12 External External walls load 0.2 0.6 -0.27 0.42 
Wall 13 External External walls load 0.2 0.6 -0.27 0.42 
Wall 14 External External walls load 0.2 0.6 -0.27 0.42 
Wall 15 External External walls load 0.2 0.6 -0.27 0.42 
Wall 16 External External walls load 0.2 0.6 -0.27 0.42 
Wall 17 External External walls load 0.37 0.6 -0.27 0.42 
Wall 18 External External walls load 0.2 0.6 -0.27 0.42 
Wall 19 External External walls load 0.41 0.6 -0.27 0.42 
Wall 20 External External walls load 0.44 0.6 -0.27 0.42 
Wall 21 External External walls load 0.22 0.6 -0.27 0.42 
Wall 22 External External walls load 0.2 0.6 -0.27 0.42 
Wall 23 External External walls load 0.2 0.6 -0.27 0.42 
Wall 24 External External walls load 0.25 0.6 -0.27 0.42 
Wall 25 External External walls load 0.2 0.6 -0.27 0.42 
Wall 26 External External walls load 0.35 0.6 -0.27 0.42 
Wall 27 External External walls load 0.36 0.6 -0.27 0.42 
Wall 28 External External walls load 0.35 0.6 -0.27 0.42 
Wall 29 External External walls load 0.35 0.6 -0.27 0.42 
Wall 30 External External walls load 0.36 0.6 -0.27 0.42 
Wall 31 External External walls load 0.35 0.6 -0.27 0.42 
Wall 32 External External walls load 0.35 0.6 -0.27 0.42 
Wall 33 External External walls load 0.36 0.6 -0.27 0.42 
Wall 34 External External walls load 0.35 0.6 -0.27 0.42 
Wall 35 External External walls load 0.2 0.6 -0.27 0.42 
Wall 36 External External walls load 0.2 0.6 -0.27 0.42 
Wall 37 External External walls load 0.2 0.6 -0.27 0.42 
Wall 38 External External walls load 0.2 0.6 -0.27 0.42 
Wall 39 External External walls load 0.2 0.6 -0.27 0.42 
Wall 40 External External walls load 0.2 0.6 -0.27 0.42 
Wall 41 External External walls load 0.2 0.6 -0.27 0.42 
Wall 42 External External walls load 0.37 0.6 -0.27 0.42 
Wall 43 External External walls load 0.2 0.6 -0.27 0.42 
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Wall 44 External External walls load 0.41 0.6 -0.27 0.42 
Wall 45 External External walls load 0.44 0.6 -0.27 0.42 
Wall 46 External External walls load 0.22 0.6 -0.27 0.42 
Wall 47 External External walls load 0.2 0.6 -0.27 0.42 
Wall 48 External External walls load 0.2 0.6 -0.27 0.42 
Wall 49 External External walls load 0.25 0.6 -0.27 0.42 
Wall 50 External External walls load 0.2 0.6 -0.27 0.42 
Wall 51 External External walls load 0.35 0.6 -0.27 0.42 
Wall 52 External External walls load 0.36 0.6 -0.27 0.42 
Wall 53 External External walls load 0.35 0.6 -0.27 0.42 
Wall 54 External External walls load 0.35 0.6 -0.27 0.42 
Wall 55 External External walls load 0.36 0.6 -0.27 0.42 
Wall 56 External External walls load 0.35 0.6 -0.27 0.42 
Wall 57 External External walls load 0.35 0.6 -0.27 0.42 
Wall 58 External External walls load 0.36 0.6 -0.27 0.42 
Wall 59 External External walls load 0.35 0.6 -0.27 0.42 
Wall 60 External External walls load 0.2 0.6 -0.27 0.42 
Wall 61 External External walls load 0.2 0.6 -0.27 0.42 
Wall 62 External External walls load 0.2 0.6 -0.27 0.42 
Wall 63 External External walls load 0.2 0.6 -0.27 0.42 
Wall 64 External External walls load 0.2 0.6 -0.27 0.42 
Wall 65 External External walls load 0.2 0.6 -0.27 0.42 
Wall 66 External External walls load 0.2 0.6 -0.27 0.42 
Wall 67 External External walls load 0.37 0.6 -0.27 0.42 
Wall 68 External External walls load 0.2 0.6 -0.27 0.42 
Wall 69 External External walls load 0.41 0.6 -0.27 0.42 
Wall 70 External External walls load 0.44 0.6 -0.27 0.42 
Wall 71 External External walls load 0.22 0.6 -0.27 0.42 
Wall 72 External External walls load 0.2 0.6 -0.27 0.42 
Wall 73 External External walls load 0.2 0.6 -0.27 0.42 
Wall 74 External External walls load 0.25 0.6 -0.27 0.42 
Wall 75 External External walls load 0.2 0.6 -0.27 0.42 

 

Loads acting on the floors 
The following table shows the characteristic values of the loads acting on the decks. 

Load name: Load ID  

Position: Position of the floor: internal or external  

Environment:  Load type 

α: Roof pitch angle 

gsw: Self-weight 

gns: Non-structural permanent loads 

q: Imposed actions  

fsn: Snow load 

wu: ULS wind load 

ws: SLS wind load 

 

Floor name Position α 
[°] Load name Environment gsw 

[kN/m2] 
gns 

[kN/m2] 
q 

[kN/m2] 
fsn 

[kN/m2] 
wu  

leeward 
[kN/m2] 

wu 
windward 

[kN/m2] 

ws  
leeward 
[kN/m2] 

ws 
windward 

[kN/m2] 

Floor 1 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 

Floor 2 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 

Floor 3 Internal floor 0 Floor load: 
residential 

Other - General areas, bedrooms, 
hospital wards, hotel rooms, toilet 

areas 
0.2 1 2 0 0 0 0 0 
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Seismic actions 
The seismic actions are defined according to the AS 1170.4 - 2007. The earthquake motion at a 
given point on the surface is represented by an elastic ground acceleration response spectrum. 

The response spectra are calculated according to the following parameters: 

- the probability factor 𝑘𝑝 for the annual probability of exceedance defined according to the
importance level for the structure;

- the hazard factor 𝑍 that depends on the location of the building;

- the site sub-soil class.

The above-mentioned parameters are reported below: 

Annual probability of exceedance 

Probability factor 𝒌𝒑 1.25 

Hazard factor 𝒁 0.09 

Site sub-soil class A 

Horizontal elastic response spectrum 

The values of the spectral shape factor 𝐶ℎ(𝑇)  are defined by the following expressions in
accordance to the site sub-soil class: 

Site sub-soil class 𝟎 < 𝑻 ≤ 𝟎. 𝟏 𝒔 𝟎. 𝟏 𝒔 < 𝑻 ≤ 𝟏. 𝟓 𝒔 𝑻 > 𝟏. 𝟓 𝒔 

Ae – Strong rock 0.8 + 15.5 𝑇 max(0.704 𝑇⁄ ; 2.35) 1.056 𝑇2⁄  

Be – Rock 1.0 + 19.4 𝑇 max(0.88 𝑇⁄ ; 2.94) 1.32 𝑇2⁄  

Ce – Shallow soil 1.3 + 23.8 𝑇 max(1.25 𝑇⁄ ; 3.68) 1.874 𝑇2⁄  

De – Deep or soft soil 1.1 + 25.8 𝑇 max(1.98 𝑇⁄ ; 3.68) 2.97 𝑇2⁄  

Ee – Very soft soil 1.1 + 25.8 𝑇 max(3.08 𝑇⁄ ; 3.68) 4.62 𝑇2⁄  

The values of the elastic size hazard spectrum 𝐶(𝑇) depend on the above-defined spectral shape 
factor and on the values of the probability factor 𝑘𝑝 and of the hazard factor 𝑍 according to the 
following equation: 

𝐶(𝑇) = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇)

The resultant horizontal elastic site hazard spectrum is reported below 
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Design spectrum for elastic analysis 

To avoid explicit inelastic structural analysis in design, the structural performance and its capacity 
to dissipate energy, through mainly ductile behavior of its elements and/or other mechanisms, is 
taken into account by performing an elastic analysis based on a response spectrum reduced with 
respect to the elastic one, henceforth called a ''design spectrum''. 

This reduction is accomplished by introducing the structural performance factor 𝑆𝑝  and the 
structural ductility factor 𝜇 related to the structural system adopted. 

Structural system LF buildings - Thin bracing panels 

Structural performance factor 𝑺𝒑 0.77 

Structural ductility factor 𝝁 2.00 

𝝁 𝑺𝒑⁄  2.60 

 

The design spectrum is defined by the following expressions: 

𝐶𝑑(𝑇) = 𝐶(𝑇) ∙ 𝑆𝑝 𝜇⁄ = 𝑘𝑝 ∙ 𝑍 ∙ 𝐶ℎ(𝑇) ∙ 𝑆𝑝 𝜇⁄  

The horizontal elastic response spectrum and the horizontal design spectrum (Ultimate Limit State) 
are shown below: 
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Sections of the structural elements 

 
 

 

 

Framed walls 
Frame geometric characteristics  

t:  thickness of the frame 

hb:  thickness of top and sole plates 

bs,int:  width of the internal studs 

bs,ext:  width of the external studs 

im: average studs spacing 

The characteristics of the frame of each wall type are reported 
below. 

Section name # sides with 
bracing Material 

Frame 
thickness t 

[mm] 

Thickness of 
top and sole 

plates hb [mm] 

Width of the 
internal studs 

bs,int [mm] 

# elements 
for each 

internal stud 

Width of the 
external studs 

bs,ext [mm] 

# elements 
for each 

external stud 

Average studs 
spacing im  

[mm] 
Frame 1 1.00 MGP 10 - 90 x 45 90 45 45 1 45 4 409 

 

Sheet-bracing geometrical characteristics  

bs:  sheeting boards width 

sc,b: spacing of fasteners along the perimeter of every sheet 

sc,i: spacing of internal fasteners 

 

 

 

 

The characteristics of the sheet-bracing are reported below. 

Section name Side Material 
Sheeting board 

thickness ts 
[mm] 

Sheeting 
boards width bs 

[mm] 
Frame-sheeting 
board fastener 

Perimeter 
fasteners spacing 

Sc,b [mm] 

Internal 
fasteners 

spacing i Sc,i 
[mm] 

Frame 1 1 F14 Plywood - Pinus species 15 818 Ring nail (coils) 
2.8/3.1 x 60 100 200 

 

Figure: dimensions of the 
sheeting boards and fasteners 

spacing 

Figure: dimensions of the frame 
elements 
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Floors with timber joists 
Elements geometric characteristics  

hb:  Cross section height 

bb:  Cross section width 

ib: Joists spacing 

 

The following table sets out the details concerning the floor with joists. 

Section name Material Cross section height hb 
[mm] 

Cross section width bb 
[mm] 

Joists spacing ib 
[mm] 

Joists floor 1 MGP 10 - 90 x 45 90 45 100 

 
 

 

 

  

 

Figure: geometric characteristics of the floor 
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Connections  
Hold Down 

 

Figure: graphical representation of a hold-down in a base connection (timber wall – foundation 
connection)  

Connection 
name 

Connection 
position Manufacturer Description Fasteners 

number 
Fastener 
typology 

Threaded 
rod / Anchor 

Chemical 
anchor type 

Number of 
hold-down at 
each wall end  

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blass WHT 340 14 Anker nail - 

LBA 4.0 X 40 
INA - 5.8 - 
M16 x 160 

EPOPLUS 
chemical 
anchor 

1 

 

 

Timber-reinforced concrete connection 

 

Figure: graphical representation of the shear connection with angle brackets 

Connection 
name 

Connection 
position Manufacturer Description 

Fasteners number 
on the vertical 

plate 
Fastener 
typology 

Anchors 
number 

Threaded 
rod / Anchor 

Chemical 
anchor tipe 

Number of 
sides 

Angle brackets 
spacing i [mm] 

Ground 
connection - 
hold down - 

bracket 

Ground 
connection Rotho Blaas Titan N - 

TCN 200 30 Anker nail - 
LBA 4.0 X 60 2 INA - 5.8 - 

M12 x 130 

VINYLPRO 
chemical 
anchor 

1.00 500 
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Punched metal plate/Punched strap for tension force  

 

Figure: graphical representation of a punched strap 

Connection 
name 

Connection 
position Manufacturer Description Width 

[mm] 
Length 
[mm] 

Thickness 
[mm] Steel grade 

Number of 
fasteners at 

each end 
Fasteners 
typology 

Number of 
connections at 
each wall end 

Upper levels - 
tensile plate - 
shear plate 

Upper level Rotho Blaas 
Perforated plate 
60x600 thk. 1.5 

mm 
60 600 1.5 S250 30 Anker nail - 

LBA 4.0 X 60 1 

 

 

Punched metal plate/Punched strap for shear force 

 
 

 

Figure: graphical representations of timber to timber shear connection with punched metal plates 

Connection 
name 

Connection 
position Manufacturer Description Width 

[mm] 
Lenght 
[mm] 

Thickness 
[mm] 

Steel 
grade 

Number of fasteners 
at each end 

Fasteners 
typology 

Metal paltes 
spacing i [mm] 

Upper levels - 
tensile plate - 
shear plate 

Upper level Rotho Blaas 
Perforated 

plate 200x300 
thk. 2 mm 

200 300 2 S250 30 
Anker nail 
- LBA 4.0 

X 60 
500 
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Combinations of actions 
The combinations for the ultimate limit states used in checking strength are as follows. 

(a)  𝐸𝑑 = [1.35 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]   Permanent action only 

(b)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝑄]  Permanent and imposed action 

(c)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 1.5 ∙ 𝜓𝑙 ∙ 𝑄] Permanent and long-term imposed action 

(d)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(e)  𝐸𝑑 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝑊𝑢]  Permanent and wind action reversal 

(f)  𝐸𝑑 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐸𝑢, 𝜓𝐸 ∙ 𝑄]  Permanent, earthquake and imposed action 

(g)  𝐸𝑑 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠), 𝐹𝑠𝑛, 𝜓𝑐 ∙ 𝑄] Permanent, snow and imposed action 

 

The combinations for the ultimate limit states used in checking stability are as follows. 

For combinations that produce net stabilizing effects: 

o  𝐸𝑑,𝑠𝑡𝑏 = [0.9 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠)]  Permanent action only 

For combinations that produce net destabilizing effects 

(iv) 𝐸𝑑,𝑑𝑠𝑡 = [1.2 ∙ (𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝑊𝑢, 𝜓𝑐 ∙ 𝑄] Permanent, wind and imposed action 

(v) 𝐸𝑑,𝑑𝑠𝑡 = [(𝐺𝑠𝑤 + 𝐺𝑛𝑠),   𝐸𝑢, 𝜓𝐸 ∙ 𝑄] Permanent, earthquake and imposed action 

 

The combinations for the serviceability limit states are as follows.  

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑙 ∙ 𝑄 

o  (𝐺𝑠𝑤 + 𝐺𝑛𝑠) + 𝜓𝑠 ∙ 𝑄 

o  𝜓𝑠 ∙ 𝑄 

o  𝑊𝑠 

 

being: 

𝐺𝑠𝑤  permanent actions: self weight  

𝐺𝑛𝑠  non-structural permanent actions 

𝑄  imposed actions 

𝑊𝑢   Wind action for ULS 
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𝑊𝑠   Wind action for SLS 

𝐸𝑢   earthquake action 

𝐹𝑠𝑛   snow action 

𝜓𝑠  short-term factor 

𝜓𝑙  long-term factor 

𝜓𝑐  combination factor 

𝜓𝐸  earthquake combination factor 

 

The following table presents the values of the factors used. 

 

Action name Description Duration ψs ψl ψc ψE 

Q type A Type A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type Asf Type Asf: Non-habitable roof spaces for residential activities 5 months 1 0.6 0.6 0.6 

Q type B Type B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type C Type C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type Cff Type Cff: Areas where people may congregate - fixed furniture 5 days 1 0.6 0.6 0.6 

Q type D Type D: Shopping areas 5 months 0.7 0.4 0.4 0.3 

Q type E Type E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type F Type F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type G Type G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R1 Type R1: Street awnings 5 days 0.7 0 0 0 

Q type R2 Type R2: Other roofs 5 days 0.7 0 0 0 

Q type R-A Type R-A: Domestic and residential activities 5 months 0.7 0.4 0.4 0.3 

Q type R-B Type R-B: Offices and work areas not covered elsewhere 5 months 0.7 0.4 0.4 0.3 

Q type R-C Type R-C: Areas where people may congregate 5 days 0.7 0.4 0.4 0.3 

Q type R-D Type R-D: Shopping areas 5 months 0.7 0.4 0.4 0.3 
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Q type R-E Type R-E: Warehousing, storage areas, areas for plant 5 months 1 0.6 0.6 0.6 

Q type R-F Type R-F: Light vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Q type R-G Type R-G: Medium vehicle traffic areas 5 months 0.7 0.4 0.4 0.3 

Ortho wind ULS Wind pressure ULS 5 seconds 0 0 0 0 

Ortho wind SLS Wind pressure SLS 5 seconds 0 0 0 0 

Snow Snow action for alpine areas 5 months 0 0 0 0 

Snow Snow action for sub-alpine areas 5 days 0 0 0 0 
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Combinations of actions used 
Vertical ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of vertical actions. 

The action of the wind is considered as a uniform load orthogonal to the roof and to each external 
wall. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS 1 50+ years 1.35 1.35 0 0 0 0 0 0 0 
ULS 2 50+ years 1.2 1.2 0 0 0 0 0 0 0 
ULS 3 5 months 1.2 1.2 1.5 0 0 0 0 0 0 
ULS 4 50+ years 1.2 1.2 0.6 0 0 0 0 0 0 
ULS 5 5 seconds 1.2 1.2 0.4 1 0 0 0 0 0 
ULS 6 5 seconds 0.9 0.9 0 0 1 0 0 0 0 

 

Wind ULS combinations of actions 

The following table shows the combinations of actions for Ultimate Limit States relevant for 
verifications in the case of horizontal wind actions. 

The action of the wind is considered as a uniform load orthogonal to each external wall that acts 
separately in the directions X, -X, Y, -Y and as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS Wind 1 5 seconds 1.2 1.2 0.4 1 0 1 0 0 0 
ULS Wind 2 5 seconds 1.2 1.2 0.4 1 0 -1 0 0 0 
ULS Wind 3 5 seconds 0.9 0.9 0 0 1 1 0 0 0 
ULS Wind 4 5 seconds 0.9 0.9 0 0 1 -1 0 0 0 
ULS Wind 5 5 seconds 1.2 1.2 0.4 1 0 0 1 0 0 
ULS Wind 6 5 seconds 1.2 1.2 0.4 1 0 0 -1 0 0 
ULS Wind 7 5 seconds 0.9 0.9 0 0 1 0 1 0 0 
ULS Wind 8 5 seconds 0.9 0.9 0 0 1 0 -1 0 0 

 

SLS combinations of actions 

The action of the wind is considered as a uniform load orthogonal to the roof. 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
SLS 1 50+ years 1 1 0.4 0 0 0 0 0 0 
SLS 2 5 seconds 0 0 0.7 0 0 0 0 0 0 
SLS 3 5 seconds 1 1 0.7 0 0 0 0 0 0 
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Seismic combinations of actions 
 

The action effects due to the combination of the horizontal components of the seismic action are 
computed using the following combinations: 

𝐸𝑢,𝑋 + 0,3 ⋅ 𝐸𝑢,𝑌 

0,3 ∙ 𝐸𝑢,𝑋 + 𝐸𝑢,𝑌 

Combinations of actions for seismic strength Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
strength 1 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 1 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 0.3 

ULS earthquake 
strength 2 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 2 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 1 -0.3 

ULS earthquake 
strength 3 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 3 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 0.3 

ULS earthquake 
strength 4 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 4 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -1 -0.3 

ULS earthquake 
strength 5 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 5 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 1 

ULS earthquake 
strength 6 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 6 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 0.3 -1 

ULS earthquake 
strength 7 ex+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 
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ey+ 
ULS earthquake 

strength 7 ex- 
ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 7 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 1 

ULS earthquake 
strength 8 ex+ 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey+ 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex+ 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

ULS earthquake 
strength 8 ex- 

ey- 

5 seconds 1 1 0.3 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic stability Ultimate Limit States 

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 

stability 1 ex+ 
ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 1 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 0.3 

ULS earthquake 
stability 2 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 2 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 1 -0.3 

ULS earthquake 
stability 3 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 3 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 0.3 

ULS earthquake 
stability 4 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 4 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -1 -0.3 

ULS earthquake 
stability 5 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 5 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 1 

ULS earthquake 
stability 6 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 6 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 0.3 -1 

ULS earthquake 
stability 7 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 
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ULS earthquake 
stability 7 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 7 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 1 

ULS earthquake 
stability 8 ex+ 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- 

ey+ 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex+ 

ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

ULS earthquake 
stability 8 ex- ey- 

5 seconds 0.9 0.9 0 0 0 0 0 -0.3 -1 

 

Combinations of actions for seismic drift Ultimate Limit States  

Name Duration G(sw) G(ns) Q type A Ortho wind 
ULS down 

Ortho wind 
ULS up Wind X Wind Y Seismic 

dynamic X 
Seismic 

dynamic Y 
ULS earthquake 
drift 1 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 1 ex- ey- 

5 seconds 0 0 0 0 0 0 0 1 0 

ULS earthquake 
drift 2 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 2 ex- ey- 

5 seconds 0 0 0 0 0 0 0 -1 0 

ULS earthquake 
drift 3 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 3 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 1 

ULS earthquake 
drift 4 ex+ ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex+ ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey+ 

5 seconds 0 0 0 0 0 0 0 0 -1 

ULS earthquake 
drift 4 ex- ey- 

5 seconds 0 0 0 0 0 0 0 0 -1 

 

  





Technical Design Calculation Report                  

 

Horizontal actions 

Modal analysis 
The modal analysis is used to determine the vibration modes of the structure, useful to understand 
the seismic behaviour of the building and to proceed with the linear dynamic analysis.  

The modal analysis involves the solution of the generalized eigenvalue problem: 

[𝑲 − 𝜴2𝑴]𝚽 = 𝟎 

where 𝑲 is the stiffness matrix, 𝑴 the mass matrix, 𝜴2 is the diagonal matrix of the eigenvalues 
and 𝚽 is the corresponding matrix of eigenvectors or modal shapes (normalized with respect to the 
mass matrix); the seismic masses of the diaphragms are calculated with the following combination 
of vertical loads:  

∑(𝐺𝑠𝑤,𝑗 + 𝐺𝑛𝑠,𝑗) + ∑ 𝜓E,i ⋅ Q 

where ψEi is the earthquake combination factor for the imposed action i.  

The eigenvalue, obtained from the solution of the generalized eigenvalue problem, is the square of 
the circular frequency 𝝎 related to the period, T, and to the frequency, f, by the following equations: 

𝑇 =
1

𝑓
  and  𝑓 =

𝜔

2𝜋
   

The participating mass ratio for the mode i-th, corresponding to an acceleration in the global axis X 
and Y and to a rotational acceleration around the vertical axis Z, is given by: 

𝑀𝑥
𝑖 =

𝑚𝑥
𝑖

∑ 𝑚𝑥,𝑗
  [%] 

𝑀𝑦
𝑖 =

𝑚𝑦
𝑖

∑ 𝑚𝑦,𝑗
  [%] 

𝑀𝑧
𝑖 =

𝑚𝑧
𝑖

∑ 𝐼𝑧,𝑗
  [%] 

where: 

𝑚𝑥
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒙)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

𝑚𝑦
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒚)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

𝑚𝑧
𝑖 =

([𝚽𝒊]
𝑻

𝑴 𝑹𝒛)
𝟐

[𝚽𝒊]𝑻𝑴 𝚽𝒊
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and where  ∑ 𝑚𝑥,𝑗 , ∑ 𝑚𝑦,𝑗  and ∑ 𝐼𝑧,𝑗  are the total masses acting in the axis X, Y and the total 
rotational inertia about the axis Z of the unrestrained j-th degrees of freedom. 

 

Mode Period 
[s] 

Frequency 
[Hz] 

MX 
[%] 

Sum MX 
[%] 

MY 
[%] 

Sum MY 
[%] 

MZ 
[%] 

Sum MZ 
[%] 

Mode 1 0.73 1.38 0.00 0.00 91.67 91.67 0.53 0.53 
Mode 2 0.64 1.55 0.91 0.91 0.64 92.30 90.76 91.29 
Mode 3 0.51 1.96 91.41 92.32 0.00 92.30 0.90 92.19 
Mode 4 0.26 3.79 0.00 92.32 6.84 99.15 0.20 92.38 
Mode 5 0.23 4.27 0.07 92.38 0.03 99.18 6.71 99.09 
Mode 6 0.19 5.30 0.02 92.40 0.82 100.00 0.00 99.10 
Mode 7 0.19 5.38 6.78 99.18 0.00 100.00 0.07 99.17 
Mode 8 0.17 5.96 0.01 99.19 0.00 100.00 0.82 99.99 
Mode 9 0.13 7.52 0.81 100.00 0.00 100.00 0.01 100.00 

 

Dynamic linear analysis 
The dynamic linear analysis consists of: 

- the calculation of the seismic effects (the seismic action is represented by the design 
response spectrum), of each of the vibration modes calculated in the modal analysis; 

- the combination of these effects. 

The seismic effects of the structural model are obtained by the application of the following external 
loads: 

𝑭𝒙
𝒊 = Γ𝑥

𝑖𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊 

and 

𝑭𝒚
𝒊 = Γ𝑦

𝑖 𝑆𝑑(𝑇𝑖)𝑴𝚽𝒊 

where:  

𝑭𝒙
𝒊  and 𝑭𝒚

𝒊  are the external loads of the i-th vibration mode due to seismic action along X and Y 

𝑆𝑑(𝑇𝑖) is the spectrum value corresponding to the i-th period 

𝚽𝒊 is the i-th modal shape 

Γ𝑥
𝑖  𝑎𝑛𝑑 Γ𝑦

𝑖  are the participating modal factor of the i-th mode given by: 

Γ𝑥
𝑖 =

[𝚽𝒊]
𝑻

𝑴 𝑹𝒙

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 e Γ𝑦

𝑖 =
[𝚽𝒊]

𝑻
𝑴 𝑹𝒚

[𝚽𝒊]𝑻𝑴 𝚽𝒊
 

 

The effects for a given direction of acceleration (along X or Y) and for each of the vibration modes 
are combined with the Complete Quadratic Combination technique defined as: 

𝐸 = (∑ ∑ 𝜌𝑖𝑗 ∙ 𝐸𝑖  ∙ 𝐸𝑗
𝑖𝑗

)

1/2

 

where: 
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𝐸𝑗 is the effect of the j-th vibration mode; 

𝜌𝑖𝑗 is the correlation coefficient of the i-th mode and the j-th mode, given by: 

𝜌𝑖𝑗 =
8 𝜉2𝛽𝑖𝑗

3/2

(1 + 𝛽𝑖𝑗)[(1 − 𝛽𝑖𝑗)]
 

𝜉 is the damping ratio in the i-th and j-th modes; 

𝛽𝑖𝑗 = 𝑇𝑗/𝑇𝑖). 

 

The following table provides the diaphragms properties. 

Diaphragm 
Height above the base of 

the timber structure 
[m] 

xG 
[m] 

yG 
[m] 

Mass i 
[kg] 

1 3.20 5.84 -0.25 17833 
2 6.40 5.84 -0.25 17833 
3 9.60 6.08 -0.27 12856 

 

The following table provides, for each of the vibration mode, the corresponding period and value of 
the response spectrum. 

Mode Period 
[s] 

Spectrum value 
[g] 

Mode 1 0.82 0.04 
Mode 2 0.58 0.05 
Mode 3 0.50 0.06 
Mode 4 0.30 0.10 
Mode 5 0.21 0.10 
Mode 6 0.21 0.10 
Mode 7 0.18 0.10 
Mode 8 0.15 0.10 
Mode 9 0.13 0.10 

 

 

Wind  

The table below illustrates the horizontal forces acting on the storeys due to the wind action and 
the coordinates of their respective application points. 

Diaphragm 
Height above the reference 

plane 
[m] 

xG,wind 
[m] 

yG,wind 
[m] 

Fx 
[kN] 

Fy 
[kN] 

1 3.20 6.63 -0.30 7.74 29.30 
2 6.40 6.63 -0.30 7.74 29.30 
3 9.60 6.63 -0.30 3.87 14.65 
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The action effects 
In this chapter the internal forces acting on the structural members and on their connections are 
reported with regard to the considered loads. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Va: Shear force on the single connection 

Ta: Tensile force on the single anchor 

dr: Interstory drift  

Load Wall name N 
[kN] 

V2 
[kN] 

V3 
[kN] 

M2-2 
[kNm] 

M3-3 
[kNm] 

Va 
[kN] 

Ta 
[kN] 

dr 
[mm] 

G(sw) Wall 1 2.08 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 2 1.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 3 2.12 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 4 2.22 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 5 2.24 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 6 2.98 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 7 5.78 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 8 4.11 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 9 2.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 10 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 11 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 12 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 13 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 14 10.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 15 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 16 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 17 2.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 18 12.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 19 1.97 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 20 1.93 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 21 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 22 4.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 23 8.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 24 3.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 25 5.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 26 1.38 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 27 1.34 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 28 1.43 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 29 1.48 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 30 1.50 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 31 1.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 32 3.89 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 33 2.76 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 34 1.79 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 35 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 36 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 37 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 38 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 39 7.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 40 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 41 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 42 1.36 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 43 8.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 44 1.31 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 45 1.29 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 46 2.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 47 3.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 48 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 49 2.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 50 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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G(sw) Wall 51 0.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 52 0.67 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 53 0.72 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 54 0.74 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 55 0.75 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 56 0.99 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 57 1.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 58 1.39 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 59 0.90 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 60 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 61 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 62 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 63 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 64 3.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 65 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 66 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 67 0.68 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 68 4.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 69 0.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 70 0.64 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(sw) Wall 71 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 72 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 73 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 74 1.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(sw) Wall 75 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
G(ns) Wall 1 3.54 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 2 3.10 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 3 3.79 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 4 4.22 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 5 4.36 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 6 7.97 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 7 21.86 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 8 13.58 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 9 6.58 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 10 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 11 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 12 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 13 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 14 43.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 15 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 16 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 17 3.34 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 18 54.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 19 2.88 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 20 2.65 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 21 10.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 22 14.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 23 34.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 24 7.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 25 17.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 26 2.36 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 27 2.09 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 28 2.54 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 29 2.81 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 30 2.91 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 31 5.31 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 32 14.69 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 33 9.13 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 34 4.39 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 35 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 36 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 37 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 38 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 39 29.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 40 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 41 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 42 2.23 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 43 36.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 44 1.92 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 45 1.77 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 46 7.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 47 9.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 48 22.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 49 4.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 50 11.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 51 1.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 52 1.05 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 53 1.28 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 54 1.41 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 55 1.45 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 56 2.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 57 7.40 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 58 4.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 59 2.19 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 60 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 61 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 62 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 63 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 64 14.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 65 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 66 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 67 1.11 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 68 18.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 69 0.96 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
G(ns) Wall 70 0.88 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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G(ns) Wall 71 3.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 72 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 73 11.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 74 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
G(ns) Wall 75 5.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
Q type A Wall 1 0.06 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 2 -0.70 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 3 0.55 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 4 1.41 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 5 1.81 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 6 8.92 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 7 36.70 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 8 20.26 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 9 6.13 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 14 58.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 18 79.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 23 39.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 25 6.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 26 0.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 27 -0.47 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 28 0.37 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 29 0.94 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 30 1.21 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 31 5.94 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 32 24.66 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 33 13.62 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 34 4.09 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 39 39.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 43 53.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 48 26.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 50 4.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 52 -0.24 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 53 0.18 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 54 0.47 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 55 0.60 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 56 2.97 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 57 12.42 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 58 6.87 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 59 2.04 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 64 19.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 68 26.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Q type A Wall 71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 73 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q type A Wall 75 2.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

          
Ortho wind ULS down Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
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Ortho wind ULS down Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 26 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 27 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 28 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 29 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 30 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 31 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 32 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 33 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 34 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 35 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 36 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 37 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 38 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 39 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 40 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 41 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 42 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 43 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 44 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 45 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 46 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 47 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 48 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 49 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 50 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 51 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 52 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 53 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 54 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 55 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 56 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 57 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 58 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 59 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 60 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 61 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 62 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 63 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 64 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 65 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 66 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 67 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 68 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 69 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 70 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS down Wall 71 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 72 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 73 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 74 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS down Wall 75 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

          
Ortho wind ULS up Wall 1 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 2 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 3 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 4 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 5 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 6 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 7 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 8 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 9 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 10 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 11 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 12 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 13 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 14 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 15 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 16 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 17 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 18 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 19 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 20 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 21 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 22 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 23 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 24 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 25 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 26 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 27 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 28 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 29 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 30 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 31 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 32 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 33 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 34 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
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Ortho wind ULS up Wall 35 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 36 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 37 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 38 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 39 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 40 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 41 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 42 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 43 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 44 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 45 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 46 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 47 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 48 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 49 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 50 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 51 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 52 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 53 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 54 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 55 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 56 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 57 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 58 0.00 0.00 0.41 0.32 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 59 0.00 0.00 0.41 0.33 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 60 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 61 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 62 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 63 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 64 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 65 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 66 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 67 0.00 0.00 0.39 0.31 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 68 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 69 0.00 0.00 0.34 0.27 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 70 0.00 0.00 0.31 0.25 0.00 0.00 0.00 N/D 
Ortho wind ULS up Wall 71 0.00 0.00 1.26 1.01 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 72 0.00 0.00 1.65 1.32 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 73 0.00 0.00 1.69 1.35 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 74 0.00 0.00 0.88 0.70 0.00 0.00 0.00 0.00 
Ortho wind ULS up Wall 75 0.00 0.00 1.68 1.34 0.00 0.00 0.00 0.00 

Wind X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 10 0.00 2.31 0.00 0.00 13.32 0.00 0.00 1.66 
Wind X Wall 11 0.00 2.31 0.00 0.00 13.32 0.00 0.00 1.66 
Wind X Wall 12 0.00 2.31 0.00 0.00 13.32 0.00 0.00 1.66 
Wind X Wall 13 0.00 2.31 0.00 0.00 13.32 0.00 0.00 1.66 
Wind X Wall 14 0.00 0.15 0.00 0.00 0.83 0.00 0.00 0.10 
Wind X Wall 15 0.00 2.40 0.00 0.00 13.82 0.00 0.00 1.73 
Wind X Wall 16 0.00 2.40 0.00 0.00 13.82 0.00 0.00 1.73 
Wind X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 18 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
Wind X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 21 0.00 1.77 0.00 0.00 10.21 0.00 0.00 1.73 
Wind X Wall 22 0.00 2.40 0.00 0.00 13.82 0.00 0.00 1.73 
Wind X Wall 23 0.00 0.11 0.00 0.00 0.61 0.00 0.00 0.07 
Wind X Wall 24 0.00 1.12 0.00 0.00 6.52 0.00 0.00 1.68 
Wind X Wall 25 0.00 0.04 0.00 0.00 0.25 0.00 0.00 0.03 
Wind X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 35 0.00 1.39 0.00 0.00 5.91 0.00 0.00 0.98 
Wind X Wall 36 0.00 1.39 0.00 0.00 5.91 0.00 0.00 0.98 
Wind X Wall 37 0.00 1.39 0.00 0.00 5.91 0.00 0.00 0.98 
Wind X Wall 38 0.00 1.39 0.00 0.00 5.91 0.00 0.00 0.98 
Wind X Wall 39 0.00 0.09 0.00 0.00 0.37 0.00 0.00 0.06 
Wind X Wall 40 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.01 
Wind X Wall 41 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.01 
Wind X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 43 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Wind X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 46 0.00 1.07 0.00 0.00 4.55 0.00 0.00 1.01 
Wind X Wall 47 0.00 1.44 0.00 0.00 6.14 0.00 0.00 1.01 
Wind X Wall 48 0.00 0.06 0.00 0.00 0.27 0.00 0.00 0.04 
Wind X Wall 49 0.00 0.69 0.00 0.00 2.93 0.00 0.00 0.99 
Wind X Wall 50 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.02 
Wind X Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Wind X Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 60 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 61 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 62 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 63 0.00 0.46 0.00 0.00 1.48 0.00 0.00 0.33 
Wind X Wall 64 0.00 0.03 0.00 0.00 0.09 0.00 0.00 0.02 
Wind X Wall 65 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 66 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Wind X Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind X Wall 71 0.00 0.36 0.00 0.00 1.14 0.00 0.00 0.34 
Wind X Wall 72 0.00 0.48 0.00 0.00 1.53 0.00 0.00 0.34 
Wind X Wall 73 0.00 0.02 0.00 0.00 0.07 0.00 0.00 0.01 
Wind X Wall 74 0.00 0.23 0.00 0.00 0.73 0.00 0.00 0.33 
Wind X Wall 75 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.01 

          
Wind Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 10 0.00 1.19 0.00 0.00 6.85 0.00 0.00 0.86 
Wind Y Wall 11 0.00 1.19 0.00 0.00 6.85 0.00 0.00 0.86 
Wind Y Wall 12 0.00 1.19 0.00 0.00 6.85 0.00 0.00 0.86 
Wind Y Wall 13 0.00 1.19 0.00 0.00 6.85 0.00 0.00 0.86 
Wind Y Wall 14 0.00 22.52 0.00 0.00 129.69 0.00 0.00 15.82 
Wind Y Wall 15 0.00 1.33 0.00 0.00 7.68 0.00 0.00 0.96 
Wind Y Wall 16 0.00 1.33 0.00 0.00 7.68 0.00 0.00 0.96 
Wind Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 18 0.00 18.47 0.00 0.00 106.39 0.00 0.00 12.97 
Wind Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 21 0.00 0.98 0.00 0.00 5.67 0.00 0.00 0.96 
Wind Y Wall 22 0.00 1.33 0.00 0.00 7.68 0.00 0.00 0.96 
Wind Y Wall 23 0.00 15.28 0.00 0.00 88.01 0.00 0.00 10.73 
Wind Y Wall 24 0.00 0.23 0.00 0.00 1.31 0.00 0.00 0.34 
Wind Y Wall 25 0.00 16.99 0.00 0.00 97.81 0.00 0.00 12.00 
Wind Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 35 0.00 0.71 0.00 0.00 3.04 0.00 0.00 0.50 
Wind Y Wall 36 0.00 0.71 0.00 0.00 3.04 0.00 0.00 0.50 
Wind Y Wall 37 0.00 0.71 0.00 0.00 3.04 0.00 0.00 0.50 
Wind Y Wall 38 0.00 0.71 0.00 0.00 3.04 0.00 0.00 0.50 
Wind Y Wall 39 0.00 13.51 0.00 0.00 57.65 0.00 0.00 9.29 
Wind Y Wall 40 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.56 
Wind Y Wall 41 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.56 
Wind Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 43 0.00 11.08 0.00 0.00 47.29 0.00 0.00 7.62 
Wind Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 46 0.00 0.59 0.00 0.00 2.53 0.00 0.00 0.56 
Wind Y Wall 47 0.00 0.80 0.00 0.00 3.41 0.00 0.00 0.56 
Wind Y Wall 48 0.00 9.17 0.00 0.00 39.13 0.00 0.00 6.30 
Wind Y Wall 49 0.00 0.14 0.00 0.00 0.59 0.00 0.00 0.20 
Wind Y Wall 50 0.00 10.18 0.00 0.00 43.45 0.00 0.00 7.05 
Wind Y Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 60 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 61 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 62 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 63 0.00 0.24 0.00 0.00 0.76 0.00 0.00 0.17 
Wind Y Wall 64 0.00 4.50 0.00 0.00 14.41 0.00 0.00 3.10 
Wind Y Wall 65 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 66 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 68 0.00 3.69 0.00 0.00 11.82 0.00 0.00 2.54 
Wind Y Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Wind Y Wall 71 0.00 0.20 0.00 0.00 0.63 0.00 0.00 0.19 
Wind Y Wall 72 0.00 0.27 0.00 0.00 0.85 0.00 0.00 0.19 
Wind Y Wall 73 0.00 3.06 0.00 0.00 9.78 0.00 0.00 2.10 
Wind Y Wall 74 0.00 0.05 0.00 0.00 0.15 0.00 0.00 0.07 
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Wind Y Wall 75 0.00 3.39 0.00 0.00 10.86 0.00 0.00 2.35 
          

Seismic static X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 10 0.00 5.15 0.00 0.00 36.66 0.00 0.00 9.63 
Seismic static X Wall 11 0.00 5.15 0.00 0.00 36.66 0.00 0.00 9.63 
Seismic static X Wall 12 0.00 5.15 0.00 0.00 36.66 0.00 0.00 9.63 
Seismic static X Wall 13 0.00 5.15 0.00 0.00 36.66 0.00 0.00 9.63 
Seismic static X Wall 14 0.00 0.46 0.00 0.00 3.24 0.00 0.00 0.84 
Seismic static X Wall 15 0.00 5.43 0.00 0.00 38.61 0.00 0.00 10.16 
Seismic static X Wall 16 0.00 5.43 0.00 0.00 38.61 0.00 0.00 10.16 
Seismic static X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 18 0.00 0.01 0.00 0.00 0.10 0.00 0.00 0.03 
Seismic static X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 21 0.00 4.00 0.00 0.00 28.54 0.00 0.00 10.16 
Seismic static X Wall 22 0.00 5.43 0.00 0.00 38.61 0.00 0.00 10.16 
Seismic static X Wall 23 0.00 0.34 0.00 0.00 2.37 0.00 0.00 0.62 
Seismic static X Wall 24 0.00 2.51 0.00 0.00 18.07 0.00 0.00 9.78 
Seismic static X Wall 25 0.00 0.14 0.00 0.00 0.96 0.00 0.00 0.25 
Seismic static X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 35 0.00 4.15 0.00 0.00 20.17 0.00 0.00 7.59 
Seismic static X Wall 36 0.00 4.15 0.00 0.00 20.17 0.00 0.00 7.59 
Seismic static X Wall 37 0.00 4.15 0.00 0.00 20.17 0.00 0.00 7.59 
Seismic static X Wall 38 0.00 4.15 0.00 0.00 20.17 0.00 0.00 7.59 
Seismic static X Wall 39 0.00 0.37 0.00 0.00 1.76 0.00 0.00 0.66 
Seismic static X Wall 40 0.00 4.37 0.00 0.00 21.23 0.00 0.00 8.00 
Seismic static X Wall 41 0.00 4.37 0.00 0.00 21.23 0.00 0.00 8.00 
Seismic static X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 43 0.00 0.01 0.00 0.00 0.05 0.00 0.00 0.02 
Seismic static X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 46 0.00 3.24 0.00 0.00 15.75 0.00 0.00 8.00 
Seismic static X Wall 47 0.00 4.37 0.00 0.00 21.23 0.00 0.00 8.00 
Seismic static X Wall 48 0.00 0.27 0.00 0.00 1.29 0.00 0.00 0.48 
Seismic static X Wall 49 0.00 2.06 0.00 0.00 10.03 0.00 0.00 7.71 
Seismic static X Wall 50 0.00 0.11 0.00 0.00 0.52 0.00 0.00 0.20 
Seismic static X Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 60 0.00 2.16 0.00 0.00 6.90 0.00 0.00 3.95 
Seismic static X Wall 61 0.00 2.16 0.00 0.00 6.90 0.00 0.00 3.95 
Seismic static X Wall 62 0.00 2.16 0.00 0.00 6.90 0.00 0.00 3.95 
Seismic static X Wall 63 0.00 2.16 0.00 0.00 6.90 0.00 0.00 3.95 
Seismic static X Wall 64 0.00 0.18 0.00 0.00 0.58 0.00 0.00 0.32 
Seismic static X Wall 65 0.00 2.27 0.00 0.00 7.25 0.00 0.00 4.15 
Seismic static X Wall 66 0.00 2.27 0.00 0.00 7.25 0.00 0.00 4.15 
Seismic static X Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 68 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.01 
Seismic static X Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static X Wall 71 0.00 1.68 0.00 0.00 5.38 0.00 0.00 4.15 
Seismic static X Wall 72 0.00 2.27 0.00 0.00 7.25 0.00 0.00 4.15 
Seismic static X Wall 73 0.00 0.13 0.00 0.00 0.43 0.00 0.00 0.24 
Seismic static X Wall 74 0.00 1.07 0.00 0.00 3.43 0.00 0.00 4.01 
Seismic static X Wall 75 0.00 0.05 0.00 0.00 0.17 0.00 0.00 0.10 

          
Seismic static Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 10 0.00 0.07 0.00 0.00 0.73 0.00 0.00 0.13 
Seismic static Y Wall 11 0.00 0.07 0.00 0.00 0.73 0.00 0.00 0.13 
Seismic static Y Wall 12 0.00 0.07 0.00 0.00 0.73 0.00 0.00 0.13 
Seismic static Y Wall 13 0.00 0.07 0.00 0.00 0.73 0.00 0.00 0.13 
Seismic static Y Wall 14 0.00 11.11 0.00 0.00 79.95 0.00 0.00 20.30 
Seismic static Y Wall 15 0.00 0.08 0.00 0.00 0.82 0.00 0.00 0.15 
Seismic static Y Wall 16 0.00 0.08 0.00 0.00 0.82 0.00 0.00 0.15 
Seismic static Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 18 0.00 10.87 0.00 0.00 77.47 0.00 0.00 19.86 
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Seismic static Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 21 0.00 0.06 0.00 0.00 0.60 0.00 0.00 0.15 
Seismic static Y Wall 22 0.00 0.08 0.00 0.00 0.82 0.00 0.00 0.15 
Seismic static Y Wall 23 0.00 10.69 0.00 0.00 75.52 0.00 0.00 19.52 
Seismic static Y Wall 24 0.00 0.01 0.00 0.00 0.14 0.00 0.00 0.05 
Seismic static Y Wall 25 0.00 10.73 0.00 0.00 76.13 0.00 0.00 19.71 
Seismic static Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 35 0.00 0.07 0.00 0.00 0.50 0.00 0.00 0.14 
Seismic static Y Wall 36 0.00 0.07 0.00 0.00 0.50 0.00 0.00 0.14 
Seismic static Y Wall 37 0.00 0.07 0.00 0.00 0.50 0.00 0.00 0.14 
Seismic static Y Wall 38 0.00 0.07 0.00 0.00 0.50 0.00 0.00 0.14 
Seismic static Y Wall 39 0.00 9.03 0.00 0.00 44.39 0.00 0.00 16.13 
Seismic static Y Wall 40 0.00 0.08 0.00 0.00 0.57 0.00 0.00 0.15 
Seismic static Y Wall 41 0.00 0.08 0.00 0.00 0.57 0.00 0.00 0.15 
Seismic static Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 43 0.00 8.77 0.00 0.00 42.67 0.00 0.00 15.68 
Seismic static Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 46 0.00 0.06 0.00 0.00 0.42 0.00 0.00 0.15 
Seismic static Y Wall 47 0.00 0.08 0.00 0.00 0.57 0.00 0.00 0.15 
Seismic static Y Wall 48 0.00 8.57 0.00 0.00 41.32 0.00 0.00 15.32 
Seismic static Y Wall 49 0.00 0.01 0.00 0.00 0.10 0.00 0.00 0.05 
Seismic static Y Wall 50 0.00 8.63 0.00 0.00 41.79 0.00 0.00 15.52 
Seismic static Y Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 60 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 61 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 62 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 63 0.00 0.08 0.00 0.00 0.27 0.00 0.00 0.15 
Seismic static Y Wall 64 0.00 4.85 0.00 0.00 15.51 0.00 0.00 8.66 
Seismic static Y Wall 65 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 66 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 68 0.00 4.56 0.00 0.00 14.60 0.00 0.00 8.15 
Seismic static Y Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic static Y Wall 71 0.00 0.07 0.00 0.00 0.22 0.00 0.00 0.17 
Seismic static Y Wall 72 0.00 0.09 0.00 0.00 0.30 0.00 0.00 0.17 
Seismic static Y Wall 73 0.00 4.34 0.00 0.00 13.89 0.00 0.00 7.75 
Seismic static Y Wall 74 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.06 
Seismic static Y Wall 75 0.00 4.43 0.00 0.00 14.19 0.00 0.00 7.98 

          
Seismic dynamic X Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 10 0.00 3.18 0.00 0.00 21.44 0.00 0.00 5.95 
Seismic dynamic X Wall 11 0.00 3.18 0.00 0.00 21.44 0.00 0.00 5.95 
Seismic dynamic X Wall 12 0.00 3.18 0.00 0.00 21.44 0.00 0.00 5.95 
Seismic dynamic X Wall 13 0.00 3.18 0.00 0.00 21.44 0.00 0.00 5.95 
Seismic dynamic X Wall 14 0.00 1.20 0.00 0.00 8.32 0.00 0.00 2.20 
Seismic dynamic X Wall 15 0.00 2.65 0.00 0.00 17.76 0.00 0.00 4.96 
Seismic dynamic X Wall 16 0.00 2.65 0.00 0.00 17.76 0.00 0.00 4.96 
Seismic dynamic X Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 18 0.00 1.26 0.00 0.00 8.29 0.00 0.00 2.29 
Seismic dynamic X Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 21 0.00 1.95 0.00 0.00 13.13 0.00 0.00 4.96 
Seismic dynamic X Wall 22 0.00 2.65 0.00 0.00 17.76 0.00 0.00 4.96 
Seismic dynamic X Wall 23 0.00 2.77 0.00 0.00 18.45 0.00 0.00 5.06 
Seismic dynamic X Wall 24 0.00 1.43 0.00 0.00 9.74 0.00 0.00 5.58 
Seismic dynamic X Wall 25 0.00 1.88 0.00 0.00 12.44 0.00 0.00 3.45 
Seismic dynamic X Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 35 0.00 2.43 0.00 0.00 11.57 0.00 0.00 4.46 
Seismic dynamic X Wall 36 0.00 2.43 0.00 0.00 11.57 0.00 0.00 4.46 
Seismic dynamic X Wall 37 0.00 2.43 0.00 0.00 11.57 0.00 0.00 4.46 
Seismic dynamic X Wall 38 0.00 2.43 0.00 0.00 11.57 0.00 0.00 4.46 
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Seismic dynamic X Wall 39 0.00 0.95 0.00 0.00 4.67 0.00 0.00 1.70 
Seismic dynamic X Wall 40 0.00 2.02 0.00 0.00 9.57 0.00 0.00 3.70 
Seismic dynamic X Wall 41 0.00 2.02 0.00 0.00 9.57 0.00 0.00 3.70 
Seismic dynamic X Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 43 0.00 0.94 0.00 0.00 4.43 0.00 0.00 1.69 
Seismic dynamic X Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 46 0.00 1.50 0.00 0.00 7.09 0.00 0.00 3.70 
Seismic dynamic X Wall 47 0.00 2.02 0.00 0.00 9.57 0.00 0.00 3.70 
Seismic dynamic X Wall 48 0.00 2.11 0.00 0.00 9.93 0.00 0.00 3.76 
Seismic dynamic X Wall 49 0.00 1.12 0.00 0.00 5.30 0.00 0.00 4.17 
Seismic dynamic X Wall 50 0.00 1.42 0.00 0.00 6.67 0.00 0.00 2.55 
Seismic dynamic X Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 60 0.00 1.22 0.00 0.00 3.89 0.00 0.00 2.23 
Seismic dynamic X Wall 61 0.00 1.22 0.00 0.00 3.89 0.00 0.00 2.23 
Seismic dynamic X Wall 62 0.00 1.22 0.00 0.00 3.89 0.00 0.00 2.23 
Seismic dynamic X Wall 63 0.00 1.22 0.00 0.00 3.89 0.00 0.00 2.23 
Seismic dynamic X Wall 64 0.00 0.52 0.00 0.00 1.68 0.00 0.00 0.94 
Seismic dynamic X Wall 65 0.00 1.00 0.00 0.00 3.20 0.00 0.00 1.83 
Seismic dynamic X Wall 66 0.00 1.00 0.00 0.00 3.20 0.00 0.00 1.83 
Seismic dynamic X Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 68 0.00 0.47 0.00 0.00 1.51 0.00 0.00 0.84 
Seismic dynamic X Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic X Wall 71 0.00 0.74 0.00 0.00 2.37 0.00 0.00 1.83 
Seismic dynamic X Wall 72 0.00 1.00 0.00 0.00 3.20 0.00 0.00 1.83 
Seismic dynamic X Wall 73 0.00 1.04 0.00 0.00 3.33 0.00 0.00 1.86 
Seismic dynamic X Wall 74 0.00 0.56 0.00 0.00 1.78 0.00 0.00 2.08 
Seismic dynamic X Wall 75 0.00 0.70 0.00 0.00 2.24 0.00 0.00 1.26 

          
Seismic dynamic Y Wall 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 10 0.00 0.90 0.00 0.00 6.10 0.00 0.00 1.68 
Seismic dynamic Y Wall 11 0.00 0.90 0.00 0.00 6.10 0.00 0.00 1.68 
Seismic dynamic Y Wall 12 0.00 0.90 0.00 0.00 6.10 0.00 0.00 1.68 
Seismic dynamic Y Wall 13 0.00 0.90 0.00 0.00 6.10 0.00 0.00 1.68 
Seismic dynamic Y Wall 14 0.00 6.37 0.00 0.00 42.88 0.00 0.00 11.64 
Seismic dynamic Y Wall 15 0.00 1.70 0.00 0.00 11.46 0.00 0.00 3.18 
Seismic dynamic Y Wall 16 0.00 1.70 0.00 0.00 11.46 0.00 0.00 3.18 
Seismic dynamic Y Wall 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 18 0.00 3.56 0.00 0.00 23.69 0.00 0.00 6.50 
Seismic dynamic Y Wall 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 21 0.00 1.25 0.00 0.00 8.47 0.00 0.00 3.18 
Seismic dynamic Y Wall 22 0.00 1.70 0.00 0.00 11.46 0.00 0.00 3.18 
Seismic dynamic Y Wall 23 0.00 3.29 0.00 0.00 21.79 0.00 0.00 6.00 
Seismic dynamic Y Wall 24 0.00 0.25 0.00 0.00 1.71 0.00 0.00 0.97 
Seismic dynamic Y Wall 25 0.00 3.09 0.00 0.00 20.47 0.00 0.00 5.68 
Seismic dynamic Y Wall 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 35 0.00 0.70 0.00 0.00 3.41 0.00 0.00 1.28 
Seismic dynamic Y Wall 36 0.00 0.70 0.00 0.00 3.41 0.00 0.00 1.28 
Seismic dynamic Y Wall 37 0.00 0.70 0.00 0.00 3.41 0.00 0.00 1.28 
Seismic dynamic Y Wall 38 0.00 0.70 0.00 0.00 3.41 0.00 0.00 1.28 
Seismic dynamic Y Wall 39 0.00 4.91 0.00 0.00 24.10 0.00 0.00 8.78 
Seismic dynamic Y Wall 40 0.00 1.30 0.00 0.00 6.33 0.00 0.00 2.38 
Seismic dynamic Y Wall 41 0.00 1.30 0.00 0.00 6.33 0.00 0.00 2.38 
Seismic dynamic Y Wall 42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 43 0.00 2.73 0.00 0.00 13.15 0.00 0.00 4.88 
Seismic dynamic Y Wall 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 46 0.00 0.97 0.00 0.00 4.70 0.00 0.00 2.38 
Seismic dynamic Y Wall 47 0.00 1.30 0.00 0.00 6.33 0.00 0.00 2.38 
Seismic dynamic Y Wall 48 0.00 2.50 0.00 0.00 11.74 0.00 0.00 4.46 
Seismic dynamic Y Wall 49 0.00 0.20 0.00 0.00 0.94 0.00 0.00 0.73 
Seismic dynamic Y Wall 50 0.00 2.36 0.00 0.00 11.18 0.00 0.00 4.24 
Seismic dynamic Y Wall 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
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Seismic dynamic Y Wall 59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 60 0.00 0.39 0.00 0.00 1.25 0.00 0.00 0.72 
Seismic dynamic Y Wall 61 0.00 0.39 0.00 0.00 1.25 0.00 0.00 0.72 
Seismic dynamic Y Wall 62 0.00 0.39 0.00 0.00 1.25 0.00 0.00 0.72 
Seismic dynamic Y Wall 63 0.00 0.39 0.00 0.00 1.25 0.00 0.00 0.72 
Seismic dynamic Y Wall 64 0.00 2.80 0.00 0.00 8.97 0.00 0.00 5.01 
Seismic dynamic Y Wall 65 0.00 0.73 0.00 0.00 2.33 0.00 0.00 1.33 
Seismic dynamic Y Wall 66 0.00 0.73 0.00 0.00 2.33 0.00 0.00 1.33 
Seismic dynamic Y Wall 67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 68 0.00 1.45 0.00 0.00 4.64 0.00 0.00 2.59 
Seismic dynamic Y Wall 69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/D 
Seismic dynamic Y Wall 71 0.00 0.54 0.00 0.00 1.73 0.00 0.00 1.33 
Seismic dynamic Y Wall 72 0.00 0.73 0.00 0.00 2.33 0.00 0.00 1.33 
Seismic dynamic Y Wall 73 0.00 1.21 0.00 0.00 3.87 0.00 0.00 2.16 
Seismic dynamic Y Wall 74 0.00 0.10 0.00 0.00 0.32 0.00 0.00 0.37 
Seismic dynamic Y Wall 75 0.00 1.18 0.00 0.00 3.77 0.00 0.00 2.12 

 

 

Floors 

Floor name: Floor ID 

V2: Maximum shear stress along the local axis 2 for the most stressed element of the 
floor  

M3-3: Maximum bending moment around local axis 3 for the most stressed element of 
the floor 

wist:  Maximum deformation for the most stressed element of the floor 

 

Load Floor name V2 
[kN] 

M3-3 
[kNm] 

wist  
[mm] 

G(sw) Floor 1 0.26 1.68 2549.13 
G(sw) Floor 2 0.26 1.68 2549.13 
G(sw) Floor 3 0.26 1.68 2549.13 

     
G(ns) Floor 1 1.29 8.30 12588.30 
G(ns) Floor 2 1.29 8.30 12588.30 
G(ns) Floor 3 1.29 8.30 12588.30 

     
Q type A Floor 1 2.57 16.59 25176.61 
Q type A Floor 2 2.57 16.59 25176.61 
Q type A Floor 3 2.57 16.59 25176.61 

     
Ortho wind ULS down Floor 1 0.00 0.00 0.00 
Ortho wind ULS down Floor 2 0.00 0.00 0.00 
Ortho wind ULS down Floor 3 0.00 0.00 0.00 

     
Ortho wind ULS up Floor 1 0.00 0.00 0.00 
Ortho wind ULS up Floor 2 0.00 0.00 0.00 
Ortho wind ULS up Floor 3 0.00 0.00 0.00 

     
Wind X Floor 1 0.00 0.00 0.00 
Wind X Floor 2 0.00 0.00 0.00 
Wind X Floor 3 0.00 0.00 0.00 

     
Wind Y Floor 1 0.00 0.00 0.00 
Wind Y Floor 2 0.00 0.00 0.00 
Wind Y Floor 3 0.00 0.00 0.00 

     
Seismic static X Floor 1 0.00 0.00 0.00 
Seismic static X Floor 2 0.00 0.00 0.00 
Seismic static X Floor 3 0.00 0.00 0.00 

     
Seismic static Y Floor 1 0.00 0.00 0.00 
Seismic static Y Floor 2 0.00 0.00 0.00 
Seismic static Y Floor 3 0.00 0.00 0.00 

     
Seismic dynamic X Floor 1 0.00 0.00 0.00 
Seismic dynamic X Floor 2 0.00 0.00 0.00 
Seismic dynamic X Floor 3 0.00 0.00 0.00 

     
Seismic dynamic Y Floor 1 0.00 0.00 0.00 
Seismic dynamic Y Floor 2 0.00 0.00 0.00 
Seismic dynamic Y Floor 3 0.00 0.00 0.00 
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Forces and moments acting at the base of the 
structure 
In this chapter the values of the actions acting at the base of the walls and the columns of the 
ground floor are reported. With regard to the walls, the first row of the table shows the values of the 
actions related to the ULS combination that maximizes the axial force while the second row shows 
the values of the actions related to the horizontal ULS combination that maximizes the moment 
acting in the plane of the wall M3-3 and the shear force V2 (also acting in the plane of the wall) and 
that, at the same time, minimizes the axial force N. 

In the other rows, the actions at the foot of the walls associated with the different loads considered 
individually are reported. 

Walls 

Wall name: Wall ID 

N: Total axial force 

V2: Shear force (in-plane) 

V3: Shear force (out-of-plane) 

M2-2: Bending moment (out-of-plane) 

M3-3: Bending moment (in-plane) 

Wall name Length 
[m] Load / Comb. N 

[kN] 
V2 

[kN] 
V3 

[kN] 
M2-2 

[kNm] 
M3-3 

[kNm] 
Wall 1 0.61 ULS 1 7.59 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.08 0.00 0.00 0.00 0.00 
  G(ns) 3.54 0.00 0.00 0.00 0.00 
  Q type A 0.06 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 2 0.60 ULS 1 6.87 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.99 0.00 0.00 0.00 0.00 
  G(ns) 3.10 0.00 0.00 0.00 0.00 
  Q type A -0.70 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 3 0.61 ULS 1 7.98 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.12 0.00 0.00 0.00 0.00 
  G(ns) 3.79 0.00 0.00 0.00 0.00 
  Q type A 0.55 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
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  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 4 0.61 ULS 3 9.84 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.22 0.00 0.00 0.00 0.00 
  G(ns) 4.22 0.00 0.00 0.00 0.00 
  Q type A 1.41 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 5 0.60 ULS 3 10.64 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.24 0.00 0.00 0.00 0.00 
  G(ns) 4.36 0.00 0.00 0.00 0.00 
  Q type A 1.81 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 6 0.61 ULS 3 26.51 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.98 0.00 0.00 0.00 0.00 
  G(ns) 7.97 0.00 0.00 0.00 0.00 
  Q type A 8.92 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 7 0.61 ULS 3 88.23 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 5.78 0.00 0.00 0.00 0.00 
  G(ns) 21.86 0.00 0.00 0.00 0.00 
  Q type A 36.70 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 8 0.60 ULS 3 51.62 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 4.11 0.00 0.00 0.00 0.00 
  G(ns) 13.58 0.00 0.00 0.00 0.00 
  Q type A 20.26 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.32 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.32 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 9 0.61 ULS 3 20.32 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.69 0.00 0.00 0.00 0.00 
  G(ns) 6.58 0.00 0.00 0.00 0.00 
  Q type A 6.13 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.41 0.33 0.00 
  Ortho wind ULS up 0.00 0.00 0.41 0.33 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 



Technical Design Calculation Report                  

 
 

  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 10 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.22 0.00 0.00 21.69 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.31 0.00 0.00 13.32 
  Wind Y 0.00 1.19 0.00 0.00 6.85 
  Seismic static X 0.00 5.15 0.00 0.00 36.66 
  Seismic static Y 0.00 0.07 0.00 0.00 0.73 
  Seismic dynamic X 0.00 3.18 0.00 0.00 21.44 
  Seismic dynamic Y 0.00 0.90 0.00 0.00 6.10 
        

Wall 11 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.22 0.00 0.00 21.69 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.31 0.00 0.00 13.32 
  Wind Y 0.00 1.19 0.00 0.00 6.85 
  Seismic static X 0.00 5.15 0.00 0.00 36.66 
  Seismic static Y 0.00 0.07 0.00 0.00 0.73 
  Seismic dynamic X 0.00 3.18 0.00 0.00 21.44 
  Seismic dynamic Y 0.00 0.90 0.00 0.00 6.10 
        

Wall 12 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.22 0.00 0.00 21.69 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.31 0.00 0.00 13.32 
  Wind Y 0.00 1.19 0.00 0.00 6.85 
  Seismic static X 0.00 5.15 0.00 0.00 36.66 
  Seismic static Y 0.00 0.07 0.00 0.00 0.73 
  Seismic dynamic X 0.00 3.18 0.00 0.00 21.44 
  Seismic dynamic Y 0.00 0.90 0.00 0.00 6.10 
        

Wall 13 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 2 
ex- ey+ 0.00 3.22 0.00 0.00 21.69 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.31 0.00 0.00 13.32 
  Wind Y 0.00 1.19 0.00 0.00 6.85 
  Seismic static X 0.00 5.15 0.00 0.00 36.66 
  Seismic static Y 0.00 0.07 0.00 0.00 0.73 
  Seismic dynamic X 0.00 3.18 0.00 0.00 21.44 
  Seismic dynamic Y 0.00 0.90 0.00 0.00 6.10 
        

Wall 14 2.50 ULS 3 153.85 0.00 0.00 0.00 0.00 
  ULS Wind 8 49.12 22.52 1.69 1.35 129.69 
         
  G(sw) 10.73 0.00 0.00 0.00 0.00 
  G(ns) 43.85 0.00 0.00 0.00 0.00 
  Q type A 58.90 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.15 0.00 0.00 0.83 
  Wind Y 0.00 22.52 0.00 0.00 129.69 
  Seismic static X 0.00 0.46 0.00 0.00 3.24 
  Seismic static Y 0.00 11.11 0.00 0.00 79.95 
  Seismic dynamic X 0.00 1.20 0.00 0.00 8.32 
  Seismic dynamic Y 0.00 6.37 0.00 0.00 42.88 
        

Wall 15 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.33 0.00 0.00 22.36 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.40 0.00 0.00 13.82 
  Wind Y 0.00 1.33 0.00 0.00 7.68 
  Seismic static X 0.00 5.43 0.00 0.00 38.61 
  Seismic static Y 0.00 0.08 0.00 0.00 0.82 
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  Seismic dynamic X 0.00 2.65 0.00 0.00 17.76 
  Seismic dynamic Y 0.00 1.70 0.00 0.00 11.46 
        

Wall 16 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.33 0.00 0.00 22.36 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.40 0.00 0.00 13.82 
  Wind Y 0.00 1.33 0.00 0.00 7.68 
  Seismic static X 0.00 5.43 0.00 0.00 38.61 
  Seismic static Y 0.00 0.08 0.00 0.00 0.82 
  Seismic dynamic X 0.00 2.65 0.00 0.00 17.76 
  Seismic dynamic Y 0.00 1.70 0.00 0.00 11.46 
        

Wall 17 0.58 ULS 1 7.27 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 2.04 0.00 0.00 0.00 0.00 
  G(ns) 3.34 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.39 0.31 0.00 
  Ortho wind ULS up 0.00 0.00 0.39 0.31 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 18 2.50 ULS 3 200.56 0.00 0.00 0.00 0.00 
  ULS Wind 8 60.50 18.47 1.69 1.35 106.39 
         
  G(sw) 12.86 0.00 0.00 0.00 0.00 
  G(ns) 54.36 0.00 0.00 0.00 0.00 
  Q type A 79.93 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.03 
  Wind Y 0.00 18.47 0.00 0.00 106.39 
  Seismic static X 0.00 0.01 0.00 0.00 0.10 
  Seismic static Y 0.00 10.87 0.00 0.00 77.47 
  Seismic dynamic X 0.00 1.26 0.00 0.00 8.29 
  Seismic dynamic Y 0.00 3.56 0.00 0.00 23.69 
        

Wall 19 0.50 ULS 1 6.55 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.97 0.00 0.00 0.00 0.00 
  G(ns) 2.88 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.34 0.27 0.00 
  Ortho wind ULS up 0.00 0.00 0.34 0.27 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 20 0.46 ULS 1 6.18 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex+ ey- 0.00 0.00 0.00 0.00 0.00 

         
  G(sw) 1.93 0.00 0.00 0.00 0.00 
  G(ns) 2.65 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.31 0.25 0.00 
  Ortho wind ULS up 0.00 0.00 0.31 0.25 0.00 
  Wind X 0.00 0.00 0.00 0.00 0.00 
  Wind Y 0.00 0.00 0.00 0.00 0.00 
  Seismic static X 0.00 0.00 0.00 0.00 0.00 
  Seismic static Y 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic X 0.00 0.00 0.00 0.00 0.00 
  Seismic dynamic Y 0.00 0.00 0.00 0.00 0.00 
        

Wall 21 1.87 ULS 1 19.94 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 2.45 0.00 0.00 16.53 

         
  G(sw) 4.00 0.00 0.00 0.00 0.00 
  G(ns) 10.77 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.26 1.01 0.00 
  Ortho wind ULS up 0.00 0.00 1.26 1.01 0.00 
  Wind X 0.00 1.77 0.00 0.00 10.21 
  Wind Y 0.00 0.98 0.00 0.00 5.67 
  Seismic static X 0.00 4.00 0.00 0.00 28.54 
  Seismic static Y 0.00 0.06 0.00 0.00 0.60 
  Seismic dynamic X 0.00 1.95 0.00 0.00 13.13 
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  Seismic dynamic Y 0.00 1.25 0.00 0.00 8.47 
        

Wall 22 2.45 ULS 1 25.43 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 3.33 0.00 0.00 22.36 

         
  G(sw) 4.72 0.00 0.00 0.00 0.00 
  G(ns) 14.11 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.65 1.32 0.00 
  Ortho wind ULS up 0.00 0.00 1.65 1.32 0.00 
  Wind X 0.00 2.40 0.00 0.00 13.82 
  Wind Y 0.00 1.33 0.00 0.00 7.68 
  Seismic static X 0.00 5.43 0.00 0.00 38.61 
  Seismic static Y 0.00 0.08 0.00 0.00 0.82 
  Seismic dynamic X 0.00 2.65 0.00 0.00 17.76 
  Seismic dynamic Y 0.00 1.70 0.00 0.00 11.46 
        

Wall 23 2.50 ULS 3 111.83 0.00 0.00 0.00 0.00 
  ULS Wind 8 38.89 15.28 1.69 1.35 88.01 
         
  G(sw) 8.82 0.00 0.00 0.00 0.00 
  G(ns) 34.39 0.00 0.00 0.00 0.00 
  Q type A 39.99 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.69 1.35 0.00 
  Ortho wind ULS up 0.00 0.00 1.69 1.35 0.00 
  Wind X 0.00 0.11 0.00 0.00 0.61 
  Wind Y 0.00 15.28 0.00 0.00 88.01 
  Seismic static X 0.00 0.34 0.00 0.00 2.37 
  Seismic static Y 0.00 10.69 0.00 0.00 75.52 
  Seismic dynamic X 0.00 2.77 0.00 0.00 18.45 
  Seismic dynamic Y 0.00 3.29 0.00 0.00 21.79 
        

Wall 24 1.30 ULS 1 14.28 0.00 0.00 0.00 0.00 

  ULS earthquake drift 1 
ex- ey- 0.00 1.48 0.00 0.00 10.04 

         
  G(sw) 3.09 0.00 0.00 0.00 0.00 
  G(ns) 7.49 0.00 0.00 0.00 0.00 
  Q type A 0.00 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 0.88 0.70 0.00 
  Ortho wind ULS up 0.00 0.00 0.88 0.70 0.00 
  Wind X 0.00 1.12 0.00 0.00 6.52 
  Wind Y 0.00 0.23 0.00 0.00 1.31 
  Seismic static X 0.00 2.51 0.00 0.00 18.07 
  Seismic static Y 0.00 0.01 0.00 0.00 0.14 
  Seismic dynamic X 0.00 1.43 0.00 0.00 9.74 
  Seismic dynamic Y 0.00 0.25 0.00 0.00 1.71 
        

Wall 25 2.49 ULS 3 38.33 0.00 0.00 0.00 0.00 
  ULS Wind 8 20.94 16.99 1.68 1.34 97.81 
         
  G(sw) 5.46 0.00 0.00 0.00 0.00 
  G(ns) 17.81 0.00 0.00 0.00 0.00 
  Q type A 6.94 0.00 0.00 0.00 0.00 
  Ortho wind ULS down 0.00 0.00 1.68 1.34 0.00 
  Ortho wind ULS up 0.00 0.00 1.68 1.34 0.00 
  Wind X 0.00 0.04 0.00 0.00 0.25 
  Wind Y 0.00 16.99 0.00 0.00 97.81 
  Seismic static X 0.00 0.14 0.00 0.00 0.96 
  Seismic static Y 0.00 10.73 0.00 0.00 76.13 
  Seismic dynamic X 0.00 1.88 0.00 0.00 12.44 
  Seismic dynamic Y 0.00 3.09 0.00 0.00 20.47 
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Design of the structural elements 

 

Joist floors 

Bending strength  

The checks are conducted according to § 3.2.1 of AS 1720.1. The following expression shall be 
satisfied: 

𝑀𝑑 ≥ 𝑀∗ 

with 

𝑀𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝑀∗ = 𝑀3−3 𝑚𝑎𝑥 is the design action effect in bending 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the beam about the axis of bending 𝑍 = (𝑏ℎ2/6 ) 

 

The following table illustrates the structural schemes and the envelopes of the bending moment 
diagram for the joist with the most severe checks of each floor. 

Floor name Combination Duration Diagram M3-3 
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Floor 1 ULS 3 5 months 

 

Floor 2 ULS 3 5 months 

 

Floor 3 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section M3-3 max 

[kNm] 
Z 

[mm3] Comb. k1 k4 k6 k9 k12  f’b 
[MPa] 

Md 
[kNm] Check 

Floor 1 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 
Floor 2 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 
Floor 3 Joists floor 1 36.86 60750 ULS 3 0.8 1 1 1 1 0.9 17.00 0.74 4958% 

 

Where 𝑓𝑏
′ for rectangular beam sections made of F-grades timber and greater than 300 mm in 

depth is obtained by multiplying the value of table H2.1 of AS 1720.1 by (300/𝑑)0.167. 
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Shear strength 

The checks are conducted according to § 3.2.5 of AS 1720.1. The following expression shall be 
satisfied: 

𝑉𝑑 ≥ 𝑉∗ 

with 

𝑉𝑑 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑓𝑠
′ ∙ 𝐴𝑠 

where 

𝑉∗ = 𝑉2 𝑚𝑎𝑥   is the design action effect in shear 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑓𝑠
′   is the characteristic value in shear 

𝐴𝑠   is the shear plane area for a rectangular beam loaded about its major axis in 
   bending 𝐴𝑠 = 2/3(𝑏𝑑) 

 

The following table illustrates the structural schemes and the envelopes of the shear force diagram 
for the joist of each floor with the most sever checks. 

Floor name Combination Duration Diagram V2 

Floor 1 ULS 3 5 months 
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Floor 2 ULS 3 5 months 

 

Floor 3 ULS 3 5 months 

 

 

The checks are summarized below in the form of a percentage value. 

Floor 
name Section V2 max 

[kN] 
As 

[mm2] Comb. k1 k4 k6  f’s 
[MPa] 

Vd 
[kN] Check 

Floor 1 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 
Floor 2 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 
Floor 3 Joists floor 1 5.72 4050 ULS 3 0.8 1 1 0.9 2.60 5.05 113% 

 

 

  



Technical Design Calculation Report                  

 
 

Floors deflections (SLS) 

The final deflection below a straight line between the supports due to a single type of action, 𝑤𝑐𝑟𝑒𝑒𝑝, 
is taken as: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 = 𝑗2 ∙ 𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 

where: 

𝑤𝑐𝑟𝑒𝑒𝑝,𝑖   is the final deflection that includes the effect of creep on deformation 

𝑤𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚,𝑖 is the short-term deflection 

𝑗2  is the modification factor for creep 

The limiting values for deflections of floors are assumed as shown in the following table according 
to the considered combination of actions. 

 𝑾𝒔 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒔 ∙ 𝑸 𝑮 + 𝝍𝒍 ∙ 𝑸 

Internal spans l/300 l/400 15 mm l/300 

Cantilever beams l/150 l/200 30 mm l/150 

 

The value of deflection 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is calculated for each type of load in the considered combination of 
actions and the final value 𝑤𝑐𝑟𝑒𝑒𝑝,𝑖 is defined as the sum of these deflections. 

The following table shows the maximum deformation of each floor (relative to the element in which 
the deformation checks are the most severe). 

Floor name Combination Deflection 

Floor 1 SLS 3 
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Floor 2 SLS 3 

 

Floor 3 SLS 3 

 

 

The table shows the deflection checks of the floor elements. 

Floor name Section Combination Most restrictive 
check 

Wcreep 
[mm] 

Deflection limit 
[mm] Check 

Floor 1 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 
Floor 2 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 
Floor 3 Joists floor 1 SLS 3 Cantilever beams 47898.50 30.00 159662% 

 

 

 

 

Framed Walls 
Combined bending and compression of the studs  

The checks are conducted according to § 3.5.1 of AS 1720.1 on the most loaded internal and 
external stud of each wall. The following expressions shall be satisfied: 

(
𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒

∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
)

2

+
𝑁𝑐

∗

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒
≤ 1 

𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
+

𝑁𝑐
∗

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
≤ 1 

with 
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𝑀𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒
∗ = 𝑀2−2 is the design action effect in bending out of the plane of the wall 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in bending out of the plane of the wall 

𝑁𝑐
∗ = 𝑁   is the design action effect in compression 

𝑁𝑑,𝑐,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 is the design capacity in compression for buckling out of the plane of the wall 

𝑁𝑑,𝑐,𝑖𝑛−𝑝𝑙𝑎𝑛𝑒  is the design capacity in compression for buckling in the plane of the wall 

 

The design capacity of each stud in bending out-of-the-plane of the wall is calculated according to 
the following equation: 

𝑀𝑑,𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘9 ∙ 𝑘12 ∙ 𝑓𝑏
′ ∙ 𝑍 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘9   is the strength sharing modification factor 

𝑘12   is the stability factor 

𝑓𝑏
′   is the characteristic value in bending for the section size 

𝑍   is the section modulus of the stud about the axis of bending 𝑍 = (𝑏𝑡2/6 ) 

 

The design capacity of each stud in compression is calculated according to the following equation: 

𝑁𝑑,𝑐 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘12 ∙ 𝑓𝑐
′ ∙ 𝐴𝑐 

where 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor for strength 

𝑘6   is the temperature modification factor 

𝑘12   is the relevant stability factor for buckling in or out of the plane of the wall 

𝑓𝑐
′   is the characteristic value in compression parallel to grain 

𝐴𝑐   is the cross-sectional area of the stud 
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The stability factor 𝑘12 takes into account the reduced compressive strength due to lateral buckling. 

The factor value is calculated according to § 3.3.3 of AS 1720.1 as follows: 

(a) For     𝜌𝑐 ∙ 𝑆 ≤ 10                  →            𝑘12 = 1.0 

(b) For    10 ≤ 𝜌𝑐 ∙ 𝑆 ≤ 20        →            𝑘12 = 1.5 − 0.05 ∙ 𝜌𝑐 ∙ 𝑆 

(c) For    𝜌𝑐 ∙ 𝑆 ≥ 20                   →            𝑘12 =
200

(𝜌𝑐∙𝑆)2 

Where 𝑆  is the relevant slenderness coefficient for buckling under compression and 𝜌𝑐  is the 
material constant for columns. 

The slenderness coefficient for buckling out of the plane of the wall is evaluated according to the 
following equations that is consistent with those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑜𝑢𝑡−𝑜𝑓−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑡
 

where 

𝐿  is the height of the stud 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 

The slenderness coefficient for buckling in the plane of the wall is equal to 0 when an effective 
restraint system act continuously along both edges of the stud (i.e. sheeting boards on both the 
faces of the frame). 

When the sheeting board provides an effective restraint along one edge only of the stud, the 
slenderness coefficient for buckling in the plane of the wall is evaluated according to the following 
equations that is consistent to those provided in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
3.5 ∙ 𝑡

𝑏
  

where 

𝑡  is the thickness of the frame (dimension of the stud cross-section perpendicular to 
  the wall plane) 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

In case of walls braced through steel braces, the slenderness coefficient for buckling in the plane 
of the wall is evaluated according to the following equations that is consistent with those provided 
in section 3.3.2.2 of AS 1720.1: 

𝑆𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 =
𝑔13 ∙ 𝐿

𝑏
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where 

𝐿  is the height of the stud 

𝑏  is the dimension of the stud cross-section parallel to the wall plane 

𝑔13  is the effective length factor equal to 0.85 for studs in light framing when plates and 
  studs are made of the same timber grade 

 

The material constant values for each material are defined according to equations E2(3) and E2(4) 
of AS 1720.1 assuming 𝑟 = 0.25: 

(a) Columns of seasoned timber    𝜌𝑐 = 11.39 (
𝐸

𝑓𝑐
′)

−0.408
𝑟−0.074 

(b) Columns of unseasoned timber   𝜌𝑐 = 9.29 (
𝐸

𝑓𝑐
′)

−0.367
𝑟−0.146 

 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit State of combined bending and compression. 

Wall name Length 
 [m] Combination Duration N 

[kN] 
M2-2 

[kNm] 
Wall 1 0.61 ULS 1 50+ years 7.59 0.00 
Wall 2 0.60 ULS 1 50+ years 6.87 0.00 
Wall 3 0.61 ULS 1 50+ years 7.98 0.00 
Wall 4 0.61 ULS 1 50+ years 8.69 0.00 
Wall 5 0.60 ULS 4 50+ years 9.01 0.00 
Wall 6 0.61 ULS 4 50+ years 18.49 0.00 
Wall 7 0.61 ULS 3 5 months 88.23 0.00 
Wall 8 0.60 ULS 3 5 months 51.62 0.00 
Wall 9 0.61 ULS 4 50+ years 14.80 0.00 

Wall 10 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 11 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 12 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 13 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 14 2.50 ULS 3 5 months 153.85 0.00 
Wall 15 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 16 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 17 0.58 ULS 1 50+ years 7.27 0.00 
Wall 18 2.50 ULS 3 5 months 200.56 0.00 
Wall 19 0.50 ULS 1 50+ years 6.55 0.00 
Wall 20 0.46 ULS 1 50+ years 6.18 0.00 
Wall 21 1.87 ULS 1 50+ years 19.94 0.00 
Wall 22 2.45 ULS 5 5 seconds 22.60 1.32 
Wall 23 2.50 ULS 3 5 months 111.83 0.00 
Wall 24 1.30 ULS 1 50+ years 14.28 0.00 
Wall 25 2.49 ULS 4 50+ years 32.09 0.00 
Wall 26 0.61 ULS 5 5 seconds 4.51 0.33 
Wall 27 0.60 ULS 5 5 seconds 3.92 0.32 
Wall 28 0.61 ULS 5 5 seconds 4.91 0.33 
Wall 29 0.61 ULS 5 5 seconds 5.53 0.33 
Wall 30 0.60 ULS 5 5 seconds 5.77 0.32 
Wall 31 0.61 ULS 4 50+ years 12.33 0.00 
Wall 32 0.61 ULS 3 5 months 59.28 0.00 
Wall 33 0.60 ULS 3 5 months 34.70 0.00 
Wall 34 0.61 ULS 4 50+ years 9.87 0.00 
Wall 35 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 36 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 37 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 38 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 39 2.50 ULS 3 5 months 102.57 0.00 
Wall 40 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 41 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 42 0.58 ULS 5 5 seconds 4.31 0.31 
Wall 43 2.50 ULS 3 5 months 133.71 0.00 
Wall 44 0.50 ULS 5 5 seconds 3.88 0.27 
Wall 45 0.46 ULS 5 5 seconds 3.67 0.25 
Wall 46 1.87 ULS 5 5 seconds 11.81 1.01 
Wall 47 2.45 ULS 5 5 seconds 15.07 1.32 
Wall 48 2.50 ULS 3 5 months 74.56 0.00 
Wall 49 1.30 ULS 5 5 seconds 8.46 0.70 
Wall 50 2.49 ULS 5 5 seconds 20.47 1.34 
Wall 51 0.61 ULS 5 5 seconds 2.26 0.33 
Wall 52 0.60 ULS 5 5 seconds 1.98 0.32 
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Wall 53 0.61 ULS 5 5 seconds 2.48 0.33 
Wall 54 0.61 ULS 5 5 seconds 2.76 0.33 
Wall 55 0.60 ULS 5 5 seconds 2.88 0.32 
Wall 56 0.61 ULS 5 5 seconds 5.57 0.33 
Wall 57 0.61 ULS 3 5 months 29.87 0.00 
Wall 58 0.60 ULS 3 5 months 17.50 0.00 
Wall 59 0.61 ULS 5 5 seconds 4.53 0.33 
Wall 60 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 61 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 62 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 63 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 64 2.50 ULS 3 5 months 51.28 0.00 
Wall 65 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 66 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 67 0.58 ULS 5 5 seconds 2.15 0.31 
Wall 68 2.50 ULS 3 5 months 66.85 0.00 
Wall 69 0.50 ULS 5 5 seconds 1.94 0.27 
Wall 70 0.46 ULS 5 5 seconds 1.83 0.25 
Wall 71 1.87 ULS 5 5 seconds 5.91 1.01 
Wall 72 2.45 ULS 5 5 seconds 7.53 1.32 
Wall 73 2.50 ULS 3 5 months 37.28 0.00 
Wall 74 1.30 ULS 5 5 seconds 4.23 0.70 
Wall 75 2.49 ULS 5 5 seconds 10.23 1.34 

 

The relevant values for the calculation of the stability factors in bending and compression are 
reported in the following table. 

Wall name Section Stud L 
[m] k12, bending, o-o-p Scompression, o-o-p Scompression, i-p c kcompression, 12, o-o-p kcompression, 12, i-p 

Wall 1 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 1 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 2 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 3 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 4 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 5 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 5 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 6 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 7 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 8 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 9 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

Wall 10 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 10 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 11 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 12 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 13 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 14 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 15 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 16 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 17 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 18 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 19 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 20 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 21 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 22 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 23 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 24 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 25 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 26 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 26 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 27 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 27 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 28 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 28 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 29 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 29 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 30 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 30 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 31 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 31 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 32 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
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Wall 32 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 33 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 33 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 34 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 34 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 35 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 35 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 36 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 36 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 37 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 37 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 38 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 38 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 39 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 39 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 40 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 40 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 41 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 41 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 42 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 42 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 43 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 43 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 44 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 44 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 45 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 46 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 46 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 47 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 47 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 48 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 48 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 49 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 49 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 50 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 50 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 51 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 51 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 52 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 52 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 53 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 53 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 54 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 54 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 55 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 55 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 56 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 56 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 57 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 57 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 58 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 58 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 59 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 59 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 60 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 60 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 61 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 61 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 62 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 62 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 63 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 63 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 64 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 64 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 65 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 65 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 66 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 66 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 67 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 67 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 68 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 68 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 69 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 69 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 70 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 71 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 71 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 72 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 72 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 73 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 73 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 74 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 74 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 75 Frame 1 Internal 3.2 1.00 30.22 7.00 0.96 0.24 1.00 
Wall 75 Frame 1 External 3.2 1.00 30.22 7.00 0.96 0.24 1.00 

 

The checks are summarized below in the form of a percentage value 

Wall name Section Stud M2-2 
[kNm] 

N 
[kN] 

Z 
[mm3] 

Ac 
[mm2] Comb. k1 k4 k6  f’b 

[MPa] 
f’c 

[MPa] 
Md 

[kNm] 
Nd,c,o-o-p 

[kN] 
Nd,c,i-p 
[kN] Check 

Wall 1 Frame 1 Internal 0.00 3.52 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 39% 
Wall 1 Frame 1 External 0.00 2.68 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 8% 
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Wall 2 Frame 1 Internal 0.00 3.33 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 37% 
Wall 2 Frame 1 External 0.00 2.34 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 7% 
Wall 3 Frame 1 Internal 0.00 3.79 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 42% 
Wall 3 Frame 1 External 0.00 2.77 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 8% 
Wall 4 Frame 1 Internal 0.00 4.06 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 45% 
Wall 4 Frame 1 External 0.00 3.02 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 8% 
Wall 5 Frame 1 Internal 0.00 4.17 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 47% 
Wall 5 Frame 1 External 0.00 3.24 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 9% 
Wall 6 Frame 1 Internal 0.00 5.78 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 65% 
Wall 6 Frame 1 External 0.00 9.56 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 27% 
Wall 7 Frame 1 Internal 0.00 39.79 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 318% 
Wall 7 Frame 1 External 0.00 34.28 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 68% 
Wall 8 Frame 1 Internal 0.00 25.16 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 201% 
Wall 8 Frame 1 External 0.00 18.07 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 36% 
Wall 9 Frame 1 Internal 0.00 7.23 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 81% 
Wall 9 Frame 1 External 0.00 4.71 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 13% 

Wall 10 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 10 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 11 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 11 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 12 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 12 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 13 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 13 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 14 Frame 1 Internal 0.00 27.29 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 218% 
Wall 14 Frame 1 External 0.00 13.86 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 28% 
Wall 15 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 15 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 16 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 16 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 17 Frame 1 Internal 0.00 3.35 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 38% 
Wall 17 Frame 1 External 0.00 2.70 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 8% 
Wall 18 Frame 1 Internal 0.00 33.30 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 266% 
Wall 18 Frame 1 External 0.00 18.86 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 38% 
Wall 19 Frame 1 Internal 0.00 2.98 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 33% 
Wall 19 Frame 1 External 0.00 2.82 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 8% 
Wall 20 Frame 1 External 0.00 3.09 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 9% 
Wall 21 Frame 1 Internal 0.00 4.36 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 49% 
Wall 21 Frame 1 External 0.00 2.30 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 6% 
Wall 22 Frame 1 Internal 0.22 3.77 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 48% 
Wall 22 Frame 1 External 0.12 1.99 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 23 Frame 1 Internal 0.00 18.60 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 148% 
Wall 23 Frame 1 External 0.00 10.75 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 21% 
Wall 24 Frame 1 Internal 0.00 4.49 60750 4050 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 50% 
Wall 24 Frame 1 External 0.00 2.37 243000 16200 ULS 1 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 7% 
Wall 25 Frame 1 Internal 0.00 5.65 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 63% 
Wall 25 Frame 1 External 0.00 3.17 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 9% 
Wall 26 Frame 1 Internal 0.15 2.10 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 30% 
Wall 26 Frame 1 External 0.12 1.60 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 27 Frame 1 Internal 0.15 1.91 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 27 Frame 1 External 0.12 1.27 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 28 Frame 1 Internal 0.15 2.32 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 31% 
Wall 28 Frame 1 External 0.12 1.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 29 Frame 1 Internal 0.15 2.59 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 33% 
Wall 29 Frame 1 External 0.12 1.90 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 30 Frame 1 Internal 0.15 2.67 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 33% 
Wall 30 Frame 1 External 0.12 2.07 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 31 Frame 1 Internal 0.00 3.86 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 43% 
Wall 31 Frame 1 External 0.00 6.37 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 18% 
Wall 32 Frame 1 Internal 0.00 26.50 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 211% 
Wall 32 Frame 1 External 0.00 22.85 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 46% 
Wall 33 Frame 1 Internal 0.00 16.75 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 134% 
Wall 33 Frame 1 External 0.00 12.05 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 24% 
Wall 34 Frame 1 Internal 0.00 4.82 60750 4050 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 0.53 8.93 37.40 54% 
Wall 34 Frame 1 External 0.00 3.14 243000 16200 ULS 4 0.57 1.00 1.00 0.90 17.00 18.00 2.12 35.71 149.59 9% 
Wall 35 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 35 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 36 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 36 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 37 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 37 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 38 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 38 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 39 Frame 1 Internal 0.00 18.19 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 145% 
Wall 39 Frame 1 External 0.00 9.24 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 18% 
Wall 40 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 40 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 41 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 41 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 42 Frame 1 Internal 0.14 1.99 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 42 Frame 1 External 0.12 1.60 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 43 Frame 1 Internal 0.00 22.20 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 177% 
Wall 43 Frame 1 External 0.00 12.57 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 25% 
Wall 44 Frame 1 Internal 0.12 1.76 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 24% 
Wall 44 Frame 1 External 0.12 1.67 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 45 Frame 1 External 0.12 1.83 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 46 Frame 1 Internal 0.22 2.58 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 46 Frame 1 External 0.12 1.36 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 47 Frame 1 Internal 0.22 2.52 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 40% 
Wall 47 Frame 1 External 0.12 1.33 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 48 Frame 1 Internal 0.00 12.40 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 99% 
Wall 48 Frame 1 External 0.00 7.16 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 14% 
Wall 49 Frame 1 Internal 0.22 2.66 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 41% 
Wall 49 Frame 1 External 0.12 1.40 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 50 Frame 1 Internal 0.22 3.57 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 47% 
Wall 50 Frame 1 External 0.13 2.01 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 7% 
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Wall 51 Frame 1 Internal 0.15 1.05 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 23% 
Wall 51 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 52 Frame 1 Internal 0.15 0.95 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 52 Frame 1 External 0.12 0.63 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 53 Frame 1 Internal 0.15 1.16 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 24% 
Wall 53 Frame 1 External 0.12 0.83 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 54 Frame 1 Internal 0.15 1.30 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 54 Frame 1 External 0.12 0.95 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 55 Frame 1 Internal 0.15 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 25% 
Wall 55 Frame 1 External 0.12 1.04 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 56 Frame 1 Internal 0.15 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 28% 
Wall 56 Frame 1 External 0.06 2.77 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 6% 
Wall 57 Frame 1 Internal 0.00 13.23 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 106% 
Wall 57 Frame 1 External 0.00 11.43 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 23% 
Wall 58 Frame 1 Internal 0.00 8.37 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 67% 
Wall 58 Frame 1 External 0.00 6.02 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 12% 
Wall 59 Frame 1 Internal 0.15 2.20 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 30% 
Wall 59 Frame 1 External 0.12 1.45 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 60 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 60 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 61 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 61 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 62 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 62 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 63 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 63 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 64 Frame 1 Internal 0.00 9.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 73% 
Wall 64 Frame 1 External 0.00 4.62 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 9% 
Wall 65 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 65 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 66 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 66 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 67 Frame 1 Internal 0.14 0.99 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 22% 
Wall 67 Frame 1 External 0.12 0.80 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 68 Frame 1 Internal 0.00 11.10 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 89% 
Wall 68 Frame 1 External 0.00 6.29 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 13% 
Wall 69 Frame 1 Internal 0.12 0.88 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 19% 
Wall 69 Frame 1 External 0.12 0.84 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 70 Frame 1 External 0.12 0.92 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
Wall 71 Frame 1 Internal 0.22 1.29 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 71 Frame 1 External 0.12 0.68 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 72 Frame 1 Internal 0.22 1.26 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 72 Frame 1 External 0.12 0.66 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 73 Frame 1 Internal 0.00 6.20 60750 4050 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 0.74 12.53 52.49 49% 
Wall 73 Frame 1 External 0.00 3.58 243000 16200 ULS 3 0.8 1.00 1.00 0.90 17.00 18.00 2.97 50.12 209.95 7% 
Wall 74 Frame 1 Internal 0.22 1.33 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 32% 
Wall 74 Frame 1 External 0.12 0.70 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 4% 
Wall 75 Frame 1 Internal 0.22 1.79 60750 4050 ULS 5 1 1.00 1.00 0.90 17.00 18.00 0.93 15.66 65.61 35% 
Wall 75 Frame 1 External 0.13 1.01 243000 16200 ULS 5 1 1.00 1.00 0.90 17.00 18.00 3.72 62.65 262.44 5% 
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Bearing perpendicular to the grain 

The studs are supported at the base by the bottom plate which is stressed by compression forces 
perpendicular to the grain.  

The following expression shall be satisfied: 

𝑁𝑑,𝑝 ≥ 𝑁𝑝
∗ 

with 

𝑁𝑑,𝑝 = 𝜙 ∙ 𝑘1 ∙ 𝑘4 ∙ 𝑘6 ∙ 𝑘7 ∙ 𝑓𝑝
′ ∙ 𝐴𝑝 

where 

𝑁𝑝
∗ = 𝑁   is the design action effect in compression 

𝜙   is the capacity factor 

𝑘1   is the duration of load modification factor for strength 

𝑘4   is the moisture condition modification factor 

𝑘6   is the temperature modification factor 

𝑘7   is the length of bearing factor 

𝑓𝑝
′   is the characteristic value in bearing perpendicular to grain 

𝐴𝑝   is the bearing area for loading perpendicular to grain 

 

The length of bearing factor 𝑘7  allows to increase the characteristic capacity in bearing 
perpendicular to the grain where rectangular bearing areas are located 75 mm or more from the 
end of the bottom plate. 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of actions for the bearing Ultimate Limit State. 

Wall name Length  
[m] Combination Duration N 

[kN] 
Wall 1 0.61 ULS 1 50+ years 7.59 
Wall 2 0.60 ULS 1 50+ years 6.87 
Wall 3 0.61 ULS 1 50+ years 7.98 
Wall 4 0.61 ULS 1 50+ years 8.69 
Wall 5 0.60 ULS 4 50+ years 9.01 
Wall 6 0.61 ULS 4 50+ years 18.49 
Wall 7 0.61 ULS 3 5 months 88.23 
Wall 8 0.60 ULS 3 5 months 51.62 
Wall 9 0.61 ULS 4 50+ years 14.80 

Wall 10 2.45 ULS 1 50+ years 25.43 
Wall 11 2.45 ULS 1 50+ years 25.43 
Wall 12 2.45 ULS 1 50+ years 25.43 
Wall 13 2.45 ULS 1 50+ years 25.43 
Wall 14 2.50 ULS 3 5 months 153.85 
Wall 15 2.45 ULS 1 50+ years 25.43 
Wall 16 2.45 ULS 1 50+ years 25.43 
Wall 17 0.58 ULS 1 50+ years 7.27 
Wall 18 2.50 ULS 3 5 months 200.56 
Wall 19 0.50 ULS 1 50+ years 6.55 
Wall 20 0.46 ULS 1 50+ years 6.18 
Wall 21 1.87 ULS 1 50+ years 19.94 
Wall 22 2.45 ULS 1 50+ years 25.43 
Wall 23 2.50 ULS 3 5 months 111.83 
Wall 24 1.30 ULS 1 50+ years 14.28 
Wall 25 2.49 ULS 4 50+ years 32.09 
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Wall 26 0.61 ULS 1 50+ years 5.06 
Wall 27 0.60 ULS 1 50+ years 4.62 
Wall 28 0.61 ULS 1 50+ years 5.36 
Wall 29 0.61 ULS 1 50+ years 5.79 
Wall 30 0.60 ULS 4 50+ years 6.01 
Wall 31 0.61 ULS 4 50+ years 12.33 
Wall 32 0.61 ULS 3 5 months 59.28 
Wall 33 0.60 ULS 3 5 months 34.70 
Wall 34 0.61 ULS 4 50+ years 9.87 
Wall 35 2.45 ULS 1 50+ years 16.95 
Wall 36 2.45 ULS 1 50+ years 16.95 
Wall 37 2.45 ULS 1 50+ years 16.95 
Wall 38 2.45 ULS 1 50+ years 16.95 
Wall 39 2.50 ULS 3 5 months 102.57 
Wall 40 2.45 ULS 1 50+ years 16.95 
Wall 41 2.45 ULS 1 50+ years 16.95 
Wall 42 0.58 ULS 1 50+ years 4.84 
Wall 43 2.50 ULS 3 5 months 133.71 
Wall 44 0.50 ULS 1 50+ years 4.36 
Wall 45 0.46 ULS 1 50+ years 4.12 
Wall 46 1.87 ULS 1 50+ years 13.29 
Wall 47 2.45 ULS 1 50+ years 16.95 
Wall 48 2.50 ULS 3 5 months 74.56 
Wall 49 1.30 ULS 1 50+ years 9.52 
Wall 50 2.49 ULS 4 50+ years 21.39 
Wall 51 0.61 ULS 1 50+ years 2.53 
Wall 52 0.60 ULS 1 50+ years 2.33 
Wall 53 0.61 ULS 1 50+ years 2.70 
Wall 54 0.61 ULS 1 50+ years 2.90 
Wall 55 0.60 ULS 4 50+ years 3.00 
Wall 56 0.61 ULS 4 50+ years 6.16 
Wall 57 0.61 ULS 3 5 months 29.87 
Wall 58 0.60 ULS 3 5 months 17.50 
Wall 59 0.61 ULS 4 50+ years 4.93 
Wall 60 2.45 ULS 1 50+ years 8.48 
Wall 61 2.45 ULS 1 50+ years 8.48 
Wall 62 2.45 ULS 1 50+ years 8.48 
Wall 63 2.45 ULS 1 50+ years 8.48 
Wall 64 2.50 ULS 3 5 months 51.28 
Wall 65 2.45 ULS 1 50+ years 8.48 
Wall 66 2.45 ULS 1 50+ years 8.48 
Wall 67 0.58 ULS 1 50+ years 2.42 
Wall 68 2.50 ULS 3 5 months 66.85 
Wall 69 0.50 ULS 1 50+ years 2.18 
Wall 70 0.46 ULS 1 50+ years 2.06 
Wall 71 1.87 ULS 1 50+ years 6.65 
Wall 72 2.45 ULS 1 50+ years 8.48 
Wall 73 2.50 ULS 3 5 months 37.28 
Wall 74 1.30 ULS 1 50+ years 4.76 
Wall 75 2.49 ULS 4 50+ years 10.70 

 

The following table summarizes the bearing (perpendicular to the grain) checks for the plates of the 
framed walls. 

Wall name Section Stud N 
[kN] 

Ap 
[mm2] Combination k1 k4 k6 k7  f’p 

[MPa] 
Nd,p 
[kN] Check 

Wall 1 Frame 1 Internal 3.52 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 14% 
Wall 1 Frame 1 External 2.68 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 2 Frame 1 Internal 3.33 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 13% 
Wall 2 Frame 1 External 2.34 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 3 Frame 1 Internal 3.79 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 15% 
Wall 3 Frame 1 External 2.77 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 4 Frame 1 Internal 4.06 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 4 Frame 1 External 3.02 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 5 Frame 1 Internal 4.17 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 5 Frame 1 External 3.24 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 6 Frame 1 Internal 5.78 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 22% 
Wall 6 Frame 1 External 9.56 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 12% 
Wall 7 Frame 1 Internal 39.79 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 110% 
Wall 7 Frame 1 External 34.28 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 29% 
Wall 8 Frame 1 Internal 25.16 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 70% 
Wall 8 Frame 1 External 18.07 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 15% 
Wall 9 Frame 1 Internal 7.23 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 28% 
Wall 9 Frame 1 External 4.71 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 6% 

Wall 10 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 10 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 11 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 11 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 12 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 12 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 13 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 13 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 14 Frame 1 Internal 27.29 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 75% 
Wall 14 Frame 1 External 13.86 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 12% 
Wall 15 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 15 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 16 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 16 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 17 Frame 1 Internal 3.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 13% 
Wall 17 Frame 1 External 2.70 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 18 Frame 1 Internal 33.30 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 92% 
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Wall 18 Frame 1 External 18.86 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 16% 
Wall 19 Frame 1 Internal 2.98 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 14% 
Wall 19 Frame 1 External 2.82 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 20 Frame 1 External 3.09 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 21 Frame 1 Internal 4.36 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 17% 
Wall 21 Frame 1 External 2.30 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 22 Frame 1 Internal 4.24 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 16% 
Wall 22 Frame 1 External 2.24 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 23 Frame 1 Internal 18.60 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 51% 
Wall 23 Frame 1 External 10.75 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 9% 
Wall 24 Frame 1 Internal 4.49 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 17% 
Wall 24 Frame 1 External 2.37 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 25 Frame 1 Internal 5.65 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 22% 
Wall 25 Frame 1 External 3.17 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 26 Frame 1 Internal 2.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 26 Frame 1 External 1.79 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 27 Frame 1 Internal 2.22 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 27 Frame 1 External 1.56 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 28 Frame 1 Internal 2.52 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 10% 
Wall 28 Frame 1 External 1.84 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 29 Frame 1 Internal 2.71 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 29 Frame 1 External 2.01 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 30 Frame 1 Internal 2.78 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 30 Frame 1 External 2.16 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 31 Frame 1 Internal 3.86 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 15% 
Wall 31 Frame 1 External 6.37 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 8% 
Wall 32 Frame 1 Internal 26.50 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 73% 
Wall 32 Frame 1 External 22.85 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 20% 
Wall 33 Frame 1 Internal 16.75 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 46% 
Wall 33 Frame 1 External 12.05 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 10% 
Wall 34 Frame 1 Internal 4.82 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 19% 
Wall 34 Frame 1 External 3.14 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 35 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 35 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 36 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 36 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 37 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 37 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 38 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 38 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 39 Frame 1 Internal 18.19 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 50% 
Wall 39 Frame 1 External 9.24 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 8% 
Wall 40 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 40 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 41 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 41 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 42 Frame 1 Internal 2.23 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 42 Frame 1 External 1.80 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 43 Frame 1 Internal 22.20 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 61% 
Wall 43 Frame 1 External 12.57 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 11% 
Wall 44 Frame 1 Internal 1.99 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 10% 
Wall 44 Frame 1 External 1.88 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 45 Frame 1 External 2.06 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 46 Frame 1 Internal 2.91 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 46 Frame 1 External 1.53 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 47 Frame 1 Internal 2.83 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 11% 
Wall 47 Frame 1 External 1.49 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 48 Frame 1 Internal 12.40 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 34% 
Wall 48 Frame 1 External 7.16 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 6% 
Wall 49 Frame 1 Internal 2.99 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 12% 
Wall 49 Frame 1 External 1.58 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 50 Frame 1 Internal 3.76 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 15% 
Wall 50 Frame 1 External 2.11 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 3% 
Wall 51 Frame 1 Internal 1.17 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 51 Frame 1 External 0.89 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 52 Frame 1 Internal 1.11 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
Wall 52 Frame 1 External 0.78 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 53 Frame 1 Internal 1.26 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 53 Frame 1 External 0.92 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 54 Frame 1 Internal 1.35 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 54 Frame 1 External 1.01 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 55 Frame 1 Internal 1.39 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 55 Frame 1 External 1.08 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 56 Frame 1 Internal 1.93 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
Wall 56 Frame 1 External 3.19 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 4% 
Wall 57 Frame 1 Internal 13.23 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 37% 
Wall 57 Frame 1 External 11.43 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 10% 
Wall 58 Frame 1 Internal 8.37 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 23% 
Wall 58 Frame 1 External 6.02 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 59 Frame 1 Internal 2.41 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 9% 
Wall 59 Frame 1 External 1.57 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 2% 
Wall 60 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 60 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 61 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 61 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 62 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 62 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 63 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 63 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 64 Frame 1 Internal 9.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 25% 
Wall 64 Frame 1 External 4.62 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 4% 
Wall 65 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 65 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 66 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 66 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 67 Frame 1 Internal 1.12 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 4% 
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Wall 67 Frame 1 External 0.90 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 68 Frame 1 Internal 11.10 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 31% 
Wall 68 Frame 1 External 6.29 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 5% 
Wall 69 Frame 1 Internal 0.99 4050 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 20.78 5% 
Wall 69 Frame 1 External 0.94 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 70 Frame 1 External 1.03 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 71 Frame 1 Internal 1.45 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 71 Frame 1 External 0.77 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 72 Frame 1 Internal 1.41 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 5% 
Wall 72 Frame 1 External 0.75 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 73 Frame 1 Internal 6.20 4050 ULS 3 0.8 1.00 1.00 1.24 0.90 10.00 36.16 17% 
Wall 73 Frame 1 External 3.58 16200 ULS 3 0.8 1.00 1.00 1.00 0.90 10.00 116.64 3% 
Wall 74 Frame 1 Internal 1.50 4050 ULS 1 0.57 1.00 1.00 1.24 0.90 10.00 25.76 6% 
Wall 74 Frame 1 External 0.79 16200 ULS 1 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 
Wall 75 Frame 1 Internal 1.88 4050 ULS 4 0.57 1.00 1.00 1.24 0.90 10.00 25.76 7% 
Wall 75 Frame 1 External 1.06 16200 ULS 4 0.57 1.00 1.00 1.00 0.90 10.00 83.11 1% 

 
The shear strength of framed shear walls 

The values of the actions in the tables below are related, for each wall, to the most severe 
combination of load for the Ultimate Limit States. 

Wall name Length 
[m] Combination Duration V2 

[kN] 

Wall 10 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.48 

Wall 11 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.48 

Wall 12 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.48 

Wall 13 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 3.48 

Wall 14 2.50 ULS Wind 6 5 seconds 22.52 

Wall 15 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.66 

Wall 16 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.66 

Wall 18 2.50 ULS Wind 6 5 seconds 18.47 

Wall 21 1.87 ULS earthquake strength 4 
ex- ey- 5 seconds 2.69 

Wall 22 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 3.66 

Wall 23 2.50 ULS Wind 6 5 seconds 15.28 

Wall 24 1.30 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.57 

Wall 25 2.49 ULS Wind 6 5 seconds 16.99 

Wall 35 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 2.66 

Wall 36 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 2.66 

Wall 37 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 2.66 

Wall 38 2.45 ULS earthquake strength 4 
ex- ey+ 5 seconds 2.66 

Wall 39 2.50 ULS Wind 6 5 seconds 13.51 

Wall 40 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 2.79 

Wall 41 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 2.79 

Wall 43 2.50 ULS Wind 6 5 seconds 11.08 

Wall 46 1.87 ULS earthquake strength 4 
ex- ey- 5 seconds 2.07 

Wall 47 2.45 ULS earthquake strength 4 
ex- ey- 5 seconds 2.79 

Wall 48 2.50 ULS Wind 6 5 seconds 9.17 

Wall 49 1.30 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.22 

Wall 50 2.49 ULS Wind 6 5 seconds 10.18 

Wall 60 2.45 ULS earthquake strength 1 
ex+ ey+ 5 seconds 1.33 

Wall 61 2.45 ULS earthquake strength 1 
ex+ ey+ 5 seconds 1.33 

Wall 62 2.45 ULS earthquake strength 1 
ex+ ey+ 5 seconds 1.33 

Wall 63 2.45 ULS earthquake strength 1 
ex+ ey+ 5 seconds 1.33 

Wall 64 2.50 ULS Wind 6 5 seconds 4.50 

Wall 65 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.41 

Wall 66 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.41 

Wall 68 2.50 ULS Wind 6 5 seconds 3.69 

Wall 71 1.87 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.05 

Wall 72 2.45 ULS earthquake strength 1 
ex+ ey- 5 seconds 1.41 

Wall 73 2.50 ULS Wind 6 5 seconds 3.06 

Wall 74 1.30 ULS earthquake strength 1 
ex+ ey- 5 seconds 0.62 

Wall 75 2.49 ULS Wind 6 5 seconds 3.39 
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Sheet-braced framed walls 

Lateral load-carrying capacity of metal fasteners  

The design load-carrying capacity of a cantilevered panel secured against uplift is determined 
according to a plastic model based on the lower bound method (static theorem) that assumes the 
load-displacement relationships of the sheathing-to-frame joints as completely in the plastic field. 

For a wall made up of several wall panels, the design racking load-carrying capacity of a wall is 
calculated from: 

𝐹𝑣,𝑅𝑑 = ∑ 𝐹𝑖,𝑣,𝑅𝑑
𝑖

 

where: 

𝐹𝑖,𝑣,𝑅𝑑     is the design racking load-carrying capacity of a single wall panel as specified in the 
following. 

Wall panels which contain a door or window opening shall not be considered to contribute to the 
racking load-carrying capacity. 

The design racking load-carrying capacity of each wall panel, 𝐹𝑖,𝑣,𝑅𝑑,  is calculated from: 

 

𝐹𝑖,𝑣,𝑅𝑑 =
𝐹𝑡,𝑅𝑑 ⋅ 𝑏𝑖 ⋅ 𝑐𝑖

𝑠
 

where: 

 𝐹𝑡,𝑅𝑑 is the lateral design capacity of an individual fastener, modified by a factor of 1.2 

𝑏𝑖 is the wall panel width 

𝑠 is the fastener spacing 

𝑐𝑖 a coefficient dependent on the ratio between base and height of a single wall panel. 

For wall panels with sheets on both sides the following rules apply: 

- if the sheets and fasteners are of the same type and dimension then the total racking load 
carrying capacity of the wall should be taken as the sum of the racking load-carrying capacities of 
the individual sides  

- if different types of sheets are used, 75 % of the racking load-carrying capacity of the weaker side 
may, unless some other value is shown to be valid, be taken into consideration if fasteners with 
similar slip moduli are used. In other cases not more than 50 % should be taken into consideration. 

Fastener strength  

The resistance of each fastener is estimated according to the Johansen theory of timber 
connections with dowel-type fasteners for panel-to-timber connections in single shear. 
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The characteristic load-carrying capacity for nails, staples, bolts, dowels and screws per shear 
plane per fastener, should be taken as the minimum value found from the following expressions 

 

𝐹𝑣,𝑅𝑘,𝑎 =  𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑏 =  𝑓ℎ,2,𝑘 ⋅ 𝑡2 ⋅ 𝑑 

𝐹𝑣,𝑅𝑘,𝑐 =  
𝑓ℎ,1,𝑘 ⋅ 𝑡1 ⋅ 𝑑

1 + 𝛽
⋅ [√𝛽 + 2𝛽2 [1 +

𝑡2

𝑡1

+ (
𝑡2

𝑡1

)
2

] + 𝛽3 (
𝑡2

𝑡1

)
2

− 𝛽 (1 +
𝑡2

𝑡1

)] +
𝐹𝑎𝑥,𝑅𝑘

4
  

𝐹𝑣,𝑅𝑘,𝑑 =  1,05 ⋅  
𝑓ℎ,1,𝑘⋅𝑡1⋅𝑑

2+𝛽
⋅ [√2𝛽(1 + 𝛽) +

4𝛽(2+𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘⋅𝑑⋅𝑡1
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑒 =  1,05 ⋅  
𝑓ℎ,1,𝑘 ⋅ 𝑡2 ⋅ 𝑑

1 + 2𝛽
⋅ [√2𝛽2(1 + 𝛽) +

4𝛽(1 + 2𝛽)𝑀𝑦,𝑅𝑘 

𝑓ℎ,1,𝑘 ⋅ 𝑑 ⋅ 𝑡2
2 − 𝛽] +

𝐹𝑎𝑥,𝑅𝑘

4
 

𝐹𝑣,𝑅𝑘,𝑓 =  1,15 ⋅ √
2𝛽

1 + 𝛽
√2 ⋅ 𝑀𝑦,𝑅𝑘 ⋅ 𝑓ℎ,1,𝑘 ⋅ 𝑑 +

𝐹𝑎𝑥,𝑅𝑘

4
 

 

In the expressions above, the first term on the right hand side is the load-carrying capacity 
according to the Johansen yield theory, whilst the second 
term  𝐹𝑎𝑥,𝑅𝑘

4
 is the contribution from the rope effect.  

Characteristic withdrawal capacity 

The characteristic withdrawal capacity of nails, 𝐹𝑎𝑥,𝑅𝑘, should be taken as the smaller of the values 
found from the following expressions: 

- For smooth nails: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓𝑎𝑥,𝑘,ℎ𝑒𝑎𝑑 𝑑 𝑡 + 𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 

- For nails with improved adherence: 

𝐹𝑎𝑥,𝑅𝑘 = {
𝑓𝑎𝑥,𝑘,𝑡𝑖𝑝 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒 = 𝑓𝑎𝑥,𝑘,350  (

𝜌𝑘,𝑡𝑖𝑝

350
)

0.8

 𝑑 𝑡𝑝𝑒𝑛,𝑓𝑟𝑎𝑚𝑒

𝑓ℎ𝑒𝑎𝑑,𝑘 𝑑ℎ
2 = 𝑓ℎ𝑒𝑎𝑑,𝑘,350  (

𝜌𝑘,ℎ𝑒𝑎𝑑

350
)

0.8

𝑑ℎ
2

 

where: 

fax,k,tip   is the characteristic pointside withdrawal strength; 

fax,k,head   is the characteristic headside withdrawal strength; 

fhead,k is the characteristic headside pull-through strength; 

d  is the nail diameter; 

Figure: Failure modes for timber and 
panel connections. 
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dh is the nail head diameter; 

tpen,frame is the minimum value between the pointside penetration length and the length of the 
threaded part in the pointside member; 

t is the thickness of the headside member. 

For smooth nails, the pointside penetration should be at least 8d. For nails with a pointside 
penetration smaller than 12d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

4𝑑
− 2.  

For threaded nails, the pointside penetration should be at least 6d. For nails with a pointside 
penetration smaller than 8d the withdrawal capacity should be multiplied by 𝑡𝑝𝑒𝑛

2𝑑
− 3. 

In the following table, the calculations for the characteristic pointside withdrawal strength (Fax,k,tip) 
and for the characteristic headside pull-through strength (Fax,k,head) are reported. 

Section Side Fasteners ρk,frame 
[kg/m3] 

fax,k,tip 
[MPa] 

d 
[mm] 

tpen,frame 
[mm] 

Fax,k,tip 
[N] 

ρk,panel 
[kg/m3] 

fax,k,head 
[MPa] 

fhead,k 
[MPa] 

dh 
[mm] 

t 
 [mm] 

Fax,k,head 
[N] 

Frame 1 1 Ring nail (coils) 
2.8/3.1 x 60 317 6.02 2.80 40.00 674 400 0.00 30.16 4.30 - 558 

 

Lateral load-carrying capacity 

The following table shows the resistances of the fasteners used to assemble the panels of the 
walls. 

Fax,Rk is the characteristic axial withdrawal capacity of the fastener 
 
Rope effect limit  is the rope effect limited to a percentage of Johansen part 
 
Fv,Rk is the characteristic load-carrying capacity per shear plane per fastener 

Section Side Fasteners Kser 
[N/mm] Failure mode Fax,Rk 

[N] 
Rope effect 

limit 
Fv,Rk 
[N] 

Frame 1 1 Ring nail (coils) 2.8/3.1 x 60 670 d 558 50% 717 

 

Check of the bearing capacity of the walls related to the lateral load -carrying capacity 
of metal fasteners  

The following table summarizes the geometric characteristics of the wall panels and their load-
bearing capacity Fi,v,Rk. This table also indicates whether the width of each sheet is at least equal 
to h/4 as required by the calculation model. 

Wall name Section Panel bi 
[mm] N panels ci Sheet width 

 h/4 
s 

[mm] 
Fi,v,Rk 
side 1 
[kN] 

Fi,v,Rk 
side 2 
[kN] 

Wall 10 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 10 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 11 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 11 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 12 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 12 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 13 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 13 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 14 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 14 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 15 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 15 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 16 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 16 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 18 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 18 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 21 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 21 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 
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Wall 22 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 22 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 23 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 23 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 24 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 24 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 25 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 25 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 
Wall 35 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 35 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 36 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 36 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 37 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 37 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 38 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 38 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 39 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 39 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 40 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 40 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 41 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 41 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 43 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 43 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 46 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 46 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 
Wall 47 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 47 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 48 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 48 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 49 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 49 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 50 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 50 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 
Wall 60 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 60 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 61 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 61 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 62 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 62 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 63 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 63 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 64 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 64 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 65 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 65 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 66 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 66 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 68 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 68 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 71 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 71 Frame 1 Junction 234.00 1 0.15 no 100 0.00 0.00 
Wall 72 Frame 1 Full 818.00 2 0.51 ok 100 3.60 0.00 
Wall 72 Frame 1 Junction 814.00 1 0.51 ok 100 3.56 0.00 
Wall 73 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 73 Frame 1 Junction 46.00 1 0.03 no 100 0.00 0.00 
Wall 74 Frame 1 Full 818.00 1 0.51 ok 100 3.60 0.00 
Wall 74 Frame 1 Junction 482.00 1 0.30 no 100 0.00 0.00 
Wall 75 Frame 1 Full 818.00 3 0.51 ok 100 3.60 0.00 
Wall 75 Frame 1 Junction 36.00 1 0.02 no 100 0.00 0.00 

 

The following table shows the checks with reference to the most significant load combinations 

according to the expression: 

Fv,Rd ≥ Fv,Ed 

Wall name Section Comb. Fv,Ed 
[kN] k1 k13 k14 k16 k17  Fv,Rd 

[kN] Check 

Wall 10 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.48 1.14 1 1 1 1 0.85 10.43 33% 

Wall 11 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.48 1.14 1 1 1 1 0.85 10.43 33% 

Wall 12 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.48 1.14 1 1 1 1 0.85 10.43 33% 

Wall 13 Frame 1 ULS earthquake 
strength 4 ex- ey+ 3.48 1.14 1 1 1 1 0.85 10.43 33% 

Wall 14 Frame 1 ULS Wind 6 22.52 1.14 1 1 1 1 0.85 10.46 215% 

Wall 15 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.66 1.14 1 1 1 1 0.85 10.43 35% 

Wall 16 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.66 1.14 1 1 1 1 0.85 10.43 35% 

Wall 18 Frame 1 ULS Wind 6 18.47 1.14 1 1 1 1 0.85 10.46 177% 

Wall 21 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.69 1.14 1 1 1 1 0.85 6.97 39% 

Wall 22 Frame 1 ULS earthquake 
strength 4 ex- ey- 3.66 1.14 1 1 1 1 0.85 10.43 35% 

Wall 23 Frame 1 ULS Wind 6 15.28 1.14 1 1 1 1 0.85 10.46 146% 

Wall 24 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.57 1.14 1 1 1 1 0.85 3.49 45% 

Wall 25 Frame 1 ULS Wind 6 16.99 1.14 1 1 1 1 0.85 10.46 162% 
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Wall 35 Frame 1 ULS earthquake 
strength 4 ex- ey+ 2.66 1.14 1 1 1 1 0.85 10.43 25% 

Wall 36 Frame 1 ULS earthquake 
strength 4 ex- ey+ 2.66 1.14 1 1 1 1 0.85 10.43 25% 

Wall 37 Frame 1 ULS earthquake 
strength 4 ex- ey+ 2.66 1.14 1 1 1 1 0.85 10.43 25% 

Wall 38 Frame 1 ULS earthquake 
strength 4 ex- ey+ 2.66 1.14 1 1 1 1 0.85 10.43 25% 

Wall 39 Frame 1 ULS Wind 6 13.51 1.14 1 1 1 1 0.85 10.46 129% 

Wall 40 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.79 1.14 1 1 1 1 0.85 10.43 27% 

Wall 41 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.79 1.14 1 1 1 1 0.85 10.43 27% 

Wall 43 Frame 1 ULS Wind 6 11.08 1.14 1 1 1 1 0.85 10.46 106% 

Wall 46 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.07 1.14 1 1 1 1 0.85 6.97 30% 

Wall 47 Frame 1 ULS earthquake 
strength 4 ex- ey- 2.79 1.14 1 1 1 1 0.85 10.43 27% 

Wall 48 Frame 1 ULS Wind 6 9.17 1.14 1 1 1 1 0.85 10.46 88% 

Wall 49 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.22 1.14 1 1 1 1 0.85 3.49 35% 

Wall 50 Frame 1 ULS Wind 6 10.18 1.14 1 1 1 1 0.85 10.46 97% 

Wall 60 Frame 1 ULS earthquake 
strength 1 ex+ ey+ 1.33 1.14 1 1 1 1 0.85 10.43 13% 

Wall 61 Frame 1 ULS earthquake 
strength 1 ex+ ey+ 1.33 1.14 1 1 1 1 0.85 10.43 13% 

Wall 62 Frame 1 ULS earthquake 
strength 1 ex+ ey+ 1.33 1.14 1 1 1 1 0.85 10.43 13% 

Wall 63 Frame 1 ULS earthquake 
strength 1 ex+ ey+ 1.33 1.14 1 1 1 1 0.85 10.43 13% 

Wall 64 Frame 1 ULS Wind 6 4.50 1.14 1 1 1 1 0.85 10.46 43% 

Wall 65 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.41 1.14 1 1 1 1 0.85 10.43 14% 

Wall 66 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.41 1.14 1 1 1 1 0.85 10.43 14% 

Wall 68 Frame 1 ULS Wind 6 3.69 1.14 1 1 1 1 0.85 10.46 35% 

Wall 71 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.05 1.14 1 1 1 1 0.85 6.97 15% 

Wall 72 Frame 1 ULS earthquake 
strength 1 ex+ ey- 1.41 1.14 1 1 1 1 0.85 10.43 14% 

Wall 73 Frame 1 ULS Wind 6 3.06 1.14 1 1 1 1 0.85 10.46 29% 

Wall 74 Frame 1 ULS earthquake 
strength 1 ex+ ey- 0.62 1.14 1 1 1 1 0.85 3.49 18% 

Wall 75 Frame 1 ULS Wind 6 3.39 1.14 1 1 1 1 0.85 10.46 32% 

 

Shear buckling of the sheet  

The model assumes that the shear buckling of the sheet may be disregarded, provided that 

bnet

t
≤ 100 

where 

bnet  is the clear distance between studs 

t  is the thickness of the sheet 
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Connections 

 Hold Down – Connections at the base of the structure 
The design resistance Rd of the hold-downs is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Nailing failure 

• Hold-downs steel failure 

• Failure of the anchor 

• Extraction of the anchor 

Forces on the hold-downs 

The tension force acting on the hold down (Ta) is evaluated as described in 
paragraph “Model Description”.  

The tension force acting on the anchor is calculated taking into account the 
additional moment due to the non-alignment between the external force acting 
on the vertical flange of the hold down and the anchor itself using a coefficient, 
indicated as kt. 

𝑇𝑝 = 𝑇𝑎 ⋅ 𝑘𝑡 

 

 

 

 

Wall name Length  
[m] Connection name N° of anchors at 

each wall end Combination Duration N 
[kN] 

M3-3 
[kNm] 

Ta 
[kN] kt Tp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 16.95 23.38 1.07 1 1.07 

Wall 11 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 16.95 23.38 1.07 1 1.07 

Wall 12 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 16.95 23.38 1.07 1 1.07 

Wall 13 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 4 ex- 
ey+ 

5 seconds 16.95 23.38 1.07 1 1.07 

Wall 14 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 49.12 129.69 27.32 1 27.32 

Wall 15 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 16.95 24.55 1.54 1 1.54 

Wall 16 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 16.95 24.55 1.54 1 1.54 

Wall 18 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 60.50 106.39 12.30 1 12.30 

Wall 21 1.87 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
5 seconds 13.29 18.14 3.06 1 3.06 
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ey- 

Wall 22 2.45 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 16.95 24.55 1.54 1 1.54 

Wall 23 2.50 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 38.89 88.01 15.76 1 15.76 

Wall 24 1.30 Ground connection - hold 
down - bracket 1 

ULS 
earthquake 

stability 1 ex+ 
ey- 

5 seconds 9.52 10.68 3.45 1 3.45 

Wall 25 2.49 Ground connection - hold 
down - bracket 1 ULS Wind 8 5 seconds 20.94 97.81 28.81 1 28.81 

 

Nailing resistance 

The design value of the load-bearing capacity of the nailing is given by the following expression 

𝑅𝑐,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Rc,k,dens 

where 

Rc,k,dens  is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the fastener 
head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠 factor when the density of the material used is 

less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠 can be evaluated using the formula Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
.  

𝜙  is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

 

Hold-down steel resistance  

The tensile design strength of the steel of the hold-down can be evaluated according to the formula 

Rs,d = ϕ ∙ Rs,k 

where 

Rs,k is the characteristic value of the resistance of the hold down in axial tension 

𝜙  is the capacity factor for steel in tension 

 

Tension resistance of the anchor 

The tension resistance of the anchor is evaluated as reported in section 9.3.2.2 of AS 4100 - 1998 

according to the following formula 

Rt,d = ϕ ∙ Rt,k = ϕ ∙ As ⋅ fuf 

being: 
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fuf is the ultimate tensile strength of the anchor 

As the tensile stress area of the anchor 

ϕ is the capacity factor for bolts in tension 

Pull-out resistance of the anchor 

The characteristic value of pull-out resistance refers to a single anchor regardless of the effects 

due to the spacing or distances from the edges. Moreover concrete is considered to be non-

cracked, dry and at a standard temperature for the actual depth of anchorage. 

The design pull-out resistance can be calculated as 

𝑅𝑝𝑢𝑙𝑙,𝑑 = 𝜙 ∙ 𝑅𝑝𝑢𝑙𝑙,𝑘 

where 

𝑅𝑝𝑢𝑙𝑙,𝑘 is the characteristic value of the pull-out resistance 

ϕ is the capacity factor provided by manufacturers 

The checks are summarized in the following tables according to each failure mode. 

Name: Name of the connection in which the hold-down is used 

Comb.: The most severe combination of load 

Ta,d: Design value of the tensile force acting on the hold down 

Tp,d: Design value of the tensile force acting on the anchor 

Ra,d: Design value of the hold down resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

Rp,d: Design value of the anchor resistance, assumed to be the lower of the values of the 
design resistance of all the failure mechanisms associated with it 

𝑇𝑎,𝑑 ≤ R𝑎,𝑑 = 𝑚𝑖𝑛(𝑅𝑐,𝑑; 𝑅𝑠,𝑑) 

𝑇𝑝,𝑑 ≤ R𝑝,𝑑 = 𝑚𝑖𝑛(𝑅𝑡,𝑑; 𝑅𝑝𝑢𝑙𝑙,𝑑) 

Wall name Connection 
name Comb. Ta,d 

[kN] 
Rc,k,dens

[kN] k1  Rc,d
[kN] 

Rs,k
[kN]  Rs,d

[kN] 
Ra,d
[kN] 

Tp,d 
[kN] 

Rt,k
[kN]  Rt,d

[kN] 
Rpull,k
[kN]  Rpull,d

[kN] 
Rp,d
[kN] 

Failure 
mode Check 

Wall 10 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

1.07 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.07 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 11 
Ground 

connection - 
hold down - 

ULS 
earthqua

ke 
1.07 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.07 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  6% 
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bracket stability 4 
ex- ey+ 

Wall 12 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

1.07 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.07 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 13 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 4 
ex- ey+ 

1.07 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.07 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  6% 

Wall 14 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 27.32 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 27.32 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  157% 

Wall 15 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.54 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.54 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  9% 

Wall 16 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.54 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.54 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  9% 

Wall 18 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 12.30 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 12.30 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  71% 

Wall 21 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

3.06 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 3.06 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  18% 

Wall 22 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

1.54 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 1.54 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  9% 

Wall 23 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 15.76 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 15.76 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  90% 

Wall 24 

Ground 
connection - 
hold down - 

bracket 

ULS 
earthqua

ke 
stability 1 
ex+ ey- 

3.45 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 3.45 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 
connection  20% 

Wall 25 

Ground 
connection - 
hold down - 

bracket 

ULS 
Wind 8 28.81 17.99 1.14 0.85 17.43 42 0.9 37.8 17.43 28.81 78.5 0.8 62.8 35.94 0.5 17.97 17.97 Nailed 

connection  165% 
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Connections with punched metal plate/punched strap  

The design resistance Rd of a punched strap is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Nailing failure 

• Punched strap  steel failure 

Forces on the tie-downs 

Wall name Length  
[m] Connection name 

N° of 
connections at 
each wall end 

Comb. Dur. N 
[kN] 

M3-3 
[kNm] 

Ta 
[kN] 

Wall 35 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.04 0.00 

Wall 36 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.04 0.00 

Wall 37 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.04 0.00 

Wall 38 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.04 0.00 

Wall 39 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 8 5 seconds 32.75 57.65 6.68 

Wall 40 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.41 0.00 

Wall 41 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.41 0.00 

Wall 43 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 75.09 47.29 0.00 

Wall 46 1.87 Upper levels - tensile plate 
- shear plate 1 ULS earthquake stability 1 

ex+ ey- 5 seconds 8.86 9.85 0.84 

Wall 47 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 15.07 3.41 0.00 

Wall 48 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 8 5 seconds 25.93 39.13 2.69 

Wall 49 1.30 Upper levels - tensile plate 
- shear plate 1 ULS earthquake stability 1 

ex+ ey- 5 seconds 6.35 5.82 1.30 

Wall 50 2.49 Upper levels - tensile plate 
- shear plate 1 ULS Wind 8 5 seconds 13.96 43.45 10.47 

Wall 60 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 61 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 62 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 63 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.76 0.00 

Wall 64 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 29.69 14.41 0.00 

Wall 65 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 66 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 68 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 37.55 11.82 0.00 

Wall 71 1.87 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 5.91 0.63 0.00 

Wall 72 2.45 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 7.53 0.85 0.00 

Wall 73 2.50 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 22.62 9.78 0.00 

Wall 74 1.30 Upper levels - tensile plate 
- shear plate 1 ULS Wind 6 5 seconds 4.23 0.15 0.00 

Wall 75 2.49 Upper levels - tensile plate 
- shear plate 1 ULS Wind 8 5 seconds 6.98 10.86 0.87 

 

Punched strap tensile resistance  

The tensile resistance of the punched element is evaluated on the basis of the indications of 
sections 7.1 and 7.2 of AS 4100-1998. For sections with holes the design tension resistance N∗ 
should be taken as the smaller of the design plastic resistance of the gross cross-section and the design 

ultimate resistance of the net cross-section. 

The design plastic resistance of the gross cross-section is calculated as 

Npl
∗ = ϕ ∙ Nt,pl = ϕ ∙ Ag ∙ fy 



Technical Design Calculation Report                  

 
 

where 

𝜙  is the capacity factor for steel in tension 

Ag is the gross area of the steel cross-section 

fy is the nominal value of the yield strength of the steel 

 

The net cross section resistance can be evaluated using the following expression by assuming an 
uniform distribution of the stress: 

Nu
∗ = ϕ ∙ Nt,u = ϕ ∙ 0.85 ∙ An ∙ fu 

where 

𝜙  is the capacity factor for steel in tension 

An is the net area of the steel cross-section 

fu is the ultimate value of the tensile strength of the steel 

 

Nailing resistance 

The design capacity of Type 1 joints with nails and screws is given by the following equation: 

Rc,d = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ k16 ∙ k17 ∙ n ∙ Rc,k 

where 

𝜙  is the capacity factor for nails and screws 

𝑘1  is the modification factor for the duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

𝑘16 is assumed equal to 1 since its contribution is already considered in the 𝑅𝑐,𝑘 value 

𝑘17 is the modification factor for multiple nailed and screwed joints 

𝑛 is the total number of fasteners in the joint resisting the design action 

𝑅𝑐,𝑘 is the characteristic capacity of a single fastener estimated according to the Johansen 
 theory of timber connections with dowel-type fasteners for steel-to-timber connections 
 in single shear. 

Wall name Connection 
name 

Number of 
rows 

Number of 
fasteners in a row Combination Rc,k 

[N] k1 k13 k14 k16 k17 n  Rc,d 
[kN] 

Wall 35 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 36 Upper levels 
- tensile 10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 
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plate - shear 
plate 

Wall 37 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 38 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 39 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 8 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 40 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 41 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 43 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 46 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 
ULS earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 47 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 48 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 8 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 49 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 
ULS earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 50 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 8 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 60 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 61 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 62 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 63 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 64 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 65 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 66 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 68 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 71 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 72 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 73 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 74 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 - 1.14 1 1 1 - 30 0.85 - 

Wall 75 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 8 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 
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The checks are summarized in the following table which shows the characteristic and design 
values of resistance associated with the different failure modes of the components. 

Wall name Connection name Combination TEd 
[kN] 

Rc,d 
[kN] 

Nt,pl 
[kN]  N*pl 

[kN] 
Nt,u 
[kN]  N*u 

[kN] Failure mode Check 

Wall 35 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 36 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 37 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 38 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 39 Upper levels - tensile plate - 
shear plate ULS Wind 8 6.68 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
39% 

Wall 40 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 41 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 43 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 46 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.84 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
5% 

Wall 47 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 48 Upper levels - tensile plate - 
shear plate ULS Wind 8 2.69 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
16% 

Wall 49 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 1.30 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
8% 

Wall 50 Upper levels - tensile plate - 
shear plate ULS Wind 8 10.47 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
61% 

Wall 60 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 61 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 62 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 63 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 64 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 65 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 66 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 68 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 71 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 72 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 73 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 74 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.00 - 22.5 0.9 20.25 18.93 0.9 17.037 - 0% 

Wall 75 Upper levels - tensile plate - 
shear plate ULS Wind 8 0.87 48.15 22.5 0.9 20.25 18.93 0.9 17.037 

Tension failure of 
the net cross-

section 
5% 
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Angle brackets with anchors – timber to concrete shear 
connections 
The design resistance Rd of an angle bracket is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Shear failure of the angle and/or of the group of fasteners of the connection 

• Shear failure of the anchors connecting the concrete 

Shear forces  

The shear force acting on the single angle bracket is calculated by dividing the total shear force V2 
by the number of angle brackets present in the wall (taking into account the possible presence of 
angle brackets on both sides of the structural element). 

𝑉𝑎 =
𝑉2

𝑛𝑎𝑛𝑐
 

where 

𝑉2  is the design shear force on the considered wall 

𝑛𝑎𝑛𝑐 is the number of shear connections present in the wall 

The shear force acting on the most loaded anchor is calculated taking into account the additional 
moment due to the non-alignment between the external forces acting on the vertical flange of the 
angle bracket and the anchor itself using a coefficient, indicated as kt. 

𝑉𝑝 = 𝑉𝑎 ⋅ 𝑘𝑡 

 

Wall name Length  
[m] Connection name N of 

connections Combination Duration V2 
[kN] 

Va 
[kN] kt Vp 

[kN] 

Wall 10 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.48 0.87 0.97 0.84 

Wall 11 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.48 0.87 0.97 0.84 

Wall 12 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.48 0.87 0.97 0.84 

Wall 13 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 3.48 0.87 0.97 0.84 

Wall 14 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 22.52 4.50 0.97 4.37 

Wall 15 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.66 0.91 0.97 0.89 

Wall 16 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.66 0.91 0.97 0.89 

Wall 18 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 18.47 3.69 0.97 3.58 

Wall 21 1.87 Ground connection - hold 
down - bracket 3 ULS earthquake stability 1 

ex- ey- 5 seconds 2.69 0.90 0.97 0.87 

Wall 22 2.45 Ground connection - hold 
down - bracket 4 ULS earthquake stability 1 

ex- ey- 5 seconds 3.66 0.91 0.97 0.89 

Wall 23 2.50 Ground connection - hold 
down - bracket 5 ULS Wind 6 5 seconds 15.28 3.06 0.97 2.96 

Wall 24 1.30 Ground connection - hold 
down - bracket 2 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.57 0.79 0.97 0.76 

Wall 25 2.49 Ground connection - hold 
down - bracket 4 ULS Wind 6 5 seconds 16.99 4.25 0.97 4.12 

 

Angle bracket bearing capacity   
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The design value of the shear bearing capacity of the angle bracket can be estimated from the 
characteristic value by means of the following expression 

𝑅𝑎,𝑑 = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ Ra,k,dens 

 

where 

Ra,k,dens is the characteristic value of the nailing resistance. It already considers the effect of 
multiple nails in the joint and the effect of the restraint against the rotation of the 
fastener head. This value is reduced by the 𝑘𝑑𝑒𝑛𝑠  factor when the density of the 
material used is less than 350 kg/m3. 𝑘𝑑𝑒𝑛𝑠  can be evaluated using the formula 

Rc,k,dens = Rc,k ⋅ (
ρk

350
)

2
. 

𝜙  is the capacity factor for nails and screws 

𝑘1 is the modification factor for duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

 

Anchor bearing capacity   

The design value of the shear strength of the anchor is evaluated as 

𝑅𝑝,𝑑 = ϕ ∙ Rp,k 

where 

𝑅𝑝,𝑘 is the characteristic value of the shear strength of the anchor 

𝜙  is the capacity factor provided by manufacturers 

 

The checks are summarized in the following tables according to each failure mode. 

 

Name:  Name of the connection in which the angle bracket is used  

Comb.:  The most severe combination of load  

Va,d: Shear force acting on the angle bracket 

Vp,d: Shear force acting on the most stressed anchor 

𝑉𝑎,𝑑 ≤ 𝑅𝑎,𝑑 

𝑉𝑝,𝑑 ≤ 𝑅𝑝,𝑑 
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Wall name Connection name Comb. Va,d 
[kN] 

Ra,k,dens 
[kN] k1  Ra,d 

[kN] 
Check – 

angle 
brackets 

Vp,d 
[kN] 

Rp,k 
[kN]  Rp,d 

[kN] 
Check - 
anchor 

Wall 10 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.87 18.09 1.14 0.85 17.53 5% 0.84 21 0.8 16.8 5% 

Wall 11 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.87 18.09 1.14 0.85 17.53 5% 0.84 21 0.8 16.8 5% 

Wall 12 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.87 18.09 1.14 0.85 17.53 5% 0.84 21 0.8 16.8 5% 

Wall 13 Ground connection - hold 
down - bracket 

ULS earthquake stability 4 
ex- ey+ 0.87 18.09 1.14 0.85 17.53 5% 0.84 21 0.8 16.8 5% 

Wall 14 Ground connection - hold 
down - bracket ULS Wind 6 4.50 18.09 1.14 0.85 17.53 26% 4.37 21 0.8 16.8 26% 

Wall 15 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.91 18.09 1.14 0.85 17.53 5% 0.89 21 0.8 16.8 5% 

Wall 16 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.91 18.09 1.14 0.85 17.53 5% 0.89 21 0.8 16.8 5% 

Wall 18 Ground connection - hold 
down - bracket ULS Wind 6 3.69 18.09 1.14 0.85 17.53 21% 3.58 21 0.8 16.8 21% 

Wall 21 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.90 18.09 1.14 0.85 17.53 5% 0.87 21 0.8 16.8 5% 

Wall 22 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex- ey- 0.91 18.09 1.14 0.85 17.53 5% 0.89 21 0.8 16.8 5% 

Wall 23 Ground connection - hold 
down - bracket ULS Wind 6 3.06 18.09 1.14 0.85 17.53 17% 2.96 21 0.8 16.8 18% 

Wall 24 Ground connection - hold 
down - bracket 

ULS earthquake stability 1 
ex+ ey- 0.79 18.09 1.14 0.85 17.53 4% 0.76 21 0.8 16.8 5% 

Wall 25 Ground connection - hold 
down - bracket ULS Wind 6 4.25 18.09 1.14 0.85 17.53 24% 4.12 21 0.8 16.8 25% 
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Shear connections with punched metal plate   

The design resistance Rd of a punched metal plate is determined as the minimum value among the 
resistances relating to the following failure modes: 

• Shear failure of the metal plate 

• Shear failure of the group of fasteners of the connection 

Shear forces  

The shear force acting on the single metal plate is calculated by dividing the total shear force V2 by 
the number of metal plates in the wall (taking into account the possible presence of angle brackets 
on both sides of the structural element). 

𝑉𝑎 =
𝑉2

𝑛𝑎𝑛𝑐
 

where 

𝑉2  is the design shear force on the considered wall 

𝑛𝑎𝑛𝑐 is the number of shear connections present in the wall 

 

Wall name Length  
[m] Connection name N of connections Comb. Dur. V2 

[kN] 
Va 

[kN] 

Wall 35 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 2.66 0.66 

Wall 36 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 2.66 0.66 

Wall 37 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 2.66 0.66 

Wall 38 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 4 

ex- ey+ 5 seconds 2.66 0.66 

Wall 39 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 13.51 2.70 

Wall 40 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex- ey- 5 seconds 2.79 0.70 

Wall 41 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex- ey- 5 seconds 2.79 0.70 

Wall 43 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 11.08 2.22 

Wall 46 1.87 Upper levels - tensile plate 
- shear plate 3 ULS earthquake stability 1 

ex- ey- 5 seconds 2.07 0.69 

Wall 47 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex- ey- 5 seconds 2.79 0.70 

Wall 48 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 9.17 1.83 

Wall 49 1.30 Upper levels - tensile plate 
- shear plate 2 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.22 0.61 

Wall 50 2.49 Upper levels - tensile plate 
- shear plate 4 ULS Wind 6 5 seconds 10.18 2.55 

Wall 60 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey+ 5 seconds 1.33 0.33 

Wall 61 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey+ 5 seconds 1.33 0.33 

Wall 62 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey+ 5 seconds 1.33 0.33 

Wall 63 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey+ 5 seconds 1.33 0.33 

Wall 64 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 4.50 0.90 

Wall 65 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.41 0.35 

Wall 66 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.41 0.35 

Wall 68 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 3.69 0.74 

Wall 71 1.87 Upper levels - tensile plate 
- shear plate 3 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.05 0.35 

Wall 72 2.45 Upper levels - tensile plate 
- shear plate 4 ULS earthquake stability 1 

ex+ ey- 5 seconds 1.41 0.35 

Wall 73 2.50 Upper levels - tensile plate 
- shear plate 5 ULS Wind 6 5 seconds 3.06 0.61 

Wall 74 1.30 Upper levels - tensile plate 2 ULS earthquake stability 1 5 seconds 0.62 0.31 
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- shear plate ex+ ey- 

Wall 75 2.49 Upper levels - tensile plate 
- shear plate 4 ULS Wind 6 5 seconds 3.39 0.85 

 

Metal plate shear capacity   

The design value of the shear strength of single metal plate is calculated according to the following 
expression by assuming an uniform distribution of the stress: 

V∗ = ϕ ∙ Vu = ϕ ∙ 0.6 ∙ fy ∙ Av 

where 

𝜙  is the capacity factor for steel in shear 

Av is the net shear area 

fy is the nominal value of the yield strength of the steel 

 

Nailing capacity 

The design capacity of Type 1 joints with nails and screws is given by the following equation: 

Rc,d = ϕ ∙ k1 ∙ k13 ∙ k14 ∙ k16 ∙ k17 ∙ n ∙ Rc,k 

where 

𝜙  is the capacity factor for nails and screws 

𝑘1  is the modification factor for the duration of load for joints 

𝑘13 is equal to 1 for fasteners in side grain 

𝑘14 is equal to 1 for fasteners in single shear 

𝑘16 is assumed equal to 1 since its contribution is already considered in the 𝑅𝑐,𝑘 value 

𝑘17 is the modification factor for multiple nailed and screwed joints 

𝑛 is the total number of fasteners in the joint resisting the design action 

𝑅𝑐,𝑘 is the characteristic capacity of a single fastener estimated according to the Johansen 
 theory of timber connections with dowel-type fasteners for steel-to-timber connections 
 in single shear.  

Wall name Connection 
name 

Number of 
rows 

Number of 
fasteners in a row Combination Rc,k 

[N] k1 k13 k14 k16 k17 n  Rc,d 
[kN] 

Wall 35 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 36 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 37 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 4 ex- 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 38 Upper levels 
- tensile 10 3 ULS 

earthquake 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 
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plate - shear 
plate 

stability 4 ex- 
ey+ 

Wall 39 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 40 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex- 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 41 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex- 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 43 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 46 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex- 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 47 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex- 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 48 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 49 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 50 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 60 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 61 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 62 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 63 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey+ 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 64 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 65 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 66 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 68 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 71 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 72 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 73 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 74 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 

ULS 
earthquake 

stability 1 ex+ 
ey- 

1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

Wall 75 

Upper levels 
- tensile 

plate - shear 
plate 

10 3 ULS Wind 6 1840.55 1.14 1 1 1 0.90 30 0.85 48.15 

 

The checks are summarized in the following table which shows the characteristic and design 
values of resistance associated with the different failure modes of the components. 
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Wall name Connection name Combination Va,Ed 
[kN] 

Rc,d 
[kN] 

Fasteners 
check 

Vu 
[kN]  V* 

[kN] 
Metal plate 

check 

Wall 35 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.66 48.15 1% 45 0.9 40.5 2% 

Wall 36 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.66 48.15 1% 45 0.9 40.5 2% 

Wall 37 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.66 48.15 1% 45 0.9 40.5 2% 

Wall 38 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 4 
ex- ey+ 0.66 48.15 1% 45 0.9 40.5 2% 

Wall 39 Upper levels - tensile plate - 
shear plate ULS Wind 6 2.70 48.15 6% 45 0.9 40.5 7% 

Wall 40 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex- ey- 0.70 48.15 1% 45 0.9 40.5 2% 

Wall 41 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex- ey- 0.70 48.15 1% 45 0.9 40.5 2% 

Wall 43 Upper levels - tensile plate - 
shear plate ULS Wind 6 2.22 48.15 5% 45 0.9 40.5 5% 

Wall 46 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex- ey- 0.69 48.15 1% 45 0.9 40.5 2% 

Wall 47 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex- ey- 0.70 48.15 1% 45 0.9 40.5 2% 

Wall 48 Upper levels - tensile plate - 
shear plate ULS Wind 6 1.83 48.15 4% 45 0.9 40.5 5% 

Wall 49 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.61 48.15 1% 45 0.9 40.5 2% 

Wall 50 Upper levels - tensile plate - 
shear plate ULS Wind 6 2.55 48.15 5% 45 0.9 40.5 6% 

Wall 60 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey+ 0.33 48.15 1% 45 0.9 40.5 1% 

Wall 61 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey+ 0.33 48.15 1% 45 0.9 40.5 1% 

Wall 62 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey+ 0.33 48.15 1% 45 0.9 40.5 1% 

Wall 63 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey+ 0.33 48.15 1% 45 0.9 40.5 1% 

Wall 64 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.90 48.15 2% 45 0.9 40.5 2% 

Wall 65 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.35 48.15 1% 45 0.9 40.5 1% 

Wall 66 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.35 48.15 1% 45 0.9 40.5 1% 

Wall 68 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.74 48.15 2% 45 0.9 40.5 2% 

Wall 71 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.35 48.15 1% 45 0.9 40.5 1% 

Wall 72 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.35 48.15 1% 45 0.9 40.5 1% 

Wall 73 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.61 48.15 1% 45 0.9 40.5 2% 

Wall 74 Upper levels - tensile plate - 
shear plate 

ULS earthquake stability 1 
ex+ ey- 0.31 48.15 1% 45 0.9 40.5 1% 

Wall 75 Upper levels - tensile plate - 
shear plate ULS Wind 6 0.85 48.15 2% 45 0.9 40.5 2% 

 

 

 

Inter-storey drift checks 
The inter-storey drifts at the ultimate limit state calculated from the relevant seismic forces are 
limited in accordance to the following equation: 

𝑑𝑖 < 𝑑i,lim = 0.015 h 

where  

𝑑𝑖  is the inelastic inter-storey drift obtained by multiplying the value determined by an elastic 
analysis by 𝜇/𝑆𝑝 

ℎ is the storey height 

The table below shows the drift checks for each wall. 

Wall name:  Wall ID 
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h:   Storey height 

Comb.:           The most severe combination of load  

di:  Evaluated inter-storey drift 

di,lim:  Inter-storey drift limit 

 

 

The table provides the Drift checks in the case of Dynamic Linear Analysis. 

Wall h 
[m] Comb. dr 

[mm] 
dlim 

[mm] Check 

Wall 10 3.20 ULS earthquake drift 2 
ex- ey+ 6.03 48.00 13% 

Wall 11 3.20 ULS earthquake drift 2 
ex- ey+ 6.03 48.00 13% 

Wall 12 3.20 ULS earthquake drift 2 
ex- ey+ 6.03 48.00 13% 

Wall 13 3.20 ULS earthquake drift 2 
ex- ey+ 6.03 48.00 13% 

Wall 14 3.20 ULS earthquake drift 4 
ex+ ey- 11.77 48.00 25% 

Wall 15 3.20 ULS earthquake drift 1 
ex- ey- 6.22 48.00 13% 

Wall 16 3.20 ULS earthquake drift 1 
ex- ey- 6.22 48.00 13% 

Wall 18 3.20 ULS earthquake drift 4 
ex+ ey- 6.59 48.00 14% 

Wall 21 3.20 ULS earthquake drift 1 
ex- ey- 6.22 48.00 13% 

Wall 22 3.20 ULS earthquake drift 1 
ex- ey- 6.22 48.00 13% 

Wall 23 3.20 ULS earthquake drift 4 
ex- ey- 10.32 48.00 21% 

Wall 24 3.20 ULS earthquake drift 1 
ex- ey- 5.76 48.00 12% 

Wall 25 3.20 ULS earthquake drift 4 
ex- ey- 7.93 48.00 17% 

Wall 35 3.20 ULS earthquake drift 2 
ex- ey+ 4.51 48.00 9% 

Wall 36 3.20 ULS earthquake drift 2 
ex- ey+ 4.51 48.00 9% 

Wall 37 3.20 ULS earthquake drift 2 
ex- ey+ 4.51 48.00 9% 

Wall 38 3.20 ULS earthquake drift 2 
ex- ey+ 4.51 48.00 9% 

Wall 39 3.20 ULS earthquake drift 4 
ex+ ey- 8.87 48.00 18% 

Wall 40 3.20 ULS earthquake drift 1 
ex- ey- 4.65 48.00 10% 

Wall 41 3.20 ULS earthquake drift 1 
ex- ey- 4.65 48.00 10% 

Wall 43 3.20 ULS earthquake drift 4 
ex+ ey- 4.94 48.00 10% 

Wall 46 3.20 ULS earthquake drift 1 
ex- ey- 4.65 48.00 10% 

Wall 47 3.20 ULS earthquake drift 1 
ex- ey- 4.65 48.00 10% 

Wall 48 3.20 ULS earthquake drift 4 
ex- ey- 7.69 48.00 16% 

Wall 49 3.20 ULS earthquake drift 1 
ex- ey- 4.30 48.00 9% 

Wall 50 3.20 ULS earthquake drift 4 
ex- ey- 5.92 48.00 12% 

Wall 60 3.20 ULS earthquake drift 2 
ex- ey+ 2.25 48.00 5% 

Wall 61 3.20 ULS earthquake drift 2 
ex- ey+ 2.25 48.00 5% 

Wall 62 3.20 ULS earthquake drift 2 
ex- ey+ 2.25 48.00 5% 

Wall 63 3.20 ULS earthquake drift 2 
ex- ey+ 2.25 48.00 5% 

Wall 64 3.20 ULS earthquake drift 4 
ex+ ey- 5.07 48.00 11% 

Wall 65 3.20 ULS earthquake drift 1 
ex- ey- 2.32 48.00 5% 

Wall 66 3.20 ULS earthquake drift 1 
ex- ey- 2.32 48.00 5% 

Wall 68 3.20 ULS earthquake drift 4 
ex+ ey- 2.63 48.00 5% 

Wall 71 3.20 ULS earthquake drift 1 
ex- ey- 2.32 48.00 5% 

Wall 72 3.20 ULS earthquake drift 1 
ex- ey- 2.32 48.00 5% 

Wall 73 3.20 ULS earthquake drift 4 4.11 48.00 9% 
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ex- ey- 

Wall 74 3.20 ULS earthquake drift 1 
ex- ey- 2.15 48.00 4% 

Wall 75 3.20 ULS earthquake drift 4 
ex- ey- 3.13 48.00 7% 
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