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Introduction

On the 24th of October, 2018, the department of Civil and Natural Resources Engineering

(CNRE) held a research conference showcasing 82 research projects undertaken by 162

third-professional year students. The projects were for the most part done in pairs and at

the conference, students presented the results of their research via both oral and poster

presentations which academic staff assessed. The conference attracted many industry

partners including Calibre Group, Pattle Delamore Partners Ltd, Structex, UC Library,

and Warren and Mahoney Technologies Ltd.

The papers presented at the conference covered a wide range of topics which reflects

the broad research undertaken by the academics within the department of CNRE. These

included fields as diverse as studies of augmented reality, pedestrian bridge, flood, low

energy building, volcanic ash, car park fire, smoke, transparent soil, flytipping, concrete

canoe, system damping, and even electric cars. The disciplines covered include archi-

tectural engineering, earthquake engineering, ecological/hydrological engineering, energy

engineering, environmental engineering, fire engineering, fluid mechanics, geomechanics,

engineering management, materials engineering, structural engineering, and transporta-

tion engineering. Many projects were not only academically-oriented, but they were

also relevant to the engineering industry in New Zealand. Industry partners involved

included ARUP Fire Engineering, Base Isolation manufacturers, BMC, Douglas-Fir As-

sociation, Environmental Science and Research Institute, Fulton Hogan, Lyttelton Com-

munity Group, McMillan Drilling Group, NIWA, OPUS International, Structex, and

Trimble and Warren and Mahoney.

While conducting the projects, students acquired a unique set of research skills aimed

to complement those learned in the more structured lecture and laboratory environment.

These skills included independent thinking, self-motivation, time management, and com-

munication skills. The effort made by the students towards the projects was about 300

hours in total for each student with many students devoting much more time than that.

With such effort, the quality of their research work was usually fabulous, and the out-

comes and results of the projects were in some cases novel. Indeed, some projects will

be able to lead to publications in national and international conferences and journals, as
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has been the case from a number of projects in previous years.

This research conference is particularly memorable since it was held for the second time

in the new Engineering Core Block. The old Core had been closed for a number of years

due to the 2011 Christchurch earthquakes and had only been opened since February of

2017 after being completely rebuilt. The modern teaching and learning facilities in this

block have greatly improved the delegates experience in attending the conference. The

Recharge Lounge at Level 2 also provided a great space for students, staff and industry

partners to interact socially while viewing posters during lunch and coffee/tea breaks.

It is therefore my great pleasure to present the proceedings of this conference to you.

The papers are grouped by disciplines to help readers find the papers with ease. The

electronic version also contains hyperlinks and bookmarks for easy browsing. I hope you

will enjoy reading the work of our students and find the results interesting, challenging,

and intriguing.

This document contains abstracts only. Full papers are available upon requests.

Dr Chin-Long Lee

Department of Civil and Natural Resources Engineering

University of Canterbury

Conference Convener

Christchurch

November 2018
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ABSTRACT 

The construction industry appears to be ever increasing as the population of our world continues to progressively grow. 

As further infrastructure is built, can these construction processes be optimised, especially in the area of dimensional 

analysis and measurement checking? This report focuses on comparing construction checking tools such as the traditional 

tape & measure, Trimble SX10 laser scanner and the Microsoft HoloLens using Trimble Software, to the Trimble SX10 

Total Station; a current industry leader in surveying technology. Comparisons were made in the areas of accuracy, speed 

of testing, ease of use and efficiency. Testing was undertaken in five different rooms, with a benchmark survey being 

completed with the Total Station first. The HoloLens was blindly tested by reducing benchmark models of each room by 

an arbitrary amount and measuring differences between the reduced virtual model and the physical model. Errors were 

found between all construction checking tools and the benchmark by evaluating the collected data in both a length based 

comparison and spatial comparison. Results indicated that in both comparisons the HoloLens was the least accurate 

construction checking tool, with the laser scanner being the most accurate. Although the HoloLens was also the most 

difficult to use, it showed promising signs with its fast testing times and was found to be the most efficient construction 

checking tool within a 15 mm to 50 mm accuracy range, considering virtual measurements alone. However, the HoloLens 

is not accurate enough to be a viable construction checking tool at its current level of development.  

1. INTRODUCTION 

1.1. Background 

The foundation of Augmented Reality (AR) is the 

overlay of a virtual image upon the physical world. While 

this technology has been around since the 1990’s, this 

technology has seen rapid market growth over the last 

decade, particularly through the popularisation of AR 

technology with handheld devices and smartphone usage. 

As this technology becomes increasingly sophisticated 

and relevant, its functionality could be extended to be 

used as a construction checking tool within the 

Architecture, Engineering and Construction (AEC) 

industry. The technology’s potential could allow an 

accelerated construction checking process, enabling the 

user to recognise discrepancies within the built design, 

faster and more efficiently than current construction 

checking methods. 

The Microsoft HoloLens, shown in Figure 1, is a piece of 

visual headwear that uses a beta version of Trimble 

HoloLens software. The HoloLens is equipped with a 

holographic display and Trimble’s software which 

imports a virtual model (e.g. SketchUp or AutoCAD) 

from cloud storage and overlays the model through the 

HoloLens headset onto the physical world. The result 

immerses the wearer into a blend of realities. Here, the 

user can interact with the virtual model with intuitive 

hand gestures. Such technology is currently used for 

visualisation purposes within the architectural industry, 

but more technical applications of this technology within 

the Civil Engineering discipline would see its 

commercial value rise.  

 

Figure 1. HoloLens Device 

In 2017, a BE(Hons)(Civil) final year research project at 

the University of Canterbury investigated the spatial 

mapping capabilities of the HoloLens and the Trimble 

Connect Application. This research provided some 

understanding of the capabilities of the HoloLens.  

 

The 2017 student research project focused on evaluating 

the HoloLens using three different tests; plain room test, 

movement test and plane-recognition test.  
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Large Scale use of Groundwater for Heating & Cooling in 
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R. J. Campbell and A. J. Coull 

Final Year Projects, 2018 
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Project supervisor(s): Larry Bellamy  
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ABSTRACT 

The purpose of this project was to answer the question, ‘can the ground energy resources in the Canterbury aquifers 

sustainably support the wide-scale uptake of groundwater heat pumps (GWHP) for heating and cooling of Christchurch 

buildings’, through the development of a simple model. The project began with a literature review of the material to 

gather information about GWHP systems and how the model might be structured. After this, development of the Model 

began. The first step was splitting it into three parts; building stock, heat pump and aquifer. In the Building Stock 

Model, buildings were split into 4 classes; old residential, new residential, commercial office and commercial retail. 

Using research values, the Model calculated the aggregate energy for each class, divided it into 3 types of power usage, 

then distributed the total heating and cooling through the year. The maximum required energy was for heating in July. 

From this the required flow for the heat pump to meet the demand was calculate. The Wainoni aquifer was modelled as 

a pipe to determine if it could withstand the required extraction. The Model produced some good results for the heads in 

the system but due to the assumptions for drinking water extraction the mass balanced did not equate. It was determined 

that the required flow for the whole city could not be satisfied and the load must be reduced. Sensitivity analysis was 

then conducted on selected input variables to gain understanding of how each input affect the Model. This was done by 

changing each input value one at a time to upper and lower bounds. These values were taken from literature and 

assumptions. The results of this were discussed. Finally, several recommendations were made regarding further 

development of the Model, as well as, improving the accuracy of the data. 

 

1. INTRODUCTION 

Heating and cooling energy are typically the largest 

costs associated with running a commercial building in 

Christchurch. Ground-source heating and cooling can 

reduce building energy use and the carbon footprint of 

buildings. It is for this reason that ground-source 

heating and cooling has been encouraged by 

Environment Canterbury for buildings constructed in 

central Christchurch post the 2010-11 Canterbury 

earthquakes. Canterbury’s extensive aquifer system 

makes ground source-heating and cooling an attractive 

option in Christchurch city and the surrounding areas. 

 

Groundwater heating and cooling can be achieved in a 

number of ways. One method involves pumping water 

from an aquifer and passing it through a heat exchanger 

of a heat pump, to supply or extract heat from a 

building. The heat exchanger removes thermal energy 

from the water if it is heating the building and adds 

thermal energy to the water if it is cooling the building.  

 

The use of geothermal energy stretches back far through 

human history. This was common practice by Maori in 

New Zealand for cooking and heating even before 

European settlement in the mid 1800’s (Ministry of 

Business, Innovation and Employment, 2016). The use 

of heat pumps for heating buildings first came into use 

during the 1930’s in Switzerland, where water was 

taken from nearby rivers and used as a heat source. 

However, it wasn’t until 1945 that the first true ground 

source heat pump was installed (Sanner, 2017).  

 

Ground-source heating and cooling is now a common 

system throughout the world and is beginning to 

become popular in New Zealand (Lund, et al, 2004). 

However, little is known about the effects that large-

scale use of the ground as a heat source and or sink has 

on the aquifers system and the surrounding 

environments. 

 

It is well known that there is an extensive aquifer 

system under the Canterbury Plains. They are a source 

of water for many uses including Christchurch’s 

drinking water, irrigation for the farms that occupy the 

Canterbury Plains and more recently ground source 

heating and cooling. Although this is a huge resource, 

there are concerns around the effects that this extraction 

has on the Canterbury aquifers. Therefore, the purpose 

of this project is to answer the question, ‘Can the 
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ABSTRACT 

This project’s aim is to quantify the difference in annual and peak; heating and cooling loads when using triple-glazing 
compared to single and double-glazing for a typical modern New Zealand office building. A base case building was 
defined. This was modelled in an energy performance software programme, OpenStudio, and simulated at four locations 
in New Zealand; Auckland, Wellington, Christchurch and Dunedin. The base case building was then altered to analyse 
and compare the effect of different design parameters on the annual and peak loads. 

Results showed triple glazing to be beneficial in New Zealand’s coldest climates such as Dunedin. As well as in scenarios 
where the building’s cooling loads are low; such as not being exposed to large amounts of sunlight, or having a low 
surface area to volume ratio. In these scenarios, triple-glazing marginally reduced the total annual load. Thus the energy 
savings may not offset the increased cost and embodied energy of materials and construction over the lifetime of the 
building. As a result double-glazing may still be the favourable option for New Zealand office buildings.

1. INTRODUCTION 

Human activity is causing climate change. This can be 
attributed to carbon dioxide and other greenhouse gas 
emissions as a by-product of day-to-day human activities. 
In order to mitigate the effects of climate change 
greenhouse gas emissions must be reduced. The built 
environment is a large contributor to global emissions. 
Various sources estimate the built environment 
contributes between 19% and 33% of the global carbon 
footprint (Vicker and Fisher 2018). This has led to the 
suggestion that one of the greatest opportunities to reduce 
global emissions lies in the built environment (Li et al. 
2013). A report by thinkstep Australasia found that the 
built environment contributes to 20% of New Zealand’s 
carbon footprint (Vicker and Fisher 2018). Almost half 
of this can be attributed to energy used to heat and light 
buildings. The other half is accounted for by energy used 
in construction (Vicker and Fisher 2018). Of the energy 
used during building operation the majority of this is due 
to heating and cooling (Thalfeldt et al. 2017). 

In response to needing to address the carbon footprint of 
buildings, interest in nearly-zero energy buildings 
(nZEBs) has risen in recent years. The European Union 
has set nZEBs as a target for all new buildings by 2020 
(Stevanović 2016). There are two main strategies used in 
achieving nZEBs; minimising the energy use of the 
building and generating renewable energy on-site. 
Minimising energy use is generally the preferred strategy 

as generating on-site energy often faces constraints that 
are difficult or costly to overcome (Li et al. 2013).  

Material properties govern the total energy use of a 
building. A materials R-value is a measure of its thermal 
resistance. Materials with a higher R-value are better 
insulators. Windows have an R-value roughly six times 
less than opaque external walls (Manz 2008). This makes 
windows the main source of heat gain during summer and 
heat loss during winter. Thus, reducing heat transfer 
through windows can significantly reduce space heating 
and cooling loads. In order to reduce the total energy 
demands on a building, the climate in which it is located 
must be understood. In cold climates, where heating is 
the major energy demand, creating a well-insulated 
building is the primary objective. This can be achieved 
by minimising the window to wall ratio (WWR) and 
using triple-glazing to maximise the R-value of the 
windows (Li et al. 2013). In warmer climates well 
insulated buildings are more effective at trapping heat, 
which may increase cooling requirements. Thus the main 
requirement is to control the amount of solar radiation 
entering the building (Li et al. 2013).  

Solar radiation transmitted through windows is typically 
the largest contributor of natural heat gain in buildings. 
As solar radiation passes through windows a small 
amount is reflected outwards by each pane of glass, 
roughly 8% (Jelle 2013). Thus increasing the number of 
panes reduces the amount of radiation entering the 
building. Increasing the number of panes will also reduce 

20



Earthquake Engineering Papers

21



When Art Meets Bridge Engineering:  
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ABSTRACT 

When Art Meets Bridge Engineering looks at combining innovative engineering and artistry to design an artistic 
pedestrian bridge. NZTA and New Zealand bridge engineers are currently putting emphasis on aesthetics and integration 
within the environment for bridge designs. Santiago Calatrava provides inspiration for this project through his reputation 
for integrating advanced engineering solutions with dramatic artistic visuals in his structures. Research into how art can 
be integrated with bridge engineering started with a literature review of five international bridge design guidelines 
compared to Fritz Leonhardt’s ten most important qualities of aesthetic design. It was found that the tenth quality, 
incorporating nature, was not recommended by any international guidelines. Existing artistic and nature inspired bridges 
were collated to demonstrate the effect of incorporating Leonhardt’s ten aesthetic qualities. It was determined that a design 
inspired by nature meets all of Leonhardt’s ten qualities due to the inherently perfect geometry and structure found in 
natural objects. These findings were then implemented on a real bridge case study located on the Ōpāwaho (Heathcote 
River) as given by project sponsor WSP-OPUS. To achieve the desired slenderness, low weight, and low environmental 
impact, ultra-high performance concrete (UHPC) was the most appealing material choice. Due to the tensile strength 
capacity of UHPC, a smaller profile was achieved resulting in a 54% reduction of overall material weight. Additional 
benefits of the precast, post-tensioned UHPC design includes foundation cost savings due to the smaller structural weight, 
cranage savings,  shorter construction time, lower maintenance costs due to UHPC durability, and a reduced 
environmental impact. Overall, this project showed that taking inspiration  into design and innovative engineering can 
produce an artistic bridge with economic and structural feasibility.

1.!  INTRODUCTION 

The major inspiration for this project is Santiago 
Calatrava, a world renowned bridge designer. Calatrava 
has gained reputation for integrating advanced 
engineering solutions with dramatic artistic visuals in his 
structures. NZTA and New Zealand bridge engineers are 
currently putting more emphasis on aesthetics and 
integration within the environment for bridge designs. 
This was demonstrated in the recent North Frame tender, 
Ōtākaro Limited set the challenge of integrating art into 
bridge engineering for the design of three pedestrian 
bridges in the Avon River Precinct. Similar to the North 
Frame Tender, this project aims to bring Calatrava’s 
vision within New Zealand context.  

For the purpose of having a more realistic 
implementation of the research findings, the project 
sponsors WSP-OPUS proposes a pedestrian bridge 
spanning over the Ōpāwaho (Heathcote River) in 
Woolston, Christchurch. This bridge is planned to be a 
part of the Heathcote Expressway, one of Christchurch 
City Council’s (CCC) proposed major cycleways. The 

current bridge at this location is deemed unfit for a shared 
cycleway  and does not meet the flood level requirement. 
The new bridge design aims to be better fit for purpose. 

2.! DESIGN PROCESS 

Figure 1 shows the design process scheme. The literature 
review of international guidelines on aesthetic bridge 
design was used to determine the most important 
qualities of an aesthetic bridge. Site investigation defined 
the physical requirements of the bridge such as height 
and width as well as the local environment. Two bridge 
designs were created, with one being chosen for the 
further development of the conceptual design. Structural 
analysis and engineering design processes were then 
performed to determine the sizing, materials, and 
detailing of the selected bridge. The final bridge design 
was present via computer software, REVIT, rendering for 
stakeholder engagement. Options for construction were 
lastly discussed to consider the practicality of building 
the designed bridge and associated costs. 
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ABSTRACT 

Heritage Masonry buildings are common in New Zealand and typically constructed of unreinforced masonry 

blocks combined with mortar. These are highly susceptible to damage from earthquake loads as they have high 

mass, lack integrity between elements and low deformation capability. However, the research relating to masonry 

behaviour and design standards in New Zealand is very limited.  There is also a lack of modelling techniques 

available for masonry design and retrofit solutions. This paper focuses on core masonry behaviour and retrofit 

solutions, focusing on the benefits and limitations of post-tensioning and exploring the use of an emerging Italian 

masonry modelling software, 3Muri. The methodology followed was a detailed state of art of masonry behaviour 

followed by a parametric analysis based on Eurocode 6, and a case study design of post-tensioning.  The parametric 

analysis determined the limit of post-tensioning for a given masonry wall and verified the accuracy of 3Muri’s 

analysis. Finally, the capacity-spectrum analysis was used to relate the capacity of the case study to earthquake 

demands in Christchurch, New Zealand. This showed that a post-tensioning solution could be designed using 

3Muri that would meet the current New Zealand design requirements in NZS 1170:2004. 

1. INTRODUCTION 

Throughout New Zealand, there are many heritage 

unreinforced masonry (URM) buildings, most commonly 

constructed of clay brick, concrete or stone. These are 

highly susceptible to sustaining damage in earthquakes. 

Despite a large number of masonry buildings, 

particularly in earthquake regions such as Christchurch, 

there is a lack of code requirements and design 

procedures in the New Zealand standards. There is also a 

lack of understanding and useful tools such as modelling 

software for masonry specific design. Since the 

Christchurch earthquakes in 2010, the New Zealand 

industry has taken a real concern to this. A seismic 

assessment of existing buildings guideline has been 

produced by the New Zealand Society for Earthquake 

Engineering with several other organisations. Section C8 

of these guidelines provides technical assistance for 

URM building assessments, but no official standards are 

in place. The purpose of this project was to research and 

understand masonry behaviour under earthquake 

conditions, explore the use of post-tensioning as a retrofit 

solution in New Zealand URM buildings and determine 

if masonry specific modelling software would be 

beneficial in the local industry. 

2. BACKGROUND 

2.1. Masonry Wall Failure Modes 

There are three main in-plane failure mechanisms that 

occur in masonry walls; rocking (Equation 1), diagonal 

cracking (Equation 2) and bed-joint sliding (Equation 3), 

as seen respectively in Figure 1. 

 

Figure 1. Collapse mechanisms of a masonry wall, Betti 

et al. (2015).  

Each failure mechanism is defined by a governing 

equation shown below (CEN, 2005), 

 𝑀𝑢 =
𝑙2𝜎0

2
(1 −

𝜎0

0.85𝑓𝑚
) (1) 

 𝑉𝑢 = 𝑙′𝑡(𝑓𝑣0 + µ𝜎𝑛) (2) 

 𝑉𝑢 = 𝑙𝑡
1.5𝜏0

𝑏
√1 +

𝜎0

1.5𝜏0
 (3) 

Where 𝑀𝑢 is the moment capacity of the masonry panel,  

𝜎0 is the normal compressive stress, 𝑓𝑚 is the masonry 

compressive strength, 𝑙 is the length of the wall,  𝑙′ is the 

length of the wall in compression, t is the thickness of the 

wall, 𝑓𝑣0 is the shear resistance without compression, µ 
is the friction coefficient (usually taken as 0.4), 𝜎n is the 

23



Impacts of sea-level rise on future liquefaction hazards in 
Christchurch 

J. S. Anderson and J. E. Boyd. 

Final Year Projects, 2018 

Dept. of Civil and Natural Resources Engineering 

University of Canterbury 

Project supervisor(s): M. W. Hughes. 

Keywords: Earthquake, liquefaction, sea-level rise, future hazards, subsidence 

ABSTRACT 

Anthropogenic climate change is causing mean global sea levels to rise. Sea-Level Rise (SLR) is expected to have a 

significant negative impact on the built environment of coastal Canterbury communities. It is important that this hazard 

is analysed so that effective risk mitigation strategies can be deployed. The 2010 – 2011 Canterbury Earthquake Sequence 

(CES) caused widespread damage throughout the coastal Canterbury region with a large percentage of the damage 

resulting from liquefaction. The Canterbury region is highly susceptible to liquefaction as the area is situated overtop of 

loose granular soil deposits with a very high ground water table (GWT). SLR is expected to raise the GWT in the coastal 

Canterbury region, which will have a direct influence on the severity of future liquefaction hazards.  

This study investigates the effect SLR has on liquefaction hazards in Kaiapoi, New Zealand. Given the low-lying 

geographical location of Kaiapoi, it is expected that SLR will cause an increase in the GWT and ultimately liquefaction-

induced hazards. During the CES, Kaiapoi experienced severe widespread liquefaction. This resulted in overall 

subsidence of the area, with large portions of the residential areas being red-zoned. This study uses Cone Penetration Test 

(CPT) logs sourced from the New Zealand Geotechnical Database (NZGD) to predict liquefaction-induced settlement 

and Liquefaction Potential Index (LPI). The soil profile at each CPT log site was analysed under three different ground 

water levels corresponding to; no SLR, 0.5 m of SLR and 1.0 m of SLR. The project focused on modelling a Magnitude 

8 earthquake event with a localised peak ground acceleration (PGA) of 0.2 g. These values correspond to the local ground 

motions expected from a rupture of the Alpine Fault. The results show that SLR will increase the potential for liquefaction 

and associated ground settlements. However, these increases in potential ground settlements are relatively minor 

compared to the LPI results. With 1.0 m of SLR, the average ground settlement is 43% greater than the expected ground 

settlement with 0 m of SLR. Whereas, a SLR of 1.0 m caused the LPI will increase by 88%. This increase in ground 

settlement will cause an increase in flooding risks and will affect the built environment in Kaiapoi. 

1. BACKGROUND 

Throughout the past century the global sea level has 

risen at a rate of between 1.5 to 1.9 mm yr-1 (Wong et 

al., 2014). This rate rapidly increased between 1993 

and 2010 with the global sea level rising at a rate of 

between 2.8 and 3.6 mm yr-1 (Wong et al., 2014). 

Anthropogenic climate change has caused global 

temperatures to rise at an increasing rate. Increased 

temperatures have resulted in the melting of ice sheets, 

glaciers and snow causing sea level rise (SLR) (Dieng 

et al., 2017). It is predicted that sea levels will rise 

between 0.5 and 1.0 metres over the next 100 years 

(Wong et al., 2014), with other models predicting up to 

2 m of SLR by 2100 (Oppenheimer et al., 2016). An 

increase in sea level directly increases the ground water 

level (GWL) and therefore poses a direct future risk to 

coastal, low-lying regions and communities in New 

Zealand (Hughes et al., 2015). The risks posed by SLR 

to coastal communities are being recognised 

increasingly (Parliamentary Commissioner for the 

Environment, 2015). A report issued to the Ministry for 

the Environment concluded that $19 billion dollars’ 

worth of New Zealand infrastructure faces direct risk to 

the predicted levels of SLR (Bell et al., 2017). 

 

During 2010 – 2011 the Canterbury region was struck 

by the Canterbury Earthquake Sequence (CES) which 

included the moment magnitude (Mw) 7.1 Darfield 

earthquake and the consecutive Mw 6.2, Mw 6.0 and 

Mw 5.9 aftershocks (Quigley et al., 2016). The 

February Mw 6.2 earthquake claimed the lives of 185 

people and has been estimated to have caused between 

25 to 30 billion dollars’ worth of damage (Cubrinovski 

et al., 2012). One of the leading contributors to the 

damage that Christchurch incurred was liquefaction 

(Cubrinovski et al., 2012). Liquefaction is the process 

of a soil being transformed from a stable solid into an 

unstable viscous fluid from cyclic ground shaking. In 

an earthquake, ground accelerations cause pore-water 

pressure in the soils to increase. These high pore-water 

pressure within the soil cause a decrease in the 

effective stress of the soil as the soil grains lose 

internal friction. Hence, the previously stable soil 
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ABSTRACT

Nonlinear time history analysis utilises earthquake ground motions to simulate the seismic response of structures. 

Accurately modelling structures is dependent on careful model creation and numerous assumptions and simplifications. 

Little academic research exists in the field of verification of nonlinear analysis software with the majority focusing on the 

different analysis options available. This project conducted an initial verification of the nonlinear analysis software 

OpenSees, SAP2000, Ruaumoko and a manually implemented numerical model in MATLAB. A simple quasi-single 

degree of freedom cantilever column with lumped plasticity was constructed and subjected to a strict modelling process 

to investigate its response to a common earthquake ground motion. This involved an initial linear model followed by a 

nonlinear model subject to an eigenvalue, pushover and finally dynamic nonlinear analysis. The effects of damping and 

P-Delta effects were also investigated. Results from the analysis showed extremely similar responses in the nonlinear 

undamped and damped cases with a slight lag between MATLAB and the other software. Significantly more variation 

was noted in the P-Delta case with OpenSees and Ruaumoko showing similar responses but SAP2000 varying 

substantially. This difference implies a variation in how the effect is being implemented. Early investigation of a linear 

and nonlinear portal frame shows much more variation. Despite the similarity of results in the simple model, the project 

highlighted the difficulties involved with the creation of more complex models. Without other models to compare results 

to, it is integral for design engineers to ensure that appropriate design assumptions are also applied accurately. Greater 

complexity in the model should not be confused with a greater accuracy in results.  

1. INTRODUCTION 

1.1. Context 

Nonlinear time history analysis uses earthquake ground 

motions to analyse and investigate the behaviour of new 

and existing buildings. Models of the building are created 

and subjected to ground accelerations. This allows 

engineers to investigate the seismic behaviour of the 

building, for design and assessment purposes. While not 

used in every design, nonlinear structural analysis is 

prevalent in more complex designs, or assessment of 

existing buildings. It can be especially useful in 

assessment, as older buildings generally will not meet 

prescriptivist code requirements. Nonlinear analysis 

allows a performance based design approach, where 

building acceptability is based on the actual predicted 

structural performance (Deierlein et al. 2013). 

Meaningful results from nonlinear structural analysis are 

dependent on careful model creation and consideration of 

how physical structural effects are represented. The 

creation of a model requires the engineer to make many 

assumptions and simplifications to produce something 

that can be analysed by a computer. These assumptions 

can have huge impacts on the results (Blandón 2012). As 

analysis results are often heavily relied upon in design 

and assessment, any variation in predicted behaviour is 

concerning. The Technical Guidelines for Earthquake 

Assessment (NZSEE. 2017) suggest that nonlinear time 

history analysis is appropriate where the building under 

consideration has significant irregularity or higher mode 

effects. It also emphasises that a high level of expertise 

and peer review are required and warns that a more 

sophisticated analysis does not in itself guarantee a more 

accurate understanding of building behaviour. 

For nonlinear structural analysis to be useful in design, 

three processes are required: verification, validation and 

calibration. Verification involves ensuring that the 

software is performing the analysis as the engineer 

expects it to be, while validation then compares these 

results to real data to ensure they are predicting real 

behaviour. Calibration involves fitting the model 

parameters to real world data. This project is aims to 

undertake a verification of nonlinear analysis software.  

1.2. Literature 

There exists very little academic research into the effects 

of the choice of nonlinear analysis software on results. 

Much of the literature focuses on the different analytical 

options available for modelling a structure, for example 

methods of implementing plasticity and storing material 

information, as opposed to comparison of different 

software. In this category, Jin et al. (2003) considered the 

impact of different numerical analysis schemes. Belejo et 

al. (2012) compared the results of different modelling 
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ABSTRACT 

The concept of a ground motion intensity measure (IM) is central to the seismic hazard characterisation at a site. 

Spectral acceleration at the fundamental modal period of the structure under consideration is the most commonly 

used IM these days. However, Sa(T1) do not have enough information to predict the seismic response with 

certainty. Therefore, other IMs need to be considered. The IMs examined included Saavg, CAV, SI, Ia, Ds5-75, Ds5-95, 

PGA, PGV, PGD, ASI, VSI, DSI. The efficiency is analysed by first performing nonlinear dynamics analysis of 

four different reinforced concrete structures with sets of earthquake ground motion records, and then fitting 

statistical regression models to the inferred structural demands using the IMs as predictors. After analysing the 

statistical results, there is no IMs that can precisely predict the damage measures for all the structures used for 

this project. However, it is noticeable that two IMs appeared frequently in the best set of IM predictors, which 

were CAV and Saave. This was because that Saave accounts for a range of natural periods, not only the 

fundamental period. This gave an advantage of predicting the seismic response for complex structures. CAV is 

an energy based seismic IM, which captures cumulative effect. The frequent appearance of CAV highly 

suggested that the seismic response depends on the cumulative effect. 

 

1. INTRODUCTION 

A ground motion intensity measure (IM) is a quantity 

that characterises the potential of an earthquake ground 

motion to cause structural damage. Spectral acceleration 

at the fundamental modal period of the structure under 

consideration or Sa(T1) is the most commonly used IM 

in practice today. Ideally, an efficient and sufficient IM 

should have enough information of the ground motion, 

therefore, engineers should be able to predict the 

structural response to a ground motion precisely. 

However, there is no single IM that can meet this 

requirement (Jankovic and Pejovic 2015). Some recent 

studies have suggested to considering other IMs that 

capture the spectral shape and duration of ground 

motion. 

Due to the time constraint, only the efficiency of the 

ground motion intensity measures was evaluated in this 

paper. The aim of this project is to seek the most 

efficient IMs. The efficiency is analysed by first 

performing nonlinear dynamics analysis of four 

different reinforced concrete structures with sets of 

earthquake ground motion records, and then fitting 

statistical regression models to the inferred structural 

demands using the IMs as predictors. The most efficient 

IMs should be the ones that predict the damage 

measures with the least uncertainty. The regression 

results are used to propose an efficient set of IMs to be 

used in seismic design and assessment.  

2. OPENSEES AND MODELS 

For this project, four different reinforced concrete 

structures were used to simulate the seismic response. 

The seismic response of the structures was simulated in 

the software OpenSees. 

2.1. Reinforced concrete bridge pier 

To start with, a simple single degree of freedom 

reinforced concrete bridge pier was used to perform 

nonlinear dynamics analysis, as shown in Figure 1. The 

bridge pier was fully fixed at the base and had a zero-

length element to model the plastic hinge. The deck 

weight that the column supported was modelled as the 

concrete block on top of the bridge pier (Chandramohan 
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ABSTRACT 

Performance based earthquake engineering (PBEE) predicts the response of a structure for ground motions of a 

chosen intensity, using numerical time history analysis. PBEE methods are growing in popularity, however it is 

important that academia, which primarily uses two dimensional (2D) models, does not become disconnected 

with design in the industry, where three dimensional (3D) models are used. The aim of this project is to analyse 

the effectiveness of a popular procedure called incremental dynamic analysis (IDA), in predicting if the response 

of equivalent 2D and 3D models are consistent under earthquakes. IDA is a method for finding the probabilistic 

response of a structure to a ground motion with a certain intensity. 

2D and 3D models for a variety of structures were subjected to IDA and the results (collapse fragilities) were 

compared statistically to observe if a discrepancy existed. The static pushover plots, seismic hysteresis plots and 

IDA curves were created for the 2D and 3D models of the three structures. It was found that collapse fragilities 

calculated from 2D and 3D models of a simple structure symmetrical in the two lateral axes were not 

significantly different at 95% confidence, however more complex non-symmetrical models did exhibit a 

significant discrepancy. Further investigation of non-symmetrical and torsion-prone detailed structures would be 

beneficial.

1. INTRODUCTION 

1.1. Background 

As structural engineers rely increasingly on numerical 

models in design and research, the validation of these 

numerical methods is vital. Numerical simulations are 

useful as the behaviour of a structure can be assessed 

cheaply and in a short time, to a level of detail that 

could only be otherwise achieved by building the 

physical structure on a shake table. However, the results 

of numerical simulations can only be accepted if the 

model provides an accurate representation of the real 

structure.  

Most researchers employ 2D models (Bradley et al 

2006) because they are simpler to construct and 

computationally cheap. However, 2D models do not 

consider the biaxial or out-of-plane effects. 3D 

numerical models are commonly used in the industry 

and consider multi-directional interactions to provide a 

more accurate prediction of the real structures’ 

response. These 3D models can be complicated to 

construct, and computationally expensive to run, which 

is why 2D models are preferred in academia. 

PBEE is a relatively new field which relates intensity 

measures (IM) of an earthquake to engineering demand 

parameters (EDP), which are related in turn to the 

physical damage a structure experiences. (Deierlien et 

all 2003). This allows a probabilistic and quantifiable 

measure of damage to be predicted for an earthquake of 

a chosen intensity, which is valuable for making 

economic decisions about earthquake design for 

structures. IDA is a procedure which uses time history 

analyses of a structure responding to an incrementally 

scaled ground motion to find EDPs for a range of IMs 

(Vamvatsikos and Cornell 2002). By iterating over a 

range of IMs, the ground motion intensity correlating to 

collapse can be found. 

Previously it was found that 2D models can 

underestimate the structural demands under 

earthquakes, due to bi-axial interactions (Bradley et al 

2006). This suggests that 3D models would be estimated 

to collapse at a lower intensity level than 2D models. 

Finding such discrepancies between 2D and 3D 
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ABSTRACT 

Recent post-earthquake reports state that economic losses of buildings over a region resulting from a major earthquake 

are in the range of billions of New Zealand dollars. Major source of loss was due to damage on non-structural components 

(NSCs) within the building. Therefore, an efficient design which minimizes life cycle costs caused by NSCs at different 

damage levels would be essential. To achieve seismic loss estimation at design phase a method of loss optimization 

seismic design (LOSD) was proposed by (Dhakal 2010). The aim of the project was to generate contribution functions 

for LOSD of one common NSCs, computers and servers. In general, the contribution function is the contribution of the 

component loss to the total storey-level loss. In order to find the estimated loss associated with computers and servers, 

three functions of density, fragility and cost were required, where density function is the distribution of the amount of 

computers or servers on a single floor level. Fragility and cost function are the probability of damage and 

repair/replacement cost at a given damage state. Two surveys were performed to determine the density and cost functions; 

building surveys were performed to derive density functions, and a survey of computer replacement costs was conducted 

for generation of the cost function. Literature reviews and experiment were done in order to derive the fragility function. 

Total expected loss of computers and servers due to seismic damage was estimated by combining probabilities of 

exceeding each damage state in a range of peak floor accelerations and their relative repair/replacement cost. This will 

generate a cumulative distribution curve of each type of computers and servers. Final cumulative cost curves are suitable 

for New Zealand and any other regions with similar development and market.  

 

1. INTRODUCTION 

In the recent earthquakes, buildings designed using the 

modern seismic design code were able to achieve the 

life safety limit state for the past few earthquakes like 

Canterbury earthquake sequence 2010-2011 and Chile 

earthquake 2015. However, the economic losses of the 

building due to the non-structural components (NSCs) 

damage in earthquakes were still enormous. A recent 

example was the 2010-2011 Canterbury earthquake 

sequence which caused billions of economic loss for 

buildings in the Christchurch area (Berryman 2012). 

The main component of the economic loss was due to 

NSCs damage (Berryman 2012). This was due to the 

physical properties of NSCs which on small or moderate 

ground motion would incur severe damage. The large 

contribution of NSCs to the total loss had grabbed the 

attention of engineers, stakeholders and standard 

committees.  

The current seismic design approach of buildings is to 

just achieve life safety at ultimate limit state (ULS) and 

limited structural damage at serviceability limit state 

(SLS). One attempt to reduce the economic impact was 

to estimate the seismic loss of the building during the 

design phase. Seismic loss will depend on the cost of 

repair and replacement for structural and non-structural 

components which will vary at different damage level. 

The most common method for seismic loss estimation 

shown by Deierlein et al. (2003) was the Pacific 

Earthquake Engineering Research (PEER) performance 

based design framework and an illustration of the 

framework can be observed in Figure 1. Later, method 

of loss optimization seismic design (LOSD) was 

proposed by (Dhakal 2010) and further improved by 

(Dhakal and Saha 2017).  

The main idea of LOSD was to allow any designer to 

input the engineering demand parameter (EDP) for the 

designed building and estimate the seismic loss. The 

final result of the LOSD would be a generalized 

relationship of different NSCs with expected losses at 

Figure 1. Main steps in PEER performance based 

design framework (Dhakal and Saha 2017) 
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ABSTRACT 

In an earthquake, a collapsing building or its parts pose the greatest risk to human life. The failure of glazing in recent 

seismic events has prompted the need for more research into how to improve its performance. Initial interviews with 

industry indicated that an investigation was warranted in order to find the level of understanding among engineers and 

architects of the design and assessment process for glazed curtain walls. This included the use of seismic assessment 

standard AS/NZS 4284 and the secondary structural and non-structural assessment guideline C10. Interviews and surveys 

of practicing engineers were conducted to find the current design process for glazed façades. It was found that there is 

currently little involvement by engineers in the design and assessment of these.  Evaluation of C10 identified strengths 

and weaknesses in the assessment guidelines. The surveys and interviews identified a heavy reliance by engineers and 

architects on façade contractors to ensure a façade is capable of withstanding seismic events. Research found that although 

C10 provided an accurate prediction of the façade capacity on the UC Link Building there were significant assumptions 

made. The first was the assumption that a clearance between the glazing and frame of a curtain wall was more than 10 mm. 

Secondly, that the full design capacity was available which is often not the case due to construction inconsistencies and 

beam deflections. A comparison was made between C10 predictions and predictions based on research from Scavino and 

BRANZ. This indicated C10 was more conservative and provided a better estimation of curtain wall capacity. 

1. INTRODUCTION 

1.1. Background 

On the main road of any city centre the majority of 

buildings will have some form of glazed façade. This is 

due to the benefits they provide the user such as natural 

light, ventilation and aesthetic appeal. However, the 

performance of glazing in recent seismic events, such as 

the Kaikoura and Canterbury earthquakes, has 

highlighted the risk façades can cause to human beings. 

Photos in the press of shattered glass on footpaths and 

reports that areas were cordoned off because of the risk 

posed by falling glass illustrated that the performance of 

glass in earthquakes can be a life safety matter and 

justifies more research into the response of curtain walls. 

The performance of façades, including glazed systems, in 

the 2011 Christchurch earthquake sequence was 

analysed by Baird et al. (2011). The surveys they 

completed of the Christchurch CBD buildings found 

glass curtain walls to be the second most prevalent 

façade system. Of more than 80 glazed curtain walls 

observed in the Christchurch CBD, 12.5% were 

classified as a posing a significant life safety hazard. 

Modern systems such as spider glazing performed worse 

overall, with more than 50% meeting the significant life 

safety hazard criteria.  

 

Figure 1. Example of glazing after Christchurch 

earthquake (EERI 2011) 

Following the Christchurch earthquake, the approach to 

the seismic assessment of buildings changed 

dramatically. New earthquake-prone building (EPB) 

regulations and the EPB Methodology (Ministry of 

Business Innovation and Employment 2017) came into 

force on 1 July 2017. They must be used for all 

engineering assessments that territorial authorities use to 

determine whether a building is earthquake prone. The 

Seismic Assessment of Existing Buildings (The 

Guidelines) (New Zealand Society for Earthquake 

Engineering 2017) was produced in line with this. It 

provides a technical basis for engineers to carry out 

seismic assessments of existing buildings within New 

Zealand. The Guidelines comprises three sections: 
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ABSTRACT 

The current international design standards provide simplified procedures for predicting floor spectra. It has been 

recognised that these procedures are not accurate in predicting the floor spectra. This study looks at two proposed methods 

developed in recent years for improved floor acceleration predictions deemed to be viable for inclusion within the 

engineering practice. The results from the proposed methods are compared with the methods prescribed in recognised 

international standards (American Standard (ASCE 7-16), Eurocode 8 (EC8) and New Zealand Standard (NZS 1170.5)) 

and the results obtained from non-linear time history (NLTH) analyses of case study structures. The results show that 

prescribed methods in the international standards overestimate the floor acceleration response spectra. The proposed 

methods however provided reasonable estimates at the lower levels of the structure though overestimate significantly at 

upper levels. The overestimation in the method proposed Welch and Sullivan (2017) can be attributed to the fact that the 

method only prescribes a reduction factor for RC wall and steel MRF structures. The RC MRF and steel EBF considered 

in this paper, the reduction factors used were for the RC wall and steel MRF reduction values respectively. The assumption 

these factors were appropriate for these structural typologies was seen to be poor as they lead to an overestimation of the 

floor acceleration response spectra. The discrepancies between the observed response and the prediction made by the 

method proposed Vukobratović and Fajfar (2017) can be attributed to the method assuming inelastic behaviour for the 

fundamental mode only with all higher modes are treated as elastic. Finally, it can be concluded that the ASCE 7-16 

alternate method provides reasonable estimate for floor acceleration response spectra even though it was seen to be 

slightly conservative in the fundamental period range of the structure. 

1. INTRODUCTION 

Recent earthquakes, such as the Darfield earthquake of 

September 2010 (Dhakal 2010) have demonstrated that 

the damage to non-structural elements (such as chimneys, 

parapets, canopies, facades, partition walls, staircases, 

windows) was extensive, very costly and in some cases 

even life threatening. This comes even as modern seismic 

engineering design techniques was able to successfully 

prevent any loss of life and limit the damage of the main 

structural elements. From the paper Dhakal (2010), it was 

evident that a major share of the total loss in the 

earthquake was from non-structural damage.  

Currently, codes specify acceleration demands for non-

structural components using simplified expression for 

floor response which will be reviewed in this paper. As 

the desire for high performance buildings increases, it is 

also evident that engineers require reliable methods for 

the estimation of seismic demands on both structural and 

non-structural components. Therefore, improved tools 

for the prediction of floor spectra would assist in the 

assessment of acceleration sensitive non-structural 

components. In an earthquake the acceleration demands 

at various levels of a building will be very different to 

those arriving at the base due to the dynamic response of 

the building itself. To this extent, it is recognised that the 

procedures used to predict floor acceleration demands 

within the current design standards are not sufficiently 

accurate (Calvi and Sullivan 2014). To illustrate the lack 

of agreement between codes, different codes specify 

different factors multiplied to the peak ground 

acceleration in order to predict peak elastic accelerations 

imposed on a non-structural element (Table 1). 

Table 1. Peak ground acceleration factors (Calvi and 

Sullivan 2014) 

Code American 

(ASCE 7-05) 
Eurocode 

(EC8) 
New Zealand 

(NZS 1170.5) 
Factor 7.5 6 5.5 
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ABSTRACT 

Currently rainwater runoff from private properties in Lyttelton is either sent to the Lyttelton Wastewater Treatment 
Plant or discharged into the sensitive harbour environment. This project focused on stormwater generated from the roofs 
of properties in the Lyttelton residential area. This runoff could be harvested in order to reduce non-potable household 
water demands. These properties were classified into four representative case studies that took into account accessibility 
and roof to property ratio. Toilet-flushing was selected as the main non-potable water use as this demand is constant 
throughout the year. A constant demand allows for a reduction in tank size, which makes the design cheaper and 
reduces maintenance costs. In order to keep the tank sizes at a reasonable size (< 10,000 L) a percentage of the average 
annual household toilet-flushing demand in Lyttelton was accounted for. It was found that percentage of toilet usage 
demand for the case studies was 34.5, 78, 58 and 81, which corresponded to a tank size of 2, 4.2, 3and 4.3 m3 
respectively. The four cases studies had different accessibility’s and thus required different tank types and sizes. The 
preferred tank type was a polyethylene exterior tank as it was the cheapest and more readily available option. For case 
studies 2, 3 and 4, a polyethylene exterior tank would be suitable. The first case study required a wall mounted tank 
system as it was constrained in available space. The solutions found from this project could be used by the Christchurch 
City Council to implement harvesting options for other communities in the Banks Peninsula. Further investigation into 
specific costing, safety and subsidisation would need to be undertaken before implementation into the Lyttelton 
community.  

1. INTRODUCTION 

1.1. Context 

Lyttelton is a township situated on the lower slopes of 
the Port Hills close to Christchurch and located on the 
north-western end of Banks Peninsula on the east coast 
of the South Island of New Zealand. Lyttelton is New 
Zealand’s third largest port (Lyttelton Port Company, 
2014) and has a residential population of 3,110 residents 
in 2017. Population numbers are expected to continue to 
increase and the existing services of water supply and 
stormwater management are already at capacity 
(Bourke, 2018).  

A seven kilometres long Victorian brick barrel 
stormwater system was constructed in Lyttelton in the 
late 1800s from locally sourced basalt rocks and clay 
brick to manage the runoff from the surrounding hills. 
This stormwater system is still in use. Perennial streams 
were also diverted into drains in an attempt to mitigate 
flooding during rainfall events. The underground drain 
section gained recognised heritage status with the New 
Zealand Historic Places Trust in 2014 (Christchurch 
City Council, 2013). Due to rapid changes in elevation, 
properties lying below the road level cannot divert 
household runoff to traditional street gutter systems 
using gravity. Houses constructed during the mid-1900s 

commonly had stormwater from the roofs diverted to 
the wastewater system (Bourke, 2018). Currently, the 
rainwater runoff from private properties in Lyttelton is 
either sent to the Lyttelton Wastewater Treatment 
Plant (WWTP) or discharged into the sensitive harbour 
environment. It is estimated that at least 25% of 
properties in Lyttelton have stormwater directly 
connected to the wastewater system (Bourke, 2018).  

Christchurch City Council (2015), plan to disconnect 
the current Lyttelton WWTP and divert all wastewater 
from Lyttelton, Governors Bay and Diamond Harbour 
to the Christchurch WWTP in Bromley by 2021. 
Population growth and increases in impervious surfaces 
is expected in Lyttelton. This would generate a larger 
stormwater runoff. The volume of water entering into 
the wastewater system during rainfall events will cause 
the Christchurch WWTP to frequently receive volumes 
which exceed plant capacity (Bourke, 2018). Rainwater 
from properties with connections to the wastewater 
system will need to be diverted elsewhere in order to 
prevent the Christchurch WWTP from requiring a 
significant costly upgrade to cope with the excess water. 
The alternatives for this water are either to be 
discharged into the Lyttelton Harbour or to be used in 
the household for with non-potable water uses.  
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ABSTRACT 

Raingardens are a method of treating storm water. They collect and filter rainwater through media before discharging the 

water into a nearby waterway or to the ground. The East Raingardens near the new Regional Science and Innovation 

Centre at the University of Canterbury collect water from the building’s roof. There are three raingarden cells, each with 

different media. One cell contains a mussel shell mix; another ART3MIX, specified by Christchurch City Council for use 

in raingardens and the third contains a sandy soil. The raingardens discharge into the Okeover stream. The retention of 

contaminants by the raingardens was determined by testing the water quality of the influent water and the water at the 

raingardens outflow. General water quality parameters, nutrients and heavy metals were tested during three storm events. 

It was found that the raingardens are exporting phosphorus in quantities that exceed the guideline values. Zinc was 

extremely well retained by the raingardens in all cells. The cell that displayed the highest alkalinity and specific 

conductivity was the one containing mussel shells. Mussel shells are composed of CaCO3, which will be contributing to 

the negative ions in the outflow water producing this result. The raingardens are oversized and very rarely have outflow 

to the Okeover stream. When they have no outflow, it must be assumed that the water leaves by evapotranspiration as 

pure water. From the results gathered, the raingardens usually have very good retention of contaminants, albeit due to 

their size rather than any specific media used.

1. INTRODUCTION 

Storm water quality is increasingly of interest to ensure 

the quality of waterways is not degraded. Pollutants such 

as sediment, excess nutrients and heavy metals can be 

toxic to aquatic life. Raingardens are a bio-retention 

method of water sensitive urban design that treats storm 

water collected in the catchment. Raingardens are 

shallow, constructed depressions that are planted with 

grasses, usually native species (Charters 2017a). The 

media in the raingarden acts as a filter, removing 

pollutants. This water can then be discharged to the 

ground or into a waterway (Charters 2017a). Historically, 

this water would have been discharged into a waterway 

with no treatment or sent to the local wastewater 

treatment plant where it would receive the same level of 

treatment that wastewater does; far more than it requires. 

 
Figure 1. RSIC East Raingardens. 

The construction of the Regional Science and Innovation 

Centre (RSIC) at the University of Canterbury has 

provided an opportunity to install raingardens for 

experimental research. The roof and hardstand runoff 

from the RSIC site are divided into east and west 

raingardens. For this study, the East Raingardens were 

investigated, shown in Figure 1. The runoff that collects 

on the eastern side of the RSIC roof flows into the inflow 

sump, labelled in Figure 2, from one pipe. From the 

sump, the water distributes into three pipes bound for the 

three different raingarden cells.  Each cell has a different 

filter media as detailed in Table 1. ART3MIX in Cell B 

is the soil mix recommended in the Raingarden Design 
Construction and Maintenance Manual produced by 

Christchurch City Council (2016).  

 

Table 1. Breakdown of media in Raingarden Cells 

(Beca Ltd. 2017b). 

Cell A 40% Mussel Shells, 20% Local Topsoil, 

20% Sand, 20% Compost  

Cell B ART3MIX – 50% Coarse Sand, 10% Local 

Topsoil, 40% Compost  

Cell C 70% NS3103 Sand, 30% Compost  

 

Research in 2013 by Fassman, Simcock and Wang was 

completed for Auckland Council on different raingarden 

media. The study investigated five local and international 

raingarden filter media guidelines. After simulating 15 

years of storm water loading, it was found that none of 
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ABSTRACT 

Baseline monitoring of the Avon River as it runs through the University of Canterbury campus has never been done 

before. The objective of this project was to establish the response of the Avon River to urbanisation through the 

university campus. A fixed monitoring station that continuously collected water quality data was installed as well as 

water level monitors. Turbidity, pH, conductivity and temperature were logged in 10-minute intervals. Grab samples 

were collected at three locations within the campus. In addition to the monitoring station parameters, TSS, E.Coli, 
heavy metals and nutrients were determined using collected samples. The results collected enabled a baseflow dataset to 

be developed as well as analysis of how the river responded to rain events. During baseflow conditions the river 

parameters were within guideline limits for a healthy river. The exception of this were the concentrations of zinc and 

copper which were 8.61 and 1.47 g/L respectively. In stormflow conditions these metal concentrations increased to 

more than ten times the <99% threshold concentration of 1.0 g/L for copper at 10.88 g/L and more than double the 

<95% threshold of 8.0 g/L for zinc at 23.39 g/L. E. coli concentrations increased to greater than the maximum 

reading of 435.2 col/ 100 mL. As the safe contact recreational limit is 550 col/100 mL, it is likely this is exceeded in 

stormflow conditions. All other parameters tested were not deemed to be of concern to the river’s health. The results 

from this analysis showed that the University of Canterbury campus does have a negative effect on the water quality of 

the Avon river. The main contaminants of concern are zinc and copper. Additional stormwater treatment devices can be 

installed to mitigate the negative effects of stormwater runoff from the campus.  

 

 

1. INTRODUCTION 

1.1. Project Scope 

The University of Canterbury campus is located in the 

upper part of the Ōtākaro-Avon river catchment. The 

land around the river was previously native forest and 

wetland vegetation. As the campus developed this was 

replaced by grassy lawns and trees. The increased 

urbanisation around the river resulted in siltation in the 

river. Lower in-stream flows have been supplemented 

with increased runoff from impervious surfaces on 

campus. Pollutants such as heavy metals and sediment 

accumulate on impervious areas such as the carparks 

and roads and are transported to the Avon in stormwater 

runoff (O'Sullivan et al. 2012). This has resulted in a 

loss of aquatic and riparian habitat, reduced number of 

plant and animal species diversity and loss of intrinsic 

natural character (University of Canterbury, 2015).  

Metal roofs are also recognised for contributing heavy 

metals to urban streams. The Avon flows through 

residential areas directly upstream from the reach that 

flows through the University of Canterbury (Wicke et 

al. 2014). 

 

The Avon is one of three streams to flow through 

campus. The other two are the Okeover and Ilam 

Stream. These streams are key natural assets of the 

campus. There is a pressing need for data so that 

effective stormwater management strategies and 

interventions can be developed. This will increase the 

resilience of Christchurch and can be applied to the rest 

of New Zealand. The Avon River is classified as a 

highly disturbed ecosystem as it flows through a 

particularly urbanised catchment that receives road and 

rain runoff. A highly disturbed system is a measurably 

degraded ecosystem of lower ecological values 

(ANZECC, 2001).  

 

This project aimed to develop a baseline assessment of 

water quality in the Avon and determine how the river 

responded to urbanisation. Baseline monitoring of water 

quality and water levels has never been done in the 

Avon River as it runs through the University of 

Canterbury campus. The data collected was analysed to 

determine whether urbanisation effects such as 

stormwater and air conditioning discharges have a 

negative effect on the water quality. 
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ABSTRACT 

Marae and their communities across Aotearoa New Zealand often struggle with issues such as lack of fresh drinking water 

and electricity supply. The community of Koukourārata on Banks Peninsula is an example of this. This project worked 

with Koukourārata rūnanga to come up with a long-term solution to primarily help with drinking water, but also provide 

the opportunity for electricity generation and economic schemes to enable mana whenua to return to Koukourārata. The 

proposal involves an earth embankment dam across the Koukourārata Stream to create a water reservoir. A desktop 

geospatial analysis was conducted first to determine the general location for the dam, then site visits were undertaken to 

confirm the dam location. During these site visits, measurements of stream flow and water quality parameters were also 

gathered. Aspects such as regulatory context, water quality and treatment, distribution and environmental concerns were 

investigated when designing the embankment. As the climate of Banks Peninsula is getting dryer due to climate change, 

this proposal can provide a more reliable drinking-water source than the current rainfall collection systems. Further 

opportunities were also considered, such as the potential for micro-hydro, aquaponics or aquaculture. The dam is designed 

so that these could be implemented at a later date.  

 

1. INTRODUCTION 

1.1. General Overview  

Marae are often located in small, isolated rural 

communities, where at the time of build, the location was 

logical for ease of access to kai and other resources. 

However, with populations moving into cities, marae are 

being left in a state of underfunding and neglect. This has 

led to three quarters of all marae having at least one 

building in major need of need of renovation (Te Puni 

Kōkiri, 2009). However, it is not the buildings 

themselves which are most neglected, it is the services 

that allow the marae to run. 57 % of marae are not 

connected to water mains due to isolation and council 

fees involved with updating the infrastructure (Te Puni 

Kōkiri, 2009). Of this percent, 32 % of marae deem their 

water supply unreliable and 14 % unsafe to drink (Te 

Puni Kōkiri, 2009). Marae are a place to worship and 

hold great value to the local rūnanga and wider 

community. However, with the current level of 

infrastructure, visits are limited due to potential risk 

associated with drinking water. This raises the need to 

provide development strategies for marae to ensure the 

Māori culture is shared and embraced. 

1.2. Koukourārata Community 

Koukourārata is a small coastal community on Banks 

Peninsula, New Zealand (See Figure 1). It is a historically 

significant site, as it was the landing place of the Ngāi 

Tahu iwi from the North Island in the early 1800s. 

Descendants of these early Ngāi Tahu make up most of 

the community today. There are around 40 homes, most 

of which are used as holiday homes, and 20-30 

permanent residents. Through consultation with the 

rūnanga, it is evident that the concept of whanaungatanga 

is of upmost importance. Whanaungatanga can be 

roughly translated as a sense of family connection and 

belonging through shared experiences. Several times the 

rūnanga mentioned the phrase “bringing our people 

home”. This is the ultimate goal – developing the 

community so more iwi members can live there. 

 
Figure 1. Location of Koukourārata on Banks 

Peninsula. 
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ABSTRACT 

This study investigates the effects of hydroclimatic influences on reliability for two case study reservoirs to increase 

understanding by quantifying these impacts. Reliability impacts due to teleconnections are considered for historical flow 

data. Climate change impacts are considered in a future projection model. The main objectives are: an historical flow 

analysis, historical yield-reliability calculations, inflow forecast model and a hydroclimatic reliability assessment. 

Furthermore, a tool was developed from this assessment for other water resource managers to quickly quantify reservoir 

reliability. Exceedance probability and yield-reliability plots for the historical data were analysed. Linear regression was 

used to develop an inflow forecast model using historical flow and teleconnection data. The flow data is compared with 

basic climate change model predictions to understand how the changes may affect future reliability. For the local case 

study of the Te Marua reservoir supplying Wellington, teleconnections (ENSO, SOI and SAM) showed weak correlation 

to streamflow at lag time of one month (highest R2 = 0.06 in the October, November and December months). This had a 

negligible effect on the reliability. This lag time had a similar correlation performance considering lags up to 6 months. 

The opposite was the case for Angat reservoir supplying Manila, Philippines. There was moderate (highest R2 = 0.38 in 

OND) correlation between streamflow and ENSO indices at a lag time of one month. During La Niña conditions the 

reliability is higher than neutral conditions for yields greater than 6,000 Million Litres/Day. The difference in reliability 

during El Niño and neutral conditions is negligible. Although climate change is expected to increase mean precipitation 

by 3% in 2100 for the Te Marua reservoir catchment, there is negligible effect on reservoir reliability. For the Angat 

reservoir, mean precipitation is expected to increase 5% by 2100, resulting in 12% more reliable operation for yields less 

than 9,000 ML/Day. The analysis can be reproduced for other datasets using the Shiny apps developed in the R 

programming language. 

1. INTRODUCTION 

1.1. Introduction 

Water resource managers face many uncertainties in 

decision making due to the dynamic nature of Earth’s 

climate. Demands such as irrigation and drinking water 

supply can be quantified and predicted reasonably. The 

natural variability of inflow, however, has the greatest 

impact on reservoir reliability. Hydroclimatic processes 

such as teleconnections and climate change are 

considerable prominent influences. A teleconnection is 

the coupled influences of a dynamic ocean and 

atmospheric system in one region on the climate of many 

other regions. A teleconnection event is characterized by 

altered air pressures and sea surface temperature 

anomalies (Yeh et al., 2018). These events are observed 

over the timescale of inter-seasonally to inter-annually 

and even into inter-decadal timespans. Reliability is 

defined as the proportion of time the demand (yield) is 

met (Pegram, 1980). A 90% reliable reservoir, for 

example, can supply the full demand for 329 days in a 

year of 365 days. The implications of reduced reliability 

on urban water supply extends throughout the 

community as it affects the continuity of industrial 

processes and customer satisfaction. The urban context 

provides a reasonably constant demand to consider in the 

assessment.  

This study puts to use research on the historical impacts 

of teleconnections as well as predicted precipitation 

changes due to hydroclimatic variability to quantify their 

effects on our water supplies. 

1.2. Case Study Areas 

The Angat reservoir in the Balkan region, Philippines 

provides water to Manila for power generation, irrigation 

and urban water. The urban water supply component is 

crucial as it provides drinking water for 97% of Manila’s 

population (Allis, 2013). The average outflow of Angat 

is 5,100 Million litres/day (ML/day) from 1968-1999 and 

6,000 ML/day from 2000-2010 (Japan International 

Cooperation Agency, 2013). Reliability is considered for 

all demands for the Angat reservoir. The Hutt river flows 

into the Te Marua Reservoir to supply water to 
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ABSTRACT 

Rain gardens are a great solution for treating and storing storm water runoff from a designated catchment. This 

report looks into the hydraulic properties of the three rain gardens located in the University of Canterbury (UC) 

main campus. The main objective of this project was to create a model which computes rain data for a day, 

collected from the UC weather station and calculates the outflow, evapotranspiration and volume of water stored 

in the gardens. The methods used to help create and validate the model were the rational method, time of 

concentration and evapotranspiration which calculated theoretical hydraulic properties of the gardens. Manual data 

collection by timing the rate to fill a measuring jug was used to determine the inflows and outflows of the gardens 

during rainfall events. Soil moisture probes placed in the gardens record the soil moisture percentage at five minute 

intervals. Testing of the media in each rain garden was undertaken to determine the hydraulic conductivity and 

storage capacity of the gardens.  

 

The results showed that the storage capacity for all gardens was similar with garden 3 having the largest storage 

capacity of 12.48 m3. The hydraulic conductivity results concluded that both garden 1 and garden 3 had similar 

conductivities of 631.47 mm/hr and 619.20 mm/hr respectively, however garden 2 was significantly lower with 

274.15 mm/hr. The model showed that from 1st January 2018 to 30th September 2018 there were 98 recorded 

rainfall events with 62, 90 and 95 outflow events for gardens 1, 2, and 3 respectively. The model tries to account 

for the approximate amount of outflow after full saturation of the media and the additional drainage after the event 

finishes. Due to the low number of outflow observations it is likely that the model is over estimating outflow values 

as it was created by using both theoretical and measured data values. Collection of more flow data needs to be 

gathered to further validate the model and tweak approximated additional outflow values to make it more accurate. 

1. INTRODUCTION 

Rain gardens provide ecosystem services to our urban 

environment by reducing excess stormwater runoff. 

During storm events there is a potential hazard for 

flooding and damaging the surrounding environment. A 

rain garden is designed to collect the storm water runoff 

then gradually release the water at a slower flow rate. The 

hydraulic performance that a rain garden provides, 

depends on its infiltration rate and ability to store water. 

 

Continuous population growth and urbanisation in cities 

increases the total impervious surface area. This 

increases the amount of storm water runoff generated 

during rainfall events. In large urban environments, 

prone to high rainfall intensities, rain gardens can be built 

to collect the runoff inflow and discharge the water at a 

lower rate. This will minimise the potential for flooding 

and erosion. Rain gardens are able to treat the water 

quality by reducing the turbidity and concentration of 

contaminants in the storm water runoff. 

 

 

 

 

The runoff that enters the rain gardens is either lost as 

evapotranspiration (ET), drains through the garden and 

leaves as outflow or is stored within the garden.  

 

ET involves two water loss processes; firstly, through 

evaporation of water from the soil surface and secondly, 

through transpiration where water in the plants leaves is 

lost as vapour to the air. ET in the rain gardens is 

important as it shifts the water volume reduction from 

infiltration to ET (Hess, 2014). 

 

The Infiltration rate of the soil media needs to be fast 

enough to avoid flooding of the rain gardens, but also 

needs to be slow enough to allow for adequate treatment 

and ET. Infiltration provides an attractive remedy to 

storm-water generation, by reducing runoff volume and 

therefore erosion (Ferguson, 1988). Studies at the 

University of Villanova, Pennsylvania concluded that 

changing the media type to a more permeable material 

caused an increase in ET production and a decrease in the 

outflow (Hess, 2014). Infiltration is assumed to be fully 

perpendicular to the soil surface, as assumed in Darcy’s 

Law (Cedergren, 1977). 
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ABSTRACT 

In July 2017, Hororata, a small town west of Christchurch, experienced significant flooding. Data analysis has 

shown that the rainfall that caused the flooding was only a 1 in 25-year event, which raises the question of why 

the flooding was so severe? This study is an investigation of potential factors that could have contributed to the 

flooding. The primary tool used for analysis is ArcGIS and its hydrological analysis toolset. These tools are applied 

to digital elevation models to produce maps that reveal both natural depressions and overland flow paths within 

and surrounding Hororata. The depressions and flow paths identified by ArcGIS are close to the areas significantly 

affected by the flooding. However, this does not explain why a one in twenty-year rainfall event could cause such 

severe flooding. Hororata experienced an earthquake in 2010 that was shown to have altered the landscape. A 

belief expressed by local residents is that the modified topography played a role in the 2017 flooding. An accurate 

comparison of the depressions and flow paths before and after the 2010 Canterbury Earthquake is unable to be 

made due to the poor quality of available data from before the earthquake. As a result, no conclusions can be drawn 

regarding the effects the earthquake had on the flooding in Hororata. Data recorded by water level sensors placed 

in one of the roadside drains in Hororata indicate that there are no issues with the ability of the drain to discharge 

water during flooding, however, the data were recorded during a period of low rainfall and therefore relatively low 

river levels. While the exact reason for the severity of the flooding remains unclear, the findings of this report 

propose several possible contributing factors. 

 

1 INTRODUCTION 

1.1  Background 

Overland flow is the flow of excess water over an area of 

land following a period of rainfall. It is a function of 

rainfall intensity, surface roughness, slope and ground 

conditions (Wong, 2012). There are two main forms of 

overland flow; Hortonian overland flow and saturation-

excess overland flow. Hortonian overland flow is caused 

by rainfall intensity exceeding the soils infiltration rate, 

while saturation-excess overland flow occurs when the 

groundwater table is raised to the level of the soil’s 

surface (Dingman, 2015). In significant rainfall events, 

the volume of surface runoff can be large enough to cause 

flooding, which can have dire consequences. Such 

consequences include inaccessible roads and buildings, 

the destruction of infrastructure and the loss of lives. 

These impacts emphasise the close relationship shared 

between humans and flooding. 

Hororata, a small village located 50 kilometres west of 

Christchurch in the South Island of New Zealand, is 

reasonably familiar with flooding caused by overland 

flow. This is largely due to both the Hororata River that 

runs through the town and the fact that the town is 

situated in a hollow at the base of New Zealand’s largest 

mountain range; the Southern Alps (Harding, 2017).  

Consequently, surface runoff from the Southern Alps 

flows directly into Hororata. Approximately 262 

residents live in the village.  

Flooding in the area has been such great an issue that the 

local district council, Selwyn, has been taken to court on 

numerous occasions by landholders in the Hororata area 

whose properties have been repeatedly affected through 

inundation (Steele, 2015). 

On 22 July 2017, Hororata experienced what some local 

residents described as the worst flooding the town had 

experienced in over 40 years (de Vries, 2018). The 112 

mm of rainfall recorded during this day corresponds to 

only a 1 in 25-year event (HIRDS, 2018). This raised 

questions amongst the village community about the 

unexpected severity of the flooding. Although there are a 

number of possible reasons as to why this particular flood 

event was so extreme, there is an apparent rumour 

amongst the villagers that the 2010 Canterbury 

earthquake may have altered the surrounding landscape 

in some way that made it more vulnerable to flooding (de 

Vries, 2018). The earthquake had a magnitude of 7.1 and 

its epicentre was located 18 kilometres east of Hororata, 

on the Greendale fault, which runs directly under the 

Hororata River.  

The Hororata River flooded after the 2010 earthquake as 

a direct result of seismic movement in the area. An 
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ABSTRACT 

During 2010 & 2011 Christchurch City suffered multiple earthquakes leading to a major opportunity for 
redevelopment with the possibility of rebuilding Christchurch as a sustainable and low energy city. A literature 
review indicated that there was substantial public support for this vision of a ‘green’ city with the prospect of a 
city-wide district energy scheme being touted as a vehicle to realise that vision. Between 2011 and 2018 the 
literature demonstrated that although some low energy developments were being constructed, the majority of the 
initial concept had been lost. A questionnaire, with 6 full respondents of 26 recipients, concurred with these 
findings illustrating that although a few low-cost technologies had been well utilised, the majority of technologies 
were implemented at lower than expected levels. The main reasoning for this lack of adoption, according to the 
survey respondents, was a lack of long-term cost considerations and political incentivising/regulation surrounding 
low energy technologies. However, further investigation is however needed into this area to affirm these findings. 

1. INTRODUCTION 

1.1. Background 

Following the 2010-2011 Christchurch earthquakes, 
the Christchurch City Council undertook a public 
consultation process regarding the redevelopment of the 
city. Subsequently, there was a widespread public 
support behind the concept of Christchurch becoming a 
“green” city (Christchurch City Council, 2011a). 
 
A dominant portion of the “green” image of Christchurch 
was founded on sustainable low-energy systems 
(Christchurch City Council, 2011b). These systems were 
noted multiple times in the “Share an Idea” Campaign 
run by the Christchurch City Council (Christchurch City 
Council, 2011b).  
Following these public consultations, very little 
information has been given into the level of adoption of 
low-energy building technologies in the Christchurch 
rebuild.  
 
The commercial sector within Christchurch was 
measured in 2015 as using approximately 33.5 TJ/day 
(Christchurch City Council, 2016) this equates to 
3,400GWh per year. Christchurch does however have a 
very seasonally dependent energy demand due to heating 
requirements during winter months (Christchurch City 
Council, 2016). 

1.2. Objectives 

• To investigate the extent of consideration and 
implementation of sustainable, low-energy 
technologies during the Christchurch rebuild. 

• To evaluate the influencing factors behind decision 
making regarding usage of low-energy systems.  

1.3. Low Energy Buildings 

It was decided by the researchers that the study should be 
framed in relation to low energy buildings as this is the 
most comprehensive area of technology. This was 
compared to terms such as energy efficiency & 
sustainable energy and was determined to be more 
suitable for this study. The low energy technologies 
discussed within this report all decrease a developments 
dependence on the New Zealand National Grid and/or on 
fossil fuels.  
 
An example of a low-energy building can be seen in 
figure 1 below. This design includes high thermal mass, 
regulated airflow, optimised orientation towards the sun 
and photovoltaic panels.  

 
Figure 1. Low Energy Building Exemplar (Hill, 2016) 
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ABSTRACT 

This paper documents the development of a proposed concrete habitat in Nili Fossae on Mars. This thought 

experiment was to help conceptualise, and plan the process of, using Martian regolith to build colonies. The paper 

has compiled, built on, and visualised the ideas of relevant literature. Alongside the research there has been; a 

Geographic information systems analysis of the Martian environment, and the physical development of a prototype 

concrete that can utilise in-situ Martian resources. The concrete has been difficult to work with. However it shows 

promising compressive strength in excess of 20 MPa. Literature review has suggested there are many other 

parameters that need to be tested. This paper illustrates the need for civil engineering expertise in the growing field 

of Martian exploration and, in the future, Martian colony construction.  

 

1. INTRODUCTION 

1.1. Motivation  

Learning to use local Martian materials for construction 

is key to the success of any long term mission to the Red 

Planet. Bringing fewer bulk construction materials from 

Earth means more space to bring complex science 

equipment and life support systems. Clearly there is a 

prerogative to maximise in-situ resource utilisation and 

minimise transportation. Using in-situ Martian resources 

efficiently and reliably involves understanding the 

environment and local recourses, while developing 

materials that are adaptive to the new environment. 

Concrete has long been a construction material of choice 

for humanity and has undergone many developments in 

the last 2000 years. Adapting the mix design to the next 

frontier, Mars, seems like an obvious step. This work 

requires the help of material scientists and civil 

engineers. The need for geographic spatial analysis of 

Mars and the development of an in-situ concrete for the 

Martian environment gave motivation for this research 

paper.  

1.2. Objectives 

This paper focuses on two main objectives; conduct a 

terrain and resource analysis of a plausible building site 

using Geographic Information Systems (GIS), and 

develop a concrete that utilises in-situ resources. The 

overall goal is to link the ongoing analysis of the Martian 

surface with the development of novel construction 

techniques for future colonies. To that end, this paper 

documents the research and development of a proposed 

concrete habitat. 

2. TERRAIN AND REGOLITH ANALYSIS 

2.1. Available Data 

A surface analysis of Mars is significantly limited by the 

poor availability of high-resolution data. There have only 

been five robotic landers (Golombek, et al. 2008) so the 

majority of data used for this paper come from remote 

sensing by NASA satellites. The data that have been most 

useful comes from the Compact Reconnaissance Imaging 

Spectrometer for Mars (CRISM) and the Mars Orbiter 

Laser Altimeter (MOLA). The data are all open source 

and were retrieved form the HiRISE image database and 

the NASA Planetary Data System (PDS) Geoscience 

node.  

2.2. Site Selection 

Kim and Stewart (2017) analysed five possible Martian 

colony locations using a variety of criteria. The two top 

rated regions were Mawrth Vallis and Nili Fossae. Kim 

and Stewart (2017) conducted their analysis on a global 

scale, meaning they did not investigate any specific 

surface features, just generalised patterns. Further 

investigation of the detailed terrain at Mawrth Vallis and 

Nili Fossae was guided by literature on building Martian 

colonies (Petrov, et al. 2005). The investigation used 1 m 

resolution, Digital Terrain Models (DTMs), of various 

sites in the two regions (University of Arizona, 2018). 

Based on the HiRISE data, while also considering Kim 

and Stewart’s (2017) work and the theorized method of 

construction (Petrov, et al. 2005) a large escarpment 

(central hill) in the middle of a tributary valley draining 

into the main Nili Fossae canyon was selected for 

development (Figure 1). This location has relatively 
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ABSTRACT 

Volcanic eruptions can produce a wide range of hazard and the most likely to be encountered by the general 

public is the volcanic ash. Freshly‐erupted ash contains a range of potentially toxic soluble elements, which may 

be released either rapidly or more slowly upon contact with water. This may have negative impacts on drinking 

water supplies, surface waters, soils, crops, animal or public health. The purpose of this research project is to 

carry out a chemical assessment of volcanic ash by performing leach tests of two types (fine and coarse samples) 

of Auckland volcanic ash. Along with the leach tests, a cementitious test for several materials was also carried 

out through a conductivity test to highlight the potential use of ash with cement. The ash samples were sieved 

into several particle sizes and were prepared using recommended ratios of 1:20 and 1:100 with deionised water. 

A contact time of one hour was allowed before the solutions were filtered and the leach tests were undertaken. 

The results generally show that the concentration for hardness, fluoride and alkalinity were higher for ratio 1:20 

compared to 1:100 ratio. The pH test indicated that coarse ash was acidic in nature with a pH lower than 6, while 

the fine ash was more alkaline in nature. Conductivity result shows an inversely proportional relationship with 

the particle size and was quite high for the fine ash compared to the coarse ash. The cementitious result indicates 

a high silica content in the fine ash which was a good sign for a supplementary cementitious material use. The 

leach test results shows that coarse ash has the potential to negatively impact the environment including the soils, 

the water supply sources and the aquatic lives in surface waters. Such chemical information is important to help 

assess the impact, plan for proper disposal sites and to design appropriate mitigation measures for future volcanic 

eruptions. 

 

1. INTRODUCTION 

Central Auckland is located on a narrow isthmus between 

the Waitemata and Manukau Harbours (Auckland 

Emergency Management, 2015). Auckland can expect to 

have a significant volcanic eruption within the next few 

hundred years. Auckland city lies entirely on the 

Auckland volcanic field, which has an area of 350 km2 

(Wardman et al., 2012). Volcanic ash chemistry can be 

different for different volcanoes based on their type of 

eruptions and magma chemistry (Wilson et al., 2015). 

Other factors that can affect the physical and chemical 

properties of ash from site to site are climatic and 

environemntal conditions. The location for finer ash was 

from Mangataketake, and the coarser ash was from 

Smales Farm on the North Shore. This project aims to 

understand the chemistry of two Auckland volcanic ash 

samples, and to suggest some implications of those ashes 

and their potential for being used as an engineering 

construction material.A sample of fresh ash from 

Vanuatu, Ambae volcanic ash was also tested. 

The most recent eruption of the Auckland volcano was 

550 years ago, and a future eruption may therefore occur 

at any time (Auckland Emergency Management, 2015). 

This future eruption can have significant impacts on the 

built-environment, people and the natural environment as 

well. Leach experiments were carried out for recent 

tephra from Talang volcano (West Sumatra), Indonesia. 

The results showed the change in pH of the leachates and 

ions at different temperatures for 10 0C, 27 0C and 40 0C. 

At the temperature of 27 0C, the pH for the recent tephra 

leachate using deionised water was in the range of 4 -5 

(Fiantis et al., 2010)However, for this project, the results 

of pH were all taken at an average room temperature of 

21 0C for the both Auckland ash with for their different 

particle sizes.  

Although tephra fall has a low impact on humans, it has 

a high impact on infrastructure. Volcanic ash can impact 

the infrastructure of entire communities and regions. Ash 

can enter and disrupt the functioning of machinery found 

in power supply, water supply, sewage treatment, and 

communication facilities. Heavy ash fall can also inhibit 

road and rail traffic and damage vehicles (Hayes et al., 

2017) 

Volcanic ash poses a threat to natural ecosystems. The 

resulting ash fall can lead to crop failure, animal death 
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ABSTRACT 

The benefits of residential rainwater harvesting were evaluated as a means to improve water resilience in 

Christchurch. Rainwater quality was analysed from four different rooftops of the following materials: roof tiles, 

painted corrugated iron, old corrugated iron, and coloursteel. The results were compared against Ministry of Health 

drinking water standards. It was found that all rooftops exhibited high coliform and E.coli readings. The old 

corrugated iron and tiled roofs exhibited lead contamination 90% and 120% above maximum accepted values. 

Turbidity was also a concern for both corrugated iron roofs. Treatment options were investigated for the collected 

rainwater. It was recommended that for short term treatment of rainwater, boiling or using chlorine tablets would 

be effective for minimal cost. New builds should incorporate plumbed-in cartridge filters and UV lamps. 

Future scenarios including population growth, climate change and major earthquakes were investigated to 

understand the effects they would have on Christchurch’s water supply. Christchurch’s population is expected to 

increase by 18.5% in the next 25 years. This will place more stress on local aquifers to supply Christchurch’s 

water. This will be further exacerbated by 10% more time spent in drought by the end of the century as predicted 

by NIWA. Using predictions of future rainfall data, it was found that a 200 m2 roof could expect to collect 89,290 

L of rainwater annually from a corrugated iron roof. This water would last 2.5 months for four people in an 

emergency and it could be stored for up to 12 months if treated. An analysis on the use of water efficient appliances 

for water savings was also carried out. The results showed that, in the best case, a household could achieve savings 

of 134,000 L per year. 

 

1. INTRODUCTION 

1.1. Background 

The Canterbury region is dependent on groundwater for 

the supply of drinking water. Groundwater is a precious 

natural resource and it is under stress in the Canterbury 

region due to drawdown for irrigation, decreased 

replenishment rates and contamination. Rooftop 

rainwater harvesting (RWH) will be investigated as a 

supplementary source of water to increase water 

resilience in Christchurch. 

Possible future scenarios including population growth, 

climate change and disaster events will impact the 

traditional supply of potable water to Christchurch. The 

long-term usefulness of RWH will be heavily influenced 

by such scenarios. The quality and quantity of collected 

rainfall will also determine its utility in increasing 

resilience in Christchurch.  

1.2. Objectives 

1. Conduct research into possible future scenarios 

including increased populations, climate change 

and disaster events. 

2. Identify the quality of water collected from 

different roof types and locations. 

3. Quantify the expected amount of rainfall 

collected on rooftops using past and predicted 

rainfall data. 

4. Determine current household water demands. 

Identify water consumption rates by the 

currently adopted appliances and develop 

recommendations to improve efficiency. 

2. METHODOLOGY 

Possible future scenarios of climate change, increased 

population and major earthquake disasters were 

researched and assessed as part of objective 1.  

 

To achieve objective 2, Rooftop rainwater runoff was 

sampled from four different roof types in Christchurch. 

The roof types included tiled roofs, old corrugated iron 

roofs, painted corrugated iron roofs and newer 

‘coloursteel’ roofs. Samples of pure rainwater, roof 

runoff, first flush and tank water was taken from each 

roof. To collect tank water, tanks were installed at the 

downpipes of the subject roofs. An example of such a 

setup can be seen in Figure 1. 
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ABSTRACT 

In this report the viability of using glass pieces in a column filtration unit for the removal of E. coli in water 

treatment was explored. Previous experimentation showed that a glass bead filter was effective in removing total 

suspended solids and reducing turbidity and that research was built upon in this analysis. It was expected that the 

unit might remove, but not inactivate E. coli, so a common photocatalyst Titanium Dioxide was to be used to 

inactivate the attached coliforms. The goal of this project was to find a desirable set of parameters such as the flow, 

mixed-media combinations and coagulant dose which would enable the most effective removal of coliforms and 

produce a good effluent standard. If glass as a filter media were effective, it could be used in more practical 

situations to help remove some of the glass portion of waste from the New Zealand waste stream which is a very 

relevant topic today. It was found that a synthetic wastewater with a high initial turbidity, a coagulant dose of 

30mg/L, single media and low flow (0.024 L/min) were the best conditions to test for the removal of E. coli. It 
was assumed that turbidity and E. coli removal behaved the same way, so the conditions were tested on their ability 

to remove turbidity before E. coli to minimise costly tests. Under these conditions, the maximum removal of E. 
coli was 74% removal after around 80 minutes. The use of the photocatalyst could have raised the removal rate by 

inactivating the coliforms during the testing, however the photocatalyst was unable to be obtained in time for 

testing. The filter performed well however there is still work to be done. At the risk of environmental consequences 

using a small amount of sand at the bottom as a proven filter material would significantly increase both turbidity 

and E. coli removal. A more stable column setup at a pilot scale could be used to reduce fluctuations in quality 

due to pressure including using a better inlet water distribution system. 

 

1. INTRODUCTION 

Slow sand filters are used extensively to treat water 

contaminated with faecal coliforms removing 90 to 99% 

of the pathogens (Clearinghouse, 2000). The silica sand 

required must be extracted from various environments 

including beaches, inland sand dunes or dredged from 

ocean/river beds. This practice poses a threat to the 

natural environment across the globe, being particularly 

detrimental to the physical and biological components of 

coastal and river environments. Until a more cost-

efficient method is found for water treatment, 

commercial exploitation of this resource will continue, 

and these environmental conditions will continue to 

deteriorate. New Zealand produces an estimated 250,000 

tonnes of glass, 185,000 of which is container glass (Greg 

Arnold, 2008) but increasingly high amounts are being 

rejected for recycling, as they must meet strict standards 

such as low levels of contamination and colour sorting 

(Ross Copland, 2013). This high rejection rate, in 

combination with the decreasing price of recycled glass 

has led to large stockpiles of glass being hoarded or sent 

to landfills, until a market for them is determined. These 

figures do not compare to the increasing amount of 

sewage going into our wastewater treatment plants and 

amounts of stormwater runoff that contaminate our 

waterways with bacterial growth. This report investigates 

the potential for glass to be used in water treatment as a 

replacement for sand, with focus on the removal of 

turbidity, and more specifically total coliforms and E. 
coli. This will address the three issues of sand mining, 

glass recycling, and the growing need for water 

treatment. 

2. MATERIALS AND METHODS 

A plastic column filtration unit was assembled using a 

measuring cylinder held up with metal clamps. The 

water was dripped into the top of the filter using a 

peristaltic pump and plastic tubing, and a plastic mesh 

was placed at the bottom to prevent small glass pieces 

from falling through. The equipment setup is shown in 

Figure 1. 
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ABSTRACT 

Carbonaceous materials exhibit good properties for contaminant adsorption when used as filtration medium. There is 
potential for spent coffee grounds to be used as a low-cost adsorbent material in passive treatment systems which would 
allow stormwater treatment to be aligned with waste reduction measures. A series of laboratory experiments were 
undertaken to determine the effectiveness of coffee grounds as an adsorbent material of frequent stormwater 
contaminants. Initial beaker tests confirmed that coffee grounds were able to adsorb heavy metals such as zinc and copper 
but no adsorption was detected for nitrates or phosphorus. Tumbler tests expanded on these results and it was observed 
that a small amount of coffee grounds was capable of producing significant removal results for copper and zinc. Here, 
0.2 g of coffee grounds provided enough adsorption for a 40 mL stormwater sample with an initial copper and zinc 
concentration of 1.0 mg/L and 3.2 mg/L respectively to reach close to equilibrium. It was determined that pre-treatment 
of raw coffee grounds helped to reduce leaching of fines, reducing the turbidity and colour effects while also improving 
the adsorptive capacity of the coffee grounds. Column testing was performed in order to replicate a passive treatment 
system. This test investigated the use of coffee grounds as an adsorptive layer in a granular filter where copper 
concentrations were reduced from 2150 µg/L to 30 µg/L and zinc concentrations from 870 µg/L to 85 µg/L. The use of a 
coffee-alginate composite to increase the rate of filtration by increasing the porosity of the layer was also investigated. In 
conclusion, it was determined that coffee grounds do act as an adsorbent of heavy metals such as zinc and copper and that 
an alginate composite may, with further investigation, be able to increase workability of coffee grounds as a method of 
stormwater treatment. 

1. INTRODUCTION 

1.1. Typical Stormwater Composition 

Stormwater runoff from impermeable surfaces is a major 
carrier of pollutants to local waterways and ecosystems. 
Contaminants in surface runoff can have adverse effects 
to water quality, human health and aquatic life, and this 
warrants the need for further research into potential 
mitigation and treatment methods. The extent of 
stormwater pollution varies with location and is 
dependent on the geographical location and land use of 
the surrounding area. Commercial, agricultural and urban 
land use all differ significantly in contaminant 
concentrations where developed and urban land tends to 
contain higher levels of heavy metals and hydrocarbons 
compounds. Conversely, agricultural land is likely to 
have stormwater runoff contaminated by pesticide and 
fertilizer compounds (Seelsaen et al., 2006). The most 
common heavy metals found in stormwater are copper, 
lead, zinc, chromium, cadmium, nickel and mercury. 
However, a large variety of heavy metals could be 
present depending on local activities. 

A 2016 study by the University of Canterbury has 
investigated the quality of untreated stormwater in 
Christchurch where pollutant concentrations were found 
to be vastly different between road and roof runoff. 
Copper roofs returned the highest stormwater 
concentrations of copper with a mean of 1663 µg/L, 
followed by asphalt road runoff with a mean of 29 µg/L. 
The lowest copper concentrations were recorded for 
galvanized and concrete roofs with a similar mean of 
< 10 µg/L. This shows that a dissolution of metal ions 
from roof material is the primary reason for these high 
concentrations. In terms of zinc levels, the highest 
concentrations were detected from the galvanized roof 
surface at a mean of 397 µg/L which has also been 
attributed to direct dissolution of zinc. The asphalt 
surface had a lower mean of  122 µg/L and the concrete 
and copper roof surfaces had the lowest mean 
concentrations of 16 µg/L and 39 µg/L respectively 
(Charters et al., 2016). However, despite these significant 
concentrations in Christchurch, the median heavy metal 
concentrations were found to be low compared to results 
observed internationally.  

46



Polyethylene Anaerobic Digester for Sanitation in Emergency 
Relief Situations 
H. E. West and K. C. Woods 

Final Year Projects, 2018 

Dept. of Civil and Natural Resources Engineering 

University of Canterbury 

Project supervisor: R. Bello Mendoza 

Keywords: Anaerobic digestion, sanitation, emergency relief, tubular digester 

ABSTRACT 

This research examined the feasibility of using a tubular anaerobic bag digester for effective wastewater treatment 

in emergency relief situations. Damaged sanitation facilities can often lead to increased exposure to human waste 

and more instances of diarrhoeal diseases after a natural disaster occurs. This could be a growing problem, 

particularly in the South Pacific, as the risk and severity of extreme weather events increases, due to global 

warming. A lab-scale digester was built to test the viability of this type of digester. The design of the digester 

aimed to be portable, affordable and simple to construct so that it would be appropriate for use in an emergency 

relief scenario. The reduction of soluble chemical oxygen demand, volatile suspended solids, total coliforms and 

E. coli was assessed. The production and composition of biogas was also monitored. The digester was found to 

achieve a reasonable degree of primary treatment. The final digester achieved an average soluble chemical oxygen 

demand reduction of 73.1 % and an average E. coli reduction of 88.2 % between the influent and effluent. Once 

the digester stabilised, the digester produced a continuous methane content of approximately 50 %. However, a 

secondary treatment option would be required for the effluent to meet discharge requirements. Further research is 

recommended to evaluate the potential of a pilot-scale digester. This includes, the addition of different types of 

organic material to aid in biogas production, potential alternative digester construction materials and secondary 

treatment options. 

1. INTRODUCTION 

1.1. Background 

There are often problems with sanitation in disaster relief 

scenarios. These are primarily caused by direct damage 

to waste management infrastructure, or overloading of 

facilities during a state of emergency where people are 

housed together. There is potential for diarrhoeal diseases 

to propagate, as drinking water can be contaminated due 

to people practising open defecation (Kabir et al., 2017) 

and failed sanitation infrastructure. After cyclone Gita in 

Tonga, 4000 to 4500 people gathered in churches and 

other communal buildings for accommodation and 

support (J. Nugent, personal communication, 15 March 

2018). Often these communal housing facilities are not 

equipped to deal with the number of people using the 

waste facilities for the extended period required. After 

cyclone Gita people typically stayed in communal areas 

for a few days to a week (J. Nugent, personal 

communication, 15 March 2018).  

 

To address these sanitation difficulties a solution is 

required that provides effective containment and 

wastewater treatment. The solution needs to be 

inexpensive, portable, easy to construct, and made from 

readily available materials. A potential solution would be 

an anaerobic bag digester. This could be effective, and 

simple to transport and build (Cheng et al., 2014). 

It has been shown that the use of anaerobic bag digesters 

in agricultural and rural environments can be effective in 

waste treatment and biogas production (Rajendran et al., 

2012). The process of anaerobic digestion involves 

bacteria decomposing organic matter to form biogas, 

comprised mainly of methane and carbon dioxide (Colón 

et al., 2015). Biogas from anaerobic digesters is often 

used for cooking and heating purposes. 

 

This project adds to the current research into anaerobic 

digesters as there is less research into systems 

specifically for sanitation in disaster relief. The type of 

tubular bag digester that was investigated in this project 

has been used in Colombia, Venezuela, Barbados, Costa 

Rica, Cuba, Vietnam, Philippines and Ethiopia (Cheng et 

al., 2014). There is a lack of research into the use of these 

digesters in the Pacific Region. The South Pacific 

convergence zone (SPCZ) has been modelled to have a 

near doubling in occurrences of extreme weather events 

between the periods 1891-1990 and 1991-2090, in 

response to global warming, as shown by Cai et al. 

(2012). This shows that there will likely be an increase in 

extreme events in the South Pacific, which will require 

emergency relief systems. The results of this project 

would be applicable to human waste treatment in 

emergency relief situations, for personal households or 

disaster relief camps. 
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ABSTRACT 

This research project consisted of designing, constructing and testing a constructed vertical-flow wetland to treat 

greywater for reuse in flushing and irrigation. The vertical-flow wetland was designed to be small-scale and built to meet 

the demand of a household. It consisted of PVC columns filled with different filter media in which synthetic greywater 

was passed through by gravity. Attention was given to the use of inexpensive and sustainable materials such as waste 

products and common goods. The materials tested were crushed mussel shells, steel slag, gravel and sand. The testing of 

the system was done in three major stages: (1) testing of individual materials for the treatment of synthetic greywater with 

no metals, (2) as in Stage 1 but with synthetic greywater spiked with metals and a higher concentration of clay, and (3) 

testing of the entire system with the columns run in series. The water quality parameters monitored were: pH, alkalinity, 

total suspended solids (TSS), total organic carbon (TOC), turbidity, metals, E.coli and total coliforms. Results 

demonstrated mussel shells to be the most effective for the removal of E.coli, total coliforms, TSS, TOC and metals, albeit 

at an increased alkalinity. Steel slag improved most parameters and was notably effective at removing metals. Gravel was 

the least effective for all parameters and, along with sand, it occasionally resulted in increased most probable numbers of 

E.coli and total coliforms. However, sand was effective at reducing TSS, TOC, pH and alkalinity. The final design of the 

wetland used mussel shells, steel slag and sand. Considering the low-cost and sustainability focus of the materials, this 

type of wetland could be implemented in developing communities. 

 

1. INTRODUCTION 

1.1. Background 

Water scarcity is a significant, growing global issue. It 

can be defined as the point at which the demand for a 

water source exceeds the possible supply. Around 1.2 

billion of the world’s population live in areas of physical 

scarcity, while another 1.6 billion lack the infrastructure 

necessary to take waters from rivers and aquifers (United 

Nations 2007). Given this, it is paramount that more 

efficient practices are implemented for water use and 

reuse. Greywater is often considered as it can be a 

valuable source of reusable water for garden watering or 

toilet flushing (Christova-Boal et al. 1996).  

For the purposes of this project, greywater includes all 

domestic wastewater exclusive of that from toilets, which 

is referred to as blackwater. Greywater typically contains 

organic matter, chemical contaminants and microbial 

contamination, meaning it requires treatment before 

reuse (Siggins and Weaver 2013). Various methods exist 

to perform this, from filtration systems to chemical 

treatment, however they can be costly. An ideal method 

would be eco-friendly, inexpensive and easy to build. A 

constructed wetland is a water treatment process that can 

meet these requirements and encourage greywater 

treatment and reuse for all communities.  

1.2. Vertical Constructed Wetlands 

A wetland is defined as land where the groundwater table 

is at or near the surface of the land. Wetlands trap 

sediments and filter out nutrients as water flows through. 

Constructed wetlands are engineered systems that use the 

filtering properties of natural media including soil, gravel 

and vegetation to improve water quality. The two most 

common forms of constructed wetland are Horizontal 

Flow Constructed Wetland (HFCW) and Vertical Flow 

Constructed Wetland (VFCW). HFCWs involve water 

flowing horizontally along the earth's surface, while flow 

through a VFCW is downward through filter media 
(Shilton et al. 1991). 

When designing a constructed wetland for a household, 

available space is limited. The VFCW has been chosen 

over the HFCW because it has a smaller footprint and can 

be mounted on walls and fences. Other design 

considerations include the type of water being treated, the 

quality of treatment required and the community in which 

it is being placed. For example, designs for use within 

developing communities should be very easy to maintain 

and inexpensive to run. Another consideration is the use 

of local materials as this further reduces costs and 

increases accessibility. 
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ABSTRACT 

Travelling fire is a type of post-flashover fires which moves across a large space. For most of traditional post-flashover 

fire models (standard fire and parametric fires), it is assumed that a uniform temperature distribution is applied everywhere 

in compartment. However, in the reality, this is not true, especially for large enclosures where the fire is less likely able 

to burn simultaneously throughout the whole compartment. Instead, a non-uniform travelling fire has been observed. This 

project investigates on the severity of travelling fire on structural behaviour. Rein’s model is used to describe the 

temperature distribution of travelling fires. The corresponding thermo-mechanical performance of a steel-concrete 

composite structure (with dimensions of 60×15×3 metre) is numerically modelled in the software Vulcan. The results 

showed that smaller travelling fires or radial spreading fires are more severe in comparison to standard and parametric 

fires.  

1. BACKGROUND 

1.1. Introduction 

Travelling fire (TF) is a new global research topic in the 

field of structural fire analysis. The concept of travelling 

fires was first suggested by Clifton (1996) but has 

become more prominent since its revision by Rein et al 

(2007). The phenomenon of the travelling fire can be 

described as a type of post-flashover localised fire that 

moves across an entire floor plate of a large room. In 

most structural fire designs, the fire temperature is 

assumed to be uniform everywhere in the compartment. 

However, in reality, it has been observed that fires fail to 

burn simultaneously in a room and that the temperature 

profile is not always uniform across a large space and in 

the depth of the room as well.  

The collapse of Windsor Tower in Madrid in 2007 

showed that there was a quick transition of high intensity 

fire that travelled throughout the building (Rackauskaite, 

Hamel, Law, & Rein, 2015). Hence, in order to minimise 

the negative effects of those failures, it is very important 

to understand the behaviour of the travelling fire motion 

and enable the prediction of potential structural 

performance under these conditions. 

The main objective of this project is to assess the severity 

of travelling fires in comparison to traditional structural 

design fires (i.e. the standard fire and parametric fires), in 

order to evaluate the suitability of using the current 

structural design codes (e.g. Eurocode 1 (European 

Committee for Standardization, 2002) and the New 

Zealand Standard NZS/BS 476.21:1987 (New Zealand 

Standards Institute, 1987) for travelling fire design 

scenarios. This goal is to be achieved by developing 

numerical models to evaluate multiple travelling fire 

conditions. The models are expected to analyse 

temperature-time relationships of travelling fires and 

evaluate the associated thermal behaviour of structural 

elements in a given compartment. In this project, the 

numerical model was developed from the Rein’s model 

(Rein et al., 2007), discussed in section 1.2. due to its 

wide application and the corresponding thermal analysis 

was conducted by using structural fire modelling 

software Vulcan. 

1.2. Literature Review 

Rein’s Model 

In this project, Rein’s model was used to illustrate the 

localised burning features of travelling fire conditions. 

Rein’s model divides the fire in a compartment into two 

independent fire zones: near-field (i.e. the fire dominant 

area) and far-field (i.e. farther from the ignition source) 

as shown in Figure 1 on next page.  
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ABSTRACT 

Current structural fire design methods are based on building codes and isolated fire tests. These fire tests (ISO 834) 

are subjected to elements like columns, beams and slabs to a certain minimum fire resistance and the assumption 

is made that if these elements are used to construct an entire building, the building will have an equivalent fire 

resistance as that tested in the lab. It is also assumed that the temperature distribution is uniform throughout an 

entire compartment during a fire. However, in the compartment this is very unlikely to occur in a real fire scenario. 

The duration of the fire depends on oxygen and fuel load in the compartment, if any of these decrease, the fire is 

likely to decay. In a car park, it is believed that the fire is likely to be localised. Because of the limited fuel load 

and high ventilation, the localised fire is a pre-flashover fire. Using Eurocodes 1 and 3 and Microsoft Excel, the 

car parking fire was developed and Vulcan, a finite element software, was further used to analyse three different 

slab-panel systems with dimensions of, 9 m x 6 m, 9 m x 9 m and a 9 m x 12 m. These slabs were analysed and 

were compared to a 60 minute exposure to the standard fire and results in term of vertical displacement were 

obtained. It was seen that the displacements of these slab-panels were more detrimental under realistic fire than 

standard fire.  

1. INTRODUCTION 

1.1. Background  

Structural fire engineering is a relatively new discipline 

which combines traditional structural engineering and 

fire engineering fields to investigate and implement 

better design for fire safety (Lennon 2011). In today’s 

world, a lot of failures are caused by fire. Such failures 

include: fire structural failure, environmental failure and 

so much more. In fact, more deaths are caused by fire 

than any other natural disasters in the world (Quintiere 

1998). Because of these failures, engineers must 

understand the role fire has played in history – its 

benefits, and its cost to society in terms of property 

damage (Quintiere 1998). Fire has a long history with 

people but the main goal of structural fire engineering is 

to limit the likelihood of death, injury, property loss, 

and environment damage to an acceptable level during a 

fire event (Buchanan and Abu 2017).  

 

In current structural fire design methods, which form 

the basis of BS5950 Part 8 and Eurocode 3 Part 1.2, are 

mainly based on the results from standard fire test 

(Bailey 2002). The structural elements: columns, beams 

and slabs, are tested in isolated standard fire tests to a 

certain minimum fire resistance and an assumption is 

made that if these elements are used to construct an 

entire structure, the structure will have an equivalent 

fire resistance to that tested in the lab. These methods 

can work, but they ignore the structural interaction 

between elements. These interactions can either be 

detrimental or beneficial. For instance, if a column 

buckles, it can be detrimental to the entire structures 

because of P- 𝛿 effects. P- 𝛿 is a quite traditional form 

of force follower. These effects add additional 

overturning moment and changes the ground shear 

force, thus can be very detrimental to a structure if not 

designed properly. However, for a slab, deflections are 

quite beneficial due to tensile membrane action. This 

will be discussed later in this paper.    

 

Moreover, in traditional fire design methods, a uniform 

temperature profile is assumed throughout the 

compartment. However, this assumption is likely to be 

inaccurate. In reality, fires tend to behave non-

uniformly and this non-uniformity can bring premature 

in a building. For instance, car parking fires are 

typically localised in nature producing non-uniform 

temperature distributions even along the length of 

beams. This non-uniformity may easily initiate 

instability of the slab panels, resulting in potential 

failure of multi-storey buildings. In most multi-storey 

buildings, car parks have composite slab-panels type 

construction. These composite slab-panels are supported 

by long span steel beams and a steel deck that acts as a 

permanent formwork (see Figure 4). These slab-panel 

systems are made up of concrete slabs and steel-

composite beams that are typically designed for fire 

exposure conditions. 

 

In structural design for fire, the concrete and steel 

properties change as the temperature changes. Concrete 

generally behaves very well in fire due to its 
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ABSTRACT 

A probabilistic, performance-based approach for assessing structural demand, damage, and loss estimation under a fire 

hazard is currently being developed based on existing earthquake engineering approach from the Pacific Earthquake 

Engineering Research (PEER) Center. To estimate the demand on a structural element from a fire, non-linear demand 

estimation methods must be used. There are four existing demand estimation methods used in earthquake applications: 

single-stripe, cloud, multiple-stripe, and incremental dynamic analyses. The validity of using adapted versions of these 

four methods in fire engineering applications was examined in this research.  Furthermore, a non-linear demand estimation 

method developed specifically for fire engineering, called fire-stripe analysis, was also investigated. The five methods 

were compared to determine which is the most appropriate for use in structural demand estimation in fire design. 

Parametric fire records were mass generated using code developed in Visual Basic for Applications (VBA) to provide 

unbiased records efficiently. A beam modelled in VULCAN was subjected to the fire records in accordance with each of 

the five methods. The maximum mid-span displacement was recorded for each analysis and these were compiled for each 

of the five methods. The results of the research show that the four existing earthquake methods can reasonably be applied 

in probabilistic structural fire engineering. It was also found that based on the lowest dispersion value, fire-stripe analysis 

is more appropriate for use in a fire context than the four adapted non-linear demand estimation methods from earthquake 

engineering design. 

 

1. INTRODUCTION 

Traditional structural design for fire conditions are 

currently based on a worst-case approach. A credible 

worst-case fire is typically used to assess the expected 

structural demand on a building (Ministry of Business, 

Innovation & Employment, 2017). However, this upper-

bound approach often overestimates the demand that will 

be placed on a structure in its lifetime, resulting in the 

overdesign of structural elements. Using an adapted 

version of Pacific Earthquake Engineering Research 

(PEER) Center’s probabilistic, performance-based 

earthquake engineering approach in fire design would 

provide a more accurate estimate of the structural design 

requirements, which could potentially reduce design and 

construction costs. 

The PEER Center’s probabilistic approach for assessing 

structural performance under an earthquake load is 

shown in Figure 1 (Deirerlein et al., 2003).  

  

Figure 1. The probabilistic approach for a performance-

based assessment. 

The hazard is defined by an intensity measure (IM). The 

structural response to the hazard is then quantified with 

an engineering demand parameter (EDP) using non-

linear demand estimation methods. Finally, the damage 

and an estimation of the loss, caused by the hazard, is 

quantified with a damage measure (DM) and a decision 

variable (DV) respectively.  

To adapt the PEER Center’s performance-based 

framework to a structural fire context, an IM to 

characterise the severity of a fire (hazard) must firstly be 

selected. Previous studies on potential IMs including: 

maximum fire temperature, time to reach maximum fire 

temperature, total heat energy (i.e. cumulative incident 

radiation), and fuel load have previously been completed 

(Moss et al., 2016). Moss et al. (2016) determined that 

the cumulative incident radiation (CIR) was the most 

efficient and sufficient IM as it captured both the 

intensity and duration properties of a fire. As such, CIR 

has the potential to act like a vector IM, which provide 

better results as shown by Baker (2007) in an earthquake 

related study.  

Furthermore, the use of a non-linear demand estimation 

method is required to quantify a structure’s response 

(EDP) to a fire severity level (IM).  The EDP of interest 

is the maximum displacement of a modelled beam at 

midspan, 𝛥𝑚𝑎𝑥 . There are four existing non-linear 

demand estimation methods used in the earthquake 

Hazard
Structural 
Response

Damage
Loss 
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ABSTRACT 
 

The rapidity of fire growth and toxic smoke production are the most important parameters for quantifying design 

fires in buildings. Underestimates of these parameters may render fire safety systems in buildings ineffective, 

therefore endangering occupants. The industry typically uses poorly defined parameters in the construction of 

design fires. This study aims to provide recommendations for design fires with a higher level of accuracy. This 

was done using data from fire statistics and experiments on the burning behaviour of common combustibles. The 

expected burning behaviour of the combustibles were analysed using probability density functions. The results 

show that the majority of the mercantile buildings analysed have an expected fire growth rate of fast or less. In 

addition, it was found that the highest hazard building occupancies were clothing stores with an expected fire 

growth ranging between fast and ultra-fast. 

 

1. INTRODUCTION 

1.1. Background 

A performance based design code require that a buildings 

fire protection systems meet defined fire protection 

objectives (Hadjisophocleous & Mehaffey, 2008). One of 

the advantages of performance based design is the 

specific analysis can avoid building occupancies being 

prescribed a particular fire hazard, when in reality it may 

be significantly different (Morgan & Rosenbaum, 2016). 

This requires the fire engineer to perform a more detailed 

analysis of the fire characteristics of a building. This 

analysis is commonly executed through selection of the 

appropriate fire scenario. Hadjisophocleous & Mehaffey 

(2016) show a detailed description of the process 

required for developing a fire scenario. Integral steps of 

this process include quantifying the type of fire and its 

respective hazards in a building, which is performed 

through the construction of a design fire. This is an 

analysis tool used by fire engineers to be able to quantify 

fire behaviour in a real scenario. 

 

This project aims to provide recommendations for design 

fires with a higher level of accuracy. This is necessary as 

the industry often uses poorly justified design values. 

Underestimates of the fire hazard result in a reduction of 

available safe evacuation times and may render fire 

protection systems ineffective, potentially exposing 

occupants to untenable and dangerous conditions. 

Overestimates of the fire hazard result in 

overconservative design and therefore higher cost. 

 

Fire incident statistics that differentiate between the first 

ignited items were gathered for mercantile occupancy 

fires. The literature was reviewed to find information on 

the fire hazard parameters of these items, used to create 

design fires in mercantile buildings. Probabilistic 

analysis is used to determine expected values of these 

parameters. Morgan (1998) reports that there is a 50% 

probability of failure when estimating an average fire 

growth rate for an occupancy, which demonstrates how 

the expedition of developing design fires is far from 

complete.  

1.2. Quantifying the Design Fire 

The heat release rate (HRR) and toxic smoke products are 

the most important parameters for quantifying design 

fires (Babrauskas & Peacock, 1992). This is largely 

influenced by the initial growth phase of the heat release 

rate of a fire, �̇� (kW), which is modelled using the 

standard alpha t-squared growth equation, 

 

𝑄 ̇ =  𝛼𝑡2 

 

Where α is the fire growth parameter (kW/s2) and t is time 

(s). Fire growth parameters are commonly discretised 

into different standard fire growth curves as shown in 

Table 1.  

 
Table 1. Standard fire growth rate curves for alpha t-squared fires 

Fire Growth Rate Units (kW/s) 

Slow 0.0029 

Medium  0.012 

Fast 0.047 

Ultra-Fast 0.188 

 

53



Flammability of Unburned Fuel Generated From Timber 
Heated In a Low Oxygen Chamber 

R. Ha and D. H. Kim 

Final Year Projects, 2018 

Dept. of Civil and Natural Resources Engineering 

University of Canterbury 

Project supervisor(s): C. M. Fleischmann 

Keywords: Timber, Fuel, Flammability, Smoke explosions 

ABSTRACT 

Smoke explosions occur when the mixtures within a smoke is within the flammable limits with oxygen and nitrogen. 

Flammable limits are determined by an upper and lower limit, where the lower limit is the smallest amount of fuel required 

to cause an ignition and vice versa for the upper limit. This study presents the study of a smoke explosion to a deeper 

understanding in attempting to determine the composition of mixture required for an ignitable mixture containing smoke. 

This was analysed through experiments by using a low oxygen chamber and Medium Density Fibreboard (MDF) as the 

sample, where oxygen and nitrogen mixtures were introduced to simulate air, which mixes with the smoke produced from 

the sample. Through the experiment, the flammability limits diagram of an ignitable mixture was to be determined. The 

result of the experiments was determined to be uncertain and no conclusions were made as the flammable reaction of the 

smoke was inconsistent. Several limitations were faced during the study. The limitations were as follows: the assumption 

of CH2 and CH2O being the most dominant composition in the smoke, the possible reaction that may have taken place as 

the smoke flowed out of the ventilation opening, the homogeneity of the gas mixtures inside the tube. Further studies 

could be done following this experiment with a broader scope in attempting to understand the fuel source itself.   

1. INTRODUCTION 

1.1. Background 

Unburned fuel is generated when a solid material 

undergoes pyrolysis entrained with air. This is also 

known as smoke, which is a mixture of various particles 

such as aerosols, chemical gases, liquid particles and 

droplets. Smoke is very commonly known to be a health 

hazard during a fire event due to its ability to impair 

visibility and breathability. However, smoke can also be 

a flammable hazard depending on the amount of pre-

mixed fuel and air it contains. When smoke is produced 

in an under-ventilated room, it can exhibit a violent 

ignition which is described as a smoke explosion (Chen, 

2012). This can cause significant damage to buildings 

and people around the building. Due to its uncommon 

occurrence, smoke explosions are not prevalently 

studied, and the conditions of smoke explosions are 

vaguely described. Smoke explosions require greater 

depth of study so that it can aid in fire protection services. 

In this study, experiments were held to mimic conditions 

that would favour the occurrence of smoke explosions. 

Unburned fuel was generated from Medium-density 

Fibreboard (MDF) inside a low oxygen chamber. The 

product was mixed with various ratios of oxygen and 

nitrogen for igniting. The main objective was to 

determine the ideal ratio of oxygen and nitrogen at which 

the smoke was flammable, hence the flammability limits 

of smoke could be produced. The determined 

flammability limits will help to distinguish the ranges of 

gas mixtures at which the smoke is prone to ignition. 

1.2. Theory 

Some essential theories must be understood prior to 

proceeding with the experiment. This section aims to 

discuss the fundamental theories which aid in providing 

a deeper understanding of smoke explosions.  

 

Figure 1. Upper and lower flammable limits of methane 

as determined in a vertical tube apparatus for upward 

and downward propagation 
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ABSTRACT 

Line plumes are classed as fires that has a long and narrow shaped source, creating a blade-like flame. In current 

engineering practice, fires are generally modelled as an axisymmetric plume, meaning the fire source is the same 

size in any two axes. This paper is experimentally based and aimed to investigate whether a line plume becomes 

axisymmetric at some height, and to understand the relationship between the Heat Release Rate (HRR) and that 

height.  A 200 mm by 2 mm burner was utilised in this experiment with HRR ranging from 5-50 kW. Testing 

was completed using a range of thermocouples in two axes, as well as image processing in both the parallel and 

orthogonal axis. The analysed data showed that the HRR had a weak influence on the height of axis–symmetry 

as all of the HRR tested had a similar height of axis-symmetry. It is suggested that the height of axis-symmetry is 

primarily influenced by the shape of the fuel source, with more regular shapes with a depth to width ratio closer 

to one lowering the height of axis-symmetry. Further investigation needs to be undertaken using a range of 

source dimensions, but this is outside the scope of the project. 

 

1. INTRODUCTION 

1.1. Background 

Fire engineering has significantly improved in recent 

years with flame characteristics and properties heavily 

studied. The increased knowledge means the fire safety 

designed into structures in order to reduce the spread of 

fire and decrease the risk to human life has also improved 

substantially. However, little study has been undertaken 

regarding line plumes and their properties. In current 

engineering practice, the majority of fires are modelled 

assuming an axisymmetric plume, when in reality many 

fires have properties that follow that of a line plume. Fires 

of this nature can occur underneath a balcony or soffit, 

where the fire flows from a source such as a window, and 

transitions into a line plume along an edge. The 

properties of a line plume are substantially different from 

an axisymmetric plume in the sense that they are limited 

to their growth and do not spread evenly in all directions.  

1.2. Aims 

The aim of this project was to investigate the effects of 

the heat release rate on a line plume, and the height in 

which that plume becomes comparable along each axis 

(axisymmetric). A number of experiments were 

undertaken, and the resulting data analysed to form a 

relationship. This will allow fire engineers to decide 

whether to continue to use the current formulas for a 

circular plume or update them to account for affects a 

line plume may have. 

1.3. Preliminary Research 

Axisymmetric plume modelling  

Gunnar Heskestad’s entry into the 2008 SFPE Handbook 

gave the following equation to calculate the visible flame 

height for an axisymmetric plume.  

𝑙 = 0.235�̇�
2
5 − 1.02𝐷                                       (1) 

Where:  l = Flame height 

  Q = HRR 

  D = diameter of the plume 

From this relationship, we can assume that the height of 

the plume when it becomes axisymmetric is related to the 

Heat Release Rate (HRR) and the dimensions of the fuel 

source.  

For the purpose of this project, we will focus on the 

effects of the HRR on the height of axis symmetricity.  

  

55



Fluid mechanics Papers

56



Design, construction and testing of a water well drill rig 
for use in low resource environments 

J.S.Boyle and R.G.Paxton. 

Final Year Projects, 2018 

Dept. of Civil and Natural Resources Engineering 

University of Canterbury 

Project supervisor(s): J.Nugent and N.Dudley Ward. 

 

Keywords: Drilling, manual, groundwater, geology 

ABSTRACT 

This paper entails the development of a manually operated drill rig for use in low resource environments. A fresh 

water supply is essential in every community, however accessing this commodity can be difficult. The drilling 

rig that is designed, built and tested in this project aims to provide a solution for remote communities where 

access by current drilling technology may be compromised. The design of this rig focused on simplicity and 

mobility and was based off historical drilling methods. The mechanism of our design involved chiselling, jetting 

and percussion techniques and was built with durable materials that ensured reliability on site. The rig was then 

tested through which competence in the drilling process was developed and operational guidelines refined. It 

became clear that the rig was extremely effective in unconsolidated materials, however progress slowed when 

challenging geological conditions arose. This was not considered a failure given the environment the rig was 

designed for. Considering the remoteness of some underdeveloped communities we believe the implementation 

of our mobile design into these areas is very feasible and the project considered a success. 

 

1. INTRODUCTION 

1.1. Background 

A combination of jetting, chiselling and percussion hand 

drilling techniques were used in the testing of this drill 

rig. This hand drilling method has been replicated from 

a process used throughout New Zealand and the 

Canterbury plains since the 1800’s. It proved to be a 

very successful drilling method as hundreds of wells 

that were drilled at the time are still in use today. This is 

why this project aims to replicate these designs and alter 

them to create a rig that is relatively simple, with an 

emphasis on mobility in order for it to be used in a low 

resource environment. 

Figure one to the right is an old cable tool rig used by 

McMillan Drilling in the early 1900’s.  
This is an original Canterbury built piece of machinery 

used to mechanically drive the drill into the ground 

beneath. Although this method has proven to be very 

effective, our project aims to develop a technique where 

only manual labour is used in order to allow 

accessibility to extremely remote and underdeveloped 

locations. For this reason, the project will look to take 

the concept of this original design and create a rig that is 

more simplistic in order to be a feasible drilling method 

for use in these challenging environments. In this way 

the methods and procedures will be the same while the 

rig itself will be greatly simplified. 

 

 

 

 

 

 

Figure 1: Historic cable-tool rig used in the early 

1900’s. 
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ABSTRACT 

Water is fundamental for human survival and yet 48% of the Pacific region’s population rely on water sources considered 

unsafe. Therefore, this project investigates the development of hand operated borehole pumps, designed specifically for 

households located on low-lying Pacific Islands where groundwater from shallow freshwater lenses is the primary source 

of water. The hand pump was designed to be low-cost, reliable, and maintainable at a household level. Through human 

centred design the Rope Pump and Direct Action Pump were found to be the most appropriate designs for the Pacific. 

Therefore, they were selected for the construction, testing, and evaluation phases. Rapid prototyping utilising iterative 

development was used to modify these designs for the Pacific environment. Testing to failure allowed for comprehensive 

development between pump iterations. This resulted in the successful extraction of water by four working prototypes from 

wells on Ilam Fields at the University of Canterbury. Prototyping of both pumps included testing a 20 mm and 32 mm 

riser main. It was found that the 32 mm riser main provided superior flow rates while remaining user-friendly and meeting 

borehole size requirements. The Rope Pump was found to provide an average flow rate almost double that of the Direct 

Action Pump, 46 L/min to 24 L/min respectively. Furthermore, the Rope Pump was rated easier to use by operators. For 

both pump designs, operators aged from 11 to 80 years were able to extract water. Continuation of this project would 

include in-country development with communities through an established organisation. This will enable local knowledge 

and skills to be used in the refinement of the designs, ensuring each communities’ specific needs are met. This process 

will help build local capacity, encourage engagement, and increase household acceptance of the pump. 

1. INTRODUCTION 

Water is fundamental to human survival. It is a building 

block of sustainable development, health, energy, and 

food production (United Nations 2018). Access to safe 

drinking water is a basic human right recognised by the 

United Nations General Assembly (2010). Access to 

adequate, safe water has been targeted and improved 

through the Millennium Development Goals and the 

Sustainable Development Goals over the past 18 years. 

Despite this, in 2015, 844 million people still lacked even 

a basic drinking water service as defined by the World 

Health Organisation (World Health Organization and 

United Nations Children's Fund 2017). 

The Pacific region has the lowest access to safe drinking 

water in the world with 48% of the population, 

approximately 4.8 million people, relying on sources 

considered unsafe (World Health Organization and 

United Nations Children's Fund 2017). These 

communities are some of the most vulnerable on earth 

due to their geographic isolation, high risk of natural 

disasters, and susceptibility to climate change. Despite 

this, little research and investment has been undertaken 

for providing these under-served communities with safe 

drinking water. 

Therefore, the first objective of this project is to research 

and design appropriate hand pump technology for 

accessing potable water from shallow freshwater lenses 

on Pacific Islands. The second objective is to make this 

knowledge assessable to all, facilitating an environment 

that builds local capacity and increases household 

engagement. This is implemented through enabling each 

household to construct, operate, and maintain their own 

hand pump. The final objective of this project is to 

increase the resilience of Pacific nations by reducing their 

dependence on a single source of potable water, whether 

rain or surface water. Additionally, hand pumps will 

decrease reliance on electrical pumps or large 

distribution systems. Both of these are more susceptible 

to extended failure, in the event of a natural disaster, as 

they require specialist skills and costly resources to 

repair. 

2. BACKGROUND  

Various mechanisms and techniques have been used by 

humans to lift water since ancient times and are now a 

well-established technology. Many common hand pumps 

operate in wells at depths up to 100 m (Carter 2005), 

requiring them to be constructed from heavy, 

hard-wearing materials. Established at a village level, 
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ABSTRACT 

Hydraulic ram pumps are a solution for supplying water in low resource environments. The research, designing, 

building and testing of a ram pump are all explored in the following report with an aim to provide an engineering 

solution to a problem that has long existed. Focus was around the use of resource appropriate material to have a 

reliable and adjustable pump to suit the intended environment.  

 

Testing was conducted both in the lab to obtain data in a controlled and measurable environment and in the field 

to investigate functionality and practicality. The key pump characteristics were the waste valve and the drive pipe 

length. They were changed as independent variables, with the resulting input and output flow rates measured. 

Results obtained reflected the aim to produce a series of hard data that could be used to characterise the 

performance and efficiency of the pump under various possible on-site conditions and restrictions. 

 

Analysis concluded that the smaller diameter check valve was the most efficient when the source height was low 

or the drive pipe length long. It is best suited to when limited water supply is available or delivery output is not of 

importance (low flow rate). The large gravity valve with a drive pipe length of approximately 3.8 m and source 

height of 2.4 m produced the largest flow rate of approximately 146 L/hr with an efficiency of 61% exceeding that 

of many commercial pumps.  Other key conclusions were each pump, depending on components and size, will 

have their own optimum operating conditions and setup. The waste valve and drive pipe length significantly alter 

the pumps performance. Lastly, additional testing should be conducted to further optimise components, investigate 

long term reliability and maximise pump performance.  

1. INTRODUCTION 

1.1. Background 

The Hydraulic Ram Pump is an age-old problem with the 

first pump being developed in the 1700’s. The need to 

supply water to remote, low resource communities 

around the world still exists today. Although first world 

pumping technology is relatively advanced, low resource 

environments still lack readily available access to water. 

The hydraulic ram pump provides a potential solution 

through its simple mechanism and absence of an external 

energy source. Although ram pumps have long existed 

there is little physical data or systematic testing evidence 

available.  

 

The first automatic ram pump was used to raise water in 

a paper mill in France prior to electricity. Up until the late 

1950s in Britain, ram pumps were used to supply water 

for the dairy herds in rural areas. Currently in New 

Zealand ram pumps are used for water supply on 

rural/remote farms. According to (Inthachot et al. 2015) 

a hydraulic ram pump was tested in the foothill location 

of Ban Ha, Samoeng District, Chiang Mai Province, 

Thailand and  

 

connected to an automatic low-pressure irrigation system 

to irrigate a small plot of coffee trees. 

 

The ram pump will operate where there is an existing 

water source with an available input head drop such as a 

small waterfall or steep bank. Its portability and 

simplicity make it applicable to many situations. 

Applications include commercial use for pump suppliers 

and backyard projects.  

 

Another potential application is in micro hydro electricity 

generation. This can be done in several ways such as 

jetting the output onto a turbine wheel or by pumping 

water to an elevation before releasing it down a standard 

penstock, turbine arrangement (Root 2012).  

 

This paper will focus on the ram pumps applicability for 

potential use in low resource communities. 

1.2. Purpose 

Engineering exists to design and build infrastructure 

helping to solve issues faced by communities every day. 

Engineering a solution to water supply in low resource 

environments is something that has challenged engineers 
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ABSTRACT 

Valves are essential for providing control within pipelines and water networks; and there is need for a low-cost method 
to determine the condition of these valves. High-speed pressure waves, known as fluid transients, can be used to force a 
response from the components of a pipeline system in the form of a reflected wave. However, this cannot be applied 
effectively to large networks with numerous faults as there has been no research performed, analysing the unique signature 
of each type of fault. This paper investigates the interaction between fluid transients and valves with the intention of 
determining specific valve characteristics from the reflected and transmitted transients. The numerical model investigated 
the effects of the head-loss coefficient of the valve and flow through the system on the transient response and the 
experimental model investigated only the effect of the head-loss coefficient of the valve due to physical limitations. It 
was observed, in both the experiment and numerical model, that there is a linear relationship between the magnitude of 
the reflected response and the head-loss coefficient of an inline valve. The gradient coefficients of this relationship for 
the experiment and numerical model differed by 0.91 %. The transmitted transient, recorded through the valve, was 
observed to have approximately the inverse relationship of the reflected response in the numerical model. It was observed 
in the numerical model that the relationship between the magnitudes of the reflected and transmitted responses, and the 
flow through the pipeline is a positive and negative second order polynomial respectively. It is believed that these results 
will help with the identification of inline valves within a system. It is recommended that these findings are used alongside 
the unique signatures of other common faults to improve the performance of condition assessments within networks.

1. BACKGROUND 

In most developed countries, the supply of water to 
households and commercial businesses is a fundamental 
need and is taken for granted due to the effective design 
and use of water distribution networks. These water 
distribution networks contain a vast number of valves to 
help control and distribute flow. Due to the size of the 
networks, it is unlikely that all valves are the same age 
and condition. This can become problematic to the 
effective performance of the network as the ability for the 
valve to fully shut off the flow is not always known. 
These faults can lead to the inefficient operation of water 
distribution networks as water may be lost or excess 
energy may be required, imposing wastage in energy 
resources as mentioned by Colombo and Karney (as cited 
in (Lee, Duan, Tuck, & Ghidaoui, 2014)).  

While this may not cause a significant decrease in 
efficiency under normal conditions, if a failure were to 
suddenly occur further downstream, the relevant valve 
may be unable to perform the required job of stopping the 
flow. This will lead to unnecessary loss of water or 
damage to the system. Due to the size of water 
distribution networks, there is likely to be a large number 
of faulty valves over a vast reach of pipelines within each 
system. It is therefore important to ensure that there is an 

effective method, to be used by water utility companies, 
able to identify and locate these faulty valves. 

Much of the research undertaken in the last 10 years, 
with regard to analysing the condition of pipelines, has 
been possible through the use of fluid transients. Fluid 
transients are high-speed pressure waves that propagate 
through pipelines and are caused by rapid changes to 
system conditions as the flow within the system becomes 
unsteady. Changing the flow rate or head conditions at 
one end of the system will not result in steady-state 
conditions being reached instantaneously throughout the 
system. A period of unsteady flow must be undergone as 
the change in conditions propagates away from the 
source. The propagating wave is referred to as a fluid 
transient and can be highly dangerous if not properly 
controlled. The change in pressure head observed by the 
transient is described by the Joukowsky equation 
(Chaudhry, 1987) 
 

∆𝐻 = $%∆&
'(

    (1) 
 
where DH is the change in pressure head, a is the speed 
of the fluid transient and is dependent on the 
compressibility of the fluid and the elastic modulus of the 
pipe, DQ is the change in flow causing the transient, A is 
the internal area of the pipe and g is the acceleration due 
to gravity. 
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ABSTRACT 

Gravity currents are horizontal fluid flows that are generated when density differences exist within a fluid. These flows 
naturally arise as a denser fluid collapses and is driven horizontally beneath less dense fluid by gravitational forces. The 
study of gravity currents propagating along smooth surfaces is well developed. However, the interaction of roughness 
with gravity currents is not understood as well. Numerical modelling found that gravity currents within certain roughness 
element geometries propagate faster than those along a smooth surface. Experimental testing is conducted using a lock-
exchange set-up with roughness elements, to verify whether the fast currents predicted could be generated. A 2.9% to 
6.1% increase in the front speed of gravity currents is found for the rough-bottom case, compared to that for smooth 
bottom currents. These results suggest that the 7% speed increase predicted by numerical modelling may exist, however 
the range of experimental error (± 3%) makes it difficult to confirm the existence of these currents. A simplified model 
ignoring viscous effects and mixing is made to include roughness elements. This model predicts currents within the range 
of the experimental results and other literature. 
 

1. INTRODUCTION 

Gravity currents are naturally generated when horizontal 
density differences exist within a fluid. Fluid flows arise 
as denser fluid collapses and is driven horizontally 
beneath the less dense fluid by gravitational forces 
(Simpson 1987). Numerous examples of natural gravity 
currents exist such as thunderstorm fronts, sea-breezes, 
ocean currents, and haboobs (Figure 1). Density 
differences occur in the environment due to temperature 
gradients, salinity differences, and sudden releases of 
dense industrial fluids.  

 

Figure 1. Haboob travelling through Phoenix, Arizona 
(National Geographic 2012) 

Understanding how fluids of different densities interact 
within their environments is integral to being able to 
predict and design for them in a range of contexts.  

The study of gravity currents propagating along smooth 
surfaces is well developed. However, the interaction of 
roughness with gravity currents is less well explored. The 
paper is organised as follows: standard gravity current 
structure and previous modelling is described in §2. The 
results of a simplified numerical model of gravity current 
propagation among roughness elements are discussed in 
§3. Experimental methodology is described in §4 and the 
propagation and dilution of gravity currents on rough and 
smooth surfaces is discussed in §5. Finally, §6 gives 
conclusions drawn from the experimental results.  

2. BACKGROUND 

2.1. Gravity Currents 

The primary feature of a gravity current is a distinct head 
at the leading edge of the current. This head is usually 
thicker than the trailing dense fluid flow and acts as the 
primary zone of mixing between the current and ambient 
fluids. This can be seen in Figure 2. Gravity currents 
typically have a nose raised above the surface. Turbulent 
mixing occurs on the interface between the different 
fluids both above and below the nose. Two types of 
instabilities can be observed around the current head. The 
first are Kelvin-Helmholtz instabilities which roll over 
the head and collapse behind (Figure 2A). These 
instabilities are formed by the velocity shear at the 
interface. The second type observed is a shifting pattern 
of lobes and clefts (Figure 2B). These are generated by 
gravitational instabilities caused by the less dense fluid 
getting trapped beneath the raised nose. The lobes swell 
and shrink as the current proceeds (Simpson 1987). 
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ABSTRACT 

This project investigates smoke behaviour for different fire locations in a room in relation to the assumptions of the two-
zone model. Salt-water modelling experiments compare plume behaviour at three different locations within a tank: 
centrally, adjacent to a wall, and in the corner. The location of the plume affects the depth of the salt-water layer, with 
the plume in the corner producing a lower layer height compared to the central and mid-wall plumes. The source location 
has little effect on the layer formation time. Plume location initially affects the layer concentration; however, these effects 
diminish with time. The rate of change of the layer height initially decreases with all source locations but later begins to 
increase for the mid-wall and corner locations. After this, the rate of change is greater for locations with less plume 
entrainment. The two-zone model assumes a homogeneous layer with a horizontally constant layer height. However, a 
vertical concentration gradient always exists within the layer and a mass gradient is present within the layer to continue 
the plume entrainment process. The layer height also remains variable due to propagating internal waves. 

 

1. INTRODUCTION 

Heat and toxic gases from smoke are the most common 
dangers of a room fire and therefore a major cause of fire-
related deaths (Brani and Black 1992). Fire engineers use 
various models to predict the smoke distribution within a 
room. Full-scale fire simulations are very effective but 
require significant resources and carry safety risks. Full 
Computational Fluid Dynamics (CFD) models are 
complex and require significant time and computing 
power. Some simplifying assumptions can be made in 
order to create quicker and cheaper models. 

Practising engineers use simpler models that focus on the 
crucial parameters of a compartment fire, e.g. 
temperature, smoke level, and timescale (Brani and 
Black 1992). An example is the two-zone model that 
assumes the smoke and air form two homogeneous layers 
that do not mix. This project focuses on the underlying 
assumptions of the two-zone model within a room and 
the influence of fire location on the smoke behaviour. 

2. BACKGROUND 

2.1. Smoke Behaviour 

Smoke from a fire is hotter than the surrounding air; a 
plume of smoke forms and rises due to the buoyancy 
force. It can be described as a pure plume because the 
motion of the fluid is entirely driven by the buoyancy 
effects caused by the temperature difference, rather than 
a momentum flux at the source (Fischer et al. 1979). 

The smoke distribution within a room is shown in 
Figure 1. As the smoke rises, the width of the plume 
increases at a constant rate due to the entrainment of air 
into the plume (Figure 1a). As the smoke reaches the 
ceiling, it is forced to travel horizontally, as a ceiling jet, 
due to its generated momentum. The ceiling jet also 
propagates as a buoyancy-driven current due to the 
buoyancy flux between it and the surrounding air (Figure 
1b). The ceiling jet turns when it interacts with the walls 
and reverses its direction of travel back towards the 
plume (Figure 1c). After these initial transient effects are 
complete, the smoke layer is essentially one-dimensional 
and descends as a front into the room (Figure 1d). 

 

Figure 1. The process of smoke distribution in a room 
over time: a) Smoke rises from the fire towards the 
ceiling, b) A ceiling jet is generated and propagates 
towards the walls, c) The ceiling jet reflects back 

towards the plume, forming a layer, d) The formed layer 
descends as the quantity of smoke increases. 
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ABSTRACT 

The response of bridge abutments under liquefaction induced lateral spreading is an important criterion in seismic 
design. Therefore, a simplified procedure, Equivalent Static Analysis (ESA), has been developed as a means to 
predict the response of bridge abutments to lateral spreading. The procedure though conceptual, can be 
theoretically proven by validation against case histories. The investigation models the South Brighton Bridge under 
the ground motion recordings from the Christchurch Earthquake on 22 February 2011. To validate the simplified 
analysis procedure, site specific standard penetration test (SPT) data was collected and a following liquefaction 
susceptibility analysis was carried out. Utilising the modelling capabilities of OpenSees 2.5.0, the bridge piles and 
abutment were modelled according to the specification of structural documentation. A pushover analysis was then 
able to be carried out for the soil profile considering the identified liquefaction prone layers. In conjunction, a 
slope stability analysis was carried out for the defined slip surface, pile and liquefiable soil arrangement. The 
results from the slope stability investigation were then compared against the pushover results for the ESA. This 
superimposition identified the displacement for the two most probable liquefiable arrangements to be 19.4 mm 
and 16.4 mm respectively, as opposed to 20mm of pile displacement documented by case history data. On 
attainment of this information, it was concluded that the ESA can be considered an effective simplified analysis 
procedure. 

1. INTRODUCTION 

The response of bridge abutments under liquefaction-
induced lateral spreading was highlighted by the 2010-11 
Canterbury earthquake sequences. In particular, the 22 

February 2011 earthquake was characterised by 
significant soil liquefaction and lateral spreading. The 
lateral spreading experienced during this event generated 
significant free field displacements estimated at 1-1.5 
metres (Haskell et al., 2013). Correspondingly, these 
lateral ground displacements were noted to compromise 
the structural integrity of a number of bridges located 
along the Avon River. The bridge case histories to be 
analysed for the purpose of the investigation was the 
South Brighton Bridge. The bridge is located at the 
entrance to the Avon-Heathcote estuary, with images 
demonstrating an elevation view of the repaired bridge 
and areal extent illustrated by Figure 1. 
 
In order to accurately analyse the impacts of liquefaction-
induced lateral spreading on bridge foundations, the free 
field soil and pile interaction must be modelled. This 
study was conducted as a means to further validate 
Equivalent-static Analysis, hereinafter referred to as 
ESA. An ESA is a simplified analysis procedure that 
ensures satisfactory structural resistance to lateral 
spreading. Furthermore, this procedure accounts for pile 

pinning effects relative to the free field displacement. 
Though conceptual and theoretically proven, the ESA 
procedure has had little validation against previous case 
histories. Within this investigation, the foundation 
response was modelled using OpenSees 2.5.0 and 
GeoStudio 2018. The results obtained from the ESA were 
then compared to investigative field data to validate the 
ESA procedure. 
 

 
(a) 

 
(b) 

Figure 1. (a) Elevation view of South Brighton Bridge 
(repaired), (b) Satellite image illustrating the areal 

extent of the investigation. 
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ABSTRACT 

The response of bridge structures due to liquefaction induced lateral spreading is an important consideration in design 

and seismic assessment. The ability to predict bridge displacements and to design for these deformations is of great 

importance as it ensures the bridge usability during and after an earthquake. Design processes using equivalent static 

analyses can effectively evaluate the foundation demands, given a free field displacement. However, since most bridges 

have finite width approach embankments, the lateral deformations compared to free field conditions are significantly less 

due to pile pinning effects. To reduce the design requirements through considering pile-pinning effects requires a 

compatibility relationship between free-field displacement and bridge foundation deformation. The approach used to 

determine compatible displacements has yet to be extensively validated against real world structures. The 2010 

Christchurch earthquake sequence provided a unique opportunity to validate this procedure using observations in 

Christchurch’s highly liquefiable estuarine soils. The results of this validation give an insight into the effectiveness of 

these design computations and contribute to safe and economically conservative future designs. The results of the 

validation showed that it is unrealistic to expect significant pile pinning effects in bridges situated in large liquefiable 

deposits or they simply could not be detected. For Gayhurst bridge reasonable conservative results were achieved. Hence, 

it is recommended that further investigations be undertaken to continue the validation process.  

 

1. BACKGROUND AND OBJECTIVES 

The 2010-2011 Canterbury earthquake sequence caused 

one of the most significant recorded episodes of 

liquefaction in history. The foundations of several 

bridges along the Avon River were damaged due to 

lateral spreading. The large longitudinal stiffness of the 

bridges and short spans (less than 70 m) resulted in back 

rotation of the abutments and hinge formations at the pile 

cap-pile interfaces (Haskell et al., 2013). Figure 1 shows 

the abutment rotation at Avondale Road Bridge. These 

deformations, along with several measurements from 

reconnaissance studies during and after the earthquake 

sequence (Palermo et al., 2017; Cubrinovski et al., 2012) 

allowed for the validation of an existing pseudo-static 

analysis method. Figure 2 shows the location of the 

bridges analysed. 

 
Figure 1. Permanent abutment rotation in Avondale Road 

Bridge (Haskell et al., 2013). 

Currently there is no universal procedure to estimate the 

displacement of abutment piles due to lateral spreading 

and it has been observed that soil displacements adjacent 

to bridge structures are less than those observed in the 

free field (Boulanger et al., 2007; Cubrinovski et al., 

2014).  This phenomenon is attributed to ‘pile pinning’, 

where the pile foundation provides resistance to the 

applied lateral forces. Procedures that account for pile 

pinning reduce the expected foundation demand by 

considering the extent to which the pile foundations 

restrain the lateral displacements. The process estimates 

the foundation and free field displacements. 

Subsequently, a compatible displacement can be 

determined, giving an indication of the foundation 

deformations.  

The compatible displacement is determined by 

combining the results from a pushover analysis curve and 

a pseudo-static slope stability/deformation analysis 

(PSSDA). The pushover curve indicates the pile 

restraining forces for a range of applied embankment 

displacements. The PSSDA curve relates the 

embankment displacements to a range of pile restraining 

forces. Both analyses produce plots of displacement 

versus force, allowing for physical comparisons to be 

made. The compatible displacement can then be used in 

an equivalent static analysis (ESA) to produce more 

realistic displacement values that can be used in design. 

This process has not been extensively validated or 

standardised having only some validation studies on 
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ABSTRACT 

There is an abundance of granular volcanic soil in the Auckland area. However, the practical use of these soils have yet 

to be determined. There are many interests in using these granular volcanic soils for land reclamation. Land reclamation 

is the process of creating new land by raising the elevation of a waterbed of low-lying land by dry earth movement. In 

this study, the index properties, compaction characteristics and shear strength were investigated to determine the 

suitability of Auckland granular volcanic soils for land reclamation. From the index property tests, the Auckland coarse 

volcanic soils was classified as a uniformly graded sandy gravel as it contained 56.3% gravel and 43.5% sands. Based on 

direct shear tests, the friction angle was found to be higher than that of the recommended value of 30º for structural fills. 

It was also observed from both compaction and shear test that the breakage index was relatively small; approximately 

3%, which is below the limit of 10% required for structural fills. These geotechnical properties of the soil shows that it 

possess adequate shear strength and low post-compaction particle breakage. Additional test such as swelling and 

permeability of the soil will be required to determine the suitability of the soil for seashore land reclamation. In summary, 

the Auckland volcanic soils have great potential for different geotechnical applications as the soil showed satisfactory 

shear resistance and is able to minimise post-construction settlement after compaction and shearing which are essential 

criteria for land reclamation. 

1. INTRODUCTION 

1.1. Introduction 

Auckland is a city in the North Island of New Zealand 

with the largest urban area and population (Figure 1).  

The city of Auckland is built on a volcanic field. There 

are 50 volcanoes within an area of 1000 square 

kilometres, forming the hills, lakes and basins of the city 

shown by Science Learning Hub – Pokapū Akoranga 

Pūtaiao (2011).  

 

 

 

 

 

 

 

 

The Auckland volcanic soils this project is focusing on is 

located in the upper region of Auckland in Mt Victoria 

shown in the blue circle in Figure 2.  

Figure 2. Location of Auckland in New Zealand 

shown in the red circle from Google Maps.  

Figure 1. The map of Auckland with the location of the 

volcanic soils conducted in this investigation circled in 

blue (Science Learning Hub – Pokapū Akoranga 

Pūtaiao, 2011). 
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ABSTRACT 

Widespread liquefaction occurred in the reclaimed gravelly fill at CentrePort, Wellington during the Mw 7.8 2016 

Kaikoura Earthquake. Liquefaction typically occurs in loose, saturated granular soil during earthquakes; however, the 

material which liquefied at CentrePort had a high gravel content. Therefore, the purpose of this study is to determine 

properties of the CentrePort fill material which may be responsible for the liquefaction that occurred. Two characteristics 

investigated were the sand content, and the presence of an impermeable capping layer on top of the gravelly layer. Our 

objective was to use small scale physical models to investigate the liquefaction potential of gravelly soils, providing 

further insight into why liquefaction occurred at CentrePort. Preliminary results showed little pore water pressure 

generation in the 100% gravel specimens both with and without a capping layer. Full liquefaction was observed in the 

100% sand specimen tests with and without a capping layer. The 50% sand - 50% gravel mixture incurred partial 

liquefaction in both tests. A soil sample from CentrePort was also tested, and experienced full liquefaction. The most 

significant effect of the capping layer was that it reduced the rate of excess pore water pressure generation and dissipation, 

while the excess pore pressure generation increased with increased sand content.

1. INTRODUCTION 

The liquefaction phenomena that occurred at CentrePort, 

Wellington during the Kaikoura earthquake caused 

significant damage to port infrastructure. The sandy 

gravel soil was able to liquefy even with a high gravel 

content (Cubrinovski et al., 2017). This study focuses on 

investigating the soil characteristics that may be 

responsible for the gravelly fill to liquefy and testing 

these using a small-scale physical model (1-g Shake 

Table).  

CentrePort is built on multiple land reclamations as 

shown in Figure 1 (Cubrinovski et al., 2017). The 

Thorndon Reclamation was constructed from gravelly 

quarry material using an end-tipping method where 

material was dumped into the water via trucks and 

barges. Only the gravelly fill above the water level was 

compacted. Liquefaction ejecta samples collected after 

the earthquake in the Thorndon Reclamation were mostly 

sandy gravelly soil. 

The peak ground acceleration (PGA) of the 2016 

Kaikoura Earthquake recorded at the strong motion 

station (SMS) CPLB located at the BNZ CentrePort 

Building was 0.235g. The acceleration time histories for 

the CPLB SMS is shown in Figure 2. 
 

Figure 1. CentrePort, Wellington. Reclamation 

boundaries, and sample location are adopted from 

Cubrinovski et al. (2017). Base image is from Google 

Earth. 

S7 
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ABSTRACT 

Auckland city is prone to a significant volcanic eruption within the next few hundred years (Lindsay J. M., 2010). An 

eruption of such kind will cause large volumes of ash which require to be removed and disposed of. It is proposed that 

the material be used for seashore reclamation, with other possible engineering uses also explored. In this study, two 

samples of Auckland Volcanic Field ashes (AVF ashes) were investigated using different laboratory experiments to 

determine their index properties and engineering characteristics. Past studies reported in the literature were then used for 

comparison Based on gradation tests, Sample-1 can be classified as a well-graded silty sand, while Sample-2 is a well-

graded sandy silt. Both AVF ashes have a granular composition similar to that of pumice. The specific gravity of each 

sample was found and compared to the literature reviews. Through Atterberg’s limits, the AVF soils can be classified as 

having low plasticity. Overall, the index properties of the AVF ashes are similar to that of typical volcanic soils from 

Japan. To assess the suitability of the investigated material as structural fills for offshore reclamation, the framework 

developed by Chiaro et al. (2015) with design criteria was used. It was found that the AVF ashes met most of the key 

geotechnical specifications for engineering fill, e.g. a frictional angle greater than 30˚ and no swelling. However, before 

recommending the use of AVF ashes as structural fill for geotechnical applications, it is recommended to conduct further 

and comprehensive investigations to evaluate the breakage index of AVF ashes under shearing load as well as their cyclic 

behaviour under seismic and traffic load conditions. 

  

1. INTRODUCTION 

Auckland city is built on a young basaltic field of 

monogenetic volcanoes called the Auckland Volcanic 

Field (AVF), as shown in Figure 1. The AVF has 

produced at least 49 basaltic centres over the past 

250,000 years with the last eruption only 600 years ago 

(Lindsay J. M., 2010). Auckland can expect another 

significant volcanic eruption within the next few hundred 

years. One of the main issues to be addressed from this 

event is the removal and disposal of the large volumes of 

fresh volcanic ashes. Due to the decreasing availability 

of land in Auckland, current planning assumes that ashes 

will be placed into coastal margins for future land 

reclamation.  

Volcanic sediments have been used in the past decades 

as construction material due to the abundance and 

economic benefits. A study on Mount St. Helens 

concluded that the volcanic ash was suitable for use as 

engineering fill dependent primarily on placement 

techniques, moisture conditioning, and compaction 

(Shorey E. F. and Roth H. L., 1980). The behaviour of 

material properties over time is also of interest as 

volcanic ash is susceptible to weathering. If ash weathers 

rapidly, the original engineering properties are altered, 

and the potential uses are limited (Shorey E. F. and Roth 

H. L., 1980). 

 

Figure 1. Map of Auckland showing the AVF and 

sampling site (Hayes et al., 2017). 

Orense et al. (2004) conducted a study analysing the 

geotechnical characteristics of volcanic ash from recent 

eruptions in Japan and the Philippines. The results from 

the Orense et al. (2004) study will be used as a reference 

to compare the results obtained in this study. 

Site location 
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ABSTRACT 

Transparent soil modelling is a technique used to observe behaviour within a soil mass. The objective of this research 

project was to develop a visual teaching tool using transparent soils. The experiment would assist undergraduate students 

in understanding geotechnical engineering concepts presented in class which they often accept blindly through 

explanations and simplified diagrams that may not communicate information effectively. Visual demonstrations are 

powerful tools that complement material delivered in class and enhance understanding of ideas that may not have been 

clear without visual evidence. The intention of the main experiment conducted in this research project was to show the 

benefits of geogrid reinforcing and mechanisms of unreinforced and reinforced slope failures. Presently, the slip failure 

mechanisms are covered in the Slope Stability module in ENCN353: Geotechnical Engineering but not how load is 

transferred further back in the slope through geosynthetic reinforcing which mobilises additional strength, causing the 

deeper slip mechanism which required significantly more energy. However, the completion of the experiment was 

obstructed by the obtained fused silica grains which contained air bubbles that hindered the transparency of the soil 

specimen.  

1. INTRODUCTION 

1.1. Motivation 

The analysis of geotechnical problems can be 

challenging for students as it is not always easy to 

visualise soil behaviour within a deposit. Thus, analyses 

have been limited to plane strain problems which can be 

observed through a window (Figure 1a). The inability to 

visualise and analyse problems in three dimensions leads 

to an oversimplification of some concepts in soil 

mechanics which may not be representative of field 

behaviour.  

(a) (b) 

Figure 1. (a) Pile-soil displacement  

(Yasufuku and Hyde 1995) and (b) transparent soil  

(Ezzein and Bathurst 2014). 

Transparent soil modelling is a technique to observe soil 

behaviour inside a soil mass. Transparent soil (Figure 1b) 

is a two phase material consisting of a granular material 

and translucent pore fluid of matching refractive indices. 

Transparent soils allow observations of soil deposits in 

three dimensions, negating the constraints of opaque soils 

to plane strain problems.  

1.2. Matching Refractive Index 

When a light ray strikes an object it is either reflected or 

refracted. Refraction is the change in direction of the light 

rays as it is enters and propagates through a medium 

(Figure 2). This is due to the oscillating electrons inside 

the medium interfering and reducing the speed of the 

light photon. In transparent soils, the granular material 

and pore fluid are optically matched when light refracts 

from both of the materials at the same angle which results 

in transparency. 

 
 Figure 2. Refraction and reflection of light at the 

interface between two media. 

The ratio between the speed of light in a vacuum and in 

a medium is the refractive index (RI) of the material. The 
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ABSTRACT 

This report investigates the role stratified soils play in the containment of liquefied soils. Liquefaction surface 
manifestation causes significant damage to infrastructure including bridges, foundations, roads and housing. The 
characteristics of situations where liquefaction occurs provides a greater understanding in the prevention and containment 
of these liquefiable sands reaching the surface. Four possible mechanisms have been established to characterise these 
failures. A permeameter was used to model these layers, similar to the field and understand the changes in mechanisms 
for a series of configurations. These experimental results analyse different model configurations and clay states to 
establish a relationship between layering, and the pressures required to break through impermeable layers. Mechanisms 
for failure cases have been identified to provide a comparison between the characteristics of soils, and the ability to 
contain liquefied soils. An analysis of the plug failure mechanism determines the shear strength of the clay during testing, 
which is able to be compared to the shear strength from a direct shear box test. Lower shear strength values were found 
during testing due to the swelling of clay when unloaded. If the permeameter testing was completed under loading, it 
would be expected to see more similar results.    

1. INTRODUCTION 

During the 2010 and 2011 Canterbury earthquakes, 
Christchurch experienced significant amounts of 
liquefaction throughout the city centre and Eastern 
suburbs. As a result, infrastructure such as foundations, 
bridges and pipelines suffered extensive and severe 
damage (Cubrinovski et al. 2014). It is estimated that 
liquefaction contributed to a $15 billion NZD loss during 
the earthquake period. As demonstrated by the Red Zone 
in the east of Christchurch, a significant portion of the 
housing stock was lost due to differential settlements 
caused by liquefaction. 
 
Christchurch City sits on the Christchurch Formation 
within the Canterbury Planes which has a primary 
geological setting consisting of deep sandy deposits by 
the sea and areas highly interbedded with finer soils from 
swampy deposits further away from the coast (Brown & 
Webber, 1992).  
 
Cubrinovski et al. (2011) selected 55 random sites 
through Christchurch to perform cone penetration tests 
(CPT) to gain an understanding of what led to the 
manifestation of liquefaction at the ground surface. They 
found that the sites which exhibited liquefaction in both 
earthquakes tended to be deep, continuous sand deposits 
and those sites which did not liquefy tended to be highly 
stratified. The stratified sites consisted of multiple layers 
of sand and silty clays. This paper investigates and 

presents some ideas relating to how impermeable clay 
layers can contain liquefaction and prevent surface 
manifestation. 
 
Liquefaction occurs when cyclic loads are applied to a 
saturated sandy soil a few metres below the ground 
surface. Loose sands tend to contract during a cyclic load 
which increases the excess pore water pressure. Both the 
vertical effective stress and excess pore water pressure 
increase with depth. This build-up in excess pore water 
pressure travels upwards as the pressure in the liquefied 
layer is greater than the non-liquefied layer above. It rises 
until it reaches the same level of vertical effective stress 
in the ground. This leads to a seepage of pore water 
pressure towards the surface. There is usually a 
preferential path of least resistance which the pore water 
pressure travels through. If the soil is weak enough it will 
fracture and a flow will begin to concentrate at a weak 
point. This flow begins to erode the path and bring more 
and more sand through it. This occurs until the hydraulic 
gradient begins to drop due to the excess pore water 
pressure dissipating (Idriss & Boulanger, 2008). Often 
liquefaction is only considered if there is evidence of 
sand boils at the ground surface. This is not always the 
case as liquefaction can still occur down in the ground. 

Kokusho (1999) investigated the role that a silt layer in a 
bed of saturated sand has under earthquake conditions. 
Kokusho observed sand boil like conditions with a slight 
water film appearing underneath the silt layer. This 
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ABSTRACT 

Since April 2016, Safety in Design (SiD) has become a legal requirement under the Health and Safety at Work Act 2015 

(HSWA). This study aims to assess the SiD knowledge, attitude and practice of multiple stakeholders within the New 

Zealand Architectural, Construction and Engineering industry including civil and structural engineers, project managers, 

health and safety professionals, mechanical and electrical engineers and others.  Data was collected through a survey and 

semi-structured interviews. In total 110 useable responses were recorded for the survey, and 12 interviews were carried 

out. The results indicated participants perceive their own knowledge of SiD as reasonable but perceive there as being a 

lack of knowledge within the industry. Participants stated that since the introduction of the HSWA, their knowledge of 

SiD has increased. Respondents showed positivity towards SiD, with most believing the implementation of SiD results in 

a reduction in lifecycle accidents and stating they would utilise SiD if given the option. Most participants had been 

involved in SiD risk assessments, however it was highlighted that the practice of SiD still varies significantly. There were 

several challenges and barriers respondents stated they faced in utilising SiD. These include: clients unwilling to pay the 

additional upfront cost of SiD, stakeholders not understanding why they are involved in SiD workshops and a lack of 

guidance or examples available.  To counter these barriers, three suggestions recommended. These were: (1) development 

of a national framework to create consistency and standardisation; (2) enhanced education to target specific stakeholders 

and (3) a database of SiD best practices and examples.

1. INTRODUCTION  

Of all New Zealand industries in 2017, the construction 

industry had the second highest number of work-related 

injury claims, accounting for 15.4% of all claims (Stats 

NZ, 2018). Internationally, New Zealand has poor 

construction safety statistics. Compared to eight other 

OECD nations, New Zealand rated the worst, having a 

construction occupational fatal injury rate of 15.3 per 

100,000 person years (Lilley, Samaranayaka et al. 2013). 

Comparatively, Norway and Australia both rate the 

lowest with only 4.4 per 100,000 person years. As a result 

of New Zealand’s poor construction safety track record 

and the increased understanding of the role designers 

play in lifecycle safety, Safety in Design (SiD) has 

growing traction.  SiD is the process of integrating hazard 

identification and risk management of a project’s 

lifecycle early in the design phase. By implementing 

safety decisions early in the conceptual and detailed 

designed phases, the designer is in the strongest position 

to influence lifecycle safety. Typically, construction risk 

management has been focussed on isolating, informing, 

or controlling the hazard (NZTA 2016). As shown in 

Figure 1 elimination is the most effective method of risk 

management and is difficult to achieve effectively 

outside of the initial design phase. There are several 

benefits of utilising SiD, including: a reduction of 

lifecycle hazards, continually improving designs, and a 

reduction in costs due to fewer changes being required 

later in the lifecycle.  

 

Figure 1. Hierarchy of Control (WorkSafe NZ, 2018) 

Since the introduction of the Health and Safety at Work 

Act 2015 (HSWA) in April 2016, SiD has become a legal 

requirement. Section 39 of the HSWA defines the duties 

of a Person Conducting Business or Undertaking (PCBU) 

who designs plant, substances or structures. A designer 

has three duties: to so far as reasonably practicable, 

ensure that structures, plant and substances are without 

health and safety risks; to carry out sufficient tests and 

calculations to ensure the design is free of health and 

safety risks, and to provide adequate information about 

the purpose of the structure, results of any calculations 

and additional requirements to make the structure free of 

health and safety risks (NZ Government, 2015). The 

designer is not limited to the architect or consultant, but 

anyone who has control, contributes to, or has input into 

the design, construction, and use of the asset (NZTA, 

2016). This can include: clients and developers, project 
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ABSTRACT 

This project aims to investigate the green building knowledge, attitude, and practice (KAP) of multiple stakeholders in 

New Zealand (NZ), including architects, civil engineers, project managers, clients/developers, green building 

professionals. A KAP survey was designed and administered in NZ. 60 complete responses were received. Two-sample 

t-Test and One-way ANOVA were performed to compare different stakeholders regarding green building knowledge, 

attitude, and practice. Results indicated that current average use of green building in NZ was low, although most of 

respondents hold a positive view towards green building. Lack of government support, lack of demand and deficiencies 

in regulations are ranked as top three barriers facing stakeholders when they try to implement the green building in their 

project. To facilitate the implementation of green building, this paper proposed that a green building community of 

practice should be established and that green building training courses should be improved.  

1. INTRODUCTION 

The concept of green building has been a hot topic over 

recent years. According to the Environmental Protection 

Agency (EPA), green building is the practice of creating 

structures and using processes that are environmentally 

responsible and resource-efficient throughout a 

building's life cycle from siting to design, construction, 

operation, maintenance, renovation, and deconstruction 

(AGENCY, 2016). Green building involves a lot of 

practices, techniques and skills to reduce the impact of 

buildings on environment, human health, improve 

employee productivity, and optimize economic 

performance. There are several principles of green 

building, including achieving site potential, improving 

energy use, optimizing maintenance procedures and 

enhancing indoor environment quality and the material 

selection (Kubba, 2012).  

In recent years, construction companies and engineers 

have realised fundamental changes in the promotion of 

environmentally responsible buildings (Bond, 2011). 

Green building has continued to gain momentum across 

all sectors of industry and “green” construction has 

become the norm on many new construction projects. 

Despite this, the implementation of green building 

practices in the construction industry has been limited 

and immature. To the authors’ best knowledge, there is 

no systematic study of the knowledge, attitude, and 

practices of green building in NZ.  

Therefore, this study aims to investigate the green 

building knowledge, attitude, and practice (KAP) of 

multiple stakeholders in NZ, including architects, civil 

engineers, project managers, clients/developers, and 

green building professionals. 

2. LITERATURE REVIEW 

In the 1960s, American architect Paul Solerui proposed a 

new concept of ecological architecture (Lan, 2011). After 

the introduction of green building theory into New 

Zealand, the green building became an increasingly 

popular concept. The comprehensive energy and 

environmental crisis have led to the idea of “Sustainable 

Development” reaching a worldwide consensus. From 

the perspective of the composition of social energy 

consumption, building energy consumption accounts for 

30% to 40% of total energy consumption. With the rapid 

development of economy and improvement people’s 

living standard, building consumption will continue to 

grow at a faster rate for a period. For cities and buildings, 

the transition from the traditional high-consumption 

development model to the energy-saving and 

environmental-friendly model has become an inevitable 

trend, and the concept of green building has emerged.  

The concept of green building was first proposed by 

American Italian architect Paul Solerui in the 1960s to 

provide a healthy and comfortable space for work, 

residence, and activity, while at the same time achieving 

the most efficient use of energy and minimal impact on 

the environment. Nowadays, this concept has been highly 

valued and has been promoted and practiced in many 

countries and has become the direction of world 

architecture development. After more than 30 years of 

development, green buildings now have many 

sophisticated evaluation systems in the world, such as 

LEED in the United States, BREEM in the United 
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ABSTRACT 

Humans over the last few decades have caused significant damage to their environment. Recently, this damage has 

become more apparent. Across the globe, people are beginning to realise the effect that buildings have on their local 

environment and because of this, sustainable development was formed. Sustainable development consists of three pillars, 

a sustainable economy, society and environment. Green building focuses on the sustainable environment by reducing the 

buildings impact. This study aims to investigate the motivations and barriers for green building in New Zealand. A 

literature review was used to gain insight into the global green building industry’s condition. Using this knowledge, a 

qualitative study was conducted. This study involved semi-structured interviews which targeted the New Zealand building 

industry. Findings in this study showed that barriers experienced in New Zealand are similar to those experienced globally. 

It was found that green buildings’ high energy efficiency and low life-cycle cost were some of the critical attributes that 

attracted developers to green building. However, high premium costs, lack of demand and interest, as well as limited 

knowledge about green buildings were significant barriers to their implementation within the building industry. This paper 

proposes that the government should provide an incentive for developers. Efforts should be made to increase public 

awareness by providing relevant knowledge and information. The government needs to fund research on green building 

technology.  

 

1. INTRODUCTION 

Traditionally the performance of buildings was measured 

based on the quality of the structure and cost, time to 

construct and operate. In recent years, another measure 

was also added, that is the impact of buildings on there 

environment.  

Climate change, global warming and the extinction of 

species are common themes that have   been presented 

throughout the world (Thuiller, Lavorel, Araújo, Sykes, 

& Prentice, 2005). As a result, the idea of sustainable 

development, which encourages economic performance, 

environmental performance and social performance have 

been valued. 

Evidence has shown that natural environments continue 

to deteriorate around the world (Maibach, Myers, & 

Leiserowitz, 2014). The environmental performance of 

buildings has become a significant concern in the twenty-

first century, which stimulates the growth of a new idea 

called “green building".  

Green buildings are made to be environmentally-friendly 

and resource-efficient. The design process examines the 

whole life-cycle of a structure, which starts from 

planning and ends at demolition (Abbaszadeh, Zagreus, 

Lehrer, & Huizenga, 2006). In comparison to sustainable 

buildings, green building performance is measured only 

on its environmental impact. 

 

Figure 1: How ‘good’ is your building? (Davidson, 2014) 

Around the world, buildings generate one-third of the 

world’s greenhouse gas and utilise 40% of the world’s 

energy consumption (Mardiana & Riffat, 2015). 

According to Baharetha, Al-Hammad, and Alshuwaikhat 

(2013), 40% of the world’s natural resources are 

harnessed by the building industry, which also 

contributes up to 45% of global waste.  
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ABSTRACT 

The project management industry encompasses a wide range of PMs with varying skill levels, and as a result is 

rather fragmented. Project management qualifications and research in the project management field are essential 

for providing PMs with up to date knowledge and consistency across the profession. The two qualifications 

analysed in this report are PRINCE2 and PMP. The research conducted is a qualitative analysis of data gathered 

from semi-structured interviews with experienced PMs. The impingement of different project phases, gaps in the 

industry and the influence and importance of soft skills are investigated. This is done using the experience and 

opinions provided by interviewees, and research of literature. Findings show that the Start Up/Initiation phase of 

a project has the greatest impingement on a project, in terms of budget, schedule and risk. PRINCE2 and PMP are 

not competing qualifications, PRINCE2 provides the methodology and PMP, the knowledge, for conducting 

projects. Soft skills are highlighted as being fundamental to the success of projects and PMs. However, these skills 

are inherently gained or nurtured and, if not possessed, can only be taught or developed to a certain extent in the 

field. 

1. INTRODUCTION 

The project management industry is quite fragmented 

and encompasses a wide array of different skill levels. 

This is due to the lack of standardised qualifications and 

variability in the way PMs (PMs) carry out their work. 

Two major organisations that provide project 

management qualifications are Axelos and the Project 

Management Institute (PMI), which offer the Projects in 

Controlled Environments (PRINCE2) and Project 

Management Professional (PMP) qualifications 

respectively. These qualifications aid in providing a level 

of consistency throughout the project management 

profession. They inform PMs how management tools can 

be utilised in the most effective way, to maximise the 

success of projects.  

Soft skills such as leadership and the ability to form 

relationships are fundamental to the success of projects. 

However, they are not directly addressed by any project 

management qualification. PRINCE2 and PMP state that 

the need for soft skills is important, but give no guidance 

on the topic. This ultimately creates a large knowledge 

gap within the profession that needs to be addressed.  

In addition to this, PRINCE2 and PMP qualifications are 

not specifically required to conduct project management. 

This means many PMs are not aware of the actual 

purpose or fundamentals of the qualifications, and 

common misconceptions are formed based on limited 

knowledge.  

1.1. Aims and Objectives 

Aim: To compare and contrast two project management 

qualifications and uncover any issues within the 

profession.  

The objectives of this project are outlined as follows: 

• Investigate which phase has the greatest 

impingement on a project with regards to 

budget, schedule and risk. 

• Identify any gaps in the project management 

industry based on the practical knowledge of 

experienced PMs. 

• Investigate how soft skills add value to the role 

of a PM. 

This study was conducted in New Zealand with local 

PMs so is limited to a New Zealand context. PMP and 

PRINCE2 qualifications have underlying principles that 

are consistent throughout the project management 

industry, excluding country-specific laws and 

regulations. Therefore, this research can be applied on a 

global scale. 

1.2. Background 

The origins of PRINCE2 are from the IT industry where 

it started as PRINCE. The methodology gained traction 

when the UK government adopted PRINCE as the project 

management method to control its IT projects. In 1990, 

PRINCE was released into the public domain where it 

was widely adopted and used for non-IT projects as well. 
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ABSTRACT 

New Zealand’s procurement models for small developments have lacked collaboration leading to poor productivity that 

increases project costs. There has been a shift towards collaboration with the introduction of project alliances promoting 

risk sharing and financial incentives, however, it is implemented based on project budget. The current construction 

industry is characterised by adversarial behaviours encouraged by individual gain and is plagued by productivity issues. 

Collaboration encourages innovation with a financial structure that rewards good performance and behaviours. This 

research identifies the needs of the participants for a new procurement method that takes the principles of alliancing and 

applies them to smaller projects. This procurement scope will need to be tailored to the limitations of smaller firms such 

as cash flow and staffing abilities. Semi-structured interviews were conducted with industry professionals, clients, 

consultants and contractors, to understand the party’s needs. Interviews concluded that the industry was overwhelmed 

with competitive bidding and a fragmented workforce. The clients require fit for purpose design that are not plagued with 

rework or variations. Smaller contractors are unable to compete against Tier I companies who subcontract the workload 

out, however, Tier I companies are struggling to absorb the risk majority in a competitive industry. The process needs to 

be simplified in key areas to meet smaller contractor’s needs, which are smaller staffing and cash flows, to help them gain 

exposure to the benefits of collaboration. 

1. INTRODUCTION 

Collaboration can improve productivity resulting in 

reduced cost and better project outcomes. The 

construction industry is highly competitive driving 

companies to cut costs wherever possible to gain an edge 

on their tenders. The industry is dominated by smaller 

companies, which require good communication and 

coordination, however, the current contractual structures 

do not promote this (Taskforce 2009). The boom and bust 

cycles have resulted in construction companies making 

losses or being placed into liquidation creating a volatile 

industry (Allan et al. 2008). These cycles along with the 

competitive practice of awarding the contract to the 

lowest tender have created quality and resource issues. 

There needs to be a shift towards collaboration to 

improve the current practice and behaviours within the 

industry before it takes a detrimental effect. 

Collaboration will result in a more sustainable industry 

that shares risks and profit among all stakeholders. 

Rework has proven to be one of the highest contributors 

to on-site labour reducing productivity (Durdyev and 

Mbachu 2011). Buildability and constructability issues 

are negatively affecting productivity and the delivery rate 

of projects. This can create a volatile industry where 

incorrect selection of delivery method can be expensive 

as the contract cannot account for variability (Pöyhönen 

et al. 2017). Early collaboration can reduce 

constructability issues by engaging all stakeholders 

during the design processes. 

For large projects the NZ procurement system utilises 

alliancing, but for smaller projects there is no such 

equivalent. The shared risk and reward creates a no blame 

culture where the team works towards a unanimous 

decision that is the best solution for the project. However, 

collaborative principles can also provide smaller 

developments with budget certainty, appropriate risk 

allocation, quality assurance, and an innovative 

environment (Wetzel, 2017). Ultimately these principles 

can create a more productive and economically 

sustainable industry for New Zealand. 

1.1. Project Objectives 

The aim of this paper is to find out what the needs of the 

participants are for a new procurement framework that 

targets small complex projects, which do not currently fit 

the project alliance model.  This will develop an 

indicative scope to implement a framework centred 

around collaboration that tailors itself towards smaller 

projects.  

There is no quantitative data to analyse the performance 

of alliancing on small projects in New Zealand. 

Therefore, a qualitative method was selected to analyse 

the benefits of collaboration on small projects. 
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ABSTRACT 

Fly-tipping is the illegal dumping of waste and is an issue faced throughout New Zealand. A key step towards combatting 

the fly-tipping issue can be through the establishment of an organised data management system on fly-tipping cases. In 

order to research into data collection and management systems, excursions to observe fly-tipping in Christchurch were 

carried out. The excursions were planned based on information provided by various community boards with knowledge 

on common fly-tipping problem locations. Fly-tipping incidents were successfully observed in a number of locations 

around Christchurch. Through the observations, relevant aspects of information were determined to develop a general 

data documentation form. Information to assist in documentation methods was also gathered from the Palmerston North 

City Council as they have implemented processes with similar goals. It was concluded that an efficient data collection 

form can be very useful for gathering information from fly-tipping incidents. This information can be used to plan efficient 

clean up routes, estimate clean-up costs and assist in implementing prevention tools. 

 

1. INTRODUCTION 

1.1. Background 

Fly-tipping is the illegal dumping of waste on 

unpermitted grounds and is a relatively unexplored issue 

which has been difficult to combat throughout New 

Zealand. Illegally dumped waste is most commonly 

household waste and ranges from appliances and vehicle 

parts to construction site scraps. An example of fly-

tipping which was encountered in December 2017 is 

illustrated in Figure 1 and contains common household 

furnishings, a television and rubbish bags. 

A number of health risks and environmental issues may 

emanate from unmanaged waste. The waste may include 

harmful chemicals such as car oil; this has the potential 

to seep and contaminate soils and waterways, putting 

ecosystems at risk. Illegal dumping that is visible in 

public areas creates an eyesore and represents poor 

standards of living. Illegal dumping with food scraps and 

food packaging provides an appealing opportunity for 

rodents which is another undesirable outcome (The 

National Fly-tipping Prevention Group, 2006). 

The major reason why fly-tipping continues to be an 

issue is that it is very difficult to identify the offenders. 

As the fly-tipping commonly occurs in public areas it 

becomes the responsibility of local authorities to manage 

and remove. As a result, the burden is shifted on to the 

tax payer. In cases where evidence may be found and 

traced back to a fly-tipping offender, they may be liable 

for fines up to $5000 under the Litter Act 1979. It was 

reported that the Christchurch City Council spent 

$120,000 to clear illegally dumped waste in 2016 

(Hatton, 2017). 

Well managed data on the fly-tipping issue provides a 

platform for methods of prevention to be developed. 

Combating the fly-tipping issue requires both proactive 

methods to stop it happening as well as effective reactive 

methods to clean it up.  

The Ministry for the Environment has developed some 

key tools for the prevention of illegal dumping:  Figure 1. Illegally dumped rubbish in the Bromley red 

zoned area  
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ABSTRACT 

The purpose of this project is to design and build a canoe made from reinforced concrete to race at the 2018 
Concrete New Zealand Conference in Hamilton. This is the inaugural concrete canoe race in New Zealand, 
taking place to showcase the application of concrete in areas other than structural engineering. The design and 
construction of the concrete canoe has been broken into two components. This project is primarily focused on 
the concrete mix design while Concrete Canoe Construction 2 was responsible for the structural design. It was 
decided that a polystyrene male mould was to be used as formwork and as a result the concrete mix was required 
to be a stiff plaster mix. A sand based mortar mix with a Cavex expansion agent was compared to a lightweight 
aggregate concrete mix and control sand mortar mix. The parameters that were compared were density, 
compressive strength, tensile strength and modulus of rupture. These parameters were also compared to 
structural requirements determined by Concrete Canoe Construction 2. It was found that the expansive sand mix 
had significant strength advantages but its density was 2153 kg/m3. The maximum allowable density was 
determined to be 1100kg/m3, therefore the lightweight aggregate mix with a density consistently below the 
allowable density was chosen for further development. Through the addition of microsillica and Sika® Emulsion 
93, a final lightweight concrete mix with glass beads was developed. This mix was plastered around the 
polystyrene mould with steel mesh reinforcement and cured with wet burlap blankets. The canoe was then coated 
in epoxy and paint, ready for competition. The canoe performed well, winning the first race, losing the second 
and tying the third. This canoe provides an initial benchmark for future teams to produce lighter, faster and more 
aesthetically pleasing concrete canoes in future competitions. 
 

1. INTRODUCTION 

Concrete is a versatile material that has many 
applications in areas other than structural engineering. It 
has been shown that concrete can be used in art, 
architecture and even furniture. This project pushes the 
boundaries of the application of concrete even further 
by designing, building and racing a reinforced concrete 
canoe at the 2018 Concrete New Zealand Conference in 
Hamilton. To achieve this, a set of common design 
requirements for all participating teams needed to be 
outlined. 
 
The key design requirements were: 

• The canoe must be able to safely support two 
paddlers. 

• Maximum length of 4000 mm and width of 
1000 mm. 

• Waterproofing systems cannot significantly 
contribute towards the strength of the canoe. 

• Reinforcing must have a minimum percent 
open area of 60%. 

• Floatation must be built into the canoe to 
ensure segments float if failure occurs. 

 

The designed canoes will be tested in three relay races, 
where two participants from each team paddle to a 
given mark and return. The crew is then changed, with 
the second set of participants repeating the same course. 
The overall success of the canoe is not only judged by 
the results of the races but also by ingenuity, aesthetics 
and canoe workmanship. 
 
The design and construction of the concrete canoe has 
been broken into two components. This project is 
primarily focused on the concrete mix design and the 
other project is responsible for the structural design. 
Both projects are involved in the construction and 
racing of the canoe.  
 
The designed concrete mix was determined by the 
chosen construction technique for the canoe. The main 
construction techniques that were considered were a 
male mould of polystyrene requiring a plaster mix, an 
internal polystyrene skeleton mould, and a female 
mould of shaped plywood using a self-compacting 
concrete mix. Through the research of available 
materials, cost, and formwork preparation required for 
these methods, the polystyrene male mould was 
selected. This meant that the concrete mix design had to 
be a plaster mix. 
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ABSTRACT 

The purpose of this project was to design and build a reinforced concrete canoe to race at the New Zealand Concrete 

Conference in Hamilton. This is a new competition in New Zealand and will hopefully continue in the future with growing 

interest from other Universities. The idea of this project was to design all aspects of the reinforced concrete canoe, 

construct it using specified techniques and then race it against partaking competitors. This project was shared between 

two teams, with the first group responsible for designing the shape and structural requirements, and the second group 

responsible for the concrete mix design. Concrete Canoe Construction 2 involved the design of the canoe shape using 

Computer Aided Design (CAD) software, the design requirements for the strength of the canoe and several construction 

aspects including the mould design and reinforcing. Multiple canoe shapes were developed using SolidWorks, which 

considered cross-sectional shape, length, width, thickness, and buoyancy. The chosen design was 2970 mm in length, 

640 mm wide, and 400 mm deep with a flat bottom and vertical sides. The expected structural moments and stresses were 

calculated using design techniques idealised from canoes entered in the American Society of Civil Engineers (ASCE) 

annual concrete canoe competition. The calculations produced an expected maximum bending moment of -0.356 kNm 

and tensile and compressive bending stresses of 0.57 MPa and 1.41 MPa respectively. This allowed the Canoe 

Construction Group 1 to design a special concrete mix that met these requirements. A male mould was developed from 

five layers of 2D cut polystyrene that were glued together and shaped as per the SolidWorks design. Reinforcing mesh 

was shaped around the mould and the lightweight concrete mix was packed around to form the concrete canoe. The canoe 

was then left to cure for 28 days before being epoxied and painted to add waterproofing measures and aesthetics. The 

canoe was raced against the University of Auckland in a series of three races. The University of Canterbury won the first 

race, lost the second and drew the third. The canoe performed excellently and will provide a good starting point for future 

teams and their design choices.  

1. INTRODUCTION 

The movement to use concrete outside of structural 

engineering has increased over the last few years, as 

evident in the highly Competitive ASCE concrete canoe 

competition that draws in entries from universities all 

over America. This interest has crossed over into New 

Zealand (NZ) with both Concrete Canoe Construction 

groups being involved in the first ever design, build and 

race competition. The competition was held at the 2018 

NZ Concrete Conference in Hamilton. NZ concrete 

provided a set of rules that governed the design of the 

canoe. The key design requirements were: 

 

 The canoe must be able to safely support two 

paddlers 

 Maximum length-to-width ratio of 4000 mm by 

1000 mm 

 Waterproofing systems cannot significantly 

contribute towards the strength of the canoe 

 Reinforcing must have a minimum percent open 

area of 60% 

 Floatation must be built into the canoe to ensure 

segments float if failure occurs 

 

 

The competition was between the University of 

Canterbury and the University of Auckland, with hope to 

draw in other universities and even industry teams in the 

future. The canoe and respective teams were judged on 

design, aesthetics, workmanship of the canoe, 

presentation performance, and the three relay races. 

 

The sections of the canoe that Concrete Canoe 

Construction 2 group were involved in were the design 

of the shape, the structural requirements of the canoe, and 

mould development. Both groups were involved in the 

construction and racing of the canoe in Hamilton. 

2. PRELIMINARY DESIGN INVESTIGATION 

It was important to incorporate a design process that was 

easily accessible and could have changes made as the 

project progressed. Some plausible options included 

finding a company willing to design and construct the 

canoe, which would provide a product of high quality but 

may be too expensive; model the concrete canoe from a 

plastic canoe, however, this could be difficult to source 

and would inherently restrict the shape and overall 

construction process; and learning a CAD software to 
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ABSTRACT 

This research journal details the testing and evaluation of Ultra-High-Performance Concrete (UHPC). Research was 

undertaken to develop and test an UHPC with significant ductility, sufficient workability and compressive strengths 

exceeding 150 MPa. The development of a mix with 20 % micro silica (relative to mass of cementitious material) was 

tested at differing water contents to try and reduce void space in the internal matrix of the mix. Fly ash and micro silica 

ratios were also trialled in an effort to improve workability and strength. It was seen that the compressive strength of 

developed specimens was proportional to the bulk specific gravity and air voids in mix. Workability was seen to be 

optimised at lower water contents, however with a significant reduction in strength. Fly ash was observed to decrease the 

viscosity of mixes. A mixing scheme was also developed over the timeline of the project. It was discovered that mixing 

speed had a direct effect on the ability of mixes at low water contents to form pastes. This was a critical aspect of the 

project and a reference procedure was developed that was applied to the mixing process. An optimal mix was designed 

that displayed average 56 day compressive strength of 152 MPa at 2.44 % air voids.  

1. INTRODUCTION 

Concrete is one of the most widely used construction 

materials globally due to the readily available nature of 

its constituents and its structural properties. Ultra-high-

performance concrete (UHPC) displays superior strength 

and durability and has been developed for use in high 

stress and corrosive environments. UHPC is developing 

market potential due to the possibility of improving 

sustainable architecture and the elimination of other 

construction staples such as reinforcing steel. The global 

market for UHPC was valued at USD 892.0 million in 

2016 with global growth forecasted to continue (Grand 

View Research, 2017). The development and testing of 

UHPC is a growing area of research as the development 

of UHPC continues.  

 

Literature has revealed that the key principles in 

developing UHPC are to ensure optimal particle density, 

homogeneous mixing, and the minimum size and 

occurrence of impurities (Abbas et al. 2016). These 

principles are optimized through use of fine aggregate, 

fine cementitious particles (cement, micro silica and fly 

ash), a low water to cementitious ratio and a water-

reducing superplasticizer (Abdulkareem, 2017). 

 

This research aimed to develop and test an UHPC that 

had significant ductility, sufficient workability and 

compressive strengths exceeding 150 MPa. The project 

evaluated different UHPC mixes at differing water 

contents to assess maximisation of particle packing 

densities of the internal microstructure. It also tested 

differing fly ash and micro silica contents to shed light on 

the effects on strength and workability. Porosity analysis, 

slump-flow and compression testing was undertaken to 

categorise the mechanical properties of developed mixes.  

2. UHPC COMPOSITION 

2.1. Aggregate 

The initial micro-cracking within concrete arises due to 

failure at the interfacial transition zone (ITZ) between the 

aggregate and cementitious matrix. The size of micro-

cracking is proportional to the size of the aggregate 

(Richard et al. 1995). Therefore, the reduction of 

aggregate size reduces the formation of initial cracking. 

Furthermore, selection of fine aggregates maximises the 

packing ability surrounding the ITZ, increasing the 

concentration of strength contributing particles (Mehta et 

al. 2006). Research recommendations are to limit the size 

of aggregates to 0.6 mm (Richard et al. 1995). The 

aggregate used throughout the duration of this project 

was Urban Paving Sand. A particle size distribution was 

undertaken to determine the effective size and grain 

distribution, as shown in Figure 1. This confirms that the 

aggregate size is less than 0.6 mm. 
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ABSTRACT 

An investigation into improving the seismic vulnerability of wine tanks post the 2016 Kaikōura Mw 7.8 earthquake was 

performed. The focus was examining the prevalent failure modes of wine tanks in seismic events and the factors impeding 

the recovery time. A case study was performed using a winery from the Marlborough region where the damage sustained, 

and recovery timeline was analysed. The results from the case study damage analysis were compared to prior research 

investigating the prevalent failure modes. From the comparison it was noted that buckling and anchor failure were the 

prominent failure modes, with the predicted top cone and secondary structure damage not causing a loss of capacity. 

Using the information on the recovery time from the case study, a functionality curve was created and compared to a 

numerically developed curve from relationships derived from prior research. It was found that the percentage of time 

taken for insurance claim had a large effect on the relationship of the curve. The functionality curve can be a mixture of 

multiple relationships. From this, it is clear that the numerical research does consider external factors such as insurance 

and cost. Multiple relationships must be used to predict the shape of the functionality curve so that all possible recovery 

time scenarios are covered. Given this investigation only included one winery, the recommendations should not be taken 

as absolute. A larger sample size of wineries must investigated to provide more accurate conclusions.     

1. INTRODUCTION 

In November 2016, a MW 7.8 earthquake occurred near 

Kaikōura on New Zealand’s South Island east coast that 

left two people dead and 57 wounded (KiwiRail, 2018). 

It had a peak ground acceleration (PGA) measured at 3g, 

which is largest in New Zealand’s history (Walters, 

2017). There was widespread destruction of 

infrastructure including roads, bridges and buildings. 

One of the regions most affected was the Marlborough 

region, which is located in the north-east of the South 

Island. The Marlborough region is well-known in New 

Zealand for its wine production, accounting for over 75% 

of the country’s total wine production. The wine industry 

exported $1.7 billion (NZD) worth of wine in the 2017-

2018 financial year making it New Zealand’s sixth 

largest export (New Zealand Wine, 2017). 

Given the importance of the wine production industry to 

New Zealand’s economy, ensuring the main 

infrastructure, such as the storage tanks, piping systems 

and catwalks, is seismically resilient is a high priority. In 

the Kaikōura 2016 event, it was estimated that 20% of 

Marlborough’s tank capacity was damaged to some 

extent (New Zealand Wine, 2016). Of the 20%, 

approximately 5% was unrepairable which equated to 40 

million litres of the 2017 vintage and 10% of the pre-

earthquake capacity (Dizhur et al. 2017). If the 2016 

vintage had not been such a success or the earthquake had 

happened around harvest, the results could have been 

much worse. 

For this reason, improving the seismic vulnerability of 

wine tanks is incredibly important not just from a 

structural point of view but also an economic one. 

The objectives for this project were: 

 Investigate the prevalent failure modes of wine 

tanks in a seismic event. 

 Develop a functionality curve for the case study 

and compare with a numerical curve from prior 

research. 

 Suggest possible future research opportunities 

that could continue from this project. 

 

This report will detail a case study performed on a winery 

and compare the observed failure modes with what was 

expected from past events. Functionality curves will be 

developed and analysed. 

2. BACKGROUND 

2.1. Failure Modes 

From research of previous earthquakes in wine regions, 

prevalent wine tank failure modes were identified. There 

were five main failure modes: top cone damage, 

secondary structures, buckling, access opening and 

anchorage failure. These are shown in Figure 1.  Figure 2 

identifies each failure mode seen in the case study winery 

from the Kaikōura 2016 earthquake. A description of 

each mode is given below. 
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ABSTRACT 

Gusset Plates (GPs) are used to connect braces to frame members. When GPs are connected to Buckling Restrained 

Braces (BRBs), GPs will be under large compression forces as BRBs are designed to sustain high axial compression loads 

without buckling. Therefore, it is necessary to ensure GPs do not buckle and allow BRBs to reach their expected load 

capacity. Current GPs design methods used in practice are based on crude assumptions such as equivalent column 

assumption, so they cannot accurately predict the actual GP buckling load. This study aims to find the buckling strength 

of square GPs accounting for their real geometry and variations in stiffness. Numerical finite element analyses were 

conducted to obtain the stiffness coefficients needed to define the GP stiffness matrix, which depends on axial force and 

residual stress. The buckling load of the GP can be obtained by determining the axial load that results in a singular stiffness 

matrix. This buckling load was compared against Thornton and AISC design methods. The relationship between the 

stiffness matrix and the gusset plate connection length was also studied. The stiffness matrix obtained was also put into a 

GP-BRB system to calculate the buckling capacity of the system by using different connection lengths. It was found that 

when the connection length is over the transition line of the GP, the stiffness matrix derived on this study provides a 

buckling load less than the Thornton and AISC methods. Hence, this study presents a more accurate method to obtain the 

buckling capacity of square GPs. 

1. INTRODUCTION  

1.1. Background  

In frames with standard bracing, braces are typically 

expected to fail due to buckling. Therefore, Gusset Plates 

(GPs) are commonly designed to resist small 

compression forces. However, when a Buckling 

Restrained Brace (BRB) system is used, larger 

compression forces are likely to act on the GPs causing 

them to fail. This was proved by some experiments 

conducted on full-scale BRB frames, which showed that 

most of the GPs failed due to buckling in compression 

(Chou et al. 2012). Figure 1 shows the buckling failure of 

a GP.  

 

Figure 1. GP Buckling failure (Naghipour et al. 2013). 

Therefore, the compression strength of the GP needs to 

be well understood to avoid this undesired failure mode. 

In recent years, GP design methods have improved but 

most of them are still based on the analysis of an 

equivalent column, which is inaccurate for a GP in a BRB 

system. This study aims to improve a design method for 

GPs in a BRB system by studying the change in stiffness 

under different levels of axial loads. 

In reality, most GPs have residual stresses, therefore, 

their effect will be included in the analysis. This effect is 

considered by using stiffness reduction factor (SRF) (Lu 

2011). The GP connection length (Lc) was also modified 

to study the relationship of how Lc affects SFs and the 

buckling load (𝑃𝑐𝑟) of GP. The main project outcomes 

are to show that SFs can provide a more accurate GP 

buckling capacity and that SFs can be implemented into 

a BRB system. 

The values of the stiffness coefficients in the GP stiffness 

matrix are directly related to the stability of GP. A loss of 

stability is equivalent to having a singular stiffness 

matrix. The corresponding axial load is the buckling load 

( 𝑃𝑐𝑟 ). Therefore, the stiffness coefficients are also 

known as Stability Functions (SFs). In this study, the SFs 

will be found by analysing GPs through numerical finite 

element models. 
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ABSTRACT 

Buckling-restrained braces (BRBs) have become popular in regions of high seismicity, owing to their stable hysteresis 

and energy-dissipating capacities. However, many prior studies have not taken into account the effects of moment transfer 

capacity at the ends of the BRB, on the stability of the BRB during cyclic loading. In this paper, the rotational stiffness at 

the end of the BRB is explored, as well as determining how this stiffness changes when the BRB is subjected to axial 

compression during cyclic loading. Numerical analyses was carried out using the finite element method in Abaqus, by 

way of 3D solid brick elements. Moment/rotation curves were obtained from the analysis, and the rotational stiffness was 

determined from the linear slope of the curve when the steel core was in contact with the concrete. The numerical results 

demonstrated that there was a significant reduction in rotational stiffness when the BRB was subjected to a high level of 

cyclic loading history. Further studies are needed to determine what effect this reduction in rotational stiffness will have 

on the stability of the buckling-restrained braced frame as a whole.  

1. INTRODUCTION 

Many studies have been conducted on BRBs and have 

shown they have stable hysteresis and energy-dissipating 

capacities. Compared with conventional braces, BRBs 

are capable of yielding in both compression and tension, 

allowing for more efficient use of steel when designing 

braces. The most common configuration consists of a 

steel inner core that is surrounded by a steel casing filled 

with concrete that acts as a restraining media. There is a 

physical gap between the core and concrete to ensure no 

tangential forces are transferred to the concrete during 

compressive loading. Figure 1 demonstrates the 

performance of both conventional and buckling-

restrained braces (Xie, 2005). 

 

Figure 1. Comparison of hysteresis behaviour between 

conventional brace and BRB (Xie, 2005). 

However, little research has been carried out on the 

effects of out-of-plane drift of the gusset plate connection 

on the stability of the BRB, which can occur when a 

structure is subjected to loading out-of-plane. Takeuchi 

et al. (2014) have stated the possibility of global flexural 

buckling before the core yields, this may produce 

undesirable responses such as a reduction in the energy-

dissipating capacity of the BRB. Figure 2 demonstrates 

the effects on stability of the BRB, when drift of the 

gusset plate connection occurs. 

 

Figure 2. Schematic of the BRB stability concept 

(Takeuchi et al, 2014). 

Due to the need for a physical gap between the core and 

concrete by design, there is some inherent flexibility of 

the BRB if out-of-plane drift occurs. This flexibility 

could be modelled as a rotational spring, located at the 

circles in Figure 2. Depending on the loading the BRB is 

subjected to, and the amount of drift experienced, this 

rotational spring stiffness may change, complicating the 

process of modelling the BRB with a rotational spring.  

Following the Christchurch earthquakes of 2010/2011, 

the rebuild has included the use of buckling-restrained 
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ABSTRACT 

Damping refers to the energy dissipation phenomena observed in the displacement response of a vibrating object. Its 

effect on the seismic performance of buildings and infrastructure makes it a vital component in seismic design. Due to its 

complexity, many models in the past are proposed for the reason of mathematical convenience. This study aims to 

calibrate a damping model that simulates structural response more accurately based on experimental and analytical 

analyses. This includes deriving damping coefficients by experiment and comparing with currently available damping 

models. Experiments were conducted to obtain the displacement-time response of a vibrating cantilever with mass and 

stiffness known. The motion of the ruler was captured with a camera using particle tracking velocimetry (PTV) by placing 

high-contrast points on the ruler. The displacement response at the points was obtained after noise filtering and 

differentiated for velocity and acceleration. The damping matrices were found at consecutive time steps by rearranging 

the equation of motion. The results of the research show that the decrease in amplitude fits well the exponential decay 

envelope. The damping ratio for the cantilever was estimated to be lower than 0.5% using logarithmic decrement. 

Different points along the cantilever experience similar damping at a particular mode of vibration. However, there are 

discrepancies in the average damping ratios estimated. Further tests should be conducted to reduce the range of error. 

 

1. INTRODUCTION 

1.1. Background 

Energy dissipation is an essential component in the 

seismic design of buildings and infrastructure, due to its 

effect on the time history of displacement response of 

vibrating objects. The decrease in amplitude of an object 

in free vibration over time is known as damping. Due to 

limited knowledge regarding the cause of damping and 

difficulty incorporating models of the damping 

mechanisms, simulating the exact damping response of a 

structure is difficult. 

Over the years, there have been many damping models 

being developed since proposal of the first model by Lord 

Rayleigh in 1877. However, the insufficiencies in most 

models were identified and a perfect model has yet to be 

determined. A good damping model is the one that would 

more accurately simulate the energy dissipation without 

a high computational demand. 

To date, most structural damping models used are 

classified into viscous and hysteretic damping models. In 

viscous damping models, viscous damping force is 

assumed to be proportional to the instantaneous velocity. 

However, for hysteretic damping, the force depends on 

state variables other than just the velocity (Adhikari et al., 

2003). Lord Kelvin (Love, 1906) believed that the 

damping phenomenon was hysteretic in nature. 

In modern days, with the use of technology, it is possible 

to find the exact non-linear damping response by solving 

complex eigenvalues and eigenvectors with large amount 

of computational effort. However, as the basic nature of 

energy dissipation is not clearly defined in real structures 

and viscous damping is still often used to approximate 

nonlinear behaviour, this increase in computational effort 

is not justifiable. In consideration of seismic in building 

design, the damping ratio, 𝜁 is often assumed to be 5% or 

less without adequate justifications (Wilson, 2002). 

1.2. Objectives 

This research aims to develop a model with improved 

accuracy by experiment, through using the displacement 

response of a vibrating object to determine appropriate 

damping coefficients for structural modelling. The 

objectives of this project are: 

 To determine appropriate values to use for the 

damping coefficients of different vibration 

modes by experiment; 

 To study the significance of the coupling of 

damping action between different vibration 

modes; and 
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ABSTRACT 

Diaphragm forces used for structural design can be conservative as the peak accelerations used are typically associated 
with higher frequencies which may only occur for a fraction of a second. These peak accelerations produce negligible 
changes in strain within a structure whereas the accelerations that actually impact a structure typically occur over a longer 
duration and are associated with lower frequencies. Damage associated with seismic activity is induced by deformations 
which cause strains and rotations ultimately resulting in plastic deformations or failure. Conservative over design of 
structural elements considering these high frequency accelerations often results in an unnecessary increase in project 
costs. In order to evaluate the contribution of higher modes, Non-Linear Time History Analysis results obtained from 
analysis software are converted to the frequency domain using Fourier transformation. Low pass filters are implemented 
at different frequencies to filter out higher mode accelerations and in turn assess their contribution to the structures 
response. This investigation produces a method for obtaining accurate estimations of realistic diaphragm accelerations 
which can be used for the design of a wide range of structures. Filtering of the higher mode accelerations will not 
significantly affect strains produced and will therefore have an insignificant effect on the damage a structure would likely 
experience while significantly reducing design diaphragm forces. 
 
 

1. INTRODUCTION 

Structural engineers aim to design safe and durable 
structures, with predictable behaviour, while conforming 
to financial, time-based and design constraints. Overly 
conservative design will increase costs to the client. 
Ensuring that the client is satisfied with their experience 
and that the building’s occupants are safe throughout the 
building’s working life are key goals for a successful 
structural engineer. Diaphragm forces produced from 
Non-Linear Time History Analysis (NLTHA), used for 
structural design, are conservative as the peak 
accelerations used are typically associated with higher 
frequencies which only occur for a fraction of a second. 
These peak accelerations contribute insignificant 
changes in strains or displacements within the structural 
elements. Therefore, they have negligible contribution to 
the damage of a buildings superstructure. The 
accelerations that actually impact a structure typically 
occur over a longer duration and are associated with 
lower frequencies. An option to provide accurate, cost 
effective design using realistic design forces is to 
implement filtering of these peak accelerations. 

1.1. Relevance and Importance 

NLTHA is used by many engineering consultancy firms 
to produce forces for the structural design of buildings. 
NLTHA uses analysis software and previously recorded 
earthquake ground accelerations to obtain seismic 
loadings for the structural design of a given building. The 
models then simulate how the building would respond 
under the given seismic excitation. Accelerations 
experienced throughout the model are then used to 
produce design forces for various structural elements 
such as beams, columns, walls and diaphragms. If the 
accelerations used to produce design forces only occur 
over a fraction of a second and do not contribute 
significant energy to the structure then they are unlikely 
to contribute any significant strains or displacements to 
the buildings superstructure. Therefore, structural 
elements and their associated connections are potentially 
being conservatively over designed using current design 
methods. This can result in an increase in materials and 
costs which is an undesirable outcome for the client. The 
engineering industry looks to obtain expected behaviours 
of structures which are as similar as possible to the real 
behaviours and filtration of NLTHA accelerations will 
facilitate this.  
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ABSTRACT 

This paper investigates the effects of steel having a greater ultimate tensile strength to yield strength ratio    

(𝐹𝑢/𝐹𝑦) than what is accounted for in the New Zealand Steel Structures Standard (NZS3404). Currently in 

NZS3404 there is no upper bound on 𝐹𝑢/𝐹𝑦. This lack of an upper bound 𝐹𝑢/𝐹𝑦 is becoming increasingly 

relevant as steel enters the market from regions with less reliable material properties. To understand the impacts 

of steels with a high 𝐹𝑢/𝐹𝑦 ratio on capacity design, the effects of using such a steel were determined under 

flexural, shear, and axial loading cases. These analyses were undertaken using the finite element analysis 

software ABAQUS for cyclic and monotonic loading of typical hot rolled structural steel sections. To simulate 

steels with differing 𝐹𝑢/𝐹𝑦, and thus, differing amounts of strain hardening, stress-strain data was scaled to 

produce different 𝐹𝑢/𝐹𝑦 relationships. Based on the results of these finite element analyses, it was determined 

that the current strain hardening overstrength factors should be increased for steels with high 𝐹𝑢/𝐹𝑦 ratios. 

 

1. INTRODUCTION 

1.1. Background 

Capacity design is a design methodology used to ensure 

ductile failure mechanisms and prevent brittle failure 

mechanisms in systems where both brittle and ductile 

elements are present. Capacity design does this by 

ensuring that the strengths of the brittle members are 

greater than the overstrength of the ductile members. 

This ensures that the ductile members will yield and 

dissipate energy without failure in the brittle members.  

 

Currently the New Zealand Steel Structures Standard 

(NZS3404) has no limit on the ultimate tensile strength 

of structural steel. A lower bound of 1.25 is specified 

for the ratio of ultimate tensile strength to yield strength 

(𝐹𝑢/𝐹𝑦). When applying capacity design principles to 

ensure a ductile failure mechanism, a hierarchy of 

member strengths is required to ensure that the ductile 

elements form hinges, and the brittle elements do not. 

To ensure a strength hierarchy, NZS3404 includes a 

member overstrength factor (𝜙𝑜𝑚𝑠). The member 

overstrength factor is used to scale the material yield 

strength to determine the members overstrength. 

Currently the member overstrength factor is derived 

from variation in yield strength (𝜙𝑜𝑚) and expected 

strain hardening (𝜙𝑜𝑠). An upper bound on (𝐹𝑢/𝐹𝑦) may 

be required to ensure that current overstrength factors 

adequately account for the increased strain hardening in 

steels with high 𝐹𝑢/𝐹𝑦.  

2. NEED 

This study investigates what would happen if a steel had 

greater strain hardening (larger 𝐹𝑢/𝐹𝑦) than what is 

accounted for in the New Zealand standards. 

Traditionally, structural steel in New Zealand has been 

primarily sourced from Australia, where there is 

stringent quality control, and thus, predictable material 

properties. Recently there has been an increase in steel 

sourced from other markets such as Asia with less 

predictable quality and more discrepancy in material 

properties. Therefore, as new steels coming on to the 

market may not have the strain hardening response that 

the overstrength factors were designed for, it is 

necessary to specify a limit on 𝐹𝑢/𝐹𝑦 to ensure that 

structures built with these steels behaves as intended by 

capacity design.   

3. SCOPE 

To address the need outlined above, the following must 

be determined: 

1. The maximum 𝐹𝑢/𝐹𝑦 ratio for which strain 

hardening is accounted for by the overstrength 

factors in NZS3404, and 

2. How the NZS3404 overstrength values could 

be changed given that a material with a 

specified 𝐹𝑢/𝐹𝑦 is to be used. 
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ABSTRACT 

Viscous damping is often used in the modelling of structures to consider energy dissipation effects during earthquake 

excitation. The choice of damping model can significantly affect time history analysis results. The mechanism of damping 

is often unclear, and a variety of damping models are used in practice. It has been argued that elemental damping, rather 

than the commonly used Rayleigh, or constant modal damping techniques, is likely to be more physically reasonable and 

provide a number of benefits. However, there is a need to determine how this can be implemented in practice by engineers. 

This project addresses the need using the following methodology. First, for the first mode, the free vibration response of 

the elemental damping model, with damping ratio equally assigned to all elements, obtained using logarithmic decrement 

method was calibrated against that of the initial stiffness proportional constant modal-damping model. The approach 

sometimes gave high elemental damping ratio in the order of 1500% to give similar response with the nodal damping 

value of 5% in the derived manner. Elemental damping ratios in higher modes were found to be different than those in 

the first mode. For the cases studied, compared to wall structures, shear structures were found to have larger difference 

between elemental damping and nodal damping for higher modes up to 75%. After the calibration, elastic and inelastic 

time history analysis was conducted to compare the performance of structures with different heights, mass distribution 

and damping models under various earthquake ground motions. In general, the comparison showed reasonable matching 

for the elastic behaviour, and the elemental damping model produced inelastic response smaller than that from nodal 

damping model by up to 28% for cases studied. Finally, it is recommended that engineers wishing to perform time history 

analysis calibrate their model based on first mode free vibration.  

 

1. INTRODUCTION 

Viscous damping is often used in the structures 

modelling to consider the effect of energy being 

dissipated which lead to reduction of displacement with 

time during free vibration. Carr (1997) stated that the 

choice of damping model would have a significant effect 

on inelastic analysis results even if the forces and 

moments in structures are small. Therefore, a guidance 

for the selection of an appropriate damping model, 

together with appropriate damping values, is essential for 

engineers when they perform time-history analysis. 

However, unlike inertia force and stiffness force, for 

which the mechanism is well understood, the mechanism 

of damping still remains cryptic and elusive; yet to 

quantify the damping force, many different approaches to 

model damping have been proposed.  

Selection criteria for an acceptable damping model are 

proposed below, such a model should produce the 

following under time history analysis:  

● Damping forces of appropriate magnitude (i.e. 

not excessively large) 

● A small sensitivity to different parameters 

● A rational damping magnitude and distribution 

during inelastic response 

● A damping force sign consistent with the 

direction of velocity 

● Easy and fast progressing solution 

Of the many proposed models, the most popular are the 

Rayleigh damping model and the constant modal-

damping method because of their computational 

efficiency. 

Although efficient in computation, many studies have 

shown that these two damping models have their 

limitations. Neither the constant modal-damping method 

nor the Rayleigh damping model possesses any physical 

justification, and this may give rise to many issues in 

time- history analysis (Rayleigh and Lindsay 1945). 

For the Rayleigh damping model, it has been shown that 

higher mode response during inelastic time history 

analysis cannot be ignored, and that Rayleigh damping 

model can yield unrealistic damping forces in the higher 
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ABSTRACT 

Physical and numerical models were developed to illustrate and study the behaviour of a frictional Grip n’ Grab (GnG) 

device on a rocking wall. The physical model showed that under cyclic rocking of the wall, the GnG device was effective 

in carrying tension and slid in friction causing no damage to the system. Moreover, no buckling occurred as the wall 

returned to its initial position where the GnG device was in compression. The numerical model non-linear time history 

analysis used 11 earthquake records scaled to the Wellington response spectra. It was shown that the median of the peak 

roof displacement reduction was 45%, 56% and 64% for GnG capacity of 50%, 100% and 150% of the post-tensioning 

(PT) force respectively. The friction component can also be provided with much larger displacement capacities than 

similar yielding devices. Based on the observed behaviour, the rocking wall-friction GnG system is considered to be an 

excellent means of designing structures in seismic zones.

1. BACKGROUND 

An energy dissipation device can reduce the 

displacement demand of rocking walls and building 

structures. However, ordinary devices undergo 

compression and may have problems with buckling.  This 

issue calls for a mechanism that works only in tension. 

Therefore, a new device, known as the GnG, has been 

proposed to dissipate energy under tension and ratchets 

in compression (Gunning and Weston 2013). Testing of 

further analyses have been conducted by Cook et al. 

(2015) and shown good behaviour. It has been used in a 

tension-only yielding braced system by Rad and MacRae 

(2017) and it shows the most promise in rocking 

structures, where an overly-stiff device does not lead to 

excessive displacements in the weak direction. However, 

yielding dissipaters have limited displacement capacity. 

A frictional GnG has a possibility of providing large 

displacement without significant damage. Before such 

devices are widely used in practice, there is a need to 

conduct physical and numerical studies to demonstrate 

whether or not their advantages may be realised in a 

frictional GnG rocking wall system.  

2. OBJECTIVES 

This work seeks to address the need above by seeking 

answers to the following questions: 

1) Will the frictional GnG rocking wall device 

behave as predicted in a physical model? 

2) Can we capture the GnG performance in a 

hysteresis model through numerical modelling? 

3) How and why does the GnG affect the peak 

displacement of the rocking wall? 

4) What is the length of the friction dissipater slot 

required for design? 

5) Does the proposed system have the potential for 

use in a real building system? 

3. MATERIALS AND METHODS 

3.1. Physical Model 

The physical model was built in the Model Structures 

Laboratory at the University of Canterbury (UC). 

Recycled materials from the department’s storeroom 

were used to minimise the production cost. Figure 1 

illustrates the final physical model. The frictional GnG 

system consists of a tooth system and a friction dissipater. 
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ABSTRACT 

The study presents a design solution for 12-m span roof truss system of an industrial building using New Zealand 

Douglas-fir timber materials. The building is located in Christchurch and has a light timber roof system consisting of 

main truss pieces, purlins and light weight steel sheets as roof cladding. The design of the roof elements was based on 

ultimate limit states (ULS) and serviceability limit states (SLS) design criteria in New Zealand Standards. The critical 

loading case governing the structural design is wind load although other loading scenarios including earthquake loads 

and snow loads were considered as well. The design is based on the initial architectural drawings provided by CGW 

Consulting and the New Zealand Douglas-fir Association. The structural analysis software SAP2000 was used to model 

the roof truss system under various loading scenarios. For the roof purlins, GANG-NAIL Posi-STRUT trusses were 

used since these products are suitable for high-wind loading conditions. As for the wall design, Grade MSG8 250×50 is 

used for wall girts and same size but Grade MSG10 is used for wall mullions. To avoid lateral buckling induced by 

external wind pressure, blocking is provided at mid points for girts. It was found that the light timber framed trusses 

primarily made by Douglas-fir timber were able to provide a cost efficient and structurally efficient solution for the 

large span roof systems of industrial buildings.  

1. INTRODUCTION 

Light timber framed trusses are commonly used in small 

residential buildings in New Zealand due to its 

structural efficiency. Also, the light timber framed 

trusses are often pre-fabricated by commercial supplier 

such as MiTek and thus are dominating house 

construction nowadays. Light weight steel trusses, 

however, are typically used for roof structures for large 

span industrial buildings in New Zealand due to higher 

load demand on the roof system. However, for some 

industrial/commercial buildings, light timber framed 

trusses may also provide structurally efficient solutions 

for the roof systems and have some advantages that 

steel trusses do not have. For example, structural 

timbers in New Zealand are domestic products and are 

environmentally friendly materials that are less 

expensive than imported steel products. Also, timber is 

much lighter than steel and timber roofs are less 

susceptible to seismic loads. For example, after the 2011 

Canterbury earthquakes, a number of buildings with 

large-span timber roof trusses remained undamaged or 

experienced minor damages.  

Douglas-fir is the second popular timber material in 

building industry of New Zealand. It performs as good 

as Radiata Pine in terms of the stiffness and the 

strength, and can be better than Radiata Pine in terms of 

durability, which makes it a good choice for the 

applications of roof truss system that may be exposed to 

a wet environment sometimes. Besides, considering the 

comments from the builders based on a survey by NZ 

Wood, Douglas-fir has six advantages which make it 

popular among builders, which are chemical-free, better 

stability, better moisture resistance, better decay 

resistance, equivalent strength, and stiffness compared 

with radiata pine (NZ Wood, 2013). 

The design information of the single-storey building 

was given as follows. The building is an industrial 

building located in Christchurch. The subsoil class of 

the site is Category D – Deep or Soft Soil. The building 

is a normal structure with importance level two based 

on NZS 1170.0 General Principles of Structural Design 

Actions. It has a design working life of 50 years which 

means both ULS and SLS are required to be considered 

(Standards, 2002). The six-meter high structure is 

formed by two 12-meter span with four seven-meter and 

three 5.6-meter bays as shown in Figure 1. As the 

structure is located in sub-alpine region in an open 

terrain, wind action and snow action may domain the 

design. Gang nail plates are used to connect the timber 

elements in order to further improve cost-efficiency. 

The objective of this project was to provide a structural 

design solution by properly sizing the roof elements of 

using New Zealand grown Douglas-fir, and the design 

was based on loading scenarios of Christchurch and 

New Zealand Standards. SAP 2000 was used for the 

roof truss analysis, as it is widely used by structural 

engineers and can provide efficient structural analysis 

for the design of roof truss system (Choudhury, 2007). 

The design challenges of large-span timber roof truss 
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ABSTRACT 

Cross Laminated Timber (CLT) is an engineered wood product gaining popularity in worldwide construction. Dowelled 
connections are typically used as hold-downs and splices in CLT shear walls, and are a key source of structural ductility 
and energy dissipation in seismic areas. In this project, double shear timber-steel dowelled connections were tested both 
monotonically and quasi-static cyclically in order to investigate the effect of dowel spacing on connection behaviour, 
principally the ductility. Ductility was evaluated using EN 12512 and the Equivalent Energy Elastic-Plastic (EEEP) 
method, allowing for comparison of the two methods applicability to such connections. The connections were made from 
3-ply (135 mm), 5-ply (175 mm) and 7-ply (275 mm) CLT panels, manufactured from New Zealand Douglas-fir. Douglas-
fir is the second most popular timber species in New Zealand, comprising 5% of production. It has some properties 
superior to typical Radiata Pine, including durability and aesthetic finish. A total of 48 tests were performed for this 
program, with nine tests utilising fully-threaded screws or nuts to restrict panel opening or splitting. The results of this 
testing program were compared to prior experiments using 5-ply (150 mm) Radiata Pine CLT. 

1. INTRODUCTION 

An important component in any timber structure is the 
connections, the behaviour of which significantly 
influences the overall performance. The aim of this 
project is to utilise standard testing methods to 
investigate the behaviour of dowel-type connections in 
Douglas-fir CLT panels. The project will build on the 
past research of post-graduates students from the 
University of Canterbury (UC), and provide important 
data for current UC post-graduate students and the New 
Zealand timber industry. 

1.1. Use of Douglas-fir 

The most common timber species used in New Zealand 
is Pinus Radiata, accounting for 90% of timber produced 
(NZFOA 2017). Due to the dominance of Radiata Pine, 
relatively little research has been done to investigate the 
properties and performance of other species such as 
Douglas-fir, which accounts for 5% of New Zealand 
timber production. Douglas-fir offers a unique visual 
expression for architects to design with, as well as having 
distinct advantages over Radiata Pine, in areas such as 
durability. 

1.2. Cross-Laminated Timber 

Cross-Laminated Timber (CLT) is composed of several 
layers of timber boards, typically 20-45 mm thick, 
arranged so that the grain of each layer is perpendicular 
to that of its two neighbours (Figure 1). The panels are 

then glued together under pressure, to create a high-
strength product suitable for use in multi-storey 
structures. 

 

Figure 1. 3-Ply CLT Panel 

CLT is an emerging product, and production volumes are 
rapidly increasing. This has led to a global movement to 
provide design standardisation (Brandner et al. 2016) in 
which New Zealand is playing a strong role. 

1.3. Dowelled Connections 

Dowelled connections consist of steel dowels inserted 
into pre-drilled holes in the timber and steel elements. 
The connections used during this research program were 
double shear connections, constructed from a steel plate 
slotted into a timber panel. Such a connection could be 
found at the base of a CLT shear wall, or in a wall splice 
(Figure 2). 
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ABSTRACT 

Cross-laminated timber as a mass timber product has been frequently used in construction together concert with 

traditional construction materials in New Zealand and world-wide over the last decades. This paper presents an 

experimental study of evaluating the embedment strength and rolling shear strength (RS) properties of CLT 

made of Douglas-Fir. A total of 240 specimens were tested to evaluate the influence of different layups and 

dowel sizes on CLT embedment strength by conducting the half-hole method, modified planar shear test and 

short-span three-point bending test respectively. The testing results will contribute to the enrichment of the NZ 

database of embedment and RS strength of Douglas-Fir CLT. 

 

1. INTRODUCTION 

Douglas-Fir is a highly regarded and preferred timber 

for its superior strength, durability and decay resistance. 

Comparing to Radiata Pine, Douglas-Fir is proving to 

be stiffer and stronger (Wang, 2009). It is an ideal 

framing timber in earthquake-prone countries. 

Compared to traditional construction materials, CLT has 

the following advantages (Caulfield, 2017), 

 light weight (20% as much as concrete); 

 good constructability; 

 sustainable and greater performance in thermal 

insulation and fire resistance;  

 can be customized to suit structural needs. 

CLTs are large structural building panels made from 

solid wood boards glued together in layers. The 

products are strong due to the layer of boards running in 

crosswise directions. Figure 1 shows the layup of a 3-

layer CLT panel. 

In modern days, wood can offer various opportunities in 

aesthetics and improve human comfort. Moreover, it is a 

safe material that can withstand high loads and maintain 

good flexibility. A strong need of developing the better 

understanding of properties of various CLT products 

arises. The fastener bending capacity and wood 

embedment properties are the critical parts in design of 

CLT connection using dowel-type fasteners, such as 

bolts, and smooth dowels. 

 

 

Figure 1. Visualization of CLT panel layers. 

(Source: Maria F.L.Mallo, MS thesis, University of 
Minneapolis) 

Currently, embedment strength of dowel-type fasteners 

is not explicitly featured in New Zealand Timber 

Structures Standard NZS3606:1993. The behaviour and 

capacity of the connections can be estimated according 

to the embedment strength 𝑓ℎ tested in this study. Half-

hole method (ASTM D5764-97a) is used to determine 

the embedment strength of specimens with different 

dowel diameters (12 mm and 16 mm) and lamination 

thickness (20 mm and 35 mm). The 5%d-offset method 

is conducted to analyse the yield load in the load-

deformation curve.  

The rolling shear (RS) stress in (ASTM, 2013) timber is 

defined as the shear stress acting on the radial-tangential 

plane perpendicular to the grain, which is relatively 

lower than the longitudinal shear strength. To 

experimentally evaluate the RS strength properties of 
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ABSTRACT 

Reinforced concrete walls due to its large in-plane stiffness are widely used as lateral load resisting system in buildings 

located in earthquake-prone regions. However, current international design codes (New Zealand and American Concrete 

Standards) does not provide with simplified equations to accurately predict the stiffness and strength of RC walls. 

Therefore, this project aims to develop simplified equations that can reliably predict the stiffness and strength of a RC 

wall. To estimate the effective stiffness and flexural strength of RC walls, non-linear moment-curvature analysis using 

Response 2000 is carried out. The variables involved in the parametric analysis includes axial load ratio, reinforcement 

ratio and aspect ratio. The selected wall parameters are varied within the code allowable range and section analysis is 

carried out. The results obtained through the parametric analysis are consolidated, and simplified expressions to estimate 

the effective stiffness and strength of RC wall is proposed. Comparison of results obtained from the section analysis and 

proposed expression indicated a good degree of accuracy. 

1. INTRODUCTION  

1.1. Context and Background 

Estimating the non-linear response of reinforced concrete 

(RC) walls using hand based calculation is an important 

aspect of engineering that helps designers to estimate the 

non-linear behaviour of walls without using sophisticated 

modelling techniques. However, current international 

design codes does not provide with any simplified 

methodology to estimate the bilinear response of walls 

(effective stiffness and flexural strength). The New 

Zealand Concrete Structures Standard (NZS3101-2006) 

and a few of other concrete design standards such as the 

American Building Code requirements (ACI 318-14) 

provides with empirical equations to estimate the 

effective stiffness of RC walls. However, these empirical 

equations does not take in to account the effect of wall 

characteristics on their effective stiffness. In addition to 

this, the process of evaluation of flexural strength of RC  

walls is tedious and requires usage of sophesticated 

modelling techniques. Although, RC wall design 

procedures are well developed and relevant design 

criteria are specified in the concrete design standards, 

there is no simplified equation available for designers to 

comupte the flexural strength of RC walls. Therefore, in 

this study simplified equations to estimate the effective 

stiffness and flexural strength of RC wall are developed. 

1.2. Project Objectives 

This project is divided into two main objectives. The first 

objective of this study is to develop comprehensive 

equation to estimate the effective stiffness of RC wall. 

The second objective is to propose simplified equation to 

estimate flexure strength of slender RC walls. The 

outcomes of this project will help designers to estimate 

the bilinear response (moment-curvature response) of 

slender RC wall with reasonable accuracy. 

2. LITERATURE REVIEW   

2.1. Effective Stiffness of RC Walls 

A number of methods are reported in literature to 

evaluate the effective stiffness of RC walls. New Zealand 

Concrete Structures Standard (NZS3101:2006) provides 

with an empirical equation to estimate the effective 

stiffness of RC wall and the same is summarized in Table 

1 below. The expressions to estimate effective stiffness 

are provided for two commonly used reinforcement types 

(Grade 300E and 500E) and depends on the axial load 

acting on walls. The designers can interpolate between 

the different axial load ratios to estimate the effective 

stiffness of walls. However, the effect of axial load ratio, 

reinforcement ratio and member cross-sectional 

properties on effective stiffness of wall is ignored. 

Table 1. Effective section properties 𝐼𝑒  for wall member  

Axial load ratio 𝐟𝐲(𝟑𝟎𝟎𝐦𝐩𝐚) 𝐟𝐲(𝟓𝟎𝟎𝐦𝐩𝐚) 
N*/𝑨𝒈𝒇𝒄′ = 0.2 0.48𝐼𝑔 0.42𝐼𝑔 

N*/𝑨𝒈𝒇𝒄′ = 0.1 0.40𝐼𝑔 0.33𝐼𝑔 

N*/𝑨𝒈𝒇𝒄′ = 0 0.32𝐼𝑔 0.25𝐼𝑔 
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ABSTRACT 

Particle Tracking Velocimetry (PTV) is a well-established technique that has been traditionally used in fluid mechanics. 

The application of PTV in structural mechanics has attracted the attention of researchers as it enables full strain fields to 

be computed with little instrumental complexity and no manual intervention of the test specimen. PTV uses cameras to 

record the motion of particles in space as a function of time and from this motion reconstruct particle displacements and/or 

velocities. Two-dimensional (2D) PTV is a standard procedure which normally requires a single camera. Three-

dimensional (3D) PTV shares a similar process except that the particle locating is significantly more complex and requires 

multiple cameras. A robust calibration process is crucial for the multiple-camera system to locate particles in 3D PTV. 

The objective of this project is to establish a 3D PTV system that is capable of locating particles in 3D space. A three-

camera 3D PTV system is implemented and the results indicate accurate particle reconstruction to an error of 0.2% of the 

target domain size.  

 

1. INTRODUCTION 

Particle Tracking Velocimetry (PTV) is a mature 

technique involving tracking particles with a camera 

system. The tracking of particles in 2D space (2D PTV) 

is now a well-established technique in the fluid 

mechanics domain and in recent times interest has moved 

to particles tracking in 3D space (3D PTV). Two-

dimensional PTV uses a camera system to capture the 

particle location in two-dimensional (2D) space at 

different times and track their movements from frame to 

frame. Two-dimensional PTV relies on a standard 

process including image capture, particle identification, 

and particle tracking between frames (Maas 1993). 

Accurate particle displacements and velocities are 

heavily reliant on determining the particle locations to 

high precisions. Similar processes are required for 3D 

PTV. However, it is more technically challenging to 

locate particles in 3D space since multiple cameras are 

required to reconstruct the particles. 

PTV has been extensively used in fluid mechanics to 

obtain fluid velocity fields. Adaptation in structural 

mechanics was explored. Previous work at the University 

of Canterbury has shown that 2D PTV has various 

benefits in structural strain measurement than the 

traditional testing techniques (Exton and Tombleson 

2016). More specifically, PTV has the advantage over 

traditional measurement techniques in that it enables full 

strain fields to be computed with little instrumental 

complexity and no manual intervention of the test 

specimen. Due to the limitation that 2D PTV can only 

capture in-plane motion, it is expected to extend the PTV 

application in structural mechanics to 3D space. 

1.1. Objective 

Locating particles in 3D space is fundamental to a 3D 

PTV system and poses the most significant challenge to 

such a system. Therefore, the objective of this project is 

to establish a multi-camera PTV system that is capable of 

locating particles in 3D space.  

2. BACKGROUND 

2.1. 2D PTV  

Target imaging in 2D PTV is often achieved by frame 

capture equipment such as digital video cameras and 

digital still cameras (Nokes 2018). The PTV system will 

process the camera images by a “Particle Identification 

(PI)” process and through this process a set of particles 

with known locations and sizes will be obtained. All this 

information is referred as the 2D projection.  

There is a range of algorithms that the PI process uses to 

identify particles. The one used in this project was based 

on the light intensity threshold. It identifies all pixels that 

have intensities exceeding the threshold and each particle 

region is defined by including all these pixels that are 

connected. The centre of a particle is identified at the 

centre of “mass” of the light intensity within this region. 

(Nokes 2018)  

95



Seismic Assessment of existing Reinforced Concrete Buildings-
Comparison of efficiency of alternative approaches 

By B. T. Spence and A. Yuan 
Final Year Projects, 2018 

Dept. of Civil and Natural Resources Engineering 
University of Canterbury 

Project supervisor(s): G. Loporcaro and S. Pampanin 
 

Keywords: Earthquake, Seismic Assessment, SLaMA, Pushover 

ABSTRACT 

The following study presents an investigation into the seismic assessment of reinforced concrete buildings. The 
study presents an example in which the seismic response and New Building Standard Percentage (%NBS) are 
determined using analytical and numerical assessments. The study procedure is generally conducted in 
accordance to the NZSEE guidelines. The guidelines specify that the initial stage of seismic assessment should 
consist of an Initial Seismic Assessment (ISA). The ISA includes the employment of an Initial Evaluation 
Procedure (IEP) in which a %NBS is produced based on rudimentary information. In terms of the case study 
example, this %NBS was found to be 15%. Simplified Lateral Mechanism Analysis (SLaMA) was employed as 
the nonlinear analysis technique used to undertake a DSA. This method uses assessment techniques which 
examine the building on a local and global level. The SLaMA presents a method in which the lateral capacity of 
the entire building can be easily determined. Using the buildings lateral capacity and Ultimate Limit State 
seismic demand a %NBS can be determine. For the case study this %NBS was found to be 76%. Verification of 
the SLaMA method was completed using pushover analysis. This was undertaken using the computation 
program SAP2000. The comparison of the two analysis techniques resulted in a relatively comparable 
correlation. 

1. INTRODUCTION 

The 2010 and 2011 Canterbury earthquakes were 
catastrophic. In 2013, damage was reportedly estimated 
to have costed the New Zealand government $40 
billion, with a large portion of this cost due to civil 
infrastructure damage (Amy Wood, 2016). 

As a consequence of the 2010 and 2011 Canterbury 
earthquakes, public and professional recognition has 
been taken into the assessment of building performance 
during seismic movement. This resulted in the revision 
of the technical guidelines for the Seismic Assessment 
of Existing Buildings. The guidelines provide a basis of 
which to determine whether a building is earthquake 
prone or not. 

Often older buildings do not comply entirely with 
modern seismic standards. Regularly buildings 
constructed prior to the employment of modern seismic 
codes (pre 1970s) have not incorporated any capacity 
design principles, lack transverse reinforcement in the 
joint region and have insufficient reinforcement 
detailing. Other structural deficiencies include; limited 
displacement capacity and ductility, irregular plans and 
elevations, poor material properties and weak 
foundation (Kam, Akguzel, Jury, & Pampanin, 2013). 
As a result of this, making a decision regarding the 
predetermined course of pre 1970s buildings, which do 

not necessarily meet current regulations, involves a high 
level of accuracy and knowledge regarding the building 
seismic response. Typical joint failures seen in pre 
1970s building are presented in figure 1. Figure 1 
failures are likely a result of poor detailing. 

Figure 1: Typical Joint Failures (Kam et al., 2013). 

In recent years, displacement based seismic assessment 
(DBSA), has become progressively more prevalent in 
the prediction of building performance under seismic 
movements. Though DBSA has proved to be a useful 
tool in the prediction of building response, the reality is 
that, predicting a buildings reaction to seismic 
movement is very difficult and the approximation made 
is nothing but an inference based on known information 
(Jury, 2017).  

DBSA presents an approximation of buildings 
governing inelastic mechanism. With this information a 
knowledgeable decision can be made in terms of the 
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ABSTRACT 

A gapped-inclined brace (GIB) is a proposed lateral load resisting element that aims to improve the seismic performance 

of buildings prone to the formation of soft-storeys. This is achieved by increasing the lateral inter-storey drift capacity of 

the first floor without significantly increasing its lateral resistance. The GIB is designed to take no load until the columns 

reach their yield capacity and then progressively take axial load off the column to reduce the impact of P-Δ effects. In this 

study, the possibility of using GIBs in new steel buildings was investigated and their seismic performance relative to a 

traditional eccentrically braced frame (EBF) system and their behaviour was analysed.  Pushover and non-linear time 

history (NLTH) analyses were run to obtain curves of base shear and first-floor displacement. These results show that the 

GIB systems achieve an increase in lateral drift capacity and decrease the floor accelerations experienced in the structure. 

A basic method for modelling the effects of the GIB is proposed and compared to NLTH analyses. This study, however, 

was limited to 2D analysis and contained a number of assumptions for simplicity of modelling. These assumptions include 

no consideration of axial yielding, buckling or deterioration modelling. The use of GIBs as part of a lateral resisting system 

shows potential benefits but requires further investigation.  

1. INTRODUCTION 

 Background 

A gapped-inclined brace (GIB) is a concept that has been 

proposed for buildings that exhibit a soft-storey response 

in an earthquake (Beigi et al. 2014). A GIB is an inclined 

brace that is pinned at both ends with an axial gap that 

closes as the building undergoes lateral drift. As the drift 

increases the GIB takes an increasing proportion of the 

gravity load as shown in Figure 1. This reduces the axial 

load of the column, counteracting P-Δ effects. It is 

proposed that the deformation capacity of the columns 

can be increased in a soft-storey structure without 

significantly increasing their lateral resistance (Beigi et 

al. 2014). Therefore, the first floor will experience 

reduced accelerations compared to traditional steel 

bracing systems. The distance of the GIB base 

connection from the column or offset of the GIB and the 

size of the axial gap can be used to define the inter-story 

drift at which the gap closes and the GIB begins to take 

axial load. This allows their effect to begin when the first 

storey reaches a critical displacement, which can be taken 

as the yield displacement of the columns. 

The concept of GIBs as a seismic retrofit solution has 

been explored in Beigi (2014) by investigating the 

performance of a GIB system in a six-story reinforced 

concrete frame building. The results showed that a 

building retrofitted with GIBs had greatly improved 

seismic performance, and that GIB systems have some 

advantages over traditional solutions. In this study, 

however, GIB systems will be investigated in terms of 

their potential application in new steel buildings.  

 Scope 

The project addresses the potential use of GIBs in real 

applications by answering a few important questions.  

 Are GIBs effective in increasing lateral 

displacement capacity without significantly 

increasing lateral resistance? 

 How do GIBs compare with more traditional 

bracing systems, such as an eccentrically braced 

frame (EBF) system?  

2. METHODOLOGY 

 General Methodology 

To conduct this study, a GIB system needs to be modelled 

and compared with another more conventional system. 

The first step is to produce a model of a steel building 

that is based on the NZS 3404 Steel Structures Standard 

(NZS 3404 1997). This model will have a soft-storey on 

the bottom floor and must be able to take wind loading 

defined in NZS 1170.5 (NZS 1170.5 2004). The next step 

is to investigate the buildings seismic performance and to 

verify the building model using different methods. 
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ABSTRACT 

Understanding Christchurch resident’s perceptions and attitudes towards electric vehicles gives an insight into what the 

future of Christchurch transport may be. The adoption of electric vehicles in Christchurch has been steadily increasing 

since electric vehicles were first introduced. The objective of this project was to understand what factors are encouraging 

and discouraging the purchase of electric vehicles in Christchurch, and what can be done to increase ownership. A survey 

was created, and 241 respondents were surveyed. The data was then processed using SPSS software to determine the 

correlations and relationships between the different variables. The correlation coefficients and significance levels 

identified the interesting and significant factors that affected the likelihood of electric vehicle ownership. It was found 

that vehicle price, vehicle range on full charge and battery longevity impacted purchase likelihood most significantly. 

These findings aligned with the literature published on the barriers preventing wide scale adoption in other countries. 

Misunderstanding of the environmental impacts caused by electric vehicles throughout its life-cycle clouded many 

respondent's perception. The findings allowed for several suggestions to be considered to increase the electric vehicle 

fleet in Christchurch, however, there are downsides to any incentives. Government incentives such as exemption from 

high rates of purchase tax, reduced insurance costs, privilege of driving in bus lanes and access to plentiful free public 

charging stations have been shown to rapidly increase electric vehicle ownership in other countries. Incentives combined 

with increased charging infrastructure throughout Christchurch and the surrounding areas will increase electric vehicle 

purchase rates. Finally, the biggest barrier stopping the electric vehicle fleet from increasing is the technological 

innovation in the field. Until the electric vehicle market can produce affordable vehicles that provide similar range to 

conventional petrol vehicles, many Christchurch residents will avoid purchasing.  

1. INTRODUCTION 

1.1 Context 

With climate change becoming an increasingly important 

issue globally, there is a growing interest in solutions that 

may reduce greenhouse gas emissions (GHG). The 

electric car/vehicle (EV) provides a means of transport 

that does not involve the combustion of fossil fuels as an 

energy source. The electric car was invented around the 

late 1800’s but it has not been until recent times that 

popularity has grown and viewed as a viable transport 

option for most car drivers. EVs differs from the 

conventional petrol or diesel cars in many ways including 

running costs and refuelling processes. These elements, 

along with personal values regarding external factors 

such as environmental concern, knowledge about climate 

science and familiarity with EVs, might significantly 

influence people’s preferences or likings for owning and 

using EVs. 

1.2 Literature Review 

Several existing studies have found that consumers who 

have purchased an EV have certain characteristics such 

as high levels of conscientiousness and personal concern 

for the environment (Skippon & Garwood, 2011). It has 

also been found that there is a degree of hedonic (pleasure 

of driving) and symbolic (self-image) attributes that 

dictate a person’s likelihood to purchase an EV 

(Schuitema, Anable, Skippon, & Kinnear, 2013). Some 

other studies have looked at how the ability for a 

consumer to charge their car, such as the accessibility of 

electric car charging stations in various public places, 

influences their opinion on electric cars. A study by Thiel 

et al (2012) found that many individuals admit not to be 

very familiar with this topic. Most of the people agree 

that electric cars are still quite expensive, have zero 

tailpipe emissions and are emitting relatively little noise. 

Thiel et al. (2012) also established the clear priority to 

improve the value proposition of EVs is to reduce their 

price and improve their range – i.e. to give the possibility 

to maintain the same level of mobility cost and autonomy 

that is currently offered by conventional cars. The 
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ABSTRACT 

Technological advances have made the world smaller and allowed us to reach people and places quicker. However, we 
have reached a stage whereby our everyday choices, such as which mode of transport we use, are starting to negatively 
impact the environment and, to an extent, the economy. Public transport is an effective way of moving large numbers of 
people and reducing traffic on the streets. However, many road users still prefer to travel using their private vehicles. This 
research project aimed to address some of the motives behind why people are more inclined to use a private car over 
public transportation. A quantitative survey was developed to gather information on what factors influence the mode of 
transport used, any underlying factors as to why they chose this mode and what their perceptions are of public 
transportation. Social and demographic variables were used to assess the sample representativeness. Several methods of 
investigation were used, ranging from simple descriptive analysis to integrative correlation analysis to more complex 
regression modelling. The descriptive analysis compared the different factors influencing mode choice for each of the 
primary modes selected. Correlation analysis and regression modelling were used to assess the sample representativeness 
by comparing the demographic variables with mode choice. The results indicated travel time and reliability were 
important in choosing a travel mode. Although statistically significant correlations were observed, the regression models 
could only explain up to 30% of the responses. To increase the use of public transportation, the respondents indicated that 
changing the fare and improving the reliability of the public transport system would be a step in the right direction.

1. INTRODUCTION 

1.1. Background 

There is a growing emphasis on public transport 
patronage in recent years because of recent moves to 
sustainable transportation to reduce both road congestion 
and environmental pollution. However, the number of 
people who use public transport in most countries across 
the world are significantly less than those who use a 
private car. Of all major cities in New Zealand, 
Christchurch has one of the lowest usage rates of public 
transportation, with 5% of the population using it 
regularly to commute (a regular user is defined as having 
used public transport on at least 10 days out of the last 
month) and 35% have used it in the last year (Ministry of 
Transport, 2017). Comparatively, Auckland had 15% of 
its population regularly use public transportation with 
60% having used it in the last year. Wellington had higher 
rates, with 26% of the population were regular users of 
public transport, and 77% used it in the last year. While 
this may (in part) be due to the events that have occurred 
in Canterbury over the last decade (repeated earthquakes 
and resultant damage to infrastructure since September 
2010), there may be other factors that influence this lack 
of use. Since public transportation is a broad topic, the 
scope of this project is limited to assessing the attitudes 

of Christchurch residents in the use of public transport as 
an alternative travel mode. 

This paper will cover a literature review analysing the 
contribution of research which has investigated matters 
covering public transport usage. The purpose of this 
paper cover factors behind why people select modes of 
choice and what improvements can be made to the public 
transport system in Christchurch to improve its attraction 
for other mode users. The methods section includes 
survey design, human ethics, sample response size and 
representativeness and data analysis involving 
descriptive statistics, correlative analysis, and regression 
modelling. Subsequent results will address the objectives 
selected for this research paper. Finishing with 
recommendations based on analysis covered.  

2. LITERATURE REVIEW 

There are various literature sources around the world 
dealing with commuter attitudes towards their respective 
public transport systems. One paper (Goodwin et al., 
2010) assessed if government policies should be 
implemented to address environmental and economic 
concerns. These concerns have some influence on the 
choice commuters make for their travel mode but will not 
be covered in depth for this project. A qualitative study 
(Beirão et al., 2007) was carried out to understand why 
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ABSTRACT 

Traffic congestion on the Auckland motorway network is extensive and detrimental to users. Current motorway 

controls include the use of Ramp Metering (RM) for many on-ramps throughout the network, however the 

motorway capacity remains underutilised. This project investigated the possibility of implementing an alternative 

RM strategy with the use of macroscopic simulations. The aim was to determine the effectiveness of the alternative 

RM strategy when compared to the current implementation. These simulations were performed using three separate 

scenarios. The first scenario was a baseline to accurately replicate the current traffic conditions. The second was 

used to show the effectiveness of an alternative RM strategy when no queue constraints exist. The final scenario 

was used to give a realistic view of the impact that an alternative RM strategy would have in Auckland, given 

inherent queue constraints. The simulations used the Cell Transmission Model (CTM). The section of road 

investigated lies between Oteha Valley Rd and Tristram Ave on the Northern Motorway. Success was defined by 

observing a decrease in travel times in relation to the current conditions, along with having the mean traffic speed 

kept as close as possible to the free-flow speed of 100 km/h. 

 

Both scenarios which utilised the alternative RM strategy performed more effectively than the baseline scenario. 

The scenario with no queue constraints was the most effective, as more vehicles were able to be held at the on-

ramps before entering the mainstream flow. Utilising these on-ramps as holding zones for vehicles can result in 

better systemwide performance. The scenario with queue constraints performed only slightly better than the 

baseline scenario, due to the limitation of physical on-ramp sizes resulting in shorter queue lengths. This result 

met the expectation of observing a systemwide benefit from an alternative RM strategy when compared to the 

current implementation of RM. 

 

1. INTRODUCTION 

Traffic congestion in Auckland, New Zealand is a major 

problem for all road users. Long travel times reduce 

productivity for commercial users and make many places 

of work inaccessible to residents in the outskirts of the 

city, unless they endure extraordinarily long commute 

times. It is estimated that traffic congestion costs 

Auckland $1.3 billion each year (Stuff NZ, 2018). 

This can be attributed to many political and cultural 

factors, mainly in that motor vehicles have long been the 

preferred mode of transportation by NZ residents. This 

public desire for more roading infrastructure has driven 

local government planning and investment accordingly, 

perhaps at the expense of other forms of transportation. 

The lack of transportation options then forces many 

commuters to travel by car, leading to congested 

motorways. 

It could be postulated that the willingness to continue 

investment into motorways has also led to less of a focus 

on efficiency. Awareness of this issue has been more 

prevalent in the past two decades, which has encouraged 

the use of comparatively inexpensive traffic control 

measures to reduce motorway congestion. These 

measures typically require minimal infrastructure 

improvements with proven efficiency benefits. Traffic 

control measures were first implemented in Auckland in 

2004 (Dearnaley, 2004), with the introduction of Ramp 

Metering (RM). Many on-ramps in the network now 

utilise RM, specifically the SCATS Ramp Metering 

System (SRMS) as discussed by Aydos and O'Brien 

(2014). This system operates concurrently with Sydney 

Coordinated Adaptive Traffic System (SCATS), which is 

used on adjacent arterial routes throughout the city as a 

traffic signal controller. This system “synchronises 

traffic signals to optimise traffic flow across a whole city, 

region or corridor” (SCATS). 

Auckland has the most extensive RM network in the 

Southern Hemisphere, with 91 on-ramps currently using 

the system. Auckland’s implementation of SRMS has 

been shown to reduce congestion by an average of 25%, 

along with an 8% flow increase and a 22% reduction in 

crashes, as found by Aydos and O'Brien (2014). 

International applications of RM have also shown to 

produce effective results, as shown by the Australian 
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ABSTRACT 

This research paper aims to compare macroscopic cell transmission outputs with microscopic model outputs for 

a section of the transportation network within Auckland. The study also investigates the effects of altering 

simulation parameters within the traffic modelling program AIMSUN on traffic dynamics. A seven-kilometre 

section of the Auckland Northern Motorway was modelled in AIMUSN using vehicle flow data provided by the 

New Zealand Transport Agency (NZTA) over a peak morning period. The NZTA flow data was compared to the 

Cell Transmission Model outputs using the Alinea optimised ramp metering algorithm. Results produced 

displayed a lower average time delay and a lower total travel time for the optimised ramp metering case compared 

with the no ramp-metering case. Three simulation parameters were altered within the AIMSUN program and their 

effects on traffic dynamics analysed. These parameters were varying on-ramp flow percentages, varying off-ramp 

flow turning percentages and heavy vehicle traffic flows. Increasing on-ramp flow and heavy vehicle traffic flows, 

resulted in larger average delay times and total travel times. While increasing off-ramp flow turning percentages 

decreased the average delay time and total travel time. From this it was concluded that implementation of ramp 

metering algorithms is a low-cost-solution that can reduce congestion on the Auckland Northern Motorway. It 

was also concluded that the active network management strategy rerouting would also alleviate congestion and 

optimise existing infrastructure.

1. INTRODUCTION 

Simulation and modelling of traffic operations has 

become an increasingly essential tool for 

transportation engineers as traffic volumes and 

congestion rates increase. Due to the increasing 

difficulty in expanding current infrastructure and the 

expense required to finance new infrastructure, 

alternative strategies to reduce congestion are 

required. Implementation of numerous active traffic 

management strategies (ATM) allows for the 

optimisation of current transportation infrastructure.  

 

In 2017, there was a 4.5% increase in the number of 

light fleet vehicles registered within New Zealand 

(Ministry of Transport 2017). In conjunction, urban 

sprawl has resulted in increasing motorway use and 

dependence as commuting becomes routine. 

Increasing vehicle ownership along with rising 

urban sprawl trends are a large contributor to 

recurrent and non-recurrent traffic congestion within 

Auckland City.  

 

The Auckland Motorway Alliance (AMA) and the 

New Zealand Transport Agency (NZTA) currently 

implement a variety of network management 

systems to redistribute congestion and optimise 

existing infrastructure. Active network management 

through ramp metering, variable speed limits, lane 

control and adaptive signal control is used by the 

AMA and the NZTA to alleviate traffic congestion.  

 

The Auckland Northern Motorway is a 39 km stretch 

of State Highway One which extends from the 

northern abutment of the Auckland Harbour Bridge 

up until the Puhoi settlement (New Zealand 

Transport Agency 2013). It is a significant 

transportation route due to its connection to the 

Auckland Harbour Bridge which links the central 

city with the Northshore. In 2017, NZTA published 

data recording the annual average daily traffic 

(AADT) on the Auckland Northern Motorway. 

From the data recorded on the Tristram Avenue 

interchange, part of the Auckland Northern 

Motorway, it was estimated that 60,000 vehicles 

utilise the southbound section of the State Highway 

per day (Ministry of Transport 2017).  

2. BACKGROUND 

Congestion on motorways is a result of various 

traffic variables. Undoubtedly, the leading cause of 

congestion is traffic volumes exceeding the network 

capacity. This can be observed through the 

fundamental diagrams of traffic flow, Figure 1. The 

fundamental diagrams display the relationship 

between flow rate, q, density, k and mean speed, u, 

(Daganzo 1994) . The capacity, qc is the maximum 

free flow the network can operate under. Additional 

cars past the capacity of the network result in a 

density greater than critical density, kc thus causing 
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ABSTRACT 

Moisture that infiltrates the structural layers of a pavement can cause significant premature deterioration of the mechanical 

properties of the pavement structure. Having an unsealed shoulder or a roadside bank increases potential moisture content 

in the pavement, and results in an increase in rutting. Rutting is one of the main types of pavement failure in flexible 

pavements, presenting safety concerns due to hydroplaning. This paper investigates 12 LTPP sites across New Zealand 

to clarify the relationships between unsealed shoulders and banks, and rutting in the outside wheel paths. These factors 

have the potential to increase the water content under the outside wheel path. The data shows deeper rutting in the outside 

wheel path when there is a roadside bank and when there is an unsealed shoulder. It is therefore concluded that water in 

the pavement, combined with traffic load, causes rutting. These results provide insight into uneven failure causality, 

suggesting that sealing shoulders and maintaining well designed swales has the potential to extend pavement life, increase 

safety, and reduce maintenance costs in New Zealand. These results may influence consultants, contractors and governing 

bodies to ensure sealed shoulders are commonly implemented in pavement construction, as this will reduce the cost of 

pavement over its design life. Due to the large number of confounders in this investigation, a holistic approach was taken 

to identify and analyse trends. While normalisation of many parameters is completed, more accurate and consistent results 

could be obtained by considering swale heights and existing subsoil drain designs. It is recommended to complete this 

research on a much larger number of suitable sites to confirm these trends. This research involves no unconscious bias, 

as there is no financial gain. 

1. INTRODUCTION 

1.1. Background 

Rutting is a commonly occurring failure mechanism of 

New Zealand roads. It refers to the formation of 

longitudinal depressions along a pavement caused by the 

travel load from vehicles over the lifetime of the 

pavement (see Figure 1). On chip seal roads, these 

deformations can occur in the surface layer, the structural 

pavement layers, the subgrade or in a combination of 

these layers (Gribble 2018). In New Zealand, the 

pavement is defined as failed when a rut reaches a depth 

of 25 mm (Pidwerbesky 2014). Rutting also constitutes a 

safety issue. Water ponds in ruts, resulting in 

hydroplaning. Hydroplaning is when a car tyre is 

separated from the road surface as it skims over ponded 

water. This severely changes the handling of a vehicle 

and causes a sudden lack of braking power (Dehnad and 

Khodaii 2016). 

Rutting in a pavement is affected by pavement design and 

geometry, environmental factors, and loading factors 

(Van der Walt et al. 2016). Design and geometry factors 

include the depth of materials, the strength of the 

subgrade and the lateral support provided by shoulders 

(Bjarnason et al. 1999). Environmental factors include 

temperature, elevation, and rainfall (Henning 2008). 

Loading factors include the Average Annual Daily 

Traffic (AADT), percentage of heavy vehicles and the 

speed of these vehicles (Saleh and Patrick 2006). 

 
 

Figure 1. Displays a typical pavement rut on a rural 

road (Roadex Network 2015). 

The chip-seal layer should act as an impermeable layer 

on the top of the road that stops water getting into the 

pavement structure. Water can enter the structural layers 

through defects in this layer, or through intact layers with 

help from vehicle tyre pressures (Alabaster et al. 2015). 

Research has also shown that water can move laterally 

into the pavement up to one metre from permeable 

shoulders without the help of gravity (Gribble 2018). 

Intuition therefore suggests that having an unsealed 

shoulder could result in a large increase in the water 
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ABSTRACT 

The aim of this study is to examine the collision types that appear to have a high severity risk to drivers in Christchurch. 

Other factors examined include weather, road wet, road curve, junction types, light, speed limit, days of the week (DOW ) 

and causal factors. The dataset on car crash reports provided for analysis was obtained from the Crash Analysis System 

(CAS) from the year 2011 to 2015. Crash severity is the dependent variable which consists of three levels, major injury, 

minor injury and non-injury. Due to the dependent variable being categorical by nature, the application of a multinomial 

logistic regression and probit model was satisfactory. Results of the present study show that out of the nine independent 

variables chosen for analysis, five variables were evaluated as significantly critical. They are comprised of collision types, 

causes, light, road curve and road wetness. In addition, 20 collision types were analysed as significant to crash severity. 

It was determined that the collision type involving pedestrians crossing was most likely to cause minor and major/fatal 

injuries compared to other collision types. 

1. INTRODUCTION 

Traffic crashes result in more than 1.25 million deaths 

and 20 to 50 million non-fatal injuries globally(World  

Health Organisation 2018). Mortality resulting from 

motor vehicle crashes is the fifth leading cause of death 

in the United States, in particular, it is predicted to 

become the seventh leading cause of death worldwide by 

2030 if no sustained action is taken (World Health 

Organisation 2018). In New Zealand, 378 people died of 

traffic crashes in 2017 across  the state, with 33 being 

from the Canterbury region (Ministry of Transport 2018). 

According to the reports by the Ministry of Transport 

(2018), traffic crashes are increasing and are mainly  

caused by drivers losing control, excessive speed, drivers 

under the influence of alcohol and failure to keep left. It 

also highlights that if the increase in road crashes 

continue, there would be a staggering effect on the 

economy (Ministry of Transport 2018). Road crashes, in 

general, inflict intangible, financial and economic costs 

to society. These costs include the loss of life, reduced 

productivity, medical and many other resource costs. 

Because road traffic crashes are multifactor and random, 

the safety of road users has been a matter of great 

concern.   

It is crucial to discover the most influential factors in 

crash severity and develop countermeasures to improve 

road safety.  The relationship between crash severity and 

factors such as driver characteristics, age and gender, 

environmental conditions and the geometric condition 

has attracted much attention in traffic study literature. 

However, very little is known about the effect of collision 

type on crash severity. A better understanding of this 

relationship is therefore necessary in improving road 

designs to help reduce traffic crashes. A study in Utah 

suggested that reductions in crash severity and certain 

collision types is an important safety benefit of access 

management treatments (Schultz 2010).  It is important 

to note that decreasing the crash severity and/or the crash 

frequency may require different strategic approaches. 

Developing effective countermeasures involves a 

thorough investigation of the factors that most likely  

cause the crash to occur, or given that a crash has 

occurred, the features that may reduce or worsen the 

crash severity. In this study, a multinomial logistic 

regression model is applied to examine the relationship 

between crash severity and the key factor of collision 

type in New Zealand, given the historical crash records 

extracted from the Crash Analysis System (CAS) during 

the period 2011 to 2015. In addition to the key factor, the 

effect of factors such as the weather, road conditions and 

geometry, day of the week, light conditions, speed limit , 

junction type and driver's characteristics are evaluated. A 

probit model is also established to compare the goodness 

of fit of the multinomial logistic regression model to the 

data. The paper is organized as follows: First, a literature 

review on the effect of collision type on crash severity is 

presented, after a description of the method of data 

collection and analysis. Next, the results of the analysis 

are examined and discussed. Finally, some concluding 

comments are presented.  

2. LITERATURE REVIEW 

Several studies have been carried out to model crash 

severity and examine the impacts of various factors 

involved in the crash. Some of these factors include the 

age and gender of the driver, alcohol/drug use, and speed 

limit and weather conditions. By using an ordered probit 
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ABSTRACT 

Multiple work zones throughout the Christchurch City were established to repair the road in various sections due to the 

2011 Christchurch earthquake. A work zone reduces the number of available lanes for traffic, therefore causing merging 

and congestion. This results in multiple negative impacts for stakeholders and the environment. It is important to manage 

work zones to effectively decrease congestion and mitigate its negative impacts throughout Christchurch City. 

The objective of this project is to analyse the impact of work zones on traffic performance through manual data collection 

of data during peak and off-peak hours on a typical weekday. Ensors Road is a two-way, four-lane road. A work zone 

containing a lane closure the northbound traffic was the chosen study site for this paper. A simulation of travel through 

the work zone was done using the software Aimsun. Vehicle counts, and the time taken to travel through the work zone 

were used to create and calibrate the model. The experimental data showed that the work zone had a significant decrease 

in the speed of the vehicles causing congestion and delay. This was seen in a paired T-test which showed that the null 

hypothesis has been rejected. The work zone caused a delay of 15 s during the peak and 17 s during the off-peak for each 

vehicle. The root mean squared (RMS) error values were between 10.83% and 18.56%. Ideally, this would be less than 

5% but there was more variation in the speeds than it was expected. The volume output from Aimsun was a good fit to 

the data as the majority of the GEH values were above five.  

 

1. INTRODUCTION 

Multiple work zones have been established to repair 

damaged roads after the 2011 Christchurch earthquake. 

There are 130 work zones that currently exist in the 

Christchurch City Centre alone (New Zealand Transport 

Agency 2018). Work zones cause frustration for many 

motorists as they reduce the lane width and the number 

of available lanes for traffic, therefore causing merging 

and congestion. Optimal ‘decisions about work zone 

characteristics, such as lane closure scheduling, work 

zone configuration, work rate and traffic control strategy, 

can significantly increase the work efficiency and safety 

as well as decrease the negative impact of traffic 

disruption (Schonfeld et al. 2006)’.  

Congestion causes multiple negative outcomes. 

Examples include personal losses resulting in non-

productivity and time wasted when stuck in traffic. Road 

users may end up late for employment, meetings and 

school which can end up in disciplinary action, loss in 

business, etc. Frequent idling, and acceleration and 

braking results in more greenhouse gas emissions, wear 

and tear on the vehicles and the road which would result 

in more frequent repair and replacement of parts, stressed 

and frustrated motorists, and a slowed response to 

emergencies. There is also an increased chance of 

collisions due to tight spacing. All these consequences 

result in the negative impact on the environment and user 

health. It is therefore important to manage work zones to 

effectively to decrease congestion and mitigate its 

negative impacts. 

This study aimed to look at the impact of work zones in 

Christchurch City area. There are similar studies done to 

find the impact of a work zone on highway networks, but 

the focus of these studies was on the effectiveness and 

safety of the traffic control measures imposed in the work 

zone. This study focused on how substantial the resultant 

delay was caused by a work zone in an urban network 

setting. This was done through manual data collection of 

a control site and work zone site. Data were collected 

during peak and off-peak hours on two separate 

situations. One was when a work zone was present and 

the other after roadwork has been completed and the 

work zone has been removed. This data was then used to 

calibrate a microscopic traffic simulation model of the 

study site. This simulation model can be used as a useful 

tool to evaluate work zone plans and to assist the 

development of optimal strategies for work zone 

management. 
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1. ABSTRACT 

The macroscopic fundamental diagram (MFD), is a relationship between the flow and density of a given network. It has 

been used predominantly as a monitoring tool in traffic control strategies which help mitigate congestion and other 

unfavourable conditions. This paper investigates the effectiveness of MFD-based control strategies to be used in large 

urban networks. Using an extensive literature review, we investigate the different control strategies based on the notion 

of MFD and their applications. In addition, more traditional control approaches such as Urban Traffic Control (UTC) 

were compared. With the information gathered from the literature review, we conclude that perimeter gating control is 

the most appropriate MFD-based control strategy to be implemented. It is the only control strategy that is being used. 

Additionally, cordon pricing and adaptive traffic signal systems utilizing MFD are also effective for traffic control.  

2. INTRODUCTION 

With the continuous growth in population, automobile 

usage has increased accordingly. This increase in road 

usage has created a high traffic demand resulting in 

congestion within traffic networks. To help alleviate the 

increase in traffic demand, there are two main options 

that can be implemented. The first option is to increase 

road capacity by building new infrastructure and/or 

upgrading the old one. This option however, is very 

expensive and not always applicable. There are a lot of 

cities around the world that refuse to build new 

infrastructure due to its historical significance such as 

Paris, France and Amsterdam, Netherlands. The second 

option, is to decrease traffic demand by using some of the 

popular traffic control strategies such as the following: 

Split Cycle Offset Optimisation Technique (SCOOT) 

(Bretherton, 1990), Sydney Coordinated Adaptive 

Traffic System (SCATS) (Lowrie, 1990) and Traffic 

Responsive Urban Control (TUC) (Dinopoulou et al, 

2006). Compared to building new infrastructure, this is 

by far the cheaper option. Unfortunately, the draw backs 

to using traffic control strategies are their simplicity, low 

adaptability and inefficiency during congested traffic 

conditions. 

The concept of the MFD has developed rapidly over the 

past decade. Godfrey (1969) was the first to introduce the 

relationship between average flow and density. It was not 

until Daganzo (2007) reintroduced this relationship as the 

exit function that a breakthrough had been made. Interest 

was further generated when empirical data from 

Yokohama was provided by Geroliminis and Daganzo 

(2008) as proof of the existence of this relationship now 

renamed the Macroscopic Fundamental Diagram (MFD). 

This produced interest in further studies concerning the 

concept of the MFD. The applicability of the MFD as a 

monitoring tool in traffic control strategies (Keyvan-

Ekbatani, 2012) became a catalyst that sparked greater 

interest. The MFD based traffic control strategies proved 

effective in reducing congestion and optimising traffic 

networks. Recent studies have shown that the MFD-

based control strategies can also be applied to aviation 

and pedestrian flow generating activities. To avoid 

confusion between the MFD and the fundamental 

diagram for highways (sometimes referred to as 

macroscopic), Kyvan-Ekbatani et al (2012) suggested 

that the term NFD (Network Fundamental Diagram) be 

used instead for accuracy. However, for continuity and 

consistency purposes, in this paper the term MFD will be 

synonymous with NFD. 

The aim of this paper has been to investigate the 

effectiveness of the MFD in modelling traffic in an urban 

networks. Additionally, MFD-based control strategies 

will be compared to each other. The investigation must 

cover the evolution of the MFD concept over time and its 

applicability in developing more efficient and elegant 

control strategies. Furthermore, the intention to 

understand the weaknesses and strengths of MFD to 

monitoring, and controlling the flow of traffic in large 

scale urban network is also considered.  

The remainder of this paper is organized as follows. In 

Section 2, the research methodology is introduced. 

Section 3 presents the literature review on the 

applications of urban traffic control strategies based on 

the MFD. Conclusions and recommendations are put 

forth in Section 4 where future research directions are 

offered at the end of the paper.  
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ABSTRACT 

This paper aims to review recent developments in lane change modelling. Microscopic lane change simulation aims to 

mimic the realistic driving behaviours of different vehicles. Lane change models are essential for a number of applications 

including traffic modelling and lane change control of autonomous vehicles. This review builds on existing works by 

including recently published works. The weaknesses of past reviews were that they did not show model development and 

did not provide detailed discussions. The models were categorised in terms of similarities between the approaches and 

then a representative sample from each category of model was discussed. It was found that none of the current methods 

are entirely suitable for human-driven vehicles and that current models do not develop on the work of others. There is 

also a lack of comprehensive validation of the models. Human-driven models (in general) fail to capture individual driver 

behaviours. These weaknesses should be rectified by the gathering of more data which includes behavioural information. 

Machine learning methods should be applied to human-driven models. To improve on the models’ performance, 

behavioural data should be included in data sets used to train the models. A range of other future research needs are 

suggested and discussed. 

1. INTRODUCTION 

The modelling of traffic can be broadly split into 

macroscopic, mesoscopic and microscopic models. 

Macroscopic models focus on traffic characteristics such 

as lane density and traffic throughput. Microscopic 

models consider the behaviours of individual vehicles 

such as following distances or desired speeds. 

Mesoscopic models are a combination between 

macroscopic and microscopic models. 

Microscopic modelling can be divided into two separate 

behaviours: Car Following [CF] and Lane Changing 

[LC]. CF describes the longitudinal motion of a vehicle 

on the road (e.g. how closely they are following another 

car). LC describes the lateral motion of a vehicle on the 

road (e.g. under what circumstances does a vehicle make 

a LC). When combined, these behaviours create a 

complete picture that describes the microscopic 

characteristics of a vehicle. By applying this to multiple 

vehicles an accurate description of a network can be 

produced that unlike a macroscopic model, takes into 

account individual vehicle characteristics. 

The models can be for Human-Driven Vehicles [HDVs] 

or Connected and Autonomous Vehicles [CAVs]. HDVs 

are vehicles where a human driver has complete control 

over the operation of the vehicle. CAVS can be split into 

Connected Vehicles [CVs] and Autonomous Vehicles 

[AVs]. CVs interact with vehicles or infrastructure 

around them to suggest actions to the driver however the 

driver still maintains control of the vehicle. AVs are 

vehicles which can drive without any input or control by 

the driver. 

Until recently, LC had not received as much attention as 

CF and as such, the literature is less developed (Zheng 

2014). Rapid developments of CAV technology as well 

as improved understanding of lane changing’s impact on 

factors such as emissions, safety and traffic build up 

(Khan et al. 2014; Awal et al. 2015) have necessitated the 

need to build more advanced models. 

1.1. Research Gap 

This work draws on a range of literature which includes 

LC models for HDVs and CAVs and papers which 

discuss the implications of these. There have been 

previous literature reviews that cover microscopic LC 

modelling (Moridpour et al. 2010; Zheng 2014) however 

these do not show development between models and do 

not provide thorough discussion. In addition, there has 

been no thorough review that incorporates LC for both 

HDVs and CAVs. This paper aims to improve on 
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ABSTRACT 

Fatigue behaviour in pavements has been studied for a number of decades; however, it is not a very well understood 
phenomenon. In particular, how the geometry and anisotropy of the asphalt affect its lifespan. This project examined the 
effects of specimen geometry and compaction anisotropy on the fatigue behaviour of asphalt mixes prepared in the 
laboratory. It was believed that the vertical compaction on the specimen might have caused different stiffnesses in the 
horizontal and vertical directions. The geometry of the test specimen was also believed to have an effect on the fatigue 
behaviour. Three fatigue models, the original Shell model, calibrated Shell model and a new proposed model, were also 
used to test their accuracy in predicting fatigue life. To achieve this, 25 asphalt beams were prepared from a mix design 
provided by Fulton Hogan. The beams had a fixed width of 50 mm and a height of 50 or 60 mm. They were tested in a 
four-point beam bending fatigue apparatus either parallel or perpendicular to their direction of compaction.  

It was found that compaction anisotropy and specimen height had an insignificant and negligible effect on the specimen’s 
fatigue lives respectively. Results showed that the original Shell fatigue model consistently underestimates the fatigue 
life of asphalt prepared in the laboratory. The calibrated Shell model and a new proposed fatigue model did not 
consistently overestimate or underestimate the asphalt’s fatigue lives and were relatively accurate in their predictions. 

 

 

1. BACKGROUND AND OBJECTIVES 

Fatigue behaviour in pavements has been studied for a 
number of decades; however, it is not a very well 
understood phenomenon. In particular, how the geometry 
and anisotropy of the asphalt affect its lifespan.  

1.1. Asphalt Fatigue Characteristics  

Fatigue cracking is generally known as one of the major 
distresses in flexible pavement. Fatigue cracking is due 
to the repeated application of tensile stresses and strains 
on the pavement. Cracking occurs due to the 
development of micro cracks which then grow and 
propagate in the asphalt mix forming macro cracks. The 
fatigue behaviour of asphalt is influenced by a variety of 
factors including: 

• Various properties of the asphalt mix: asphalt 
binder type, binder content, air void content, 
different gradation, temperature, aggregate 
shape and viscosity of asphalt binder (Mamlouk 
and Zaniewski 2011).  

• Various field properties: traffic loading 
spectrum, underlying stiffness of pavement 
structure, environmental elements, construction 
parameters, material characteristics, moisture in 
pavement, and temperature (Austroads 2004). 

Asphalt concrete’s internal structure under field 
compaction is an anisotropic material. This is due to 
asphalt concrete consisting of uneven aggregate. This 
effects the response of the asphalt depending on the 
direction of compaction (Wang et al. 2005).  

Underwood et al. (2005) conducted a study on 
anisotropic properties of asphalt concrete in the linear 
viscoelastic range. Asphalt cores were tested in uniaxial 
tension and compression tests. They found that the 
anisotropy of asphalt concrete has no effect on the linear 
viscoelastic properties of the material. They also found 
that it contributes greatly to the behaviour of asphalt 
concrete in compression but has little or no effect on 
tensile properties. As fatigue failure is primarily 
governed by the tensile properties of the asphalt material, 
the anisotropic properties of asphalt concrete may have 
little or no effect on its fatigue life.  

Dreadon and Andrew (2015) performed a study on the 
effect of the fatigue testing mode and sample geometry 
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ABSTRACT 

Permanent deformation or rutting is a common distress in asphalt pavements which is directly contributed by air voids 

content, temperature, aggregate shape and surface texture. A common method used to analyse permanent deformation 

in asphalt pavements is the wheel tracker test. Conventional wheel tracker test involves an asphalt slab which is tested 

under fully confined conditions which imposes confining reactive forces on the specimen resulting in unrealistic 

increase in the shear strength. This project uses a modified setup to simulate rutting which are more similar to field 

conditions. This was achieved by allowing the specimen to move laterally which eliminates the increased shear strength 

imposed by the confinement. The unconfined specimens exhibit all three phases of permanent deformation including 

the tertiary phase where the shear failure of the specimen is observed. Eight asphalt specimens were prepared and tested 

in this project. The detailed mix design was made by a local contractor. Two different types of asphalt binders were 

used, 60/70 and 80/100. Five specimens used 60/70 binder and three used 80/100 binder. 

The unconfined tests reached failure at a much lower number of cycles compared to the confined tests. The confined 

tests carried out involved a range of different confining pressures and only exhibited the primary and secondary 

permanent deformation phases. This showed, even a very small amount of confinement that the pavement does not 

reach the tertiary phase for permanent deformation. Use of the Francken model made it possible to fit the raw data and 

determine how the specimen deforms over time. By determining the number of cycles at the start of the tertiary phase, 

which is designated as the flow number for the unconfined specimens, it was possible to obtain the number of cycles to 

reach shear failure. The results obtained in this project prove that the confinement has a major impact on how the 

asphalt specimen permanently deforms. This confirmed that the modified setup provides more useful and realistic data 

regarding field performance of asphalt specimens.  

1. BACKGROUND 

Rutting is a common distress which occurs in roads that 

are heavily trafficked. There are many factors which 

contribute to the permanent deformation behaviour of 

asphalt. Some of these factors which are related to the 

mix design include temperature, air voids content, 

aggregate shape and surface texture. Studies show that 

asphalt concrete (AC) mixtures with a lower air void 

content performed better in tests related to permanent 

deformation (Larrain et al. 2016). However, asphaltic 

specimens that contain very low air void contents (<3%) 

can cause plastic flow, which results in an increase in 

rutting and shoving along with other undesirable modes 

of pavement failure (Roberts et al. 1991). Selection of a 

binder which can perform in the selected conditions is 

imperative due to the temperature susceptibility of 

asphalt. High temperature reduces the viscosity of the 

binder which results in greater permanent deformations. 

Buchanan (2000) found that asphalt mix design 

containing a considerable number of flat and elongated 

particles were found more likely to develop severe 

rutting due to the directional orientation and breaking of  

 

these particles. These particles impede the compaction 

and can produce pavements with a high percentage of 

air voids, which reduces the deformation resistance 

(Rebbechi et al. 2014). Rounded aggregate particles add 

to the workability of the mix; however, they may 

continue to densify under traffic loading, producing a 

low air voids content which may exhibit plastic flow. 

 

Wheel tracking mechanisms are the most common to 

test asphaltic specimens with regard to permanent 

deformation. There are many variations to these wheel 

tracking setups which are commonly used in Europe and 

the U.S. such as the Hamburg Wheel Tracking Device 

(Germany), French Rutting Tester (France), Nottingham 

Rutting Tester (U.K.), Georgia Loaded Wheel Tester 

(U.S.) and Asphalt Pavement Analyser (U.S.) (Kandhal 

and Cooley Jr 2002). These tests all involve either 

testing asphalt slabs, beams or cylinders but have slight 

differences in wheel loading, such as solid wheel, 

inflatable wheel or pressurised hoses with applied wheel 

load. 
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ABSTRACT 

The research conducted in this paper used laboratory tests to examine how high-density polyethylene (HDPE) 

from old shredded plastic containers and crumb rubber (CR) extracted from old car tyres can improve the 

rheological and performance properties of hot mix asphalt. HDPE and CR were mixed with asphalt, individually, 

with asphalt maintained at 165 ˚C via a hot plate and mixed in a high shear mixer at 4000 rpm for two hours. 

HDPE content of 0.5 %, 1 % and 2 % and CR content of 5 % and 10 % by total mass of asphalt were examined. 

An 80/100 virgin binder was also tested as a control specimen. Workability of asphalt, rutting and fatigue resistance 

and low temperature cracking resistance will be evaluated using the rotational viscometer (RV), dynamic shear 

rheometer (DSR), and bending beam rheometer (BBR) respectively. The 1 % HDPE and 5 % CR were the best 

performing binder percentages and were used to make asphalt mix cores along with a control virgin 80/100 core. 

A constant aggregate blend and binder percentage was used in the mixing process of each core to keep insignificant 

materials for this research the same. The mixing and compaction process was also kept constant for all specimens. 

The asphalt mix cores were used to evaluate the cores’ resilient modulus, indirect tensile strength and moisture 

sensitivity. The indirect tensile strength and the resilient modulus decreased in the modified mixes compared to 

the virgin mix. This was attributed to inadequate mixing and compaction as the modified specimens yielded a 

much higher air void percentage compared to the virgin mix specimen. However, the modified mixes performed 

well, retaining their strength after being tested for their moisture susceptibility, while the virgin mix decreased in 

strength.  In conclusion, it was determined that the HDPE and CR modified asphalt binder significantly improved 

the performance and rheological properties of the binder and the asphalt mix.

1. INTRODUCTION 

The research into polymer modified asphalt (PMA) 

which includes the addition of high-density polyethylene 

(HDPE) and crumb rubber (CR) comes as a result of 

traditional asphalt pavement failing under load in 

extreme climatic environments. Asphalt is a viscoelastic 

material that is greatly affected by loading rate and 

extreme temperatures. When exposed to extreme 

temperatures, asphalt will oxidize resulting in a reduction 

in performance and mechanical properties. HDPE is a 

stiff material so when mixed with asphalt binder can 

create a rigid asphalt mix that can resist rutting and 

cracking. CR is also viscoelastic and when added to 

asphalt can improve its fatigue resistance and 

susceptibility to low temperature brittle cracking. 

The New Zealand government estimates five million car 

tyres are thrown out every year in this country alone 

(Ministry for the Environment 2017). It is also estimated 

that 252,000 tonnes of plastic waste are disposed 

annually in New Zealand Landfills (Blake-Person 2017). 

With no ground-breaking recycling program in place in 

New Zealand to reduce the non-biodegradable waste 

disposed in landfills, a solution needs to be found. If the 

addition of these polymers improves the performance of 

asphalt pavement in any way, then this would be an 

effective recycling method for plastic waste and worn car 

tyres which are non-biodegradable and difficult to 

dispose of. 

HDPE is known to have high rigidity and minimal 

flexibility. It is a much harder plastic and has a big range 

of uses especially as plastic bottles, containers and pipes 

which are waste products commonly found in trash 

(Ceresana 2017). CR is a material derived from scrap car 

tyres in which the tyres are recycled and reduced into 

small granules (Scrap Tire News 2017). The HDPE and 

CR used in this project were both derived from waste 

products provided to us by Fulton Hogan Ltd. 
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