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Abstract 

New Zealand faces increasing seismic risk as a result of its ageing stock of reinforced concrete 
(RC) buildings, particularly in urban centres such as Wellington. Many of these buildings have 
shown a wide range of severe structural weaknesses that stem from outdated design 
standards and construction practices. In response, the Building Innovation Partnership (BIP) 
and the Natural Hazards Commission Toka Tū Ake (NHC) have joined efforts to develop the 
first national guidelines for the seismic retrofit of existing RC buildings. These guidelines, 
currently shared with key stakeholders for preliminary review, integrate state-of-the-art 
research and international best practice, while also accounting for distinctive local construction 
features, such as the widespread use of hollow-core precast floors and structural systems 
susceptible to excessive drift during earthquakes. The guidelines aim to assist engineers by a) 
prioritising vulnerabilities in existing buildings, b) ensuring compliance with standards, and c) 
adopting new knowledge and improvements in retrofit methods. 

This article presents an overview of the new seismic retrofit guidelines for RC buildings, 
focusing on their underlying design philosophy, integration with New Zealand’s seismic 
assessment framework, and specific procedures for both global and local retrofit techniques. 
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1 Introduction 
There is a large inventory of multi-storey reinforced concrete (RC) buildings in New Zealand 
with well-known structural vulnerabilities that require seismic retrofitting. Cities such as 
Wellington are particularly exposed to high risk because of both the number of these buildings 
and high seismicity. Common vulnerabilities in these buildings include vertical and torsional 
irregularities, limited redundancy in the lateral load resisting systems, non-ductile columns, 
joints, and walls, and deficiencies in precast concrete floors and diaphragms. 

A collaborative research project between the Building Innovation Partnership (BIP) at the 
University of Canterbury and the Natural Hazard Commission Toka Tū Ake (NHC) has 
produced the first draft of technical guidelines for the seismic retrofit of reinforced concrete 
buildings. The guide, Whole-of-building approach to improve seismic retrofits of buildings in 
New Zealand, aims to facilitate the retrofit of multi-storey RC buildings by drawing on 
international practice and recent experimental, analytical, and numerical research. The guide 
provides a framework that will help to a) deliver more standardised retrofit solutions based on 
experimental data or international practice, b) facilitate discussions in the peer review process, 
and c) incorporate construction and geotechnical considerations in the early stages of the 
retrofit design process. 

The guide also contains adaptations from the following international documents: a) Techniques 
for the Seismic Rehabilitation of Existing Buildings – FEMA 547 (FEMA, 2006), b) Guidelines 
for Seismic Retrofit of Existing Reinforced Concrete Buildings (The Japan Building Disaster 
Prevention Association, 2001), and c) Norma Técnica Complementaria para Evaluación y 
Rehabilitación Estructural de Edificios Existentes (Government of Mexico City, 2023). 

1.1 Integration with the New Zealand framework for seismic assessment and 
retrofit of existing buildings 

The seismic assessment of existing buildings in New Zealand is guided by the Seismic 
Assessment Guidelines developed by the Joint Committee for Seismic Assessment and 
Retrofit of Existing Buildings (MBIE, 2025c). In these guidelines, the main metric to assess the 
structural vulnerability of a building is the index “percentage of new building standard (%NBS)”, 
defined as the ratio of deformation capacity to deformation demand at the component, sub-
assembly, and global levels. Retrofitted buildings are required to achieve at least 34% NBS. 
Nevertheless, no national guidelines currently exist for evaluating the seismic performance 
(i.e., stiffness, strength, and displacement capacity) of retrofitted RC components. 
In general, the stiffness, axial strength, and flexural strength of retrofitted elements can be 
estimated within acceptable margins using conventional assumptions in RC design. Bond 
strength, shear strength, and deformation capacity, however, require special considerations. 
Because of the severe consequences of shear failure in RC, the retrofit guide provides specific 
guidance on estimating shear strength. It also includes recommendations for estimating 
deformation capacity where sufficient evidence exists. Advice related to bond strength is also 
given where evidence and prior literature support it. 

2 Retrofit solutions 

2.1 Recommended retrofit approach 

The principles behind the assessment of existing RC buildings are usually aligned with the 
determination of the probable capacity of the RC components using probable strengths of 
concrete and reinforcing steel. Once the assessment has been conducted and indicated that 
seismic retrofit is required, the design of the retrofitted elements is recommended to be based 
on nominal material properties and nominal design capacities instead. This idea applies to 
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both existing and newly added parts of retrofitted elements. The rationale is that retrofitted 
elements should be designed according to the same principles that apply in the design of new 
elements. If nominal or lower-bound material properties are not available, the engineer should 
determine them using building drawings, original design documents, or by adjusting 
recommended probable material strengths from the Seismic Assessment Guidelines (MBIE, 
2025c). 

The designed retrofit should target the vulnerabilities identified during the assessment and/or 
improve the seismic performance of the critical elements that govern the value of the %NBS 
index. This objective can be achieved by a) reducing drift demands in future earthquakes by 
increasing the stiffness of the building, and/or b) increasing the displacement capacity of 
existing components by addressing brittle failure modes in the retrofit design. The 
displacement-period or acceleration-displacement spectra (i.e., “capacity spectra” – Freeman 
et al. 1975) illustrate that stiffening is an efficient way to reduce damage by reducing the ratio 
of deformation demand to deformation capacity, both at the building and component level. 

If retrofitted elements, or parts of them, are not expected to yield in flexure, their design 
strengths should ideally exceed the demand corresponding to the design-basis earthquake, as 
opposed to the reduced targets of the index %NBS (i.e., demands should be ideally based on 
a 100% NBS, not a fraction of it). Capacity design principles should also be used in retrofit 
solutions, or parts of them, that may trigger a brittle failure mode in the retrofitted building (e.g., 
post-installed connections).  

2.2 Seismic retrofit by addition of new elements 

The retrofit guide provides design procedures for the addition of new elements to buildings 
requiring retrofitting. Selected techniques include RC infills (Figure 1), wing walls, steel 
bracing, and exterior frames and RC walls. Each retrofit technique is described through the 
following sections:  

- Description of the retrofit technique 
- Design procedure (Geometric and material requirements, design for shear, Transverse 

reinforcement detailing, design for flexure, and longitudinal reinforcement detailing) 
- Drift capacity  
- Additional design considerations.  

Figures are included for each retrofit technique, showing an overall view of the retrofitted 
element (Figure 1 (a) and (b)) and critical details that ensure its expected behaviour (Figure 1 
(c)-(h)). 
For shear design, retrofitted elements are generally required to satisfy that the design shear 
strength, 𝜙𝑉!, should be equal to or larger than the shear demand on the retrofitted element, 
𝑉∗ (Equation (1)). The strength reduction factor, 𝜙, ranges between 0.7 to 0.9, even when 
capacity design principles are used in the calculation of the shear demands. Increasing the 
shear capacity-to-demand ratio is an adaptation from the Guidelines for Seismic Retrofit of 
Existing Reinforced Concrete Buildings (The Japan Building Disaster Prevention Association, 
2001) to promote a ductile response. Capacity design principles should be used for calculating 
shear demand 𝑉∗, as expressed in Equation (2). The design shear demand, 𝑉∗, should be 
taken as the larger of: the shear demands acting on the wall or the shear demand produced 
by the probable moment strength at the base of the wall, 𝑀#, the probable moment strength of 
beams adjacent to the wall, 𝑀#$,&

' l and 𝑀#$,&
( , and the probable shear strength resisted by 

adjacent beams, 𝑉#$,&'  and 𝑉#$,&( . 
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(a) (b) 

  

  
(e) (f) 

  
(c) (d) (g) (h) 

Figure 1: Detailed drawings of RC wall infill. 

2.3 Seismic retrofit by enhancement of existing elements 

Retrofit solutions for the enhancement of existing columns, beams, beam-column joints, and 
walls included in this Chapter are RC jacketing and overlays, steel jacketing and strips, fibre 
reinforced polymer (FRP) jacketing and strips, and post-installed external clamps. Diagrams 
showing examples of these retrofit techniques in existing RC columns are shown in Figure 2. 
Each retrofit technique is presented with the same sections and similar design procedures 
described in Section 2.2 of this paper. Additional design considerations are included in the 
guide to address the impact of retrofit techniques on: 

• Lap splices of longitudinal reinforcement in existing elements, both short laps and those 
near zones of expected large inelastic deformations, 

• FRP anchors, 
• Post-installed dowels used for RC overlays, and 
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• Addition or improvement of boundary elements in existing RC walls. 
 

  

(a) RC jackets (b) Steel jackets 

  

 
(e) Section A-A from (a). 

 

(c) FRP jackets (d) Post-installed 
external clamps 

(f) Section B-B from (a). 

Figure 2: Drawings of retrofit techniques for existing RC columns. 

2.4 Retrofit solutions for floors and diaphragms 

Chapter 6 of the retrofit guide provides design procedures for seismic retrofit of diaphragms 
and floors. Potential failure modes that can be avoided by the retrofit techniques are loss of 
support, positive moment failure, negative moment failure, and web-splitting failure. Retrofit 
techniques presented in the guide include supplementary seating angle, catch systems, 
supplementary negative moment and shear reinforcement, and strongback retrofits. Capacity 
design principles are used when applicable, with the design usually governed by the use of 
post-installed anchors to connect seating angles and catch systems to the existing structure. 
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3 Connections between existing elements and retrofit solutions 
Chapter 7 of the retrofit guide summarises recommendations for post-installed anchors, 
dowels, post-installed reinforcing bars, and pass-through connections used in retrofit designs, 
or parts of them. In general, there is a lack of experimental data, and international standards 
offer limited guidance for the use of post-installed connections in seismic retrofits. 
Commentaries on existing international standards and their relationship with New Zealand 
standards are included as Technical Notes. These notes draw on discussions with experienced 
practitioner engineers as an effort to capture current best practice. 

4 Construction and geotechnical considerations 
Chapters 8 and 9 address general construction and geotechnical considerations, respectively. 
Discussions regarding the construction plan and early involvement of the contractor in the 
retrofit design are recommended, as retrofitting existing buildings often involves more 
constructability constraints than new designs. Considerations for specific materials and 
techniques are also summarised in Chapter 8. Geotechnical considerations in Chapter 9 
highlight, in general terms, issues that should be considered and potential options for 
foundation retrofit. For detailed procedures, the guide refers the reader to the specific literature 
on foundation and geotechnical engineering. 

5 Conclusions and expected outcomes 
The first seismic retrofit guidelines for RC buildings in New Zealand, currently shared with key 
stakeholders for preliminary review, will help improve the resilience of the ageing building stock 
in the country. Several multi-storey RC buildings, particularly in urban centres such as 
Wellington, exhibit serious vulnerabilities because of their design under outdated standards 
and construction practices. The guide responds to this challenge with a whole-of-building, 
deformation-based design philosophy that emphasises both reducing drift demands and 
enhancing the displacement capacity of existing elements. 
Detailed retrofit design procedures are provided for the addition of new elements such as RC 
infills, wing walls, steel bracing, and exterior frames, as well as for enhancement of existing 
columns, beams, joints, and walls using RC, steel, or FRP jacketing systems. Floors and 
diaphragms, especially precast hollow-core floors, are also addressed through practical 
strengthening techniques. Special attention is given to post-installed anchors and connections, 
constructability issues, and geotechnical considerations, reflecting the complexity of retrofitting 
existing structures. 
Aligned with New Zealand’s seismic assessment framework, the guidelines promote 
consistent, standardised, and performance-based retrofit solutions. The guide is expected to 
evolve with ongoing research and field validation, ultimately enabling more reliable and 
effective seismic retrofits for RC buildings in New Zealand. 
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