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Executive Summary 
This building report provides the results of a Detailed Seismic Assessment completed for the following 
building by the Ministry of Education’s Engineering Panel. The report provides a detailed assessment 
of the building’s %NBS seismic capacity, highlights the key seismic risks and presents 
recommendations for improvements to mitigate potential risks. The table below presents a summary of 
the assessment findings. 

 

School Wellington East Girls College 

Block No (PMIS). 6549 

Block 
Name/Description Block 7 - East Wing 

Known Standard 
Design Non-standard 

Storeys: 3 

Year of Design 
(approx.) 

1953 – Lower storeys 
2005 – 2nd Floor addition and strengthening 

Gross Floor Area 
(m2) 1650 

Construction Type Reinforced concrete walls with recent lightweight steel framed top-storey 
addition. 

Assessment Type Detailed 

Date Building 
Inspected 10 September 2015 

Importance Level IL3 

Structural 
Assessment  
Summary 

The assessment was based upon a physical internal and external walk 
around, reviewing drawings and undertaking a detailed structural 
analysis. 

Stairs  

The stairs at the east end of the building are well protected by the 
surrounding concrete walls and have a low risk of collapse or significant 
damage in a large earthquake. 
The stairs accessing the 2nd floor are part of the Link Building. This block 
has not been investigated as part of this assessment. However, the 2005 
extension that services the 2nd floor is able to tolerate expected building 
movements with a low risk of collapse.   

Current %NBS 
estimate 50% NBS 

List specific CSWs 
and life safety 
hazards 

None 
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Occupancy 
Considerations No need to change the building’s current occupancy 

Conclusions & 
Recommendations 

The building has an estimated seismic capacity of 50%NBS when 
assessed as an IL3 building. The governing factors are:    

 Lack of tie beam linking the tops of the inner corridor columns in 
the longitudinal direction, which limits the capacity of the 2nd floor 
bracing along this line. The rating is governed by the ability of the 
large concentrically braced frame (CBF) on the front elevation to 
accommodate the redistributed lateral forces. 

In order to improve the building’s rating to greater than 67%NBS, the 
following is required.  

 Retrofit new steel tie beams linking the tops of the columns which 
will allow the stability system at this level to work as intended. 

 Improve the connections between the CBF and concrete structure 
by installing additional fixings at the 1st and 2nd floors. 

Further detailed design will need to be undertaken to develop the optimum 
strengthening solution. 

Rough order of cost 
estimate for seismic 
improvements 
(where required) 

If new tie beams and additional connections were installed, the expected 
rough-order cost would be approximately $10,000 - $50,000. 

Timeline  for 
remediation if 
required 

Medium Priority 
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1. Introduction 
This report provides the results of a Detailed Seismic Assessment (DSA) completed for this building by 
the Ministry of Education’s Seismic Assessment Panel. The report provides an assessment of the 
building’s seismic capacity, highlights the key risks and presents recommendations. 

Specifically, this report: 

 Provides an assessment of the building’s capacity in terms of percentage of New Building 
Standard (%NBS) as defined in New Zealand loading standard NZS 1170.5:2004. 

 Identifies any specific Critical Structural Weaknesses (CSWs) or life safety hazards 
associated with the building and presents recommendations for seismic improvements (if 
required). 

The assessment has involved the following: 

 Review of calculations, drawings, specifications and geotechnical information where available.  

o Architectural and Structural drawings of Wellington East Girls College New Wing by the 
Ministry of Works dated 1952. Job Number AWDO 20776, sheets 01 to 23. 

o Specifications of Wellington East Girls College New Wing by the Ministry of Works 
dated 1952. Job Number AWDO 20776. 

o Structural drawings of Wellington East Girls College East Wing Block 7 Structural 
Strengthening by Connell Wagner Limited 2003. Project Number 7970, sheets S01 to 
S06. 

o Structural drawings of Wellington East Girls College extension to East Wing Block 7 by 
Connell Wagner Limited 2005. Project Number 797012, sheets S00 to S26. 

o Architectural drawings of Wellington East Girls College East Block Classroom Additions 
by Fiona Christeller Architects 2005. Project Number 0501, sheets 100 to 401. 

o Structural drawings and calculations of Wellington East Girls College East Wing Block 
7 Seismic Strengthening by Aurecon dated 8 March 2012. Project Number 228499. 

 
 Undertaking detailed analysis to determine the seismic strength of the building in accordance 

with current New Zealand design and material standards to determine the buildings 
compliance with current building code requirements. 

 Where elements of the building have been identified as not meeting acceptable levels of 
seismic strength, recommendations for seismic improvements are made. Rough order of cost 
estimates for the structural improvements are included where they are recommended. 

For further background information on the Detailed Seismic Assessment (DSA) process please refer to 

the Ministry of Education website - this includes commentary and relevant context on Building Act 

compliance requirements.  
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2. Building and Site Description 
 

Number of Storeys 3 

Gross Floor Area (m2) 1650 

Year of Design (approximate) 1953 

Current use Teaching Spaces 

Structural Alterations 
2003 strengthening 

2005 addition of a 3rd level 

Basement None 

Gravity Load Resisting System 
Ground and 1st floors: Reinforced concrete walls and 
frames. 2nd floor (2005 addition): Steel frames. 

Lateral Load Resisting System 
Ground and 1st floors: Reinforced concrete walls. 2nd 
floor (2005 addition): Braced steel frames and portal 
frames. 

Wall/Cladding/Roof System 
Painted concrete walls, glazing. The roof system is steel 
or timber roof purlins supporting lightweight cladding. 

Floor System 
The first floor is an in-situ concrete slab on downstand 
beams and walls. The 2nd floor is a lightweight timber 
floor.  

Foundation System Concrete slab with shallow strip and pad foundations. 

Geotechnical Considerations 

Based upon the results of the Opus Geotechnical report 
dated March 2013, the subsoil classification for the site is 
considered to be Class B in accordance with 
NZS1170.5:2004 

The report concluded Block 7 is fully founded on rock 
based upon geotechnical investigations around the 
College. The liquefaction potential for the site is assessed 
as nil or low due to rock at shallow depth and the 
groundwater table being at depth at rock/soil interface at 
thicker fill areas. 
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2.1 Structural System 
The building is generally of reinforced concrete construction, dating from the 1950s. The lateral 
stability system comprises concrete shear walls in both directions. In the transverse direction, 
these are regularly spaced along the building. In the longitudinal direction, the shear walls are 
concentrated to the rear of the building. Torsional response in the longitudinal direction is 
resisted by the transverse shear walls. The first floor slab provides a rigid diaphragm. No rigid 
diaphragm exists at the roof level of the original building.  
Around 2005, a new lightweight ‘penthouse’ storey was added at roof level.  
The 2005 addition consists a lightweight steel framed structure, with lightweight timber floor. 
The lateral stability system for this level comprises bracing in the longitudinal direction and 
portal frames in the transverse direction. The roof is braced on plan with extensive Reidbar 
cross-bracing. The timber floor, which provides a flexible diaphragm, is supported by steel 
beams fixed to the concrete frame below.  
The longitudinal bracing is provided by tension-only cross bracing along the corridor at the rear 
of the building, and by the concentrically braced frame (CBF) on the front of the building. This 
CBF is connected to the concrete frames below via steel cleats fixed with bolts and chemical 
anchors. It does not have its own foundations; instead relying on the pads beneath the fin 
columns to which it is fixed. 

 
 

 
Fig. 1. Foundations and Shear Wall Layout 
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Fig. 2. Cross-section 

 
Refer to photos of building in Appendix B and site plan in Appendix C that will assist with understanding 
building description.  
 

3. Seismic Capacity of the Building 

3.1 Analysis Methodology 
The building was designed in 1953 by the Ministry of Works. The design predates building code 
NZSS1900 Chapter 8 (1965). The redevelopment in 2005 was designed by Connell Wagner 
Limited. The applicable design code at this time was NZS 4203 (1992).  

A force-based method was used to determine the seismic capacity of the building due to its low 
rise and relatively stiff form. Due to the complexity of the building, which has different structural 
systems from different eras, the building was modelled using the ETABS 3D building analysis 
software. Both a modal response spectrum analysis and an equivalent static analysis was 
carried out in accordance with the current earthquake loading standard NZS1170.5. It was found 
that the equivalent static analysis gave more conservative results and was generally used to 
obtain demands. Demands for the lighter top storey were also obtained using NZS1170.5 
Section 8 - Parts and Components. 

CONCRETE FRAME  

CONCRETE 

SHEAR WALL 

STEEL PORTAL FRAME 

(2005) 

TIMBER FLOOR (2005) 

CBF 

(2005) 

1ST FLOOR SLAB  

X-BRACING ALONG 

CORRIDOR LINE 
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The first floor slab comprises a 5” (127mm) thick concrete slab which provides a rigid 
diaphragm, distributing lateral forces to the stability elements based on their stiffness. The circa 
2005 timber floor was modelled as a flexible diaphragm.  

The capacity of the wall elements, columns, diaphragm connections, steel braces and portal 
frames were assessed using guidelines given in NZS3101, NZS3404 and the NZSEE 
publication Assessment and Improvement of the Structural Performance of Buildings in 

Earthquakes (NZSEE 2006). Hand calculations and structural software (for 2D frame models) 
were used to calculate the capacity and demands of the building elements. 

The capacities were then compared against the demands to obtain a rating for the elements. 

There were no historical/original calculations available to assist with the assessment. 

 

3.2 Intrusive Investigations 
None. The main structural elements, such as walls and bracing, are generally exposed. The 
site investigation generally confirmed that the original construction drawings were accurate.  
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3.3 Assessment Criteria and Building Properties Assumptions 
The following table summarises the principal parameters used for the derivation of earthquake 
loads and the analysis of the building.  

 

Parameter Value 

Design Working Life (remaining) 50 years 

Importance Level  3 

Return Period Factor (R) 1.3 

Site Subsoil Classification  B 

Period (seconds) 0.4 seconds (longitudinal direction) 
0.4 seconds (transverse direction) 

Hazard Factor (Z) 0.40 Wellington 

Near Fault Factor (N) 1.0 

Ductility Factors Concrete elements: 1.25 – Shear 
Concrete elements: 2.0 – Flexure 
Steel hollow sections: 1.25 
Reid Braces: 1.0 

SP Factors  ≤ 1.25: 0.9 
  2: 0.7 

 

The following material strengths were assumed for analysis. These are based on guidance 
published by the NZSEE for the original 1950s structure and current materials standards for the 
recent additions.  

Material Strength 

Concrete compressive strength f’c 30 MPa 

Reinforcement (1950s) 245 MPa  

Rolled steel sections Grade 300 

Steel hollow sections Grade 350 

Reid Brace 500 MPa 
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3.4 Seismic Capacity Assessment 
The following table summarises the %NBS capacity for the various seismic resisting elements 
in the building bases on the detailed seismic analysis. 

Element %NBS Capacity Commentary 

2nd Floor wall 
bracing: Reid 
Braces and 
connections 

75%NBS Experience from the Canterbury Earthquakes has 
shown that Reid Brace connections can fail in a 
brittle manner. The RB25 cross-braces and their 
connections at this level were therefore assessed 
for elastic demands. 

2nd Floor wall 
bracing: 
Cantilevering 
concrete 
columns 

50%NBS 

(In combination with 
the External CBF 
Frame – see below) 

The RB25 cross-braces connect to the top of the 
original concrete columns. The original drawings do 
not show a tie beam between the columns at this 
level. The brace forces must, therefore, be resisted 
only by individual cantilevering columns. They have 
some capacity to resist the demands and load can 
be transferred to the large bracing frame (CBF) on 
the front elevation via the roof bracing as these 
columns begin to yield. Therefore there is some 
redundancy in the system.      

External CBF 
frame 
Connections 

>50%NBS This frame is the main stability element in the 
longitudinal direction for the top storey. The main 
concrete structure at ground and first floors does 
not rely on the frame for stability.  

The demands on the CBF are largely dependant on 
the effectiveness of the cross braces along the 
corridor wall line (see above). Due to the probable 
lack of a tie beam linking the bottom of these 
braces, lateral loads at this level will tend to 
redistribute to the front CBF.  

The frame is connected to the concrete structure 
through bolted fixings on the beams at 1st and 2nd 
floor and down the columns. The frame does not 
have its own foundations and instead relies on 
these connections to transfer forces out into the 
main concrete structure. The connections between 
the beams and concrete frame are quite eccentric 
and have a limited capacity. They are assessed as 
having a capacity of between 50 and 60%NBS, 
based on this frame taking the full demands from 
the penthouse roof above without any contribution 
from the RB25 cross-bracing along the corridor 
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walls, which is somewhat conservative. If the cross 
braces could be relied on to be fully effective, the 
demands on the CBF connections would be lower 
and its rating would be approximately 70-90%NBS. 

Concrete 
walls in-plane 
shear strength 

>85%NBS The building has a number of concrete shear walls 
that provide a high level of strength, stiffness and 
redundancy.  

Concrete 
walls in-plane 
flexural 
strength 

>90%NBS The concrete shear walls in both directions are 
relatively long and squat so are typically shear-
governed. 

First floor slab >100%NBS The in situ slab has a high level of strength to enable 
it to transfer forces to the stability elements.  

Concrete 
frames 

>100%NBS The stiffness of the building and strong diaphragms 
will keep displacements low and protect the 
concrete frames from excessive damage.  

Concrete 
walls out-of-
plane strength 

>100%NBS There is only a flexible diaphragm at the original 
roof/ second floor level, so the concrete walls may 
need to support themselves in the out-of-plane at 
this level. The walls have sufficient capacity to resist 
the demands.  

Second floor 
concrete 
beams out-of-
plane strength 

95%NBS Similarly, the beams at this level have a high 
capacity to resist out-of-plane demands. 

2005 
strengthening 
to rear corridor 
walls 

>100%NBS It is unlikely that the steel braces added to the 
original concrete rear corridor walls will attract very 
much force, due to the stiffness differences 
between them and long concrete wall elements. 

Foundations >80%NBS The building is founded on rock using shallow strip 
and pad foundations. Some rocking of the shear 
walls may occur, which could cause the allowable 
bearing pressure to be exceeded in localised areas. 
However, the building is robust and should be able 
to tolerate some rocking and moderate settlements 
without risk to its stability.  

The assessment confirms that the building achieves an overall seismic capacity of 50% NBS.  
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This corresponds to a Grade B building as defined by the New Zealand Society for Earthquake 
Engineering (NZSEE) building grading scheme. 
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3.5 Structural Weaknesses & Life Safety Hazards 

3.5.1 Potential Critical Structural Weaknesses 

No Critical Structural Weaknesses were identified in this assessment. 

3.5.2 Specific Critical Structural Weaknesses 

No Critical Structural Weaknesses were identified in this assessment.  

3.5.3 Concrete Shear Walls 

The original part of the building relies on a number of concrete shear walls for its stability in both 
directions. These are reasonably strong and well distributed. The concrete shear walls have a 
minimum seismic rating of 85%NBS due to their shear capacity at the ground floor. 

The walls have low aspect ratios and are shear governed. The concrete shear walls were found 
to have a minimum seismic rating of 90%NBS in flexure. 

3.5.1 Diaphragms 

The concrete floor diaphragm on the first floor is rigid enough to transfer the total lateral 
load to the walls in both directions. Generally, the connection between the walls and 
diaphragm is adequate to transfer the demand forces. On the north elevation, where the 
slab joins the walls at the east end stairwell, the connection is quite weak. Here, some 
damage may occur in the floor slab. Alternative load paths are available, however, and 
there is little risk of the slab losing support.  

The roof to the 2005 addition utilises on-plan Reidbraces to transfer lateral forces between the 
stability elements. These braces all have a minimum seismic rating of 100%NBS. 

3.5.2 Concrete Frames - Generally 

Concrete frames generally provide gravity support to the building, with stability provided by the 
shear walls. The stiff first floor diaphragm, along with the large number of shear walls orientated 
in both directions, resisting any torsion, will keep displacements very low. This will protect the 
frame elements from excessive damage to enable them to continue to provide gravity support.  

The concrete frames have a minimum seismic rating of 100%NBS. 

3.5.3 2nd Floor Steel Frames – Tension-only Bracing 

In the longitudinal direction, the top storey is stabilised by the large concentrically braced 
frame on the north elevation and by two braced bays along the line of the inner corridor 
wall. These braced bays use tension-only RB25 Reidbraces. Due to observations of non-
ductile behaviour of Reidbraces in the Canterbury Earthquakes, these were assessed only 
for elastic (=1.0, Sp=0.9) demands. The Reidbraces have a minimum seismic rating of 
75%NBS, limited by the capacity of their connections to the main concrete structure . 
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The braces transfer forces to the main concrete structure below through their connection 
to the cantilevering concrete columns. The assessment of these elements are described 
below. 

3.5.4 Concrete Cantilevering Columns Supporting Second Floor 

On the interior corridor wall, the columns cantilever approximately 1m above the wall line, 
forming clerestory windows. No tie beam in the longitudinal direction linking the top of these 
columns is shown on the original construction drawings. However, it appears that one was 
assumed to be present when designing the 2005 addition, as the Connell Mott MacDonald 
drawings show an existing tie beam. Site inspections undertaken for this assessment indicated 
that there is not a tie beam present. 

The cross-bracing for the 2005 addition fixes to the tops of four of these columns. A lack of tie 
beam means that bracing forces are therefore concentrated on these individual columns rather 
than being shared along the row. These columns are able to provide some resistance through 
cantilever action to transfer lateral forces from the braces in to the main structure. The capacity 
of these cantilevering columns is approximately 55%NBS due to the lack of a tie beam. If these 
columns did begin to yield and deflect, however, lateral load from the top storey would tend to 
redistribute to the large CBF on the front elevation, which has some spare capacity. Based on 
this alternative load path being utilised, with some (very limited) resistance still provided by the 
tension-only braces/ cantilevering columns, the overall system stability in the longitudinal 
direction is assessed to be at least 50%NBS. 

3.5.5 Concentrically Braced Frame on North Elevation 

The large concentrically braced frame (CBF) on the north elevation provides stability to the 
top storey. As the relative stiffness of the main concrete structure is high compared to the 
CBF, the main concrete structure does not seem to rely on the CBF for any bracing. As 
part of the analysis, a study was undertaken assessing the effects of disconnecting the 
frame from the main concrete structure, and it was found that this did not  have a large 
effect on the concrete structure. The CBF is, however, the main stability element for the 
top storey in the longitudinal direction and does provide some redundancy to the lower 
concrete structure. The demands on the CBF are largely affected by the effectiveness of 
the top storey’s longitudinal cross-bracing and cantilevering columns along the corridor 
wall line (see previous section).  

The CBF is connected to the concrete structure via steel cleats and anchor bolts. At each 
level, the horizontal beam is connected to the concrete frame through six cleat connections, 
which each have 4 Hilti anchors. These connections are eccentric and consequently, only 
two of the anchors can really be fully engaged. Treating the top storey as a part in order to 
calculate lateral earthquake demands, and assuming only a minor contribution (less than 
10%) from the cross-bracing along the corridor wall line, the seismic rating of the 
connections at Level 2 and Level 1 is assessed as being between 50% and 60% NBS. 
Failure of the connections will principally affect the stability of the top storey roof. The 2nd 
floor itself is fixed to the concrete frames, which are able to act in bending to support lateral 
demands.  
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The concentrically braced frame (CBF) has a minimum seismic rating of 50%NBS, based on the 
capacity of its connections and assuming that it has to provide the majority of support to the top 
storey in the longitudinal direction. If, however, the cross-braces and cantilevering columns 
along the corridor wall line were to be effective, then the demands on the CBF would reduce 
and it would have a rating of around 70%NBS.  

3.5.6 Foundations 

The building is founded on rock using shallow strip and pad foundations. Analysis indicated 
that in a large earthquake, some of the shear walls may rock. The rocking action will 
increase the foundation stresses at the ends of the walls. Since the rock is expected to 
have a relatively high bearing capacity, this should not lead to excessive settlements. An 
assessment of a typical wall rocking on its foundation indicated that the ground bearing 
capacity may be exceeded at demands corresponding to approximately 80%NBS.  

In order to assess displacement demands on a rocking wall, an approximate push-over 
analysis was carried out on a typical wall. This indicated that the displacement demand at 
1st floor would be approximately 80mm, which corresponds to a drift of around 1.9%.  

The structure has a moderate level of ductility and overall robustness that should allow it 
to tolerate this level of drift and/ or some localised foundation settlements without its 
stability being compromised.  

The liquefaction potential for the site is assessed as nil or low due to rock at shallow depth 
and the groundwater table being at depth at rock/soil interface at  thicker fill areas. 

3.5.7 Stairs  

The main stairs situated at the east end of the building are of in-situ construction and supported 
by long concrete walls which will provide a high level of protection. The risk of damage to these 
stairs in an earthquake is considered to be very low.  

The stairs servicing the newer second floor are part of the adjacent Link Block. This block has 
not been investigated as part of this assessment. However, it is understood to partly date from 
the 1920s, with major modifications made in the 1950s, 1980s, and around 2005 when the stair 
was extended to provide access to the new East Block second floor.  

This extension comprises a lightweight steel and timber structure built above the pre-existing 
concrete and unreinforced masonry structure. Due to its form of construction and relative low 
weight, this extension should be able to tolerate moderate building displacements without risk 
of collapse.   

3.5.8 Secondary Structural Weaknesses & Life Safety Hazards 

No Secondary Structural Weaknesses or Life Safety Hazards were identified in this 
assessment. 

 

  

Rele
as

ed
 un

de
r th

e O
ffic

ial
 In

for
mati

on
 Act 

19
82



Wellington East Girls College 
Block 7 

Detailed Seismic Assessment 
 

 

  
  Revision 2  28/01/2016 
 274 Wellington East Girls College DSA Block 7 Page 16 
 5-PA010.37 
 
 

4. Seismic Improvements 

4.1 Suggested Improvements 
To increase the seismic %NBS capacity from 50%NBS at IL3 to achieve a minimum 67%NBS 
at IL3 capacity as recommended by MOE guidelines the following seismic improvements are 
recommended.  

Description of suggested improvements: 

 In order to make the stability system at the roof level work as the designer intended, 
new steel tie beams should be installed between the concrete columns. The tops of 
these columns are reasonably exposed allowing new steel SHS members to be fixed 
to them.  

 Retrofit additional fixings to the CBF beams to improve the connectivity of the CBF to 
the concrete frames.  

4.2 Rough Order of Cost Estimate 

A rough order of cost estimate for the suggested physical improvements above is $10,000-
$50,000 excluding GST.  

The above rough order of cost estimate is for the structural improvements only and does not 
allow for the following: 

 Building Consent Fees 

 Consultancy fees 

 Alterations and making good to architectural and building services components to 
incorporate the suggested seismic improvements. 

 Other costs associated with upgrades that may be considered if a strengthening project 
was to proceed 

 Cost escalations 

A more accurate cost estimate should be developed after completing a detailed design for the 
suggested structural improvements and with the engagement of a qualified builder and/or 
quantity surveyor. 
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5. Conclusions & Recommendations 

5.1 Conclusions 
The building achieves an overall seismic capacity of 50% NBS when considered as an 
Importance Level 3 building. This does meet the Ministry of Education’s minimum seismic 
strength requirements of not being earthquake-prone in the short term, and there is no need to 
change the building’s current occupancy. 

5.2 Recommendations 
The building is not earthquake prone, and there is no need to change the buildings current 
occupancy. Seismic improvements have been suggested to achieve a minimum seismic 
capacity of 67%NBS. A rough order of cost estimate for these improvements has been provided.   

A recommended estimate for remediation is to be a medium priority. 

Detailed design will need to be undertaken to further develop the suggested seismic 
improvements and provide more cost certainty. Upon completion of design documentation a 
building consent application will need to be lodged and approved prior to the installation of the 
suggested seismic improvements. 
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6. Explanatory/Limitations Statement 
 This report contains the professional opinion of Opus International Consultants as to the matters 

set out herein, in the light of the information available to it during preparation, using its professional 
judgment and acting in accordance with the standard of care and skill normally exercised by 
professional engineers providing similar services in similar circumstances. No other express or 
implied warranty is made as to the professional advice contained in this report. 

 
 We have prepared this report in accordance with the brief as provided and our terms of 

engagement. The information contained in this report has been prepared by Opus International 
Consultants at the request of its client, the Ministry of Education, and is exclusively for its use and 
reliance. It is not possible to make a proper assessment of this report without a clear understanding 
of the terms of engagement under which it has been prepared, including the scope of the 
instructions and directions given to and the assumptions made by Opus International Consultants. 
The report will not address issues which would need to be considered for another party if that party’s 
particular circumstances, requirements and experience were known and, further, may make 
assumptions about matters of which a third party is not aware. No responsibility or liability to any 
third party is accepted for any loss or damage whatsoever arising out of the use of or reliance on 
this report by any third party. 

 
 The report is also based on information that has been provided to Opus International Consultants 

from other sources or by other parties. The report has been prepared strictly on the basis that the 
information that has been provided is accurate, complete and adequate. To the extent that any 
information is inaccurate, incomplete or inadequate, Opus International Consultants takes no 
responsibility and disclaims all liability whatsoever for any loss or damage that resulting from any 
conclusions based on information that has been provided to Opus International Consultants. 
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Appendix A 

Detailed Seismic Assessment 
Calculations 
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