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1 INTRODUCTION 

SMC Design Studio has been engaged by Fitz Construction Ltd to carry out a detailed seismic 

assessment of the building at 7 Elmdale Lane, Linwood, Christchurch. The main purposes of 

the assessment were: 

• Determine extent of the structural damage sustained by the building in the Canterbury 

earthquake sequence. 

• Determine the current seismic capacity of the building in terms of percentage of New 

Building Standard (% NBS). 

• Identify if the building has critical structural weaknesses in the seismic load resisting 

system that could affect performance of the building in a seismic event. 

• Provide recommendations for further actions and seismic strengthening to 67% NBS. 

2 BUILDING DESCRIPTION 

The subject building is a single storey multi-unit precast concrete panel building. The building 

approximate plan dimensions are 34.6 m × 39.0 m. 

The building importance level 2 is assumed. 

The building consists of six workshop units designed in 1983 by Jon Aldridge (Architect) and 

Holmes, Wood, Poole & Johnstone (Structural Engineer). Architectural and structural drawings 

are available. This assessment is focused on Unit 7 only. 

  

Figure 1: Aerial view (source – Canterbury maps) 
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2.1 Gravity force resisting system 

The lightweight roof comprises longrun steel roofing sheets on steel channel purlins supported 

on concrete panels and, in some units, on steel roof beams. 

2.2 Lateral force resisting system 

The lateral force resisting system of the building consists of a combination of reinforced 

concrete panels and cantilevered reinforced concrete columns.  

2.3 Foundations 

The concrete panels are supported on foundation pads at each end. The cantilevered reinforced 

concrete columns are supported on concrete post holes. 

3 SCOPE OF ASSESSMENT AND METHODOLOGY 

The detailed seismic assessment included: 

• Desktop study of the available architectural and structural design drawings. 

• A walk-around visual inspection. 

• A quantitative assessment of the seismic capacity of the building. 

 

The available structural drawings are reasonably comprehensive. 

A walk-around visual inspection of the exterior and the interior of the building was conducted 

by SMC engineers on 27 July 2020. The purpose of the inspection was to confirm the current 

state of the building and compare the original design drawings with the constructed building. 

The inspection was limited to what is visible to the naked eye. No intrusive investigations or 

material testing was undertaken. No geotechnical assessment was carried out by as a part of this 

investigation. 

This assessment excludes identifying of non-structural damage that can occur as a result of a 

seismic event. 

In performing the quantitative assessment, SMC relied on a thorough examination of available 

drawings as well as visual observations made during the site visit. The assessment was carried 

out in accordance with the following documents: 

• The Seismic Assessment of Existing Buildings, Technical Guidelines for Engineering 

Assessments, July 2017. 

• NZS 3101:Part 1:2006. Concrete Structures Standard. 

• NZS 3404:Part 1:1997. Steel Structures Standard. 

• NZS 1170.5:2004. Structural design actions. Part 5: Earthquake actions – New Zealand. 

 

The seismic capacity of the structure was assessed independently in two principal directions 

(north-south and east-west). The distribution of seismic forces by the diaphragm is based on 

tributary area to each line of LFRS. 
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4 DAMAGE ASSESSMENT RESULTS 

No structural damage to the precast concrete was observed during our work-around inspection. 

5 CRITICAL STRUCTURAL WEAKNESSES 

The potential critical structural weaknesses (CSW) and their impact on the building are 

summarised in the table below. 

Table 1: Critical Structural Weaknesses 

Critical Structural Weakness Assessment 

Cantilevered reinforced concrete 

columns 

The cantilevered columns supporting the precast 

concrete panels in the out-of-plane direction have a 

limited capacity available due to the relatively 

shallow post-hole foundations. 

 

Internal precast concrete panels The internal precast concrete panels span vertically 

between the floor slab and roof. However, the 

panels do not appear to be braced at the top. 

 

Roof bracing A substantial part of precast panels relies on roof 

fixings to provide the out-of-plane stability. 

Absence of roof bracing does not allow for the 

seismic forced to be transferred to transverse panels 
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6 SEISMIC CAPACITY ASSESSMENT RESULTS 

The quantitatively assessed lateral seismic capacity results are summarised in the table below. 

Table 2: Assessed seismic capacity results 

Element % NBS Notes 

Unit 7 

Reinforced concrete panels,     

in-plane strength 
45% 

 

Reinforced concrete panels,     

out-of-plane strength 
<15% 

Governed by absence of roof bracing and 

lack of lateral support at the front of the unit 

 

The overall lateral seismic capacity of the building was found to be less than 34% NBS. 

Therefore, the unit is considered to be an earthquake-prone building.  
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7 RECOMMENDATIONS AND STRENGTHENING OPTIONS 

It is generally recommended to strengthen existing buildings to at least 67% NBS to reduce the 

life-safety risk in an earthquake event to ‘medium’. We strongly recommend to strengthen the 

unit to this level or higher. 

The seismic strengthening will include the following: 

• New steel whaler beams at the top of existing precast concrete panels. 

• New steel rod roof level cross braces and steel struts. 

• New cantilevered steel columns in post hole foundations 

 

The assumptions made during our assessment are summarised in the Appendix B. Some of 

these assumptions may need to be verified during the seismic strengthening design. 

8 SUMMARY 

Unit 7 Elmdale Lane, Linwood, Christchurch was assessed by SMC engineers for structural 

damage and seismic lateral capacity in July 2020. No existing visible structural damage was 

identified. 

The building is considered to be earthquake prone, as the minimum calculated seismic capacity 

is below 34% NBS.  

The proposed strengthening measures consider the target strengthening level to be 67 %NBS. 

The assessment assumptions are summarised in the Appendix B and may need to be verified 

during the strengthening design stage. 

9 LIMITATIONS 

The detailed assessment and report are intended to evaluate seismic performance of the building 

under an ultimate limit state loading. Performance of the building under serviceability limit 

states, snow or wind loadings is not reviewed as a part of this assessment. 

The assessment was based on a visual inspection of the exterior and the interior of the buildings. 

No material testing was undertaken at this stage. 

A reasonable care was taken to verify whether the building was constructed in accordance with 

the available plans. However, some of the building dimensions may be different from those 

shown on the plans, as a complete building survey was not undertaken as part of the assessment. 

Similarly, the existing structure may vary from the plans where it was not visually available for 

an inspection. 

Where structural members are hidden behind claddings and linings, it is assumed that such 

members are in satisfactory condition. For the fully clad structures with high exposure to 

elements, and where water egress issues may be not obvious, it is expected that a regular 

maintenance program is in place that allows for removing of claddings and thorough inspection 

of the structural members. 
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APPENDIX A – ABBREVIATIONS 

 

 

CES – Canterbury Earthquake Sequence 

CSW – Critical structural weakness 

DSA – Detailed Seismic Assessment 

EPB – Earthquake-prone building – refers to definition in the 

Building Act 2004 i.e. < 33%NBS 

IEP – Initial Evaluation Procedure 

IL – Importance level (as defined in NZS 1170.0) 

ISA – Initial Seismic Assessment 

LFRS – Lateral Force Resisting System 

NBS – New Building Standard – i.e. the standard that would 

apply to a new building at the site. This includes loading 

to the full requirements of the Standard 

NZS – New Zealand Standard 

NZSEE – New Zealand Society for Earthquake Engineering 

%NBS – Percentage of new building standard 

(%NBS)t – Target percentage of new building standard 
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APPENDIX B – ASSUMPTIONS 

The following assumptions have been made for our seismic assessment. These assumptions 

may need to be further investigated if seismic strengthening of the building is considered. 

 

• Site subsoil class (as defined in NZS 1170.5)     D 

 

• Available ultimate ground bearing capacity below foundations  200 kPa 

 

• Building importance level       IL2 

 

• Nominal concrete compressive strength     30 MPa 

 

• Yield strength of bar reinforcement     (D) 275 MPa 

 

          (H) 380 MPa 

 

• Yield strength of steel mesh       485 MPa 

 

• Displacement ductility factor for concrete columns 

and panels (in-plane)        1.25 

 

• Displacement ductility factor for concrete panels 

(out-of-plane)         1.25 
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APPENDIX C – PHOTOGRAPHS 

 

 

Photo C 1 – Front façade (unit 7) 
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APPENDIX D – PROPOSED STRENGTHENING SKETCHES 

 

 

 

 

SK-1 – Preliminary strengthening plan (67% NBS) 

 

   - steel channel waler beam along the top of precast panel 

    - steel bar cross brace at roof level below purlins 

   - cantilevered steel column in post-hole foundation 

   - steel strut between concrete panels at the roof bracing level 
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APPENDIX E – ORIGINAL DESIGN DRAWINGS 

 

  


























