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ABSTRACT: For over forty years Tom Paulay provided us with pragmatic methods of 
achieving high levels of seismic performance in new and existing buildings.  He taught 
his students to focus on what was important and that clever analysis does not compensate 
for poor configuration or a lack of redundancy.  This paper provides observations and 
comments from a practising earthquake engineer on aspects of current seismic design 
practice and questions whether these have met the ideals set by Tom.  

1 INTRODUCTION 

Tom taught that an earthquake will seek out and exploit any weakness in a structure and will not 
respect how clever the design, how clever the designers thought they were, or how much effort went 
into the structural analysis and calculations.  If a structure has a critical weakness it may survive a 
severe earthquake, but the risk that it will perform poorly is very much increased notwithstanding the 
effort expended on its design. 

Observation would suggest that structural designers often ignore these ideals and focus efforts in areas 
that will not necessarily, on their own, lead to good seismic performance. 

In this paper observations are made and comment given on several aspects of seismic design that are 
given undue prominence, are often ignored, or simply are common practices likely to lead to poor 
seismic performance.  They include issues relating to design seismic loading, structural analysis, 
configuration and lack of separation.  This is not to suggest that these are the only areas that should be 
considered nor that they are the most critical.  They are simply a selection to illustrate the point that 
successful seismic design is achieved through adherence to the basics, and understanding and 
recognising what is important. 

2 DESIGN EARTHQUAKE LOADS 

2.1 Misplaced accuracy 

It is frustrating to see earthquake loads being quoted to many significant figures in structural 
calculations.  This indicates a lack of understanding about the accuracy and uncertainties inherent in 
the procedures used to derive the loads and misplaced precision.  In the New Zealand Earthquake 
Loadings Standard NZS 1170.5:2004, as in many international standards, the earthquake loads are 
derived using uniform risk seismic hazard analysis procedures.  Such analyses are typically associated 
with significant uncertainty.  The analyses that back up the New Zealand earthquake loads include 
allowance for uncertainty in the attenuation relationships but make no attempt to allow for 
uncertainties in other areas such as the recurrence parameters of the seismicity models.  The 
uncertainties in the seismicity models are high and do not justify more than one significant figure in 
the calculation of design accelerations (perhaps two for low seismicity regions). 

It also needs to be recognised that design acceleration provides only a coarse correlation with 
earthquake performance.  Of equal (if not more) importance are the size of the earthquake (duration of 
shaking), displacement, ground/structure interaction, quality of construction.  
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2.2 Site-specific Seismic Hazard Analyses 

Site- specific seismic hazard analyses are another area of concern.  These are used primarily to reduce 
the design earthquake loading for a particular site.  While this practice is acceptable under the terms of 
NZS 1170.5 (provided certain minima are observed), care must be taken to recognise that the overall 
objective of seismic design is to provide earthquake-resilient structures so that the risk of a 
catastrophic disaster involving unacceptable loss of life and economic impact is minimised.  There is 
no certainty where the next large earthquake will occur in New Zealand, and no certainty (although the 
risk is obviously less) that it will not occur in a low seismicity region.  The loads that are defined in 
NZS 1170.5 do recognise that some inherent resilience is required even if the risk is low.  Quite often, 
the philosophies inherent in NZS1170.5 are ignored though the justification of minimum design loads 
in the pursuit of minimum construction cost. 

2.3 Upper limits 

NZS 1170.5 defines loads for nominally elastic structures and it is common practice to use these loads 
as the effective maxima to which a structure will be subjected.  This is acceptable under the standard 
but should not be confused with achieving the ideals of capacity design.  A correctly implemented 
capacity design will provide a structure with the ability to perform satisfactorily until the available 
ductility is exhausted, and this could be expected to be well beyond the design load level.  It stands to 
reason that a structure that has been subjected to full capacity design will perform better than one 
where the capacity design actions have been limited.   

Designers of buildings and structures for low seismicity areas in New Zealand often find that the 
Code-defined loads can be carried elastically without the need for any special ductile detailing.  This is 
legitimate in risk terms, but should such structures rank the same as those that do have a failure 
hierarchy and ductile resilience? 

When adopting upper limits on design actions, we should be mindful of the accuracies inherent in the 
methods used to derive the earthquake loads as was discussed above, and perhaps reflect on the 
changes to earthquake design loads over the last twenty years. 

3 ANALYSIS 

3.1 Use of modal analysis and limitations 

Our earthquake design standard requires a modal response spectrum analysis (MRSA) for complicated 
and irregular structures, but are we fooling ourselves that this type of analysis gives us an accurate 
picture of how a building will perform in a significant earthquake which results in much inelastic 
behaviour?  If a building has low strength and therefore a high requirement for ductility in an 
earthquake, it would seem unlikely that an elastic analysis such as the MRSA would have any chance 
of predicting seismic behaviour unless the ductility demand is uniformly spread throughout the 
structure.  Unfortunately, in many situations where MRSA is relied upon, uniform ductility demand 
must be an unlikely outcome. 

It is perplexing to see many irregular buildings being justified solely by modal analysis, and even 
more perplexing to see for some structures, element stiffnesses and (perhaps, more concerning) ground 
stiffnesses being precisely tuned to achieve an acceptable codified seismic performance.  Who are we 
kidding? 

There is a place for MRSA and it is a tool that will provide designers with a better idea of how 
earthquake actions might be distributed around a structure.  However, it is not a panacea, and 
designers should realise that a significant earthquake will severely test a poorly conceived and/or 
irregular structure irrespective of the “accuracy” of the MRSA undertaken during its design. 

Structural regularity is not always possible or achievable, and our cityscapes would be much less 
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interesting places if all structures were paragons of regularity.  However, the onus is on the structural 
engineer to point out to owners, developers and other members of design teams that the downside of 
highly irregular structures is a much less certain seismic performance notwithstanding the 
sophistication that can be brought to bear in the analysis of the structure. 

The comments made above for the analysis for design of new buildings are perhaps more relevant to 
the assessment of the seismic performance of existing buildings.  Very rarely will the ductility demand 
be uniformly distributed within an existing building, and assessors should be very sceptical that 
MRSA will provide any better understanding of seismic performance than some well considered hand 
calculations or simple computer analysis. 

3.2 Do we understand the computer programs we use?  

In the previous section the validity of MRSA was questioned but, having decided to use a particular 
computer program, how well do designers understand the computer tools they are using, their 
limitations, the underlying assumptions and whether the results obtained are reasonable or realistic?  
Computer package manuals and guides are not always the most user friendly documents, and it can 
often be quite difficult to ascertain what the program is doing in a given circumstance.  Just because a 
structural model is easy to create does not mean that it is necessarily correct.  It is the designer’s 
responsibility to fully understand the tools that are used.  Common issues that may not be recognised 
or be well understood by all designers include problems arising from modelling the interaction 
between meshed walls and coupling beams, and axial load effects of transfer structures. 

3.3 Simple models are best? 

In general, the more complicated the structural model the more the care that must be taken with the 
modelling and the modelling assumptions.  “More complicated” should not be confused with 
achieving greater accuracy.  Modern computer packages make it very easy to code up models in 3D.  
In fact, in design offices today, most analyses, even for the simplest problems, are generally tackled in 
3D.  Do those undertaking these analyses (generally the young graduates), really understand the 
potential pitfalls involved in undertaking such analyses?  Do they have sufficient appreciation of what 
to expect or to know if an answer looks unreasonable, and are they overestimating the accuracy 
achieved?   

Simple hand analyses often provide a better understanding and insight of how a structure might 
behave in an earthquake than a sophisticated 3D representation.  In any event, designers should satisfy 
themselves that the results obtained using a sophisticated analysis are of the right order.  It is difficult 
to see how this might be achieved other than by parallel simple analysis.  How often is this done? 

The NZSEE guidelines for assessment of the performance of existing buildings (NZSEE 2008) 
promote the use of the Simple Lateral Mechanism Analysis or SLaMA .  This analysis approach uses a 
very simple representation of the structure but, in many cases, one inherently has more confidence in 
the result obtained compared with that from a more detailed but black box analysis. 

4 STRUCTURAL CONFIGURATION 

The ability to create a computer model and analyse almost anything has given designers the false 
impression that anything goes and that almost any structure can be “tuned” by repeated analysis to 
meet the seismic requirements of the Code.  

Almost every reconnaissance team to a major earthquake comes back with reports that structures with 
good configuration have survived while those without, have generally not performed well.  Regular 
structures invariably out perform irregular ones. 

Designers will be faced with having to deal with irregular buildings, but when this occurs, the seismic 
engineer should be hearing all the warning bells at full volume.  Why then are the requirements of the 
earthquake standard that are intended to provide such structures with the required additional resilience 
either ignored or not understood? 
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Consider, for example, the idealised structure shown in Figure 1.  This type of structural configuration 
seems to be quite common - with fully ductile lateral load resisting elements in the lower storeys 
reverting, in the upper levels, to a stiffer system designed elastically.  The structure shown has non 
uniform ductility demands and is vertically irregular by virtue of the change in stiffness with height.  
NZS1170.5:2004 and its predecessor NZS 4203:1992 not only require an increase in sophistication of 
structural analysis that deals with the change in stiffness, but also consideration of the potential ductile 
mechanisms and the potential non uniform distribution of the ductility demand.  It is this latter aspect 
that is often ignored.  Consider again the structure shown in Figure 1.  NZS1170.5 requires that the 
displaced shape of the various ductile mechanisms be considered.  For the structure shown, this will 
mean the design displacements in the lower levels will be significantly increased from those that will 
be predicted from an elastic analysis, even if this is a modal analysis.  Often, the increase in design 
displacement will be such that the structure will no longer be able to meet the code-specified 
displacement limits.  Non-uniform ductility distribution is perhaps more important/problematical to 
good seismic performance than stiffness irregularity - especially if it has received scant regard during 
design. 

Elastically 
non-capacity 
designed  

Fully Ductile

Full > = 1 displacement 
(minus elastic displacement) 
calculated at top of building to 
be accommodated at level 2

GR

1

2

3

R

Displacement from 
Ductile mechanism

Elastic Displacement

Total Design  Displacement

 
Figure 1 Design displacement for a building with non-uniform ductility demand 

 

Of course, the non-uniform ductility demand can be reduced by reducing the ductility demand in all 
parts of the structure.  However, if as a result the structure is provided with little ductile capability, this 
may create its own issues as discussed above. 

Irregular layout of lateral load-resisting elements in plan and/or inadequate consideration of the ability 
to resist torsional effects (e.g., potential poor performance of H layouts in ductile structures (Paulay 
2000) will similarly raise the risk of poor seismic performance. 

Designers should be aware that irregular layouts in structures, both vertically and in plan, will 
invariably lead to increased demands on floor and roof diaphragms.  How these effects are to be 
addressed are not, or can not, be fully defined by design standards, and much is left to the discretion 
and judgement of the designer.  Experience would suggest that this means that diaphragm actions are 
often ignored, not assessed, or are poorly understood.  While regular structures may be tolerant to 
ignorance in this area, irregular structures are unlikely to be.  

5 ISSUES WITH SEPARATION 

The Initial Evaluation Procedure (IEP) set out in the NZSEE guideline document (NZSEE 2006) 
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applies penalties for pounding resulting from inadequate separation of adjacent structures.  For many 
engineers, the IEP will be the first time that they will have had to consider the effects of pounding. 

In Wellington, inadequate clearance to boundaries is common for older buildings, and therefore 
pounding is often an issue that must be addressed.  It is often not practical for existing buildings to 
create the separation required to avoid pounding, and other retrofit methods for dealing with pounding 
are not yet well developed.  However, the fact that it has not been necessary to consider mitigation for 
pounding previously when developing seismic strengthening schemes is not a valid reason to ignore 
the issue today.  

6 TOM PAULAY - THE ENGINEER 

6.1 Capacity Design Methods 

It is testimony to Tom Paulay’s skill as a practical engineer that the capacity design procedures for 
ductile framed and wall buildings that he was instrumental in developing in the 1970s are still present, 
largely unchanged, in the New Zealand concrete design standard today, thirty years later.  Designers 
have other issues to consider such as beam elongation and enhanced plastic hinge capacities, but the 
practical, pragmatic, well thought out procedures developed by Tom have stood the test of time.  

Tom had the ability to distil out of an issue what was important and then present it in a clear, concise, 
elegant and pragmatic procedure that the practising engineer could understand and therefore could be 
expected to apply correctly.  Unfortunately, the voluminous and complex nature of our current 
standards means that quite often the obvious is now overlooked and we, as designers, do not always 
focus on what is really important.  

6.2 Examples 

Structural engineers working in Wellington sometimes come across drawings and calculations in the 
city archives that were prepared by, or for Tom Paulay when he was practising as a structural engineer 
in this city.  These designs are instantly recognisable for their quality, innovation, attention to detail, 
and craftsmanship. 

7 CLOSING 

In closing, it is appropriate to reflect that Tom taught us a great deal about how to achieve the highest 
levels of seismic performance from structures.  We in the structural/earthquake engineering profession 
have indeed been fortunate to have had Tom Paulay among us, and we will certainly be the poorer for 
his passing. 

Perhaps, the perfect way of honouring Tom’s memory is to consistently apply the principles he so 
passionately espoused. 
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