
 
 

 

HOW NOMINAL IS ANY STRUCTURE’S DUCTILITY? 
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SUMMARY 

It is apparent that there is perceived to be a distinct division in the Concrete Structures 
Standard (NZS 3101) between ductile1 structures that must be designed in accordance with 
rigorous capacity design methods, and nominally ductile structures for which capacity design 
is not prescribed.  In conjunction with less onerous detailing requirements, this makes 
nominally ductile structures appealing in situations where the consequent higher seismic 
design actions can be accommodated.  In particular, nominally ductile design is prevalent in 
Auckland, the country’s largest construction market. 

This paper aims to highlight long standing but commonly overlooked requirements of the 
Concrete Structures that in fact require ‘capacity design light’ to be applied to all nominally 
ductile structures subject to earthquake actions.  Failure to consider these requirements during 
the design process will often result in structures that are unsafe during a ‘design’ earthquake, 
and thus non-compliant with the requirements of the Building Code. 

INTRODUCTION 

New Zealand structural design standards (NZS 1170.5 2004; NZS 3101 2006) currently 
categorise structures into three classes based on the structural (displacement) ductility (μ) 
expected to occur at the ultimate limit state.  With some variations depending on material type 
and structural form, the categorisation typically comprises: 

 Nominally ductile structures, with structural ductility limited to μ = 1.25; 

 Limited ductile structures, for which μ < 3; and 

 Ductile structures, typically being limited to μ < 62 

The concept of ‘nominally ductile’ concrete structures was introduced to New Zealand with the 
introduction of the 1995 edition of the Concrete Structures Standard, though at that time such 
structures were referred to as ‘elastic’ or ‘elastically responding’.  Ductile and limited ductile 
design procedures differ mainly in the detail(ing).  For this reason, and for brevity, the term 
‘ductile structure’ will be used in this paper as shorthand encompassing both classes.  In 
contrast, the design procedures specified for ductile structures differ significantly from those 
for nominally ductile structures.  In the minds of New Zealand engineers, the distinction is 
particularly stark: ductile structures are perceived to be ‘capacity designed’ taking account of 
overstrength and dynamic amplification, while nominally ductile structures are designed simply 
to resist the forces coming from a computer analysis. 

                                                           
1 and limited ductile 

2 But practically limited to ductility values of μ = 4 to 5 depending on serviceability limit state requirements. 



The author believes that there are flaws in current design provisions for nominally ductile 
structures, and greater flaws in the manner in which they are typically applied.  This paper 
aims to illustrate these issues.  The paper is framed around three contentions: 

 That the typical interpretation of Standards creates a ‘moral hazard’ by 
incentivising nominally ductile design; 

 That many nominally ductile structures do not comply with the requirements 
of NZS 3101 (and hence are unlikely to comply with the Building Code); and 

 That the current framework of design provisions relating to the ductility of 
structures is convoluted and ripe for rationalisation and clarification. 

INCENTIVISATION OF NOMINAL DUCTILITY 

Structural design Standards in New Zealand incentivise the adoption of a nominally ductile 
design philosophy in preference to a ductile design philosophy.  This incentivisation arises from 
two broad features of design Standards, namely: 

1. Analysis requirements; and 
2. Detailing requirements. 

Irrespective of whether a structure is ductile or nominally ductile, the majority of structural 
design in New Zealand is currently based on ‘elastic’ analysis, i.e. analysis that does not 
account for the nonlinear behaviour (yielding) of structural elements.  This analysis typically 
constitutes an equivalent static analysis for simple structures or a modal response spectrum 
analysis (MRSA) for more complex structures.  In either case, prescribed earthquake actions 
are applied to the structure.  For typical elastic analyses these earthquake actions are 
determined based on an acceleration response spectrum derived for the site and modified 
according to the (assumed) ductility of the structure.  The common description of this response 
spectrum as a ‘design earthquake’ is misleading, for reasons discussed later in this paper. 

Nominally ductile design is incentivised by analysis requirements as a result of the requirement 
to apply ‘capacity design’ for ductile structures, but not for nominally ductile structures.  For 
capacity design of a ductile structure, the elastic analysis described above is only a small step 
towards determining the design actions for the structure.  The analysis results are used to 
determine the (typically) flexural capacity of selected ‘fuse’ elements in the structure.  These 
elements are selected so that their yielding results in formation of a sway mechanism, which 
then limits the demands on other elements.  In order to ensure reliable formation of the sway 
mechanism, the capacity of other elements is required to exceed the demands that could 
conceivably exist in them when the mechanism forms.  This is achieved by taking the analysis 
results and adjusting them to account for ‘overstrength’ of the yielding elements and ‘dynamic 
amplification’ resulting from higher mode effects.  Adjustment of these actions is laborious.  It 
is not achievable using standard analysis software, and is challenging to implement in (for 
example) spreadsheets.  On the other hand, the perception of engineers in New Zealand is 
that nominally ductile structures need only be designed to resist the earthquake actions on the 
structure determined directly from the analysis software.  These actions are readily exported 
to spreadsheets or other automated design processes. 

That detailing requirements provide an incentive for lower ductility structures should be self-
evident.  It is generally recognised that the stringency of detailing required for a concrete 
element increases with the ductility demand.  This manifests most obviously as closer 
reinforcement spacing requirements and consequential increased congestion, but also 
encompasses more holistic restrictions such as restrictions on gross proportions of elements. 

The analysis differences outlined above are most significant for unusual irregular structural 
forms. Application of capacity design principles to such ‘architectural’ structures is highly 
challenging if not impossible.  In contrast, such structures are ‘easy’ to design for nominal 



ductility due to the ease with which modern analysis software can provide (potentially 
meaningless) design actions for complex structures.  In conjunction with the added ‘benefit’ of 
less demanding (and less effective) detailing that accrues to the designer of a nominally ductile 
structure, it should be evident that current Standards lead almost inevitably to the least 
stringent detailing being applied to the least predictable structures.  The resultant structures 
may have little redundancy or resilience to accommodate the reality that ‘real’ earthquake 
actions will almost certainly differ from those considered by the designer. 

EXAMPLE STRUCTURE 

In order to illustrate that the incentivisation discussed above is in fact a cause for concern, an 
idealised nominally ductile structure has been analysed and designed in a manner akin to that 
used in design offices throughout New Zealand.  To simplify demonstration of the issues, the 
structure is considered to be two dimensional; it is also very regular.  As shown in Figure 1, 
the structure considered is an eight-storey wall building, with floors supported away from the 
walls by moment resisting frames.  The entire structure is founded on piles.  Mass distribution 
is such that 75% of the (vertical) weight is carried by the frames and 25% by the walls.  This 
distribution affects the diaphragm demands, which are represented in the simplified model by 
the axial force that develops in the links between the walls and frames. 

 
Figure 1: Elevation of example structure 

A response spectrum analysis of the structure has been undertaken, with the design spectra 
(shown later in Figure 3) defined assuming: 

 The building is of normal importance (IL2), and hence Ultimate Limit State 
(ULS) design is based on a 500 year return period earthquake; 

 The structure is located in Tauranga on a ‘C’ soil site; 

 The structural ductility factor is μ = 1.25, and Sp = 0.7 on the basis that 
adequate detailing will be incorporated in the design3 as is commonly the 
case for real nominally ductile structures. 

The building is relatively stiff, having a fundamental period of approximately 0.8 seconds.  Thus 
the peak (μ = 1.0) drift is approximately 0.2%, and the peak roof displacement is 42 mm.  The 
design base shear is 1479 kN, with scaling not required.  Results for wall shear and flexural 
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actions and diaphragm (link) forces are shown as envelopes in Figure 2.  Key design decisions 
based on these results are summarised in Table 1. 

   
Figure 2: Design action envelopes for moment, shear, and axial forces 

Table 1: Summary of design decisions 

Item Demand, S* Capacity provided, ΦSn 

Wall flexure M* = 18420 kNm ΦMn = 20340 kNm 

Wall shear V* = 1366 kNm ΦVn = 1498 

Diaphragms T* = 233 kN ΦTn = 225 kN 

Pile - tension N*t = 2317 kN ΦNt = 2400 kN 

 

DOES THIS STRUCTURE REALLY HAVE ‘NOMINAL’ DUCTILITY? 

While obviously highly simplified, the ‘design to envelopes’ approach described above is 
essentially the approach taken for nominally ductile structures in the authors experience.  Thus 
it is concerning that the structure that results from this design approach is (i) not actually 
‘nominally ductile’, and (ii) not compliant with NZS 3101 (and thus verification method B1/VM1).  
This statement is based on failure to comply with a single overarching requirement imposed 
on nominally ductile structures, namely that: 

Nominally ductile structures shall be proportioned to ensure that when they are 
subjected to the seismic load combinations…for the ultimate limit state…the 
following conditions are satisfied. 

(a) When the structural system is such that under seismic actions larger than 
anticipated, mechanisms could only develop in the same form as those 



permitted…for ductile structures...the selected structure is exempt from the 
additional seismic requirements of all sections of this Standard. 

(b) When a mechanism could develop in a form which is not permitted for a 
ductile...structures, the relevant mechanism or mechanisms shall be identified.  
Potential plastic hinge regions shall be identified, and detailed for 
ductile…plastic regions…in accordance with the additional seismic design 
requirements of this Standard. 

This wording is abridged from Clause 2.6.6.1 of NZS 3101:2006; Clause 4.4.10 of 
NZS 3101:1995 prescribes identical requirements.  Thus this requirement has existed for as 
long as nominally ductile concrete structures.  The example structure described previously 
does not comply with the clause, and neither would many nominally ductile structures designed 
in New Zealand since 1995. 

In contrast to the typical perception of engineers, the clause above effectively requires that (at 
least) a simplified form of capacity design must be applied for nominally ductile structures.  
This is because, in the best case scenario (a)4, the designer must be able to demonstrate that 
the structure can form sway mechanisms that would be permissible for a ductile structure.  This 
typically limits the designer to ensuring formation of a beam-sway mechanism for frames, or 
ensuring flexural yielding occurs in structural walls.  It certainly means that the overall capacity 
of the structure must not be governed by non-ductile behaviour such as shear failure of 
elements or diaphragm failure. 

Demonstration of non-compliance 

The non-compliance of the example structure can be demonstrated by showing the failure 
hierarchy that would develop in a ‘real’ design earthquake (as distinct from what happens when 
analysed using a smoothed design spectra). 

The ‘real’ design earthquake has been represented here by scaling seven recorded 
earthquakes so that they match (on average) the site spectra (i.e. μ = 1 Sp = 1) for the building5.  
The scaled earthquake spectra are overlaid on the site spectra in Figure 3, with the nominally 
ductile design spectra used for the previously discussed response spectrum analysis of the 
building also shown.  A number of observations can be made about these spectra: 

 The ‘real’ spectra are individually lower than the site spectra for some periods 
and higher for others; 

 When the multiple ‘real’ spectra are considered together, it is clear that for 
any structure there are ‘design’ earthquakes that will have greater intensity 
than is indicated by the smoothed site spectra; and 

 Based on typical earthquake records, this exceedance should be anticipated 
to be of the order of 40%. 

It is interesting to consider the significant (approximately 50%) reduction from the site spectra 
to the nominally ductile design spectra.  There is something of a mantra amongst engineers 
that nominally ductile spectra represent an upper bound on earthquake demands that need be 
contemplated in design.  It must be recognised that this view only has any validity if the capacity 
of the structure is limited by dependable ductile failures; if (for example) shear failure is the 
limiting factor, then reduction from ‘full elastic’ forces cannot be relied on either on the basis of 

                                                           
4 (b) is not considered here in detail, but implicitly requires that if a sway mechanism permissible for ductile structures cannot form 

then the structure must be designed as if it were ductile, which would include application of the full principles of capacity design. 

5 Scaling was undertaken using the provisions outlined in NZS 1170.5:2004, but with no family scale factor applied. 



ductile behaviour or the Sp factor6.  It should give pause that the spectral peaks of ‘real’ design 
earthquakes exceed the nominally ductile spectra by a factor of approximately three. 

 
Figure 3: Site and design spectra, and spectra for real earthquakes scaled to match site 

spectra 

In order to demonstrate the non-compliance of the example structure (and most other 
nominally ductile structures) with Clause 2.6.6.1, the impacts of one of the ‘real’ design 
earthquakes (Cerro Prieto) on the structure has been assessed by non-linear time history 
analysis.  The analysis was undertaken using the ‘fast nonlinear’ modal time history algorithm 
as implemented by Etabs 2015 Ultimate (CSI Berkeley 2015).  Non-linear elements 
representing flexural yielding of the wall and columns were included in the analysis.  Checks 
of shear strength, diaphragm capacity, and foundation capacity were undertaken by post-
processing after the analysis.  ‘Expected’ strengths as shown in Table 2 were used both for 
the non-linear elements and post-analysis checks, with expected strengths derived based on 
the design summarised previously in Table 1 but with capacity reduction factors removed and 
adjusted to reflect average (rather than nominal) material strengths.  The wall flexural strength 
is probably underestimated as no allowance has been made for increased axial forces in the 
wall that eventuate from geometric effects (‘elongation’) when the wall displaces (Cooper et al. 
2012). 

Results from the time history analysis are summarised in Figure 4, which shows the force-
displacement response of the building.  It is evident that the peak displacement demand 
(67 mm) is 50% greater than the ‘design’ displacement obtained from the (μ = 1) response 
spectrum analysis.  It can be surmised from this plot that the response is essentially linear (i.e. 
elastic), as the peak base shear (2311 kN) is also approximately 50% greater than the maxima 
determined from the design response spectrum analysis.  More detailed consideration 
confirms this, showing that only minor yielding occurs with a maximum plastic rotation of 1.2 
milliradians at the base of the wall. 

                                                           
6 which relies on the ability of correctly detailed members to sustain multiple cycles of loading at the peak displacement 
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Table 2: Summary of expected capacities and ‘real’ earthquake demands 

Item Expected strength, Se Time history demand, 
S*th 

Wall flexure Me = 25782 kNm M*th = 25924 kNm 

Wall shear Ve = 1498/0.75×1.1 = 2197 kN V*th = 2099 kN 

Diaphragms Te = 225/0.75×1.1 = 330 kN T*th = 359 kN (L3) 

Pile - tension Ne,t = 2400/0.85×1.1 = 3106 kN N*th = 3709 kN 

 
Figure 4: Plot of displacement versus base shear 

As a result of the increased displacement demands, significantly greater demands occur in all 
parts of the structure than were considered during design.  This is likely to have significant 
consequences: 

 As can be seen in Table 2 the expected diaphragm capacity is exceeded at 
L3.  Though not shown, it is also simultaneously equalled or exceeded at the 
adjacent levels.  If diaphragm failure was brittle, the result would be 
devastating.  Even if ductile yielding occurred, the resulting redistribution 
would likely cause other levels to become overloaded with unpredictable 
consequences; 

 Table 2 also shows peak shear demands placed on the wall.  It is evident 
that these are close to the expected shear capacity.  Thus there is a 
reasonable possibility of non-ductile shear failure occurring; and 

 Figure 5 shows that the (axial) capacity of the wall foundations is exceeded 
(several times) during the earthquake. 

None of the failures described above is ductile or predictable.  Importantly, all have been 
checked against expected (i.e. average) strengths; thus they will occur on average during this 
earthquake.  All could (directly or indirectly) lead to partial or total collapse of the building and 
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consequential injury or death of occupants.  Thus, as well as being non-compliant with NZS 
3101 (and hence B1/VM1), the design must be in breach of the Building Code requirement for 
buildings to safeguard people from injury by their having a low probability of becoming unstable 
during earthquakes. 

 
Figure 5: Pile tension force over the duration of the earthquake 

IS THIS ANOMALOUS? 

It might be suggested that the example structure has been proportioned in such a way that the 
results described above are anomalous and not indicative of a broad design problem.  
Unfortunately, the results are not likely to be anomalous.  Such undesirable behaviour is likely 
to be occur commonly in nominally ductile structures due to the relationship between design 
and expected strengths differing significantly for different types of element and design action. 

Three factors significantly affect the relationship between the design strength (ΦSn) and the 
expected (‘average’ or most probable strength, Se) for any element, namely: 

1. The capacity reduction factor (Φ), which reduces the design strength by at 
least 15% but is not applicable to the expected strength; 

2. The difference between lower characteristic material strengths used for 
design and average material strengths that determine the expected 
strength.  This variation (denoted αmaterial) typically results in a 10% increase 
in element capacity; and 

3. ‘Redundancy’ (denoted αredundancy) resulting from the tendency of designers 
to provide somewhat greater capacity than analysis indicates is necessary. 

Considering all these effects, and assuming that the baseline requirement is that S* = ΦSn, it 
can be stated that: 

Se = αredundancyS*/Φ/αmaterial 

The material factor, αmaterial, can be taken as approximately 1.1 for most reinforced concrete 
elements where capacity is limited by the reinforcement (Allington et al. 2006; Andriono and 
Park 1986).  In contrast, there is some variation of capacity reduction factor depending on the 
action considered (e.g. shear vs flexure), and wide variation of the level of redundancy in 
designs. Considering this further, reasonable ranges for the capacity provided over that 
required could be taken as: 
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 20-50% for frame flexure (i.e. 1.2 < αredundancy < 1.5).  While flexural capacity 
can be closely matched to demand, it is typical to ‘rationalise’ the design by 
using only a small number of sections throughout the structure.  Thus in 
many locations the capacity will significantly exceed demand; 

 20%-200%+ for wall flexure.  Three factors contribute to the (possibly 
excessive seeming) upper end of this range, namely: 

i. The common assumption that design can be (conservatively) 
simplified by treating all walls as planar, i.e. ignoring flanges and 
interaction between perpendicular walls; 

ii. The tendency for wall reinforcement to be governed by required 
reinforcement ratios rather than strength; and 

iii. The (largely unknown) strength increase that arises when geometric 
wall elongation increases the axial force acting on the wall. 

 0%-30% for shear design, as it is simple to adjust reinforcement sizes and 
spacing to closely match demands in the critical regions; 

 0%-30% for piles, because as discrete items their capacity can be tailored to 
closely match analysis demands; and 

 -50%-20% for diaphragms.  The negative value given as the lower bound of 
the range is in recognition of the reality that diaphragms are (still) generally 
given poor consideration by engineers.  When well considered it is likely the 
capacity will be matched closely to the demands, at least at critical levels. 

Based on the discussion above, Figure 6 shows the anticipated ranges of expected strengths 
for various structural elements relative to the design capacity (i.e. Se/S*).  It is evident from this 
figure that (relative to the design strength) the expected flexural strengths of walls (in particular) 
and frames are significantly higher than for other behaviour types.  This indicates that flexure 
(whether of walls or frames) is the least likely of the behaviour types listed to limit the capacity 
of a nominally ductile structure, i.e. such structures are likely to have their capacity limited by 
non-ductile failure types. 

The conclusion above is generally applicable.  However, it is a particular concern for structures 
containing one or more of the following features: 

 Dual wall-frame structures; 

 Multiple walls of varying length; 

 ‘Architectural’ schemes; and/or 

 Irregular structures. 

These features are of concern because they generally increase uncertainty about the accuracy 
of demands predicted by structural analysis.  In particular, it is likely that the relative stiffness 
of different parts of the structure will be misrepresented by the analysis.  Thus, in addition to 
the issues outlined previously, it is reasonable to expect that the pattern of forces and 
displacements in the structure during a real earthquake may differ markedly from those 
predicted by computer analysis. 



 
Figure 6: Ratios of expected strength to design strength for different element behaviours 

There is only one solution for the issues identified, namely to require that (at least) a limited 
form of capacity design be applied to all nominally ductile structures, thus providing a 
reasonable likelihood that a desirable hierarchy of strengths eventuates in such structures.  
Some discussion of an appropriate framework is presented in the following section along with 
other proposals for alterations to design provisions for determining structure ductility. 

DOES DEFINING A STRUCTURE BY ITS DUCTILITY STILL MAKE SENSE? 

The problems identified in this paper thus far result from neglect of design requirements 
relating to the ductility of structures rather than from the requirements themselves (indeed as 
discussed the problems predate the current requirements).  Nonetheless, the problems provide 
a useful segue to discussion of the third contention of this paper, namely that the current 
framework of design provisions relating to the ductility of structures is convoluted and ripe for 
rationalisation and clarification. 

Currently, rigorously application of design Standards requires that a designer first categorise 
a structure as either nominally ductile, limited ductile, or ductile, and then later in the design 
process requires the deformations of individual plastic regions to be checked individually and 
detailed accordingly.  In the authors view, the categorisation part of this process is arbitrary as 
detailing requirements cannot be accurately identified based on building displacement ductility, 
and contributes significantly to a problem whereby ductility is commonly seen simply as a 
convenient means of reducing demands on a structure, rather than a complex behaviour that 
requires the engineer to verify that the structures they design will actually exhibit the ductility 
they have assumed.  It seems likely that (to at least some extent) this situation has arisen from 
the idea that a nominally ductile structure ‘has’ a ductility of μ = 1.25, or that a limited ductile 
structure ‘has’ a ductility of μ = 3, rather than these numbers being viewed more correctly as 
(arbitrary) limits. 

In any case, the initial categorisation is essentially a holdover from Standards predating the 
introduction of local element deformation checks, and is now unnecessary given the 
requirement to specifically determine local detailing requirements.  Currently there is at least a 
perception that the design process differs between ductile and nominally ductile structures.  
Any such difference would be removed if the need for capacity design of even nominally ductile 
structures identified in this paper was recognised by Standards.  In such a situation the 
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structural (displacement) ductility of a building would affect only details of the design process, 
not the actual steps to be undertaken.  Simplistically, the steps required would be: 

1. Undertake an initial analysis of the structure for some arbitrary level of 
earthquake demand.  This could, for example, be taken as response to the 
site spectra; 

2. Choose ductile locations in the structure that will produce a satisfactory 
sway mechanism; 

3. Choose the capacities of these regions, guided by the desired typical level 
of detailing.  For example, if analysis had been undertaken using the site 
spectra it would be reasonable to divide analysis demands by 
approximately 2, 4, or 6 respectively if the desired detailing level was 
nominally ductile, limited ductile, or fully ductile; 

4. Based on the chosen strengths and identified sway mechanism, evaluate 
the base shear corresponding to formation of the mechanism, and thus the 
required displacement ductility; 

5. Local deformation demands on ductile regions (and thus detailing 
requirements) can then be determined based on the sway mechanism and 
the required displacement ductility; finally 

6. The demands on other elements should then be determined based on a 
‘limited’ application of capacity design principles. 

These steps are similar to those currently used for capacity design of ductile structures, though 
framed somewhat differently.  Thus more detail of the procedures required for each step can 
be derived from existing sources on capacity design. 

The ‘limited’ application of capacity design referred to above requires significant development, 
but is conceived based on the points below: 

 It is critical that some form of ‘overstrength’ factor considered in the design 
of nominally ductile structures.  At a minimum, this must account for the 
increase from nominal to expected strength, for which a value of Φo = 1.1 
would typically be reasonable.  Refinement of the design process may 
suggest linking the overstrength factor to the deformation of the ductile 
region.  This would also further unify the design process irrespective of 
overall structure ductility. 

 The complexities of dynamic amplification factors may not be warranted for 
nominally ductile structures.  In part these factors account for the ‘accidental’ 
reduction of higher mode effects that results from design using ductile design 
spectra.  Clearly the lower spectral reduction associated with nominal 
ductility will reduce the significance of this phenomena. 

It must be recognised that implementation of even the limited capacity design approach 
advocated above would significantly increase the challenge represented by the design of some 
structures.  In particular, poorly schemed and ill-conditioned would be very difficult to design.  
This is simply a reflection of reality – such structures should be challenging (or impossible) to 
design.  Indeed, this has long been the case for (rigorously designed) ductile structures. 
Additionally, staging of consents may become more challenging, especially separate 
foundation consents.  However, the additional constraints imposed on the design by the 
foundation capacity could be accommodated provided sufficient preliminary design was 
completed. 

With continuing advances in analysis software, it is inevitable that non-linear analysis will 
increasingly be adopted for design.  Such analysis may be a particularly attractive alternative 
to capacity design for the challenging structures identified in the previous paragraph.  Similar 
certainty of performance to that provided by the limited capacity design procedure described 



could be achieved simply by analysing the structure using both upper and lower bound 
capacities for the ductile regions. 

There are situations where prescription of any form of capacity design would be unduly 
onerous.  Such situations relate to structures with capacity far in excess of that required to 
resist the design earthquake.  It is not appropriate for Standards to demand performance 
significantly in excess of Building Code requirements, thus exception from capacity design is 
required if the strength of a structure exceeds some reasonable bound.  As referred to 
previously, this bound is currently often assumed to be the actions derived using nominally 
ductile design spectra.  This is an inappropriately low value, because as illustrated in Figure 3 
such actions could be exceeded by a factor three when a truly elastic structure was subjected 
to a ‘real’ design earthquake.  A true upper limit would be dramatically higher: 

 As noted previously, spectral peaks of ‘real’ earthquakes are equal to 1.4 
times equivalent smoothed (site) spectra, additionally 

 The commentary of the Design Actions Standard indicates that buildings 
should not collapse when subjected to the 2500 year return period 
earthquake, which is expected to be 1.5-1.8 times more intense than the ULS 
earthquake. 

If a structure’s strength is not limited by dependable ductile behaviour, its behaviour would be 
essentially elastic until the point of possible collapse.  Thus, an upper bound on design action 
for such elastic structures would be at least 1.4 × 1.5 = 2.1 times the site (i.e. μ = 1 and Sp = 1) 
spectra. 

A final issue that requires discussion is the performance of existing nominally ductile 
structures.  On the basis of the arguments in this paper, many (most?) such structures may 
potentially perform poorly relative to expectations based on their recent vintage.  While 
deficiencies of nominally ductile structures were not prominent in Christchurch, it is likely this 
was due to the majority of the building stock predating the introduction of the concept of 
nominally ductile concrete structures.  While it is beyond the scope of this paper to propose an 
approach to mitigate likely problems in existing nominally ductile buildings, this issue requires 
contemplation. 

CONCLUSIONS 

This paper has shown that New Zealand Standards currently incentivise the adoption of a 
‘nominally ductile’ design philosophy due to the lesser detailing required by such structures 
and the perception that capacity design principles need not be applied.  The paper has also 
shown that the analysis and design approaches typically adopted for nominally ductile 
structures are likely to result in the capacity of the structures being limited by non-ductile 
failures such as shear failure or exceedance of diaphragm or foundation capacities.  As a 
result, brittle failures should be expected during ‘real’ design earthquakes.  These problems 
arise from a common failure to implement a key requirement of NZS 3101 intended to ensure 
dependable behaviour of nominally ductile structures.  As a result, many nominally ductile 
structures in New Zealand are unlikely to comply with either NZS 3101 or the Building Code. 

Changes and clarifications to design Standards have been proposed that would result in the 
(current) requirements of the Standards being more prominent and clearly defined.  The key 
alteration proposed is a requirement for a limited form of capacity design to be mandatory for 
nominally ductile structures.  It has also been proposed that current practice of denominating 
entire structures by their ductility is unnecessary, and that removal of this practice would clarify 
the aims of design Standards. 
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