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ABSTRACT: The crucial need to develop and implement simple and cost-effective (repair and) 

retrofit strategies and solutions for existing structures has been once again emphasized, if at all 

needed, by the recent catastrophic earthquake events.  

The significant socio-economic impact of the Canterbury earthquakes sequence in the 2010-

2011 has triggered a step-change in the high-level approach towards the implementation of 

seismic risk reduction. The typical passive or volunteer-based approach of local authorities or 

building owners has been replaced by the New Zealand most systematic by-law enforcement of 

a national-wide mandatory long-term program to assess the seismic vulnerability/capacity of the 

whole (non-dwelling) building stock. If below a minimum level of capacity/demand ratio 

(expressed in terms of %NBS, or % New Building Standard), seismic upgrading/retrofit beyond 

that threshold must be carried out at the owner’s expenses within a given risk-based timeframe.  

As part of this government-driven program, new guidelines for the “Seismic Assessment of 

Existing Buildings” (NZSEE2017) have been prepared and are now publicly available, through 

the joint effort of the key engineering learning societies (NZSEE, SESOC, NZGS) under the 

coordination and endorsement of MBIE (Minister of Business Innovation and Employment) and 

EQC (Earthquake Commission). A comprehensive dissemination program has also been 

initiated to the technical and non-technical community. 

This paper and associated presentation will provide an overview of the motivations, challenges 

and (possible) solutions of such a complex and delicate task with the intent to stimulate 

awareness, discussion and synergetic actions within the wider international community. 

1 INTRODUCTION 

The urgency of a medium-long-term seismic retrofit and risk reduction strategy and 

implementation plan on a national scale is becoming increasingly evident in most of the 

seismic-prone countries worldwide. 

With no doubt the assessment of the seismic vulnerability of existing buildings and the 

definition of appropriate, i.e. structurally effective, easy to apply, cost-effective, possibly 

reversible and respectful of the architectural, heritage and cultural conservation requirements, 

hides a level of significantly higher complexity than designing new structures. 

Moreover, as if the technical complexity was not a sufficient deterrent, the constraint of 

economic resources for a national scale implementation and the lack of a prioritization plan 



  

 

  

based on risk considerations and cost-benefit analyses are often referred to, or blamed as, 

primary obstacles to the practical implementation of such a board and ambitious project. 

Yet, studies and comparative evaluations of the effectiveness of a seismic prevention strategy 

when opposite to a post-event reaction/repair/reconstruction approach clearly show its long-term 

and national benefits. 

To tackle this delicate issue, it is first necessary to improve and standardize the tools and 

procedures ('protocols') for the 'diagnosis' and 'prognosis' of the seismic vulnerability and of the 

expected performance of existing buildings. Such procedures should be based on state-of-the-art 

but simplified methodologies (analytical rather than numerical approaches) that could highlight 

the structural weaknesses of the building system while ensuring consistency of results and 

proper level of independently from the operators. 

Similarly, suitable "therapeutic pathways" or appropriate retrofit strategies can be defined by 

comparing alternative options through a cost-benefit approach. 

This paper will discuss issues and (possible) solutions related to the seismic vulnerability 

assessment of existing reinforced concrete buildings and the definition of alternative retrofit 

strategies and techniques for the reduction of the seismic risk either at a single building level as 

well as at a territorial scale level.  

An overview of recent developments at international level in terms of methodology and 

regulatory approaches will be provided, with particular attention to the features of the recently 

adopted national plan for seismic risk reduction in New Zealand, following the recent and 

devastating 2010-2011 earthquake sequence in Christchurch, and to the associated seismic 

assessment and rating  methodology, incorporated in the New Zealand Guidelines on Seismic 

Assessment of Existing Building (NZSEE2017).  

In particular, the NZSEE2017 guidelines place significant effort and focus to the use of a 

simplified analytical procedure – referred to as SLaMA Approach, acronym for ‘Simple Lateral 

Mechanism Analysis’, for the evaluation of the capacities (in terms of combination of forces 

and displacements) of structural elements, connections, subassemblies and seismic-resistant 

systems as a fundamental starting point for any vulnerability/safety study and thus prior to any 

numerical modelling or more sophisticated (but not necessarily more accurate) analysis. 

It is an explicit approach to revamp the importance of looking at the big picture with an holistic 

view, of understanding and controlling the design and thus restore the crucial role of the 

structural/geotechnical engineers, today often and unfortunately relegated, at least in the views 

of non-technical customers and decision makers, to the mere role of 'structural' calculators. 

Furthermore, as the SLaMa approach allows to highlight the critical structural weaknesses, to 

evaluate the hierarchy of strength and the sequence of events/mechanisms, it naturally forms the 

fundamental first step (‘diagnosis’) to define appropriate retrofit strategies and technique ( 

‘prognosis’ and ‘therapeutic protocol’) and critically compare alternative options by considering 

the overall performance improvement under different earthquake intensity levels, and the 

achievable reduction of the direct and indirect losses, evaluated through Expected Annual 

Losses (EAL) or similar indicators. 

 



  

 

  

2 SEISMIC RISK REDUCTION POLICIES  

2.1 The New Zealand Passive Approach – ‘before’ 

Before the dramatic Canterbury Earthquake Sequence 2010-2011 in New Zealand, the 

preparation and implementation of seismic risk reduction policies were delegated to the local 

territorial authorities, TAs. With the exception of the capital city of Wellington, who had 

initiated an active approach with a trial assessment on a large sample of buildings, the typical 

policy adopted by the TAs was based on a passive approach, similar to the general trend at 

international level in major seismic-prone countries. 

According to this policy, there was no mandatory requirement to assess the seismic vulnerability 

and capacity of existing private or public buildings unless the owner aimed for a change of use, 

increase in volume or structural alteration.  The Building ACT 2004 had defined a minimum 

level of “seismic safety” for a building corresponding to the exceedance of its ‘ultimate 

capacity’ under a “moderate” earthquake. A moderate earthquake was defined by the same 

regulation as an “earthquake that would generate shaking at the site of the building that is of the 

same duration as, but that is one-third as strong as, the earthquake shaking (determined by 

normal measures of acceleration, velocity and displacement) that would be used to design a 

new building”. 

Translating these legal and policymaking wordsmithing into engineering practical procedures 

(NZSEE2006 “Assessment and Improvement of the Seismic Performance of Buildings in 

Earthquakes”) the ‘ultimate capacity’ was taken as the Ultimate Limit State (or Life Safety, 

using a common international nomenclature) and the moderate earthquake taken as the seismic 

demand (spectral intensity) corresponding to 33% of the design intensity for a new building 

(i.e., 500 years return period for an ordinary structure with a life span of 50 years). A Safety 

Index referred to as % NBS (% New Building Standard), or Capacity/Demand ratio – i.e. 

existing structure capacity vs. new structure demand - was introduced in the verification method 

provided by the NZSEE206-2017 guidelines.  

A building ‘scoring’ less than 33% NBS would be identified as an Earthquake Prone Building 

(EPB) with a seismic Rating (or class) “D”, thus unacceptable (Figure 1) 

 

Figure 1. Left: New Zealand Guidelines for the Seismic Assessment and Rating of Existing Buildings 
(NZSEE2006, first version). Right: Relationship between Safety Index (%NBS, New Building Standard), 
Seismic Rating (A-E) and, indicatively, Relative Risk (when compared to a newly designed building)  

 

 



  

 

  

 

At this stage, the owner of an Earthquake Prone Building (EPB) was obliged to retrofit/strength 

the building (even just) above the minimum threshold of 33%NBS - at his/her expenses – only 

if he/she intended to proceed with the alteration/change of use of the buildings.  

A potential loophole of such a passive approach– potentially carrying legal liability or at least 

ethical responsibility - was that the owner, either private or public, could opt out and maintain 

the status quo (“no action” or “do-nothing” approach), in spite of being aware of the high 

seismic risk of the building and thus of the life-safety risk for the occupants. 

It is also important to note here that, as shown in Figure 2, the New Zealand Society for 

Earthquake Engineering, from its first document NZSEE2006 and furthermore in the 

significantly revised version NZSEE2017, has been strongly recommending to target 67% NBS 

as a minimum objective of the retrofit and, as practically as possible, a higher value. 

 

Description Grade Risk %NBS

Existing 

Building 

Structural 

Performance

Legal Requirement
NZSEE 

Recommendation

Low Risk Building A or B Low Above 67

Acceptable  

(improvement 

may be desirable)

100%NBS desirable. 

Improvement should 

achieve at least           

67%NBS

Moderate Risk Building B or C Moderate 34 to 66

Acceptable 

legally.  

Improvement 

recommended

Not recommended.  

Acceptable only in 

exceptional 

circumstances

High Risk Building D or E High 33 or lower

Unacceptable 

(Improvement 

required under 

Act)

Unacceptable Unacceptable

 Improvement of Structural Performance

The Building Act 

sets no required 

level of structural 

improvement 

(unless change in 

use) This is for each 

TA to decide.  

Improvement is not 

limited to 34%NBS.                

 

Figure 2. Left: NZSEE 2006-2017 Guidelines –Matrix of Seismic Rating, Vulnerability classes and 
required (Building ACT 2004) or recommended remedial actions. 

 

2.2 Relationship between %NBS and Collapse Risk 

Already the original NZSEE2006 Guidelines were qualitatively discussing the approximate 

correlation between the %NBS of an existing building and its actual (predicted and 

approximate) relative seismic risk of a building, intended as a multiplier of the collapse 

probability of the building when compared to that of an ‘equivalent’ new building. 

Notably, as shown in Figure 3,  when decreasing the % NBS – which depends on multiple 

factors such as: a) the building material,  i.e. unreinforced masonry vs. concrete or steel; b) the 

structural system, i.e. frame, walls, dual system and c) the structural details and the design 

philosophy related to the requirements/recommendations of the design code/guidelines of the 

time, a more-than-linear increase of the collapse risk - when compared to a newly designed 

building design - would be expected. Furthermore, the range (dispersions) of the expected 

Relative Risk would significantly increase, reflecting the higher uncertainties related to the 

seismic response of building designed according to obsolete knowledge/codes and poor details. 

 



  

 

  

 

 

 

Figure 3. NZSEE2006-2017 – Qualitative (approximate) correlation between the %NBS 

(Capacity/Demand ratio) and the Relative Seismic (Collapse) Risk compared to a new building 

(or a building retrofitted to a %NBS).  

Such considerations can suggest interesting corollaries – as confirmed by recent numerical 

studies (Ligabue et al., 2015) – in terms of seismic retrofit strategies. Starting from a high risk 

building with a %NBS below 33% and a seismic rating D or E,  small but focused local retrofit 

interventions able to moderately improve the %NBS within the same class, could lead to a 

substantial and proportionally more significant reduction of the seismic risk in terms of Life 

Safety, whilst improving the overall  reliability of the seismic response of the building,  i.e. 

reducing the dispersion and uncertainties related to the behaviour of the structures. 

3 THE CANTERBURY EARTHQUAKE SEQUENCE:  A REALITY CHECK FOR 
CURRENT PERFORMANCE-BASED EARTHQUAKE ENGINEERING  

The Canterbury earthquakes sequence in 2010-2011 has represented a tough reality check for 

the international community of seismic engineering, highlighting the severe mismatch between 

societal expectations over the reality of seismic performance of modern buildings.  

The Mw 6.3 Christchurch (Lyttelton) earthquake occurred at 12.51pm on Tuesday 22nd Feb 

2011, approximately 5 months after the Mw 7.1 Darfield (Canterbury) main shock. Due to the 

proximity of the epicentre to the Central Building District, CBD, (10km south-east), its shallow 

depth (5km) and peculiar directionality effects (steep slope angle of the fault rupture), 

significant shaking was experienced in the city centre (Fig. 1), the eastern suburbs, Lyttleton-

Sumner-Porter Hills areas. 

The aftermath counted 185 fatalities, the collapse of several unreinforced masonry buildings and 

of two reinforced concrete (RC) buildings, extensive damage deemed beyond reparability to 

several RC buildings, damage to tenths of thousands of (mostly timber) houses. Unprecedented 



  

 

  

liquefaction effects occurred in whole parts of the city, compromising housing and building 

foundations as well as causing severe damage and impact on the main infrastructures and 

lifelines systems of the city including road, water and wastewater networks, and the electricity 

transmission systems (though quickly restored within two weeks). The estimated total losses 

were in the range of NZ$ 40 Billion, corresponding to approximately 20% of the GDP (Gross 

Domestic Product). More comprehensive information on the overall earthquake impact cab ne 

found in the Special Issues prepared by NZSEE (2010, 2011) and EERI/NZSEE (2014). 

 

 

Figure 4. Skyline of Christchurch CBD before (Top) and just after (bottom) the 22 Feb 2011 

earthquake (photo taken by Gilly Needham). 

In general, albeit with some unfortunate exceptions, modern multi-storey buildings performed 

as expected from a technical point of view, in particular when considering the intensity of the 

shaking they were subjected to (Kam et al., 2011). As per capacity design principles, plastic 

hinges formed in discrete predetermined regions, e.g. beam-to-column interface, column-to-

foundation and wall-to foundation connections, allowing the buildings to sway and stand and 

people to evacuate. However, the extent of structural damage (Fig. 5) was deemed in most cases 

beyond reparability level, for either technical and/or economical considerations, highlighting the 

whole controversy of traditional design philosophies, mainly focused on collapse-prevention 

and life-safety and not yet embracing a damage-control objective.  

As a result, most of relatively modern buildings (mid-1980s and onwards) were demolished. 

The surprisingly high demolition rate (70% in the CBD) has been also arguably facilitated by 

the significant (and peculiar to NZ) level of insurance coverage for partial or full replacement. 

In any case, either demolition or repairing, the level of business interruption and downtime, was 

very severe and significantly beyond anticipations, also due to the long closure of a widely 

affected area in the Central Building District of the second largest city in New Zealand. 



  

 

  

   

Figure 5. Example of damage to post-1980s RC walls (left) and frames (centre and right) -  all 

these buildings have been demolished) (from Kam et al., 2011; Pampanin, 2012) 

4 NEED FOR A PARADIGM SHIFT: FROM LIFE-SAFETY TO DAMAGE 
CONTROL  

The excessive socio-economic impacts of the Canterbury earthquakes sequence in 2010-2011 

have clearly and critically highlighted the mismatch between the societal expectations over the 

reality of engineered buildings' seismic performance.  

On one hand a better communication between technical and non-technical could help clarifying 

and disclosing to the wide public what are the accepted/targeted performance levels built in a 

design code, itself to be considered a ‘minimum’ (not a maximum) standard. On the other hand 

the earthquake engineering community is challenged with the complex task to “raise the bar”, 

by shifting the targeted performance goals from the typically accepted Life-Safety level (for a 

design level earthquake or 1/500 years event for an ordinary structure), to a more appropriate 

and needed Damage-Control level (see performance matrix in Fig. 6) , all this without 

increasing (too significantly) the cost of constructions.  

 

Figure 6. Seismic Performance Design Objective Matrix as defined by SEAOC Vision 2000 

PBSE Guidelines, herein re-arranged to match building tagging, and proposed/required 

modification of the Basic-Objective curve towards a damage-control approach for either new 

design, or ideally for retrofit of existing buildings (blue line, modified after Pampanin, 2009) 

IrreparableRepairable



  

 

  

These increased expectations would require a significant paradigm shift in terms of 

performance-based design of new bjuildings as well as retrofit of existing ones, which can be 

accomplished by the development and/or further refinement of design methodologies as well as 

of high seismic-performance, whilst cost-effective, technologies. 

Furthermore, the next steps in the performance-based seismic design and retrofit should more 

explicitly focus towards the development of an integrated approach, involving, in a holistic 

view, all aspects of the design framework, design procedures and tools and technological 

solutions for engineers and stakeholders to control the performance/damage of the building 

system as a whole, thus including superstructure, non-structural elements and soil/foundation 

system (Fig. 7). 

 

 

Figure 7. Holistic summary of damage/performance to a modern building, including structural 

skeleton (frame system, floor diaphragm), non-structural components (lightweight partitions, 

heavy brick infills and precast concrete facades) and foundation system (significant settlement 

and residual tilting) (modified after Johnston et al., 2014) 

5 THE NEW NATIONAL PLAN FOR SEIMIC RISK REDUCTION IN NEW ZEALAND 

In the aftermath of the Canterbury Earthquake Sequence and following the recommendation 

from the ‘Canterbury Earthquake Royal Commission of inquiry’ (CERC, 2012), the New 

Zealand Government decided to radically “change gear” in terms of seismic risk reduction 

strategies and  policies, moving from a “passive” approach to an “active” and mandatory one at 

a national level. 

The Building (Earthquake Prone Buildings) Amendment Act 2016, taking effects from 1 July 

2017, introduced major step-changes to the way earthquake prone buildings are identified and 

managed under the Building Act, under a new national plan for managing buildings in New 

Zealand. Explicit intent of this national policy framework is to ensure a more consistent and 

homogeneous approach across the country in the management of the seismic risk for private and 

public buildings, trying to achieve a balance e between: 

1- Life safety  



  

 

  

2- Cost of strengthening/retrofitting or removing buildings 

3- Considerations on Heritage Buildings 

Objective of the strategy is also the improvement of the publicly available information on the 

identified as Earthquake Prone Buildings (EPB), i.e. those achieving the ultimate capacity under 

a moderate earthquake (as defined in the Building Act), or, in practical terms, when below the 

minimum threshold of 33 %NBS (as defined by the NZSEE2006 and then revised NZSEE2017 

guidelines). It requires that notices be issued by the territorial authorities to the owners, to be 

published on a EPB national register and displayed on the buildings by the owners, while they 

take remediation actions as required within set time frame. 

The new Building Act  categorises New Zealand into three seismic risk areas- high, medium and 

low – corresponding to peak ground acceleration, PGA, or Z (seismic coefficient in accordance 

to the NZS1170.5 Loading Standard) of PGA<0.15; 0.15 ≤ PGA < 0.3; PGA ≥ 0.30, 

respectively, as shown in Figure 8. Timeframes are set for each seismic areas for identifying 

earthquake-prone buildings (seismic assessment, within 5-10-15 years respectively) and taking 

action on them (retrofit or demolition, 15-25-25 years, respectively). A special category of  

‘priority buildings’ is introduced, in high and medium seismic areas, to recognize buildings that 

are considered higher risk because of their construction, type, use or location. For this category, 

the timeframe for both assessment and, if need be, remediation is half the time allowed for other 

buildings in the area. 

Important to highlight that the owners should bear the costs for these seismic evaluation and 

remediation actions. No specific financial incentives have been introduced at this stage nor are 

envisaged in the near future for ordinary buildings. Discussions are taking place in some local 

municipality to address the issue of preservation of heritage buildings, often owned by private 

people, but with a non-tangible value for the overall community. 

 



  

 

  

 

Figure 8. National risk reduction plan in New Zealand (taking effect from 1 July 2017): 

timeframe for the identification and the remediation (strengthening/retrofit or demolition) of 

Earthquake Prone Buildings depending on the level of seismicity (low-medium-high seismic 

areas - PGA<0.15g; 0.15g ≤ PGA < 0.3g; PGA ≥ 0.30g) – MBIE 2016 

6 THE NZSEE2017 GUIDELINES ON SEISMIC ASSESSMENT OF EXISTING 
BUILDINGS 

As part of the new national risk reduction plan, the Ministry for Business, Innovation and  

Economy (MBIE) was in charge of the development of new guidelines for the Seismic 

Assessment, and Rating, of Existing Buildings, with particular focus on a consistent procedure 

to be used on a daily based by practitioner engineer and Territorial Authorities (TAs) to identify 

Earthquake Prone Buildings.  

Following a major multi-year effort of the selected committee, which actually started in 2014 

following the CERC Recommendations, the older version of the NZSEE2006 was significantly 

rewritten and integrated with the more recent lessons and know-how from earthquake events 

and the national and international state-of-art and latest research findings. As it stands, the new 

NZSEE2017 guidelines “The Seismic Assessment of Existing Buildings” represent the key tool 

for the actual implementation of the national risk reduction plan.  

6.1 A two-stages process: Initial and Detailed Seismic Assessment  

The NZSEE2017 Guidelines provide two levels (tiers/stages) of seismic vulnerability 

assessment: 1) an Initial Seismic Assessment (ISA) for preliminary indications of expected 

capacity of a building; 2) a Detailed Seismic Assessment (DSA) based on mechanism approach 

with analytical and/or numerical models. 

Both methods are developed to provide a final Safety Index, referred to as %NBS (New 

Building Standard), or Capacity/Demand ratio, i.e. capacity (in terms of forces and 

displacements) of the building divided by the demand (in terms of spectral ordinates, 

acceleration and displacements) of  an equivalent newly designed building on the same site. 

Although not mandatory as a prerequisite for a DSA, (the engineer can in fact start immediately 

with a DSA approach), the initial evaluation phase or ISA (which not necessarily includes the 

use of the IEP, Initial Evaluation procedure, described in the following paragraphs)  is to be 

considered a natural step as part of the ‘diagnosis’ process. 

The NZSEE2017 guidelines, available for download at http://www.eq-assess.org.nz/ are 

divided in three Parts: 

http://www.eq-assess.org.nz/


  

 

  

 Part  A – Assessment Objectives and Principles – given the fundamental aim to improve 

a) the awareness of the substantial differences and higher complexity in the process of 

assessment of an  existing buildings vs. new design and b) consistency of the evaluation 

outcome/rating, a significant effort has been dedicated to the preparation of this 

background part, to be read by every engineers (from the newly graduate to the most 

expert) to set the scene, motivations, objectives and intrinsic limits of the proposed 

procedures. It is also a reminder to the engineer of his/her fundamental role and 

responsibility in taking (or regaining the control of) an holistic view of the building 

expected behaviour and performance, and not accepting to limit his/her duties to a black-

box check with commercially available softwares of code equations.  

 Part B – Initial Seismic Assessment (ISA) – this methodology, already available in the 

NZSEE2006 version, has been amended and further improved. As part of an ISE, the 

%NBS can been valuated through a pre-defined spreadsheet-based IEP (Initial Evaluation 

Procedure) which allows the engineer evaluator to derive a first indication of the potential 

Critical Structural Weaknesses (CSWs) that can compromise the response and thus 

increase the risk of a structure. 

Peculiarity of this (desktop-based) IEP procedure is the preliminary estimation of a 

capacity/demand ratio or %NBSIEP, by taking into account the location/seismic zone, soil 

type, building  height, construction material and structural system in both orthogonal 

direction, age/code of the building, assumed seismic reduction (behaviour, or ductility) 

factor. Based on these aforementioned key input parameters, the base shear capacity of the 

building is evaluated through the spreadsheet, using the basic hypothesis/steps that the 

design engineer of the time would have used following the loading standard and code of 

the time, through an equivalent static procedure. The IEP would thus adopt the initial or 

fundamental period T1 derived from the specific formulas provided by the code at the time 

and estimate the spectral ordinate Sa(T1) using the spectrum shape and PGA in that location 

according to the seismic zonation of the time and assuming a seismic reduction factor. 

By dividing this Capacity by the Demand (spectral ordinate according to the new code 

provisions), a  baseline for the %NBS is evaluated in each orthogonal direction. Then, this 

baseline value is reduced to account for the presence of potential Critical Structural 

Weaknesses, due to plan or vertical irregularity, short columns or pounding potential. 

Reduction factors, ranging 0.5-0.7-1.0 depending on the level of severity (i.e. severe, 

significant, and insignificant, respectively), should be used for each CSW. 



  

 

  

 

Figure 9. Schematic of the potential Critical Structural Weaknesses (CSWs) to be considered as 

part of the Initial Evaluation Procedure, IEP, NZSEE2017.  

 

 Parte C – Detailed Seismic Assessment (DSA) – The DSA procedure, significantly more 

advanced and reliable than the first screening carried out within an ISA, allows/requires to 

identify the load path, to evaluate the capacity (in terms of forces and displacements) of the 

individual components/elements, the hierarchy of strength within a subassembly (beam-

column joints) and the likely local and global collapse mechanisms. Ultimately, using 

analytical and/or numerical analysis approaches, the seismic response of the structure, 

including its interaction with the non-structural elements, can be evaluated, possibly under 

different level of seismic intensities. In particular, the Capacity/Demand ratio or %NBS is 

derived as seismic rating of the building.  

Part C comprises ten chapters, the first four of which (C1-to-C4) provide a description of 

the DSA, including the various assessment approaches (analytical, numerical, force-based, 

displacement-based and combination of forces and displacements) and analysis methods 

(elastic, non-linear, static, dynamic), the derivation of ADRS spectra, as well as a dedicated 

chapter (Ch4) on geotechnical issues. The chapters C5-to-C9 provide recommendations to 

carry out a DSA for reinforced concrete, steel, infilled frames, and unreinforced masonry 

buildings.  Chapter 10, still under development, is related to non-structural elements. 

6.2 The SLaMA  – Simple Lateral Mechanism Analysis - Methodology  

In line with the Park, Paulay and Priestley ‘School’, in the new NZSEE2017 guidelines and 

specifically at the DSA level, particular attention has been given to the development of an 

advanced, reliable while simplified methodology, referred to as SLaMA (Simple Lateral 



  

 

  

Mechanism Analysis), based on an analytical and mechanical approach, i.e. basically “by hand” 

or using a spreadsheet,  rather than and prior to a numerical (i.e. finite element and computer-

based).  

Amongst the primary motivations and objectives of such an approach, it is worth highlighting 

the need to: 

 a) improve and update the tools/procedures for a “diagnosis” and “prognosis” used by the 

engineering practitioners and/or technical inspectors, with reference to the most recent 

numerical-experimental research findings at international level as well as to the on-site 

damage observation and lesson learnt from the recent seismic events’;  

b) improve the consistency and robustness of the evaluation provided by different inspectors by 

means of a simplified whilst mechanical-based approach able to highlight the critical 

structural weaknesses of the building under investigation;  

c) revamp the critical role of the seismic, structural and geotechnical, engineers  and thus 

remind of their professional responsibility to adopt an holistic approach for a whole 

understanding of the problem before embarking into the often semi-“black-box” numerical 

analysis software on the more widespread illusion that higher computational effort will lead 

to higher accuracy and prevision of the results. 

In fact, as shown in Fig. 10, on one hand, a higher complexity of the analysis and of the model 

is in general expected to deliver more accurate results and to reduce the level of 

uncertainties and of the expert judgement required, such assumptions need to be taken with 

caution when dealing with the seismic assessment of existing buildings. ON the other hand, 

the presence of potentially brittle local and global mechanism, the interaction between bare 

structure and infill, and in general the lack of fundamental design and detailing features 

typically relied upon when modelling/analysing a newly structure (i.e. rigid floors well 

connected with the lateral resisting system, fully bond conditions between steel rebars and 

concrete, fixed base conditions at the structure-foundation interface) can violate the basic 

principles and assumptions adopted in the numerical modelling of new building, thus 

requiring special attention. 

 As a practical example, a simple by-hand evaluation of a local shear failure mechanism or 

of the loss of seating of a precast floor-diaphragm, can provide critically useful and 

complementary information when compared to a response spectrum analysis, even with 

reduced stiffness, as these mechanisms are not typically modelled and cannot thus be 

directly captured, but indirectly checked in a detailed (nor necessary accurate) post-

processing phase. 



  

 

  

 

Figure 10. Trade-off and relationship between complexity of the analysis and accuracy, 

effort/cost, engineering judgement (Kam and Jury, 2015, NZSEE2017) 

 

The SLaMA procedure for the assessment of the seismic vulnerability/safety and seismic rating 

(Fig. 13) develops from the identifications of the expected critical structural weaknesses through 

the evaluation of:  

Step 1a): the flexural and shear capacity (in terms of both forces and displacements) of the 

structural elements; 

Step 1b): the hierarchy of strength and sequence of events of the connections and beam-

column subassemblies (Pampanin et al., 2007)  

Step 1c): the local and global collapse mechanisms of the seismic-resisting systems and, 

finally, the global capacity curve 

By comparing the Capacity curve of the structure (in terms of analytical force-displacement 

non-linear curve) and the Demand (in terms of acceleration-displacement response spectra, 

ADRS, in line with the capacity spectrum or similar approaches), the expected performance of 

the building under different level of shaking intensity (i.e. earthquake return period),  can be  

evaluated with a relatively simple approach and good level of approximations (Fig. 12). 

Such an analytical approach allows to evaluate the level of ‘relative’ safety when compared to a 

newly built structure, by means of the % NBS (New Building Standard, a capacity-demand 

ratio) index and  to associate a seismic risk rating or class (from A to E, with indicative ranges 

of collapse probabilities when compared to a brand-new structures). 



  

 

  

 

Figure 11. Key steps of the SLaMa analytical procedure according to the NZSEE2017 

guidelines to derive the capacity curve of a  building: 1a) evaluation of the strength and 

deformation capacity for flexure and shear of structural components; 1b) evaluation of the 

hierarchy of strength and sequence of events in the beam-column systems and 1c) identification 

of the global mechanism and evaluation of the global force-displacement capacity curve  

 

 

Figure 12. Left: Evaluation of the seismic performance at different level of intensity by 

intersecting the Capacity (force-displacement) curve with the Demand (ADRS – Acceleration-
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Displacement Response Spectra).  Right: evaluation of the %NBS as Capacity/Demand ratio, 

(modified after NZSEE2006-2017) 

Following the same approach, by intersecting the capacity curve with various intensity levels, 

the return periods (intensity) corresponding to the exceedance of a given set of limit states (i.e. 

Operation, Damage Control, Life Safety and Collapse Prevention) can be analytically evaluated, 

thus defining the Fragility Curves for a given limit state and the Expected Annual Losses. 

As demonstrated in a series of analytical-numerical comparisons (Del Vecchio et al., 2017, 

Gentile et al., 2017), the SLaMa analytical procedure provide quite reliable results, particularly 

satisfactory if considering the simplicity of the method. Refinement of the results can be 

obtained by preparing a non-linear numerical lumped plasticity model, ‘informed’ by the 

hierarchy of strength and local mechanism predicted by SLaMA, and running a pushover 

analysis. 

Needless to say, as per any diagnosis phase, it is up to the responsibility and sensibility of the 

medical-engineer to plan and adopt a set of adequate analysis, investigation, testing tools and 

use his/her expertise and experience to interpret and integrate the findings with an holistic 

approach. 

6.3 Selection of Retrofit Strategies and Techniques 

The SLaMa method can be used for a relatively quick (when compared to what required by 

detailed non-linear pushover end time-history analyses) estimation of the expected behavior and 

performance of the building (or a class or buildings) before and after a retrofit/strengthening 

intervention, thus becoming a fundamental supporting tool for the implementation of a medium-

long term strategy of seismic-risk reduction at national scale. 

In fact, as part of the analytical evaluation of the force-displacement capacity curve of the 

system, the sequence of local and global mechanisms can be captured, (i.e. what happens at 

what stage). More specifically, as shown in Figure 13, the values of chord rotation, interstorey 

drift, (top floor or effective height) displacements corresponding to each event (i.e. achievement 

of ULS shear or flexure in a beam, column or joint), can be identified and clearly visualized in a 

Force-Displacement or ADRS domain. 

 



  

 

  

 

 

 

Figure 13. Left: use of SLaMA method to capture the sequence of events/mechanisms within an 

analytically-derived pushover capacity curve. Right: selection of alternative retrofit strategies 

and techniques to achieve the targeted performance (Ligabue et al., 2015).  

7 ALTERNATIVE RETROFIT STRATEGIES AND SOLUTIONS  

7.1 Comparison of alternative solutions  

Following the previously described analytical diagnosis phase, different retrofit strategies and 

associated techniques can be conceptually designed using a SLaMa and ADRS approach (Figure 

14, Kam and Pampanin, 2010) and their relative efficiency compared in terms of costs, 

invasiveness, long-term expected losses, benefits. Following a multi-criteria decision making 

approach, the most appropriate solution or combination of solutions for an individual building, 

or for classes of buildings at a territorial scale level, can thus be selected (Giovinazzi et al., 

2006; Giovinazzi and Pampanin, 2007a,b; Beetham, 2013; Ligabue et al., 2015), defining a 

practical and affordable implementation plan. 

 

Figure 14. Conceptual representation of alternative retrofit strategies within an Acceleration-

Displacement Response Spectrum (ADRS) domain (Kam and Pampanin, 2010):  a) 

strengthening b) added damping c) base isolation d) weakening only e) full selective weakening 

(weakening + strengthening) 

In the past decade a number of retrofit strategies and solutions for RC buildings have been 

developed and/or further refined at the University of Canterbury as part of a multi-year research 



  

 

  

projects (Pampanin, 2010) with  particular attention to a) inversion of hierarchy of strength 

(FRP, Haunch, selective weakening) and b) drift control and increase/decrease in 

stiffness/resistance (external post-tensioned walls, selective weakening).  In the following 

paragraphs an overview of these solutions will be given along with an example of the 

comparative evaluation of their expected performance, in terms of %NBS, collapse risk, and 

time-base losses (reduction). 

7.2 Inversion of the Hierarchy of Strength  

The internal hierarchy of strength and sequence of events within a beam-column joints can be 

evaluated (Fig. 15) adopting a M-N interaction diagram or performance domain, following the 

procedure proposed in Pampanin et al. (2006), Akguzel and Pampanin (2012) and implemented 

in the NZSEE2017 guidelines as key part of the refined SLaMa Methodology.  

Alternative techniques and analysis/design procedure have been specifically developed to 

improve the hierarchy of strength of the as-built solution, by protecting  the join panel zone 

region from shear failure and targeting the development of  a plastic hinges in the beam, namely  

FRP (Fig. 15), diagonal haunch (Fig. 16) and selective weakening (Fig. 17). An overview on 

these retrofit solutions can be found in Pampanin (2010), with more specific information on the 

individual technique available in: Pampanin et al. (2005) and Genesio et al.  (2010) (haunch); 

Pampanin et al., (2006) and Agkuzel and Pampanin (2012) (FRP); Kam and Pampanin, (2010) 

(Selective weakening for frames).  

  

 

 

Figure 15. Left: evaluation of hierarchy of strength and sequence of event within a beam-

column-joint subassemblies; Right: implementation of FRP to invert the hierarchy of strength 

and develop a plastic hinge in the beam (modified after Pampanin et al., 2007; Akguzel and 

Pampanin, 2012)) 
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Figure 16. Retrofit of exterior beam-column joints using two alternative versions of the diagonal haunch 

solution (modified after Pampanin et al., 2005; Genesio et al., 2010) 

 

 

 
  

   

Figure 17. Selective weakening technique for non-ductile frames (modified after Kam and Pampanin, 

2010) 

7.3 Drift Control and Increase/decrease of stiffness/strength  

A drift control strategy with either increase or decrease of the stiffness/strength of an existing 

poorly detailed frame system can be achieved by means of post-tensioned shear walls, either 

introduced as new elements (Marriott et al., 2007) or derived from existing shear prone walls by 

implementing a selective weakening approach (Ireland et al., 2007). In both cases, a 

displacement-based retrofit methodology is adopted. 
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Figure 17. Retrofit solution using a Post-tensioned Hybrid walls (modified after Marriott et al., 2007) 

 

  
 

Figure 18. Selective weakening technique for walls (modified after Ireland et al., 2007) 

 

7.4  Comparison of alternative retrofit options  

The alternative retrofit options can be compared in terms of %NBS, collapse fragility curves, 

scenario-based or time-based loss estimations (Expected Annual Losses, or Probable Maximum 

Loss, i.e. under a 500 years return period event), as well as in general terms of multi-criteria 

cost-benefit analysis. Examples of comparison of the alternative options on case study (frame) 

buildings  are reported in Figures 19-23. 

The analytical procedure SLaMa can prove to be a very useful tool to assist the decision-maker 

in the evaluation of the “cost-efficiency” of each retrofit solution and select the most appropriate 

one. Further analysis can be then carried out to integrate the preliminary results and develop a 

detailed retrofit intervention. 

 

 

  

As-built 

(cast-in-situ) 

 

Saw cut 

Saw cut 

Selective Weakening by saw-cutting  Strengthening  

using tendons and dissipaters   



  

 

  

 

 

Figure 19: Collapse fragilities for the retrofit options. (a) FRP (top left), (b) Selective Weakening (top 
right), (c) Concrete Jacketing (bottom right) and (d) Full Selective Weakening (bottom left) (from 
Ligabue et al., 2015) 

 

 

Figure 20: (a) Correlation between performance and risk of alternative retrofit solutions and comparison 
with the NZSEE2006-2017 ‘risk fuse’ (Ligabue et al., 2015; (b) expected cost of retrofit intervention as a 
function of performance (adapted from Beetham, 2013)  
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Figure 21. Left: Example of Mean Annual Frequency, MAF, vs % of Replacement cost:  the area under 
the curve represents the Expected Annual Loss, EAL; Right: Values of EAL for each retrofit strategy and 
% of NBS considered (Ligabue et al., 2015). 

 

Figure 22. Comparison of alternative retrofit solutions in terms of Expected annual loss (EAL) as a 
percentage of the building replacement cost (Beetham, 2013) 
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Figure 23. Comparison of alternative retrofit solutions in terms of Probable maximum loss (PML) – under 
a Design Level earthquake (500 years return period or 10% probability of exceedance in 50 years) 
(Beetham, 2013) 

8 CONCLUSIONS  

Extensive effort and resources have been dedicated in the past few decades in the area of 

seismic assessment and retrofit of existing buildings. Significant advances have been achieved 

not only in the development of simplified assessment methodology potentially valuable (cost-

effective) retrofit techniques along with the estimation through seismic risk analyses of the 

(possible reduction of) socio-economical impact (losses).  

 

Seven years ago the author (Pampanin, 2010) wrote:  

“On the negative side, the actual implementation of seismic upgrading intervention at a large 

scale still appear as an exception than as a practical rule, often being initiated as part post-

earthquake repairing reconstruction process rather than as a prevention strategy.  

The actual lack of immediate financial resources to complete the whole task is too often 

perceived and considered the main obstacle to justify a passive approach (reaction-only). 

Certainly, and from a different perspective, the implementation, at the higher levels, thus 

beyond the restricted scientific community, of ad-hoc regulations and incentives capable of 

enforcing while favouring such actions, based on prioritization strategy within realistic multi-

year intervention plans would be most welcome” 

 

Interesting coincidence, that paper and associated presentation were delivered at the European 

Conference of Earthquake Engineering in Ohrid, Macedonia, held from 30 Aug- 3 Sept 2010. 

On the early morning of the 4
th
 September - NZ time - late night of the 3

rd
 Sept in central 

European time - the main shock of the Canterbury Earthquake Sequence (2010-2011) stroke.  

In the aftermath of that earthquake sequence, the significant step-change  has occurred in New 

Zealand with the introduction of a national policy for seismic risk reduction with a mandatory 

active approach for the seismic assessment and retrofit of the entire building stock within given 

timeframe. 

 



  

 

  

This paper has provided an overview of the motivations, objectives and, more importantly, the 

implementation plan of what we hope will be the first of a long list of high-level initiatives in 

other major seismic prone countries for the mitigation of the seismic risk at international level. 
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