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1.0 Introduction 

1 I have been engaged by the Royal Commission to undertake a review of the Elastic 
Response Spectra Analyses (ERSA) modelling and facilitate discussions between 
the panel of experts.   

2 This report summarises the review of the Elastic Response Spectra Analyses used 
for the CTV building undertaken for the Royal Commission.   

3 The reporting covers the discussions between the panel of experts (see Appendix A) 
regarding the modelling and analysis undertaken by Compusoft Engineering 
(Compusoft) for StructureSmith Ltd. and the Department of Building and Housing.  
This is referred to herein as the ‘DBH ERSA’ analysis.  

The panel of experts comprises: 

Dr Clarke Hyland (Hyland Fatigue + Earthquake Engineering) 

Mr Ashley Smith (Structure Smith Ltd, also representing Compusoft) 

Mr Doug Latham (Alan Reay Consulting Ltd.) 

Professor Emeritus Athol Carr (University of Canterbury) 

Professor John Mander (Texas A & M University) 

Professor Robin Shepherd 

Dr Brendon Bradley (University of Canterbury) 

Dr Graeme McVerry (GNS Science). 

 

2.0 The ERSA Modelling and Analysis 

4 Clarke Hyland and Ashley Smith1 prepared a report (Hyland Report) detailing the 
analyses carried out on the CTV building as part of the Department of Building and 
Housing (DBH) investigation of the CTV building collapse.   

                                                            
1 Hyland/Smith, CTV Building Collapse, Report prepared for  the Department of Building and Housing, 
25th January 2012, 
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5 Ashley Smith provided further details regarding the inputs for the DBH code based 
ERSA in paragraphs 21 to 25 of his first statement of evidence and in Attachment “C” 
to that evidence (the Modelling Assumptions). 

3.0 Expert Panel Review  

6 The expert panel was engaged to review the input data used for the ERSA to allow t
 he Royal Commission to verify code compliance issues. 

7 Email messages were sent to all members of the expert panel requesting that 
concerns with the structural data used for the analyses be submitted and if required 
what form of conference would be appropriate.  The expert panel members indicated 
that a teleconference would suffice.  Drs Bradley and McVerry indicated that the 
discussion on ERSA was outside their areas of interest. 

8 Mr Latham raised the only data issues.  These issues are as follows: 

3.1. The necessity of the use of ERSA in terms of the NZS 4203 (1984) 

9 It was argued that under the 1984 seismic design loadings standard NZS 3203:1984 
the terms "regularity" and "eccentricity" are two different things (interpretation of 
Clause 3.4.7.1). 

10 There are three scenarios for considering torsional moments for buildings above four 
storeys as outlined in this clause: 

(a) Reasonably regular structures which are of moderate eccentricity 

(b) Reasonably regular structures with a high degree of eccentricity 

(c) Irregular structures 

11 Latham stated that it is clear from these different scenarios a "regular" building can 
either be of "moderate eccentricity" or have a "high degree of eccentricity" and 
therefore shows that there is a difference between regularity and eccentricity. 

12 Definitions for "regular" and "eccentric" are suggested in the commentary Clause 
C3.4.7.1. 

13 Clause 3.4.7.2 (b) for reasonably regular structures of more than 4 storeys with a 
high degree of eccentricity allows the use of a simplified static method of analysis or 
a two dimensional modal analysis but recommends a three dimensional model 
analysis.  In this case the use of an ERSA analysis to verify code compliance is not 
required. 

3.2. The mass representation used in the analyses 

14 Regarding the building mass, Latham noted that the floor weight and SDL (super-
imposed dead load) that appears to have assumed by Hyland and Smith is 
approximately 5% greater than what was allowed for in the original design 
calculations. Latham requested justification for the increased allowance. 
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3.3. The foundation stiffness used for the analyses 

15 The soil stiffness recommendations provided by Geotech Consulting Ltd (dated 5 
June 2012) were more flexible than those provided by Tonkin & Talyor Ltd (T&T).  
Latham suggested that this would result in the building having a longer period and 
hence lower design loads.  Latham noted that NZS4203:1984 required drifts to be 
calculated neglecting foundation rotations, therefore the net effect would be lower 
design drifts.  Latham suggested that the analyses should be re-run using Geotech 
Consulting Ltd’s recommendations to quantify the effect.  Latham noted that T&T 
provided a range of soil stiffnesses, and it appears the upper bound (termed "1.36k") 
was used for the ERSA analysis.  Latham questioned the reason why the "most 
probable" and "lower bound" recommendations made by T&T were not also 
considered.  

3.4 Scaling of results 

16 Latham asked for clarification on an aspect of Ashley Smith’s brief to Compusoft 
regarding the modelling assumptions.  Latham asked if the base shears presented 
from the modal analysis were those prior to scaling.  Latham noted that at Model 1b 
E-W, the analysis shows a period of 0.7 seconds and a base shear of 2660 kN.  
Model 1c E-W shows a period of 0.6 seconds and a base shear of 2996 kN.  The 
design spectrum of NZS4203:1984 is constant over these two periods, so the scaled 
base shears should be identical. 

 

4.0 The use of ERSA Analyses 

17 The panel was required to comment on the data used for the ERSA code compliance 
analyses for the CTV building.  Therefore the arguments about the interpretation of 
clause 3.7.4. of NZS 4203:1984 are not relevant.  

18 It must be noted that the designers of the CTV building used a three dimensional 
ERSA. 

 

5.0 The Mass used in the DBH ERSA 

19 The original design used a dead load of 4.0 kPa for the floor with a SDL (super 
imposed dead load) of 0.5 kPa. 

20 Latham commented that the original design calculations assumed 4.0 kPa for the 
floor dead weight.  The Dimond Hibond literature applicable at the time (see 
Appendix B) justified this assumption.  Latham also noted that in the derivation of the 
seismic mass used for the DBH models, it appears that a 172.5mm thick slab at 24 
kN/m3 density was assumed giving 4.14 kPa.  

21 The original design calculations assumed a 0.5 kPa SDL.  A building permit was 
issued on this basis.  In the derivation of the seismic mass used for the DBH models, 
it appears 0.55 kPa was assumed. 
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22 Hyland responded with the following points. The use of the base slab weight without 
allowance for ponding and construction tolerances would results in a low dead load 
value in his view.  For the CTV building the slab was propped to a camber so 
ponding would have been limited to that occurring between the propping at 1775 mm 
centres (see drawing S15).  

23 Measurements of the actual slab thicknesses at Levels 3, 5 and 6 at the North Core 
shown in the Hyland Report Figure 166 were 190, 195 and 220 mm respectively.   

24 An allowance for a superimposed dead load of 0.5 kPa is quite common but difficult 
to justify when allowance is made for suspended ceiling, air conditioning, levelling 
screeds typically required with this sort of floor, floor coverings and partitioning.  
Hyland typically finds 0.75 to 0.90 kPa to be more realistic for commercial offices. 

25 Smith provided the tables on the following pages to compare the mass calculations in 
the code-based ERSA by StructureSmith/Compusoft with those used by Alan Reay 
from page S10 of the original calculations.  Overall there is very good agreement, 
within 1% for the total mass.  The main differences are at the upper levels where 
Smith included the main roof mass at Level 6, and the top of the North core as 
separate eccentric masses at levels 7 & 8.  By comparison, Alan Reay had slightly 
more mass at the top but included it all at roof level 

26 Smith included comparisons of the plan coordinates where the masses were applied 
in the DBH ERSA model versus the plan coordinates shown on page S7 of the 
original calculations by Alan Reay.  For levels 2 to 5 there is good agreement for the 
centre of mass locations.  The greatest differences being in the East-West (Y) 
direction where the original calculations show the centre of mass between 1% and 
3% of the building width closer to the West side.  There are some discrepancies 
between the centre of mass locations at roof level, the reasons for which are 
explained in the paragraph above. 

28 Smith stated that from the earlier mass comparison spreadsheet that he had sent, 
the DBH seismic weight Wt is 3391.8 x 9.81 = 33274 kN.  When Smith divided the 
ARCL "Implied Seismic Weight" by the DBH seismic weight, he calculated the weight 
ratios shown in Table 1.  Smith stated that he would call that reasonably good 
agreement. 

Table 1.  Comparison between Alan Reay and DBH Weights 

Alan Reay Implied Weight (kN) DBH Weight (kN) Weight Ratio  
33407 33274 1.0040 
33238 33274 0.9989 
33278 33274 1.0001 
34213 33274 1.0282 
33258 33274 0.9995 
33289 33274 1.0005 
33619 33274 1.0104 
33289 33274 1.0005 
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29 The seismic live load is not an issue but for interest it must also be noted that the 
seismic live load is different over the different versions of the NZ seismic design 
requirements.  Both the 1984 and 1992 versions of the loadings standard NZS4203 
the office floor live loading is the same at 2.5 kPa.  In NZS 1170.5:2004 the office 
floor live loading is 3.0 kPa.  

     NZS 4203:1984  Seismic live load factor= 0.333,  
     NZS 4203:1992  Seismic live load factor= 0.400,  
     NZS 1170.5:2004 Seismic live load factor= 0.300 

30 It should be noted that the original designer used estimates of the masses for the 
analyses, as the building had not yet been designed.  For the analyses carried out for 
the Royal Commission the engineers had the drawings of the building as designed, 
and so could get a more reliable estimate of masses.  
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CTV Building - ETABS Computer Analyses Issue Date: 2/07/2012

Modelling Assumptions and First Mode Period, Base Shear Comparisons
Units

References

Objective

Software program used

Analysis Type

Seismic Load Input

Superimposed Dead Load kPa

Live Load kPa

Seismic Live Load kPa

T & L Beams - slab overhang each side mm

Material Properties Various Units

Effective Section Properties,  Ie, Ave

- Ie, T & L beams Fraction of Ig
- Ie, Columns Fraction of Ig

- Ie, Walls Fraction of Ig
- Ie, Diagonally reinforced coupling beams, Grid 1 Fraction of Ig

- Ave, Diagonally reinforced coupling beams, Grid 1 Fraction of Ag

Code Subsoil Flexibility / Site Subsoil Class (for seismic 
load input)

Modelled foundation spring stiffness - where k = 
expected stiffness, 0.77k = lower bound stiffness and 
1.36k = upper bound stiffness (refer Tonkin & Taylor 
report)

Accidental Eccentricity

EQ Direction N-S (X) E-W (Y) N-S (X) E-W (Y) N-S (X) E-W (Y) N-S (X) E-W (Y) N-S (X) E-W (Y)

Model 1a. - Concrete Walls only (As-Drawn)

First mode period of vibration, T1 seconds 0.82 0.79 1.20 0.94 1.22 0.81 1.21 1.02 1.39 1.19

Base Shear - (ductile S=1, M=0.8) kN 2718 2776 1797 2488 1796 2728 1796 2220

* *

Model 1b. - Concrete Walls + Masonry Walls (As-
Built)

First mode period of vibration, T1 seconds N/A N/A 1.03 0.70 N/A N/A N/A N/A N/A N/A

Base Shear - (ductile S=1, M=0.8) kN N/A N/A 2342 2660 N/A N/A N/A N/A N/A N/A

2203 2996
Model 1c. - Concrete Walls + Masonry Walls + Frame 
(As-Built) 

* *

First mode period of vibration, T1 seconds N/A N/A 0.88 0.60 N/A N/A N/A N/A N/A N/A

Base Shear - (ductile S=1, M=0.8) kN N/A N/A 2590 2996 N/A N/A N/A N/A N/A N/A

* *

LEGEND
*

base shears corrected 02-07-2012

1.00

0.60

0.40

0.33

NZS3101:1982

ETABS

Elastic, 3D, Dynamic Spectral Modal Analysis

300

Note: Current Code has 
Ie for beams based on 

f'c 40MPa

300

Specified Material Properties (f'c 25MPa typical - up to 35MPa for level 1 columns)

0.83

Concentric

Flexible subsoil Class D (deep or soft soil)

Concentric +0.1B

1.36k

-0.1B

0.66

0.60

varies 0.048 to 0.092

= Analyses to compare first mode period and / or base shear only

= Analyses referred to in this report

Analysis Model 2Analysis Model 1

1986 Codes

Specified Properties

0.33

Response Spectra

1986 Design Code compliance check

0.50

NZS3101:2006

3.00

0.45

NZS4203:1984

NZSEE Guidelines

Current Codes

AS/NZS1170.5

Response Spectra

Rigid Foundation 1.36k

Spectra, Period T1, 
comparisons with 

Current Code

ETABS

Elastic, 3D, Dynamic

0.55

2.50

0.83

Concentric

(pre DBH amndmt)

0.55
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6.0 Foundation Stiffness 

31 Smith stated that the input data for the ERSA analyses that were carried out, as 
outlined in his spreadsheet with the various ETABS modelling assumptions (refer to 
attachment C to his first statement of evidence), came from the standards and also 
from the NZSEE Journal article of June 1980 by Paulay and Williams2. In particular 
Smith refers to page 112 of Paulay & Williams (see Appendix C) for the effective 
stiffness of shear walls and modelling of foundation flexibility, neither of which was 
explicitly covered in the NZS4203:1984 standards. 

32 Latham is correct when he states more flexible foundations would increase the 
natural period, thereby reducing the design forces.  This can be seen by comparing 
the period and base shear values in the spreadsheet for the two cases at the left 
hand side (both concentric mass models, one with rigid and one with 1.36k soil 
spring stiffness).  Smith stated that one could also check the variation of 
displacements between those two runs to assess the sensitivity of displacements to 
variations in foundation stiffness.  

33 T&T provided a letter dated 26 June 2012 that stated, after consideration of the 
points raised by Geotech Consulting, they stood by their original recommendations 
for dynamic soil stiffness. 

34 Regarding Latham’s question why the upper bound (termed "1.36k") soil stiffness 
was used for the DBH ERSA analysis, Smith responded that in his opinion it would 
be appropriate to use an upper bound soil stiffness for strength design purposes 
because that would give higher forces, however one could also check the variation of 
displacements between the two runs with varying foundation stiffness.   

35 Latham wishes to see the analyses repeated using the lower foundation stiffness as 
proposed by Geotech Consulting. 

 

  

                                                            
2 Paulay, T. and Williams, R.L. The Analysis and Design of and the Evaluation of Design Actions for Reinforced 
Concrete Ductile Shear Wall Structures. Bull. NZSEE Vol. 13, No. 2, June 1980. pp108‐143 
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4402 
5 June 2012 

Alan Reay Consultants Ltd 
PO Box 3911 
Christchurch 

Attention: Alan Reay 

Dear Sir, 

RE: CTV Building- 249 Madras St 

GEOTECH 
c onsu l ting ltd 

You have asked for comment on some aspects of the foundations and subsurface effects at this site. 
was the engineer responsible for managing and writing the 1986 geotechnical report from Soils and 

Foundations, with internal peer review by Mr Don Preston. I do not have the original files to refer to, 

but you have forwarded a copy of the 1986 report .. 

1 Modulus of Subgrade Reaction 

(a) Values recommended in 1986 

You have asked what values I would have used at the time of the CTV building design in 1986. 

The modulus of subgrade reaction is defined as ks = q/y where q is applied stress and y = deflection. 

At the time of the design, I would have been considering the normal gravity loading case, and the 

simplest way to estimate it is therefore straight off the settlement- bearing pressure curves. Using 
Figure 299/3 from the 1986 report, I get the ks values for a square pad as shown in columns 6 &7 of 

Table 1. As a check I have also rerun a settlement estimate independently of the original calculations 

and model, and obtained the values in the previous four columns, 2 - 5. There is good agreement (in 

geotechnical terms!!) 

1 2 3 4 5 6 7 8 
Footing From 2012 estimate From 1986 report From plate 
Width Gravel NE Gravel NE bearing test 

(m) Square Strip Square Strip Square Square Lichfield St 1984 
0.5 20.8 10.8 19.6 8.8 
1 10.6 6.5 9.4 5.0 10.6 10.4 3.4 

1.5 7.4 5.0 6.2 3.7 
2 5.9 4.2 4.7 3.0 6.4 4 2.6 

2.5 5.0 3.8 3.9 2.6 
3 4.5 3.4 3.3 2.4 5.2 3 2.4 

3.5 4.2 3.2 3.0 2.2 
4 3.9 3.0 2.7 2.1 4.6 2.6 2.3 

4.5 3.7 2.9 2.5 2.0 
5 3.6 2.8 2.3 1.9 

Table 1 Modulus of Sub grade reaction (MPalm) 

Dr. Mark Yetton E-mail myetton@geotech .co.nz 

Nick Traylen E-mailntraylen@geotech.co.nz 

Ian McCahon E-mail mccahon@geotech.co.nz 

Tel (03) 9822 538 
Fax (03) 3257 555 

PO Box 130 122 
4 I 6 Raycroft Street 

Christchurch 8141 New Zealand 

GEOLOGICAL & ENGINEERING SERVICES 
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Column 8 of Table 1 shows the ks values derived from a plate bearing test on a similar soil profile in 

Lichfield St. The plate was 0.3m square, so the applied load increases stresses only in the upper soil 

layer, and will not reflect what happens with larger footings with deeper stress bulbs, but does provide 

a measure of reality check. 

Another method using the SPT N values to estimate the relative density, and from that the modulus of 

subgrade reaction gives ks = 4.5- 12 MPa/m for a 2m wide footing, and 4-10 MPa/m for a 4m 

square footing. 

Typical values from text books usually give higher values, but these are likely to be for 0.3m square 

loaded areas on homogeneous soils. When corrected for width and submergence, values are likely to 

come down to values somewhere in the above range. 

Ks is notoriously hard to determine, and the above values are likely to be+/- 50%. I conclude that the 

values derived from the 1986 report would have been the values I would have recommended at the 

time. 

(b) Values used today 

You have asked what values forks I would suggest for use if the building design was being carried out 

today. I would still suggest the use of ks values similar to those derived from the 1986 work. 

Tonkin and Taylor (T + T) have reported on the site in their letter titled CTV Building Geotechnical 

Advice, dated 11 July 2011, to StructureSmith Ltd. They include a section on subgrade reaction for 

the dynamic analysis. I am not an expert in this field and do not wish to comment, other than making 
the comment that with the relatively loose cohesionless soils in Christchurch, seismic shaking appears 

to have generated high pore water pressures in soils even if there has not been full liquefaction. This 

must reduce the shear strength of the soil, and the reasoning that subgrade reaction values for 
dynamic analysis should be expected to be much greater than for static analysis may not be entirely 

applicable. Dr Kevin McManus has presented an argument to the Royal commission that the use of a 

strength reduction factor of 0.8-0.9 with earthquake overstrength (Table 1 B1/VM4) is 
unconservative and that a lower value should be used, which is in line with my comments above .. 

T + T also comment on static subgrade reaction stiffness. They give a range of values of 51 to 116 
MN/m3 for footing type 1 and 10 to 80 MN/m3 for type 1 b (on the area without underlying gravel). 

These values appear to be derived from published data (Bowles 1988 is referenced). It is unclear 

whether footing width has been taken into account in their derivation. My understanding, and use of 

the published data, is that the values are for a standard one foot (0.3m) square plate as traditionally 
used in plate bearing tests (this was explicit in Bowles 1st edition, 1968, but was not in later editions). 

Assuming this, then a published value of 80 MN/m3 becomes about 23 MN/m3 when corrected for a 
4m wide footing. It is also noted that T + T have taken the depth of influence as 3 x footing width. The 

stress levels are low at this depth and 2x or even 1.5x the footing width are often taken as an effective 

depth of influence. I conclude that the values suggested by Tonkin and Taylor are high. 

The shear wave velocities and derived shear modulus for the site are low in the upper few metres of 

the site 

Geotech Consulting Ltd 4402 5 June 2012 
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Based on these shear wave velocities we get the following values for shear modulus (Table2). There 

is reasonable agreement between the SPT derived values and the MASW derived values in the upper 

5 metres of the subsoil on the site (where the SPT tests were made) . 

Depth Vs m/s) P (x1 03 kg/m 3
) G (MPa) 

0-2 160 1.8 46 

2-4 180 2 58 

4-6 300 2 180 

6-8 400 1.8 320 

8-10 450 1.8 360 

10-12 420 1.8 320 

12-14 300 1.8 160 

14-16 300 1.8 160 

16-18 420 1.8 320 

18-20 500 2 500 

Table 2 Shear Wave velocities and shear modulus (Madras St) 

Yours faithfully 
Geotech Consulting Limited 

lan McCahan 

Geotech Consulting Ltd 4402 5 June 2012 
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7.0 Scaling of Results 

35 The structure has different natural periods of free-vibration in the East-West and 
North-South directions.  Using NZS 4203:1984 the seismic coefficient may be the 
identical at those different natural periods.  However, the Base Shears for both 
directions of excitation will be identical if, and only if, an equivalent static analysis is 
being used.  This is because the static analyses uses only the fundamental period of 
free-vibration.   

36 For an ERSA, the higher modes in each direction will also have different natural 
periods of the free vibration in each direction.  These higher mode periods will be 
such that the spectral coefficient will no longer be on the long period plateau of the 
design spectra.  These different higher modes will therefore have different 
contributions to the Base Shear. 

37 Smith confirmed that the base shears in his “Modelling Assumptions Spreadsheet” 
had been scaled to NZS4203:1984.  

38 Hyland commented that NZS 4203:1984 wasn't clear on how the scaling was to be 
done in terms of 3D analysis if the torsional mode was 1st or 2nd mode.  I suspect 
that was due to most analyses in practice being 2D at the time with approximations to 
3D, so perhaps the code writers assumed that 1st mode would always be 
translational.  This It is clearer in the current loadings standard. 

39 Hyland stated that his practice was to find the worst case scaling factor and apply 
that in each direction.   
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Appendix A.  Panel of Experts to Consider ERSA for CTV Building 
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Appendix B.  Dimond Hibond Literature 
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CTV Elastic Response Spectra Analyses Report 
 

Appendix C.  Paper by Williams and Paulay  
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operational in a 2500 return period earthquake.  Under the strong horizontal
shaking the base-isolated structure shows significant vertical floor accelerations
as a consequence of a rocking motion on the isolation bearings and these
accelerations are greater than those acceptable for the control systems in the
structure.

2011 Royal Commission into the Christchurch Earthquakes - Asked to provide in-
elastic response spectra for the 4  September 2010 Darfield earthquake and theth

22  February 2011 and 13  June 2011 earthquakes.nd th

2011-2012 Dunning Thornton Consultants, Consulting Structural Engineers, Wellington, 
Victoria University of Wellington: Easterfield Seismic Retrofit Structural
Engineering Peer Review. (With Greg MacRae)

2012 Royal Commission into the Christchurch Earthquakes - In-elastic analyses of the
Hotel Grand Chancellor to investigate behavioural characteristics missed by the
Expert panel and the Engineers reports on the building failure.

2012 Royal Commission into the Christchurch Earthquakes - In-elastic analyses of a
six storey building with marked torsional responses.

2012 Royal Commission into the Christchurch Earthquakes - Expert witness to the
Non-Linear Time-History Analyses (NLTHA) performed by consulting engineers
for the Department of Building and Housing. To be presented to the Royal
Commission hearings in June 2012.
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Research Student Supervison 
 
Master of Engineering Students. 
 
1.   Climo, N.A. Finite Element Modelling of Soil Continua.   1972 
2.   Sinclair, P.J. Finite Element Analysis of Steady State Seepage with a Free Surface.

         1972 
3.   Gormack,  P.J. Non-linear Finite Element Analysis of Shear Walls and two 

Dimensional Reinforced Concrete Structures.  1974 
4.   Cameron, A.J. The Response of Reinforced Concrete Bridge Piers to Seismic Motion. 
     (with R. Park)       1975  
5.   Lim, Chin Pau. The Effects of Temperature on Reinforced Concrete Joints.  

(with R. Park)        1975 
6.   Lindup, G.H.    Seismic Demands on Columns of Reinforced Concrete Multistorey 

Frames.(with T. Paulay)     1975 
7.   Macdonald, A. Non-linear Finite Element Analysis of Reinforced Concrete Structures 

Subject to Cyclic Loading.     1975 
8.   Cree Brown, N.C. Non-linear Finite Element Analysis of Layered Shells.   

(with P. Moss)       1977 
9.   Evison, R.J. Rocking Foundations.        

(with N. Priestley)       1977 
10. Crosbie, R.L. Base Isolation for Brick Masonry Shear Wall Structures.  
   (with N. Priestley)        1977 
11. Jury, R.D. Seismic Load Demands on Columns of Reinforced Concrete Multi-

storey Frames. (with T. Paulay)    1978 
12. Carter, B.H.P.   The Seismic Behaviour of Reinforced Concrete Frame-Shear Wall 

Structures.  (with T. Paulay)   1980 
13. Crisp, D.J.  Damping Models for Inelastic Structures.    
   (with P. Moss)       1980 
14. Tompkins, D.M.  The Seismic Response of Reinforced Concrete Multi-storey Frames. 
   (with T. Paulay)       1980 
15. Kivell, B.T. Hysteretic Modelling of Moment Resisting Nailed Timber Joints. 
   (with P. Moss)       1981 
16. Goodsir, W.J. The Response of Coupled Shear Walls and Frames.   
  (with T. Paulay)       1982 
17. Lowe, P.J.  Non-linear Finite Element Analysis of Shell Structures.  
   (with P. Moss)       1982 
18. Clendon, J.E. Alternative Damping Models.      
  (with P. Moss)       1985 
19. Smith, D.B.M. The Response of Buildings with Coupled Shear Walls.  
    (with T. Paulay)       1985 
20. Cooper, A.C. Finite Element Analysis of Shell Structures Using Triangular Layered 

Elements.  (with P. Moss)    1986 
21. Mallaly, K.W. Gravity Dominated Reinforced Concrete Framed Buildings. 
  (with T. Paulay)       1986 
22. Papakyriacou, M.A. The Seismic Response of Coupled Shear walls.   
  (with T. Paulay)       1986 
23. Tan, Fun Kwai.  Seismic Behaviour of Bridges on Isolating Bearings.  
  (with P. Moss)       1986 
24. Turkington, D. Seismic Design of Bridges on Lead-Rubber Bearings. 

 (with N. Cooke and P. Moss)      1987 
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25. Tjondro, J.A. Analytical Investigation of P-Delta Effects in Medium Height Steel 
Moment Resisting Frames. (with P. Moss)   1988 

26. Wijanto, L.S. Seismic Behaviour of Low-Rise Braced Steel Structures.   
(with P. Moss)       1988 

27. Chew, A.S. Seismic Response of Timber Structures.    
  (with P. Moss)       1989 
28. Djaja, R.G. Finite Element Modelling of Fibrous Assemblies.   
  (with P. Moss and G. Carnaby (WRONZ))    1989 
29. Lee, Poh Chuan.  Seismic Response of Six Storey Braced Steel Frames.  
  (with P. Moss)       1989 
30. Thomson, E.D.  P-Delta Effects in Ductile Reinforced Concrete Frames Under Seismic 

Loading. (with P. Moss)     1991 
31. Sinclair, K.M. The Response of Multi-storey Frames to Seismic Pounding.  
  (with P. Moss)       1993 
32. Stewart, N.L. An Analytical Study of the Seismic Response of Reinforced Concrete 

Frame-Shear Wall Structures.  (with D. Bull)   1995 
33. Cho, J.H.  Non-linear Geometric Effects in Framed Structures.   
  (with P. Moss)       1997 
34. Rashidi, A.B. The Behaviour of Imperfect Shear Walls Under Earthquake Loading. 
  (with P. Moss)       1997 
35. Chambers, D.J.  A Distributed Spring Soil Model for Dynamic Soil-Structure 

Interaction Analysis.      1998 
36. Kao, Grace C. Design and Shaking Table Tests of a Four Storey Miniature Structure 

Built With Replaceable Plastic Hinges.(with J. Restrepo)  1998 
37. Pradono, M.H. Dynamic Amplification of Static Design Forces at Flexural 

Overstrength of Coupled Wall Structures. (with P. Moss) 1998 
38. Bishay-Girges, N.W. Damping Models for Inelastic Structures.   
  (with P Moss)        1999 
39. Dong, Ping. Effects of Different Choice of Hysteresis Models on the Response of 

Framed Structures of Reinforced Concrete Subjected to Earthquake 
Excitation.  (with P. Moss)    1999 

40. Chey, Min Ho.  Parametric Control of Structures Using a Tuned Mass Damper System 
Under Earthquake Excitation. (with P. Moss)  2000  

41. Hou, Ming. Dynamic Behaviour of Bridges with Energy Absorbing Bearings. 
  (with P. Moss)       2000 
42. Thompson, N.S.  Curved Reinforced Concrete Shells.    
  (with P. Moss)       2000 
43. Beyer, K  Re-examination of the Seismic Behaviour of Ductile Coupled Walls 
  (with T. Paulay and H.Bachmann)    2001 
44. Chu, K.H.  Soil-Structure Interaction of Masonry In-filled Frames with Openings.

         2002 
45. Robertson, K Probabilistic Seismic Design and assessment Methodologies for the 

New Generation of damage Resistant Structures. 
  (with J Mander)      2006 
46. Hertanto, Eric Seismic Assessment of pre-1970s Reinforced Concrete Structures 
  (with S. Pampanin)       2006 
47. Alistair Waller. The Effect of Mass Irregularity on the Response of Drift and 

Acceleration for Isolated and Un-isolated Structures, 
  (with Bruce Deam)      2010 
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Doctor of Philosophy Students. 
 
1.  Sharpe, R.D. The Seismic Response of Inelastic Structures.  1974 
2.  Moore, T.A. Finite Element Analysis of Box-Girder Bridges.  1975 
3.  Wilby, G.K. Response of Concrete Structures to Seismic Motion.    
  (with R. Park)        1975 
4.  Taylor, R.G. The Non-linear Seismic Response of Tall Shear Wall Structures. 
  (with T. Paulay)       1977 
5.  van Luijk, C.J.  Structural Analysis of Wool Yarns.     
  (with P. Moss and G. Carnaby(WRONZ))    1981 
6.  Goodsir, W.J. The Design of Coupled Frame-wall Structures for Seismic Actions. 
  (with T. Paulay)      1985 
7.  Whittaker, D. Seismic Performance of Offshore Concrete Gravity Platforms. 
  (with R. Park)        1987 
8.  Andriono, T. Seismic Resistant Design of Base Isolated Multi-storey Structures. 

         1989 
9.  MacRae, G.A. The Seismic Response of Steel Frames.    
   (with W. Walpole)       1989 
10. Zhao, X.  Seismic Soil Structure Interaction.     
   (with P. Moss)       1990 
11. Mori, A. Investigation of the Behaviour of Seismic Isolation Systems for 

Bridges. (with P. Moss)     1993 
12. Munro, W.A. Finite Elements for Yarn Mechanics.     
  (with P. Moss and G. Carnaby(WRONZ))    1995 
13. Widodo.  Rocking of Multi-storey Buildings.    1995 
14. Crisafulli, F.J. Seismic Behaviour of Reinforced Concrete Structures with Masonry 

Infills.  (with R. Park)       1997 
15. Charng, P.S. Base isolation for Multi-storey Building Structures.   
  (with P. Moss)        1998 
16. Rahman, A.M. Seismic Pounding of Adjacent Multiple-Storey Buildings Considering 

Soil-Structure Interaction and Through-Soil Coupling.  
  (with P. Moss)       1998 
17. Xi Lin. Analysis and Design of Building Structures with Supplemental Lead 

Dampers Under Earthquake and Wind Loads.   
  (with P. Moss)       1999 
18. Satyarno, I. Adaptive Pushover Analysis for the Seismic Assessment of Older 

Reinforced Concrete Buildings. (with J. Restrepo) 2000 
19. Zhang, J.J.  Seismic Soil-Structure Interaction in the Time-Domain.  
  (with P. Moss)       2000 
20. Liu, Aizhen. Seismic Assessment and Retrofit of Pre-1970s Reinforced Concrete 

Frame Structures. (with R. Park)     2002 
21. Bishay-Girges, Nagui.  Seismic Protection of Structures Using Passive Control Systems. 

(with P. Moss)       2004 
22. Castillo-Barahona, Rolando. Torsional Response of Ductile Structures. 
 (with T. Paulay)      2004 
23. Dong, Ping. Effect of Different Choice of Hysteresis Models and Damage Models 

on Seismic Damage Analysis for Reinforced Concrete Ductile Framed 
Structures. (with P Moss)     2003 

24. Saunders, Dean. Refined Pushover Analysis for the Assessment of Reinforced Concrete 
Frames Inelastic Performance Under Seismic Attack and Investigation 
into the Performance of the Structural Mechanisms of the Civil Office 
Building, Christchurch. (with J. Mander)  2005 
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25. Zaghlool, Baher. Energy Modelling and Behaviour of Multi-storey Structures Under 
Concurrent Orthogonal Seismic Excitation. 

 (with J. Mander)      2007 
26. Chey, Min Ho. Inelastic 3-Dimensional Analysis of Structures with Semi-active Non-

linear Tuned Mass Dampers Under Earthquake Excitations. 
 (with J. Mander and G.Chase)    2007 
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Current Doctor of Philosophy Students. 
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control strategies for earthquakes. 

 (with Rajesh Dhakal and Greg Macrae)  
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