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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 drawings and geotechnical information where available.  

o Architectural drawings of proposed classroom block by the Nelson Education Board 
dated June 1964, sheets 1 to 20. 

o Structural drawings of proposed classroom block by Spencer Hollings and Ferner 
dated April 1964. Job number 428 sheets 4 to 16. 

o Architectural drawings of South Wing Redevelopment by Re-Design Ltd dated 1999. 
Sheets w1 to w28. 

o Structural drawings of South Wing Redevelopment by Abuild Consulting Engineers 
dated 1999. Job Number 1950, sheets S1 to S6. 

 
 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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3. Seismic Capacity of the Building 

3.1 Building Description 
The building was designed in 1964 by Spencer Hollings and Ferner Limited as a concrete frame 
and wall building (with partially filled concrete masonry infill panels) assumed to be undertaken 
to NZSS 95:1955 Model Building Bylaw Part IV. 

As such the design predates the building code NZSS 1900 Chapter 8:1965 which was the first 
code with a more modern approach to seismic design 

The Redevelopment in 1999 was designed by ABuild Consulting Engineers Limited and was 
assumed to be undertaken to the design code for this time NZS 4203:1992. 

The redevelopment involved some internal alterations to the 1964 building consisting of 
alteration to masonry infill panels, removal of some of the rear (exterior) precast spandrel panels 
and cladding, as well as addition of new concrete columns to strengthen the existing 1964 
concrete frame building. 

At this time (in 1999) a new 2 storey lightweight timber building, which appears to be designed 
as generally self-supporting for wind and seismic loads, was constructed at the rear of the 
building to form operationally the complete building in its current form. 

 

3.2 Analysis Methodology 
The force based approach method in accordance with the NZSEE assessment guidelines was 
used to determine the seismic capacity of the building due to the simple geometry and low rise 
building size.  

For the concrete frame analysis on top floor level, a two-dimensional frame model was used 
based on a tributary area of the timber roof above for the transverse direction.  

In the longitudinal direction, the concrete frames have been checked for shear strength both at 
ground and first floor level due to the effect from the partial infill panels. 

The capacity of the wall elements, columns, diaphragm connections and foundations was 
assessed using guidelines given in NZS4230, NZS3101 and NZSEE 2006.  

Hand calculations and structural software (Microstran 2D frame model) 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. 

The walls were checked for rocking stability using a displacement based approach with a limiting 
drift assumed to be <1% of the building height.  

There were no historical/original calculations for the 1964 or 1999 additions available to assist 
with the assessment. 
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3.3 Lateral Load Resisting System – Load path 
 

Longitudinal Direction 

In the longitudinal direction, (approx. North to South), the lateral loads at roof level are 
distributed based on tributary area between the columns along the front elevation and 
distributed by steel roof bracing back to the first floor concrete frame (with partially infilled 
concrete block walls) on the central spine.   

The lateral loads at first floor level are distributed through the 5” (130mm thick) in-situ concrete 
slab into the central spine of concrete frames and partially infilled concrete block walls at ground 
floor level. 

The blockwork walls along the central spine sit on a small foundation beam with larger 
foundation pads directly under the columns. The ground floor slab is capable of redistribution of 
forces between the foundations. 

The more recent (built 1999) lightweight timber framed 2 storey addition along the rear elevation 
has been designed to be self-supporting.  Loads are generally distributed through flexible timber 
roof/floor diaphragms to the timber framed wall panels.  

 

Refer to the over marked drawings Figure 1 to 3 below showing the lateral load resisting 
elements along the building. 
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Transverse Direction 

In the transverse direction (approx. East to West), the lateral loads at roof level are distributed based 
on tributary area to the first floor concrete portal frames. 

The first floor lateral loads are then distributed through the 5” (130mm thick) in-situ concrete slab which 
acts as a rigid diaphragm distributing loads to the concrete walls at the staircase and reinforced concrete 
blockwork walls at the North and South end of the building finally to the foundations. 

Therefore, in the transverse direction, the governing elements are the concrete frame at first floor and 
the connection of the diaphragm to the concrete staircase walls.  

Refer to the over marked drawings Figures 4 to 6 below showing the lateral load resisting elements 
across the building. 
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3.7 Structural Weaknesses & Life Safety Hazards 

3.7.1 Potential Critical Structural Weaknesses 

There are no critical Structural Weaknesses. 

3.7.2 Diaphragms 

Roof Level 

The roof is a lightweight timber roof supported on precast concrete frames.  The diaphragm at 
roof level is considered as flexible with the loads from timber roof spanning to the concrete 
frames on a tributary basis.  The loads are transferred to the columns at the front and centre 
spine wall of the building in out of plane bending of the concrete beams. The columns at the 
front of the building have partial fixity to the floor beams and can provide some cantilever action 
to take loads from the roof. However the intended original design load path is through the 
structural steel tension bracing bays connected to the top of the columns which then transfer 
the loads back to the concrete columns along the centre spine wall of the building and into the 
infill walls. This load path provides a rating of 100%NBS for the roof level.  

First Floor 

The floor diaphragm on the first floor is a robust 5” (130mm) reinforced concrete slab and is rigid 
enough to transfer the total lateral load to the walls in both directions. However, the critical issue 
is mainly due to the actual connectivity of the first floor diaphragm into the concrete walls at the 
staircase in the transverse direction. Substantial forces build up in this connection and the 
limiting factor will be the capacity of this connection.  Our assessment indicates the connection 
to the walls provides a rating of 63%NBS. 

Ground Floor 

The loads from the frames and walls are directly distributed to the foundations locally beneath 
each element. However there is a reinforced concrete slab at ground floor level that will be able 
to transfer some shear between foundations if required. 

3.7.3 Stairs  

The stairs are integrally connected into the concrete walls which are very squat and stiff so it is 
unlikely the stairs will move separately from the walls to cause any significant damage, and are 
not considered to be a problem for this building. 

3.7.4 Precast panels 

The most substantial size of the remaining precast panels (after the last alterations dated 1999) 
are along the rear east elevation of the building at ground floor level. These precast panels are 
well tied/ connected back to the concrete columns with 6 - ½” dowels and a 2½ “ m.s.Angle 
fixings and there are no concerns with these panels under seismic loads. 

Along the front west elevation, there are 1350mm high spandrel precast panels to the underside 
of the glazing at first floor and ground level.  
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These panels have been well detailed and designed to accommodate lateral movements in the 
structure with a 1” (25mm) nominal movement joint at each end, a 1¼” (32mm) sliding dowel 
connection at the top of the panel and fixed base connection consisting of a 2½ “ m.s. Angle 
cast into an insitu joint in the column and 12 - 3/8” starter bars cast into the slab at the base of 
the panel.  

The precast panels are calculated to have a capacity in excess of 100% NBS. 

3.7.5 Concrete Frames  
Longitudinal Direction 

In the longitudinal direction, the shear capacity of the concrete frame columns along the internal 
spine is affected by the partial infill block wall panels both at ground and first floor level.   

We have assessed these using the infilled frame methodology from the NZSEE guidelines with 
various boundary conditions and the results provide an average overall seismic rating of 
50%NBS. 

Transverse Direction 

In the transverse direction, the concrete frames at roof level have been assessed for carrying 
seismic forces based on tributary area of the flexible roof diaphragm and are 100%NBS.  

The seismic loads at first floor level will be transferred through the rigid diaphragm into the end 
concrete walls and block walls which are approximately 100%NBS. 

The main limiting factor in the transverse direction is the connection to the walls discussed 
above. 

3.7.6 Foundations 
The building is supported mainly on shallow foundations (pads and ground beams) and partially 
only on few piles at the northern side of the building, as per original Drawing No. 24 & 26.  
 
From our analysis of the building, it appears that the structure has insufficient weight on the 
longitudinal and transverse walls to fully resist earthquake overturning loads without resulting in 
some uplift or a rocking response mode of structural elements (walls/ footings).  
 
Observed evidence on many new and existing buildings suggests that some local uplift and 
rocking is not necessarily detrimental to the seismic performance as long as secondary damage 
is limited, and it may be beneficial in limiting seismic forces transmitted into the structure.  
 
For the purpose of this assessment the likelihood of the uplift or rocking response of the building 
is described below for each direction. 
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Longitudinal limiting deflection for damage to the building 

In the longitudinal direction, the walls have insufficient weight to prevent uplift occurring.  In order 
to quantify the likely behaviour a displacement method in accordance with the NZSEE 
assessment guidelines was used to estimate the rocking capacity on a typical single bay (of a 
full length wall panel) along the internal spine of the frame.  

We considered a horizontal displacement demand of 40mm taken at 2/3 of the building height 
(at which 35mm uplift of the foundation occurs) in our analysis as a limiting displacement.  This 
corresponds to a displacement of approximately 1% drift, a reasonably conservative 
assessment figure taken to limit damage to the adjacent structure from the wall element rocking.  

This provided a capacity a ratio, using the displacement method of at least 98% NBS for this 
limit. 

Transverse limiting deflection  

In the transverse direction the walls will also start to rock and a similar analysis to above was 
undertaken.  Although these walls could accept a higher drift limit than the longitudinal walls we 
reviewed these with the conservative assessment of 1% drift limit and found this provided a 
capacity of over 100% NBS for this limit.   

Walls at the Stair (Grid B) with piles  

However, the presence of a series of few piles along Grid line B affects the behaviour of one of 
the staircase walls. In particular, one end of the wall is supported on a pile and the other end on 
a shallow footing which is bearing onto a rock, as per Dwg. No. 26.  

Hence, in this case, only the end of the wall at the shallow footing will try to uplift and the other 
end on the pile can only experience some yielding of the reinforcing bars. 

We have reviewed the capacity of the wall / pile under the fixed condition and the wall is rated 
at greater that 100% NBS for nominally elastic loads. 

3.7.7 Secondary Structural Weaknesses & Life Safety Hazards 

The existing concrete masonry veneer on the South Wall of the building is a potential hazard as 
this is adjacent to escape paths will need to be investigated to confirm the condition of the wall 
ties and whether any remedial works should be undertaken.   
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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: 

 Improve the shear capacity of the RC columns in the longitudinal frame at ground and 
first floor level. 

 Increase the shear capacity of existing partially filled block walls by grouting the unfilled 
cells. 

 Improve the diaphragm connections to the concrete walls providing floor plates or ties. 

 Investigate and upgrade if necessary the ties to the concrete masonry veneer on the 
south wall. 

 

4.2 Rough Order of Cost Estimate 
A rough order of cost estimate for the suggested physical improvements above is $200,000-
$500,000 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 at Importance Level 3. 

The building meets the Ministry of Education’s minimum seismic strength requirements of not 
being earthquake-prone or >34% NBS in the short term, but does not meet the Ministry of 
Educations medium term goal of achieving 67% NBS or above for their building stock. 

 

5.2 Recommendations 
Seismic Improvements 

The building is not earthquake prone, and there is no need to change the buildings current 
occupancy, but we recommend the Ministry consider undertaking the suggested improvements 
to the building to achieve a minimum seismic capacity of 67%NBS in the medium to long term. 

These seismic improvements have a rough order of cost estimated as $200,000 to $500,000 
excluding GST. 

Other Items: Concrete Masonry Veneer 

The existing concrete masonry veneer on the South Wall of the building is a potential hazard 
as this is adjacent to escape paths will need to be investigated to confirm the condition of the 
wall ties and whether any remedial works should be undertaken.  

A recommended time for remediation is to be a medium priority in view of the overall rating. 
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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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