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ABSTRACT 
 
The seismic assessment of existing buildings is an expanding area of structural engineering practice 
in response to increasing statutory and commercial pressures on building owners. In the past an 
assessment has predominantly been undertaken by structural engineer with limited input by 
geotechnical engineer. As the awareness of the potential influence of ground behaviour and geo-
hazards on building performance grows, the need for more geotechnical inputs and Soil-Structure 
Interaction (SSI) consideration have been recognised.  This paper explores the necessary interaction 
between geotechnical and structural engineering disciplines in the seismic assessment of buildings, 
with emphasis on the appropriate timing and form of inputs required from the geotechnical engineer. A 
number of geotechnical/foundation “failure” mechanisms are discussed, in particular those that have 
the potential to result in a behavioural step-change and the consequence for building seismic 
performance.  
 
Keywords: Seismic assessment, soil-structure interaction, performance-based earthquake 
engineering, existing buildings, foundation behaviour 
 
 

1 INTRODUCTION 
 
The performance of a building during an earthquake is, in varying proportions, influenced by both its 
structure and the supporting ground. However, strategies which consider both aspects in the 
assessment of buildings for life safety are not very well-established in New Zealand practice, with 
many assessments undertaken without sufficient consideration of the underlying and surrounding 
soils, beyond the often cursory assessment of the site soil class. This approach has the potential to 
result in solutions that range from overly conservative to potentially unsafe (e.g. Cubrinovski and 
McCahon, 2011; Mylonakis and Gazetas, 2000).  
 
This paper builds on Clayton et al. (2014) by exploring the timing and form of geotechnical information 
necessary as part of an integrated seismic assessment approach. It builds on the fundamental 
concept is the identification of potential ‘step changes’ in geotechnical behaviour and consideration of 
the consequences of this behaviour to the building performance in terms of life-safety. 
 
 

2 SOIL STRUCTURE INTERACTION  
 
In a similar manner for both structures and soils, behaviour may range from ductile to brittle. Some 
structures are highly ductile, others e.g. unreinforced masonry have brittle failure mechanisms. Many 
soils are capable of plastic behaviour at strains significantly beyond their defined ‘failure’ point 
conventionally assumed in design, while others may be subject to a ‘step change’ in their behaviour at 
'failure due to mechanisms such as liquefaction or slope instability.  
 
In practical terms this means that while the ultimate behaviour of a building is influenced by both 
structures and soils, their relative importance may vary widely. Some buildings are vulnerable for 
primarily structural reasons, some primarily for geotechnical, and others a mixed interactive behaviour. 
The challenge is identifying which and focusing our efforts appropriately.  
 
 
 

3 PROPOSED COLLABORATIVE APPROACH  
 



In the conventional approach, geotechnical engineers would be provided a brief or scope of work, 
often defined by the structural engineer and the client.  In the proposed assessment approach, it is 
expected that the communication between the structural and geotechnical engineers would occur in 
early stages of the assessment to collaboratively identify potential step-change behavior in the 
structure, foundation or soil, and thus assist in defining the scope of seismic assessment. In some 
cases the geotechnical engineer’s scope might be limited to confirming the site class, in others may 
require more assessment work than the structural engineer. This approach may not necessarily lead 
to extra geotechnical assessment costs as the need of physical investigation and detailed analysis will 
be more targeted.  
 
As part of this process geotechnical engineers are expected to be able to assist in the understanding 
the overall soil-structure system behavior, including making judgment of the geotechnical behavior, 
rather than simply providing design/assessment parameters. Some existing guidelines such as ASCE-
41 (2013) Chapter 8 and EAG’s Detailed Engineering Evaluation (DEE, 2011) guidelines provide 
guidance to geotechnical/structural engineers to make those engineering judgments when dealing with 
existing structures.  
 
Flow charts (Figure 1 and Figure 2) have been developed to illustrate how a collaborative approach to 
seismic assessment may proceed.  
 
3.1 Initial Seismic Assessment (ISA) Stage 
 

In New Zealand, the first stage of the seismic assessment would be an ISA (Initial Seismic 
Assessment), a coarse evaluation generally undertaken by structural engineers generally involving 
only readily available desktop resources. The NZSEE (New Zealand Society for Earthquake 
Engineering) Seismic Assessment Guideline (2006, 2014) promotes the use of an attribute-based 
qualitative tool called the IEP (Initial Evaluation Procedure) during an ISA to screen and identify key 
aspects of the building that would affect its seismic performance.  
 
As part of the IEP, site and geotechnical characteristics that may lead to heightened life-safety risks to 
building occupants in an earthquake (e.g. fault movement splitting building apart) would be identified 
and the seismic rating down-rated appropriately. The inputs to the IEP are expected to draw on 
readily-available desktop resources such as regional hazards report, Council GIS systems and 
published literature (e.g. Liquefaction Hazard, Slope Instability Potential and Site Seismic Zoning 
Maps). Where such resources are unavailable for the site, it may be necessary for the structural 
engineer to seek a geotechnical engineer’s input to make appropriately conservative assessment of 
the site effects. The geotechnical inputs, along with other considerations within the IEP, would then 
assist the structural engineer making the necessary judgment of the ISA seismic rating.  
 
3.2 Detailed Seismic Assessment (DSA) Phase 
 

A Detailed Seismic Assessment (DSA) is expected to follow the ISA for those buildings identified as 
potentially earthquake-prone buildings in terms of the provisions of the New Zealand Building Act 
2004, or where higher minimum resilience levels are required. Such requirements might include pre-
purchase due diligence, tenancy/leasing agreement, confirming the earthquake-prone status prior to 
the design of seismic retrofit works. 
 
We suggest that the DSA should commence with an integrated structural and geotechnical discussion 
where the engineers review the findings of ISA and work together to identify potential geotechnical 
hazards, the expected SSI response mechanism and the level of sensitivity of the structure to the 
foundation behaviour. Screening for the potential for an abrupt behavioural step-change in the soil-
structure system is seen as a key step in the assessment. 
 
In Clayton et al. (2014), an integrated structural and geotechnical assessment approach is proposed 
for the detailed seismic assessment of existing buildings (Figure 4, page 6). Figure 2 provides a more 
detailed breakdown of how the appropriate timing and form of inputs from the geotechnical engineer 
into the assessment process. 



 

 
Figure 1. Geotechnical Inputs to the Initial Seismic Assessment (ISA) phase.  

 
3.3 Multi-disciplinary natural hazards assessment  
 

While the consideration of hazards external to a particular site is not explicitly covered in the New 
Zealand Building Act and the associated Earthquake-Prone Buildings policy it may be appropriate to 
flag any external hazards that are identified during the detailed assessment (e.g. Tsunami Risk).  For 
some high risk/importance structure (e.g.dams and key lifelines) and clients (e.g. critical facility 
operators and hospital boards) a multi-disciplinary natural hazard assessment can be considered. 
 
We envisage this multi-disciplinary natural hazards assessment requires an even broader approach 
compared to those proposed herein, covering natural hazards such as tsunami, volcano, climate 
change, flooding etc. The fundamentals of collaborative approach proposed in this paper in early 
identification of hazard, risk and consequence (to life safety or any other performance objectives) can 
be adopted for the multi-disciplinary natural hazards assessment. The coverage of this important topic 
is beyond the scope of this paper.  
 

4 CHALLLENGES TO A COLLABORATIVE APPROACH 
 

In order for this process to be effective a collaborative approach is required between the structural and 
geotechnical engineer. There are however, a number of challenges to be overcome. 
 
4.1 Differences in perception 
 

Differences in perception between structural and geotechnical engineers arise from methods of 
technical assessment and the treatment of uncertainties (CERC Vol. 1, 2012). It is also acknowledged 
that structural and geotechnical engineers may possibly have a different perspective of the same 
physical reality as illustrated below in Figure 3. 
 

Table IEP-1

Table IEP-2

Table IEP-3

Table IEP-4

Collect and record building and site 

data
Including structural drawings, visual inspection, 

geotechnical and regional hazard reports (if any)

Calculate baseline seismic score 

assuming no critical weakness.
Consider location, soil class, seismic hazard, 

building vintage, building type, ductility, 

importance level and strengthening (if any)

Identify critical structural weakness 

and site/geotechnical issues
Consider a range of structural critical weaknesses 

(e.g. irregularity, pounding, non-ductile columns, 

lack of diaphragm, poor foundation) and site 

issues (liquefaction potential, step-change 

geotechnical behaviour)

Determine IEP seismic rating 
IEP seismic rating is calculated by multiplying  

factors to baseline score. Holistic judgement and 

review are fundamental.

Site soil class
Rely on local knowledge, 

available geotechnical 

reports/data, site class maps, 

geologic maps, judgement

Site and geo-hazards & 

step-change behaviour
Rely on structural-geotechnical 

discussion, local knowledge, 

regional hazard maps, available 

geotechnical report / data, 

liquefaction maps

Flag further investigation
For site and geotechnical issues 

that can significantly affect life 

safety risk

Geotechnical inputs

Initial Evaluation Procedure Process (as per NZSEE 2014 guidelines)

Sources of info
Provide advice on source of 

information



 
Figure 2. Geotechnical Inputs to the Detailed Seismic Assessment (DSA) phase. 

  

Integrated Detailed Seismic Assessment - Geotechnical Inputs & Considerations 

Joint structural and geotechnical review
• Review findings of IEP and available data

• Identify potential geotechnical hazards 

• Discuss expected SSI response mechanism and 

identify step-change behaviour (if any)

• Agree on the level of sensitivity of the structure 

to the foundation/soil behaviour

• Agree on scope of geotechnical inputs and 

investigation strategy

Inputs
• IEP report and available structural, 

foundation, geotechnical data

• Judgement/experience and Good 

understanding of seismic behaviour 

of buildings / ground

Level of Geotechnical Inputs / Scope 
• No further input

• Confirm soil class & geo-hazard identified in ISA

• Identify and (dis) qualify potential of step-

change behaviour

• Provide inputs on foundation-soil response for 

soil-structural / foundation flexibility modelling

• Provide upper/lower bound geotechnical 

demands from analysis e.g. max differential 

settlement

• Detailed geotechnical assessment and site 

investigations 

Inputs  & Inputs Required
• Desktop study / research

• Historical geotechnical data / 

reports

• Walkover inspection

• Site investigation - (S)CPT/(S)DMT, 

machine boreholes, 

• Geophysical methods 

(downhole/crosshole VS, SPAC, 

ReMi etc)

Refine seismic site soil class 
To NZS1170.5 - based on a)  measured / correlated shear velocity profile with 

depth and b) depth to rock base on boreholes data and geophysical testing

Identify and (dis) qualify potential of step-change behaviour
• Detailed analysis on specific step-change behaviour e.g. liquefaction and 

lateral spread potential and stability of building platform. Refer Table 2 for 

‘step-change’ behaviour checklist

• Analyse to range of shaking levels to define hierarchy

• Bounded analysis to test sensitivity of inputs parameters

• Provide the range of ‘consequences’ of the step-change behaviour for overall  

building assessment  

Foundation soil response  for SSI analysis
• Correlate in-situ tests (SPT N, qc) and/or presumed soil properties

• Generate p-y curves based on assumed/tested soil properties

• Sensitivity analyses

Detailed Site Investigation
• To gather further inputs and data for detailed analysis. Refer to previous 

Figure for “Inputs required”.

• Undertake qualitative review of investigation results to confirm assumptions 

related to potential step-change behaviour



Our view is that these differences in perception will be readily reconciled through the process of 
collaboration, commencing with the proposed joint structural and geotechnical review and scoping 
session, undertaken as early as possible in the assessment process. 
 

 
Figure 3: Different perspective of the same physical reality (amended from S. Grange, 2013). 
 

4.2 Absence of published guidance for geotechnical seismic assessment  
 

The New Zealand Society for Earthquake Engineering (NZSEE)’s current seismic assessment 
guideline (2006) contains no specific recommendation for geotechnical seismic assessment, except 
that confirmation should be sought that the foundations are capable of developing the strength of the 
superstructure.  
 
The next revision of the NZSEE guideline (currently under preparation) will provide further guidance 
on how geotechnical seismic assessment can be integrated with the structural assessment. Until 
further guidance is available ASCE 41-13 Chapter 8 provides some useful guidance to the structural 
and geotechnical Engineer. 
 
ASCE-41-13 generally recognises that the acceptability of the behaviour of the soil and foundation 
system depends primarily on its effect of the deformation on the structure, which in turn depends on 
the desired Structural Performance Level. As such, the “failure” of the ground may not necessary 
‘govern’ behaviour.   
 
4.3 Definition of performance objectives 
 

In New Zealand, NZS 1170 sets out the required seismic performance of building structures with 
guidance provided on loading, structural performance requirements, building form and the definition of 
failure. Unfortunately many of the criteria set out in this structural loading standard do not readily 
convert into geotechnical design/assessment.  
 
This can lead to confusion and a mismatch between assumed performance objectives between the 
different disciplines. A discussion on performance objectives is recommended as part of the initial joint 
discussion. It is also envisioned that the NZSEE revised guideline will also provide some further 
guidance on the performance objectives for the assessment of geotechnical-foundation components.  
 
4.4 Approach to displacement-based assessment 
 

Structural seismic design of buildings utilises ductility where appropriate, explicitly considering 
controlled yielding of structural elements.  In geotechnical engineering, with the exception of sliding 
block methods for slope stability, analysis tends to be strength based with acceptable displacements 
implicitly (rather than explicitly) considered in the selected safety factor/strength reduction factor. 
Displacement based design approaches, considering the potential for ductile behaviour for loads 
beyond the calculated ultimate capacity, are potentially applicable to many soils. Noting that as part of 
the initial assessment of the potential for step change behaviour, the sensitivity of the foundation soil 
should be considered.  
 



4.5 Levels of uncertainty in material properties 
 

The levels of uncertainty in natural soil properties are invariably higher than that of man-made building 
materials.  Typical foundation material strength and stiffness (when investigation has been 
undertaken) potentially range over one or more orders of magnitude, while building materials are likely 
to vary significantly less. Where site investigation is not undertaken or limited information is available, 
uncertainty in foundation material strength and stiffness may be significantly more. ASCE 41-13 
Chapter 8 provides some useful guidance on the accommodation of uncertainty in soil properties in 
design. A key consideration is that both upper and lower bound soil properties may govern a building 
design, with lower foundation stiffness typically resulting in higher displacements and higher 
foundation stiffness resulting in higher loads. Consequently a likely range of soil strengths is more 
desirable than a single, conservatively weak/soft value.  
 
4.6 Budget limitations 
 

We recognise that there is often a constrained budget available for seismic assessment of existing 
buildings and consulting a geotechnical engineer will generally be seen to increase overall costs. 
However, in our view, the savings on the initial phases of a seismic assessment can be a false 
economy as early spending on a collaborative assessment may lead to an overall reduction in 
assessment work, strengthening requirements and potential delays to the project at latter stages. 
 
 

5 FOUNDATION SOIL RESPONSE 
 
While non-linearity in foundation or ground response may not be desirable in new structure design, as 
it is very difficult and costly to repair these elements, non-linear behaviour can be acceptable when 
considering building performance from a life-safety view. In fact non-linear behaviour of sub-structure 
elements may be an acceptable mechanism to achieve energy dissipation in an existing building. On 
this basis allowable deflections in the assessment of an existing structure may be significantly higher 
than that acceptable for a new build. Sufficiently detailed briefing and/or discussions between the 
structural and geotechnical engineer should occur to ensure that performance objectives are aligned.  
 
5.1 Soil parameters 
 

In strength based design it is appropriate to adopt a conservative interpretation of geotechnical 
parameters in defining a soil property. However, when undertaking displacement based assessment a 
“probable behaviour” mind set in conjunction with a likely range may be more appropriate. Figure 4 
presents extracts from ASCE 41-13 which illustrate the use of upper/lower bound soil response and 
displacement dependant response. 
 
The approach adopted in the ASCE 41-13 Chapter 8 clarifying the concept of geotechnical “failure” 
being where seismic demand exceeds (displacement) capacity is recommended for consideration. 
 

  
Figure 4: left) Range of Soil Response to Reflect Uncertainty; right) Ductile Soil Response Mechanism 
(Figures from ASCE-41, 2014) 



6 STEP CHANGE BEHAVIOUR 
 
The term ‘Step Change’ is commonly defined as “a sudden, discontinuous change”. We coined this 
term in Clayton et.al (2014) to describe behaviour which results in a disproportionate increase in 
deflection or load with an increase in seismic loading. This concept is important in seismic 
assessment, as a step change in geotechnical behaviour may readily result in a step change in the 
soil-structural system behaviour i.e. a change to brittle from ductile response.  
 
Consider two example structures supported on shallow foundations, both structures exceed their 
calculated bearing capacity at around 50% ULS seismic acceleration: 
 

 Building A is founded on a soil which exhibits (in structural terms) ductile behaviour. While 
foundation bearing capacity ‘failure’ may occur, controlled yielding, damping and tolerable 
displacements allow the superstructure to perform adequately at shaking levels up to ULS.  
 

 Building B is founded on a sensitive soil which exhibits (in structural terms) brittle behaviour.  
When foundation bearing capacity ‘failure’ occurs, the soil losses significant strength (without 
or, perhaps more commonly, with liquefaction) leading to uncontrolled vertical settlement and 
lateral movement of the building. This may lead to a brittle failure of the superstructure and 
hence collapse of the building.  

 
In a simplistic but rational manner, the soil-structure system response mechanisms can be categorised 
into two broad categories in terms of response under seismic shaking as described in the following 
sections: 
 
6.1 “Ductile” SSI Response 
 

This is characterised by a ground or foundation “failure” mechanism that is relatively ductile where the 
lateral load carrying capacity of the overall soil-structure system is maintained while undergoing 
substantial lateral / plastic deformation. It is noted that ‘ductile’ soil-structural integrated design is not 
unusual as part of the performance- and displacement-based seismic design of new foundation (e.g. 
Wotherspoon et al, 2004; Blandon et.al., 2012).  
 
ASCE-41 (2006) assumes the foundation soils are generally not susceptible to significant strength loss 
due to earthquake loading, unless they degrade significantly in stiffness and strength under cyclic 
loading. An elasto-plastic load-displacement capacity curve is allowed for most ground conditions.  
 

6.2 “Brittle” SSI Response 
 

This is characterised by ground or foundation “failure” mechanism that is relatively brittle where the 
load carrying capacity of the overall soil-structure system is ‘lost’ at relatively low lateral / plastic 
deformation. The brittle SSI mechanism may be from some geotechnical mechanisms such as slope 
instability or liquefaction, leading to significant deflection / force demand to the system, resulting in 
brittle structural response.  
 
It can be expected that a brittle behaviour may lead to significant lateral displacement/rotation of the 
soil-structure system, leading to overall instability or structural collapse.  
 

6.3 Identification and Assessment of Step-Change Geotechnical Behavior 
 
In our previous paper (Clayton et al., 2014), we provided a preliminary checklist of potential “brittle” 
SSI mechanisms to assist the initial soil-structure interaction (SSI) assessment. Interested readers are 
referred to the Table 2 in Clayton et al (2014).  Seven potential step-change geotechnical behaviours 
are considered within three broad categories: 
 

 Instability: Seismically Induced Slope Instability potentially comprising under slips or over 
slips 

 Ground: Liquefaction/Cyclic Softening/Lateral Spreading 

 Site Geological Hazard: Such as Fault rupture 
 



 
7 CONCLUSIONS 

 

In recognition of the limitations in the commonly applied approach of procuring and incorporating 
geotechnical inputs into seismic assessment projects, we have proposed an integrated seismic 
assessment framework where the structural and geotechnical engineers work collaboratively to 
identify the potential for undesirable ‘step change’ geotechnical behaviour and to determine the 
appropriate level of geotechnical investigation and SSI analysis required. 
 
We recognise several key opportunities that would allow a more collaborative and cost-effective 
integrated seismic assessment: 
 

 Availability of ‘community-based’ shared geotechnical data such as the Canterbury 
Geotechnical Database (Project Orbit), funded by a centralised agency such as the central 
and local governments, will reduce the cost for more detailed geotechnical assessment. This 
type of regional/city based database should be promoted such that available resource can be 
focused on understanding the seismic behaviour and its life safety risk. 
 

 Displacement-based geotechnical design parameters and analysis appear promising in 
providing an avenue for geotechnical assessment, in recognition that a geotechnical “failure” 
may not necessarily lead to an adverse soil structure system response and building collapse.  
 

 Multi-disciplinary natural hazards assessment may be integrated within the seismic 
assessment risk assessment framework.  
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