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Paper 1 Engineering characterization of near fault ground 
motions 

Paul Somerville 

Near-fault ground motions are different from ordinary ground motions in that they often contain strong 
coherent dynamic long period pulses and permanent ground displacements, as expected from 
seismological theory.  The dynamic motions are dominated by a large long period pulse of motion that 
occurs on the horizontal component perpendicular to the strike of the fault, caused by rupture directivity 
effects.  Forward rupture directivity causes the horizontal strike-normal component of ground motion to be 
systematically larger than the strike-parallel component at periods longer than about 0.5 seconds.  To 
accurately characterize near fault ground motions, it is therefore necessary to specify separate response 
spectra and time histories for the strike-normal and strike- parallel components of ground motion.  An 
empirical model for dynamic near-fault ground motions that assumes monotonically increasing spectral 
amplitude at all periods with increasing magnitude, representing directivity as a broadband effect at long 
periods, was developed by Somerville et al. (1997).  However, near fault recordings from recent 
earthquakes indicate that the pulse is a narrow band pulse whose period increases with magnitude, causing 
the response spectrum to have a peak whose period increases with magnitude, such that the near-fault 
ground motions from moderate magnitude earthquakes may exceed those of larger earthquakes at 
intermediate periods (around 1 second).  A preliminary response spectral model has been developed to 
incorporate the magnitude dependent shape of the response spectrum of the forward rupture directivity 
pulse. 

 

Session 1 :   Defining Earthquake Hazards 

 

Paper 2 A paleoseismological investigation of the Cadell Fault 
Zone, Victoria, Australia 

Heath, A, Clark, D, Gibson, G, 
McCue, K & Van Dissen, R  

The Cadell Fault zone is at the northern end of the Silurian to Devonian aged Heathcote Line that trends 
200 km north-south across Victoria to the NSW border. Significant rejuvenation of the Cadell Fault in the 
late Quaternary caused major drainage modifications and realignment of the Murray River.  Large future 
earthquakes on the Cadell Fault Zone put nearby urban centres including Echuca, Deniliquin, and Bendigo 
at risk. In addition, the drainage patterns of both the Goulburn and Murray Rivers could again change, 
significantly affecting productive farming land.  

The Echuca South Fault scarp is a small secondary fault within a bend in the main fault structure. It is about 
10 km west of the main fault zone, and is 12 km long with up to a few metres of vertical offset. Following an 
e-m survey across the Echuca South scarp during April 2002 we excavated a trench across its southern 
end to determine its late Quaternary palaeoseismic history.  

The relief at the trench site was less than two metres, and the fault plane was not unequivocally and clearly 
exposed in the trench. However, ages of trench wall deposits place important constraints on the timing of 
faulting. Further investigation will help us select trench sites along the main segment of the Cadell scarp 
north of Echuca for excavation in early 2005. 
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Paper 3 On the seismicity of the Buller region, New Zealand Stafford, PJ, Berrill, JB & Pettinga, 
JR 

The Buller region has been one of the most active seismic regions of New Zealand over historical time.  In 
order to conduct Probabilistic Seismic Hazard Assessments for the region, definition and quantification of all 
seismic sources in the region capable of generating potentially damaging earthquakes must be carried out.  
Bayesian Inference is used to associate events in the historical record to identified faulting sources in the 
region.  Magnitude-Frequency relations for these seismic sources are derived.  Subsequent activity rates 
are compared to plate motion estimates of Seismic Moment release rate for the region in an attempt to 
quantify any departure from long-term activity rates.  Future occurrence rates of events are estimated using 
both Poisson and Time-dependent probability models.  Resulting Magnitude-Frequency relations for these 
sources are readily applicable to Probabilistic Seismic Hazard Analyses for the region. 

Paper 4 Characterisation of late Quaternary displacements on 
the Waitangi Fault at Aviemore Dam, New Zealand 

Barrell, DJA, Van Dissen, RJ, 
Berryman, KR & Read, SAL 

Aviemore Dam was constructed across the Waitaki River valley in the mid-1960s. The dam straddles the 
steeply WSW-dipping Waitangi Fault. At the time of construction, no evidence of late Quaternary movement 
was documented on the fault. However, in the mid 1990s, dam safety review investigations unearthed 
evidence of late Quaternary deformation, and this led to the detailed paleoseismological investigations that 
are summarized here. The investigations documented two, and possibly three, surface rupture fault 
movements on the Waitangi Fault in the last c. 23,000 years, with the most recent movement between 
13,100 and 14,100 years ago. These ruptures were located up to 10 m west of the bedrock fault that 
juxtaposes Mesozoic- and Tertiary-age rocks (respectively east and west of the fault), and had single-event 
vertical separations in the range of 0.5 m to 2.0 m. Slickenside-lineations, and other slip indicators, show 
oblique right-lateral – reverse movement along the fault in the late Quaternary with horizontal (H) to vertical 
(V) ratios of displacement in the range of 1H:3V to 1H:1V, suggesting net single-event surface-rupture 
displacements in the range of 0.53 m to 2.9 m. In addition, a zone of “small-scale” late Quaternary faults 
and folds extends up to at least 150 m west of the Waitangi Fault. The fault displacement characterisations 
documented here were subsequently used to derive earthquake performance assessments for the dam, 
and to evaluate dam safety under direct fault rupture loadings. 

Paper 5 A time of recurrence model for large earthquakes Smith, EGC & Christophersen, A 

We have developed a new type of model for the recurrence time between earthquakes greater than some 
(large) reference magnitude e.g. M 7.  The model is the sum of two parts, representing 'aftershocks' and 
'background' earthquakes.  The model allows ready computation of quantities of interest in seismic hazard.  
In particular it allows a calculation of the distribution of time of occurrence to the next (large) earthquake in 
a region given any elapsed time since the last.  The model is characterised by four parameters, of which 
two are critical: the relative weights of the two parts and a time constant for the 'background'.  It appears 
that 30 - 45% of M 7 earthquakes can be regarded as aftershocks, the balance being 'new' earthquakes.  
The model fits quite well the time between earthquakes of M 7 in New Zealand since 1840.  However, 
comparison with similar global models suggests that some M 7 aftershocks are missing from the NZ 
catalogue.  Conditional probability curves show that, in New Zealand, the probability of an M 7 earthquake 
following an M 7 earthquake is several times greater than predicted by current Poisson models for intervals 
up to about three years following the first earthquake. 

Paper 6 A tested method of long-range earthquake forecasting Rhoades, DA & Evison, FF 

Studies of patterns of earthquake occurrence, revealed by high-quality catalogues, show that most major 
crustal earthquakes are preceded in the long term by an increase in the rate of occurrence of minor 
earthquakes. This is called the precursory scale increase (Ψ) phenomenon. The EEPAS (“Every 
Earthquake a Precursor According to Scale”) forecasting model is a simple point-process model of 
earthquake occurrence which exploits the Ψ-phenomenon. It adopts predictive scaling relations derived 
from many examples of the Ψ-phenomenon, and applies them to all earthquakes, thus setting aside the 
problem of identifying those earthquakes that are actually precursory. It was originally fitted to New Zealand 
earthquakes with M > 5.75, where it explains the data much better than a quasi-static baseline model. Now 
it has been shown to be much more informative than the baseline model when tested on catalogues for 
California and Japan. The time-varying EEPAS estimates of earthquake occurrence can now supplement 
the time-invariant estimates provided by traditional probabilistic seismic hazard analysis. The model can 
give probability gains of the order of 5 for individual large earthquakes, with a warning time of years to 
decades, depending on magnitude. It thus raises the possibility of targeted earthquake countermeasures. 
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Paper 7 How big, how often and how strong ? Aftershocks and 
urban search and rescue operations 

McVerry, GH, Cousins, WJ, Bull, 
DK & Brunsdon, DR 

The first issue in Urban Search and Rescue (USAR) is the safety of the rescuers. In the post-earthquake 
situation, a key consideration is the likelihood of aftershocks, how large these are likely to be and how 
strong the shaking will be at the site. Important features of aftershocks are that their expected frequency 
decreases with time, and that their maximum magnitudes are generally related to the main shock 
magnitude. Also, as time evolves, more information becomes available about the particular aftershock 
sequence, and its decay. Such specific information may be used in preference to the generic properties of 
aftershock sequences to guide the timing of various rescue activities. A NO-GO assessment immediately 
after the main shock may be reassessed as a viable operation with the passage of time, when all factors 
are taken into account. 

 

Session 2 :   Understanding Local Effects 

 

Paper 8 Spatial distribution of ground shaking Dowrick, DJ & Rhoades, DA 

In empirical models of attenuation of strong motion, peak ground acceleration and spectral acceleration 
(PGA and SA), source-to-site distances are usually defined as the shortest distance from the site to a 
planar region, representing the fault rupture. Such a definition constrains the attenuation model to have 
racetrack-shaped lines of equal PGA or SA. It can result in errors (i.e., deviations of the fitted model from 
the data) which are substantial in the near-source region. This is demonstrated by comparison with the 
attenuation models that arise when no such constraints are built into the source-to-site distances, as is the 
case in the Dowrick and Rhoades attenuation model for Modified Mercalli intensity (MMI). The nature and 
magnitude of the errors in the strong-motion attenuation models are described for a magnitude 7.5 
earthquake. 

Paper 9 Use of microtremors to assess local site effects Davenport, PN & Stephenson, WR 

The 1968 Mw7.2 Inangahua earthquake caused damage to many houses on the West Coast of the South 
Island. During a study of the damage in Westport and Greymouth, a microtremor survey was carried out to 
assess the local site conditions in these towns. Employing the horizontal to vertical spectral ratio method to 
analyse ambient ground vibration is a practical application of a non-invasive technique to obtain site 
information relevant to seismic response. This paper reports the methodology used to select recording 
sites, gather the microtremor data, process the data and interpret the results. Comparison to results 
obtained at other locations in New Zealand indicates that some caution is needed in utilising this method. 

Paper 10 Shallow shear-wave velocity from ReMi
TM

 surface wave 
dispersion:  method and case study 

Kaiser, A & Smith, E 

The first part of this study discusses the ReMiTM (Optim 2003) surface wave dispersion technique for 
determining shallow shear-wave velocities.   Particular advantages and disadvantages of the ReMi 
technique are identified.  Different sources of surface waves are compared for their effectiveness.  Accurate 
dispersion results were obtained from both controlled sources (sledgehammer, dynamite and a hydraulic 
thumper) and noise sources (a vehicle running along the length of the array).  Secondly, the shear-wave 
velocity results from the ReMi method at three sites in the Wairarapa are presented and used to make an 
assessment of the liquefaction risk, adding to information from previously used methods, such as cone 
penetrometer testing.   Results indicate low shear-wave velocities at each site, in particular at the Lake 
Wairarapa Barrage site where S-wave velocity remains below 200m/s to a depth of 30m.  Velocities are 
also low at the Kahautara Bridge site where liquefaction has occurred in the past, causing damage to the 
bridge in the 1942 Wairarapa earthquake.  Shear-wave results indicate a potential liquefaction risk at these 
two sites, whereas the Ruamahanga Bridge site may have a lower liquefaction potential.  This is in 
agreement with assessment based on CPT testing (Wick 2000). 
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Paper 11 Effects of earthquake magnitude and source distance on 
the response spectral amplification ratios of soft-soil 
sites 

Zhao, J, Zhang, J & Irikura, K 

We used a suite of rock site records from subduction slab earthquakes to evaluate the response spectral 
amplification ratio for soil sites using elastic and nonlinear modelling.  The records are well distributed with 
respect to magnitude and source distance.  Because a response spectrum is the peak of structural 
response to the excitation over a wide frequency range, response spectral amplification ratios of a soil site 
subjected two rock site records with an identical response spectral value at a given spectral period are not 
usually equal.  Scatter of the amplification ratios is found to be considerable.  Analyses of the scatter reveal 
that response spectral amplification ratios for an elastic soil site depend on both the earthquake magnitude 
and the source distance.  It is also found that, at periods much shorter than or much longer than the site 
natural periods of the soil sites modelled as elastic, the amplification ratios decrease with increasing 
excitation, as does the scatter.  The response spectral amplification ratios of a simple 2-dimensional 
nonlinear soil basin have similar characteristics to those of elastic sites.  These findings have potential 
impact in establishing design spectra for soft soil sites using strong motion attenuation models or dynamic 
modelling. 

 

Session 3 :  Poster Papers 

 

Paper 12 Effects of non-linear soil deformation on the response of 
simple 2-D basins 

Zhang, J & Zhao, J 

Nonlinear seismic responses of 2-dimensional (2-D) soft-soil basins, with 3 width/depth ratios and excited 
by 186 accelerograms (including 78 scaled accelerograms) recorded on rock sites, have been evaluated by 
using 1-D and 2-D models. The curves of mean 5% damped response spectral acceleration amplification 
ratio for various spectral periods are presented and are used to evaluate the effects of basins and nonlinear 
soil response. The mean response spectral amplification ratios for peak ground acceleration (PGA) and 
other spectral periods are found to vary considerably across a basin and for basins with different 
width/depth ratios. For spectral periods up to 1.0s, the amplification ratios decrease with an increase of 
input response spectral acceleration, but are nearly constant for longer spectral periods. For each basin at 
short spectral period, the crossover points vary considerably at various locations. The input response 
spectral accelerations at the crossover points for spectral periods larger than 0.2s are larger than those 
from PGA plots. The 1-D models underestimate the amplification ratios for small input response spectral 
accelerations and provide an approximation for large input response spectral accelerations at the centres of 
basins with width/depth ratio 6 or larger. The variation of amplification ratios in a basin under weak 
excitation does not bear any resemblance to that under moderate or strong excitation. 

Paper 13 Shear model for URM walls retrofitted with FRP El Gawady, MA 

This paper presents an analytical model for in-plane shear behavior of unreinforced masonry (URM) walls 
retrofitted using fiber reinforced polymers (URM-FRP). The proposed model idealizes masonry, epoxy, and 
FRP in a URM-FRP as different homogenous layers. Then, using principles from the theory of elasticity, the 
governing differential equation of the system is formulated and solved. A simple computer program was 
developed to combine the solution of the differential equations with material nonlinearity. The material 
nonlinearity was represented by step-by-step layer stiffness degradation; after each step the equations are 
resolved linearly. The proposed basic analytical model allows the fundamental investigation of in-plane 
shear behavior of URM-FRP. Finally, effects of epoxy and masonry allowable shear stresses and FRP axial 
rigidity on the shear strength of URM-FRP are examined. In addition, comparisons with three existing 
models are carried out. 

Paper 14 Seismic design of multi-storey buildings using Laminated 
Veneer Lumber (LVL) 

Palermo, A, Pampanin, S, 
Buchanan, A, & Newcombe, M 

The recent development of laminated veneer lumber (LVL) as an alternative to solid timber or glue-
laminated timber has greatly improved the viability of structural timber for the seismic design of certain 
types of buildings. The low mass, flexibility of design and rapidity of construction all create the potential for 
increased use of LVL timber in low-rise multi-storey buildings. Based on recent developments in the seismic 
design of precast concrete for multi-storey buildings, proposals are made for innovative types of jointed 
ductile connections in LVL timber buildings, based on post-tensioning techniques to assemble structural 
members for both frame and wall systems. This contribution gives an overview of an ongoing 
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comprehensive research project involving both numerical and experimental investigations. The extremely 
satisfactory preliminary results of quasi-static cyclic tests of exterior beam-column joint subassemblies are 
presented as a confirmation of the expected high seismic performance of the proposed solutions for LVL 
seismic resisting systems. 

Paper 15 On the flexural ductility of very lightly reinforced concrete 
sections 

Davey, RA & Blaikie, EL 

If a concrete member is very lightly reinforced the ultimate moment capacity may be less than the bending 
moment required to crack the member.  In these circumstances only one crack (or possibly a construction 
joint) may open at the highly stressed part of the member, and strains in the reinforcing will be concentrated 
at that location.  If the steel yielding is concentrated at one location rather than distributed over a plastic 
hinge length, as in a normally reinforced member, the strains are much higher and, with low-cycle fatigue 
effects, could lead to fracture of the reinforcing steel.   

In this paper a method is proposed for estimating the maximum displacements that members of this type 
can sustain without steel fracture, and the process is illustrated by applying it to a very lightly reinforced 
concrete spillway pier.  

The maximum rotation at the cracked section is controlled by the maximum yield strain that the 
reinforcement can sustain without fracture, and how far the yield strains can penetrate into the concrete 
above and below the crack (i.e. yield penetration).  The maximum yield strain that the bars can sustain 
depends on the low-cycle fatigue capacity of the bars. The yield penetration above and below the crack 
depends on the bond-slip relationship of the reinforcing bars.  

The method of assessing the displacement capacity is based on the investigations by others into the low 
cycle, large strain fatigue performance of reinforcing steel, and into the bond slip and yield penetration of 
reinforcement at crack locations. 

It is believed that the method provides a useful tool for assessing the ductility of very lightly reinforced 
concrete sections. 

 

Session 4 :   Learning From Earthquakes 

 

Paper 16 Performance of highway bridges under Chuetsu 
Earthquake, Niigata, Japan 

Shanmuganathan, S 

This paper reports on the 3-day reconnaissance visit to the damaged sites of Magnitude 6.9 Chuetsu 
Earthquake in Niigata, Japan. The damage characteristics of about thirty highway bridges visited is 
described in detail. The damages to bridges were not extensive and less severe than witnessed in the 
Hyogo-ken Nanbu Earthquake of 1995. The main reason is that there are not many bridges in the areas 
that experienced high intensity earthquake ground motions. It was observed that bridges, which have been 
seismically retrofitted, performed satisfactorily without sustaining severe damage. It is vital that bridges 
designed to older design specifications should be retrofitted as soon as practicable. There was not enough 
evidence to confirm that bridges designed and constructed to the current specifications have performed well 
under the near field strong earthquake. 

Paper 17 Fire-fighting and rescue operations after earthquakes - 
lessons from Japan 

Thomas, GC 

The role of the Fire Departments in Kobe and Tokyo after earthquakes is reviewed following the 1995 Great 
Hanshin-Awaji (Kobe) and other earthquakes and subsequent fires.  In Japan effort has been focused on 
providing fire-fighting water supplies after an earthquake including the purchase pumping vehicles and 
hose-layers and the planning and installation of additional underground water cisterns.  Upgrading water 
supplies should be considered in New Zealand.  Both Fire Departments have developed computer models 
to predict fire spread and to allocate fire-fighting resources efficiently.  Despite the large amount of 
resources available in Japan they are insufficient to fight all the predicted fires.   This situation is similar to 
that faced by a city like Wellington. Analysis of the rescue efforts after the Kobe earthquake has resulted in 
a change of focus from expecting the Fire Department to rescue people trapped in buildings to providing 
more resources to aid the rescue efforts of local volunteers    This is an approach which may be appropriate 
in New Zealand. 
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Paper 18 Achievable precision in earthquake loss modelling Cousins, WJ 

Many parts of the earthquake loss modelling process are subject to uncertainty, including such very basic 
inputs as the magnitude of the earthquake (for which the uncertainty is typically ±0.3), the location of the 
earthquake (±5 km?), and often the mechanism of the rupture process (strike-slip, reverse, etc). The above 
uncertainties alone can give rise to uncertainty factors of 2 to 3 in loss estimates, under favourable 
conditions, increasing to factors of 1000 to 10,000 under unfavourable conditions. Favourable conditions 
are high intensities and large magnitudes, unfavourable conditions are low intensities and small 
magnitudes. The reasons for this are explained. 

In order to achieve reliable loss estimates the results of many thousands of scenarios may need to be 
averaged, with the input parameters being varied from one scenario to another. Use of a suitably 
randomised synthetic catalogue of earthquakes is one way of achieving this. Applying a 100,000-year 
catalogue to the whole of the present building asset of New Zealand suggests that the mean return period 
for a loss exceeding $1 billion is just 60 years. The most recent earthquake capable of generating such a 
loss was the Hawke’s Bay earthquake of 1931. 

 

Session 5 :    Assessing Effects on the Built Environment 

 

Paper 19 Time history analysis as a method of implementing 
performance based design 

Tremayne, W & Kelly, TE 

The new loadings code, NZS 1170, will replace our current loadings code, NZS4203:1992, and will likely 
govern structural design and analysis in New Zealand until 2015 and beyond.   We can expect that within 
this time our profession will adopt the technology available to us to evaluate the response of structures to 
earthquakes much more accurately than is done today.  This will move us toward implementing 
performance based design by using nonlinear time history analysis. 

Current codes discourage time history analysis because the scaling of time history records results in larger 
earthquake response than alternate, linear elastic methods of analysis.  The committee developing the draft 
loadings code is attempting to formulate the provisions so as to remove this impediment to more accurate 
analysis.  This paper presents the results of a study to assess the impact of the proposed earthquake 
scaling factors on 8 prototype moment frame and shear wall buildings, 6 and 12 stories high, located on 
sites in Auckland and Wellington.  Maximum response predicted by both the response spectrum and time 
history methods of analysis is compared.   The need for different drift criteria, depending on the type of 
analysis used and the influence of near-fault effects, is highlighted by this study. 

Paper 20 Modelling rocking structures using standard finite 
elements 

Ma, Q, Butterworth, J & Davidson, 
B 

A technique is proposed for the purpose of analysing rocking structures using finite element methods. The 
proposed technique involves a minimum number of approximations and makes similar assumptions to 
those used in Housner’s rocking rigid block model. The example presented in this paper shows that the 
proposed method is an improvement on a number of previous analyses of rocking structures. Contact 
forces are consistent with contact conditions and no fictitious damping or other restoring forces are relied 
upon in the uplift stage. The effectiveness of the proposed method is evaluated by comparing displacement 
time histories obtained 1) by a finite element approach, 2) by solving Housner-type governing differential 
equations, 3) from published results of a previous study. Good matching of all three was achieved; however 
there are still opportunities for further refinement and improvement to the cumbersome parameter selection 
process. 

Paper 21 Whole house seismic racking evaluation Thurston, SJ 

In New Zealand the racking strength of house bracing walls is currently determined from the BRANZ P21 
test.  House designers sum the racking strengths of all walls, using published data from sheathing 
manufacturers’ wall systems, to ensure that actual house earthquake strength exceeds the demand loading 
stipulated in NZS 3604.  Continuity of construction is simulated in the P21 test by a partial end uplift 
restraint.  A revised BRANZ test and evaluation method called EM3 uses a far greater end restraint and 
multiplies the measured racking strength by three factors (F1, F2 and F3) to give the evaluated seismic 
resistance. 
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The paper explains the background to these factors and the additional provisions and recommendations.  
F1 was obtained by computer earthquake simulation to ensure houses would not deflect excessively under 
design level earthquakes.  F2 is a systems effect factor based on racking tests on a full scale house and 
laboratory specimens. F3 is a factor used for specific construction and situations. 

The paper also details house torsional analysis computer simulations, and outlines the current BRANZ test 
program on half-scale house assemblies which is designed to quantify the F2 factor and confirm the 
torsional analysis findings. 

Paper 22 Methodology for the seismic assessment of face-loaded 
unreinforced masonry walls and parapets 

Blaikie, EL, & Davey, RA 

This paper outlines the development of a methodology that can be used to predict the seismic stability of a 
cracked, face-loaded unreinforced masonry (URM) wall. 

The methodology makes use of both the acceleration and displacement response spectra for an 
earthquake motion.  The acceleration spectrum is used to predict the earthquake intensity that will just open 
the joint cracks in the wall element. The displacement spectrum is used to predict the earthquake intensity 
that will generate wall displacements equal to the displacement at which the wall element becomes 
unstable. Modification factors are applied to allow for the effect of the wall element boundary conditions and 
to allow for amplification of the earthquake motion due to flexibility in any building structure or diaphragms 
that support the wall element.   

The methodology was principally developed using the results of inelastic dynamic analyses of computer 
models of face-loaded URM wall elements.  Good agreement was obtained when this type of modelling was 
used to predict the displacement time-history of a test specimen. 

The analyses indicated that the earthquake intensity required to collapse a face-loaded wall element, as 
indicated by the computer modelling, is generally predicted conservatively by the proposed methodology. 

Paper 23 Interaction between ductile RC perimeter frames and 
floor slabs containing precast units 

Fenwick, RC, Davidson, BJ & Lau, 
DBN 

Lateral load tests of reinforced concrete perimeter frames with diaphragms have shown that the addition of 
a floor slab (diaphragm) can have a major influence on structural performance.  At the University of 
Auckland three moment resisting frames were tested. Two of these frames were tested without a floor slab 
being attached to the beams, while the remaining frame was tested with the addition of a typical floor slab 
containing prestressed units.  The tests showed that the addition of the floor slab increased the strength of 
the beams appreciably and as a result the lateral strength of the frame was increased by close to 150 
percent.  Clearly a strength increase of this order of magnitude is of major concern in seismic design in 
cases where it is essential to avoid the premature formation of a column sway mechanism.  The test results 
presented together with an analytical study show the origins of this strength increase. Understanding these 
mechanisms is a first step in establishing a design method for assessing over-strength values in perimeter 
frames, which contain floors with prestressed units. 

Paper 24 Reinforced concrete seating details of hollow-core floor 
systems 

MacPherson, C, Mander, JB & Bull, 
DK 

Recent earthquake engineering research has raised concerns of the seismic performance of precast 
prestressed concrete hollow-core floor systems. Experimental research showed that with simple detailing 
enhancements, significant improvement in the seismic performance of hollow-core floor systems can be 
expected. The present experimental research aims at validating several new detailing enhancements. 
Based on previous research findings, the present super-assemblage experiment included the following 
details: (i) a reinforced connection that rigidly ties the floor into the supporting beam, (ii) an articulated 
topping slab portion cast onto a timber infill solution that runs parallel to the hollow-core units and edge 
beams; (iii) specially detailed supporting beam plastic hinge zones reducing potential damage to the hollow-
core units; (iv) Grade 500E reinforcing steel used in the main frame elements; and (v) mild steel deformed 
bars in the concrete topping in lieu of the customary welded wire mesh. The full-scale structure was 
cyclically tested in both the longitudinal and transverse directions to inter-storey drifts of ±5%. Observations 
show extremely positive results with minor damage incurred by the hollow-core flooring and the overall 
performance dictated by the performance of the moment resisting frame. Recommendations for the 
forthcoming revision of the New Zealand Concrete Standard, NZS 3101, are also made. 
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Session 6 :   Making Progress 

 

Paper 25 Risk assessment : providing an objective basis for risk 
management decisions 

Smith, WD 

The purpose of risk assessment is to provide information that will help risk managers make decisions. 
Organisations seek to identify risks to their operations and set policies in place to prevent adverse 
outcomes or to maximise possible opportunities. Management of earthquake risk falls into the former 
category: mitigation options usually address the possibilities of demolition, strengthening and insurance. But 
as in all areas of risk management, decisions become rather ad hoc unless they are based on objective 
assessments of risk. 

The Regional Riskscape programme, undertaken by GNS and NIWA, seeks to provide assessment of risks 
across a variety of natural hazards. Earthquake risk assessments are now done routinely for insurance 
purposes, so that asset owners can make well-informed business decisions about the amount of cover they 
need, and negotiate structures of cover with insurance companies. Riskscape seeks to widen this expertise, 
not just for insurance purposes but also to aid risk managers in assessing mitigation options for a variety of 
hazards. These assessments need to be expressed in terms that are useful and meaningful. 

Paper 26 NZSEE working party on integrated planning for 
earthquake response – 2004 report 

Brunsdon, D 

The activity focus of the NZSEE Working Party during 2004 was on assisting IPENZ with the establishment 
of the Professional Engineers and Emergency Management Task Force, and in commencing a revision of 
the NZSEE Post-earthquake Building Safety Evaluation procedures.  

This report summarises the key activities of the NZSEE Working Party and the Professional Engineers and 
Emergency Management Task Force during 2004, and comments on progress being made. 

 

Session 7: Planning & Mitigation for Earthquake Performance 

 

Paper 27 The performance of hillside earth fills under earthquake 
loading 

Brown, IR & Larkin, TJ 

Earth fills located on hillsides in areas of high seismicity have potential for shear failure (sliding) and 
seismically induced deformations at ground surface due to compression of the fill.  A fill developed for 
residential purposes in the Wellington area has been analysed and shown to be of concern for potential 
instability as a result of fill geometry, properties, and proximity to the Wellington Fault.   Conclusions are 
drawn about the performance of the fill during a 450 year return period earthquake, and a recommendation 
made to revisit applicable New Zealand Standards so that such fills are designed to provide a higher level 
of earthquake resistance. 

Paper 28 Seismic assessment and retrofitting of New Zealand 
state highway bridges 

Chapman, HE, Lauder, MK & 
Wood, JH 

Over recent years Transit New Zealand (Transit), has undertaken a systematic assessment of the seismic 
security of the approximately 2500 state highway bridges for which it is responsible. This paper outlines 
current progress on the assessment and retrofitting of the bridges, and discusses the results of the detailed 
assessment of 24 of the bridges and subsequent peer review. Inter-span linkages have been upgraded on 
Priority 1 routes and detailed assessments of 50 bridges have been undertaken to identify other structural 
vulnerabilities and risks of damage. However, the bulk of the physical retrofit of these vulnerabilities has yet 
to begin and much else remains to be done. The detailed assessments have shown that the many variables 
that influence the results of a structural analysis require input of a significant amount of judgement, both in 
deciding the input parameters for the analysis and in interpreting the results. The two peer reviewers found, 
however, that in most cases it was possible to reach a consensus on the appropriate degree of retrofit and 
priority ranking for the structures involved. The interaction that was possible as a result of using two peer 
reviewers working together was also found to be valuable in weighing the assessments and making 
recommendations. 
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Paper 29 Seismic assessment of the Clarence River bridge Ho, KY & Murashev, A 

The Clarence River Bridge is a balanced cantilever, post-tensioned box girder bridge located on State 
Highway 1, approximately 30 kilometres north of Kaikoura in the South Island.  The bridge is approximately 
305m long and comprises 6 spans.  Design of the bridge was completed around 1968 by the Ministry of 
Works. The bridge was constructed in 1969. Consequent to a nationwide seismic screening project, the 
bridge was assessed in detail in 2003 and 2004 to determine its seismic performance.  This paper presents 
the findings of the assessments and the proposed seismic retrofitting solutions to protect the bridge. 

Paper 30 The seismic assessment and retrofit of the Shell Gully 
bridges 

Kirkcaldie, DK, Hobman, J & Saul, 
GJ 

The Shell Gully bridges, situated immediately north of the Terrace Tunnel are a vital link on the Wellington 
Urban Motorway providing access from the north to the CBD and beyond to the hospital and airport.  
Located in New Zealand’s capital and second largest city, and a highly seismic part of the country, Transit 
New Zealand assigned a high priority to ensuring the integrity of these critical structures against damage 
and loss of service from a major earthquake event. 

This paper presents the detailed assessment of the bridges’ earthquake resistance and seismic retrofitting 
undertaken.  The retrofitting has encompassed: 

� improving the security of short link spans, interconnecting the structures, from falling; 

� modifying the heavy fascia units along the sides of the bridges to prevent their dislodgement under 
shaking of the structures; 

� isolation of a pier from potential downhill movement of the underlying slope; and  

� strengthening and modification of the restraint of the high northern abutment to improve its seismic 
performance. 

Paper 31 Vulnerability assessment and retrofit strategies for 
existing under-designed RC frame buildings 

Pampanin, S 

The feasibility and efficiency of two alternative seismic retrofit interventions on gravity load-designed frame 
systems either based on the use externally bonded FRP composites or on the implementation of a diagonal 
haunch metallic system at the beam-column connections are herein presented. Independent of the selected 
solution, a multi-level retrofit strategy is proposed to achieve the desired performance, based on hierarchy 
of strength considerations; the expected sequence of events can be visualized through demand-capacity 
curves within M-N Performance-Domains. Experimental results from quasi-static tests on 2/3 scaled beam-
column subassemblies in as-built and retrofitted configuration as well as on a three storey frame system 
(retrofitted with the FRP solution only) are presented as a confirmation of the viability and reliability of the 
overall retrofit strategy as well as of the efficiency of the adopted simplified analytical models based on a 
plasticity concentrated approach. 

Paper 32 Improving seismic safety of adobe construction with 
used car-tyre strips: preliminary investigations 

Charleson, AW & French, MA 

This paper outlines preliminary research into reinforcing adobe buildings with strips cut from used car tyres. 
The proposed approach has the potential to both reduce seismic vulnerability and help solve the ecological 
problem of vehicle tyre disposal. Tyre strips, spiral-cut from the tread area, have been tested both statically 
and dynamically to ascertain their strength and stiffness capabilities. The two layers of fine steel wires that 
form the steel belt greatly enhance these two engineering properties which prove to be quite adequate for 
the proposed use. Simple, albeit carefully detailed nailed connections that can develop most of the strength 
of strips, enable them to be placed horizontally within an adobe wall. Where laid so that their shape in plan 
approximates that of a catenary, they are able to resist significant out-of-plane loads, as well as act as 
shear reinforcement for in-plane loads. A full-scale face-load test on a three metre length of dry stacked 
masonry wall has confirmed the potential of the proposed system. 
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Session 8 :  Performance Based Design for Earthquake Performance 

 

Paper 33 Direct displacement-based seismic design Priestley, MJN, Grant, DN & 
Blandon, CA 

There has been considerable discussion recently in New Zealand about the relative merits of displacement-
based, and displacement-focused force-based seismic design.  This paper puts the case for direct 
displacement-based seismic design.  It is shown that the emphasis on secant stiffness to maximum 
displacement, rather than initial stiffness (as in force-based seismic design) is important for rational force-
distribution to different seismic-resisting structural elements, and in most cases obviates the need for 
iteration in the design process, which is inherent in displacement-focused force-based seismic design.  It is 
shown that the influence of hysteretic characteristics has been underestimated in recent force-based 
studies.  These assertions are supported by results of recent analytical studies, which have included 
refinement of ductility/equivalent-viscous damping relationships, and an examination of the important (and 
largely ignored) role of “elastic” damping in inelastic time-history analyses. 

Paper 34 A displacement–focused, force-based structural design 
procedure 

Deam, BL 

Procedures for designing structures to resist earthquakes have evolved from those used to design for other 
environment loadings. The force-based procedure commonly used for seismic design requires the designer 
to apply a set of forces to the structure, detail it to have adequate strength and check that the structure and 
its components have adequate deformation capacity. 

A more rational design procedure is proposed in this paper that focuses on the deformations that result 
form ground movement beneath the structure. The deformation capacity of the structure and its 
components are checked first. Once the deformations are acceptable, the equivalent-static design forces 
are applied to the structure and the components are detailed to have adequate strength. 

Paper 35 Resetable devices with customised performance for 
semi-active seismic hazard mitigation of structures 

Chase, JG, Mulligan, KJ, Gue, A, 
Mander, JB, Alnot, T, Rodgers, G, 
Deam, BL, Cleeve, L & Heaton, D 

A one fifth scale semi-active, resetable device is designed and tested. A novel design that utilises each 
chamber independently allows more flexible control laws than previous resetable devices. Manipulation of 
the force-displacement hysteresis curve via innovative control laws allows the hysteresis loop to be pre-
determined with one such manipulation resulting in removal of energy without increasing the base shear 
demand. The device characteristics with air as the working fluid, are determined and an analytical model 
developed. The design stiffness is 250 kN.m-1 with the prototype having a stiffness between 185 kN.m-1 
and 236 kN.m-1. The peak force is in excess of 20kN at a displacement of 33mm. The impact of the 
actuator in a structure is studied using an iterative hybrid approach, a virtual structure, and an 
experimentally proved device model. 

Paper 36 Application of hybrid concept for an improved seismic 
ductile design of bridges 

Palermo, A & Pampanin, S 

Following the research developments in the seismic design of precast frame and shear wall systems based 
on innovative jointed ductile connections, similar innovative alternative solutions can be proposed for 
concrete piers for an improved seismic performance when compared with traditional monolithic solutions. In 
particular, the possible extension to bridge piers and system of the concept of a peculiar jointed ductile 
connection, the hybrid system, where self-centring properties (unbonded post-tensioned cables) are 
adequately combined with additional energy dissipation (longitudinal mild steel bars or energy dissipation 
devices), is herein considered and investigated. After brief introduction on the development of the hybrid 
systems, a description of the peculiarities of their cyclic behaviour is carried out, considering the most 
significant parameters governing the response. A critical comparison of the seismic response, in the 
transverse direction, of hybrid and monolithic connections at both local (single bridge piers) and global level 
(bridge systems) is carried out through inelastic dynamic time history analyses using lumped plasticity 
models. 
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Paper 37 Performance based earthquake risk mitigation of 
retaining walls at Ngaio Gorge, Wellington 

Brabhaharan, P & Saul, GJ 

Road networks are key lifelines for the community, and improving their performance is critical to the 
availability of road access after earthquakes. The performance of the Wellington Road network in moderate 
to large earthquakes as well as storms and the consequential risks were identified through a systematic 
study with the aid of a geographical information system. The performance assessment and mitigation of two 
retaining walls along Ngaio Gorge Road is presented.   

A performance based approach was used to decide on the mitigation solutions and an appropriate level of 
risk mitigation. This enabled the selection of strengthening solutions that meet the performance 
requirements for the Ngaio Gorge Road, but also at optimum cost. One breastwork retaining wall was 
strengthened using soldier piles, and tied back using rock anchors.  The other breastwork wall site was 
improved using soil nailing of the retaining wall backfill and the slope below.  The soil nail design solution 
allows for significant deformation of the road during a large earthquake, but would maintain access along 
this section of the road.  An economic analysis was used to justify the strengthening work for funding.   

 

Session 9 :   Designing for Earthquake Resistance 

 

Paper 38 Strategy for anti-buckling design of transverse 
reinforcement 

Dhakal, RP 

This paper presents a strategy to enhance the current provision for anti-buckling design of lateral ties. The 
resulting design method will restrict the buckling-induced reduction of average compressive stress of main 
bars to an allowable limit until the desired level of ductility is attained. First, a method to determine the 
maximum compressive strain likely to be experienced by the main bars is described. Based on an average 
compressive stress-strain relationship of reinforcing bars, evaluation of bar buckling parameter (a function 
of slenderness ratio and yield strength of the bar) required to restrict the loss of compressive stress at the 
maximum compressive strain to a tolerable limit is then explained. For a bar of known diameter and yield 
strength, the maximum allowable tie spacing can then be determined. Next, lateral stiffness required to 
restrain the buckling tendency of the main bars at the tie locations is expressed as a function of the 
geometrical and mechanical properties of the main bars. Similarly, the anti-buckling stiffness of the lateral 
ties is also derived as a function of the mechanical and geometrical properties of the lateral ties. Finally, a 
design framework to decide the spacing, amount and arrangement of lateral ties is established. 

Paper 39 Earthquake design of rectangular underground 
structures 

Wood, JH 

Severe damage to six out of a total of 21 subway stations in the Kobe area during the 1995 Hyogoken-
nanbu earthquake indicated a need for more attention to be given to the earthquake design of rectangular 
underground structures. This paper presents work undertaken to extend the present knowledge of the 
dynamic interaction of box-section structures with the surrounding soil, and a design method for predicting 
the earthquake loads on underground structures such as basement walls, tanks, subways, utility boxes, 
highway underpasses, and culverts. 

Paper 40 Approaches to design of shallow foundations for low-rise 
framed structures 

Pender, MJ, Wotherspoon, LD, 
Ingham, JM & Carr, AJ 

We compare two approaches to the design of the foundations for low-rise reinforced concrete framed 
structures founded on discrete shallow footings. The underlying soil is stiff clay.  The first approach 
considers the foundations separately from the structure, uses the equivalent static method to estimate 
foundation actions, and then proportions the foundations to have adequate bearing strength under these 
actions. The second considers an integrated model of the structure-foundation system. Computer modelling 
was undertaken using RUAUMOKO (Carr 2004), a nonlinear dynamic structural analysis program.   The 
framed structures on shallow foundations, connected with tie beams (not considered to be part of the 
foundation), were analysed and the effects of structural yielding, nonlinear soil behaviour and foundation 
uplift were determined. Yielding and uplift characteristics of the foundations have been modelled by 
adapting available structural models in the software.  The main conclusion from the paper is that the 
sophistication of the integrated computer model gives an enhanced understanding of the behaviour of the 
system that may lead to more economical foundation design. 
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Paper 41 Inclined reinforcement to prevent soil liquefaction McManus, KJ, Turner, JP  & 
Charton, G 

The use of inclined micropiles as reinforcement to prevent soil liquefaction in level ground has been 
investigated experimentally.  Deposits of loose (Dr = 0.2 to 0.4), dry sand were prepared inside a large (2.0 
m deep by 1.8 m long by 0.8 m wide) laminated box and subjected to shaking of different intensities on a 
one-dimensional shake table.  For low intensity shaking (PGA up to 0.28 g) the cyclic shear strains were 
modest (up to 0.11 percent) and there was a modest settlement (0.31 percent).  For higher intensity 
shaking, (PGA up to 0.40 g) there was a significant transformation in response with much greater cyclic 
shear strain (0.65 percent) and settlement (3.1 percent). 

Paper 42 Potential seismic resistant design strategies from other 
fields 

Reich, E & Charleson, AW 

This paper presents an investigation into potentially new seismic design strategies for buildings, derived 
from areas outside the customary scope of earthquake engineering. The research examines fields such as 
car design, molecular behaviour and animal structure. Six concepts were developed into systems that may 
be constructible. These are titled: Plate Springs, Inertia Valves, Tension Tendons, Structural Laminates, 
Structural Kinks and Complex Links. 

A summary of the proposed ideas in terms of anticipated seismic design attributes is presented as well as 
an evaluation of their originality, architectural value and future potential. At this stage, each of these 
proposals is only speculative. Their value lies in their existence as possibilities for future exploration, an 
indication perhaps of the future of seismic design. 

Paper 43 Seismic performance of URM walls retrofitted using FRP ElGawady, MA, Lestuzzi, P & 
Badoux, M 

Recent earthquakes have shown repeatedly the vulnerability of Unreinforced Masonry (URM) buildings. 
Fibre Reinforced Plastic (FRP) composites can provide a retrofitting alternative for URM buildings. This 
paper presents results of dynamic tests investigating the in-plane behavior of URM walls retrofitted with 
FRP. Five half-scale walls were built, using half-scale brick clay units, and retrofitted on a single side. Two 
aspect ratios (1.4 and 0.7), two mortar types (M2.5, and M9), three composite materials (carbon, aramid, 
and glass FRP), three fibre structures (plates, loose fabric, and grids), and two retrofitting configurations 
(diagonal “X” and full surface shapes) were investigated. The test specimens were subjected to a series of 
synthetic earthquake motions on an uni-axial earthquake simulator. The retrofitting technique improved the 
lateral resistance of the URM walls by a factor of 2.9. However, the improvement in the lateral drift was less 
significant. Moreover, covering the full surface with composites worked better than the diagonal “X” 
retrofitting configuration. 

 


