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Executive Summary 

Background 

This seismic assessment report has been prepared for KI Commercial Ltd, the owner of the building 

located at 11 Bernard Street, Christchurch to describe the results of our quantitative assessment. 

This report has been prepared in accordance with the scope of work described in our previous letter 

titled ’11 Bernard Street – Structural Analysis, Strengthening Design and Design of Building Front’. 

Building Description 

The building was constructed in approximately 1930 and is a one storey industrial building. The 

building is primarily an unreinforced masonry structure with internal steel gravity frames, timber 

sawtooth roof and timber suspended floor. The building is founded on shallow pad and strip 

footings. 

Assessed Structural Performance 

From our assessment, without strengthening, the main building is likely to achieve approximately 

<20%NBS in terms of the expected seismic performance for life safety in a 1 in 500 year design 

level earthquake. Therefore, it is a Grade E building, following the definition of the New Zealand 

Society of Earthquake Engineering (NZSEE) building grading scheme, which could be regarded as 

exposing the occupants to a very high seismic risk. 

A building with less than 34%NBS is categorised as an Earthquake Prone Building (EPB) and a 

building with less than 67%NBS is categorised as an Earthquake Risk Building (ERB).  The building 

at 11 Bernard Street is therefore categorised as an Earthquake Prone. 

The capacity of the Main Building is limited by: 

� Overturning of concrete column pad footings. 

� Flexural capacity of cantilever reinforced concrete columns. 

� Out-of-plane capacity of cantilever unreinforced masonry brick columns and wall. 

Next Steps  

KI Commercial Ltd is currently in the process of redeveloping the building at 11 Bernard Street for 

commercial use. Beca have been engaged by KI Commercial Ltd to provide structural design 

services for the redevelopment and to strengthen the existing structure to 100%NBS. 

Explanatory Statement 

This assessment is necessarily limited in its extent and conclusions due to the limited accessibility 

for inspections, limitations on available documentation and the limited technical evaluation that has 

been carried out. We have not, for example, undertaken inspections of the building at roof level and 

the provided structural drawings are not complete.  Because of this the client has commissioned 

some additional intrusive inspections and testing to assist with our reporting, however other 

inspections (outlined above) have not been carried out at this stage.  We note that further 

inspections and assessment/design would be necessary should it be decided to repair the existing 

buildings.  The report does not address defects that are not discoverable on visual inspection 

including defects in inaccessible places and latent defects.  Beca is not able to give any warranty or 

guarantee that all defects damage, conditions or qualities have been identified. 
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We cannot advise on the continued occupation of a building but can only draw attention to the 

relative risks associated with any particular building.  The decision for continued occupancy must 

rest with the owner and/or tenant of the building. 

This summary is a limited précis of our observations and conclusions. Where any question arises as 

to the scope of the assessment undertaken by us, or the interpretation of this summary, the full 

report should be reviewed, or Beca Ltd consulted.
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1 Introduction 

This report has been prepared for KI Commercial Ltd, the owner of the building located at 11 

Bernard Street, Christchurch to describe the results of our Detailed Seismic Assessment.  

A quantitative seismic assessment has previously been conducted by Opus International 

Consultants dated March 2014. From this assessment, it was reported that the building achieves 

10% of New Building Standard (%NBS). This categorised the building as Earthquake Prone. 

Beca have recommended this additional quantitative seismic assessment in order to better 

understand the structural system of the building to inform an appropriate seismic strengthening 

scheme. This document will be used for building consent submission for new strengthening work. 

1.1 Scope of Assessment 

The purpose of this assessment is to establish the seismic risk and vulnerability of the building at 11 

Bernard Street. Our scope of work includes: 

� A review of the previous earthquake assessments, drawings and geotechnical reports provided 

to Beca. 

� The assembly of an analytical model of the building structure based on the information gained by 

a review of the drawings along with our knowledge of the detailing used for structures of this era. 

� An evaluation of the capacity of the critical structural elements of the building and the seismic 

demands (internal forces and ductility) on these elements, as derived from our analytical models. 

� A summary of the findings and comments and general recommendations about further actions. 

1.2 Regulatory Environment and Design Standards 

Earthquake-Prone Buildings (EPBs) are defined in Section 122 of the Building Act 2004 as buildings 

whose ultimate capacity will be exceeded in a moderate earthquake and would be likely to collapse 

causing injury or death or damage to any other property.  A moderate earthquake is defined as 

approximately one-third as strong as the earthquake shaking assumed in the design of a new 

building.  

Using the 2006 NZSEE Guidelines terminology, a building that achieves less than 34% of the New 

Building Standard (%NBS) is categorised as Earthquake-Prone.  The NZSEE Guidelines also 

define a building achieving less than 67%NBS, as Earthquake-Risk. The NZSEE Guidelines 

recommend a minimum target strengthening level of 67%NBS.  

The Building Act 2004 requires each territorial authority to publish a policy on how they propose to 

deal with earthquake-prone buildings, taking into account their area's particular seismic, economic 

and social conditions.  

The Royal Commission into the Canterbury Earthquakes has recently recommended changes in 

respect of EPBs including recommendations to change the allowable time to assess whether 

buildings are earthquake prone (2 years for URM buildings and 5 years for other buildings) and then 

strengthen buildings to above 34%NBS (a total timeframe of 7 years for URM buildings and 15 

years for other buildings). 

The government, under the Ministry of Business, Innovation and Employment (MBIE) has 

considered these recommendations and proposed legislative changes. The proposed legislative 
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changes have recently been introduced with a time frame of 5 years for assessment, whether or not 

buildings are earthquake prone, and a total of 15 years to strengthen all buildings to above 34%.  

These timeframes and strengthening levels are proposed to apply nationally.  No change to the 

definition of an earthquake prone building has been proposed at this stage. 

It is important to recognise that the %NBS score is largely concerned with strength, whereas 

modern design standards also aim to impart a degree of toughness to the structure and achieve 

satisfactory performance in smaller (serviceability level) earthquakes.  Buildings designed in 

accordance with the New Zealand Loading Standard (NZS:1170) and the relevant material design 

standards are expected to present a low risk of wholesale collapse even when subject to 

earthquake shaking incrementally larger than that specified in the Loading Standard. 

It is considered impractical and unaffordable to design every building to withstand the largest 

earthquake imaginable.  Consequently, with respect to the determination of design loads for natural 

hazards, the New Zealand Loading Standard adopts a probabilistic approach that takes into 

account the exposure hazard at a given location, along with factors such as building importance.  

Thus, the Loading Standard may be said to adopt a risk management approach in setting the 

loading levels that a given building is required to withstand. 

For normal use buildings (e.g. offices, apartments), the “design” earthquake load is set at the 1 in 

500 year return period earthquake event.  This event has approximately a 10% probability of 

exceedance over the assumed 50 year life of a building. 

1.3 Assessment Methodology 

We have used a stepped approach to the seismic assessment of the building at 11 Bernard Street, 

starting with simpler analysis methods and progressively employing more sophisticated methods of 

analysis to determine the seismic vulnerability of the building.  The techniques used are generally 

as outlined in the June 2006 report by the New Zealand Society for Earthquake Engineering entitled 

Assessment and Improvement of the Structural Performance of Buildings in Earthquakes (2006 

NZSEE Guidelines). 

Our methodology is briefly summarised below: 

� Review of as built drawings and previous reports available to us (provided by KI Commercial Ltd) 

to identify the main structural elements and any apparent “critical structural weaknesses” that 

may significantly reduce the seismic performance of the building. 

� Visual inspection of key elements of the building. 

� Calculation of the expected seismic loads on the building following the current New Zealand 

loading standards (NZS1170). 

� Two-dimensional equivalent static analysis on the building structure in longitudinal and 

transverse directions. 

� Hand analysis of selected critical elements of the building to determine the likely failure 

mechanisms of these subassemblies, and the whole building. 

� Determination of the likely seismic performance of the building compared with an equivalent new 

building at the site based on our inspections, the structural weaknesses identified, our 

calculations, and our engineering judgment. 

1.4 Explanatory Statement 

� This report has been prepared by Beca at the request of our Client and is exclusively for our 

Client’s use for the purpose for which it is intended in accordance with the agreed scope of 

work.  Beca accepts no responsibility or liability to any third party for any loss or damage 
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whatsoever arising out of the use of or reliance on this report by that party or any party other 

than our Client. 

� The inspections of the building discussed in this report have been undertaken to assist in the 

structural assessment of the building structure for seismic loads only.  This assessment does not 

consider gravity or wind loading or cover building services or fire safety systems, or the building 

finishes, glazing system or the weather tightness envelope.  

� This assessment does not include an assessment of the building condition or repairs that may 

be required. 

� Beca is not able to give any warranty or guarantee that all possible damage, defects, conditions 

or qualities have been identified.  The work done by Beca and the advice given is therefore on a 

reasonable endeavours basis.  

� Except to the extent that Beca expressly indicates in the report, no assessment has been made 

to determine whether or not the building complies with the building codes or other relevant 

codes, standards, guidelines, legislation, plans, etc. 

� The assessment is based on the information available to Beca at the time of the assessment and 

assumes the construction drawings supplied are an accurate record of the building. Further 

information may affect the results and conclusion of this assessment.  The information used to 

undertake the seismic assessment is listed in Appendix A.   

� Beca has not considered any environmental matters and accepts no liability, whether in contract, 

tort, or otherwise for any environmental issues.  

� The basis of Beca’s advice and our responsibility to our Client is set out above and in the terms 

of engagement with our Client. 

� Our quantitative assessment assumes an undamaged building. 

� We cannot advise on the continued occupation of a building but can only draw attention to the 

relative risks associated with any particular building.  The decision for continued occupancy must 

rest with the owner and/or tenant of the building. 
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2 Building Description 

2.1 General 

Summary information about the building is presented in the following table. Reference information 

used to undertake this seismic assessment is listed in Appendix A. 

Table 3.1 - Building Summary Information 

Item Details Comment 

Building name Not Applicable  

Street Address 11 Bernard Street  

Age 85 years  

Description / Building 
Occupancy 

Industrial building with 
sawtooth roof. Unoccupied 
since Canterbury earthquakes. 

Tenancy 5 has been 
redeveloped for commercial 
use and is currently 
untenanted. It is understood 
that future developments for 
this building will be for 
commercial use. 

Building Footprint / Floor Area Approximately 1350m
2
 Longitudinal (East-West) and 

transverse (North-South) 
building lengths measuring 
47.5m and 28.5m respectively. 

No. of storeys / basements 1 storey with no basement.  

Structural system Steel gravity beams and 
columns, unreinforced masonry 
perimeter walls, reinforced 
concrete columns, timber floor 
and roof structure. 

 

Earthquake resisting system Reinforced concrete columns, 
unreinforced masonry columns, 
unreinforced masonry walls. 

 

Foundation system Shallow pad and strip footings.  

Stair system None  

Past seismic strengthening  None  

Construction information   No original structural drawings 
were available for this 
assessment. As-built drawings 
by Opus International have 
been used for the purpose of 
this assessment. 

Likely Design Standards No applicable seismic design 
standard.  
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Figure 3.1 – Site of 11 Bernard Street (Sourced from Google Maps). 

2.2 Site Conditions 

A geotechnical investigation was undertaken by Smart Alliances Ltd and a report was produced 

dated 9 February 2012. A hang auger was conducted on site in the adjacent building 9 Bernard 

Street which revealed that the building is founded on fine loose sands. The ground water table was 

encountered at a depth of 1.2m at the time of the investigation. The report is included in Appendix 

C. 

Following the earthquakes, there was no report of liquefaction on site however the report states 

there is a risk of liquefaction induced settlement to the site. Liquefaction induced settlement is 

expected to be less than 100mm. 

The site has an allowable bearing capacity of 50kPa and an ultimate bearing capacity of 200kPa. 

It may be concluded that the NZS 1170 subsoil classification for the site will be Site Class D. 

2.3 Temporary Securing Work 

The west wall of the building at 11 Bernard Street has suffered damage due to the Christchurch 

earthquake sequence. The damage is typically caused by out-of-plan displacement of the wall. 

Beca has issued sketches to KI Commercial Ltd of a conceptual propping arrangement to 

temporarily secure the wall. The sketches are included in Appendix E.  

2.4 Building Design 

The first unified national loading and building design standard, NZSS95:1935 Model Building By-

Law, was introduced following the catastrophic 1931 Napier earthquake.  This code required the 

building to be designed for a nominal lateral force applied uniformly up the building.  A revision to 

N

t 

Transverse 

Longitudinal 
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the loading and building design standard was made in 1955, introducing minor improvements to 

reinforced concrete design.   

There were significant changes to the knowledge base of structural engineers in the mid-1960s and 

the 1970s.  The NZS1900:1965 loading standard considered variations in regional seismicity and 

effects of dynamic response in the calculation of seismic coefficients.  Ductility requirements were 

introduced in NZS1900:1965, but without clear guidance on how to achieve the ductility capacity.   

Much research and development occurred in the late 1960s and early 1970s. Research and 

development in New Zealand in the 1970s set the early benchmark for the design and detailing of 

ductile reinforced concrete structures to resist earthquake loading. These findings were 

incorporated into a new loadings code NZS4203:1976 and a new concrete code NZS 3101:1982.   

A ductile structure designed to modern codes is expected to be able to undergo relatively large 

displacements without collapse. Ductile structures are also able to dissipate energy and resist 

repeated cycles of seismic loads without excessive strength degradation.  Buildings designed with 

these features provide a higher level of life safety performance in severe earthquakes compared 

with other buildings without these features. 

Due to the approximate age of the building, it is possible that it was designed at a time when 

seismic engineering knowledge was limited and therefore may have been designed to resist gravity 

loads only. 

2.5 Structural System 

The lateral load resisting systems for 11 Bernard Street are identified to be: 

Transverse 

Seismic loads in the transverse direction are resisted predominately by cantilever reinforced 

concrete columns along the north and south elevation. Internal steel columns provide a notional 

resistance to lateral loads by acting as cantilevers; however, their capacity is limited due to the lack 

of connection to foundations. Due to the non-existence of a diaphragm at the roof level, the 

contribution to lateral resistance from the west masonry wall is minimal. 

Longitudinal 

Seismic loads in the longitudinal direction are resisted by the unreinforced masonry column walls 

and columns on the west elevation. To resist lateral loads, these elements act as cantilevers in the 

out-of-plane direction. Internal steel columns provide some resistance to lateral loads; however, 

their contribution is limited by the lack of connection to the foundation. Contribution of the north and 

south masonry walls to resist lateral loads is minimal due to the absence of a structural roof 

diaphragm. 
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3 Results of Seismic Assessment 

The results of our quantitative seismic assessment indicate the building seismic performance to be 

<20%NBS. 

Table 4.1 presents the evaluated seismic performance in terms of %NBS of the individual structural 

systems for the building on 11 Bernard Street. 

Table 4.1 - Summary of Seismic Performance of Structural Systems (Main Building) 

System Direction 
Seismic 

Performance in 
%NBS 

Notes 

Reinforced Concrete 
Cantilever Columns 

Transverse <34%NBS 

Includes seismic 
resistance contributing 

from internal steel 
columns 

Unreinforced 
Masonry Columns 

Longitudinal <20%NBS 

Internal steel columns 
do not contribute to the 

capacity of critical 
columns. 

Unreinforced 
Masonry Walls 

West Wall – 
In-plane 

 
West Wall – 
Out-of-plane 

34-67%NBS 
 
 

34-67%NBS 

 

North Wall – 
In-plane 

 
North Wall – 
out-of-plane 

34-67%NBS 
 
 

67-100%NBS 

 

South Wall – 
In-plane 

 
South Wall – 
Out-of-plane 

100%NBS 
 
 

67-100%NBS 

Top restraint of south 
walls provided by 

reinforced concrete 
frame. 

Steel Roof Beam 
Struts 

 

Transverse 
 

Longitudinal 

67-100%NBS 
 

100%NBS 

Combined bending 
action from gravity 
loads considered. 

Pad Footing 
Foundations 

Transverse <20%NBS 
Assumed dimension of 
1200mm x 600mm x 

200mm. 

The limiting mechanism for the building is identified as the overturning capacity of the reinforced 

concrete column pad footings along the north and south walls under transverse loading. The 

dimensions of these footings have been assumed to be 1200mm x 600mm x 200mm deep. 

The limiting mechanism along the west elevation is out-of-plane capacity of cantilever unreinforced 

masonry columns. Their capacities are provided only by their self-weight. The capacities of two 

columns are assisted by the notional flexural capacity of the internal steel columns; however, the 

remaining three columns have no internal steel columns along the line of loading. 

Reinforced concrete columns along the north and south elevations scored <34%NBS under flexural 

cantilever mechanism. It was assumed that these columns were reinforced longitudinally with four 

Grade 40 ½ inch diameter bars at corners and a series of transverse stirrups.  
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4 Assessment of Seismic Risk 

4.1 Seismic Risk and Performance Levels  

From our assessment, the main building is likely to achieve approximately <20%NBS in terms of the 

expected seismic performance for life safety in a 1 in 500 year design level earthquake. Therefore, 

it is a Grade E building, following the definition of the New Zealand Society of Earthquake 

Engineering (NZSEE) building grading scheme, which could be regarded as exposing the 

occupants to a very high seismic risk. 

The New Building Standard requires a building to have a low probability of collapse in a 1 in 500-

year “design level” earthquake (i.e. an earthquake with a probability of exceedance of approximately 

10% over the assumed 50 year design life of a building). 

Table 6.1 - Relative Earthquake Risk 

Building Grade Percentage of New 
Building Strength 
(%NBS) 

Approx. Risk Relative 
to a New Building 

Risk Description 

A+ >100 <1 low risk 

A 80 to 100 1 to 2 times low risk 

B 67 to 80 2 to 5 times low or medium risk 

C 33 to 67 5 to 10 times medium risk 

D 20 to 33 10 to 25 times high risk 

E <20 more than 25 times very high risk 

 

A building with less than 34%NBS is categorised as an Earthquake Prone Building (EPB) and a 

building with less than 67%NBS is categorised as an Earthquake Risk Building (ERB).  The building 

at 11 Bernard Street is therefore categorised as an Earthquake Prone. 

The capacity of the Main Building is limited by: 

� Overturning of concrete column pad footings. 

� Flexural capacity of cantilever reinforced concrete columns. 

� Out-of-plane capacity of cantilever unreinforced masonry brick columns and wall. 
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5 Next Steps 

KI Commercial Ltd is currently in the process of redeveloping the building at 11 Bernard Street for 

commercial use. Beca have been engaged by KI Commercial Ltd to provide structural design 

services for the redevelopment and to strengthen the existing structure to 100%NBS. To date, Beca 

have issued sketches of a concept strengthening scheme on 1 December 2015 numbered SK-001 

to SK-010. 

For redevelopment, KI Commercial Ltd has engaged Architects Plus as architects and Campbell 
Johnson Design Ltd as interior fitout designers. 
  

Exhibit 1
Produced by Keung for KI Commercial

Page 14 of 48



 

 

 

Appendix A 

Sources of Information

Exhibit 1
Produced by Keung for KI Commercial

Page 15 of 48



 

 

 

Sources of Information  
The following information was used to undertake the seismic assessment: 

� Documents obtained from KI Commercial. 

� Opus International Detailed Engineering Evaluation Report on 11 Bernard Street dated March 2014. 

� External and internal visual inspections of the building carried out on 28 September 2015 and 15 

October 2015. 

The following documents and references were available to undertake the seismic assessment:  

� New Zealand Standard NZS1170 “Structural Design Actions”.  

� New Zealand Standard NZS3101:2006 “Concrete Structures Standard”. 

� New Zealand Standard NZS3404:1997 “Steel Structures Standard”. 

� New Zealand Society for Earthquake Engineering (NZSEE) “Guidelines on Assessment and 

Improvement of the Structural Performance of Buildings in Earthquake”. 2006 New Zealand.  
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Seismic Assessment Assumptions 

B.1  Seismic Loading 

The seismic design loads are determined in accordance with NZS1170.5:2004 with the following 

assumptions: 

� Importance Level 2 structure (a normal use building) and a Design Life of 50 years. 

� Site Location – Christchurch with a base seismic coefficient of 0.3g (the increased seismic intensity 

coefficient since the Christchurch earthquakes). 

� Subsoil class category D.  

Only the Ultimate Limit State (ULS) is considered in the seismic assessment, which is concerned with 

life safety of the occupants and collapse prevention.  

B.2 Dead and Live Loads 

The following assumptions have been made in establishing dead loads for the structure: 

� Reinforced concrete columns, beams are normal weight with a density including reinforcing of 2500 

kg/m
3
. 

� 0.01kPa of superimposed dead load on the roof for mechanical, electrical, plumbing, lighting, and 

miscellaneous. The superimposed dead load is assumed to be uniformly distributed over the roof. 

� 0.15kPa total dead load for the light-weight roof structure including steel sheet roofing and timber 

purlins assumed to be uniformly distributed over the roof. 

The live load assumption is based on NZS1170:2004 requirements:  

� Ground Floor: 5 kPa from Table 3.1, Type B, offices and work areas. General industrial. 

� Roof: 0.25 kPa from Table 3.2, Type R2, Other roofs. 

B.3 Assessment Assumptions 

The key assumptions made during our assessment were as follows: 

Item Assumption Comments 

Steel grades  fy=250MPa 
 

fy=292MPa 
 

For all structural steel 
 
Concrete reinforcement bars 
 
All grades indicated are probable strength as per 
2006 NZSEE Guidelines. 

Concrete 
strength 

f’c=30MPa For all concrete columns 

Unreinforced 
Masonry 
strength 

f’b=15MPa 
 

f’j=1MPa 

Average brick compressive strength 
 
Average mortar compressive strength 

Element 
Capacity 
Assessments 

Using probable material 
strengths and a hand 

analysis 

This was carried out following the recommendations 
of the 2006 NZSEE Guidelines. 

Structural 
Analysis 

2D hand calculations  

Diaphragms No diaphragm action No bracing existing at roof level. 
Accidental 
Eccentricity 

Not considered 
important in assessment 

The building did not feature significant plan 
irregularities in either direction of loading. 
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The achievable seismic performance of the various structural elements can be estimated using the 

approach described in the 2006 NZSEE Guidelines. It assumes the Demand/Capacity ratio under the 

100%NBS seismic forces (not factored by Sp/kµ) corresponds to the required ductility capacity (kµ). The 

ratio of the available and the required ductility capacity is the approximate achievable seismic 

performance (in terms of %NBS). A Structural Performance Factor Sp corresponding to the assumed 

ductility factor, kµ as per NZS1170.5 is assumed.  

B.4 Seismic Mass  

The seismic mass is computed adopting the NZS1170.5:2004 loading combination W = G + ΨE Qu = G 
for ΨE = 0.0 for roof live loads.
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Appendix E 

Temporary Securing Work

Exhibit 1
Produced by Keung for KI Commercial

Page 46 of 48



 

Existing Acrow
rakingshore propping

Existing scaffold
propping to brick lintel
and saw-tooth trusses

Temporary Acrow
rakingshore propping
to be installed to
western URM wall.

JOB TITLE:

SKETCH TITLE:

DATE:

SCALE:

DRAWN:

VERIFIED:

REASON FOR ISSUE:

SOURCE OF BACKGROUND:

JOB No.:

SKETCH No.:

REV:

P L E AS E  P R I N T  I N  C O L O U  R

APPROVED:

11 BERNARD STREET

21/10/15

WEST WALL SHORING PLAN

NTS

CM

SG

5326770

SK001000

SG

A

-001
1

PLAN
NTS

A
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JOB TITLE:

SKETCH TITLE:

DATE:

SCALE:

DRAWN:

VERIFIED:

REASON FOR ISSUE:

SOURCE OF BACKGROUND:

JOB No.:

SKETCH No.:

REV:

P L E AS E  P R I N T  I N  C O L O U  R

APPROVED:

11 BERNARD STREET

21/10/15

WEST WALL SHORING SECTION

NTS

CM

SG

5326770

SK001001

SG

A

SECTION
NTS

1
000

DETAIL
NTS

A
001

001
A

Acrow rakingshore prop

Existing concrete ground
beams on gridlines

Existing URM wall/pilaster

Exiting steel roof beam
Existing concrete pad

Acrow rakingshore prop

Acrow rakingshore connector

Existing concrete pad

Connections per
manufacturers instructions
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