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Landmark Projects 
 

This catalogue encloses a selection of numerical analysis projects developed in Strand7 
by civil engineering students of the University of Sydney. These students, generally in 
their 4th and final year of study, worked under supervision and guidance from 
academic staff of the School. 

Strand7 is a general-purpose finite element analysis capable of modelling a broad 
range of structures that may consist of beams, trusses, frames, cables, as well as 
continua in 2 and 3 dimensions.  The materials composing these structures may be 
elastic isotropic, anisotropic, and generally non-linear such as metals and soils. These 
structures may be loaded by their own weight, live loads, wind and earthquake loads.  
Loadings may be more general, and include thermal actions.  The software also has 
strong dynamic analysis capabilities. 

The University is grateful for the access to Strand7 for educational purposes. 

The purpose of these student projects outlined below was to complete a full analysis of 
a landmark structure. The first step was to model the structure using beams, cables, 
spring-dashpots, plates, and bricks elements. The creation of the models was followed 
by a finite element analysis of the structure when subjected to live, dead, earthquake, 
wind or thermal loading. 

 

Contributors 
 

Student’s contributors: 

(Ying) David Huang, Winston Phan, Shuo Han, Baoyi Tan, Wismoyo Efendy, David 
Riyadi, Elizabeth Vania Rusli, Duong Minh Le, Jim Chen, Andreas Pelosi, Alexander 
Smith, Ganan Yin, Qin Li, Chaozheng Zhang, Mengxi Cheng, Pu Wang, Emma 
McMahon, Sam Hamid, Tia Curry, Matthew McCaffrey, Gwang Hye Kang, James 
Robinson, Darwin Lai, Anish Pindoriya, Taylor Weston, Eleanor Dean, Greta King, 
Adrian Porcu, Sophie Karayannis, Hoda Alameddine, Danny Moses, Aman Shamsin, 
Henry Lam, Mufrat Noor, John tu, Victor Ngo, Rebecca Szczurowski, Cassidy Webb 
Archer, Sachintha Mohotti, Dakshina Godigamuwa, Samuel Lane, Gabriel Garayalde, 
Hashan Subasinghe, Dennis Chan, A Yousof Moghrabi, Dat Tien Pham, Dang Khoa 
Phan, Sammy Adam Najjarine, Ludvig Arentz-Hansen, Andrew Boland, Scott Grant, 
Mitchell Grech, Adam Teoh, Rohit Selvaraj, Zhixin Deng and Ali Fawaz 

 
Supervisors: 
Peter Ansourian, Faham Tahmasebinia, and Fernando Alonso-Marroquin 
 
Designer:  
Coraline Chiew 
 
Acknowledgments: 
Ian Bowie and Malcolm Boyd  
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1 Shelley Street, Sydney, 
Static Analysis 
 

Description 
 

1 Shelley Street, Sydney consists of two towers. Ten levels of 
commercial office space and one level of retail, eleven levels in all, 
make up Tower 1. Tower Two has six levels of commercial office 
space. A ten-storey atrium stands between the towers.  As Tower 1 
is subject to dead, live, and wind loads that, due to its higher 
stature, are more significant. Therefore, it is the subject of the 
following analysis. The diagrid is a steel structural system that 
replaces perimeter columns on the outside the façade. It was 
designed to provide substantial support to the structure. The 
omission of perimeter columns was necessary to maximised internal 
floor space. In addition, the triangular structure of the diagrid itself 
provides greater structural integrity, thus, higher lateral strength. 

Source: 
 
ARUP project 

 

 

Aim 
 

The aim of the project was to compare the strength and the costs of 
the conventional column-beam structure to the Macquarie Bank 
building by using a 3-D model in Strand7. The comparison involved 
analysing the strength, deflection and stress distribution of the 
structure. The total material costs of the structural members were 
also compared to assess which of the two buildings is more 
economical. The costs were determined using market prices and the 
weight of the material used. 
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1 Bligh Sydney, Static 
Analysis 
 

Description 
 

1 Bligh, Sydney, stands at 139 metres high. Ingenhoven architects 
designed this significant element in Sydney’s skyline. Builders 
completed construction of the office building in 2011. Its unique 
design, utilizing compact geometry and rotation affords each office 
area a clear view of the harbour. A public plaza necessitated the 
elevation of the ground floor area. Efficient use of space and an 
ecological concept make this “green star” building the only one of 
its kind in all of Australia. 

Source: 
 
Nominated for DETAIL Prize 2012 
 
Photograph: Hans Georg Esch 

    

 

Aim 
 

The aim of this project was to perform a static analysis of the 
structure under different combinations of loads. These load 
combinations included dead load, live load and wind load. The 
analysis also considered the effect of adding additional structure to 
the columns capacity and to strengthen these if required. 
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Severin Bridgel, Rhine River, 

Static Analysis 

 

Description 
 

The Severin Bridge, over the Rhine River, spans 691 metres, with the 
longest unsupported span, measuring 121 metres, from the last cable 
to the end support. The bridge is 29.5 metres wide with a three metre 
wide walkway, allowing for pedestrian traffic. Vehicle lanes are 3.2 
metres and can support 360kN at 6.25 metre centre axle loads, with 
wheel groups at 2 metre centres. The limit state load factor for 
M1600 traffic load is 1.80. The dead load factors are as follows: 
steel 1.1, concrete 1.2. The bridge features steel towers totalling 77 
metres in height, and a box girder depth of 4.6 metres at mid-span. 
This depth is reduced to 3.2 metres at the ends. 

 

 

Aim 

 

We aimed to create a realistic model of the bridge. The scope was 
to conduct both linear and non-linear static analysis to determine 
the deflection and stress in various members under loading 
equivalent to AS5100 (Australian bridge code). 
Using the available element types, the pylon, cables, supporting 
structure, deck and sub-deck structure were included in the model. 
These primarily consisted of beam and plate elements. 
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Severin Bridge, Rhine River, 
Earthquake Analysis 

 

Description 
 

The Severin Bridge, over the Rhine River, spans 691 metres, with the 
longest unsupported span, measuring 121 metres, from the last 
cable to the end support. The bridge is 29.5 metres wide with a 
three metre wide walkway, allowing for pedestrian traffic. Vehicle 
lanes are 3.2 metres and can support 360kN at 6.25 metre centre 
axle loads, with wheel groups at 2 metre centres. The limit state 
load factor for M1600 traffic load is 1.80. The dead load factors 
are as follows: steel 1.1, concrete 1.2. The bridge features steel 
towers totalling 77 metres in height, and a box girder depth of 4.6 
metres at mid-span. This depth is reduced to 3.2 metres at the ends. 

 

 

Aim 
 

The objectives of the project were to build a 3D model of the 
bridge and to analyse it under earthquake loading; Then to 
identify the deflections and stresses under different frequencies by 
using the natural frequency solver, followed by spectral response 
solver. Finally, an analysis of different conditions was used to 
determine the maximum deflection and largest stresses in the plate 
elements. 
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Verrazano Narrow Bridge, 
New York, Static Analysis 

 

Description 
 

Three million rivets and one million bolts hold together the bridge’s 
towers, which stand at an impressive 221 metres high. The 1300 
metre span of the bridge is complete with an 8m deep stiffening 
truss. Once the longest suspension span in the world, the length 
necessitated compensation for the curvature of the Earth. This means 
the towers are 4cm further apart at their apexes than at their 
bases. Each of these monolithic structures weighs more than 24,000 
tonnes. The two-deck, 29.5m-wide roadway is 69.5 metres off the 
water in the winter and 65.9 metres off the water in the summer. 
The variance in clearance is due to seasonal expansion and 
contraction of the cables. As with the Severin Bridge, vehicle lanes 
are 3.2 metres and can support 360kN at 6.25 metre centre axle 
loads, with wheel groups at 2 metre centres. The limit state load 
factor for M1600 traffic load is 1.80. The dead load factors are 
as follows: steel 1.1, concrete 1.2. 

 

 

Aim 
 

We aimed to analyse a simplified model of the Verrazano 
Narrows Bridge using both static and dynamic analysis. Limitations 
and assumptions were imposed to simplify the problem of 
modelling the full structure in Strand7. 
Static loading consisted of the dead load of the self-weight of the 
structure and live loads applied uniformly across the bridge. A 
Non-linear Static solver was used to obtain a static analysis of the 
bridge. Dynamic loading included load paths to simulate the flow 
of two-way traffic. A Quasi Static solver was used to assess the 
bridge behaviour over time with the changing load path. 
Deflections and maximum stresses were reviewed in both Non-
linear static and Quasi Static analyses. 
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Complete Facade Greening: 
High-Rise Apartment 
Building in Milan, Static 
Analysis 

 

Description 
 

Forty different types of trees were carefully chosen and integrated 
into the construction of the high-rise apartment buildings at Porta 
Nuova. Each of the 11,000 ground covers, 5000 bushes, and 730 
trees incorporated into the construction was carefully selected for 
each storey, with the fruit trees anchored with stable rigging belts 
into the substrate layer of the balconies. The green façade 
provides a number of features, including a better atmospheric 
microclimate and protection from UV rays in the homes, as well as a 
solution to urban sprawl that can be applied in the future. It also 
results in what is, at least for now, an innovative and unique 
appearance. 

Source:  

Detail Online Magazine 

 

 

Aim 
 

With the gaining popularity of façade greening in buildings, static 
analysis must be conducted to ensure the feasibility of the building 
design to support the façade. A major concern with the large 
balcony designs supporting a façade is serviceability. Static finite 
element analysis using Strand7 was conducted to cover the main 
focus of the project: 

I. Realistically model one level of the Bosco vertical 

II. Study the short term serviceability of the cantilevered balconies 

III. Investigate alternative designs for the  balconies 

IV. To replicate the single level model over 26 storeys to study the 
serviceability lateral deflection of the entire structure 



15 

  



16 

Complete Facade Greening: 
High-Rise Apartment 
Building in Milan, 
Earthquake Analysis 

 

Description 
 

Boeri Studio and Arup developed a pair of high-rise apartment 
buildings known as the Bosco Verticale (Vertical Forest) in Milan, 
Italy. The taller tower stands at 112m high, while the shorter tower 
stands at 76m. The cantilevering balconies surrounding the 
structures contain 730 trees, 5000 bushes and 11,000 ground 
covering plants. If the area were a forest on flat land it would be 
equivalent to 7000m2. It has created a microclimate, which absorbs 
CO2 and produces oxygen (Boeri Studio, 2009). The internal 
temperature is naturally moderated by the deciduous trees that 
provide shade to apartments housed in the building and allow 
sunlight to enter in winter. The trees also provide protection from 
radiation, mitigate smog, and reduce noise pollution. Additionally, 
the buildings incorporate a photovoltaic energy system to increase 
their self-sufficiency. The balconies extend outward with 280 mm 
think reinforced concrete balconies supporting the vegetation. 
 
Source:  

Detail Online Magazine 

 

 

Aim 
 

This project aimed to perform an earthquake analysis of both 
towers. This analysis included two parts: modelling the towers in 
strand7, and investigating the buildings’ response under dead, live, 
and earthquake loads. 
The impact of the building height on earthquake response was 
examined by comparing the results between the tall and short 
towers. The effect of the cantilever balconies was also examined 
by comparing Strand7 models with and without balconies for both 
the 110 m and 76 m high cases. 
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The Passive House, Thermal 
Analysis 

 

Description 
 

Passive House (or Passivhaus) is a concept that creates a 
comfortable, energy efficient environment. The standard is 
applicable by anyone, and has been tried and tested. Only 
windows manufactured with exceptionally high R-values (low U-
values, typically 0.85 to 0.70 W/(m².K) for the entire window, 
including the frame) meet the requirements of the Passivhaus 
standard. These typically employ air seals, thermally broken 
frames, and triple-pane insulated glazing with: a high solar heat-
gain coefficient; sealed, gas-filled inter-pane voids; insulating glass 
spacers; and low-emission coatings. Heat gains from the sun 
average higher than heat losses in parts of Europe and the United 
States for southward Passivhaus windows, provided the windows 
are unobstructed, even in the dead of winter. 

Source:  

Detail Online Magazine 

 

 

Aim 

 

This study aimed to model the two Passivhaus window designs, 
triple glazed and double glazed, using Strand7, and to investigate 
the thermal efficiency of the designs. These two models were then 
compared to a standard window design of single glazing. The 
comparison of each model was based on the heat loss coefficient U, 
found for each window design. This value was then cross-
referenced to the values advertised by the building standard, and 
used to do a costing analysis to determine the cost savings of the 
Passivhaus designs compared to a standard window.  
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Long-span Pedestrian Bridge 
in Tirschenreuth, Germany, 
Static Analysis 

 

Description 
 

The construction of this bridge in Tirschenreuth, Germany, is barely 
visible. The pedestrian bridge is 3.9m wide and spans 85 metres. It 
is primarily constructed of wood, with two 25mm thick steel straps 
running along the length of the bridge that allow for great 
deflection under self-weight. A pier provides support for the middle 
of the bridge, while steel plates fasten each end at the abutments. 
These two supports are constructed first, then the aforementioned 
straps are welded on. After the frame is complete, prefabricated 
railings and wooden planks are fit together over the structure. 

Source: 

 Detail Online Magazine 

Photograph: 

 Hanns Joosten, ANNABAU 

 

 

Aim 
 

In this analysis, three load cases were considered: dead load due 
to self-weight of structural members, live load due to pedestrian 
use, and wind load specific to the geographic region. The 
determination of these loads is outlined in the technical report. 
Under these loads, and combination loads, deflections in the lateral 
and vertical direction was compared to maximum allowable 
deflections defined by AS 5100 – Bridge Design. Due to the length 
of the spans, oscillation of the bridge under loading was also 
considered. This was done by comparing the natural frequencies of 
the bridge with the oscillation frequency of wind and the oscillation 
frequency of pedestrian movement.  
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Chernobyl Dome 
Construction, Thermo-nuclear 
Analysis 

 

Description 
 

On the site of the Chernobyl power plant, a new confinement 
structure is being built atop the concrete poured in the aftermath of 
the 1986 explosion. The futuristic dome features stainless steel 
spread over a massive area. The goal is to reduce the risk of further 
atmospheric contamination, and guarantee the safety of all who live 
near the affected areas. 

Source: 

The New Your Times, Chernobyl: Capping a Catastrophe. By Henry 
Fountain. Photographs by William Daniels, April 27, 2014 

 

 

Aim 
 

This project considered the situation of a simulated nuclear incident 
occurring inside the structure. Under such conditions a complete 
thermal analysis was performed to determine the mechanical 
response of the structure. Such an analysis on a model would provide 
valuable information on the performance of not only the building 
materials but also the structure as a whole when subject to high 
temperatures over a certain period of time. The possibility of the 
structure’s failure could also yield valuable information on the time 
available for evacuation purposes in the face of a nuclear mishap.  
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Bamboo Forest: Bao‘An 
Stadion in Shenzhen, Static 
Analysis 
 

 

Description 
 

In an effort to capture the majesty of southern China’s bamboo 
forests, the designers of the stadium employed the use of steel 
supports, fashioned to resemble the recognizable reed, to create 
the façade. The interplay of light and shadow and the impression 
of natural bamboo is a consistent architectural theme throughout the 
structure. The roof and the frame are supported by many slender 
supports in keeping with the overall concept. 

Source:  

Detail Online Magazine 

 

 

Aim 
 

We aimed to provide a complete static analysis of the structure. 
This analysis included a full model of the structural components, as 
well as application of dead loads, live loads, and wind loads, in 
accordance with AS1170. Both linear static and linear buckling 
solvers were used to gain a detailed understanding of the static 
loading of the structure. In the report we provide a concise 
description on the theory behind the finite element analysis, the use 
of an axisymmetric coordinate system, and the use of online editing 
tool in Strand7.  We also outlined the assumptions that are needed 
to produce a detailed and accurate analysis.
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Cardboard cathedral, 
Christchurch, Static Analysis 

 

Description 
 

The Cardboard Cathedral was designed by Shigeru Ban, winner of 
the 2014 Pritzker Architecture Prize. The structure was intended to 
be a temporary replacement for Christchurch’s Anglican Cathedral, 
which was destroyed by the tragic 2011 earthquake. The 
Cathedral incorporates traditional materials, such as timber and 
steel, as well as unconventional elements, like 60cm diameter 
cardboard tubes and eight shipping containers that form the roof 
and walls, respectively. The cardboard tubes are coated in 
polycarbon, and the whole building rests on a concrete slab. 

Source:   

2014 Pritzker Architecture Prize 

 

 

Aim 
 

I. Investigate the structure’s performance under static loading. 
II. Investigate how the orthotropic nature of timber may affect the 

structural behaviour compared with an isotropic assumption. 
III. Assess the suitability of different element types (isotropic beams, 

isotropic plates, and orthotropic plates) for modelling the roof 
members. 
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Antarctica Building, Static 
Analysis 

 

Description 
 

The new research station situated off the coast of Antarctica must 
withstand blizzards with large quantities of snow, extreme wind 
speeds and temperatures lower than -40°C, resulting in extreme 
mechanical and thermal strain. To prevent and counter 
claustrophobia, a view of the landscape is provided to the 
researchers by large glazed portions of the façade. 

Source: 

Detail Online Magazine 

 

 

Aim 
 

To analyse the static and thermo-mechanic stresses and 
displacements induced in the Bharati Antarctic research station 
under a set of load combinations. 
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Antarctica Building, Thermal 
Analysis 

 

Description 
 

A new station situated on the Antarctic coast is intended for 
research purposes. The structure has to withstand abnormally high 
thermal and mechanical strains caused by blizzards with huge 
quantities of snow, enormous wind speeds and temperatures of -
40°C and under. A large proportion of the façade is glazed to 
give the researchers a generous view of the polar region and to 
counteract any feelings of claustrophobia. 

Source: 

Detail Online Magazine 

 

 

Aim 
 

I. To complete the 3D analysis of thermal load effects in energy 
loss over time between the building and the environment. 

II. To improve the insulation in the structure to reduce the energy 
loss. 
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files in USB drive 
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