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Summary of Changes Contained in Revision 7

Section
Change 

2.3
AS/NZS 1170 has been introduced and referenced.

other sections
References to NZS 4203 have been replaced with AS/NZS 1170.

1. Introduction

1.1 Background

In October 1995, the Ministry of Education commenced a project involving the structural evaluation of primary and secondary schools.  The objective of the overall project is to ensure the safety of children and staff in schools with regard to buildings and other significant structures.

The Ministry engaged  Spencer Holmes Ltd to assist them with this process. Spencer Holmes carried out preliminary investigations into school buildings and their findings formed the basis for a contract to carry out a nationwide survey of all school buildings, which was awarded to Connell Wagner.

1.2 Key Outcomes From Spencer Holmes Initial Investigations

While primary and secondary school construction covers the full range of types encountered in New Zealand, the majority of buildings fall into the category of one and two storey lightweight construction.  In major earthquakes, poor performance of light weight single storey structures (which includes most houses), has typically been influenced by heavy elements such as tile roofs and brick veneers, and by poor connection to the foundations.  In the absence of these factors, the performance of these buildings has generally been good, almost irrespective of building configuration.  

This observation formed the basis for the 1998 National Survey, because it meant that the vast majority of school buildings did not require detailed analysis to determine their structural adequacy.  These buildings could be assumed to be structurally adequate unless they contained specific hazard features, and these hazard features could be readily determined on the basis of a walk through survey.

However, the same assumptions could not be made about two storey or higher buildings and so these were addressed differently, as described subsequently.

1.3 Purpose Of This Document

This document provides background information and technical guidance for those involved in implementing the mitigation work arising from the 1998 National Structural Survey.  It is aimed at District Property Officers, project managers and structural consultants.  Where reference is made to the involvement of an engineer, this is intended to mean a practising structural engineer who is suitably qualified and experienced in this type of design work.  When using this document, the engineers must satisfy themselves as to its applicability in their particular circumstances.

Specific process and contract details are addressed in separate documents.

Terminology

Throughout this document the term “structural defect” is used.  This does not mean that the building or structure to which it refers is unsafe.  It simply means that a structural aspect has been identified that is likely to impair the performance of the building or structure during a major earthquake or other natural event and that the prudent course of action would be to have it rectified.

2. 1998 National Structural Survey

2.1 Introduction

In 1998 Connell Wagner carried out a nationwide structural survey of all school buildings for the Ministry of Education.

This was a walk through survey of every primary and secondary state school in the country (2361 schools) including remote schools such as those on the Chatham Islands.  Given the major nature of the undertaking, practical constraints were imposed in certain areas in order to keep the whole process manageable.  Emphasis was placed on low-rise school buildings constructed mainly of lightweight framing, as these comprise the majority of school building stock.  Detailed structural assessments of each building were neither practical given the number of schools nor necessary given the frequency of common designs used in earlier school construction.

The survey was qualitative in nature rather than quantitative, with an emphasis on readily identifiable seismic hazards.  Specific structural defects that could potentially cause death or serious injury during wind or earthquake or everyday loadings were identified and costed.  Potential defects that required a more detailed investigation were also identified and these were the subject of a follow-up investigation in 2000 to determine whether or not they were actual defects.  As well as buildings, site structures such as retaining walls and volley walls were also checked.

The survey was carried out on a District by District basis corresponding to the eleven Educational Districts into which the Ministry is divided.  Connell Wagner employed subconsultants to assist them in some Educational Districts to provide full geographic coverage and to provide additional resources.  The survey was coordinated and managed from Connell Wagner’s Wellington office.  The consultant who was responsible for each Education District was as follows:

Northland
- Hawthorn Geddes Civil and Structural Ltd

Auckland
- Connell Wagner Ltd

Waikato
- Jones Gray Partnership

Bay of Plenty
- Connell Wagner Ltd

Central West
- Ormond Stock Associates Ltd

Central East
- Loughnan Hall and Thompson Ltd

Central South
- Connell Wagner Ltd

Nelson Marlborough West Coast
- Davidson Partners Ltd (follow-up work 
  subsequently carried out by Connell Wagner)

Canterbury
- Connell Wagner Ltd

Otago
- Hadley and Robinson Ltd

Southland
- Connell Wagner Ltd

Spencer Holmes were project managers for the survey, acting on behalf of the Ministry of Education.

2.2 Survey Process

Defective buildings and site structures were categorised according to the following categories:

Category A -
Vulnerable buildings and site structures

These are buildings or site structures for which immediate evacuation or isolation was recommended.  Action was taken immediately to rectify these defects and so there are no longer any buildings or site structures that fall into this category.

Category B - 
Defective single storey buildings and site structures

These are buildings or site structures with structural defects identified as requiring rectification.  There were two categories for these: specific structural defects and general structural defects.  The only difference between them was that specific structural defects grouped those defects found to be commonly encountered and for which specific provision for recording their presence was made on the survey forms, while general structural defects included any other structural defects apart from the specific ones.  The specific structural defect categories were:

· heavy roofs

· solid brick walls

· heavy ceiling tiles

· heavy light fittings or heaters

Category C - 
Potentially defective single storey buildings and site structures

These are buildings or site structures for which a further investigation was recommended to determine whether features noted during the survey were structural defects requiring rectification.  Subsequently, a follow-up survey was carried out and the potential defects recorded under this category have either been moved into category B and costed, or they have been eliminated altogether.

Category D - 
Buildings of two or more storeys

This category was further subdivided into Nelson Blocks and non-Nelson Blocks.  

Nelson Blocks are a two storey block of standard design generally built during the 1960’s.  A total of 137 of these were identified during the 1998 National Survey but no evaluations were carried out.

All other pre-1976 two storey or higher blocks were evaluated using a Rapid Evaluation (RE) method which was especially adapted for this project from a Rapid Evaluation method prepared by the New Zealand Society for Earthquake Engineering.  If the surveying engineer was of the opinion that a more detailed assessment of the building was required irrespective of structural score obtained using the RE method, then they set the RE score to 100.  Subsequent to the 1998 National Survey, Connell Wagner has evaluated some of these buildings in more detail.

All two storey buildings, including post-1976 buildings, were also surveyed to identify specific defects as for Category B and to determine if any general structural defects were present as a result of alteration.

2.3 Engineering standards and philosophies

The aim of the 1998 National Survey was to prevent loss of life or serious injury arising from a structurally defective building or site structure.  It was not to prevent or minimise damage to property.  Similarly, building maintenance issues were outside the scope of the survey.

The buildings and site structures were evaluated on the basis of commonsense engineering based broadly on the Codes and Building Act.  Non compliance with a Code (eg. NZS3604) was not in itself sufficient reason for a feature to be classified as a structural defect, the feature had to be a threat to life safety.  Much of NZS3604 (and other Codes) is concerned with serviceability issues which were not a consideration for this survey.

The Loadings Standard NZS4203 : 1992 and the appropriate materials codes were used as the basis for determining Code compliance.  Full compliance to the detail of the Codes is not expected for earlier existing buildings and this is compatible with the likely requirements of the Territorial Authority in this regard.  With the introduction of NZS 1170.5:2004, this should now be used as the basis for determining code compliance.

The Ministry require that an importance level of 3 for seismic design be assigned to any school building which is normally used by students.  The probability of exceedance given by AS/NZS 1170.0:2002 is therefore 1/1000, which gives a return period factor of 1.30 in accordance with NZS 1170.5:2004.

Most unreinforced masonry school buildings  were strengthened to near full code levels during the 1980s and 1990s.  The few remaining unstrengthened brick school buildings were identified and addressed directly by the 1998 survey.

School buildings designed after the introduction of modern Codes (ie post 1976) can generally be considered to be satisfactory as long as no subsequent alterations have weakened their structural elements.

The Building Act 2004 and subsequent regulations define any building whose seismic capacity is less than 33% of current Code levels to be earthquake prone, and requiring to be strengthened.  Although this survey pre-dated the Act revision, the Ministry had already set its own threshold and strengthening levels in 2001 that reflected the importance of preventing collapse in severe earthquakes.  The standard that the Ministry has adopted for school buildings is summarised as follows:

· Buildings of heavy construction (ie concrete floors) are required to be reviewed against full current code levels.  If these buildings are found to be unable to meet those levels, they are to be strengthened to full current code performance levels.

· All buildings with major assembly areas are also required to be reviewed against full current code levels, and strengthened to those levels where found necessary.

· Conventional timber framed and floored school buildings with light roofing are to be reviewed against two-thirds of current code.  This lower level reflects the lower collapse potential compared to buildings of heavier construction.  The level to which these buildings are required to be strengthened is two-thirds of current code as a minimum, and where practicable, to full code.

The  return period factor of  1.30 is required to be used for the above assessment for school buildings.  Near fault effects need to be considered in accordance with NZS 1170.5.

For those school buildings where the heavy tile roof is retained rather than replaced with a light roof, the building must be strengthened to full current code.

The 1998 National Survey was qualitative not quantitative.  No calculations or detailed assessments were carried out.

2.4 Key findings

The key finding of the 1998 National Survey was that school buildings and site structures are generally in sound condition structurally, given the size and diverse nature of the Ministry’s portfolio.

Buildings Generally

Approximately 11% of buildings were found to have at least one structural defect that required remedial work by the 1998 Survey.

The most common structural faults are listed below.  These were not consistent through the Districts and some faults were more common in some Districts than others.

Seismic Defects

· internal walls removed between classrooms and compensating seismic bracing not provided

· poor subfloor bracing and pile/bearer connection, particularly for relocatable buildings

· masonry swimming pool changing sheds which often appear to have been designed and built by voluntary and unsupervised labour and many of which are in poor condition

· heavy roofs

· heavy/poorly fixed light fittings

· unbraced masonry chimneys

· heavy/poorly fixed heaters

· canopies and covered walkways with inadequate lateral bracing

General structural defects

· structural connections with bolts that were either missing or loose

· decaying framing timber

· weak handrails

Nelson Blocks

Subsequent to the 1998 National Survey, Connell Wagner has subjected Nelson Blocks to a specific detailed analysis.  This has concluded that while these buildings are not as critical as buildings of heavy construction, strengthening should be undertaken in conjunction with future remodelling. The level of strengthening required varies according to the  geographic locations of the Nelson Block.  Connell Wagner has prepared a standard design for strengthening these blocks and this along with more detailed information  is available to schools and other consultants on the Ministry’s web site.

Two Nelson Blocks were found to have minor general structural defects. All of the other structural defects found in Nelson Blocks involved the presence of heavy light fittings and generally there were only a small number of these per block.  While these present a local hazard to students, they will not detrimentally affect the overall seismic performance of the Nelson Blocks.

Other Blocks of Two or More Storeys

Some of the 421 blocks that were evaluated using the Rapid Evaluation Method have subsequently been analysed to assess their strength to resist earthquakes in relation to current Code, to determine what (if any) strengthening is required, and to establish a rough order of cost for the strengthening work.

The highest priority category for strengthening was those buildings whose floor area exceeded 1000 square metres and whose seismic strength was assessed as less than 33% of NZS4203. All of the buildings that  fell into this category were scheduled for strengthening  in the F2001/2002 financial year. The other buildings requiring strengthening  are being strengthened in subsequent years.   

Site Structures

Approximately 13% of schools were found to have defective site structures by the 1998 Survey.

The most common site structure defects were inadequately restrained elevated water tanks and unreinforced volley walls.  Some regional differences emerged.  Rural districts recorded significant numbers of poorly restrained elevated water tanks.  These were particularly prevalent in Canterbury and are the reason why so many defective site structures were identified in Canterbury.

2.5 Basis of Costing Rectification Measures

The rates used for costing the rectification of specific structural defects were provided by Knapman Clark (now Davis Langdon New Zealand), and are global rates that, for example, allowed for some repair to the roof framing should that be necessary when replacing heavy tile roofs with corrugated iron.  The rates provided by Knapman Clark were (1998 values):


Heavy roofs
- $80/m2
(cost of replacement with corrugated iron)


Solid brick walls
- $350/m2
(cost of removal and replacement with timber framed walls)


Heavy ceiling tiles
- $80/m2
(cost of replacement with lightweight ceiling tiles)


Heavy light fittings
- $160 each
(cost of replacement with standard fluorescent tube fittings)

All other cost estimates have been made by the surveying engineer during their walk-through inspection.

3. Specific Structural Defects In Buildings

3.1 Introduction

Specific structural defects are those defects commonly encountered and for which specific provision for recording their presence was made on the survey forms.

The first step in the rectification process should always be to confirm that the defect really is a defect that requires rectification.

3.2 Heavy Roofs

Issue

As long as they are adequately connected to their foundations and do not contain a heavy roof or ceiling, school buildings are expected to perform adequately during a severe earthquake almost irrespective of configuration.  The major reason for this is the lack of seismic mass at roof level generating significant lateral forces.  This is not the case if the building has a heavy tile roof.  All buildings with heavy tile roofs have been identified.

Recommended Action

All heavy tiled roofs are required to be removed and replaced with a lightweight roof.  The only exception to this is if the school wants to retain the tile roof and this would need to be agreed to by the District Property Manager.  In the latter circumstances, a detailed analysis of the building would be required and strengthening provided, as necessary, to meet the full requirements of NZS 1170.5 including the 1.3 return period factor.

The costs that were allowed in the 1998 National Survey were for replacement of the heavy tiles with corrugated iron.  This also included some allowance for replacement of damaged roof framing members and bracing should this have occurred.    At the time that the heavy tile roof is removed, the connectivity between the top of the walls and the roof and ceiling members should be checked by a structural engineer to ensure that the load transfer between the ceiling or roof diaphragm and the walls can take place.  While on site, the engineer should also visually check the roof bracing and the condition of the roof framing.

3.3 Heavy Ceiling Tiles

Issue

The concern with heavy ceiling tiles is not just the increased mass at roof level generating large seismic forces, but the possibility of the heavy tiles dislodging and causing a serious or fatal injury.  

Recommended Action

All heavy ceiling tiles should be removed and replaced with lightweight tiles which must be securely fixed in place.  The involvement of an engineer is not required.

3.4 Heavy Lights

Issue

A commonly noted feature of the Edgecumbe earthquake, as well as others, was the number of heavy light fittings that tore loose from their fixings.  These constitute a significant hazard.  

Recommended Action

All heavy light fittings should be replaced with alternative light weight fittings which should be securely attached to the ceiling.  The involvement of an engineer is not required.

3.5 Solid Brick Walls

Issue

Considerable amounts of solid brick wall were initially recorded in the 1998 National Survey although checking showed that some of the solid brick wall that was initially recorded was actually brick veneer.

It is worth emphasising how to tell the difference between brick veneer and solid brick walls.

In brick veneer walls, the bricks are always seen in side elevation.  No bricks can be seen in end elevation except at the ends of the wall where half bricks are used to get the spacings right.  Brick veneer walls normally have weepholes at the bottom.

On solid brick walls, on the other hand, header bricks running at right angles to the wall are always used to tie the various skins together.  These are seen in elevation as half bricks, not full bricks.  The header bricks often form a complete row, otherwise they are scattered throughout the wall.  Solid brick walls do not have weepholes at the bottom.

Some buildings had a brick feature wall at each end of the building, the ends of which projected out a metre or two from the building as a double brick wall.  For these walls, the projecting double skinned wall is a solid brick wall but the main part of the wall which abuts the building will invariably be brick veneer.

Some buildings with solid brick walls were also found to have a brick veneer on the outside.

The issue with solid brick walls is their stability under seismic loads.  Solid brick walls should not be used for either supporting vertical loads or for withstanding seismic loads.  

Only those solid brick walls that the surveying engineer considered to be an earthquake risk have been identified in the survey.  Other solid brick walls that the surveying engineer considered did not constitute a risk were not recorded.

Recommended Action

Solid brick walls should either be demolished or provided with specifically designed lateral support so that they will not collapse during an earthquake. The involvement of an engineer is required.

4. General Structural Defects in Buildings

4.1 Introduction

General structural defects encompassed all structural defects in buildings apart from the four specific structural defects covered in the previous chapter.  The main difference was that the surveying engineers had to make their own cost estimates for rectifying general structural defects whereas for the specific structural defects the costing information was supplied to them.

The first step in the rectification process should always be to confirm that the defect really is a defect that requires rectification.

4.2 Brick Veneers Generally

Issues

In the 1998 National Survey brick veneers have been assumed to be adequately tied to the wall behind, unless there has been clear evidence to the contrary.  Such evidence might include the lateral displacement of adjacent brick courses out of the plane of the wall.

Cracking and vertical or horizontal displacement between adjacent courses in the plane of the wall are not evidence of instability of the wall and should not have been classified as structural defects.  The cracking is likely to have been caused by either ground settlement or a previous earthquake.

As part of the follow up investigation of potential structural defects, BRANZ were commissioned to check the adequacy of the ties using a borescope.  BRANZ found that the corrosion of the ties was minimal and was not enough to impair their structural adequacy.  They also found that the fixing of the ties back to the supporting framework was also adequate where this was able to be checked.

Recommended Action

Due to the limited extent of the BRANZ survey, there is a need for ongoing monitoring of this issue.  If it is found during the upgrading of the schools that the connection of the brick veneer of a particular block is unsatisfactory, then this should be brought to the attention of the District Property Manager so that a decision can be made as to whether or not to check other blocks at that school or other schools in the District of the same era.

Should tying of the brick veneer to the supporting wall be considered unsatisfactory, then this can be fixed using Helifix ties which can either be drilled through the brick into the timber studs or vice versa. Large cracks in brick veneers should be grouted.

The involvement of an engineer in the above is required.

Buildings with Large Amounts of Brick or Block Veneer

Issue

In the 1998 National Survey, the surveying engineers were required to identify veneers which constituted greater than 60% of the total external wall area as potential structural defects due to concerns about the level of force that could be generated by the additional seismic mass, and the ability of the structure to resist this increased force.

The buildings with brick veneers that fell into this category were then addressed in more detail during the subsequent follow-up survey and were either categorised as defective or not defective.  It is important that the engineers responsible for the rectification work understand the methodology that led to the building being classified as defective and so the guidelines given to the engineers responsible for the follow-up survey are repeated here.  BRANZ assisted in compiling this.

Recommended Action

The key issue was establishing load paths for the forces to get down to ground level.  The connection of the brick veneer to the supporting wall was considered to be satisfactory unless there was clear evidence to the contrary.

How well the timber end walls that are supporting brick veneers are connected to either the ceiling diaphragm or to a roof diaphragm were checked.  In this regard connections that rely on nails acting in withdrawal were not considered adequate and these should be supplemented by either dog nails or nail plates.  If the load could not get into the ceiling then a load path via the roof was considered satisfactory provided that there was a proper load path from the roof using bracing or strutting, etc.

An effective load distributing system was then required to distribute the load to the walls which are providing the lateral load resistance.  This would normally be a ceiling diaphragm but could be a diagonally braced roof.  Bracing concentrates the forces to a much greater extent than does a diaphragm and so the adequacy of bracing connections is particularly important.  Softboard ceilings are not an adequate diaphragm material.  The ceiling diaphragm then needs to be adequately connected to the top of the walls that are providing the lateral load resistance. 

The shear walls that provide the lateral load resistance of the building were checked to ensure that there was adequate bracing capacity available.  A bracing capacity was assigned to each wall and this varied depending on the lining material, its fixings and whether or not diagonal braces were present.  Because no means were available of determining the latter without removing wall linings, the bracing unit values listed under calculation methodology were used.

Finally, the adequacy of the sub floor bracing system to transfer the loads into the ground was checked.  The brick veneer is normally sitting on a continuous concrete ring foundation and so this provides as excellent bracing system.  For a long classroom block however, the distance between the two end walls will likely to be too far for the floor diaphragm to span between and so intermediate braces will be required in the traverse direction only located directly underneath the traverse walls between the classrooms.  The other aspect checked was that the timber floor system was bolted to the concrete ring foundation, as sometimes the concrete ring foundation was built independently of the timber floor with no connection between the two.

Guidance in terms of calculating the strength of existing timber buildings is given in Appendix A.

The involvement of an engineer is required to check the bracing of buildings with large amounts of brick veneer.

4.3 Walls Removed

Issue

A common situation found by the surveyors was that the dividing walls between classrooms were removed to provide large open spaces.  These walls are typically at 8m centres and provide lateral bracing for the classroom blocks.

Recommended Action

If a wall has been removed then some form of compensating bracing in the form of a steel portal frame should be provided or else the ceiling or roof bracing needs to be sufficient to transfer the loads to the adjacent walls.

Although removal of a complete wall is clearly unsatisfactory unless compensating structure has been provided, in many cases only parts of walls were removed.  The surveying engineers were required to check the adequacy of the remaining length of wall to determine whether strengthening was required.  These were generally checked on the basis of limited ductility walls, short building period and intermediate soils, unless there was evidence to the contrary.  The risk factor of 1.2 for school classroom buildings was also included.

If the remaining wall was capable of resisting two-thirds of NZS 4203 then it was considered to be satisfactory.  If the remaining wall was below this strength level then a cost allowance was made to bring it up to at least two-thirds of  NZS 4203 and to full code where practicable.  In many cases this simply involved removing existing wall linings and replacing with gib braceline or plywood, and probably upgrading the connections at the base of the wall.  In situations where the classroom wall had been removed entirely, costs were allowed for compensating structure in the form of either a steel portal or bracing at ceiling level.

With the introduction of NZS 1170.5:2004, all subsequent assessments of walls that have been removed will need to be made in accordance with this Code using a return period factor of 1.30.

The involvement of an engineer is required for checking wall bracing.

4.4 Brick Chimneys

Issue

The issue here is unreinforced brick chimneys that might topple and fall during a severe earthquake.

Two cases may arise:

· chimneys located internally within the building, or

· chimneys located externally to the building

If the chimneys are located within the building, then only the potential toppling of the top part of the chimney needs to be considered.  If the chimney is located external to the building, it must be restrained by the building at roof level or else it will be potentially unstable.  In addition, the potential toppling of external chimneys needs to be considered in the same way as internal chimneys.

Recommended Action

Aspect ratios at which chimneys may become unstable have been calculated and these are tabulated in Appendix B.  If the aspect ratio exceeded these values for the chimney under consideration then the chimney has been classified as defective by the surveying engineers and costs allowed for either strengthening or demolition.

If the roof framing enclosed external chimneys then the chimney has been considered to be adequately restrained as long as there is substantial framing present and not just a fascia member.  If the roof framing does not enclose the chimney however then either a restraining strap is required or the chimney should be demolished if it is no longer in use.  The latter is preferable.  Refer to Appendix B.

The involvement of an engineer is required for checking chimney restraint.

4.5 Connections of Structural Members

Issue

A number of structural steel and timber connections were recorded with bolts that were either loose or missing.  In some cases the steel roof member disappeared into a timber wall and so it was impossible to tell what type of connection existed within the wall and whether the bolts that appeared to be missing on the outside of the wall were in fact really required or not.

Recommended Action

Since the costs involved are so small, the conservative option should be taken in these cases.  Loose nuts should be tightened and nuts and bolts that are missing should be replaced.

4.6 Corrosion of Steelwork

Issue

This occurred on exposed external steelwork, generally in situations such as small exposed steel structural frames supporting covered walkways between classroom blocks.

Generally this was considered to be a maintenance issue and not life threatening and was not therefore classified as a structural defect.  The only exceptions were if the surveying engineer really considered life safety to be at stake if the corrosion was left untreated.

Recommended Action

Corrosion should be steel wire brushed and painted if life safety is considered to be at stake if the corrosion is left untreated.  In extreme cases strengthening of the member may be required if the corrosion is well advanced.  The involvement of an engineer is recommended.

4.7 Sagging Roof Members

Issue

These were only recorded if the surveying engineer considered life safety to be at threat.  Excessive deflection of roof members was not in itself considered to be a concern except as a pointer to possible inadequate strength.  If the roof member supports heavy tiles, these will be removed during general upgrading which will reduce the roof load.

Recommended Action

Sagging roof members need to be checked by an engineer and the member either strengthened or replaced if its strength is less than that required by full AS/NZS 1170.

4.8 Subfloor Bracing

Issue

Inadequate subfloor bracing is a major cause of failure of light timber framed structures during severe earthquakes.  The issues are:

· extent and adequacy of subfloor bracing

· presence, type and condition of connections to braces and anchor piles

· connection of timber floor diaphragm to concrete perimeter walls.

Recommended Action

Subfloor bracing should be checked by an engineer.

When comparing the adequacy of the subfloor bracing provided with that required by the Code, then two-thirds of AS/NZS 1170.2 is the minimum acceptable level for wind and 87% (67% x 1.3) of NZS 1170.5 is the minimum acceptable level for earthquakes for light timber framed buildings.  If the existing bracing falls below these thresholds however then strengthening to full AS/NZS 1170.2 is required for wind and 130% of NZS 1170.5 for earthquakes.

AS/NZS 1170 should be used for the calculation of the subfloor bracing requirements.  Table 5.11 from NZS3604 can be used to check if the existing bracing elements are satisfactory, or else this calculation can be carried out using material codes. 

4.9 Concrete Block Changing Sheds

Issue

A large number of concrete block changing sheds have been identified which often appear to have been designed and built by voluntary and unsupervised labour and many of which are in poor condition. 

Recommended Action

These should either be strengthened or demolished.

Handrails

Issue

Inadequate handrails pose a significant danger to students. 

Recommended Action

These should be strengthened to full AS/NZS 1170.

4.10 Inadequately Braced Canopies and Covered Walkways

Issue

Inadequately braced canopies and covered walkways have been identified only if the surveying engineer considered life safety to be at risk.

Recommended Action

These should be checked by an engineer and strengthened to full AS/NZS 1170 if necessary.

4.11 Dominion Blocks

Issue

These are single storey primary school blocks that are particularly prevalent in Central South. They appear to have been constructed in the 1960’s and have minimal seismic strength in the longitudinal direction.  They differ from other similar buildings in that all walls in the longitudinal direction are heavily penetrated with doors and windows, leaving little wall remaining to resist seismic loads.

Apart from very limited wall panels that extend to the roof and that therefore provide some bracing in the longitudinal direction, Dominion Blocks are dependent on flexure of the window mullions and possibly resistance to racking of the window frames in order to resist seismic loads in the longitudinal direction.  An analysis of a typical Dominion Block has been carried out by BRANZ and their conclusion was that its seismic resistance in the longitudinal direction was adequate, mainly due to the low seismic mass at roof level.  Dominion Blocks have not therefore been classified as structural defects.

Recommended Action

The reason for including Dominion Blocks in these guidelines is that the results of the detailed analysis of Dominion Blocks should be considered when evaluating other blocks with similar characteristics.  
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Typical Dominion Block – Wilton School, Wellington
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Typical Dominion Block - Wilton School, Wellington

5. Defects in Site Structures

5.1 Introduction

The first step in the rectification process should always be to confirm that the defect really is a defect that requires rectification.

5.2 Concrete Block Volley Walls

Issue

These provided probably the most difficult decisions for the surveying engineers since they couldn’t easily determine the extent to which they were reinforced or whether or not the foundations were capable of preventing the walls from overturning during a severe earthquake.

The following guidelines were given to the surveying engineers and are repeated for information only.

· Any walls that are unreinforced are to be demolished and replaced.

· Walls which have returns on them are to be considered satisfactory almost irrespective of condition unless they are unreinforced.

· If the walls appear to be in good condition, reasonably modern construction (post 1976) and properly built, then they are to be assumed to be satisfactory even if they are just cantilever walls.

· A cover meter should be used to determine whether or not any reinforcing is present.  If no reinforcing is detected then the wall should be treated as an unreinforced wall.  If a reasonable amount of reinforcing is detected however, then the wall can be considered to be satisfactory as long as it is in reasonable condition.

· All costs are to be based on replacement.

Recommended Action

The wall should be either demolished and replaced or strengthened by buttressing.  The latter would need to be acceptable to the school.  Either way, the strength of the wall should be brought up to at least two-thirds AS/NZS 1170 as a minimum and full code where practicable.

5.3 Free Standing Brick Walls

Issue

These generally exist in the form of either fences or volley walls.  Brick walls are a danger to students if greater in height than say 1 metre.

Recommended Action

Brick walls should either be demolished completely or at least reduced in height to no greater than say 1 metre.  This applies to all seismic zones.  If the brick walls sit on top of other walls such as a retaining wall (refer to Figure 4) then the wall should be demolished or strengthened even if its own height is less than 1 metre because its effective height (2.4m in the example shown) is much greater.

If the brick wall is a fence only, then allowance  has been made to demolish it and to rebuild it as a timber framed fence with corrugated iron cladding.  If the brick wall is a volley wall, then allowance has been made to replace it with a concrete block wall.

There may be situations where a school wishes to retain a brick wall because of aesthetic value (you will need to ascertain this from the school).  In that case you will need to buttress the wall to provide stability.
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 Effective Height of Brick Wall

The effective height of the brick wall is 2.4m and so the brick wall must be either strengthened or fully demolished even though it is less than 1 metre high.

5.4 Free Standing Water Tanks

Issue

Free standing water tanks are a major risk to life safety during an earthquake.  These may come in many different shapes and sizes, but the one shown in the photograph was commonly found and has been analysed in detail.  The following conclusions were reached.

The concrete water tank is not connected to the tank stand at all and is likely to slide off in a reasonable earthquake.  Buckling of the compression legs is likely to occur and the foundations are inadequate to resist overturning.  The following remedial work is required:

· stops welded to the top of each leg to prevent sliding of the water tank

· horizontal cross bracing at mid-height and at the top of the tank 

· strengthening of the legs

· mass concrete poured around the existing foundation to prevent overturning.
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Free Standing Water Tank

Recommended Action

If the water tank is not still in use then it should be demolished (check with the school first).

If the school still wish to retain the tank, and it is similar to the one shown above, then it will need to be strengthened and upgraded.

If the water tank is different to the one shown then an analysis will be required to determine whether strengthening is required.

5.5 Retaining Walls

Issue

The failure of a retaining wall could have a devastating impact on life safety.  The problem is that the stability of retaining walls is difficult to assess without any details of the wall construction, especially its footing.

The first issue that needs to be addressed is whether or the wall is a life safety issue.  What are the consequences of failure?  If the wall is not life threatening then it should not be replaced.

Retaining walls often give plenty of warning of imminent failure and the failure itself often takes the form of excessive rotation about the base but without actual collapse.

A lot will depend on how major the wall is.  If it is only a metre high then clearly it’s not going to be life threatening whether it stands up or not.  On the other hand if it is 3 or 4 metres high then it could be life threatening if it were to fail suddenly.

Most retaining wall failures seem to occur in cantilever walls in which inadequate attention has been paid to providing proper base fixity.  Generally these walls will be older and have probably not had any specific design carried out.  It is unlikely that modern crib walls will be at risk.

Recommended Action

The cost of replacing the retaining wall will be significant and is not a step to be recommended lightly.  If the engineer assessing the wall considers that the retaining wall really is defective and should be replaced, then that decision should be confirmed by an approved specialist geotechnical engineer before the wall is demolished.


If the geotechnical engineer is really concerned about the wall but is reluctant to have it demolished at this stage, then it would be preferable to have it monitored by surveyors to check if it really is moving or not.  If it is not moving then that is the end of the matter.  If it is then the monitoring should be continued.  If at any stage in the future the wall rotation starts to increase sharply, then the wall should be cordoned off and demolished before it collapses.


5.6 Unretained Slopes

Issue

Only unretained slopes that the surveying engineer considered might fail and threaten life safety were required to be entered into the survey as defects.  These slopes also had to exhibit some signs of instability.

Recommended Action

The opinion of a geotechnical engineer should be sought prior to taking remedial action.  Options available for mitigation include battering back the slope, providing  drainage, planting vegetation or providing a retaining wall.

6. Buildings of Two or More Storeys

6.1 Introduction

Timber framed buildings of two or more storeys are potentially a considerably greater seismic risk than single storey buildings because of the high seismic live load at first floor level.  This is compounded if the construction is concrete or concrete block.

All buildings two storeys or greater have already been checked for specific or general structural defects as part of the 1998 National Survey.  This survey identified issues such as heavy ceiling tiles, heavy light fittings, inadequate handrails, etc.  A Rapid Evaluation Assessment has also been carried out on all of these buildings.  In addition a preliminary analysis has been carried out on limited numbers of these buildings to establish preliminary cost estimates for strengthening but for the remainder of the buildings no detailed assessment has been carried out.

The assessment and strengthening of these buildings is a two stage process:

· Preliminary analysis to determine whether strengthening is required and to set a budget for this work

· Detailed strengthening design and implementation

Nelson Blocks are excluded from the above as they have already been assessed and a generic strengthening design prepared. 

Post 1976 buildings do not require assessment as buildings designed to modern Codes are considered to represent a low seismic risk.

6.2 Preliminary Analysis

All buildings of two or more storeys (apart from Nelson Blocks) require a preliminary analysis to determine whether or not they require strengthening.  Preliminary analyses have been carried out for some of these buildings already.

It is of considerable benefit if plans of the building can be obtained prior to carrying out a site inspection, although in many cases these are not available.  Possible sources of plans are the school itself, the Ministry of Education District Office, the Territorial Authority, National Archives, Opus International Consultants, and other consultants regularly used by the school.

If plans are not available then the engineer should measure and sketch the building both in plan and in cross section indicating the main lateral load resisting elements.  Photographs of the building should also be taken.  Both the sketches and the photographs are key elements in facilitating subsequent auditing of the outcome.  These should be given to the Ministry on completion together with a brief report  which can then form the basis for consideration by the Ministry.

Previous experience has highlighted the importance of marking on the plans or sketches which walls provide bracing and what their linings are if the building is timber framed.

A key issue is establishing load paths for the forces to get down to ground level.  A lateral load analysis of the building is required, unless it is obvious that the building is not defective.  If the return period factor for seismic of 1.3 is included then the building must have a capacity of two-thirds of AS/NZS 1170.2 for wind and 87% of NZS 1170.5 for earthquakes in order to be classed as satisfactory if it is a timber framed and floored school building.

The seriousness with which this exercise is to be undertaken is emphasised.  Buildings must not be arbitrarily classified as satisfactory because they are no worse than the general building stock in the District, or because the local Territorial Authority has less rigorous standards.  Engineers should be neither excessively conservative nor excessively lenient in their assessment of the buildings.

6.3 Strengthening of Timber Buildings

If possible, the strengthening of timber framed buildings should be based on removing existing wall linings and replacing with gib braceline or plywood.  The cost that has been allowed for this is (including making good finishes etc):

· remove existing wall linings and replace with gib braceline and upgrade connections at base of wall
$80/m2 (one side only)

$140/m2 (both sides)

· remove existing wall linings and replace with plywood and upgrade connections at point of wall
$100/m2 (one side only)

$170/m2 (both sides)

Bracing unit ratings that can be used for some of the more commonly used wall linings are given in Appendix A.  Bracing unit ratings for other gib bracing systems can be obtained from the Gib Catalogue.

If the strengthening of timber framed buildings is required, then they should be strengthened to 100% of AS/NZS 1170.2 for wind and 130% of NZS 1170.5 for earthquakes if the 1.3 return period factor is included where this is practicable, but at least two-thirds of these levels as a minimum.

Past experience has shown that obtaining information on structural aspects of the buildings is very difficult.  Even if drawings are available they are unlikely to provide details of the wall bracing used or nailing patterns as the latter were specified in the specification.  The use of concrete stairs in buildings that were otherwise timber was not uncommon and the concrete walls associated with the stairs are a potential source of bracing for the building.  The key issue then becomes the connection between the timber building and the concrete stair core and in some buildings of this type already assessed the installation of a steel tie member has been recommended.

6.4 Strengthening of Concrete or Concrete Block Buildings

This is a more costly exercise than strengthening timber framed buildings with experience to date suggesting that concrete buildings are twice as expensive to strengthen as timber buildings on a per square metre basis.

Buildings should be considered to be of heavy construction if the suspended floors are concrete.  All buildings of heavy construction are required to be reviewed against full Code, ie. 100% of AS/NZS 1170.2 for wind and 130% of NZS 1170.5 for earthquakes including the 1.3 return period factor.

The strength of these buildings should be established from first principles.  Assume Class D soils and existing members having some limited ductility capacity unless there is clear evidence to the contrary.

6.5 Implementation of Strengthening Measures

Close liaison with the school is required to ensure that the strengthening work is acceptable to the school in terms of its impact on planning and the likely disruption during construction.

Full copies of all contract documents should be provided to both the school and the Ministry.  The drawings should be updated on completion of the project if any significant changes occur during construction.

6.6 Nelson Blocks

Nelson Blocks are the single most common secondary school block type.  The structural design was undertaken by a consulting engineering practice based in Nelson (hence the name Nelson Blocks), and reviewed by the Ministry of Works.  They were designed in 1962, prior to the introduction of the 1965 Seismic Code, and their use was widespread around the country.  Construction of these blocks continued throughout the 1960’s and the design evolved over this period of time.

There is insufficient documentation available to indicate whether or not subsequent versions of this building that were built after the publication of NZS 1900:1965 took seismic considerations into account.

Nelson Blocks have an H-shaped plan layout and are of lightweight timber framed construction, with a lightweight roof.  While the building contains specifically designed lateral bracing elements, it appears that these were originally provided for wind load purposes only.  Although the building itself is essentially lightweight, the effect of the high live load for the upper level in terms of seismic mass generation is significant.

Apart from noting any significant alterations, Nelson Blocks were excluded from the 1998 National Survey because they are a common type of building subject to a separate specific evaluation.  That evaluation has subsequently been completed and has concluded that Nelson Blocks require strengthening, although the level of strengthening varies depending on geographical location.

A generic strengthening design for Nelson Blocks has been completed by Connell Wagner and this has been made available for use by other engineers through the Ministry.  The document is titled Ministry of Education Structural Mitigation Programme – Strengthening of Nelson Blocks and is available on the Ministry’s web-site at www.minedu.govt.nz.
The generic strengthening design is based on the standard Nelson Block design that was first produced in 1962.  Other Nelson Blocks constructed at different times may not necessarily contain the same structural elements as were present in the standard design.  Each Nelson Block needs to be checked to ensure that these structural elements are present and that alterations that may adversely affect the performance of the building have not been made.

7. Unreinforced Masonry Buildings

7.1 Introduction

These have already been the object of an extensive strengthening programme and almost all unreinforced masonry school classroom buildings have now been strengthened.  These form a special case in as much as reliance may still be placed on unreinforced masonry walls for vertical and lateral load resistance.  The strengthening requirement is to full NZS 1170.5 (including the 1.3 return period factor as appropriate) as near as it is practicable.

However, there are still considerable numbers of other unreinforced masonry buildings such as boiler houses, storage sheds, toilets and swimming pool changing sheds.  Apart from the swimming pool changing sheds, these buildings are generally of brick construction.  Although smaller in size and less frequently occupied than classroom blocks, these buildings still pose a danger to students that should be eliminated through a programme of either strengthening or demolition and replacement.

Appendix A

Evaluation of the Strength of Existing Single Storey Timber Buildings

A.1
Introduction

In section 1.2 it was noted that the performance of single storey light weight buildings during earthquakes has generally been good, almost irrespective of building configuration.  The main reason for this is considered to be the low seismic mass at roof level, which limits the lateral forces that can be generated during an earthquake.  Substantial amounts of brick veneer, especially high up on gable end walls, or the presence of heavy roof claddings, will significantly increase the lateral forces that can be generated however.

Proving, by calculation, the adequacy of such buildings is another matter altogether and so these notes, which have been prepared with the assistance of BRANZ, have been put together to assist the structural engineers who are engaged to look at specific buildings.  The bracing requirements for the structure due to wind or earthquakes should be calculated from AS/NZS 1170.

Considerable care needs to be exercised when using the Timber Framed Buildings standard NZS 3604 for designing school buildings.  This code was developed primarily for timber framed residential buildings which generally have relatively closely spaced walls.  For classrooms, with walls typically spaced greater than 5m apart, the ceiling diaphragm provisions must be complied with.  In addition, the location of the bracing walls need to be distributed in accordance with the minimum external bracing wall requirements as stated in part 5 of NZS 3604.  Departures from either provision will result in specific design being required.

A.2
Coefficients

Return period factor  for existing bldg assessment 

2/3 x 1.3 = 0.87

Limited ductility timber walls (assume nailed joints)

(=  3 

Assume short period structure




T<0.45 seconds

A.3
Typical Weights

Light roof and ceiling* 




0.30kPa

Walls lined both faces




0.30kPa

Walls lined one face with brick veneer on the other 
1.75 kPa

Glazed wall in timber frame



0.20kPa

* (Note it is expected that all heavy roofs are to be removed)

A.4
General Approach

An appropriate general approach is to calculate the shear in each of two orthogonal directions to ascertain the demand per unit length of contact length of the bottom plate (ie include windows but ignore doors or openings). Unless specific allowance is made for torsional response, the seismic mass to be applied to external bracing lines is to be 1.2 times the mass determined from the tributary area of the roof and the upper half of the walls within that area (ie if the lateral resistance in a direction is provided by two exterior walls only, then each wall is to be assessed under 60% of the total mass of the superstructure). For internal walls, where torsional effects can be expected to be less severe, the above 1.2 multiplier can taken as 1.0. Generally the dynamic response of the ground floor can be ignored.

A.5
Existing Wall Bracing Capacity

Provided the demand per unit length of timber framed wall is not greater than 1.0kN/m (20 BU’s/m) the wall can be considered to provide adequate resistance. However, walls which are heavily perforated with windows have a reduced capacity and are deemed to provide  adequate resistance provided the demand placed upon them is not greater than 0.5 kN/m (10 BU’s/m).  Included in this category are walls which are essentially totally glazed as long as the windows are timber framed.

Should the above global demands be exceeded (ie the structural adequacy of the building remains uncertain) an elemental assessment becomes necessary and bracing panels will need to be identified.  Bracing panels are to be considered as those sections of wall which extend uninterrupted between top plate and bottom plate of the walls. The effective length of bracing panels is the actual length of the uninterrupted panel plus 10% when abutting a window (ie 1.1 x bottom plate length for a panel with a window on one side and  1.2 x bottom plate length for a panel with a window each side).

Bracing unit ratings that can be used for some of the commonly used wall linings are listed below.  If the linings have been installed as bracing elements, (ie. if the nailing pattern is as prescribed in column 3 of the table) then the bracing unit rating for braced elements can be used.  If the fixing of the linings does not meet the requirement specified, then the bracing values for non-braced elements should be used.

Lining Material
Number of Faces Lined
Nailing Pattern Required for Bracing Elements
Bracing Unit Rating for Braced Elements (BU’s/metre)
Bracing Unit Rating for Non-Braced Elements (BU’s/metre)

Softboard 

-
0
0

Hardboard
One face only
150 sheet edges 300 int. studs
115
50

Particle board (12mm)
One face only
150 sheet edges 300 int. studs
90
60

Plywood (7.5mm)
One face only
150 sheet edges 300 int. studs
95
60

Fibre-cement (6mm)
One face only
150 all framing
85
60

Gib. Board (std 9.5mm)
One face (ext. wall)
150 perimeter 300 int. framing
50
25

Gib. Board (std 9.5mm)
Both faces (int. wall)
150 perimeter 300 int. framing
60
30

Table 1 Bracing Unit Rating for Sheet Lined Timber Framed Walls.

The rating of the panel also needs to be adjusted to reflect the aspect ratio of the panel.  The multiplier obtained from Table 2 should be multiplied by the bracing unit rating obtained from Table 1 to obtain the bracing unit rating for the panel.

Panel height/length (h/l)
Multiplier

( 1
1.0

1 to ( 2
1.15 – 0.15 h/l

2 to ( 3
2.6 – 0.85 h/l

> 3
0

Table 2 Bracing Unit Rating Multiplier.

The following bracing unit ratings for diagonally braced timber framed walls are also provided for assistance.  These should also be multiplied by the multiplier obtained from Table 2 for panel aspect ratio.

Description of wall bracing element
Rating (bracing units per metre of element length)

Timber framed walls with diagonal braces within the framing and sheet material on one face
50 in single or top storey

60 in any other location

Timber framed walls with diagonal braces within the framing and sheet material on both faces
75 in single or top storey

85 in any other location

Table 3 Bracing Unit Ratings for Diagonally Braced Timber Framed Walls

Note  1. 
Within this table diagonal braces include let-in timber steel angle or pairs of steel 
straps or cut-in timber diagonals.

2. 
Softboard does not count as a sheet material.

A.6
Building Configuration

Most single storey classroom buildings have glazed windows all along the front with high level glazing only along the otherwise solid rear wall.  There are transverse walls between classrooms, typically at 8m centres.  Seismic capacity in the longitudinal direction is normally the problem but if it can be shown that the shear demand on the various walls is within the values previously stated, then the walls can be considered adequate.

Many classroom buildings have been joined to others by infilling, creating sprawling highly irregular classroom blocks.  While normally considered a problem by structural engineers, for single storey light timber framed buildings in which the various parts probably have similar forms of construction and therefore similar stiffnesses, this irregularity can probably be ignored as long as each constituent part of the building is capable of supporting itself and does not rely on the other parts for support.  It is acknowledged that the infill area joining the constituent parts is likely to be severely wracked by an earthquake but the inherent tenacity of this type of construction should prevent collapse.  Attention should be paid to features that might be a hazard in this area such as overhead glazing.

A.7
Load Paths/Connectivity

Apart from the strengths of the various structural elements, the other key issue is how well they are connected together.  Experience has shown that many of the older school buildings constructed from dissimilar materials have not been particularly well connected together.  An example is the concrete stair cores that often occur in older two storey buildings.  If reliance is placed on the stair cores to resist much of the lateral load then steel ties (drag bars) often need to be provided to ensure that the load can actually be transferred into the concrete core.  The same issue should not occur with single storey timber buildings, but nevertheless there is a need to establish the load paths for the various forces and then to ensure that the various elements through which the load travels are properly connected together.  Key areas for checking are the roof/ceiling diaphragm to top of wall connection and the connection of the ground floor/walls to the foundations.  Sometimes the ground floor (and walls that it supports) have been constructed independent of the concrete foundation wall and the two need to be tied together.  If the building has a heavy roof which is to be removed, then this presents an ideal opportunity to inspect the connectivity at the tops of the walls.

Appendix B

Brick Chimney Stability

[image: image5.png]



                               Chimney Stability
h = height of chimney above roof level

b = least dimension of chimney

The chimney is unstable if h/b exceeds the following ratios.

Zone Factor
h/b

1.2
1.5

1.1
1.6

1.0
1.75

0.9
2.0

0.8
2.3

0.7
2.6

0.6
3.0

                                 Limits for Chimney Stability
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 Support for Chimney at Roof Level



Chimney Unsupported at 

From Roof Framing



Roof Level

Typical Wairarapa Block


Wilton School, Wellington








