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ABSTRACT: In 2006, a University of Auckland (UOA) team comprised of four 
undergraduate students participated at the 2006 APEC IDEERS seismic design 
competition in Taipei, Taiwan.  The IDEERS competition is a competition that aims to 
promote interest in earthquake engineering research to university students and introduce 
the structural engineering profession to high school students. The competition challenges 
students to design and build the most efficient model of a multi-story building to 
withstand simulated earthquakes on a shaking table. In the months leading up to the 
competition, the UOA team built six practice models in order to optimise a design for the 
competition in Taiwan. Each of the models was tested on the UOA’s uniaxial shaking 
table. The final design of the model was a three storey structure designed using a strong 
column/weak beam philosophy.  

In the competition, UOA competed against 35 other international teams in the 
undergraduate division and finished in fourth place. The UOA team found the IDEERS 
competition to be a very rewarding experience as it increased interest and understanding 
of earthquake engineering, provided practical implementation of technical theories 
learned in the classroom and was a great life experience to visit a truly foreign culture. 

1 INTRODUCTION 

The National Centre for Research on Earthquake Engineering (NCREE) and the British Council in 
Taiwan concordantly hosted the 2006 Asia Pacific Economic Co-operation (APEC) IDEERS Seismic 
Design competition in Taipei, Taiwan on 20-24 September. This 2-day competition was developed by 
the University of Bristol, United Kingdom with the aim of promoting interest in earthquake 
engineering research and introducing the structural engineering profession to the wider public. 

In September 2006, for the first time in the six year history of the competition, the University of 
Auckland sent a team to take part in the contest. The team comprised of four final year undergraduate 
students: Messrs Tom Algie, Christopher Haigh, Richard Henry and Aaron Wilson. The team was 
supervised by Department of Civil and Environmental Engineering lecturer, Mr Quincy Ma. 

The first five days of the visit were in Taiwan, which involved the 2-day competition and educational 
visits to areas affected by the 1999 Chi-Chi earthquake. Following the educational component of the 
trip, the team visited tourist attractions in Taiwan and visited Hong Kong Polytechnic University in 
Hong Kong during a stop over. 

2 IDEERS 

The IDEERS competition is a conception of Bristol University that stands for “Introducing and 
Demonstrating Earthquake Engineering Research in Schools”. The competition challenges students to 
design and build the most efficient model of a multi-storey building to withstand simulated 
earthquakes on a ‘shake-table’. 

Since its introduction in 1999, the competition has expanded internationally. It is now undertaken 
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annually in Taiwan, where secondary school to postgraduate level teams from around the world gather 
to participate. This development has been imperative for the continuing success of the competition, as 
it not only introduces the concept of engineering to secondary school students but it also develops and 
promotes interest in earthquake engineering for university students. 

In the 2006 APEC IDEERS competition, the University of Auckland competed against 35 other 
international teams in the undergraduate division. Teams hailed from China, Malaysia, Hong Kong, 
Japan, Singapore, Taiwan, United Kingdom, United States of America and Vietnam. 

2.1 Competition Details 

The 2006 competition was separated into three levels; secondary school, undergraduate and 
postgraduate. It should be noted that only details related to the undergraduate level competition are 
detailed here, as this was the level the team participated in. 

The competition required students to design and construct the most efficient earthquake resistant 
building that could withstand simulated seismic actions on a ‘shake-table’. To avoid penalty weights 
or disqualification, teams had to adhere to specific design rules that were intended to emulate the 
design of a legitimate building.  More specifically, the model had to have at least three storeys, support 
10 grams per square centimetre of floor area and allow for 50% clear wall space (for windows). 

To ensure a fair result for the competition, teams had to construct the model using only standardised 
material and tools provided by the competition organiser on the days of the competition.  This 
eliminated the possibility of teams using ‘superior’ material, better construction tools and unfair 
additional construction time. The goal of the competition was for the performance of the structures to 
be determined by the suitability of the designs alone. The standardised materials and tools provided to 
each team included: 40 lengths of Medium Density Fibre board (MDF), 20 sheets of A4 paper, 100 m 
of cotton string, 20 sticks of PVC hot melt glue, 1 square MDF base board, scissors, 2 utility knifes, 
a hacksaw, a measuring tape, a hand drill and a PVC hot melt glue gun. 

2.1.1 The two day competition 

The first day of the competition involved the construction of the model.  Each team was given 6.5 
hours to complete their model, with no exceptions.  When the models were completed, they were 
taken to the official judges who weighed the structures and scrutinised the design to decide whether 
they had met the requirements.  If any rules were breached, ‘penalty’ weights were added to the 
structure which in turn reduced the structure’s efficiency ratio.  The efficiency ratio was determined by 
dividing the Peak Ground Acceleration (PGA) of the largest earthquake survived by the model by its 
mass: 

 
pbm MMM

PGAratioefficiency
+−

=  (1) 

where PGA = Peak Ground Acceleration survived by the model system; Mm = Total mass of the model 
(excluding the steel blocks); Mb = Mass of the base board; and Mp = Penalty mass 

On the second day of the competition, each qualifying team selected two members to fix their 
structure to the “Triaxial Seismic Simulator” (shake table). The models were then subjected to sets of 
mystery biaxial planar seismic actions of increasing PGA. When the model structures failed, either 
through complete collapse or exceeding the drift limit of 3.0%, they were removed from the shake 
table. The maximum possible PGA the models were subjected to was 1.5g. The efficiency ratio for the 
structures were then calculated as outlined above, and the teams were then ranked according to their 
efficiency ratios. 

In the 2006 competition, according to one of the competition organisers, Dr Adam Crewe of Bristol 
University in the UK, the simulated ground motion was approximately 80 seconds long. It 
incorporated four orthogonal sweeping sine waves, scaled to a constant ground acceleration. In both 
directions, the ground motion swept from 2.5 Hz to 10 Hz, which was followed by a sweep back to 
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2.5 Hz. 

3 MODEL DEVELOPMENT 

In the months leading up to the competition, a number of practice models were built in Auckland in 
order to establish the best possible design to present at the competition.  In total six practice models 
were built and tested using the University of Auckland’s shake table. To mimic bi-directional loading, 
each model was fixed to the shake table at 45˚ to the direction of shaking. 

The developments of Models One to Six are outlined in Table 1 below: 

Table 1. Summary of model development 

• Weak beam/strong column philosophy • String bracing snapped
• Square hollow section for columns using four at 0.8g 
MDF strips qlued together • Model sustained 1.5g
• Simple floor and cage design • Model was deemed too 
• Beam/column joints lashed with cotton string heavy
and glued
• String bracing from top of columns to base board
• Uplift of columns inhibited by string running
through centre of columns and fixed on the  
underside of base board
• Intention was to build lightest practical model • Columns snapped at 
• Two strips of MDF used for columns first floor joint at 0.7g
• Less MDF used for floors • Structure too light, 
• String bracing as for Model 1 especially columns
• Tapered columns were trialled.  Four strips of • Columns snapped at 
MDF for first storey, three for second storey and first floor joint at 0.8g
two for third storey • Column section transition
• Floor, cage, joint, base and string design kept  locations concluded to be 
unchanged major weak zones
• Square hollow section for columns re-adopted • Model toppled over due to 
• Floor, cage and base design kept unchanged failure of column-base
• Joints were lashed without subsequent glueing connections
• Friction dampers installed between floor beams • Column-base connections
and columns.  Achieved by using pieces of MDF unsatisfactory
with one end glued and the other lashed to allow • Lashed joints and friction
movement for frictional energy dissipation dampers provided excellent

energy dissipation
• A unique base isolation design was trialled • Model failed at 0.7g
• Base isolators constructed by casting the • Soft base isolators resulted
columns in cylindrical paper moulds with hot glue in very low global stiffness
• String bracing used from floor beams to columns thus induced large sway 
with the intention of keeping the structure rigid motions

• Base isolation design was
deemed unsuccessful

• Model 4 formed the basis of this design • Model survived 1.5g
• New trimmed floors and cages design were • Most successful design
trialled to reduce the model’s mass • Friction dampers provided
• Additional strings were added inside the columns excellent energy dissipation
to inhibit uplift • Column-base connections
• Full length string was run from top of columns performed well
to base board to limit drift • No significant damage 

observed
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Figure 1 – a) Model one ready for testing; b) Model one after 1.5g shaking 

 

   
Figure 2 – a) Model two ready for testing; b) Model two’s failure mode 

     
Figure 3 – a) Final adjustments to Model three; b) Model three’s failure mode 
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Figure 4 – a) Awaiting the testing of Model four; b) Model four’s failure mode 

   
Figure 5 – a) Model five ready for testing; b) Model five’s failure mode 

 
Figure 6 – The team with the final design after testing 

4 COMPETITION DAY ONE 

On the first day of competition in Taiwan, the team constructed a model that replicated practice Model 
Six. The construction on the day proceeded very smoothly. The only two unexpected occurrences were 
that the glue sticks provided were smaller than the sticks used in practice, and also due to the hotter 
climate in Taiwan, the hot glue took longer to set and was not as strong as it was in New Zealand.  The 
team finished well ahead of the time limit of six and a half hours. See Figure 7 below for an image of 
the team during construction.   

Friction 
Dampers
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Prior to model testing the next day, all the models were placed on display. A voting contest took place 
in which each competitor voted for the model which they believed would win the competition. 
Interestingly, the University of Auckland’s model only received five votes out of a possible three 
hundred with two votes originating from the Auckland team themselves. This placed the UOA team as 
number 25th equal favourite or effectively one of the least favoured teams in the competition. 

5 COMPETITION DAY TWO 

On testing day, the undergraduate level competition occurred late in the afternoon. Two members from 
each team were elected to mount the models on the shake table, see Figure 8 below. The shake table 
was then activated, shaking the models in discrete rounds increasing in PGA. After each round of 
shaking, judges inspected the models against pre-described failure criteria.  If the model was deemed 
to have failed, it was removed from the shake table. 

  
Figure 7 – The team busy in construction              Figure 8 – The models mounted on the shake table 

                            prior to testing 

During the testing, the UOA’s model developed a residual displacement early in the testing, which 
significantly hindered the performance at higher PGA.  The model survived the third to last round of 
shaking (1.3g) and failed in the 1.4g round. This result was inferior to practice Model Six tested in 
Auckland.  However it was noted that the earthquake record used for testing was very different to that 
used in the practise in Auckland. In fact, it was far more hostile to softer swaying structures due to the 
increased P-delta demand.  The final efficiency ratio achieved by the Auckland team was 3.07, earning 
fourth place out of 36 teams.  Had the UOA model been only one gram lighter, it would have been in 
third place. 

In summary, despite the model being rated as one of the worst by other competitors, it was one of the 
top performers. This was a very successful performance for a team in their first year of the 
competition. 

6 EDUCATIONAL SITE VISITS IN TAIWAN 

On the team’s first day in Taiwan, the British Council and APEC organised and funded a day trip for 
all the teams to visit areas affected by the 1999 Chi-Chi earthquake, commonly known as the 921 
earthquake. The aim of these visits was to demonstrate the destructive nature of earthquakes and put in 
perspective the importance of earthquake engineering research and design. 

The 921 Chi-Chi earthquake struck central Taiwan on 21 September 1999 and it measured 7.6 on the 
Richter scale.  It was responsible for over 2400 fatalities and approximately US$25b in damage.  The 
tectonic activity was due to the movement of the Chelungpu thrust fault, caused by the collision of the 
Philippine Sea plate and the Eurasian plate. 

The first stop was the Shih-Gang dam, which is located on the Tachia River just north of Tiachung, 
West Taiwan. The Shih-Gang dam suffered major vertical distortion to the right wing during the 921 
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Chi-Chi earthquake. 

The second stop of the day trip was at the WuFong 921 earthquake museum, which was constructed 
over the retained ruins of Kuang-Fu School. The museum’s numerous photographs and audio-visual 
displays, found within what was once the school’s gymnasium, created a ‘living classroom’ depicting 
the true destructive nature of earthquakes. 

The last visit of the day trip was to the Wunchang temple in the town of Chi-Chi. The Wunchang 
temple was a classic example of soft storey failure of the first floor due to cracking of the stone 
columns, resulting in a catastrophic collapse. 

These structures have been preserved to remind the public of the devastating effect of earthquakes. 
The damaged sites are shown in Figures 9 to 11 below: 

     
   Figure 9 – Vertical distortion of the         Figure 10 - The 2.5 m vertical rupture of     

         Shih-Gang Dam           the Kuang-Fu School running track 

 
Figure 11 – The team standing in front of the Wunchang Temple 

7 SIGHTSEEING IN TAIWAN AND HONG KONG 

The team arrived in Taiwan unsure of what to expect as none of the team members had any knowledge 
or had ever visited the region.  The team found Taipei to be a bustling, vibrant city, full of colour and 
activity. A highlight of the trip in Taiwan was a visit to the Taipei 101, the world’s tallest building at 
508 m. 

Subsequent to the Taiwan competition, the team travelled to Hong Kong as a stopover destination. 
Hong Kong was an amazing example of effective engineering planning, design and construction.  

With 7 million people, Hong Kong’s infrastructure is efficient and reliable, especially its Mass Transit 
Rail (MTR) which is an ultra modern underground rail network that permits one to cross the city in 
minutes. The team’s visit to Hong Kong included visits to Ocean Park (a theme park), a trip to the 
Department of Civil and Structural Engineering at the Hong Kong Polytechnic University and to 
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Victoria Peak which is the highest vantage point overlooking the city. Selective images are shown in 
Figures 12 to 14 below: 

 
  Figure 12 - The Taipei 101       Figure 13 - The team against the Hong Kong  

              night skyline      

 
Figure 14 - The view from Victoria Peak, Hong Kong 

8 CONCLUSION 

The participation of the University of Auckland team at the 2006 APEC IDEERS Competition in 
Taiwan was not only an extremely rewarding experience personally for the team members, but also an 
extremely successful first outing for New Zealand at such a well represented international competition. 
The team successfully highlighted New Zealand’s strength in Earthquake Engineering to many Asia 
Pacific nations and was a great ambassador for New Zealand. 

The visit to Taiwan provided the team with exposure to the importance of Earthquake Engineering 
through the educational field trips and also a first hand experience in the seismic design of a model 
that implemented technical theories taught in the classroom. The team’s participation in the IDEERS 
competition has also played a significant role in all four student members returning to the University 
of Auckland to conduct further postgraduate studies. 
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