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ABSTRACT: This paper presents the practical application of earthquake risk assessment 

of buildings in the Wairarapa area.  An outline of the specific seismic hazard in the 

Wairarapa and a brief history of the development of the definition of earthquake prone 

buildings, is followed by an overview of the application of the NZ Society for Earthquake 

Engineering document ‘Assessment and Improvement of the Structural Performance of 

Buildings in Earthquakes’ to buildings in the Masterton locality.  Focus is given to the 

Initial Evaluation Procedures outlined in the document, including a review of the 

alternative methods available, with local examples of varying types of materials and 

construction. 

1 INTRODUCTION 

1.1 Earthquake Prone Buildings 

As defined by the NZ Building Act 2004, a building is earthquake prone (EPB) if its ultimate capacity 

is exceeded in a moderate earthquake at that site and likely to collapse involving life safety or damage 

to other property.  The regulations define a moderate earthquake as one third as strong as the 

earthquake shaking used to design a new building at that site.  The requirements are not applicable to 

smaller residential buildings. 

The New Zealand Society for Earthquake Engineering (NZSEE) study group recommendations, June 

2006, provide information on the evaluation of the structural performance of existing buildings to 

determine whether or not they are EPBs in terms of S122 of the Building Act. 

1.2 Legislative control of EPB in NZ 

Since 1968 territorial authorities have had the powers, if they chose to apply for them, to declare 

Unreinforced Masonry (URM) buildings and their parts potentially dangerous in an earthquake.  In 

spite of these powers, at risk URM buildings and parts still exist in many NZ towns and cities.  The 

Gisborne earthquake of December 2007 highlighted some of the risks involved with these buildings 

and parts.  Figure 1 illustrates URM end gables on buildings. 

  

Figure 1a. URM Gable, Queen St, Masterton Figure 1b. Collapsed URM Gable, Gisborne EQ Dec2007  
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1.3 Masterton District Council Earthquake Prone Building Policy 

The Building Act 2004 required local territorial authorities to adopt a policy on earthquake prone 

building within their region.  Masterton District Council (MDC) policy on earthquake prone buildings 

was adopted in 2006. 

The MDC policy sets out the local requirements for assessing EPBs.  In 1988, MDC assessed and 

identified a group of buildings within the town central business district that were classed as EPBs 

under the then requirements of Section 624 of the Local Government Act 1974.  Those buildings, 

previously identified as EPB and subsequently strengthened, have been excluded from the current 

review.  MDC policy states that ‘natural justice would imply it is unfair to doubly penalise such 

structures by now requiring further strengthening as such a process inadvertently suggests these 

buildings should previously have been demolished rather than strengthened’. 

The majority of structures requiring assessment are those that were not previously identified.  They are 

generally commercial structures built prior to 1976.  The MDC policy dictates that should these 

buildings be classified as EPBs, they need to be strengthened to a minimum of 50% new building 

standard (NBS).  Depending on the structural condition, a timeframe of a maximum of ten years is set 

to remove the seismic risk. 

MDC complete a preliminary assessment of the structure, but it remains the responsibility of the 

building owner to carry out the initial evaluation. 

2 SEISMICITY OF THE WAIRARAPA 

2.1 Seismicity of the Wairarapa 

The Wairarapa is one of New Zealand’s most seismically active areas and can lay claim to the nation’s 

biggest recorded earthquake – the 1855 Wairarapa Earthquake (WELA, 2003).   

 

Figure 2. Wairarapa Fault Lines (from Shores & Fellows) - Wellington fault added 

In the past 104 years, the Wairarapa has been subjected to four earthquakes which have caused 

significant to extensive building damage.  They are: 

1.  The 1904 Cape Turnagain.  Mw 7.0-7.2.  Masterton MM7 

Masterton 
Urban Area 
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2.  The 1934 Pahiatua (Waione).  Mw 7.4.  Masterton MM7 

3.  The 1942 Wairarapa I.  Mw 7.2.   Masterton MM8-9 

4.  The 1942 Wairarapa II.  Mw 6.8.  Masterton MM7 

The greatest current seismic hazard facing Masterton is rupture on the Tararua-Putara segment of the 

Wellington Fault.  In 2002 this was regarded as the most ‘likely’ segment of the fault to rupture in the 

future (Berryman et al 2002).  The active fault lines in the region are illustrated in Figure 2. 

3 EVALUATION PROCESS 

3.1 Evaluation Process  

There are three basic stages to the assessment process; 

Stage 1  Research the structure.  All information held by the local authority is reviewed.  Copies are 

taken of any relevant information, ie structural drawings and specifications.  From this information a 

chronological history of the structure is compiled.  A special note is made of any pertinent features to 

be reviewed during the site visit, or any ambiguities in the structural form which will need to be 

confirmed on site.  The quality of the structural documents available vary from simple plan sketches 

from the early 1900s to drafted plans detailing all structural components to sometimes none at all. 

Stage 2  Visit the site.  The site inspection checks that the building’s structural elements are as per 

the plans.  Any differences from the plan details are recorded.  The general condition of the building is 

noted, identifying any deterioration.  Photographic records are taken of the structure.   

Stage 3  Complete the relevant assessment.  Various methods to assess a structure can be used, 

depending on the structure type and age.  The methods generally employed include the Initial 

Evaluation Procedure (IEP) from the NZSEE Recommendations, Appendix 3b attribute scoring 

process from the NZSEE Recommendations and specific simple calculations. 

3.2 NZSEE Initial Evaluation Procedure  

The IEP provided by the NZSEE Recommendations provides a quick process for assessing structures.  

It is generally based on the structure type and age, and then modified by several factors, as illustrated 

in Figure 3. 

 

 

 

 

Figure 3. Diagrammatical representation of the IEP Process 

For URM buildings constructed prior to 1935, the NZSEE Recommendations provide an attribute 

scoring method in Appendix 3b as an alternative to the IEP process.  These calculations are both a 

qualitative assessment of the structure condition and a quantitative assessment of the structural 
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characteristics. 

Structures that do not fall easily into the mould for the above two assessment methods can be 

evaluated using simple calculations.  These can be calculations from first principles, or for light timber 

framed structures, can simply be a bracing plan with estimated bracing units for the materials present. 

It should be noted that the IEP process is aimed at ‘Life Safety’ not damage control.  For engineers 

completing the assessment, an important thing to remember is that: ‘In the event of an earthquake, the 

decisions taken and the reasons for it will need to be easily seen as reasonable and defensive, 

especially in hindsight.’ (NZSEE Recommendations) 

4 DETAILED EXAMPLES 

4.1 Example 1 – NZSEE Initial Evaluation Procedure – Hunting & Fishing Building 

4.1.1 Stage 1 – Research the Structure 

This building in the central business area of Masterton was originally constructed in the late 1800s to 

early 1900s as two storey brick.  Repair works were completed on the building after it was damaged in 

the 1934 earthquake.  These 1934 repairs involved the installation of steel bracing in the roof and wall 

spaces and a central concrete pier in the front, with the original brick pier retained. 

  

Figure 4a. 1934 structural steel system Figure 4b. Internal intermediate frame 

The building was entirely reconstructed after damage in the 1942 earthquakes.  New concrete 

foundations and wall columns were constructed, with brick infill panels.  The condition of the building 

after the 1942 earthquakes was recorded in the Masterton Borough Surveyors report: 

‘The showroom portion at the front has an exceptionally high storey height into which had been 

introduced after the 1934 earthquake, a system of RSJ columns and beams at third points of span.  

These proved effective in supporting the roof after partial failure of the poorly constructed 16-inch 

cavity brick side walls.  Nothing appears to be required at the front except to tie (reinforced concrete) 

bands into existing work.’  The latter work was not completed. 

Table 1. Abridged Chronological History of Structure 

Year Structure History Note 

Unknown Original building  

1934 EQ damage repairs Structural steel system installed 

1943 EQ damage repairs Building entirely rehabilitated 

1971,1974,1991 Internal fit out Non structural 

2004 Mezzanine floor added at rear  
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Records for this structure were located at the MDC, though changes over time mean that it is now filed 

under a different street number to the current.  Reasonably detailed records were available for the post 

1942 works, while only one plan was on file for the post 1934 works.  A chronological history of the 

structure was compiled, refer Table 1. 

4.1.2 Stage 2 – Visit the Structure 

The building was inspected internally and externally.  Generally the structure was in good condition, 

with structural elements as shown on the 1934 and 1942 plans.  The main portion of the building has a 

high suspended ceiling.  There is no continuous diaphragm present at mid-floor. 

Two cast-iron columns were present in the front façade.  Brick piers were also visible in the façade 

structure.  During the site visit, it was confirmed that the first 1943 reinforced concrete frame was set 

back from the original façade, as shown on the drawings.  The façade of the building remains as per 

the original construction, with the exception of the concrete pier addition in 1934.   

 

Figure 5. Hunting & Fishing building façade 

4.1.3 Stage 3 – Evaluate the structure 

For this type of structure, the NZSEE IEP is the best tool for assessment.  It provides a quick and 

simple method to evaluate the relative performance of this building in an earthquake.  It is likely that 

this reinforced concrete frame structure was subject to engineering input relevant to the code of the 

time.  Therefore scaling the relevant codes, as applied in the IEP, is an applicable coarse filter 

assessment method   Based on the structure type and age, this building was assigned a percent of a 

new building standard (%NBS)nominal of 4%.  With a building importance level of 2 and a structure 

ductility of 2, this building achieved a (%NBS)baseline of 21.4%. 

The building does not suffer significantly from any of the identified critical structural weaknesses 

(CSWs), meaning the Performance Achievement Ratio (PAR) is set by the ‘F’ Factor.  For this 

building, the F factor was set as 2.5 longitudinally, and 1.0 transversely. 

The final %NBS for this building was therefore 53.5% longitudinally and 21.4% transversely. 

4.1.4 Structure Classification 

The IEP result classifies this building as an EPB.  The IEP results for this structure were ‘forced’ by 

the ‘F’ Factor.  The rational for the ‘F’ factor relates to the façade.  In the longitudinal direction, there 

are reasonably regular reinforced concrete frames present.  In the transverse direction, the concrete 

frames are present at the rear of the building and intermediate location, offset towards the rear.  This 

will produce an irregularity and will lead to increased transverse deformations at the front of the 

Brick pier 

Brick pier w/ 1934 

RC pier at rear 2 Cast iron columns Brick pier 
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structure. 

 

Figure 6a. Structural drawings of the 1942 reconstruction of the Hunting & Fishing building, with annotations 

 

 
 

Figure 6b. Reinforced concrete U-frames Figure 6c. Rear reinforced concrete rectangular frame 

The front façade gravity loads are supported by a characteristically brittle system, consisting of bricks 

and cast iron.  Deformations are likely to affect the stability of the gravity support system of the 

façade. 

 
 

Figure 7a. View of side of facade.  Note first 1942 RC frame 
set back from the remaining original brick facade. 

Figure 7b. Original cast iron column 
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Thus this building should be classed as an EPB, and further investigation should be done on the 

transverse capacity of the U-frames, and the likely deformations of the facade. 

4.2 Example 2 – Simple Calculations – Seminis Seeds Warehouse (Adjacent Masterton Railway 

Yards) 

4.2.1 Stage 1 – Research the Structure 

There was no information available for this structure from the MDC. 

4.2.2 Stage 2 – Visit the Structure 

The warehouse was constructed around the 1920s, and is a 61m x 15m timber building with 19 timber 

truss frames at approximately 3.1m centres.  The transverse frames are timber trusses and columns of 

dual studs and bolted knee braces at the truss-column connection.  A number of the truss frames had 

their knee braces removed to facilitate pallet storage in the warehouse.  The walls and roof are close 

sarked timber, with corrugated galvanised roofing.  There have been minor additions for plant and a 

new internal office has been added. 

  

Figure 8a. External view of warehouse Figure 8b. Internal view of warehouse 

4.2.3 Stage 3 – Evaluate the structure 

The NZSEE IEP is not the best tool for the evaluation of this type of structure.  The coarse filter IEP 

provides a comparison between the design code likely to have been applied at the time and the current 

loading code.  This type of building is unlikely to have had engineering input at the time of 

construction, and therefore scaling between the relevant codes is not the best assessment method.  In 

addition, structures consisting of more ductile materials like timber will generally have more capacity 

for overstrength than other common construction materials of this era such as reinforced concrete or 

masonry.  The IEP may penalise this type of structure by not allowing for this.  Specific calculations 

are quick and easy to complete for this structure, and will be more indicative of performance.  Specific 

simple calculations were adopted. 

Using AS/NZS 1170, the earthquake and wind loadings on the structure were derived.  In both 

directions, 33% of the current standards earthquake loading is less than the wind loading. 

NIWA data for the Masterton area documents a mean annual wind gust speed event of greater than 

25.8 m/s on two days per year.  33% of NBS earthquake loading is equivalent to a wind speed of 

22m/s.  From this we can assume the buildings transverse capacity is greater than 33% NBS. 

 

 



8 

Table 2. Transverse forces on Seminis Seeds Warehouse building 

 Wind Earthquake 

 AS/NZS 

1170 load 

Equiv. Gust 

speed 

AS/NZS 

1170 load 

33% NBS Equiv. wind gust 

speed of 33% NBS 

Transverse 

(load per frame) 

13kN 38m/s 

(148km/hr) 

12.6kN 4.2kN 22m/s 

(79km/hr) 

Longitudinal 

(load per wall) 

45kN 38m/s 

(148km/hr) 

120kN 40kN 35m/s 

(126 km/hr) 

Longitudinally, the earthquake forces are resisted by the two close sarked timber external walls.  Two 

sets of data were used to verify their capacity.  The superseded Light Timber Frame Code 

NZS3604:1990 Appendix K Table K1 provided a bracing unit value for close timber sarking.  A first 

principles calculation was also completed on the likely shear capacity of the sarking, determined by 

the nail connections.  Both gave a value of 2.1kN/m.  With 61m length of wall, the resistance available 

is 128kN per wall, which is greater than 33% NBS. 

4.2.4 Structure Classification 

This building exceeds the 33% NBS threshold and should not be classed as an earthquake prone 

building.  However, the structural integrity of the frames, and their capacity to resist lateral loads as 

designed should be restored by replacing the missing knee braces.  This work has now been 

completed. 

  

Figure 9a. Knee braces missing Figure 9b. Knee braces reinstated 

5 NOTES ON THE NZSEE IEP 

5.1 IEP – The maths 

As provided by the NZSEE Recommendations, buildings in Masterton will be assigned (%NBS)nominal 

based on their age.  The common factors for a building in the Masterton urban area are detailed in 

Table 3, below.  The information on soil conditions in the Masterton urban area is limited.  The 

limited number of boreholes show gravels and SPTN results which indicate they were medium dense 

to dense (Brabhaharan 1993).  For the Wairarapa I earthquake of 24 June 1942, the mean PGA in 

Masterton has been estimated at 0.3-0.6g. (Downes et al 2003).  The soils in the urban area are mostly 

of a firm to stiff character, which would be classed as Ground Class C (Dowrick & Rhoades 2002).   
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Table 3. Factors generally common to building in the Masterton Urban area 

 Period Soil Type Near Fault 

Factor 

Hazard 

Factor, Z 

Building 

Importance 

Level 

Value <0.4 secs C-Shallow soil 1 0.42 2 

IEP value Figure 3.3(a) to 3.3(h) Factor A=1 Factor B=2.38 Factor C=1 

Generally the structures under consideration locally have a low period of less than 0.4 seconds.  The 

IEP Step 2 factors D and E rely on the structure ductility.  If =1, then DxE=2.245, while if =2, then 

DxE=1.0. 

Keeping in mind the requirement for 33% of NBS, we can calculate the IEP maths for the Masterton 

Urban area.  Table 4 sets out the different age groupings set out in the NZSEE Recommendations, and 

their associated factors. 

The (%NBS)nominal is set, there is no engineering judgement involved.  The Product of Baseline Factors 

is also generally set, with period and ductility as the only variables.  The PAR for a building with no 

critical structural weaknesses (CSWs) is set entirely by the F Factor.  In this case, a building with no 

CSWs, the ‘F Factor’ will determine if buildings pass or fail. 

Basically the assessment comes down to the judgement of the engineer.  While pounding, plan and 

vertical irregularity are a factor, buildings generally ‘pass’ or ‘fail’ determined by the ‘F Factor’.  

There is nominal guidance on the appropriate application of the ‘F Factor’ in the NZSEE 

Recommendations, which states that a ‘well designed and constructed regular building of its type and 

vintage on the site in question… would have a PAR=1’. 

Table 4. The ‘F’ Factor 

 Ductility (%NBS)nom  Product of 

Baseline 

Factors 

 (%NBS)b PAR (excl 

Factor F) 

Required 

Factor F to 

%NBS>33% 

Pre 

1935 
=1 3.2% x 2.38 = 7.62% 1 4.4 

=2 x 5.38 = 17.22% 1 2.0 

1965-

1935 
=1 4% x 2.38 = 9.52% 1 3.5 

=2 x 5.38 = 21.4% 1 1.6 

1976-

1965 
=1 7.5% x 2.38 = 17.85% 1 1.9 

=2 x 5.38 = 40.35% 1 0.9 

Referring to Table 4, if the PAR, inclusive of the ‘F Factor’ =1, the only buildings in the Masterton 

locality that would ‘pass’ the evaluation process are buildings with ‘high’ ductility, and no CSWs 

constructed between 1965 and 1976.   

6 CONCLUSIONS 

 The necessity for the Building Act requirement to evaluate the seismic capacity of all 

buildings constructed prior to the introduction of modern codes and not only URMs is 

quite clear and supports the long held view of NZSEE 

 The initial evaluation procedure outlined in the Recommendations of the NZSEE Study 

Group on Earthquake Risk buildings is a practical workable basis on which to initially 

assess the seismic performance of ERBs and should produce relatively uniform seismic 

grading outcomes.  It is in effect a ‘coarse sieve’ 
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 The IEP outcome is very sensitive to the Factor F used in determining the PAR.  Factor F 

is entirely based on the judgement of the assessor and has a significant affect on the % 

NBS achieved and the seismic grading 

 In the Masterton urban area, a good (µ=2) pre-1935 buildings requires an F value of 2.0 to 

achieve a %NBS greater than 33 

 Single storey timber framed structures which do not fit comfortably into the IEP 

procedure can be evaluated using simple calculation procedures, such as bracing units, to 

produce a %NBS value 

 Life safety and the likelihood of damage to any other property are critical requirements 

 In Masterton, the time taken to carry out an IEP assessment is generally around 10-15 

hours.  This could be less in other areas where the territorial authority carry out the 

research and locate the building permit / consent information. 

 Having a very experienced local Engineer to consult with is a valuable resource, 

particularly with historical information on construction methods and materials over time. 
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