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Preface 

We proudly present the new edition of the work by our Civil 

Engineering students at The University of Sydney on finite 

element modelling using Strand7 software. Our focus this year is 

the modelling of the response of landmark buildings under 

dynamics actions. 

Since 1988, the Strand7-Finite Element Analysis Software has 

been developed by Strand7 Pty Ltd in Sydney, Australia.  Early 

development on a predecessor of Strand7 was undertaken by 

academics of the University of Sydney and University of New 

South Wales in the mid 80's.  Today Strand7 is an 

internationally renowned, well-established, finite element 

software.  Strand7 has strong and versatile capabilities for 

dynamics analysis.   Extremely efficient in-build solvers in 

Strand7 allows linear and non-linear transient dynamics, natural 

frequency, spectral response, quasistatic analysis, and linear 

and non-linear transient heat transfer analysis.   

Here we present a selection of the Strand7 dynamic analyses 

performed on highly complex civil engineering structures. We 

start with a dynamics analysis of the Bao’an stadium in 

Shenzhen, China. The transient dynamics solver allows 

calculations of the earthquake response in this particular 

structure where standard spectral analysis shows slow 

convergence. We perform a fully dynamics analysis of the BMW 

Tower. This emblematic suspending structure in Munich, Germany 

proved the capabilities of Strand7 to model highly complex 

geometries in buildings under fire and wind loads.  The Golden 

Gates Bridge’s paper provides an excellent investigation of the 

bridge response to dead load, static load, wind load, and 

spectral seismic loads. The response of the cables of this 

enormous structure is investigated in detail using dedicated 

cable elements available in Strand7. The project on the Milad 

Tower in Tehran, Iran, provides the dynamics response of this tall 

building under wind load. The analysis is based on the 

Davenport spectral response formulation, which is much less 

expensive than computational fluid dynamics calculations. 

Some contributions aim to face current challenges in our society: 

we present a blasting analysis on the iconic Eiffel Tower in Paris, 

France. A superb investigation based on original construction 

drawings largely replicates the existing tower. Aiming to bring 

wilderness to large cities, we explore the use of prestresses 

concrete slabs in vertical forests such as the Green Façade in 

Milan, Italy. Finally, the energy balance analysis of the collapse 

of the Twin Towers in New York, USA, confirms that the energy 

released by the aircraft fuel was sufficient to produce a 

localised buckling collapse after 2hrs of heat exposure. 

Special thanks to Strand7 Pty Ltd and The University of Sydney 

to sponsor the production of this volume.  
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Bao’An Stadium, Shenzhen 

Transient Dynamic Analysis 

 

Description 

Bao’An stadium is an iconic structure that has structural columns 

inspired by local bamboo forests, intended to create a prominent 

feature in Shenzhen China. The structure has a circular shape with 

an outer diameter of 236m and an inner diameter of 128m. A 

lightweight roof structure with a polytetrafluoroethylene 

membrane is cantilevered 54m to provide shelter for spectators. 

The stadium is a complex structure due to the inclusion of the inner 

ring cables that have a pre tension of 3600 kN in the top cable, 

and 1800 kN in the bottom cable. These cables are supported 

through a lightweight truss system comprising of thin cables that 

extend to the external columns which also support a large 

compression ring. The columns are large circular hollow sections 

ranging in sizes from 550 mm to 800 mm. The stadium behaves 

similar to a bicycle wheel, the trusses equivalent to tension spokes 

of the wheel and the rim representing the outer compression ring. 

Source: 

Knight, D., Whitefield, R., Nhieu, E., Tahmasebinia, F., Ansourian, 

P., & Alonso-Marroquin, F. (2016, August). Transient dynamic 

analysis of the Bao’An Stadium. In NUMERICAL METHODS IN CIVIL 

ENGINEERING: Dynamics of Structures 2016 (Vol. 1762, No. 1, p. 

020001). AIP Publishing. 

 

Aim 

This study involves a simplified finite element model of Bao’An 

stadium using Strand7 to analyse the effects of deflections, 

buckling and earthquake loading. Modelling the cantilevers of the 

original structure with a double curvature was problematic due to 

unrealistic deflections and no total mass participation using the 

Spectral Response Solver. To rectify this, a simplified symmetrical 

stadium was created and the cable free length attribute was used 

to induce tension in the inner ring and bottom chord members to 

create upwards deflection. Further, in place of the Spectral 

Response Solver, the Transient Linear Dynamic Solver was inputted 

with an El-Centro earthquake.  

https://cloudstor.aarnet.edu.au/plus/index.php/s/lrb5eZ7mQr6RaEK
https://cloudstor.aarnet.edu.au/plus/index.php/s/lrb5eZ7mQr6RaEK
https://cloudstor.aarnet.edu.au/plus/index.php/s/lrb5eZ7mQr6RaEK
https://cloudstor.aarnet.edu.au/plus/index.php/s/lrb5eZ7mQr6RaEK
https://cloudstor.aarnet.edu.au/plus/index.php/s/lrb5eZ7mQr6RaEK
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BMW Tower, Munich 

Dynamic Analysis 

 

Description 

In the 1970s, world famous Austrian architect Karl Schwanzer 

designed an avant-garde suspended skyscraper for the new 

BMW headquarters. The BMW Tower was envisioned to resemble 

a four-cylinder motor and become a symbol for the recent 

flourishing success of BMW. The building consists of four pre-

stressed concrete cylindrical structures suspended off the ground 

through the use of cables connected to enormous cross-shaped 

steel hangers that lie on top of a shear core. The hangers are 

connected through the central shear core. There is also a technical 

floor mid-structure, containing trusses which transfer loads 

between the columns and the cables. With 18 suspended floors, a 

total of 53000 m2 of office space is available. This abundant 

space allowed the recentralization of staff previously dispersed 

around the region. 

Source: 

Indacochea-Beltran, J., Elgindy, P., Lee, E., Vignesh, T., Ansourian, 
P., Tahmasebinia, F., & Marroquín, F. A. (2016, August). Dynamic 
analysis of the BMW tower in Munich. In NUMERICAL METHODS 
IN CIVIL ENGINEERING: Dynamics of Structures 2016 (Vol. 1762, 
No. 1, p. 020002). AIP Publishing. 

 

Aim 

The aim of this project was to determine the stresses and 

deflections of the BMW Tower under static and dynamic loadings 

by using a 3-D model in Strand7. Ultimately, this analysis helps to 

understand the nature of suspended structures in relation to the 

Eurocode building standards. Thermal resistance has also been 

analysed using Strand7 to simulate a fire scenario and analyse 

the behaviour of the cable structure, which is the most critical 

building component. 

 

https://cloudstor.aarnet.edu.au/plus/index.php/s/ciCA1bXkgH6hu8V
https://cloudstor.aarnet.edu.au/plus/index.php/s/ciCA1bXkgH6hu8V
https://cloudstor.aarnet.edu.au/plus/index.php/s/ciCA1bXkgH6hu8V
https://cloudstor.aarnet.edu.au/plus/index.php/s/ciCA1bXkgH6hu8V
https://cloudstor.aarnet.edu.au/plus/index.php/s/ciCA1bXkgH6hu8V
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Eiffel Tower, Paris 

Blast Analysis 

 

Description 

The Eiffel Tower was constructed as the leading monument of the 

Universal Exposition to mark the centenary of the French 

Revolution of 1789. The large iron archways served as the 

gateway to Champ-de-Mars, with the Tower itself acting as the 

key attraction of the Universal Exposition. It was the first structure 

to reach the coveted 1000 feet, and maintained its status as the 

world’s tallest structure until 1930. The tower consists of four 

separate curved legs that meet to form a single point at the peak. 

Each of these legs are approximately 15m by 15m and consist of 

four columns that are connected by an iron lattice, allowing the 

columns to behave like a truss. The four columns contained in each 

of the legs is assembled from a series of angles and flat sections 

that form a roughly square hollow cross section.  

Source: 

Horlyck, L., Hayes, K., Caetano, R., Tahmasebinia, F., Ansourian, P., 

& Alonso-Marroquin, F. (2016, August). Blasting response of the 

Eiffel Tower. In NUMERICAL METHODS IN CIVIL ENGINEERING: 

Dynamics of Structures 2016 (Vol. 1762, No. 1, p. 020003). AIP 

Publishing. 

 

Aim 

The overall objective of the project was to construct a detailed 

finite element model of the Eiffel Tower for the purpose of 

performing numerical analysis and determining its capacity to 

resist a number of loading conditions. As part of this investigation 

permanent and imposed wind loads were examined by 

performing a static analysis with the aim of determining the extent 

to which the structure was overdesigned. The investigation also 

aimed to analyse the resistance of the tower to a dynamic blast 

loading adjacent the base of one of the tower legs.  Particular 

regard was paid towards the ability of the weakened structure to 

remain standing under static loads despite the missing or 

damaged members. 

 

https://cloudstor.aarnet.edu.au/plus/index.php/s/bz3OqNfYhqmLJQ3
https://cloudstor.aarnet.edu.au/plus/index.php/s/bz3OqNfYhqmLJQ3
https://cloudstor.aarnet.edu.au/plus/index.php/s/bz3OqNfYhqmLJQ3
https://cloudstor.aarnet.edu.au/plus/index.php/s/bz3OqNfYhqmLJQ3
https://cloudstor.aarnet.edu.au/plus/index.php/s/bz3OqNfYhqmLJQ3
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Façade Greening of Bosco 

Verticale Building, Milan 

Static Analysis 

 

Description 

Bosco Verticale (In Italian, “vertical forest”) is characterized as the 

sustainable residential building located in central Milan designed 

by the famous architect Stefano Boeri. The building introduces the 

philosophy of the balance of nature in the polluted mega-cities. 

The Bosco Verticale consists of two rectangular shaped high-rise 

residential towers of 117m (26 floors) and 76m (18 floors) high 

that covers a total surface area of 30501m2. Both towers are 

featured by the dense vegetation on the outer edges. The 

vegetation was planted in the pre-fabricated boxes and located 

at the periphery of the balcony. This building hosts more than 900 

trees and over 2000 plants (shrubs and floral) on balconies in 

different façades. Façade greening in high rise residential 

buildings would effectively balance the limited land areas and the 

needs of green areas of urban people. 

Source: 

Sun, W., Li, M., Han, Y., Wang, M., & Ansourian, P. (2016, 

August). Façade Greening: High-rise apartment building in Milan 

using pre-stressed concrete slab. In NUMERICAL METHODS IN 

CIVIL ENGINEERING: Dynamics of Structures 2016 (Vol. 1762, No. 

1, p. 020004). AIP Publishing. 

 

Aim 

The aim of this study was to model the overweighted balcony 

using both ordinary reinforced concrete slab and pre-stressed 

concrete slab and to compare the results of tensile stress and 

deflection. To this end, one single level of the Façade Greening 

was designed and modelled using finite element method in 

Strand7. A static analysis was performed in order to understand 

the deflection and the stress due to the extra loads imposed by 

the soil and plants. The results produced by the linear static solver 

are compared with the strength of the materials and the European 

limitations. 

https://cloudstor.aarnet.edu.au/plus/index.php/s/rWEwoAiv8ruTU6W
https://cloudstor.aarnet.edu.au/plus/index.php/s/rWEwoAiv8ruTU6W
https://cloudstor.aarnet.edu.au/plus/index.php/s/rWEwoAiv8ruTU6W
https://cloudstor.aarnet.edu.au/plus/index.php/s/rWEwoAiv8ruTU6W
https://cloudstor.aarnet.edu.au/plus/index.php/s/rWEwoAiv8ruTU6W
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Golden Gate Bridge, San 

Francisco 

Dynamic Analysis 

 

Description 

The Golden Gate Bridge is one of the world’s most spectacular 

and well known bridges that crosses the Golden Gate Channel, 

connecting the San Francisco Peninsula to Marin County. The 

bridge was opened in 1937 and held the title for being the 

longest main span suspension bridge for 27 years. The bridge 

consists of a bridge deck, supported on a system of beams and 

trusses. This truss system spans between the bridge pylons and is 

hung from vertical cables at 15m intervals. These vertical cables 

are supported by two major catenary suspension cables which 

pass over the pylons and into anchors at either ends of the 

bridge. The 2332 m long catenary cables are the longest bridge 

cables ever made. These cables used an innovative process to 

bind thinner wires together to make one large cable which 

allowed for the construction of the record breaking main span. 

Source: 

Game, T., Vos, C., Morshedi, R., Gratton, R., Alonso-Marroquin, F., 

& Tahmasebinia, F. (2016, August). Full dynamic model of Golden 

Gate Bridge. In NUMERICAL METHODS IN CIVIL ENGINEERING: 

Dynamics of Structures 2016 (Vol. 1762, No. 1, p. 020005). AIP 

Publishing. 

 

Aim 

An investigation into the structural systems of the Golden Gate 

Bridge when subject to dead, live, wind and earthquake 

loading was carried out using finite element modelling. This 

investigation was carried out using Strand7 and was verified 

through analytical calculations. This study outlines the modelling 

techniques, element types and analysis solvers used in 

modelling and analysing the structure. Finally, this study 

discusses this results produces by the analysis and verifies the 

results through simple hand calculations.  

https://cloudstor.aarnet.edu.au/plus/index.php/s/16pLm99pZBk2a4r
https://cloudstor.aarnet.edu.au/plus/index.php/s/16pLm99pZBk2a4r
https://cloudstor.aarnet.edu.au/plus/index.php/s/16pLm99pZBk2a4r
https://cloudstor.aarnet.edu.au/plus/index.php/s/16pLm99pZBk2a4r
https://cloudstor.aarnet.edu.au/plus/index.php/s/16pLm99pZBk2a4r
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Milad Tower, Tehran 

Dynamic Analysis 

 

Description 

The Milad tower is a multipurpose tower located in Tehran, Iran, 

which is the 6th tallest tower in the world, at 436 metres high. The 

tower is made up of five main components; the antenna mast, the 

head structure, the concrete tower shaft, the lobby and the 

foundation. The antenna mast is a slender concrete section that 

stretches over 100m, composed of four different sections. The 

head structure sits around the main concrete shaft and makes up a 

12 storey structure. This structure is a space basket and consists of 

radial and peripheral beams that transfer the loads directly to 

the columns. The loads from the columns are transferred to the 

concrete shaft which carries most of the gravitational and lateral 

loads of the structure. It is 315 metres high and consists of four 

main tapered trapezoidal walls and two octagonal shapes 

connected by several walls. The octagons are post tensioned in 

order to increase the bending capacity and stiffness of the 

structure to reduce the deflections. 

Source:  

Wilhelm, E., Ford, M., Coelho, D., Lawler, L., Ansourian, P., Alonso-

Marroquin, F., & Tahmasebinia, F. (2016, August). Dynamic 

analysis of the Milad Tower. In NUMERICAL METHODS IN CIVIL 

ENGINEERING: Dynamics of Structures 2016 (Vol. 1762, No. 1, p. 

020006). AIP Publishing. 

 

Aim 

The aim of this study was the modelling of the Milad Tower using 

the finite element analysis program Strand7. A dynamic analysis 

was performed on the structure in order to understand the 

deflections and stresses as a result of earthquake and wind 

loading. In particular, Linear Static as well as Natural Frequency 

and Spectral Response solvers were used to determine the 

behaviour of the structure under loading. 

https://cloudstor.aarnet.edu.au/plus/index.php/s/V3a9IJB5thPb00t
https://cloudstor.aarnet.edu.au/plus/index.php/s/V3a9IJB5thPb00t
https://cloudstor.aarnet.edu.au/plus/index.php/s/V3a9IJB5thPb00t
https://cloudstor.aarnet.edu.au/plus/index.php/s/V3a9IJB5thPb00t
https://cloudstor.aarnet.edu.au/plus/index.php/s/V3a9IJB5thPb00t
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Twin Towers, New York City 

Thermal Analysis 

 

Description 

Twin Towers were components of the World Trade Centre 
located in Lower Manhattan, New York City. They consisted of 
two 110-story with 6-level basement commercial office buildings: 
the 417 m North Tower, and 415 m South Tower. At 9:03 a.m. on 
September 11 in 2011, the Twin Tower collapsed after attacked 
by two jet aircrafts. As a framed tube structure, it occupied 
approximately 63m x 63m with core of roughly 27m x 41 m. 
There were 59 external columns on each side of the structure and 
4 columns on the four corners, thus there was a total number of 
240 external columns. The structure core consisted of 47 steel 
columns running from the bedrock to the top of the tower. The 
large, column-free space between the perimeter and core was 
bridged by prefabricated floor trusses.  

Source:  

Zhu, K., Xu, K., Ansourian, P., Tahmasebinia, F., & Alonso-
Marroquin, F. (2016, August). Energy balance in the WTC 
collapse. In NUMERICAL METHODS IN CIVIL ENGINEERING: 
Dynamics of Structures 2016 (Vol. 1762, No. 1, p. 020007). AIP 
Publishing. 

 

Aim 

The aim of this study is to analyse the collapse of the Twin Towers 
of the New York City’s World Trade Centre after attacked by 
two jet aircrafts. The approach mainly focused on the effect of 
temperature on mechanical properties of the building, by 
modelling heat energy in the south tower. Energy balance during 
the collapse between the energy inputs by aircraft petrol and the 
transient heat to the towers was conducted. Both the overall 
structure between 80 to 83 stories and individual elements were 
modelled. The main elements exposed to the thermal load 
includes external and internal columns. Heat applied in 2D and 
3D models for single elements was through convection and 
conduction. Analysis of transient heat was done using Strand7. 

 

 

https://cloudstor.aarnet.edu.au/plus/index.php/s/DxIQZKtqKajnVMo
https://cloudstor.aarnet.edu.au/plus/index.php/s/DxIQZKtqKajnVMo
https://cloudstor.aarnet.edu.au/plus/index.php/s/DxIQZKtqKajnVMo
https://cloudstor.aarnet.edu.au/plus/index.php/s/DxIQZKtqKajnVMo
https://cloudstor.aarnet.edu.au/plus/index.php/s/DxIQZKtqKajnVMo
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