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2.1 Engineering design of the
CTV building

The engineering design of the CTV building was undertaken by a Christchurch firm, Alan M Reay Consulting Engineer (ARCE) in 1986. We begin our discussion of the design of the building with an introduction to the key personnel at ARCE during the mid-1980s.

2.1.1 Alan M Reay Consulting Engineer

2.1.1.1 Dr Alan Reay

Dr Alan Reay studied at the University of Canterbury where he obtained a Bachelor of Engineering degree with First Class Honours in 1965 and a PhD in Civil Engineering in 1970. His PhD thesis was concerned with the dynamic characteristics of civil engineering structures. He is a Fellow of the Institution of Professional Engineers New Zealand, a Chartered Professional Engineer and a member of a number of engineering societies and organisations.

After completing his education and working for two years as a structural engineer with Hardie & Anderson in Christchurch, Dr Reay started his own firm, Alan M Reay Consulting Engineer in 1971. Alan Reay Consultants Limited (ARCL) was incorporated in 1988 and Dr Reay continues to practise, as a Director of that company. Mr Rennie QC, Mr Palmer and Ms Paterson appeared for ARCL and Dr Reay at the hearing and references to their submissions in the discussion that follows are to submissions that were evidently made on behalf of both parties.

Mr Rennie QC pointed out judicial recognition of Dr Reay’s professional abilities and achievements. He was described in a High Court decision1 about a dispute with a former co-director of his firm as “one of New Zealand’s foremost structural engineers and lead consultants”, whose work “has been acclaimed not only in New Zealand but also overseas”. In 1995 Dr Reay was the engineering advisor to the Commission of Inquiry into the Collapse of a Viewing Platform at Cave Creek Near Punakaiki on the West Coast. In his report2 to the Governor-General, the Commissioner, District Court Judge Graeme Noble said:


Dr Reay has high academic qualifications, is a learned theoretician with very sound practical skill and is conservative and careful in his approach. Very substantial weight can be attached to his evidence, which was of great assistance. In cross- examination he demonstrated all the hallmarks of the expert witness, giving careful consideration to questions, providing balanced answers and being prepared to acknowledge that another expert might hold a different opinion.


Dr Reay’s curriculum vitae states that he has 40 years’ experience in the design of building structures throughout New Zealand. He said in evidence that in 1986 most of his work related to, and focused on, single level precast concrete factories and cold-formed steel design. He had been developing systems for the design of precast concrete, on site cast structures and the use of cold-formed steel in the light industrial and farming sectors throughout New Zealand and parts of the South Pacific. One of his former employees, Mr John Henry, described Dr Reay as “a very prominent designer” in the area of tilt-slab design and said that the systems he developed for those buildings were very efficient with regard to the use of materials and ease of construction. Dr Reay’s work in developing the use of tilt-slab construction in New Zealand was recognised in 1997 when he was awarded the Engineering Achievement Award for outstanding design contributions that advance the application of tilt-up construction, by the Tilt-Up Concrete Association of America, the first time it was awarded outside of the United States. However, those systems were not present in the CTV building and were not relevant to its design.

Dr Reay referred to three multi-storey buildings he was responsible for designing before the CTV project came to the ARCE office. These were a six storey concrete frame building in Liverpool Street, designed when he was employed by Hardie & Anderson, and two buildings undertaken by ARCE: Kamahi Towers, an apartment building in Carlton Mill Road and Ibis House at 183 Hereford Street, designed in 1974. These buildings, and the knowledge and experience that they provided to Dr Reay relevant to the CTV building design, will be considered in more detail in section 2.1.2.1 below.



2.1.1.2 Structural engineers employed by
Dr Reay

During the early period of ARCE, Dr Reay was the only structural engineer within the firm, but this changed as the business grew. Mr David Harding and Mr John Henry were subsequently employed and both gave evidence at the hearing.

2.1.1.2.1 Mr Harding’s first period of employment at ARCE
Mr Harding was first employed by ARCE between
1978 and 1980 as a civil and structural engineer. He had graduated from the University of Canterbury with a Bachelor of Engineering (Civil) degree with Second Class Honours in 1973 and became a Registered Engineer in 1976. Like Dr Reay, he was employed by Hardie & Anderson for four years after he completed his studies. During that period Mr Harding was involved in the design of residential buildings and foundations, single-storey factories, offices, warehouses and school buildings and the structural strengthening of brick buildings. After joining ARCE in 1978 he undertook the design of structural elements of residential buildings and industrial and commercial buildings of one or two storeys particularly of precast concrete construction. He was responsible for the design of particular projects. Mr Harding left ARCE in May 1980 to gain experience in civil engineering.

2.1.1.2.2 Mr Henry

Mr Henry was employed by ARCE for around a year between 1984 and 1985. He graduated from the University of Canterbury with a Bachelor of Engineering with First Class Honours in 1979 before joining Holmes Wood Poole and Johnstone, where he was involved in the design of multi-storey buildings and trained in the use of the dynamic analysis computer program, ETABS. He became a Registered Engineer in 1982. Dr Reay said he employed Mr Henry primarily to undertake the design of medium height multi-storey buildings, which he had started to take on at that time. During his time at ARCE Mr Henry designed Landsborough House, which we discuss in further detail in section 2.1.2.2 of this Volume. He also completed the detailed design work for the Aged Peoples Welfare building, was involved to a limited extent in the design of the Bradley Nuttall House building, which largely replicated the Landsborough House design, and started to work on the design of the Westpark Tower. Mr Henry left ARCE in late 1985.

2.1.1.2.3 Mr Harding’s second period of employment at ARCE
Mr Harding was employed by the Waimairi District Council at the time Mr Henry left ARCE. Dr Reay was advised that Mr Harding was looking for another job so contacted him and asked if he would be interested in returning to ARCE. The position offered the opportunity to design medium height multi-storey buildings. Mr Harding rejoined ARCE in November 1985 and became an Associate at some point3. He left ARCE in 1988 to establish his own consulting practice.

2.1.1.3 Structural draughtsmen employed by Dr Reay

ARCE also employed a number of draughtsmen, who were responsible for preparing structural drawings. The Royal Commission heard evidence from three of the draughtsmen employed by Dr Reay at the time the CTV building was designed and constructed, Mr Terry Horn, Mr Wayne Strachan and Mr Shane Fairmaid.

2.1.1.3.1 Mr Strachan

Mr Strachan worked for ARCE between 1979 and 1988. His main area of work during that period was tilt-up factories and he also worked on the design of kitset buildings for Fletcher Brownbuilt, one of Dr Reay’s main clients. He had been involved in the draughting of structural drawings for multi-level shear core buildings in Wellington and Palmerston North in his previous employment but had not been involved in draughting any buildings at ARCE prior to the CTV project coming into the office. He was not involved in the draughting of Landsborough House or any of the other multi-storey buildings designed by Mr Henry while he was employed by ARCE.

2.1.1.3.2 Mr Horn

Like Mr Henry, Mr Horn came to ARCE from Holmes Wood Poole and Johnstone, having gained experience there in the draughting of multi-storey buildings. He worked with Mr Henry on the Landsborough House project and draughted the drawings for the Bradley Nuttall building.

2.1.1.3.3 Mr Fairmaid

Mr Fairmaid was employed by ARCE between 1981 and
1986. Mr Fairmaid referred to two teams operating within the ARCE office, one working on low-rise projects and the other working on multi-storey buildings. Mr Fairmaid worked primarily on the low-rise commercial projects and warehouses and worked closely with Dr Reay on those. Prior to the CTV building he had not been involved with any of the other multi-storey buildings that Mr Henry or Mr Harding designed.




2.1.2 Background to the structural design of the CTV building

2.1.2.1 Dr Reay’s experience with multi-storey buildings and computer analysis

Counsel assisting submitted that the CTV building project should not have been taken on at all because Dr Reay had insufficient experience and competence in the design of complex multi-level structures. However, counsel for Dr Reay argued that he had in fact done such work in the past.

In section 2.1.1.1 we referred to three multi-storey buildings, the design of which Dr Reay was responsible for prior to 1986, when the CTV building was designed. These were the six storey concrete frame building in Liverpool Street, during his employment at Hardie & Anderson and two projects at ARCE, Ibis House at 183 Hereford Street, designed in 1974 and Kamahi Towers, an apartment building in Carlton Mill Road.

Dr Reay said he was responsible for the design of Ibis House in 1974. This was an eight storey building where the primary resisting elements consisted of ductile moment resisting frames and reinforced concrete block walls. The design process did not involve any response spectrum modal analysis. In closing submissions Mr Rennie QC noted that Dr Reay was 32 years old at the time he took responsibility for the Ibis House design and had three years’ post-registration experience. We have reviewed the permitted drawings for Ibis House and note that the design of the columns, beams, slabs and blockwork was carried out by Dr Richard Sharpe. Dr Reay designed the foundations, stairs, the precast concrete fins and spandrels and the alternate precast concrete floor system. The drawings show that all of the structural drawings were checked by Dr Reay.

The closing submissions on behalf of Dr Reay also referred to Kamahi Towers as a multi-storey building, which gave Dr Reay experience in the design of complex multi-level structures. However he acknowledged in evidence that the Kamahi Towers building was a concrete block structure, which we heard was no longer an option for multi-storey building design in the 1980s as it could not be made ductile for earthquake loadings. We did not hear any further evidence about the relevance of the Liverpool Street building and it was not referred to in submissions.

Dr Reay said in evidence that competent, registered and experienced engineers can and are expected to work on structures that extend their basic knowledge and areas of experience. He pointed to his work

designing the fibreglass trickling filter cover at the Christchurch City Council’s (CCC) Bromley sewage plant in the mid-1980s. The cover was 54 metres across, which Dr Reay described as the world’s largest span fibreglass structure at that time. He said that neither he nor Mr Henry, who was also involved, had experience designing fibreglass structures of that scale.

However, Ibis House was the only reinforced concrete framed building that could have provided Dr Reay with any experience in the design of a multi-level building at the time of Mr Henry’s arrival at the firm.

Dr Reay said in evidence that he has never used the ETABS computer program. However in the 1960s he used software written by Dr Robert Donald for modal analysis of building structures.

2.1.2.2 Mr Henry and Landsborough House

In mid- to late-1984 Mr Henry took up a position as a structural engineer at Dr Reay’s firm. Prior to that he had been employed for four years at Holmes Wood Poole and Johnstone. Mr Henry had worked on a number of multi-storey buildings during his employment at Holmes Wood Poole and Johnstone and had used the ETABS program.

2.1.2.2.1 Mr Henry’s experience prior to joining ARCE

When he was with Holmes Wood Poole and Johnstone Mr Henry worked with (now Professor) Andy Buchanan on the design of the 13 storey Canterbury Savings Bank building on the corner of Cashel and High Streets, which had a poured concrete shear core in the centre. Mr Henry carried out the computer analysis of the shear core structure using ETABS, which at that time was only available on a computer at the University of Canterbury. Once the ETABS analysis had been completed, Mr Henry undertook the design of the building under the mentorship of Mr Buchanan and Mr Russell Poole, with Mr Buchanan sitting with him for about an hour each day to go through the steps involved. He said this was a major project at that time by Christchurch standards and involved constant overview and involvement from the senior partners and associates of the firm.

Mr Henry then designed several multi-storey shear core buildings, including the AA Centre in Wellington, a 14 storey building with an eccentric shear core and a perimeter frame. Mr Henry described this as a complex structure due to the interaction of the shear core with the perimeter frame.




Dr Reay prepared a brief of evidence in reply to Mr Henry. He said that the Canterbury Savings Bank building was a symmetric shear core building and the AA Centre’s perimeter frame provided torsional resistance. For those reasons Dr Reay said Mr Henry had not designed buildings similar to Landsborough House prior to joining ARCE. However at the hearing, Dr Reay’s position was that he had employed Mr Henry in a senior position to undertake the design of multi-storey buildings because Dr Reay was fully committed on other projects and he acknowledged that Mr Henry “certainly had more experience than Mr Harding”.

2.1.2.2.2 Mr Henry moves to ARCE

Mr Henry’s evidence was that he was attracted to an advertisement for a structural engineering position at Dr Reay’s firm and thought that it might be an opportunity for career advancement. He attended an interview with Dr Reay, who was the only engineer in the firm at that time. His recollection was that Dr Reay indicated during the interview that there was a possibility Mr Henry would become a partner at some future point. Dr Reay also told him at this interview that he had some multi-storey buildings in the pipeline. Mr Henry understood that his expertise was required for these projects and Dr Reay accepted in cross-examination that he employed Mr Henry because he had started to take on multi-storey buildings and wanted someone experienced in this area to design them.

Mr Henry accepted the position. He said that at that point he expected to be working together with Dr Reay, not on his own.

2.1.2.2.3 Landsborough House

After Mr Henry started at Dr Reay’s firm, Dr Reay told him the firm had been engaged to design two multi-storey office buildings. One of those, at 287 Durham Street on the north-west corner of Durham and Gloucester Streets, was referred to in the hearing as Landsborough House. The second, on the corner of Cashel Street and Cambridge Terrace, was for the Aged Persons Welfare Council (referred to in the hearing as both the Aged Peoples Welfare building and the Age Concern building).

The client for Landsborough House was the Amuri Corporation. Dr Reay was appointed as the lead consultant, so he engaged the architect and other professionals to work on the project. He said that he employed Mr Henry to undertake the structural design of the building and to prepare the documentation. However, Mr Henry did not have experience in project management so he was not the lead consultant.

It was Dr Reay’s responsibility, as the lead consultant, to review the construction methodology and provide the permit documentation to the CCC.

Mr Henry remembered first becoming aware of the project when he was shown the preliminary design by Dr Reay. He recalled being surprised at the shear wall configuration: a single wall on the north side of the building adjoined by several short interior walls at right angles alongside the services area. Mr Henry said it was “immediately apparent” to him that this would not work. His reaction was to suggest a closed shear core as close to the centre of the building as possible, but he said Dr Reay rejected this. Mr Henry did some preliminary calculations and then proposed what he described as a compromise solution: that the shear core be enclosed with a further wall and offset to the north side of the building, but still within the building.

Mr Henry considered this would be an eccentric building and as it would be eight storeys high he considered that a model response spectrum analysis using the ETABS program was required by Clause 3.4.7.1(c) of NZS 4203:19844. Whether the compromise solution would work depended on the results of this analysis, which Mr Henry carried out.

Mr Henry said he learned at Holmes Wood Poole and Johnstone that it was essential to calculate the relative displacements between storeys – referred to as “inter- storey drifts” – and to be satisfied with the proposed structural configuration before proceeding with the detailed design. He said that the results of his ETABS analysis of Landsborough House showed that the structural model worked but the corner deflections were at, or near, the maximum drift limits in the codes for the east-west direction of loading, the eccentric direction in this design. He noted that a limitation of ETABS at this time was that it only gave outputs reflecting the deflections of the building in a single location at the centre of mass for each storey. Hand calculations were required to calculate the inter-storey drift at other locations. As Mr Henry said, the largest deflections in an eccentric building are at the corners because of the twisting effects of an earthquake. This limitation in the ETABS program at this time led Mr Henry to express the opinion that a designer in the mid-1980s needed to have both experience using ETABS and an understanding of the design of multi-storey shear core buildings to ensure the deflections of a building had been determined accurately.




Mr Henry said that, before he undertook the detailed design of Landsborough House, he remained concerned about the proposed configuration of the shear walls and decided to seek comment from Professor Thomas Paulay. He recalled the Professor’s lectures at the University of Canterbury on the poor performance of some structural configurations once ductile yielding commences under earthquake loading. He said he was not seeking a detailed review, rather he wanted Professor Paulay’s opinion on the configuration of Landsborough House and possible effects of torsion. Mr Henry recalled that Professor Paulay did not raise any fundamental issues about Landsborough House but he did comment on the eccentricity of the building and the possibility of a loss in stiffness and consequent increase in deflections arising from diagonal cracking of the shear walls under earthquake loading. Mr Henry was already alert to this possibility and had used reduced member properties in his ETABS analysis to take account of loss of stiffness due to cracking in structural elements, but he said Professor Paulay nevertheless cautioned him about this issue.

Mr Henry then went to Dr Reay to discuss his lingering concerns and the comments made by Professor Paulay. He said that Dr Reay was dismissive of Professor Paulay’s caution, showing no indication of acting on it. In his evidence Dr Reay accepted that Mr Henry raised Professor Paulay’s caution with him but he did not accept that he dismissed it, saying instead he advised Mr Henry he was satisfied with the agreed solutions. He noted that Professor Paulay appeared to agree with his opinion that the eccentricity in the building was not a major issue. Mr Henry thought that the best interpretation he could put on Dr Reay’s reaction was that Professor Paulay was coming from an academic perspective, not that of a day-to-day practitioner.

Despite Dr Reay’s reaction, Mr Henry said he took heed of Professor Paulay’s comments when it came to the detailed design of the building. He said he detailed the column hoop reinforcing in the end regions of the columns with a reasonable provision for some ductility demand just in case deflections greater than those he had calculated in the ETABS analysis occurred in an extreme earthquake. Although the interior columns were twice as heavily loaded as the exterior columns, he used a consistent column design throughout the building. He also did not scale down the loads used for the ETABS analysis (as permitted by NZS 4203:1984 where a modal analysis was carried out). He stated that these precautions “were buffering the structure against something unexpected”.

Mr Henry said in evidence that Dr Reay’s reaction to Professor Paulay’s comments left him feeling that he was on his own and “it was a bit lonely to be honest”. He gave the following summary of his role in the design of Landsborough House:

I was very much in the driving seat in doing the structural design for Landsborough House. I had the sole responsibility for the ETABS work, including analysis of the output…I had no dealings with the client at all and few dealings with the architect in relation to project management over the Landsborough House job but carried out my role behind the scenes as the technical designer, specification writer and structural detailer.


Mr Henry said he believed he would have shown
Dr Reay the results of his ETABS analysis. He recalled Dr Reay made some comments on the design and instructed him to use precast coupling beams to expedite the shear wall construction, which Mr Henry agreed with, as well as precast concrete fire separation walls between the egress stairs and the service core, which could be lifted in for each floor. Mr Henry said that Dr Reay liaised with him on a reasonably regular basis and that he knew what was going on. Mr Henry said he told Dr Reay the key parts of the design and they would be up on the drawing board as Dr Reay went past, so it was not a situation where he could not or would not have had a view on the work that Mr Henry was undertaking.

Dr Reay agreed that when he employed Mr Henry he wanted an engineer who was experienced in designing multi-storey buildings. He said that he did not envisage himself working on the multi-storey building projects “to any great extent”, as he was fully committed on other projects. Dr Reay’s involvement appears to have been at a conceptual level rather than the detailed design. He said that he understood the principles involved in the design of Landsborough House but relied on Mr Henry to ensure that the design complied with the legal requirements.

The CCC issued a building permit for Landsborough House on 9 August 1985. Mr Henry could not recall any involvement with the construction of the building or if that was underway at the time he left ARCE.

2.1.2.2.4 The Bradley Nuttall House building

The design of Landsborough House was used again for the Mair Astley building, which was referred to in the hearing by its current name, the Bradley Nuttall House building. This is a building at 79 Cambridge Terrace and is identical in plan to Landsborough House but one




storey smaller. Mr Henry and Mr Horn, who did
the draughting for this building, both said that it was a copy of the Landsborough House structural design. Mr Henry’s involvement was limited to the design of the architectural precast spandrel panels on the exterior of the building. A design certificate signed by Dr Reay and a Design Features Report were contained in the CCC file for this building. We infer therefore that this building was designed by Dr Reay but essentially copied from the Landsborough House plans. As Dr Reay has never carried out an ETABS analysis, he cannot have carried out one for this building. The CCC granted a building permit for the Bradley Nuttall House building on 23 October 1985.

2.1.2.2.5 The Aged Peoples Welfare building

The Aged Peoples Welfare building is a four storey reinforced concrete building on the corner of Cashel Street and Cambridge Terrace. Mr Henry’s recollection was that he carried out the detailed design for this building at the same time as the Landsborough House design. It had a similar shear wall configuration, but the shear walls for the Aged Peoples Welfare building were full height tilt-slab walls, not cast in situ. Mr Henry said that the use of tilt-slab in this way was unusual for the time and extended the limits of this type of construction in Christchurch. He believed he did not carry out an ETABS analysis because NZS 4203:1984 only required this for eccentric buildings more than four storeys in height. A building permit for this building was issued by the CCC on 3 July 1985.

Counsel assisting asked Mr Henry whether the design work on the Aged Peoples Welfare building would have provided Dr Reay and his firm with experience and expertise relevant to the design of a multi-level shear core building on the scale of the CTV building. He said it would not, because no ETABS analysis was carried out and Dr Reay was not involved in the detailed hand calculations that Mr Henry had carried out for it.

Mr Henry said that Landsborough House, Bradley Nuttall House and the Aged Peoples Welfare buildings were all designed on the basis of the knowledge he acquired at Holmes Wood Poole and Johnstone and brought to Dr Reay’s firm. He said:

Although I believed the design of these buildings met the code at the time they were all at the limit of what could be achieved with eccentric shear cores and there was no margin for error. My personal view was that these were not desirable structures to be designing. However, I endeavoured to make the best of them given the constraints presented to me and to ensure that they complied with the code requirements.

In September or October 1985 Mr Henry resigned from Dr Reay’s firm, having worked there for around a year. He said the role of backroom structural designer, carrying out designs but not being in control of projects, did not suit him and he thought it was unlikely to change. His view was that at the time he left, there was no designer at ARCE who was experienced in using ETABS or in multi-storey shear core building design. Dr Reay was the only other engineer at the firm at this time.

2.1.2.3 Mr Harding returns to ARCE

2.1.2.3.1 Mr Harding’s level of experience when he returned to ARCE
After leaving ARCE in May 1980, Mr Harding worked at the Waimairi District Council as its design engineer. In that role he was responsible for the design office and supervised a traffic engineer, three civil engineering cadets and two draughtsmen. He was mainly involved in civil engineering, including the design of roundabouts and roads, but undertook some structural engineering related to annual surveys and maintenance of bridges. Mr Harding carried out preliminary investigation of, and then designed, the hydroslide and associated platforms and swimming pools for the Jellie Park swimming pool complex.

Mr Harding said that after five years of working at
Waimairi he wanted to move on. He said:

…I’d got to the stage at Waimairi whereas when I first got there the digger was down one end of the road and the theodolite was down the other end designing it. When I left I had a year’s worth of work sitting in the drawer all designed ready to go and I, my next job there would’ve been deputy engineer or something and dealing with councillors all day, that wasn’t being an engineer. So I decided that I’d rather get back to being a consultant again and [Dr Reay] must’ve got wind of that, and he said to me that he was now, he’d expanded his firm to go from the kind of thing we had been doing in the past to now be doing multi-storey buildings and I saw that as something new which I hadn’t done before, I had no experience in, and an ideal opportunity to get experience in that realm.


Multi-storey building design was clearly an area in
which Mr Harding was interested in gaining experience. He was asked by counsel assisting whether he would have agreed to return to ARCE if the role he was offered involved him designing “cutting-edge tilt-slab” buildings. He said he would not have accepted such a position because it would not have interested him. Nor would he have been interested in doing the kind of work he had done when previously employed there.




Mr Harding acknowledged in evidence that at this time he had never designed a multi-storey building and had never used the ETABS program. His evidence was that Dr Reay understood this when he approached him with the offer to return to ARCE. He said that Dr Reay told him he could gain experience in multi-storey design by working for the firm and referred to being offered the opportunity to “learn how to do multi-storey buildings”.

Mr Harding said he gained the impression from his conversation with Dr Reay that there was experience in the office, apart from Mr Henry, in multi-storey building design. When questioned further, he thought this must have been a reference to the “accumulated knowledge in the office” between Dr Reay and the draughtsmen.

Dr Reay said that he approached Mr Harding after
Mr Henry advised he was leaving ARCE, having heard that Mr Harding was looking to move on from his current position. He said he had not committed to designing any more multi-storey buildings at the time he approached Mr Harding. However, during a subsequent appearance before the Commission he acknowledged there were a couple of multi-storey buildings in the pipeline at the time but the design of those buildings was not a full-time job. In any event, Dr Reay disputed the suggestion that he had been working to expand the firm into the multi-storey building market but was simply responding to demand from existing clients who wanted to develop multi-storey buildings. Dr Reay did not agree with Mr Henry that the design of multi-storey buildings required a high level of expertise.

Like Mr Henry, the prospect of promotion within the firm also seems to have been discussed with Mr Harding prior to his return to ARCE. He said Dr Reay discussed him becoming an associate “in the near future”. This was an attractive prospect to him, because he thought it would ensure he had more contact with clients. He said one of the reasons he had previously left ARCE was because he did not have that client contact, and was just “a backroom number muncher”. However Mr Harding rejected the proposition that the potential to become an associate was a “lure” that was only on offer if he took on the design of multi-storey buildings. Mr Harding said the reason he went back to ARCE was the opportunity to be involved in the design of those buildings.

Mr Harding accepted Dr Reay’s offer to return to ARCE but had to work out a three-month notice period at Waimairi. Mr Harding said Dr Reay contacted him and asked if he would shorten his notice period because

Mr Henry was about to leave, which left the firm
short-staffed for current projects. He could not reduce his notice period but after further discussion with Dr Reay about those projects Mr Harding offered to do the calculations for a low-rise residential building at 32 Cashel Street that ARCE had been engaged to design for the Hospital Board. This was a regularly proportioned concrete masonry building so it did not need to be analysed using a dynamic method, such as a model response spectrum analysis using the ETABS program. In the following sections this is referred to commonly as an ETABS analysis. Instead Mr Harding did the calculations for this building using the equivalent static method he had used before.

2.1.2.3.2 Design work undertaken by Mr Harding prior to the CTV design
Dr Reay produced monthly time records for 1986 that recorded the number of hours each staff member had recorded for each different project in a given month. These records appear to have been compiled from weekly timesheets that each staff member would fill out through the day. Counsel for Dr Reay and ARCL also provided a summary of the records showing the total hours worked by particular individuals on the CTV building. These documents were provided shortly before the hearing commenced and after a number of briefs of evidence had been provided to the Royal Commission, including Mr Harding’s and Dr Reay’s first statements of evidence. During the hearing, the accuracy of the time records was questioned by some witnesses and counsel, but not on any articulated basis other than memory of events 26 years ago. Accordingly we have no reason to doubt the accuracy of the time records.

Counsel for ARCL and Dr Reay also provided the
Royal Commission with a list of the projects Mr Harding had worked on for more than five hours between November 1985 and December 1986, based on time records and other records held by ARCL. This showed the projects that Mr Harding had recorded time against before starting work on the CTV building. The buildings referred to in the course of the hearing were the residential accommodation building for the Hospital Board at 32 Cashel Street, Broadway at 62 Riccarton Road and the Westpark Tower, which was built at 56 Cashel Street.

Mr Harding described the Hospital Board building as a “well-proportioned building with a lot of block walls all the way around it…very straightforward to design”. The time records show that Mr Harding spent 88 hours on that project between November 1985 and December 1986.




His next project was the Broadway building, a two storey commercial building at 62 Riccarton Road. Dr Reay was the principal consultant but Mr Harding undertook the structural design. Mr Harding said that he had designed a number of buildings of that type. The time records for this project show that Dr Reay recorded 1.5 hours of time in November 1985 but then Mr Harding appears to have taken over, first recording 42.5 hours in December 1985. Both the Hospital Board building and Broadway were designed using the equivalent static method so did not require Mr Harding to use the ETABS program.

Mr Harding was also involved in the testing of the fibreglass cover at Bromley but, while this contained structural elements, it was not a building.

Mr Harding took over the design of Westpark Tower, a nine storey building in Cashel Street, which had been started by Mr Henry. Dr Reay was the principal consultant for this building but did not undertake the structural design. Mr Harding initially maintained that he only worked on this building after the CTV building was under construction but after being shown the time records and his calculations, he accepted that he did work on it before CTV. Mr Harding said that Mr Henry had already done the preliminary calculations, created an ETABS model of the building, tested the inter-storey deflections and determined the size of structural elements. Dr Reay had a different recollection, stating that the calculations showed that Mr Harding had carried out his own ETABS analysis and used the output in his calculations for the design.

Dr Reay said that he gained confidence in Mr Harding’s ability to design the CTV building from the fact that he carried out the Westpark Tower design. At another point he said that he could judge that Mr Harding’s competence was greater than when he had first been employed by ARCE based on the work he did after his return to the firm. Dr Reay must have reviewed Mr Harding’s work for this project because he signed a design certificate for the Westpark Tower. Provision of a design certificate was one of the means of compliance with Clause 8.2.5 of CCC Building Bylaw 1055. In signing the design certificate Dr Reay certified that he had “supervised the design of, and the computations for” the Westpark Tower. He also certified that the work had been designed in accordance with sound and widely accepted engineering principles, to support the loads specified in NZS 4203:1984 and that he had ascertained to the best of his ability that the stresses and combinations of stresses in the various materials of construction under the loads specified would not

exceed the maxima to ensure the safety
and stability of the structure if erected in accordance with the plans and specifications.

Dr Reay said that he would have reviewed the drawings and calculations for the Westpark Tower to the extent he considered necessary at the time and to a level of scrutiny that enabled him to be able to sign the design certificate. He was unable to give an accurate estimate of the time taken on the review.

2.1.3  The CTV project

2.1.3.1 Origins and concept

In 1984 Prime West Corporation Limited (Prime West) purchased three adjoining sections of land on the corner of Cashel and Madras Streets. At that time there was a building on the Cashel Street end and a car park where the CTV building was later erected.

In 1986 Williams Construction (Canterbury) Limited (Williams Construction) was invited to submit a design- build proposal to Prime West for an office building on that site. Mr Michael Brooks, the Managing Director of Williams Construction knew one of the directors of Prime West, Mr Neil Blair, as they had previously worked together when Mr Brooks was employed by Industrial Holdings. Mr Anthony Scott, the Quantity Surveyor and Project Development Manager for Williams Construction at the time, said that this was Prime West’s first development project in Christchurch.

Both Mr Brooks and Mr Scott described the project as “speculative”. There were no tenants for the building and the design-build contract did not include fit-out. Prime West required the building to cost as little as possible, subject to it achieving its intended function and having a reasonable appearance. Mr Scott’s evidence was that the building was funded by Prime West with high levels of debt. However, Mr Brooks denied that Prime West put pressure on Williams Construction.

It was Mr Brooks’ idea to have the lift shaft at the back of the building. This maximised the open floor area for leasing purposes. He recalled drawing the outline of the building on a piece of paper as a square box with the lift shaft out beyond the north wall. He then passed the drawing on to Mr Scott for costing and to Mr Alun Wilkie, an architect, to draw up plans.



Mr Harding said that the architectural design of the CTV building was based on the design of a four storey building at 299 Durham Street, referred to in evidence as the Contours building. He said he was advised by Dr Reay that the contractor had been impressed by the look and form of the Contours Building. This included the layout of the building, with the services core offset to the north and the façade details, namely circular columns, precast concrete spandrel panels, glazing set back behind the perimeter columns and the layout of the internal columns.

[image: ]

Figure 14: The Durham Street frontage of the Contours building at 299 Durham Street North, Christchurch


Mr Wilkie was the architect for the Contours building and was engaged to design the CTV building. He could not recall his instructions for the CTV project but did not dispute that features of the Contours building were replicated in the CTV design. He also acknowledged his preference for round columns for aesthetic reasons.

2.1.3.2 Engagement of ARCE

Mr Scott’s evidence was that Dr Reay’s firm was invited to be the structural engineer for the CTV building after the architectural design was underway. Williams Construction had previously worked with ARCE on the Aged Peoples Welfare building on the corner of Cambridge Terrace and Cashel Street. Mr Scott and Mr Brooks had liked the presentation, content and standard of drawings for that project and the fact that Dr Reay would also provide preliminary drawings for costing purposes without charge. Mr Brooks said that Dr Reay understood a developer’s desire for maximising lettable space.

Dr Reay accepted he may have had an initial meeting with the Williams Construction management while
the Aged Peoples Welfare building was still under construction about carrying out work on the CTV building on a “no job no fee” basis. This is consistent with the monthly time records he produced for ARCE staff for 1986 that show he recorded two hours on this project in February 1986. However, beyond this initial meeting Dr Reay denied any further involvement in the design of the building. He said his role was limited to checking that Williams Construction as the client had the knowledge and experience to undertake the proposed work. He was fully engaged on other projects when the project came to the office and did not have time to undertake the design. He denied having any input into the decisions about the design concept or materials used and thought that these matters would have been determined by the contractor in conjunction with Mr Harding.



Mr Scott recalled a meeting at Dr Reay’s office where Mr Harding was introduced by Dr Reay as the engineer assigned to the project. He gave Mr Harding the preliminary drawings from Mr Wilkie and asked him to produce structural drawings. Mr Scott did not recall any further dealings with Dr Reay on this project after this meeting.

As part of this preliminary design process for the
CTV building, Williams Construction asked Dr Reay
and Mr Harding to come up with structural alternatives for the flooring system. Three options were discussed: using prestressed secondary beams supported by primary beams with a prestressed flat slab, a Stahlton floor system, or a Hi-Bond permanent metal formwork floor system. Mr Scott recalled that Mr Harding returned to the Williams Construction office with structural sketches for the building based on each of the three options. Mr Harding said that he would not have chosen to use Hi-Bond in the CTV building himself, but that it was something Dr Reay wanted to use. However, having considered the evidence from the Williams Construction witnesses and Mr Wilkie, we consider it likely that the decision to use Hi-Bond was made by Williams Construction as it was the best option financially.

Mr Harding maintained throughout his evidence that
he did not have any contact with Williams Construction management or staff until the commencement of the construction of the CTV building, when he met Mr Scott and Mr Gerald Shirtcliff, the Construction Manager. He denied ever going to the Williams’ office. He said it was Dr Reay who dealt with the client and architect, prepared the preliminary calculations and the concept design and arranged for the preliminary architectural drawings to be amended to meet his requirements. When Dr Reay brought the job to him he said he wanted the design to “work the same way as Landsborough House did”. He said his first involvement in preparing preliminary design concepts was a couple of years after he returned to ARCE. Dr Reay said that it was Mr Harding’s job to produce the structural designs but he was not restricted from dealing with contractors and architects.

Counsel for Mr Harding, Mr Kirkland, submitted that the monthly time records produced by Dr Reay for 1986 supported Mr Harding’s evidence, as these show that Dr Reay allocated two hours to the CTV building project in February 1986 and Mr Harding’s first time recorded is 22 hours in March 1986. However, the time records show that after an initial meeting in February, Dr Reay did not record any further time on the project until

June 1986. The 22 hours recorded for Mr Harding in March 1986 are likely in our view to relate to the preliminary calculations and structural drawings. Although the accuracy of the time records was disputed by some witnesses and counsel, as we have said in section 2.1.2.3.2 we have no reason to doubt the accuracy of the time records. We have already recorded that Mr Scott recalled being introduced to Mr Harding and giving him the preliminary architectural drawings. Mr Wilkie had a limited recollection of the project but could recall meeting with Mr Harding. It is possible that Mr Harding did not record any time for his attendance at what was an initial meeting. We find that Mr Harding must have been involved with Williams Construction at a much earlier point than the commencement of construction.

2.1.3.3 Confirmation of the project

Mr Scott priced the project based on A2 architectural drawings provided by Mr Wilkie and A4 structural sketches provided by Dr Reay’s firm. In April 1986 he submitted a preliminary estimate of $2,450,000 to Prime West, subject to building permit approval. This figure included architectural and engineering design fees of $100,000, a provisional sum for foundation piling of $100,000, a builder’s contingency of $50,000 and a profit and overheads margin of $369,000.

In June 1986 Prime West approved Williams Construction proceeding to instruct Mr Wilkie’s firm and ARCE to prepare drawings for permit and construction and both firms were engaged for a fixed fee. Mr Brooks and Mr Scott both recalled that the engagement of the architect and engineer would have been recorded through an exchange of letters rather than a written contract. Mr Scott then re-measured the architectural and structural drawings to check quantities, prices and subcontractors against his preliminary estimate.

A site investigation report dated 18 June 1986 was prepared by geotechnical engineers Soils & Foundations (1973) Ltd for Dr Reay’s firm. The report concluded that either a shallow foundation or a piled foundation would be suitable for the building. Following that advice the building was built on a shallow foundation and the foundation piling originally budgeted for by Mr Scott was not required.

In October 1986 Williams Construction signed a building contract with Prime West for $2,450,000, the same figure as the preliminary estimate. Work started on the site later that month.




2.1.4 Design process

2.1.4.1 The respective roles of Mr Harding and Dr Reay at the start of the CTV design

We begin our discussion of the design process of the CTV building by recording the evidence Mr Harding and Dr Reay gave about the role each thought they played in the project and who was responsible for the design. It became apparent during the hearing that they had quite different recollections of their respective roles.

The monthly time records show Mr Harding spent
304.75 hours on the CTV project between March and December 1986. The only time recorded for Dr Reay is two hours in February 1986 and 1.5 hours in June.

Mr Harding regarded both himself and Dr Reay as the designers of the building. He said that his involvement with the CTV project only started after Dr Reay had met with the client, carried out preliminary calculations and the concept design and arranged for the architect’s drawings to be amended to meet his requirements. He thought Dr Reay could not have recorded all of the time he spent on the project because his meetings with the client, the architect and the contractor during the preliminary stage are not reflected in the hours recorded. Mr Harding said that when the project came to him “it was already conceived and detailed and dimensioned and it was a case of putting numbers in boxes”. Mr Harding then proceeded to carry out an ETABS analysis, the structural calculations and advised the draughtsmen as to the reinforcement to be shown on the structural drawings.

Dr Reay, by contrast, believed that once a professional services contract had been entered into with Williams Construction and he had verified that Mr Harding considered himself capable of undertaking the design, he handed over responsibility for the project to Mr Harding. He said he could recall making sure Mr Harding understood that the job was his responsibility.

Mr Harding could not recall any discussion where
Dr Reay specifically asked him if he wanted to design the CTV building. He did not believe the responsibility for the design had been handed over to him by Dr Reay. He said he would not have taken the project on if he had been doing it on his own because it was beyond the limits of his competence. However he believed he was competent to design the building if someone was reviewing his work. He said:


It was really just the fact that it, I hadn’t done it before and there were, there’s always some item of a design like that which an experienced engineer when casting his eye over it will say, well have you thought about this or, or why have you done it like that and when you haven’t done something before there’s always, you don’t know what you don’t know. You may think you know it all but if you haven’t done it all, if you haven’t done it before you can’t afford to be confident that you can do it. So that’s really part of this business of, it’s a, it’s a [sic] ethical thing. As an engineer you’ve got to feel in your own mind that you are confident to do it. You’ve done it before. You know what the traps are. If you feel that you don’t have that confidence you seek someone to review it.


Dr Reay said it was Mr Harding’s responsibility to say whether he could design the building or not. He said Mr Harding wanted to do the work and never communicated to him that he felt he would be working beyond his competence if he designed the building on his own. If he had, Dr Reay said he would not have agreed to Mr Harding undertaking the work and the job would have been turned away. Dr Reay rejected the suggestion that Mr Harding’s chances of becoming an Associate would have been affected if he had said that he was not able to carry out the building design.

Dr Reay’s position on supervising Mr Harding’s work was that he had employed him in a senior role and accordingly “it was his responsibility to initiate with me any concerns…it was not my role to go and supervise him as I would a graduate”. Dr Reay said he expected any qualified engineers he employed to seek advice from him if they needed it and he said he was available to Mr Harding if he needed help. However Dr Reay also acknowledged that he did not have the knowledge to be able to assist Mr Harding with the design in depth. He said if Mr Harding had needed assistance he would either have suggested that he approach someone else, or if he was struggling with the design as a whole, then Dr Reay “would have pulled the plug on the job”.

Mr Harding said if he had any queries he would go
and see Dr Reay but agreed he was not calling out for supervision or review. Both Mr Harding and Dr Reay could only recall one particular conversation between them about the design of this building, which was about the south wall. We discuss the evidence that was given about this conversation in section 2.1.4.3.




2.1.4.2 Mr Harding carries out an ETABS
analysis

Mr Harding’s evidence was that Dr Reay told him when he gave him the architectural drawings that the building would need to be analysed using the ETABS computer program. He said he had not used ETABS before returning to ARCE. Dr Reay agreed he was aware of this after Mr Harding came back. During his evidence we learned that Mr Harding had in fact used ETABS prior to starting work on the CTV building, because he had taken over the ETABS model for the Westpark Tower that Mr Henry had set up before he left ARCE. The calculations for the building show Mr Harding took over the ETABS analysis in February 1986 and Mr Harding’s work on the CTV building, according to the time records, commenced in March. In any event, both Mr Harding and Dr Reay agreed that the CTV building design was the first time Mr Harding had been fully responsible for an ETABS analysis.

Dr Reay acknowledged he could not help Mr Harding with using ETABS because he had not used it himself. In order to assist Mr Harding with using the program Dr Reay gave Mr Harding the Landsborough House file, which contained Mr Henry’s calculations and material from his ETABS analysis for that building. Mr Harding described the Landsborough House calculations as “a method template” for modelling the CTV building using the ETABS program. He recalled seeing the calculations for the gravity elements, seismic resisting elements and foundations for Landsborough House and input and output data from the ETABS analysis, but did not remember seeing the structural drawings. When asked whether he would have wanted to see the drawings to assist him with understanding the calculations, Mr Harding’s answer was that the calculations were very clear. He acknowledged he was not expected to copy any details of the design of Landsborough House in the CTV design.

The ETABS analysis was performed on a computer at the University of Canterbury. An invoice from the University to ARCE dated June 1986 for $163.09 in computer charges was produced at the hearing. This had the ARCE file number for the CTV project, 2503, written on the invoice. Mr Harding could not recall seeing the invoice but did remember going to the University a number of times and leaving the input data for a staff member to load into the computer. He went back about a week later to pick up the output sheets and analyse them. He said he checked the inter-storey deflections of the building on each output run under the most severe combination of design loading.

Mr Harding recalled that the initial outputs showed inter-storey deflections that were beyond the limit in NZS 4203:1984 of 0.83 per cent of the inter-storey height. He tried to overcome this by increasing the wall thicknesses but this did not reduce the inter-storey deflections below the limit in the Standard. Mr Harding said he could remember discussing this with Dr Reay after the fourth or fifth run of the ETABS program.

Mr Harding said he did not calculate the corner deflections by hand as Mr Henry had done. He did not recall seeing that calculation in the Landsborough House file and said if he had seen it he would have followed that process for the CTV building. He said he was not aware of it at the time and that a more experienced engineer reviewing his work would have seen that he had not done the corner deflection calculation.

Dr Reay’s evidence was that Mr Harding had a good introduction to ETABS and “had the time to go and work at it”. He also noted that use of the 1984 version of ETABS was covered in a seminar Mr Harding attended in July 1986, although the invoice from the University, to which we have referred above, suggests that the ETABS analysis for the building was completed in June 1986. Because Mr Harding had used ETABS previously for the Westpark Tower, Dr Reay described this process for the CTV building as more of an extension of knowledge rather than a fresh start. He said Mr Harding never suggested he was struggling with ETABS, and Dr Reay had no recollection of Mr Harding coming to him with a query about the results he was getting. If he had done so, Dr Reay said he would have directed Mr Harding to one of the lecturers at the University or he could have approached Mr Henry or another engineer. He said it was Mr Harding’s responsibility to come up to speed with ETABS and if he could not do that then ARCE would not have proceeded with the job.

Mr Harding’s evidence on this point illustrates his
lack of experience with the ETABS program and most significantly, his lack of knowledge about its limitations. He was reliant on following the Landsborough House calculations to the point that if a calculation was not in there, he did not do it. Because Mr Henry had been trained in the use of ETABS in an environment at Holmes Wood Poole and Johnstone where his work was monitored, he could carry out an ETABS analysis independently when he went to ARCE. Mr Harding did not have that experience. He should not have been doing this work without assistance. It is also evident that he did not call for that assistance.




2.1.4.3 The south shear wall

The way the south shear wall came to be included in the design of the building was also the subject of disagreement between Dr Reay and Mr Harding.

Mr Harding said he could remember sitting in ARCE’s front office with Dr Reay discussing the fact that he could not reduce the inter-storey deflections produced by the ETABS analysis below the limits in NZS 4203:1984. He said they discussed options to reduce the deflections, including bringing the north wall complex back in within the four walls of the building and to close it like a box, as the core in Landsborough House was. Mr Harding said this was not an option as it would have required a redesign, which would not meet the client’s wish for a building that looked like the Contours building. Mr Harding suggested that a shear wall be added to the south of the building. He said that his preference would have been for the south wall to have been of the same length as the main wall of the north wall complex, which would have made both shear walls symmetrical and eliminated the “torsional situation”. Mr Harding recalled that Dr Reay was concerned that an additional wall on the south face of the building may not be acceptable to the client because there was not a wall there on the Contours building. He thought that Dr Reay then spoke with the client and the architect before relaying back to him that the wall could be added if it was no wider than the external egress stairs, which must have already been part of the design. Mr Harding said that this meant the wall had to be designed as a coupled wall with an opening at each level for a door to the stair landings.

Mr Harding said he then went back to the ETABS model, added in the coupled wall and adjusted the wall thicknesses. This produced outputs which brought the inter-storey deflection within the limits in NZS 4203:1984.

Dr Reay had a very different recollection of this conversation. His evidence was that, at the time Mr Harding received the preliminary architectural drawings from Mr Wilkie, he asked him what the layout of the building was. Dr Reay thought that the layout of the building could create excessive torsional response, which he said he could identify without having carried out an ETABS analysis.

Dr Reay said Mr Harding showed him an architectural drawing and said that there was going to be a south shear wall. He said on a subsequent appearance before the Commission that the south shear wall was already on the drawing when he saw it. Dr Reay said he assumed that Mr Harding had come up with the idea of putting the south shear wall in and had told the architect, who had put it on the drawing that he saw.

Dr Reay’s evidence was that he initiated the conversation about the south shear wall, and that 
he was making sure that Mr Harding was not getting involved in “something that would be an undesirable outcome in terms of engineering”. He said the structural layout was a major item of the building’s design that he thought he should check. Counsel assisting, Mr Mills QC, then questioned Dr Reay:

Q.  So when you said previously that you had fully allocated responsibility to him, subject only to you having an open door if he had concerns, that’s actually not entirely accurate I take it?
A.  Well I’ve always said that I asked him about this, the shear wall layout and it wasn’t advice I was giving him at that point it was just me checking that, in fact, there wasn’t something strange happening that he’d been asked to do.
Q.  In which case you would have given him advice. A.  I would have.

Dr Reay said that the first time he saw the architectural drawings for the building was when he asked Mr Harding about the layout. He said that there was no discussion about the design being a gravity frame system but he anticipated it would be. We do not accept this evidence. Dr Reay knew enough about the building to know that torsion was a risk and to inquire of Mr Harding what he was doing about that. That would suggest Dr Reay knew that the north wall complex was to be outside the four walls of the building prior to this conversation with Mr Harding taking place. This knowledge would also have led Dr Reay to recognise that Mr Harding would be aided in referring to the ETABS analysis for Landsborough House because of the similarities between the two buildings.

Dr Reay said that his concerns about the layout of the building may have related back to the design of Landsborough House, which started as a shear wall system with an open wall configuration. He said he “wanted to make sure that we weren’t going to waste a lot of time on another one of those” because he felt Landsborough House was getting towards the limit for a building with an offset shear core without a wall at the opposite end. Dr Reay could not recall whether he passed his concerns about repeating the Landsborough House layout on to Mr Harding. His view was that the inclusion of the south shear wall would lead to a more stable arrangement than Landsborough House.

A further difference between Dr Reay’s and Mr Harding’s accounts of this conversation is the point of the design process when it occurred. Dr Reay referred to seeing an architectural drawing only and thought that structural drawings were probably not in existence at the time.




Consequently, the conversation must have occurred at an early stage of the process. By contrast, the conversation Mr Harding recalled must have occurred later in the design process because he said he went to Dr Reay about the south wall after four or five ETABS runs. Dr Reay thought Mr Harding’s account was unlikely because, if they had discussed the results of the ETABS modelling, Dr Reay would have seen what the shear wall layout was and would not have needed to ask. Counsel assisting suggested to Dr Reay that the conversation about the south shear wall took place in June 1986 because the time records show Dr Reay had 1.5 hours recorded against the CTV project for that month. This would support Mr Harding’s evidence that they discussed the ETABS results and then Dr Reay spoke to the client and the architect about the length of the south shear wall because the University charged ARCE for use of the ETABS program in June 1986. However Dr Reay disputed this and said the conversation about the south shear wall would only have lasted ten minutes. He was uncertain what the 1.5 hours in June related to but said it may have been organising who would draught the project, planning it or providing a fee. When questioned why his version of the conversation was not recorded in his first or second briefs of evidence, but only appeared in his reply to Mr Harding’s evidence, he said Mr Harding’s evidence “must have jogged his memory”.

Mr Wilkie was also called to give evidence. His recollection of the project was limited but he was clear that a wall was required on the south side from the outset to meet fire requirements. Mr Wilkie did not know how and when this wall became a shear wall. Counsel assisting put Mr Harding’s recollection of how the south wall came to be part of the design to Mr Wilkie and asked him whether, from an architectural perspective, the wall could have been longer. Mr Wilkie said that walls were generally made no longer than they needed to be and it was desirable for office buildings to have as many windows as possible. However that was subject to the structural requirements of the building and Mr Wilkie said it was always for the engineer to determine the length of a shear wall.

Counsel assisting submitted that Dr Reay’s evidence that he was unaware of the structural layout of the building before he spoke to Mr Harding was not credible. We have already found that Dr Reay attended an initial meeting with Williams Construction so we consider he is likely to have known about something as fundamental as the north wall complex at that point. We also find support for that conclusion from the evidence that Dr Reay gave the Landsborough

House file to Mr Harding to assist him with the ETABS analysis of the CTV building. The decision to do that must have rested on Dr Reay knowing the structural layout of the CTV building and knowing that the design of Landsborough House was similar enough to be of assistance to Mr Harding.

We have no reason to doubt, and we accept Mr Wilkie’s evidence that there was a wall on the south side of the building from an early stage because he knew the building would have to meet particular fire requirements. However we also find that at that point it was not a structural wall, and only became so after Mr Harding found through the ETABS analysis that he could not reduce the inter-storey deflections below the limit in NZS 4203:1984. Ultimately we are not able to resolve the exact content of the conversation between Dr Reay and Mr Harding. There could well have been a discussion between Dr Reay and Mr Harding about not making the wall any longer than it was already intended to be, which is consistent with the wall being designed as a coupled wall. Converting a fire wall into a shear wall would have necessitated the wall being made thicker, which would have increased the cost, which might have required approval from the client, although it is doubtful that the inclusion of a structural wall on the south of the building would have had significant implications for the availability of office space. We cannot take this issue any further.

2.1.4.4 The draughting process

After completing the ETABS analysis, Mr Harding proceeded with the detailed design of the building. A number of draughtsmen in the office worked closely with Dr Reay and Mr Harding to produce structural drawings at that time. We heard that the draughting process began with the engineer drawing the structural members on the architectural drawings, from which the draughtsmen would work out the dimensions. These drawings, referred to as carcass drawings, would then be printed and returned to the engineer who would direct the draughtsmen on the reinforcing to be detailed on the drawings. A tracer was often used to trace the drawings by putting translucent material over the top of the draughtsman’s work. This was done to make the final drawings neater. A copy of the traced drawings would then go back to the draughtsmen for checking and then the complete set would go to the engineer for review.




The Royal Commission heard evidence from three of the draughtsmen who were involved in draughting the structural drawings for the CTV building: Mr Strachan, Mr Horn and Mr Fairmaid. The time records produced by Dr Reay show a total of 2.75 hours recorded for Mr Strachan between August and September 1986 for the CTV project, 141 hours for Mr Horn between July and September 1986 and 133 hours for Mr Fairmaid between July and November 1986.

The purpose of calling evidence from the draughtsmen was to see if they could assist with the account of the design process for the building and the roles of Dr Reay and Mr Harding. However none of the draughtsmen had a clear recollection of working on this project and it is difficult to draw any conclusions from their evidence, other than the fact that each of them was involved.

Dr Reay could not recall which of the draughtsmen he allocated to the CTV project but said he would have ensured that an appropriate draughtsman was allocated to the project before he handed it over to Mr Harding. Mr Harding remembered Mr Strachan being the main draughtsman for this project.

Mr Strachan prepared a statement of evidence before the time records were produced. He said that when he was first contacted by Royal Commission staff he had had no recollection of working on the building but after reviewing the permitted drawings he considered there was “no doubt” that he had done the majority of the draughting for the building. He noted the amount of detail on the drawings and the completeness of the dimensions as consistent with his draughting style and he recognised some of the handwriting. We heard during the evidence that a particular draughtsman may not be able to recognise his work from looking at the final drawings because these may have been prepared by tracers. However Mr Strachan noted that on occasions he had to do his own tracing or handwrite dimensions on the final drawings and he recognised his handwriting on Sheet 14 of the CTV building drawings. He could also see that he had not worked on every aspect of the drawings, and referred to the style of the steel reinforcing detail for the foundations, which did not have the dimensions recorded, something he said he would have done. He thought that Mr Horn may have drawn those sheets or supervised one of the other draughtspeople.

Subsequent to preparing that evidence, counsel
for ARCL and Dr Reay provided Mr Strachan with a summary of the time records for 1986. This led to Mr Strachan providing a second statement of evidence.

He said that when he was first contacted by
Royal Commission staff he had had a “total disconnect”
from the project, which continued after he had looked at the permitted drawings. He could not reconcile the time records, which recorded that he only spent 2.75 hours on this project, with the fact that the majority of the drawings looked like his work. He subsequently learned that 133 hours were recorded against this project for Mr Fairmaid, who was a senior draughtsman at ARCE in 1986 but who had been trained by Mr Strachan some years previously. Mr Strachan said he could then reconcile the fact that a number of drawings looked like his work because they had been done by someone he had trained in the office style. In explanation of why he initially claimed to recognise the handwriting, he professed that a tracer may over time have started to write like him.

Mr Strachan was sure that he could recall there being a rush to get a set of drawings of the CTV building into the CCC and Dr Reay being involved in that. We will refer to Mr Strachan’s evidence on this point in more detail in section 2.2.3.4

Mr Horn also prepared a statement of evidence before he saw the time records. He said he had no memory of the CTV building project and did not recognise the drawings. However he acknowledged the possibility that he may have draughted the foundation reinforcing. Mr Horn subsequently viewed the time records, which showed 141 hours recorded for him on the CTV project between July and September 1986. He maintained that the time records were not consistent with what he remembered. He said when he heard that the building had collapsed in the February earthquake he was not aware that it had been designed by ARCE. He pointed to aspects of the drawings that were not detailed in the way he would have done it, such as the sheet that showed the columns detailed as individual items. After seven years of experience at Holmes Wood Poole and Johnstone and working with Mr Henry at ARCE, Mr Horn said he had learned a particular way of detailing buildings. He said he would have drawn the elements of the building showing how they fitted together, so that it could be seen whether a column connected to a beam or if there was a wall between two columns. This was not how the columns were drawn for the CTV building. However, Mr Rennie QC referred Mr Horn to his drawings for Landsborough House and Mr Horn accepted that the columns were depicted in the same way as for the CTV building.




Mr Horn recognised the reinforcing notes on the foundation drawings for the CTV building as being of a style he would have used but pointed out references to different floor levels on the column drawing that were not how he would have done them. He referred to the arrowhead next to the level that was half-filled with black ink and said he would not have done that or underlined the word “level 2”. He said he would have simply drawn a small triangle and written the word “level 2” or simply “2” above it. Mr Horn pointed out that the levels on the Landsborough House drawings had been detailed exactly as he said, with just a triangle, not an arrow. He also pointed out his style for recording reinforcing details, for example, “R6 at 250 centres” was always to write the word “at”, but he noted that the symbol “@” was used a lot on the CTV drawings.

A further part of Mr Horn’s reasoning that he was not involved in the draughting of this building in more than a minor way was his belief that he would have questioned the engineer on parts of the design of the building. He said he would have asked why the spiral reinforcing in the columns did not close up at each floor level.

Mr Horn could not recall working with Mr Harding as closely as he did with Dr Reay and said that after Mr Henry left, he worked mainly on his own with some direction from Dr Reay. He did recall working with Mr Harding on the Westpark Tower.

Mr Fairmaid was the third draughtsman involved in the CTV building project who was called to give evidence. The time records show 133 hours recorded for him for the project between July and November 1986. At this time Mr Fairmaid was a senior draughtsman and had worked at ARCE since 1981. He could recall the CTV building passing through the office but was surprised to see he had spent 133 hours on the project because he could not recall having worked on it. He did not challenge the accuracy of the time records. Mr Fairmaid said he was not surprised to see that Mr Horn had spent 141 hours on the project because he usually undertook the draughting of the multi-storey buildings during that period, whereas Mr Fairmaid had not been involved in documenting any earlier multi-level buildings at ARCE. Mr Fairmaid had no memory of working with Mr Horn on the building.

Mr Fairmaid referred to Mr Horn’s evidence that he only recognised his style in the foundation drawings, and Mr Fairmaid agreed that it looked like Mr Horn had detailed the foundations. However, Mr Fairmaid also suggested that the tracing process may remove some individual

ways of detailing lettering or symbols in favour of
a consistent house style. Mr Fairmaid said that the foundations for this building would only have accounted for between 20 and 30 hours of Mr Horn’s recorded time. He agreed he had been trained by Mr Strachan but had for some years been working on projects as the lead draughtsman reporting directly to Dr Reay, and pointed out that Mr Strachan had also trained other draughtsmen in the office so they too could have been involved in the draughting work for the building.

We also heard evidence from Mr Paul Smith, a senior draftsman employed by ARCL and a director of the company. As Mr Smith commenced his employment with ARCL in November 1987, by which time the design of the CTV building was complete, we were not assisted by his evidence.

In the end, the only thing Mr Strachan, Mr Horn and Mr Fairmaid do agree on is that they have no recollection of working on the project. Their evidence as to the draughting process for this particular building was a relevant line of inquiry but one that has resulted in a dead end. We have not been provided with any reasons why we should not regard the time records as accurate, but equally we found Mr Horn to have been an honest witness who pointed to detailing that he did not recognise as his own. Counsel assisting submitted that the evidence supported a conclusion that Mr Horn did no more than the foundations. We consider, on the balance of probabilities that he must have done at least that work, and on the basis of the time recorded in the time records would have been involved in some other aspects as well. It is possible that, despite his evidence, the tracing process did result in the completion of some details in the “house style” rather than his own. We think it likely that most of the balance of the draughting was carried out by Mr Fairmaid, in accordance with the monthly time records. However, there is no suggestion that any draughtsman had any responsibility for the structural design of the building or ensuring that it complied with the Bylaw and the relevant codes.




2.1.4.5 Mr Harding’s attendance at a seminar in July 1986

In July 1986 a seminar Design of Concrete Structures was held at the University of Canterbury. Mr Harding’s name was on the list of registrants. Mr Harding could not recall attending the seminar but accepted in evidence that he did go and recognised his writing on some pages. It was suggested by Dr Reay that Mr Harding’s attendance at the seminar should have enabled him to know whether or not he could complete the design. Mr Harding reviewed the seminar notes before giving evidence and initially said he could not see anything in that material which would have changed what he did in the CTV building design, but later said there was a page that showed a layout of walls very similar to what was used in the design and described it as an acceptable solution. He said that was one of the reasons he proposed the south shear wall.

2.1.4.6 Review of the design within ARCE

The issue of whether the design of the building was being reviewed within ARCE before it was sent to the CCC for a permit was another matter on which Mr Harding and Dr Reay gave conflicting evidence. Dr Reay said there was no review process within ARCE at that time and that as a small firm he relied on the CCC to review ARCE’s work. Mr Harding, on the other hand, believed Dr Reay was reviewing his work both during the design process and before it went off to the CCC.

Mr Harding believed Dr Reay was reviewing his work, not by going through it with him, but by looking over the draughtsmen’s shoulder at the work they were doing and at the details that Mr Harding had provided for his projects. He said that the ARCE office was small and generally quiet, so if Dr Reay was talking to a draughtsman about one of Mr Harding’s projects, he would know Dr Reay would be coming to speak to him in the near future. He said Dr Reay would then advise him of any changes he required. Mr Harding said that this process gave him comfort that his work was being reviewed by Dr Reay. We note Mr Horn’s evidence that Dr Reay was more concerned with making sure that the documentation for a particular project was going to be completed by the deadline, rather than the particular details that were being draughted.

Mr Harding said Dr Reay’s evidence that there was
no review procedure in place in 1986 was news to him and that if he had thought he was doing the project by himself he “would have bailed out right then”.

Mr Harding said he believed that Dr Reay reviewed the design but based this on Dr Reay’s usual procedure. He agreed that Dr Reay had not indicated on the CTV drawings that he had reviewed them. Dr Reay said that he did not review the drawings, calculations or specifications for the CTV building “and would not have expected to have done so”. Dr Reay said it was Mr Harding’s responsibility as the design engineer to ensure the design complied with the relevant codes and said on a number of occasions in evidence that Mr Harding would have been more familiar with the Concrete Code at that time than he was. Consequently, there was no reason to review Mr Harding’s calculations for the CTV building.

We saw an example of Dr Reay having signed a design certificate, for the Westpark Tower, where the wording of the certificate specifically records that he had supervised the computations and the design. Dr Reay said that the extent of the review he carried out before signing a design certificate depended on the project and who had worked on it. In answer to a question from Commissioner Fenwick, Dr Reay said he could not recall how long he had spent reviewing the design for the Westpark Tower, saying that it would have been “clearly more than an hour or two and I wouldn’t expect it to be more than a week”. However, he said he did not make a similar check on the CTV building design because he “felt confident in the process that [he] was using” for that project.

We record that the set of structural drawings that were originally submitted to the CCC in late August 1986 were unsigned. The CCC raised the fact that this did not comply with the Bylaw requirement that the drawings be signed by the designer. However, Mr Harding did sign the drawings dated August 1986, which were held on the CCC file as the permitted drawings. He said he signed the drawings once he was happy that they were complete. There was no evidence that a design certificate was provided for this building.

We find on the balance of probabilities that the plans were not checked or reviewed by Dr Reay before they were submitted to the CCC for a building permit. We cannot accept Mr Harding’s evidence that as the plans were being prepared by him Dr Reay was effectively checking on their content by discussing them with the relevant draughtsman. Mr Harding’s evidence to that effect was unconvincing and it was too unspecific in nature to be of any value for our purposes. Apart from the discussions that took place about the south shear wall there was no evidence that Mr Harding took steps to raise any aspects of the design of the building with




Dr Reay. While the relevant events occurred a long time ago, we think it telling that Mr Harding was not able to point even in general terms to any process in which he sought Dr Reay’s advice.

2.1.5 Issues arising from the design process The issues that arise out of the design process are whether Mr Harding was competent to design the CTV building, whether he should have recognised the limits of his competence in 1986 and sought more assistance, and whether it was appropriate for Dr Reay to have left this project to Mr Harding to complete without supervision or review of his work.

We do not set out here the various deficiencies that
we have found in the design of the CTV building. They are addressed in detail in sections 6, 7 and 8 of this Volume, and form part of the context for the discussion in this section.

2.1.5.1 Mr Harding

Counsel assisting submitted that Mr Harding was working outside his area of competence in designing the CTV building. Mr Harding’s own evidence was that he was not competent to undertake the design of the CTV building without supervision by an engineer with experience in the design of multi-storey buildings. Counsel for ARCL and Dr Reay said that the CTV building was a “single mysterious error” because no other building designed by Mr Harding either before or after the CTV building had had any issues identified with its design. It was submitted by Mr Rennie QC that after 4,200 pages of evidence “we still do not know” why this occurred. Having examined this building in great detail and having heard eight weeks of evidence, we have reached the conclusion that Mr Harding was acting outside of his competence in designing the CTV building. This conclusion is largely based on the fundamental deficiencies of the design. However, we are also led to that conclusion by the evidence we heard about the design process.

The principal submissions made by counsel for Dr Reay and ARCL in defence of Mr Harding’s competence were:

1.  By 1986, Mr Harding was 35 years old, had seven years’ experience as a structural engineer and
four and a half years’ experience as leader of the
Waimairi District Council civil engineering team.

2.  Mr Harding had been a registered engineer
since May 1976. An important aspect of gaining registration was that an engineer should know what he or she does not know.
3.   He was employed by ARCE in 1985 in a senior position, a role he wanted and considered himself qualified for. It was intended that he would become an Associate of the firm.
4.   He was taken through the key elements of the building during cross-examination and asserted his competence to undertake the design of each. He stated that the elements of the structural design were all matters within his skills and expertise.
5.   Mr Harding did not raise any issues or concerns with Dr Reay, other than the south shear wall. He agreed he was not calling out for supervision or review and never said to Dr Reay that he was not competent to do the work on his own without it being reviewed.
6.   He had taken over the work started by Mr Henry for the Westpark Tower and completed the ETABS analysis and the design, with no known issues. He did not suggest that he lacked the skills to complete the Westpark design. Having completed the ETABS analysis on Westpark, Mr Harding believed he was in a position to proceed with the ETABS analysis for the CTV building.
7.  Mr Harding had previous experience with the
Concrete Code from his employment at Hardie
& Anderson, his first period at ARCE and, in a civil engineering context, at the Waimairi District Council. Dr Reay’s position was that, at the time of the CTV building design, Mr Harding was more familiar with the Concrete Code than he was.
8.   Mr Harding had attended engineering seminars prior to rejoining ARCE, and went to a three-day seminar Design of Concrete Structures, prior to signing the CTV drawings. He acknowledged any issues arising from the seminar could have been taken into account in the CTV building design. He also recalled attending a seminar with Dr Reay about eccentrically braced frames.
9.   Mr Harding was regarded as competent by other witnesses: Mr Scott of Williams Construction described him as competent and confident, Mr Horn described him as a “conservative engineer …[who] seemed to produce the right numbers”, and Mr Peter Nichols, a former structural checking engineer for the Christchurch City and Riccarton Borough Councils, described him as a “very competent engineer”.




10. Mr Harding was a near equal to Dr Reay in terms of experience. In 1986 he was entitled to practice on his own account and did so after leaving ARCE in 1988. It is only now that it is known that Mr Harding’s experience and competence was not equivalent to Mr Henry’s. The evidence is that Dr Reay and Mr Harding both thought the opposite in 1986.

Mr Harding’s predecessor, Mr Henry, was an engineer who we consider was acting within his competence when he designed Landsborough House in 1985. The contrast between Mr Harding and Mr Henry and their respective design processes for Landsborough House and the CTV building was marked. Despite having worked as a structural engineer for less time than Mr Harding, Mr Henry came to ARCE in 1984 having been involved in the design of a number of multi-storey structures while employed at Holmes Wood Poole and Johnstone. He worked under supervision there and learned how to carry out response spectrum analyses using ETABS. During the design of Landsborough House Mr Henry recognised that the preliminary design was going to present issues in terms of torsion and pushed for it to be changed. He was aware of the limitations of the ETABS program and did additional calculations to ensure he accurately calculated the corner deflections. He sought comment from Professor Paulay, added additional reinforcement to his design beyond what the codes strictly required, and paid close attention to the detailing of structural elements. Leaving aside the question of whether it was appropriate for Dr Reay to leave Mr Henry to work largely unsupervised on this design as he did, it was clear that Mr Henry was knowledgeable and experienced in designing a shear wall gravity protected system building and was aware of the design challenges that this type of building presented. While counsel for Dr Reay submitted that Mr Harding’s age and years of experience supported Dr Reay’s position that he was competent to undertake the CTV design, we do not accept this. Mr Henry was younger and had been an engineer for much less time than Mr Harding but had been designing challenging multi-level buildings since he graduated. The type of experience is the appropriate indicator of skill and competence rather than age or the number of years practising or registered.

In contrast to Mr Henry, Mr Harding had not been involved in multi-storey building design prior to returning to ARCE in 1985 and had not used ETABS. Between 1980 and 1985 Mr Harding had been working as a civil engineer. During that period NZS 3101:19826 and NZS 4203:1984 were published. We do not accept that the structural engineering projects that Mr Harding was involved in while at the Waimairi District Council, the most significant of which appears to have been a

swimming pool hydroslide, assisted with bridging the gap in his knowledge and experience between the one and two storey structures he had designed prior to 1980 and the challenges presented by the CTV building design.

Counsel assisting submitted that there were only two buildings that Dr Reay could point to as having prepared Mr Harding to undertake the design of the CTV building. The first was the four storey Hospital Accommodation building in Cashel Street. This design was carried out using the equivalent static method, not the modal response spectrum method, but did require Mr Harding to use the 1982 and 1984 Standards. Dr Reay also referred to the work that Mr Harding did for the Westpark Tower, which Dr Reay had reviewed in order to sign the design certificate. He said that gave him confidence that Mr Harding could carry out the CTV design competently. However the evidence suggests that Mr Harding was carrying out the design of the Westpark Tower just ahead of, if not at the same time as, the CTV building. We also heard that Westpark was a nine storey structure but was symmetrical rather than eccentric, so did not present the challenges that the eccentric layout of the CTV building did, particularly in relation to torsion. This meant that in undertaking the design of the CTV building, Mr Harding was venturing well beyond any work he had undertaken in the past.

A number of the deficiencies in the design of the CTV building were what Dr Reay described in evidence as matters of “fundamental engineering”. Much was made in the hearing about Mr Harding’s lack of experience using the ETABS program, but these fundamental mistakes were not dependent on an ETABS analysis. However we refer to the evidence we heard about Mr Harding’s process for the ETABS analysis because it illustrates Mr Harding’s lack of knowledge and experience in this area and the extent to which he was working beyond his competence.

Mr Harding had not used ETABS before, except in relation to the Westpac Tower, so to provide guidance Dr Reay gave him the Landsborough House file to follow what Mr Henry had done. The question of whether this was an appropriate thing for Dr Reay 
to do is discussed in section 2.1.5.2 below. It was submitted by counsel assisting that Mr Harding would have been encouraged by the fact that he could carry out an ETABS analysis by following the Landsborough House analysis and calculations. Mr Harding described this as “just a case of following the dots of the ETABS program”. Mr Henry said he was concerned that Mr Harding had used his calculations in this way for two reasons. First, because his calculations were not




sufficiently detailed to provide guidance for a first-time designer to be able to understand the design processes followed and Mr Henry had not recorded all of his thinking processes or the decisions he had made based on judgement and experience. Secondly, he observed that the shear wall designs of Landsborough House and the CTV building were significantly different.

We also heard that in “following the dots” Mr Harding did not do hand calculations of the corner deflections. His evidence was that he did not know that he needed to do this but if he had seen those calculations within the Landsborough House file he would have done this for the CTV building. This illustrates his total reliance on Mr Henry’s work. Counsel assisting submitted that if Mr Harding had properly calculated the corner deflections he would have seen that they were right at the limit of what was permitted.

As well as failing to properly calculate the inter-storey deflections Mr Harding did not look at the drawings for Landsborough House. He was asked whether he would have wanted to see the drawings to assist him to understand the calculations but he said he would not have because the calculations were very clear. Given how closely Mr Harding followed Mr Henry’s calculations, it is surprising that he did not consider the drawings as well. If he had done so, then he could have seen where Mr Henry had added additional reinforcement to the design and this might have led Mr Harding to consider why he had done that.

Mr Harding’s evidence about the ETABS analysis also suggests that he struggled with it. He said that he was “busy trying to get the computer program to work and to give any kind of result” and that when the analysis produced a result below the code limit he was grateful. He also said:

…while I was giving it a go, I did struggle I must say because, yeah, doing something at the beginning when you’re teaching yourself basically from someone else’s example and working backwards is not the best way to do it.


However there was no evidence from Mr Harding or anyone else that he went to Dr Reay and said that he was struggling with ETABS. Mr Harding also said that his omission to calculate the corner deflections illustrated why someone more experienced needed to review his work, but again there was no suggestion that he asked Dr Reay or someone else to do this. Mr Harding said that Dr Reay told him he was not to contact Mr Henry for assistance but Dr Reay denied this, and we have no way of resolving that particular factual dispute.

Dr Reay’s evidence was that if Mr Harding had come to him needing assistance he could not have been much help to him because he had no experience using ETABS. He said he would either have advised him to speak to someone at the University or to Mr Henry or to another engineer. As noted earlier, Dr Reay said that if Mr Harding was really struggling with the design the firm would have turned the job away.

Instead of seeking assistance it seems that Mr Harding simply pushed on and taught himself how to use the program. He said by the fifth or sixth run he was “reasonably proficient”. Only then did he go to Dr Reay to discuss possible solutions to the excessive inter- storey deflection. Once the south shear wall was agreed as a solution Mr Harding then proceeded with ETABS, including it in the ETABS model. There was no evidence that Mr Harding consulted Dr Reay about any aspect of the design again.

The absence of any evidence that Mr Harding asked Dr Reay for help, other than the discussion about the south shear wall, conflicts with Mr Harding’s position at the hearing that he was not competent to design those structures without review or oversight. As counsel for ARCL and Dr Reay submitted, if Mr Harding was in a position where he felt a review of his work was crucial he would have ensured that occurred. Instead he acknowledged in evidence that he was not calling out for review and described the rest of the design, apart from the south wall issue, as “pretty much routine”. As noted earlier, we did not find credible or convincing Mr Harding’s suggestion that he thought Dr Reay was indirectly reviewing his projects by looking at the work the structural draughtsmen were doing and at the details Mr Harding had provided to them. In any event, there was no evidence from Mr Harding that he ensured that this was occurring.

We accept the submission of counsel assisting and
Mr Rennie QC that Mr Harding’s position at the hearing that he was not competent to design the CTV building without review or oversight was not the view he held in 1986. If he had held this view, it was incumbent upon him as a Registered Engineer to tell Dr Reay that he could not do the design on his own and that he needed help but there was no evidence from him or from Dr Reay that he did this. Counsel assisting submitted that he did not do so because he wanted to become an Associate and this meant proving that he could do the design on his own. That is not something that we consider we need to determine. It is sufficient to note his sense of confidence and that Mr Harding was confident that he could carry out the design of this building on his own. As he said in evidence in answer to a question from Mr Mills QC:





Q. Yes. Did you know at this point that the work on Landsborough that you were being given as a template had been done by Mr John Henry?
A.  Yes.

Q.  Did you have any existing knowledge about his competence in the field of multi-level shear core building design?
A.  Not prior to joining Alan’s firm, no.

Q.  And was anything said to you when you joined the firm about his levels of competence?
A.  I don’t recall anything particular but I, you can quickly draw a conclusion by looking at their, at the work that he had done. It was quite evident that he was very competent.
Q.  So that was the view you formed when you looked at that material?
A.  Yes.

Q.  As a result of that I take it you had a high level of confidence that if you followed what you had done there then you too could design a good building.
A.  Yes.


What was most telling about Mr Harding’s view of his own competence was his defence of the design of the CTV building. He refused to accept the criticisms of Professor Nigel Priestley and Professor John Mander about the design and rejected criticisms of the diaphragm connection. As counsel assisting submitted, Mr Harding held firm to the view that exceptionally high vertical accelerations were the cause of the building’s collapse. He was taken through each key element of the building’s design by Mr Rennie QC and stated that all of them were matters within his skills and expertise. However counsel assisting submitted that, during questioning by Commissioner Fenwick, Mr Harding was shown to be seriously out of his depth and that the work he had done on the CTV building, in some critical areas, showed he was completely unaware of calculations that he should have made and code provisions that he needed to take into account. We accept this submission.

We find that Mr Harding was working beyond his competence. That is a conclusion which follows from the fundamental design errors and areas of non- compliance we have identified in sections 6, 7 and 8.1 of this Volume and is consistent with the evidence we heard from Mr Harding about the process he followed. 
This situation also illustrates some of the difficulties with the Institution of Professional Engineers New Zealand (IPENZ) Code of Ethics, which requires that engineers work within their area of competence but leaves it up to the individual engineer to identify and determine what

their limits are. Mr Harding erred in his self-assessment of his competence and the confidence he had that he could design this building competently was unfounded.

Dr Reay said he considered Mr Harding to be “a very competent structural engineer who understood his limitations and knew how to work through them”. It follows from our conclusion about Mr Harding’s competence that Dr Reay was mistaken. This then raises issues about Dr Reay’s decision to hand over the design of the CTV building to Mr Harding without having any intention of reviewing his work.

2.1.5.2 Dr Reay

Throughout the hearing Dr Reay defended his decision to give responsibility for the design of the CTV building to Mr Harding, without any supervision or review process in place. He was asked by Mr Mills QC whether he would make the same decision today, and he said that he would, based on Mr Harding’s age, his “considerable experience in structural design” and in the knowledge that today there would be an external peer review of the building.

As we have discussed in section 2.1.5.1, Dr Reay rejected the suggestion that Mr Harding was an inexperienced designer in 1986. He pointed to Mr Harding’s previous structural design experience and suggested on a number of occasions that he was more familiar with NZS 3101:1982 than Dr Reay was. Mr Harding disputed this and we note that his only previous experience with this Standard would have been while he was working at the Waimairi District Council, where he was not involved in designing multi- storey concrete structures.

Dr Reay accepted that the CTV building was a greater challenge for Mr Harding than any project he had undertaken before, but he said he relied on Mr Harding’s judgement as to whether he was ready for that challenge. He said that Mr Harding’s self- assessment was that he could carry out the design and Dr Reay accepted this. Mr Rennie QC submitted that this was a sufficient enquiry for Dr Reay to make because Mr Harding was employed in a senior position, was 35 years old, had worked in structural engineering for a number of years and was a Registered Engineer. The constant thread throughout Dr Reay’s evidence was that it was for Mr Harding to come to him and say he needed help, not for Dr Reay to make enquiries about the design work Mr Harding was carrying out.

Dr Reay acknowledged that at the time he employed Mr Henry he wanted someone with experience in that area to design the multi-storey building projects he had




started to take on because he was fully committed on other work and did not envisage he would be working on those projects to any great extent. Mr Henry was employed in a senior role to undertake that work and his evidence confirmed that Dr Reay essentially left him to it. Mr Henry’s evidence about the design of Landsborough House proved that he was competent to undertake the design of such a building and could do so without Dr Reay’s assistance. But then he left ARCE and Mr Harding was hired as his replacement.

The evidence was clear that Mr Harding took over from Mr Henry and Dr Reay said he was employed in a senior role, as Mr Henry had been. It appears that Mr Harding was hired on the basis that Mr Harding was willing to fill the gap to be left by Mr Henry’s departure. However it would not have taken much of an enquiry for Dr Reay to have realised that Mr Harding had had much less experience than Mr Henry with multi-storey buildings. In fact he had not had any such experience. Dr Reay knew what work Mr Harding had undertaken for him when he was first employed by ARCE, and there was no suggestion from Dr Reay that he did not know that Mr Harding had been working in civil (not structural) engineering for the past five years at Waimairi District Council. We accept the submission of counsel assisting that there was no basis for Dr Reay to conclude that Mr Harding could simply take over the level of work Mr Henry had previously been doing unless there was appropriate supervision and mentoring by someone else within the firm who had the requisite level of skill and competence.

When Mr Harding returned to ARCE in November
1985, the CTV project was not on the horizon, but it was only four months after he returned to ARCE that Mr Harding commenced the design. Dr Reay said that during the period between Mr Harding’s return to ARCE in November 1985 and commencing work on the CTV building in March 1986, he was able to assess Mr Harding’s work and considered him to be a very competent structural designer who understood what he was doing, understood his limitations and understood the codes. The projects that Mr Harding undertook during this period were the design of the Hospital Accommodation building, Broadway and the Westpark Tower. Dr Reay acknowledged that the Hospital Accommodation building did not involve an ETABS analysis but said it still required Mr Harding to understand structural design principles, including the transfer of forces from floors to walls and the design of floors to the code. Broadway was only a two storey building. Westpark was a nine storey building but was symmetrical rather than eccentric or irregular.

Dr Reay said that Westpark had already been partly designed when Mr Harding started working on CTV. He reviewed the final design for Westpark before signing a design certificate and said he felt that Mr Harding had handled that satisfactorily, which may have influenced his assessment of Mr Harding’s ability to design the next multi-storey building. However we note that Dr Reay signed the design certificate for Westpark on 19 June 1986, while the time records he produced show that Mr Harding had started working on the CTV building by March 1986. This meant that the Westpark project could not have provided Dr Reay with a basis for concluding that by March 1986 Mr Harding was ready to design the CTV building without supervision. Dr Reay had not reviewed the project at that time.

However, once Mr Harding was employed, it may be that Dr Reay’s confidence in his ability was enhanced by Mr Harding’s failure to seek Dr Reay’s assistance as he went about his work.

Dr Reay said he relied on Mr Harding’s confidence that he could undertake the design and his belief that he could accomplish it. This was the only basis upon which Dr Reay could rely on Mr Harding, because he could not rely on his previous experience of designing multi-storey buildings. In the absence of that experience, we conclude that Dr Reay should have questioned the basis for that confidence. In any event, we do not accept that it was appropriate for Dr Reay to rely on Mr Harding’s confidence that he could do the design and then leave him to it without putting any checks in place. As Mr Harding said in evidence, he did not know what he did not know, but if his work was being reviewed, some of the design issues that have now been identified may have been picked up while the design was being developed or at least before the plans left ARCE. While Dr Reay may not have been able to identify all of the defects in the building, counsel assisting submitted that he would have been capable of picking up the problem with the connection between the floor diaphragm and the north wall that was later identified, as he described this as “fundamental engineering” during the course of his evidence.

Dr Reay said in evidence that the only area where he thought Mr Harding was lacking was in using ETABS, which is why he gave him Mr Henry’s work for Landsborough House to follow. But having recognised Mr Harding’s limitations in that area, Dr Reay made no further enquiry of Mr Harding during his ETABS analysis and did not review, or arrange for someone else to review, his work.




The other area of assistance that Dr Reay said he provided to Mr Harding was in sending him to the three-day seminar in July 1986 that we have referred to in section 2.1.4.5.

It was suggested by Mr Rennie QC on behalf of Dr Reay that Mr Harding would have had the opportunity at this seminar to raise any questions he had about the CTV design with the presenters of the seminar, which included Professors Paulay and Park and (then) Dr Priestley. This was not accepted by Mr Harding, who said that he was not sufficiently experienced to raise issues in that way, but took the material home with the intention of digesting it over time. He was asked whether he could recall making any changes to the CTV plans in the light of what he learned from the seminar. His answer was:

I don’t, I think if anything it may have been, no I
don’t recall. I, I’ve recently had another look at those seminar notes since they were produced maybe three or four days ago and I can’t see anything in them that, that would have changed what I did on that job.


While Mr Harding agreed that he was fully informed about the construction issues covered in the seminar, it was suggested by counsel for Dr Reay that after he attended the seminar Mr Harding would have been more informed about these issues than Dr Reay was. Again this was not accepted by Mr Harding, who referred to Dr Reay having a PhD and to the number of buildings he had designed previously.

Because structural drawings were not submitted to the CCC until 26 August 1986, there was opportunity for Mr Harding to have changed the design of the building after he attended the seminar. However, his evidence is that he did not make any changes as a result of attending it. We do not accept the submission of counsel for Dr Reay and ARCL that the seminar preceded the main structural design of the CTV building because between March and June 1986 there was already over 167 hours of work recorded against Mr Harding for this project on the time records. Even if part of the design had been changed following the seminar, we do not accept that sending Mr Harding to this seminar was a substitute for Dr Reay reviewing his work.

It was Dr Reay’s position that Mr Harding was not
“flying solo” on this project because if he had a problem he could consult with him. He said he did not think there would have been discussions about the design during morning and afternoon tea breaks because, if Mr Harding had started to raise concerns and ask questions, Dr Reay would have been alerted to an

issue. However Dr Reay also said that he remembered making sure Mr Harding understood that he did not have the time or knowledge to be able to assist him in depth and that the responsibility for the design was Mr Harding’s, and Dr Reay’s assertion that he was there if Mr Harding needed him must be seen in that context. Dr Reay also said that he believed he would have found out fairly quickly if Mr Harding found he had difficulty with the design, but this premise relies on Mr Harding being able to recognise when he was in difficulty or making a mistake, and he was not able to do this.

We also find it troubling that on the one occasion when, on his evidence, Dr Reay did review Mr Harding’s work on the CTV project, he wanted to satisfy himself that it was not going to be a repeat of the Landsborough House layout. He recalled the issues about torsion that Mr Henry had raised with him at the time Landsborough House was being designed but there was no suggestion that this led on to a discussion with Mr Harding about why he did not want a repeat of Landsborough, what Mr Henry’s concerns were or what he had done to address these in his design. We have already found that Mr Harding’s failure to look at the drawings for Landsborough House was a missed opportunity to notice the additional reinforcement Mr Henry had put into that design, and Dr Reay’s enquiry about the layout of the building was an opportunity to refer him to that design. We also note that Dr Reay said that he had seen the south wall on an architectural, rather than a structural drawing. This meant he would not have seen any of the detail of the structural design. We conclude that Dr Reay realised that the layout of the building meant that the designer had to take a great deal of care, but the enquiry he says he made of Mr Harding was too superficial to ensure this occurred and may in fact have given Mr Harding a false sense of confidence that he was on the right track with the design.

Dr Reay did not review the drawings or calculations for the CTV building before they went to the CCC. Presumably this is explained by his comment that he had seen Mr Harding’s work previously and was satisfied that he had a good understanding of the design of structures. He said he relied on the CCC to review the design during the permit process. In
adopting this position, Dr Reay stood apart from other structural engineers who gave evidence during the hearing. All of them referred to processes whereby the work would be reviewed by persons in their firms other than the person who had actually carried out the design. Mr John O’Loughlin, a practising engineer since the early 1970s, was asked by counsel assisting whether he would have considered it appropriate to allocate the design of the CTV building to an




inexperienced structural engineer “with essentially no supervision but on the basis that [he] could rely on the Council reviewing engineers to pick up any deficiencies in that design”. Mr O’Loughlin said that that would not be appropriate. Mr Henry referred to his experience working for a number of firms, of various sizes, all of which had some form of review in place. Mr Rob Jury of Beca and Dr Arthur O’Leary of Morrison Cooper Limited both referred to the importance of having a review process in place, particularly where the work is being carried out by an inexperienced designer. Mr David Falloon, the principal of Falloon & Wilson, gave evidence in relation to engineering work his firm carried out for a fit-out of the CTV building in 2000. At that time he had four or five employees7. The design work was carried out by a recent graduate but was checked by Mr Falloon. He said he did that because “it’s a small firm, that’s my role”. He was asked why he checked his employees’ work and said:

A.  Well it’s what we always do, I mean it’s a
daily event. You’d be keeping an eye on work that was done and finally when the drawing’s complete I would sign it as checked.


Counsel for ARCL and Dr Reay submitted that none of these witnesses were in a position to comment on ARCE in the mid-1980s or on any firm of similar size, and that in a larger firm a person like Mr Harding, employed as an Associate, would be providing supervision rather than being supervised. Even if someone equivalent to Mr Harding was supervising others, in most firms, from the evidence we heard, he would still have had his work checked by someone else. Dr Reay should also have been aware of Mr Harding’s lack of experience relevant to the CTV design and the need for his work to be checked. We do not regard the small size of Dr Reay’s firm at the time as entitling him to rely on the CCC to have the role of checking plans that should have been completely designed before being submitted for a building permit.

2.1.6 Conclusion

Dr Reay expected Mr Harding to fill the gap created by Mr Henry’s departure but at the same time he knew that Mr Harding was a novice when it came to multi-storey building design. Because of this, he could not simply continue the hands-off approach he had adopted with Mr Henry. It was not sufficient to rely on the fact that Mr Harding was a Registered Engineer of a certain age and number of years’ experience. It was the nature of that previous experience that indicated what he could do unsupervised. There was insufficient basis for Dr Reay to believe that within four months of returning to ARCE, having come from a civil engineering position, Mr Harding was ready to design a challenging multi- storey building on his own, or that he would have known enough of the potential pitfalls and design issues to navigate his way around them without assistance.

Mr Harding was working beyond his competence in designing the CTV building. He should have recognised this, given that he had never designed a building like this before. We also consider that Dr Reay should have realised that this design was pushing Mr Harding beyond his limits given his past experience. The design process led to a building that was under-engineered in a number of important respects.

2.2 The building permit

2.2.1 Introduction

The Terms of Reference as they specifically relate
to the CTV building require us to consider, amongst other things, whether the building complied with legal requirements current when it was designed and constructed. This section deals with the permitting process for the building, as part of addressing that issue and explains the circumstances in which the building permit was issued, despite the fact that it did not comply with the CCC’s Building Bylaw 105, as discussed in detail in section 8.1. We have taken the view that it would be artificial to restrict the Inquiry to the facts that establish non-compliance and that we should go further and report on how the permit came to be issued. We think that such an approach is implicitly authorised by paragraph (b)(i) of the Terms of Reference and, in any event, may be reached under paragraph (e) of the Terms, which refers to other matters arising that the Commission considers it should investigate.

We are also required under paragraph (d)(iv) to consider the roles of, amongst others, local government, the building and construction industry and other elements of the private sector in enforcing current legal and best-practice requirements. The understanding we have developed of the circumstances in which the permit for the CTV building was issued has been of assistance to the Royal Commission in its consideration of the desirable future requirements for the issue of building consents for complex structures, addressed in sections 3 and 4 of Volume 7. The same issues have relevance for the purpose of recommendations which we are required to make about measures necessary or desirable to prevent or minimise the failure of buildings in New Zealand due to earthquakes. 


2.2.2 Overview

Alun Wilkie Associates filed an application for a permit for the building with the CCC on 17 July 1986. The proposal was for an office building for Prime West, 4560m2 in total area and at a cost of $2,080,000.

The structural drawings were not provided to the CCC when the application was filed: the words “Structural Drawings to come” appear at the bottom of the first page of the application form. There is a note next to that to the effect that the structural drawings were received on 26 August 1986, more than a month after the application was lodged. A further set of structural drawings was provided to the CCC on 5 September 1986.





Figure 15: The application for a building consent for 249 Madras Street, dated 17 July 1986



A number of units of the CCC considered the application, including the structural engineers employed to review designs. The buildings engineer for the CCC at
this time was Mr Bryan Bluck and his deputy was
Mr Graeme Tapper. Both were deceased prior to the February earthquake. Mr Bluck and Mr Tapper were qualified engineers and we heard that both were highly regarded in the engineering community in Christchurch.




Mr Tapper reviewed the structural drawings and wrote a letter the following day, 27 August 1986, to ARCE requesting calculations to support the design, a foundation report and a specification. He listed a number of specific matters about particular sheets of the drawings. Mr Tapper also noted that the drawings had not been signed by the designer, as required by the CCC’s Building Bylaw.

On 5 September 1986 Mr Harding completed a document transfer form, addressed to Mr Tapper, enclosing two sets of structural drawings, “including amendments as requested” and calculations “relating to Bondek structure after fire”. These documents appear to have been hand delivered to the CCC.

Five days after those documents were delivered,
Mr Tapper signed off on the structural aspects of the design. The permit itself was granted, subject to conditions, on 30 September 1986.

This summary suggests that the application for a permit for the building passed through the CCC in a reasonably uneventful fashion. However, evidence was called that suggested that Mr Tapper had identified a significant structural issue in the design, namely the connection of the floors (diaphragms) to the north wall complex, and raised this with ARCE in his letter. We were invited by counsel assisting to conclude that, despite Mr Tapper’s concerns, the design of this connection was not amended by ARCE. Instead, it was submitted Dr Reay personally convinced Mr Bluck that Mr Tapper’s concerns were unfounded and Mr Bluck instructed Mr Tapper to sign off on the design, despite his concerns. We set out the evidence we heard about this issue and the conclusions we have reached below, following a discussion of the relevant council processes in 1986.

2.2.3 The permit process

2.2.3.1 Bylaw 105

The CCC Building Bylaw that applied at the time was Bylaw 105, made on 20 November 1985, under the authority of the Local Government Act 1974. As discussed in more detail in section 8.1, the Bylaw adopted key New Zealand Standards for the design of buildings, including NZS 3101:1982 and NZS 4203:1984.

Part 2 of the Second Schedule of Bylaw 105 set out the legal requirements for a permit. Clause 2.2.1 provided, “no person shall erect or commence to erect any building without first obtaining a building permit from the engineer”. Mr Bluck exercised the powers of the “engineer” under the Bylaw at the times relevant to this Inquiry.

Clause 2.6.1 specified that an application for a building permit was to be accompanied by:

…detailed plans, elevations, cross-sections, and specifications which shall together furnish complete details of design, and the qualities and descriptions of construction materials and workmanship, and which shall be of sufficient clarity to show, to the satisfaction of the Engineer, the exact nature and character of the proposed undertaking and the provision made for full compliance with the requirements of this Bylaw and any other relevant bylaw in force at the time of the application.


In addition, under Clause 2.6.2.1, there was a requirement to submit to the engineer:

such stress diagrams, computations, and other data as necessary to show that the design complies with all the requirements of this Bylaw and any other relevant bylaw in force.


However, this requirement was qualified in relation to concrete buildings by Clause 8.2.5:

Design Certification

The designer of any concrete element shall provide calculations which establish that the concrete element has been designed in accordance with the requirements of this Bylaw or alternatively certify in an approved manner that the design method conforms with the requirements of a recognised code of practice.


Clause 2.8 required that drawings, computations and other data submitted were to be signed by the engineer or designer responsible for their production. Where two or more parties were responsible, this was to be identified.

Under Clause 2.13 the engineer was empowered to withhold a permit where he considered that “deficient information” had been provided, or if he considered that the building did “not comply with the requirements of this Bylaw or any other relevant Acts, regulations or Bylaws.” In that case, it was for the applicant to “make good such deficiency, or make such alterations in the documents as shall be necessary” to comply with the requirements of the Bylaw.

Under Clause 2.14, a permit would be issued where the engineer was satisfied that the “drawings and specifications” were “in accordance with the Bylaw and with other relevant Acts, Regulations and bylaws” and where he had no reason to believe that the “builder was not competent to carry out the work”. It follows from this that the engineer had a legal duty to do what was necessary to be satisfied that a building which was the subject of an application for a permit complied with the Bylaw in all respects.




It is relevant also to record that section 693 of the Local Government Act 1974, as it was in force at the time that this permit was issued, provided that it was an offence for any person to act contrary to a bylaw and such offences were punishable by fine. Further, under this section the continued existence of any work or thing in a state, or the intermittent repetition of any action, contrary to any bylaw was deemed to be a continuing breach for the purposes of the section, subject to a recurring penalty. As is apparent from the extract of Clause 2.6.1 of Bylaw 105 the detailed plans and specifications required to accompany an application for a building permit had to be of sufficient clarity to show, amongst other things, “the provision made for full compliance with the requirements of this Bylaw”. Reading the various provisions of the Bylaw together with the Act, it can be seen that only buildings that complied with the Bylaw should be granted a building permit and it was the CCC’s duty to ensure that this was the case.

2.2.3.2 The building permit process

The Royal Commission heard evidence from
Mr Leo O’Loughlin, who was employed by the CCC as a District Building Inspector between June 1985 and October 1986. During that period he was responsible for processing permit applications for buildings in the central city area. Mr O’Loughlin received the building permit application for the construction of the CTV building, and his name appears on the application form, which is stamped “Return to L O’Loughlin”.

Mr O’Loughlin did not recall this application specifically but gave evidence about his general practice at the time. He said that the permit application for the building would have been handed in to the CCC’s public counter. It would then have been assigned a permit number, in this case 1747, and a cover sheet attached.

Mr O’Loughlin said that his usual process was to review the documents provided with the application to determine whether any information was missing. He said that if he found any omissions or required further detail he would request this from the applicant. There is an example of this process in relation to the building in a letter dated 21 July 1986 from Mr O’Loughlin to Alun Wilkie Associates requesting further information. Mr O’Loughlin said that he would also review parts of the plans to ensure compliance with relevant bylaw requirements, but that this was limited to non-structural features, such as detailing for handrails, stair treads and ventilation. He would also check the siting of the building on the plans. He did not conduct any review of the structural design of proposed multi-storey or complex single storey buildings because this was a matter for the CCC structural engineers.

Mr O’Loughlin said he would then send the application and supporting documents to the relevant units of the CCC for consideration. The permit application form for the CTV building contained a number of boxes, each representing a different unit of the CCC. These were Administration (OFF), the Design Office (DES), the Survey Office (SUR), Structural (STR), the Egress Fire Safety Officer (EGR), Town Planning (TP), Drainage (DRM), Street Works (SW), Traffic Engineering (TE), Health Inspector (HI), Waterworks Inspector (WWI) and the District Building Inspector (DBI). A CCC officer in each unit would sign its box when satisfied with the application. Mr O’Loughlin said that if any of the units required further information from the applicant someone would usually write to the applicant directly. Once each unit had signed the processing check sheet the permit application would be returned to Mr O’Loughlin and he would prepare a handwritten list of draft building permit conditions. He said he would do this by selecting relevant conditions from a standard list and adding any additional conditions that had been recommended by the units that had checked the application. Mr O’Loughlin’s handwritten list of conditions for the building was provided to the Royal Commission.

Mr O’Loughlin then prepared the application for review by the district building inspector. Once the application and draft conditions had been approved, the conditions would be typed up, the plans would be stamped and a permit approval and building permit prepared (in the case of the CTV building the permit, plans and conditions were signed by Mr Maurice Faulkner, who we were told was the chief building inspector at that time). The applicant would then be notified that the permit was available to be uplifted from the CCC upon payment of the permit fee.

Although the application was filed by Alun Wilkie Associates the permit itself dated 30 September 1986 was issued to Williams Construction Limited, noted on the application as the builder. The permit was copied to Prime West Corporation Limited, Alun Wilkie Associates and Dr Reay. The permit recorded that fees of $4,800 and a reserve contribution levy of $11,480 were required to be paid before the permit could be issued. The permit recorded that the application had been approved subject to conditions. Among the conditions was a requirement that the engineer responsible for the structural design confirm in writing that the intent of his design had been complied with before the building was occupied. Mr Stephen McCarthy, the Resource Consents and Buildings Policy Manager of the CCC, gave evidence that no such confirmation was held on the CCC’s file for the CTV building and Dr Reay said that no confirmation was held on the ARCL file.

Mr O’Loughlin was asked whether it was usual practice in Christchurch at the time for building permit applications to be made on the basis that the structural drawings were still to come. He said that there were some instances where this would occur, usually when the design engineer was under pressure to get the project moving through the CCC. Some applications would be filed with architectural drawings only, allowing the design engineer more time to complete the structural drawings. This is despite Clause 2.6.1.1 of Bylaw 105 which required that:

Together with every application there shall be submitted to the Engineer, in duplicate, detailed plans, elevations, cross-sections, and specifications, which shall together furnish complete details of design, and the qualities and descriptions of construction materials and workmanship, and which shall be of sufficient clarity to show, to the satisfaction of the Engineer, the exact nature and character of the proposed undertaking and the provision made for full compliance with the requirements of this Bylaw and any other relevant bylaw in force at the time of the application.


Mr Henry and Mr John O’Loughlin confirmed that submitting permit applications without a completed set of structural drawings was a practice that occurred in Christchurch in the 1980s.

2.2.3.3 The structural checking process

We also heard evidence from Mr Peter Nichols who was employed by the CCC between 1978 and 1984. He was employed as a structural checking engineer between 1978 and 1981 and then as deputy building engineer until 1984, second-in-charge to Mr Bluck.

Mr Nichols said structural checking engineers were responsible for checking the plans, specifications, calculations and other documents that were submitted with an application for a building permit. He said his usual practice was to review the plans, identify the critical points in the structure and the areas subject to maximum stress and do a general check for areas of concern.

Mr Nichols said calculations were not usually submitted with permit applications so he would carry out his own calculations on the principal structural elements of the design, essentially as spot checks, to verify that the elements were appropriate in size and detailed for the specific function they were required to perform in the overall structure. He would also check the bending, shear, torsional and axial stresses as well as deflections at these critical points to determine whether these were

within the limits of the Bylaw. Mr Nichols said that when he was checking a multi-storey or otherwise complex building it was his usual practice to require the design engineer to provide full structural calculations. He said it was impossible, in his view, both in terms of time and resources, for the checking engineers to do their own independent calculations in the time available to them. By asking for a copy of the designer’s calculations, Mr Nichols was able to review the design approach, the assumptions made, and follow the mathematical analysis as far as was necessary to verify that the requirements of the Bylaw had been met. Once he received the calculations, he would review them to ensure all of the important structural components were included, that the correct dimensions, material properties and formulae had been used and to check whether the calculations were correct. He said he would be looking for obvious errors or omissions rather than reviewing every number.

Mr Nichols had between a few hours to a few days to check large projects, depending on their size and complexity. All checking and analysis had to be done manually at this time because the CCC did not have computers. He said that with time he was able to develop an intuitive feel for different types of building design. While most designs that he encountered were conventional and required minimal assessment because they used familiar concepts and details, those that were more innovative or contained unfamiliar features would need further investigation.

Mr Nichols recalled that his time at the CCC was a demanding period, with a large volume of applications for building permits and a great deal of pressure “to get permits through and buildings up”. Mr Nichols said that whenever Mr Bluck or his staff had a concern over a particular building permit application, Mr Bluck’s standard practice was to invite the designer to meet with him to discuss the design. He described such meetings as sometimes lasting a whole day and usually ending with the designer completing a specifically worded design certificate. Mr Nichols said Mr Bluck believed that:

…he, on the Council’s behalf, was entitled to rely upon the expertise of a qualified professional engineer for assurance that his specific design met the required standard and if that was obtained to his satisfaction there was no reason to withhold the permit.



Mr Nichols produced a copy of a document authored by Mr Bluck which reflected that approach. The document was prepared by Mr Bluck and provided by him to his staff during the period within which Mr Nichols worked at CCC (between 1978 and 1984). The memorandum read as follows:








































Figure 16: Guidelines for CCC structural checking engineers authored by Mr Bryan Bluck, Buildings Engineer


Mr Bluck’s approach of relying on the “recognized expertise” (sic) of the designer to certify that the design was compliant was pragmatic, on the bases that the designer should be able to show that the building complied with the Bylaw and that the CCC had limited time and ability to check the efficacy of the design. However, as the permit granted for this building shows, it was an approach accompanied by some risks, including the risk that a non-complying structure would be approved.

2.2.3.4 Mr Tapper’s letter to ARCE

On 27 August 1986 Mr Tapper drafted a letter to Dr Reay’s firm regarding the structural drawings submitted for the building the previous day. The original letter was provided to the Royal Commission by the CCC. We set out below a facsimile of the original, together with a typed version of the letter. We note that “Sh” and “S” are plainly abbreviations for a particular sheet of the structural drawings.
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Figure 17: Letter from GL Tapper of the CCC to ARCE, dated 27 August 1986




Please provide the calculations to support the design. We also require a foundation report and a specification which describes the required quality standards for materials and workmanship. Please note that CCC Bylaw 105 requires quality standards for materials and workmanship. Please note that CCC Bylaw 105 requires in Cl 28.1 that “All drawings computations and other data submitted shall be signed by the architect, engineer or designer responsible for their production and shall clearly identify him and his firm or organisation”. There is no indication on the plans that they have been checked and approved for issue and construction. Please attend to the following matters:

Sh 9 – No subgrade information and the 125 slab is both unreinforced and unjointed

Sh14 Stirrups for Cols 4, 20, 10 & 16

Sh15 Incomplete notes. Ref Line 1 – Hi Bond mesh reinforced encasting does not provide restraint to the Hi-bond for f.r.r purposes.

Also floor connection to shear wall system and general connection between floor slab and walls.

S 16 Shear Core floor slab & stair landing details are missing

S 17 Thioflex 600 & PEF backing strip has not f.r.r. S 19 Not to microfilmable standards
S 23 Size of fixing A and we note that there are no notes

S 25 Reinforcing of spandrels and fixing details

S 26 Is there one

S 28 How is the web welded

S 29 Detail 7 & 8 – 1 x 12d H.D bolt

S 30 All weld plate details and Detail 2 stringer
to weld plate weld size & type also baluster fixings

S 32 Handrails & weld plate type 6 details


It became clear during the hearing that the drawings Mr Tapper was referring to in this letter were not the same as the permitted drawings that were exhibited during the hearing. He wrote that there was no indication on the plans that they had been checked and approved for issue and construction, whereas the permitted drawings, which were produced at the hearing, are signed with the initials “DH” for David Harding. There are no unsigned structural drawings on the CCC file and no earlier set of drawings was provided to the Royal Commission by ARCL.

Mr Strachan, one of the draughtsmen we have mentioned in section 2.1.4.4 who was employed by ARCE at the time the building was being designed, gave evidence of an initial incomplete set of drawings being submitted to the CCC. He could

recall Dr Reay coming to him one afternoon and asking him to quickly detail the exterior staircase. He said he “wasn’t prepared to do just a half-pie job on it and then have to come back later and re-do it” so another draughtsperson did the stairs.

Mr Harding did not have any particular recollection of a rush to get the drawings into the CCC and said he would not have submitted incomplete plans. However he thought the matters raised by Mr Tapper in his letter were consistent with him looking at incomplete plans: the matters he was raising were all omissions in draughting details. Dr Reay said it was not ARCE practice to send incomplete drawings to the CCC. He thought Williams Construction may have provided the CCC with the preliminary set of structural drawings that were used for planning the project.

Neither Mr Harding nor Dr Reay could recall having seen the letter from Mr Tapper. However Mr Harding said he wrote “rec’d 1/9/86” in pencil in the top right-hand corner of the letter. His evidence was that correspondence of this kind would go to Dr Reay first and then be passed on to the staff member working on the project. It was Dr Reay’s position that he (or his secretary) may have simply passed it on to Mr Harding without reading it.

Mr Harding accepted that it was his job to respond to the letter after it was given to him. He did not think there was anything in the letter that would be worth arguing about from the ARCE perspective. He thought it was likely he referred the letter to Mr Strachan and left it with him to go through and complete the additional detailing required. He thought that the ticks on the second page of Mr Tapper’s letter would have been made by Mr Strachan indicating whether he had dealt with each matter raised by Mr Tapper. He pointed to the comment about S17 relating to Thioflex and PET backing strip not being fire-rated and said that this was not a draughting detail, which is why Mr Strachan had not ticked it.

Dr Reay said that if the drawings were “visibly incomplete” it would only take a short time for Mr Tapper to assess them and work out if further information or completed drawings were required. Like Mr Harding, Dr Reay said he thought that the number of matters listed in Mr Tapper’s letter was itself unexceptional given that they appeared to relate to drawings that were incomplete. He thought Mr Tapper had identified “obvious omissions or obvious incompleteness” in the drawings. He did not believe Mr Tapper would have analysed the building within a day.




The Royal Commission heard a different reaction to the letter from Mr Nichols and Mr Henry. Mr Nichols said Mr Tapper had meticulously listed an unusually large number of important details that had been omitted from the drawings. He said he had never dealt with a consulting engineer in such a fashion. Mr Henry, who had worked at the CCC with both Mr Tapper and Mr Bluck during the 1990s, said that a number of the issues raised by Mr Tapper would have concerned him as well. He referred specifically to the “shear core floor slab” issue, missing details for the stair landings, reinforcing of spandrel fixings, an absence of welding and the use of R6 spiral reinforcing. Mr Henry recalled that it was not unusual for Mr Tapper to put his communications in writing, recalling him saying that he “wanted to leave a paper trail”.

2.2.3.5 ARCE response to Mr Tapper’s letter

In his letter, Mr Tapper had requested “the calculations to support the design”, a foundation report and a specification, which described the required quality standards for materials and workmanship. Neither Mr Harding nor Dr Reay could remember when or how the full calculations were sent to the CCC. The CCC file provided to the Royal Commission did not contain copies of the calculations.

The original of Mr Tapper’s letter has the words “calculations” and “foundation” underlined in red ink and there is a note in the left-hand margin “rec’d a day or 2 after letter sent”, also in red ink. At one point in his evidence Mr Harding said he recognised the writing in red ink as Dr Reay’s handwriting, but Dr Reay disputed this. We think it is more likely that the note in red ink “rec’d a day or 2 after letter sent”, together with the words “calculations” and “foundation [report]” underlined, also in red, were made by an officer of the CCC. While the calculations were not on the CCC file when it was provided to us, the Bylaw required that either the calculations or a design certificate be provided. In this case the calculations were specifically requested by Mr Tapper. We think it unlikely that Dr Reay or anyone else at ARCE wrote “rec’d”  on the letter: it is the CCC that requested the calculations and foundation report. We also note that the calculations and foundation report could have been provided to the CCC by ARCE shortly after this letter was received because the calculations were complete and the foundation report is dated 18 June 1986. Therefore these would have been in ARCE’s possession when the letter from Mr Tapper was received.

The original letter sent to ARCE must have been returned to the CCC at some point after 1 September 1986 because the original was provided to the Royal Commission by the CCC from its file. The original has both Mr Harding’s note recording receipt of the letter in the top right-hand corner and the notes in red ink. Mr Harding could not recall having any dealings with Mr Bluck or with Mr Tapper in relation to this building and did not know how the letter may have got back to the CCC from ARCE after he had written on it. He said everything he did with the CCC was by telephone or letter and that he would not have gone to the CCC. Mr Harding said that Dr Reay might become involved in a permit application if there was something that the CCC was asking for which ARCE did not think needed to be provided. However he had no knowledge of whether Dr Reay had become involved in discussions with Mr Bluck or anyone else at the CCC about the CTV building in 1986.

Dr Reay’s evidence was that consulting engineers
and CCC staff would sometimes meet or speak on the telephone while a building permit application was being considered by the CCC. He said that Mr Bluck would have called him to talk on occasions about structural or other matters, but he could not recall having any discussions with the CCC about this building. He could not recall having anything to do with the letter from Mr Tapper or the response to it and or how it might have got back to the CCC. However, this was an issue which was addressed in other evidence and which we discuss in more detail in section 2.2.4.

There were two letters on the CCC file from August
1987 which referred to discussions between ARCE
and the CCC at the time of the permit application. In a letter to Williams Construction dated 17 August 1987 Mr Bluck referred to a recent inspection of the building revealing that the Hi-Bond floor system had not been built in accordance with the permitted plans. He went on to state:

At the time the building permit was being processed the Designers were reminded of the requirement to provide restraint in order that the Hi-Bond be fire rated.




Williams Construction must then have forwarded this letter to ARCE, because Mr Harding, in a letter to them dated 19 August 1987, said:

The question of restraint was discussed in detail with the Council officers at the time of Building Permit Applications [sic] and at that time it was agreed that the Fire rating for the floor would be achieved by including additional “Fire Emergency” reinforcement in the floor slab, which would support the floor without assistance from the Hi-bond. Calculations in support of this proposal were submitted to the Council and were subsequently approved.


Dr Reay referred to these letters during his evidence and said that the discussions referred to would have been between Mr Harding and CCC engineers.

On 5 September 1986 Mr Harding provided “amended drawings as requested” and additional calculations, marked G76 and G77, to the CCC under a document transfer form. The calculations related to the fire resistance rating issue referred to in the August 1987 correspondence we have just referred to. The document transfer form was delivered by hand. Dr Reay thought that perhaps one of the junior trainee staff would have taken the plans down to the CCC and thought it was a reasonable inference that the plans reached the CCC at some point either on Friday 5 or Monday 8 September. The permit application was then signed off by Mr Tapper on behalf of the structural unit of the CCC on 10 September 1986.

There was no evidence that a design certificate was provided for this building, and we are satisfied that none was. Clause 8.2.5 of the Bylaw required that either calculations or a design certificate be provided with the design. Mr Tapper requested calculations, and the Bylaw would not have authorised a request for a design certificate in addition.

2.2.4 Issues about the building permit process

2.2.4.1 Did Mr Tapper identify that the floor connection to the north wall complex was non-compliant?

One of the aspects of the CTV building that attracted the most attention during the hearing was the connection of the floors to the north wall complex. In this section we consider whether Mr Tapper identified that this connection was non-compliant.

The floor connection is shown on sheet 15 and, in more detail, on sheet 16 of the permitted drawings. In the letter of 27 August 1986 Mr Tapper made the following comments about those two sheets:


Sh 15 Incomplete notes. Ref Line 1 – Hi-bond mesh reinforced encasting does not provide restraint to Hi-bond for f.r.r purposes.

Also floor connection to shear wall system and general connection between floor slab and walls

S16 Shear Core floor slab & stair landing details are missing


Mr Laing, who appeared as counsel for the CCC together with Mr Reid and Ms Daines, submitted that, because we do not know what detail was on the structural drawings that were submitted to the CCC on 26 August 1986, we do not know what changes, if any, were made to the floor connection detail after ARCE received Mr Tapper’s letter. Mr Harding thought that the details of the reinforcing in the shear core may not have been completed on sheet 15 at the time the drawings were first provided to the CCC and referred to the letter saying “shear core floor slab and landing details are missing” to support his contention. However, the words quoted related to sheet 16, not sheet 15. Mr John O’Loughlin said additional details must have been added to the drawings submitted to the CCC on 5 September because the permitted sheet 16, for example, shows the details that Mr Tapper had listed as missing on that sheet in his letter of 27 August. Again, that is a point related to sheet 16, not sheet 15. Mr Tapper’s observations about sheet 15 were specifically related to the floor connections to the shear wall system and generally between the floor slab and walls.

Mr Tapper clearly raised a concern in his letter about the floor connections to the shear wall system and generally between the floor slab and walls. The connection detailed on the permitted drawings was inadequate and non-compliant, for the reasons that are discussed in section 8.1 of this Volume. If Mr Tapper had been unhappy with the adequacy of the floor connection as shown in the plans he was reviewing on 27 August, we consider that it is unlikely that what is shown on the permitted drawings (if different in this respect) would have satisfied his concerns. The floor connection issue was clearly one to which he had turned his mind, and other engineers who later reviewed the permitted plans also identified this as a concern.

Mr Laing submitted that, while it is clear that Mr Tapper was raising an issue about the floor connection, there can be no certainty as to the precise nature of his concern. While we accept that we cannot be certain, we consider it more likely than not that Mr Tapper would have identified that the connection was non- compliant, and this would have contributed to his concern about the building, discussed in section 2.2.4.2.4.




2.2.4.2 Why did Mr Tapper sign off on the structural design of the CTV building if a significant issue had not been addressed?

This question requires consideration of the hearsay evidence of Mr Nichols and Mrs Patricia Tapper which we discuss in sections 2.2.4.2.3 and 2.2.4.2.4 below. In brief, the effect of their evidence was that Mr Tapper was pressured by Mr Bluck to sign off on the CTV building permit because Mr Bluck had carried out a due diligence process and been convinced by Dr Reay that the concerns about the design were unfounded. We consider that evidence after referring to relevant, contextual evidence about the relationships between Mr Tapper and Mr Bluck and between Dr Reay and Mr Bluck.

2.2.4.2.1 Mr Tapper and Mr Bluck

Mr Henry, who had worked with Mr Tapper at the CCC between 1992 and 1995, described Mr Tapper as a “competent senior engineer” who had developed “a good sense of the potential weak points” in a structure. Mr Henry said that Mr Tapper’s experience and training was evident in the way he carried out his work, maintaining high professional and ethical standards and having “little tolerance for consulting engineers who submitted poor details or incomplete work”. Mr Henry said that this would often result in difficult situations, which Mr Bluck then had to deal with.

Dr Reay described both Mr Tapper and Mr Bluck as “dedicated and competent engineers”. Mr Leo O’Loughlin, who had worked with Mr Tapper and Mr Bluck in the 1980s, described Mr Tapper as a “very thorough person”. Mr Nichols said he did not know Mr Tapper well but knew he was “a very forthright person who held strong views and could be hard to move from those views”. Mrs Tapper described her late husband as “an old school engineer” who was “very rigorous and very honest”.

Mr Henry joined the CCC as an engineer in 1992 and observed the relationship between Mr Bluck and Mr Tapper at that time. He said that there were often arguments between them, sometimes “extreme”. Mr Leo O’Loughlin said that he too had heard “heated debate on the pros and cons of jobs” between them.

We have already expressed the view that it is unlikely there was any change to the floor connection as detailed on the plans submitted on 26 August 1986 and those delivered to the CCC on 5 September 1986. Further, we consider that Mr Tapper, given his experience and his reputation for thoroughness, would have detected the inadequacy of the floor connection

apparent in the permitted plans, at the time he was considering the design. This gives rise to the issue of why Mr Tapper signed off the plans in the form they were permitted.

2.2.4.2.2 Dr Reay and Mr Bluck

We heard evidence from Mr Henry that on a number of occasions during his time at the CCC, disagreements between Mr Tapper and Mr Bluck over ARCL building consent applications ultimately led to Mr Tapper being overruled by Mr Bluck. Mr Henry said that it was “not uncommon for Alan Reay to go directly to Bryan Bluck to obtain the release of a building consent when he could not get approval from Graeme Tapper”. Mr Horn said he was aware of Dr Reay’s practice of resolving issues with Mr Tapper by effectively going over his head to Mr Bluck.

Dr Reay did not agree that he had had arguments with Mr Tapper but rather characterised them as “debate” and “disagreement over certain aspects”. He accepted that, generally, Mr Tapper stood firm on what he thought was correct. Dr Reay said he did not agree with the evidence of Mr Henry and Mr Horn to the effect that he would go over Mr Tapper’s head to Mr Bluck if there was any disagreement. He said that he had dealt with Mr Bluck for many years and respected him and his views. Since he was used to dealing with him, he preferred to do so, but Dr Reay denied going to Mr Bluck to override Mr Tapper.

We consider that there would be many engineering consultants who might prefer to deal with a territorial authority’s chief engineer. Dr Reay appears to have had such a preference at this time. In itself there is nothing untoward about this.

We consider the evidence in sections 2.2.4.2.1 and
2.2.4.2.2 supports the following conclusions:

•    Mr Tapper was a competent and thorough engineer;

•    he was principled and difficult to move once he had 
formed a view;

•    this led to arguments between Mr Tapper and Mr Bluck, which sometimes resulted in Mr Bluck overruling Mr Tapper;

•   however it is characterised, Dr Reay did deal with Mr Bluck over issues that Mr Tapper had raised on other applications; and

•    Mr Bluck’s general approach was to rely on the 
expertise and assurance of the design engineer.




The above discussion is important as background to consideration of the evidence of Mr Nichols and Mrs Tapper relating to the CTV building.

2.2.4.2.3 Evidence of Mr Nichols

In 1986 Mr Nichols was working for the Riccarton Borough Council. He said that he heard through the “engineers’ grapevine” that a new building in Christchurch had been the subject of some contention in relation to the issue of a building permit. In particular Mr Nichols said he had heard that Mr Tapper and Mr Bluck had been involved in “another of their fairly regular fracas, this time concerning assessment of the structural design content of the proposed new building”. Mr Nichols said he heard it had been “particularly trenchant” on this occasion.

He was curious to know what the issue was with the building and as a result, some six months after he had heard about the “fracas”, he took the opportunity when he was in the central city to have a look at the building under construction. He said he was standing on the footpath on the south side of Cashel Street looking at the building, which was then under construction, when Mr Bluck came up to him. Mr Nichols assumed Mr Bluck was taking his “usual midday constitutional walk” as had been his habit when Mr Nichols had worked with him. Mr Nichols commented to Mr Bluck that he had been studying the building and was trying to “get [his] head around how its structural mechanism worked” as it was not a system with which he was familiar. In his opinion “it superficially appeared to lack substance”. He said he referred to the “lack of any substantive lateral load restraint system in the south wall vertical plane”, which he felt should have been there. Mr Bluck’s response was that he had shared Mr Nichols’ concerns when he first saw the concept depicted on the plans. According to Mr Nichols, Mr Bluck said he agreed that it still gave “that superficial appearance as the construction proceeded”.

Mr Nichols recalled Mr Bluck telling him that the building design “incorporated a novel technological approach and that he initially had misgivings about aspects of the design”. Mr Bluck assured him that he had carried out “due diligence and had been convinced by Alan Reay that his reservations were unfounded”. In cross- examination, Mr Nichols said that he understood that the “novel technological approach” to which Mr Bluck had referred was the way in which a shear wall gravity protected load system had been used in the building. In re-examination he clarified his opinion that a shear wall gravity protected load system was not in itself novel, in cases where the shear walls were symmetrical.

Dr Reay said he could not recall a conversation with
Mr Bluck in which he had allegedly convinced Mr Bluck about the building’s design, nor could he recall any involvement with the permit process for this building. He did not believe that he had had a conversation with Mr Bluck about it, because he would have remembered it and would have involved Mr Harding. He said he was not in a position to discuss the details of the building with the CCC because he was not involved in its design. Dr Reay was unable to recall whether Mr Harding visited the CCC about this project.

2.2.4.2.4 Evidence of Patricia Tapper

We also heard evidence from Mr Tapper’s widow, Mrs Patricia Tapper. Mrs Tapper said that her late husband was a person who never talked about his work at home. The one exception to this was the CTV building. She said he went “on and on about the CTV building”. In cross-examination, counsel for Dr Reay and ARCL elicited evidence from Mrs Tapper that the events she was referring to took place over about a week or so and afterwards her husband did not really speak about the building again. In fact, he went into it some years later to be filmed by CTV.

As Mrs Tapper noted, the building to which she said her husband had referred was not known as the CTV building at that time. She identified the building discussed as the CTV building because it was in Madras Street near St Johns Church (in Latimer Square) where she and her husband were married.

Mrs Tapper said that at first she thought her husband’s concerns related to Alan Reay as she thought there was a personality clash between the two. However she soon realised that Mr Tapper was unhappy about the building itself. She said that she recalled her husband’s view was that there were “earthquake risks” and “it was not a question of if, but when, and when it happened he was concerned the CTV building would not prove to be strong enough”.

Mrs Tapper said that her husband told her he did not want to sign the building off but was under “huge pressure from Bryan Bluck who was above him in the Council hierarchy”.

Mrs Tapper also said that on a particular day her husband said to her he might not have a job when he came home that night. However, we note that in cross- examination by Mr Laing, Mrs Tapper agreed that her husband’s comment about his job may have been a “throw away comment”. Because we do not know on 
the evidence the manner in which Mr Tapper’s comment about his job was made, we do not think we would




be justified in finding that Mr Tapper was seriously concerned about the loss of his job. However, the fact that the comment was made supports the evidence that there was a difference of opinion between Mr Tapper and Mr Bluck about the structural integrity of the design. We also accept, on the basis of the evidence of those who worked with them, that the relationship between Mr Bluck and Mr Tapper was a strong one, well capable of surviving differences of opinion, even on important matters.

2.2.4.2.5 Hearsay evidence

The evidence of what Mr Bluck said to Mr Nichols and what Mr Tapper said to his wife is hearsay.

The critical hearsay evidence is:

•    Mr Nichols recalling Mr Bluck saying he initially had misgivings about aspects of the design but he had carried out due diligence and had been convinced by Dr Reay that his reservations were unfounded; and

•    Mrs Tapper’s evidence that the building her husband spoke to her about was the CTV building and that he told her he did not want to sign the building off but was under pressure from Mr Bluck to do so.

We should record at this stage that we accept the evidence of both witnesses that the conversations occurred. Mr Nichols said he was curious to know what the issue was with the building, having heard on the “engineers’ grapevine”, at another council, that there was a “particularly trenchant” fracas between Mr Tapper and Mr Bluck about it, and this interested him enough to go to the site of the building where he had a chance meeting with Mr Bluck. We also accept that Mr Tapper spoke to his wife regarding his concerns about this building and, for reasons which we refer to below, we are satisfied that it was the CTV building.

The conclusion that we were invited to reach by counsel assisting was that Dr Reay became involved in the permit process for the CTV building, met with Mr Bluck who was carrying out “due diligence” and persuaded him that his concerns about the CTV building were unfounded. Mr Bluck then instructed Mr Tapper to sign off on the CTV building, which he did on 10 September 1986. This evidence, if we were to accept it, would explain how the building came to be permitted despite the floor connection being non-compliant and Mr Tapper having recognised this. However, given the potential prejudice to Dr Reay of such a finding and because it would principally be based on hearsay evidence, we

have carefully considered the submissions of counsel assisting, counsel for ARCL and Dr Reay and counsel for the CCC about the evidence of Mr Nichols and Mrs Tapper.

Under the Commissions of Inquiry Act 1908, section 4B(1), the Royal Commission has power to admit such evidence as it considers appropriate. However, because of the significance of this evidence for both Dr Reay and the CCC we have considered the way hearsay evidence is treated in the Evidence Act 2006. While the approach that a court would take under that Act is not binding on the Royal Commission, it is a helpful guide.

The fundamental principle is that all relevant evidence is admissible: section 7. This includes hearsay evidence. Evidence is relevant in a proceeding if it has a tendency to prove or disprove anything that is of consequence to the determination of the proceeding: section 7(3). Even if evidence is relevant a judge must still exclude it if its probative value is outweighed by the risk that the evidence will have an unfairly prejudicial effect on the proceeding: section 8(1). The other limbs of section 8 are not relevant here.

Hearsay is dealt with specifically in sections 16, 17 and
18. Section 17 provides that a hearsay statement is not admissible except as provided for in subpart 1 of Part 2 of the Act. The general rule about the admissibility of hearsay statements is set out in section 18. A hearsay statement is admissible if the “circumstances”  relating to the statement provide reasonable assurance that the statement is reliable: section 18(1)(a). The other provisions dealt with in section 18 are met here because both Mr Tapper and Mr Bluck are deceased.

The meaning of the word “circumstances” as it is used in section 18 is defined in section 16. Relevant “circumstances”  in considering whether they provide a reasonable assurance that the statement is reliable are:

•    the nature of the statement;

•    the contents of the statement;

•    the circumstances that relate to the making of 
the statement;

•    any circumstances that relate to the veracity of the 
person; and

•    any circumstances that relate to the accuracy of 
the observation of the person.

Counsel assisting, after referring to the relevant principles above, submitted that the relevant circumstances in this case do provide a reasonable assurance that the hearsay statements are reliable in terms of section 16 and 18 of the Act, namely:




•    the circumstances for both Mr Nichols and Mrs Tapper were such that the conversations were clearly recalled;

•    Mr Nichols had heard about a disagreement between Mr Tapper and Mr Bluck and had decided to look at the building he understood to have been the cause of this disagreement. It was as he was doing this that Mr Bluck appeared and the conversation occurred;

•    Mrs Tapper said her husband never discussed his work at home and the CTV building was the only exception to this. He mentioned it a number of times because of the particular concerns he had;

•    there was no issue taken with the veracity of 
Mr Nichols or Mrs Tapper; and

•    there did not appear to have been any suggestion of embellishment in the recounting of the conversations.

We also note at this point that, although not itself an indicator of reliability, there was no challenge to Mr Nichols’ evidence that Mr Bluck said it was Dr Reay who convinced him that his misgivings about the design of the CTV building were unfounded.

Mr Laing submitted that it was unfair to admit the hearsay evidence as affected parties were unable to test the “underlining factual matters”. In the course of his careful and well-organised submission, Mr Laing relied on a number of points which he said meant that there was a lack of clarity about important issues arising from Mr Nichols’ evidence, due to the absence of direct evidence from Mr Bluck and Mr Tapper. The uncertainty created in this situation was such that he submitted it would be inappropriate for the Royal Commission to draw the conclusions for which counsel assisting contended. In this respect Mr Laing raised the issues which we italicise below, followed in each case by our response:

a)  What exactly were the precise design issues in contention between Mr Tapper and Mr Bluck that led to the “fracas”? We accept that we cannot be satisfied about what the “precise issues” were. However, we are satisfied that the issues are likely to have related to the structural integrity of the building because it was Mr Tapper’s responsibility to ensure that the building complied with the Bylaw. His letter of 27 August 1986 had raised issues about the floor connection to the “shear wall system” and the “general connection between floor slab and walls”. These were issues that we are satisfied related to the ability of the building to resist lateral forces.

b)  What initial misgivings did Mr Bluck have in terms of a design involving a “novel technological approach” and how were these misgivings first raised with Mr Bluck? Again, we are satisfied that the misgivings that Mr Bluck had about the building would have related to the system used for resisting lateral forces. We cannot know the circumstances in which Mr Bluck formed doubts about the building’s structure and we do not think that matters for present purposes.
c)  How did Dr Reay’s involvement not recalled by him) come about? Did he or some other person in his office make the first contact with Mr Bluck, Mr Tapper, or some other Council officer? We do not consider this to be a matter that we can resolve or that we need to resolve. It is of little consequence for our purposes how contact between Dr Reay and the CCC was initiated.
d)  What was the precise nature of the discussions between Mr Bluck and Dr Reay if any)? We do not know the precise nature of the discussions between Mr Bluck and Dr Reay but we do know that the result was that Mr Bluck was “convinced” that his concerns were unfounded. That is what he told Mr Nichols.

e)  What factors led to Mr Bluck being persuaded that his initial reservations were unfounded? This covers the same point as d) above. We do not know what factors Mr Bluck was persuaded by but we can infer, on the balance of probabilities, that he was assured that the methods employed in the design for resisting lateral forces were sufficient to meet the requirements of the Bylaw.
f)   Was Mr Tapper in any way involved in the discussions, and if so, was he also ultimately persuaded that his concerns whatever they were) were unfounded? On the balance of probabilities we are satisfied that Mr Tapper would have become involved in the discussions, at least with Mr Bluck, but we cannot conclude that he would have been present at any discussion between Mr Bluck and Dr Reay. It is possible that he too was persuaded that his concerns about the floor connection to the “shear wall system” and the “general connection between floor slab and walls” were unfounded. However, we are not prepared to make a finding to that effect for three reasons. First, Mr Tapper picked up these issues originally; secondly, as we have already found, it is unlikely that there was any significant redesign of the details in the permitted drawings that would have overcome his concerns; and thirdly, the connection as depicted in the permitted plans was non-compliant.




Mr Rennie QC also made a number of submissions in relation to the reliability of Mr Nichols’ evidence, which we italicise in the following discussion, again giving our responses:

a)  It was unclear whether Dr Reay convincing Mr Bluck in relation to the “innovative” design related to the CTV building or some other building, such as Landsborough House. We consider it is clear from the evidence of Mr Nichols that the design which was being discussed by Mr Bluck and him was that of the building in front of them, which was the CTV building. There is no reason to doubt Mr Nichols’ evidence on this point and none was suggested to us.
b)  Mr Nichols was mistaken in his belief that there was no shear wall at the south end of the building: We accept this is so. However, the significance of Mr Nichols’ evidence is what Mr Bluck said to him about the building at the time, not what Mr Nichols may have thought about the design when he was looking at it.
c)  The evidence of Mr Bluck’s character and experience was that he was not someone who would be “overridden”. We accept that evidence but Mr Nichols’ evidence was that Mr Bluck said he was “convinced” by Dr Reay, not overridden. This is an important distinction, especially in the context of Mr Bluck’s memorandum stating that a structural checking engineer was entitled to rely on the expertise and assurance of the designer.


d)  When Mr Hare spoke to Mr Bluck in January 1990
Mr Bluck identified four issues with the building, 
but none of them structural or related to the permit process. We accept that is so, however if Mr Bluck had been convinced by Dr Reay that any concerns were unfounded, and accepted that the building permit should be issued, he would presumably have accepted from that point there was no longer any issue with the design. It is inherently unlikely that Mr Bluck would have raised an issue in this discussion about matters on which he had been satisfied, leading to the issue of a permit for the building.
e)  There was a narrow window of opportunity between
5 and 10 September 1986 within which any meeting could have taken place. We do not accept that two or three working days is too brief a period to have allowed for a meeting between Mr Bluck and Dr Reay.
f)   In a letter from Mr Harding to Williams Construction Limited dated 19 August 1987 he made reference to discussions with the CCC at the time of the permit

application. We are not clear about the point being made by this reference. The discussions referred to in the letter were in relation to the issue of fire restraint of the floor slabs. Mr Harding could not recall any contact he might have had with the CCC at that time. However it does not follow that there could not have been the discussions between
Dr Reay and Mr Bluck, as recounted by Mr Nichols. In fact Mr Rennie QC appeared to accept that there could have been a meeting. He submitted:

It is quite possible that that meeting took place on the 8th, 9th or 10th of September. What we do know is that both Mr Bluck and Mr Tapper were satisfied because Mr Bluck told Mr Nichols that and Mr Tapper signed the papers and ceased talking to his wife about it.

We note that this submission is consistent with the fact that Mr Nichols was not challenged at all on his evidence recounting Mr Bluck’s statement that Dr Reay had given him an assurance about the CTV building design.

We found Mr Nichols to be a reliable witness because of the detail he clearly remembered about the reasons he went to look at the building, the coincidental arrival of Mr Bluck, Mr Nichols’ own misgivings about the design and what he remembered Mr Bluck saying to him about the concerns he had. It is the totality of this evidence that paints a convincing picture that there was a discussion with the essential elements recounted by Mr Nichols.

Submissions were also made by counsel about
Mrs Tapper’s evidence. We accept that we cannot make findings about certain matters raised by Mr Laing in respect of the evidence she gave, such as:

(a) Did Mr Tapper and Mr Bluck finally have a meeting of the minds on whatever the precise design issues in contention were?
(b) If Mr Tapper had reservations about approving the structural design, did he document his concerns?
(c) Did Mr Bluck in fact put pressure on Mr Tapper to sign off on the structural design?

These matters could only be resolved by evidence from Mr Tapper or Mr Bluck, or some form of documentary evidence which has not been produced to us. However, we also find Mrs Tapper to have been a reliable witness with an accurate recall of what her husband said to her. This conversation stuck in her mind because her husband had departed from his usual practice of not talking about his work at home to tell her about his




concerns. In written submissions counsel for ARCL and Dr Reay suggested it was possible that the building discussed by Mr and Mrs Tapper was not in fact the CTV building. However in argument Mr Rennie QC conceded that in fact it was “more probably” the CTV building. We are satisfied that their discussion was about that building. Mr David Hutt, working for the Royal Commission, searched CCC records to ascertain if there were any other buildings in Madras Street designed by ARCE in 1985 or 1986. The only building was the CTV building. A memorandum from counsel for the CCC expanded on those inquiries to include the whole of the period in which Mr Tapper was employed with the CCC. The only building, other than the CTV building, also designed by ARCE (or ARCL) was a supermarket on the corner of Madras Street and Moorhouse Avenue. This building received a building permit in 1990. We do not accept that it could have been this building, some 650 metres from the CTV building, to which Mr Tapper was referring when he spoke to his wife.

2.2.4.3 Conclusions

We are satisfied that the evidence of both Mr Nichols and Mrs Tapper, about their conversations with Mr Bluck and Mr Tapper respectively, was credible and reliable. Insofar as their evidence was hearsay, we are satisfied that the circumstances relating to that evidence provide reasonable assurance that it was reliable, so that the general requirements for admissibility of hearsay evidence in a court of law, were they applicable here, would be satisfied. Despite the considerable time that has passed since both conversations, both witnesses gave their evidence in a measured fashion, without apparent embellishment, and accepting that there were matters they could not remember. However, they were able to give details of the circumstances which made the conversations memorable for them.

Having heard the evidence of Mr Nichols and Mrs Tapper and considered the submissions of all counsel, we make the following findings:

•    following receipt of the letter from Mr Tapper of 
27 August 1986, Dr Reay became involved in the permit process, likely between 5 September (when the document transfer form was provided to the CCC by ARCE) and 10 September 1986 (when Mr Tapper signed off on the structural aspects of the design);

•    he spoke to Mr Bluck, who had become aware of the application and the concerns that were raised by Mr Tapper;

•    it is likely that there was a meeting called (as  
Mr Nichols said was Mr Bluck’s practice), which resulted in Dr Reay convincing Mr Bluck that the concerns over the building were unfounded. We note that we cannot make any finding about the extent to which Mr Bluck required convincing and, therefore, about the extent to which Dr Reay was influential; and

•    Mr Tapper was either persuaded that his concerns 
were unfounded, or more likely was directed to sign off on the structural design, which he did on 10 September 1986.

These findings must be read alongside our conclusions, set out in section 8 of this Volume, that the building did not comply with the Bylaw in a number of respects.

Mr Harding said that he could not recall further involvement in the permitting process following provision of the signed structural drawings. Dr Reay said that he could not recall any involvement in the permitting process whatsoever. However, it is quite possible that any dealings with Mr Bluck over the CTV building permit would not have stood out among a number of dealings that he would have had with Mr Bluck while Mr Bluck was CCC’s buildings engineer. We have already noted in section 2.2.4.2.2 Dr Reay’s evidence that he had dealt with Mr Bluck for many years, had been used to dealing with him and indeed preferred to do so. By contrast, Mr Nichols and Mrs Tapper were giving evidence about particular conversations that were plainly memorable for them for reasons that they gave: in the case of Mr Nichols, because he had met Mr Bluck by chance, having specifically gone to the site of the CTV building when it was under construction, because of what he had heard about arguments in the building permitting process and the two of them had had a discussion about the efficacy of the building’s structure. In the case of Mrs Tapper, her husband’s concerns stood out in her memory because this was the one occasion on which he spoke about a problematic building. We prefer their clear memory to Dr Reay’s lack of memory of the events discussed.

As to whether Dr Reay was in fact involved in the discussion on the day referred to by Mrs Tapper in her evidence, we think that it is likely, but it does not matter. It is not a point of significance for present purposes to determine whether Dr Reay’s involvement was in a discussion in which both Mr Bluck and Mr Tapper were involved or whether Dr Reay met with Mr Bluck alone, and Mr Bluck subsequently spoke to Mr Tapper.



Mr Laing submitted that there was no evidence to show that Mr Bluck did not apply himself in a professional manner. We agree. The same of course applies to Mr Tapper. Mr Bluck appears to have been applying the approach (set out in the memorandum to which we have referred in section 2.2.3.3 above) of relying on the design engineer for assurance, although it did not in this case culminate in a requirement for the provision of a design certificate. However, the result of the process followed was the issue of a building permit for a design that did not comply with the CCC’s Bylaw 105 (as discussed in section 8.1), a state of affairs that should not have eventuated. It is clear from the evidence, in particular from Dr Reay himself that he knew very little about the structural detail of the building. On the evidence he only had one substantive conversation with Mr Harding about the design, concerning the south shear wall, when reference was made to architectural drawings. Dr Reay said he had not seen the structural drawings at all before looking at them in January 1990. It is therefore difficult to understand how he was in a position to give any proper assurances in relation to the design. In fact had Dr Reay looked at the structural drawings before they were sent to the CCC, he might have seen, as he did in 1990, that there was a fundamental defect in the floor connection. Nevertheless, Mr Bluck told Mr Nichols that he had been convinced by Dr Reay that his reservations were unfounded. We conclude that Dr Reay’s involvement in the permitting process contributed, at least to some extent, to the wrongful permitting of the building.

We discuss in section 8.1 the various respects in which the building failed to comply with the Bylaw. We have already described in section 2.2.3.1 the provisions of the Bylaw and the Local Government Act which collectively had the result that a building permit for a non-complying building should not have been issued by the CCC. While, for the reasons we give in section 8.1, we accept that in some cases the instances of non- compliance could not have reasonably been discovered by the CCC reviewing engineer, that is not the case with respect to all of them.

We conclude that the building permit should not have been issued.




2.3 Construction

2.3.1 Introduction

The CTV building, as we have noted, originated as a speculative design-build property development. Prime West, which owned the land, asked Mr Brooks of Williams Construction to submit a proposal in early 1986.

Early decisions about the characteristics of the building were influenced by a desire for maximum lettable space and the requirements of the district planning scheme. As referred to above, Mr Brooks said it was his idea to locate the lift shaft external to the floor plate of the building.

The key personnel during the construction of the CTV building were all employees of Williams Construction. When construction started in late 1986, Mr Brooks was Managing Director, Mr Scott was Quantity Surveyor and Mr William (Bill) Jones was the Site Foreman. Mr Brooks described taking steps to employ someone with structural and construction experience to strengthen the management structure. This led to the appointment of Mr Gerald Shirtcliff around September or October 1986 as Construction Manager.

On 3 April 1986 Mr Brooks and Mr Scott submitted architectural drawings and structural sketches with a preliminary cost estimate of $2,450,000 plus GST to Mr Blair of Prime West. In May Mr Brooks received approval to instruct the consultants to prepare drawings for permit and construction. A permit was issued by the CCC on 30 September 1986. A formal building contract was signed by Prime West in October 1986. Mr Scott said the contract was for an “empty shell” building and did not include a fit-out.

Construction began in late 1986 with the building completed early in 1988. Mr Brooks gave evidence that Williams Construction became the subject of a takeover in late 1986. Mr Scott explained that Williams Property Holdings Limited, the parent company, was sold to Smart Group Limited around late 1986 to early 1987. Council inspection records show that the foundations and first floor of the CTV building had been completed by early 1987.

Mr Brooks, Mr Scott and Mr Shirtcliff resigned in a letter to the Chairman of Williams Construction dated 18 March 1987. The letter stated that a new construction company would begin trading from 1 May 1987. Union Construction Limited (Union Construction) was established with Mr Brooks,
Mr Scott and Mr Shirtcliff each holding a 10 per cent stake, and Angus Group Limited holding the balance

of 70 per cent. Mr Brooks’ employment with Williams
Construction was terminated early on 9 April 1987 and Mr Scott recalled moving to Union Construction on
1 May 1987. Mr Shirtcliff continued to work for Williams
Construction until about September before going across to Union Construction.

Figure 18, which was included in a Williams Construction report dated 30 June 1987, shows that all elevated floors slabs had been constructed by that date. The report also noted that, due to the major tenant cancelling his space requirements, a delayed completion date would be accepted if required. The completion date was noted as 1 October 1987.

Union Construction completed the CTV building around late 1987 or early 1988. It appears that soon after completion of the CTV building, Union Construction became insolvent and was also wound up.

[image: ]

Figure 18: Williams Construction report as at 30 June 1987




The workers on the construction site were directed by Mr Jones. He said there were 8–14 staff on the CTV site at any given time, plus himself. According to Mr Jones, at any one time some would be working on shear walls, others on the south wall and others on the columns. He said that it was hard at that time to get good staff and that some were hired on a daily or weekly basis. If they were good they were kept on, otherwise he would get rid of them.

Both Mr Shirtcliff and Mr Scott described the building
as a straightforward job. Mr Scott stated that there were no variation orders issued during construction and the building, when completed, complied precisely with the permit drawings that were approved by the CCC.

A number of construction issues were identified in the
Hyland/Smith8 report. These issues were explored 
at the hearing with the former Williams Construction employees, Mr Brooks, Mr Scott, Mr Shirtcliff and Mr Jones. Their evidence highlighted financial and management difficulties as well as inadequate supervision. Expert witnesses also expressed opinions on the significance of the construction issues.

The failure to roughen the faces of precast beams where they connected with in situ concrete, in particular at the ends of the beams where they met the circular columns, was a critical omission that may have contributed to the failure of the building. This was both a construction and a design issue.

The “bent-back” reinforcement in the precast beams that connected to the western side of the north wall complex was a significant construction fault. The structural drawings required this reinforcing to be embedded 200mm into the wall with a 90° hook. However, it is unlikely that this error alone led to the collapse as there was some connectivity provided through the top 24mm diameter reinforcing bars.

The omission of the specified spiral reinforcing through the beam-column joints, poor cover control of column longitudinal reinforcing and the absence of a reinforcing bar at the attachment of column C18 to wall D–E (see location of columns in Figure 62(a), section 5.1.3.1) were also identified as construction issues. However, these would have had little or no effect on the failure of the building.

The seismic separation between columns and spandrel panels and between columns and the western block wall, along with the concrete strength, were the remaining construction issues identified in the Hyland/Smith report. For reasons that are explained later in this section, these issues assumed less significance during the Royal Commission’s hearing.

2.3.2 Construction defects

2.3.2.1 Roughening of construction joints

The CTV building was a combination of both precast and cast in situ concrete construction. Any interface where fresh concrete is cast against hardened concrete is known as a construction joint. If the joint is not prepared so as to ensure monolithic behaviour, it presents a potential plane of weakness, which may influence the shear strength. Construction joints perform well when they are adequately reinforced (with reinforcement crossing the joint) and with a clean and rough interface to the freshly placed concrete. The surface can be roughened in several ways: by applying a chemical retarder and water jetting the surface, by scrabbling, providing keys, or brushing the surface while the concrete is still plastic.

There were construction joints between the shell beams located around the perimeter of the building and their infill concrete, in the shear walls (horizontal construction joints) and between the ends of the precast beams and the in situ concrete columns (vertical construction joints). Mr Jones said he used a product called Rugasol C to paint the shear wall joints as soon as the concrete was set and washed it off the next day to achieve a roughened joint. The precast beams, which were made by a supplier arranged by Mr Scott, arrived at the site ready to be installed. There was no roughening at the ends of the precast beams where they joined with the column concrete that was cast in situ (Figure 20). Mr Jones said he never thought of roughening them.

Mr Graham Frost, an experienced engineer who was on site during Urban Search and Rescue (USAR) activity after the earthquake, identified the smooth and curved surfaces of the joints as potential weak interfaces that may have been critical (as discussed in section 5.1.3.3).

As we have noted, the lack of roughening to the precast beam surfaces was both a design issue and a construction issue. There was inconsistency and a lack of detail in the way this requirement was detailed by Mr Harding on the drawings and in the specifications. The structural drawings included notes directing the roughening of surfaces (as shown in Figure 19(a)). Roughening was required on the inside of most shell beams (Figure 19(b)) but was not shown at the critical region where the precast beams met the in situ concrete of the circular columns (Figure 19(c)).





Areas indicated thus should have the surfaces roughened before the beams are erected. A suggested method would be to apply a retardant locally to the inside of the boxing before pouring, and washing down after stripping.

(a) Notes for roughening













(b) Roughening specified inside shell beam 	(c) Plan view of precast beam end with no roughening specified

Figure 19: Details for roughening on structural drawings


The specifications, on the other hand, stated, “all surfaces against which concrete is later to be cast shall be roughened by brooming while the concrete is still plastic”. They also specified that the surface of precast shell beams “shall be roughened to ensure good bond to the infill concrete”. There was evidence that this was not carried out, for example Figure 20. Dr Robert Heywood, a USAR and forensic engineer, observed a number of internal and edge beams in the rubble. He said that there was no surface roughening and no evidence of a substantial bond between a number of precast and in situ concrete interfaces.

Smooth, unroughened surface

















Figure 20: Smooth end of precast beam where it connected to circular columns (source: Dr Robert Heywood)

The method of roughening stated in the specifications would have been difficult, if not impossible, to achieve at the beam ends. The boxing at the beam ends could not be removed while the concrete was still plastic.

The structural drawings did mention the possible use of a retardant on the inside of the boxing. Mr Brooks did not know whether a retardant was used on the precast beams.

Mr Brooks accepted that a kango hammer, or similar, could have been used to roughen up the hardened surface. However he said it would be the kind of job nobody would want to do, particularly bearing in mind that there were a number of beams. Mr Brooks said it is a general trade standard to ensure that the surface of existing concrete is suitably roughened or cobbled where it is to join new concrete, as this aids adhesion. He went on to state that he could not understand why the beam ends would all have been missed. It was his view that the foreman was probably under the impression that he did not have to do it. He added that “those joints get inspected by an engineer or the building inspector” and they should have said something.

We believe an experienced foreman and/or construction manager should have raised this issue with the designer. Mr Brooks acknowledged that standard practice is to roughen construction joints, however Mr Jones did not question this. Mr Shirtcliff appears to have been unaware of the issue. For such a critical construction joint, Mr Harding should have explicitly shown this on the structural drawings or given direct instructions to roughen the joints when he carried out his site inspections. The CCC building inspector should also have been alert to this issue as it frequently arises in construction.




2.3.2.2 Bent-back beam bars

The Hyland/Smith8 report identified a construction defect where the precast beam bottom bars were “bent-back” instead of being embedded into the wall, as shown in Figure 21(a) and (b). This was in the region where the beams on line 4 (at the northern edge of the floor plate) connected to the western side of the north wall complex. The report stated that:


…the bottom reinforcing steel in the shell beams had not been developed fully into the Grid C core wall on Line 4 as specified, except at Level 2. The bars had been bent back into the concrete infill in the shell beam


[image: ]An imprint from the bent-back bars can be seen where the beam would have been hard up against the wall in Figure 21(c). This was evidence that the bars were not embedded in the wall (as required by the drawings) when the concrete for the wall was cast.





















[image: ](a) Two H24 bars bent back into shell beam 	(b) End of beam with slab attached




















Imprint of bent-back bars at the wall connection







(c) Imprint of beam end where it connected to the wall

Figure 21: Bent-back bars from Hyland/Smith report
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(a) Precast shell beam section 	(b) Plan view of connection  detail


Figure 22: Structural drawing details of the beam-to-wall connection


The structural drawings show the bottom two H24 bars embedded 200mm into the wall on line C, as shown in Figure 22(a) and (b).

Mr Brooks said that steel of this size requires great strength or mechanical assistance to be bent manually and that the resulting bend would be a kink rather than a smooth even curve. Therefore it could not have been bent back on site and was more likely to have been the result of an error by the precast supplier. He commented that this was a serious problem and believed it was a fundamental cause of the collapse.

The evidence suggests that the problem originated at the steel fabricators. When questioned whether gas heating was a method used to bend the bars on site, Mr Brooks said that this was not allowed and suggested they would have been cut off completely if they were in the way. Mr Shirtcliff’s evidence was that if there was a problem then there would have been an instruction to stop work from the CCC, or the design engineer, because he designed it and would know exactly what he was looking at. Mr Scott also placed some blame on the suppliers and the design engineer.

Mr Jones was “puzzled” at the connection being correct on level 2 but wrong for all other levels, because the other connections should have been the same. The fact

that the bottom (bent-back) bars were not providing a connection to the north wall complex should have been evident to those working on the site, particularly as the level 2 connection was different.

We consider that this error may have made a minor contribution to the way the building collapsed. The connection was poorly detailed by the designer and was further weakened by the bent-back bars. Despite the defect, a degree of connectivity was still provided by the top reinforcing, which passed all the way through the wall. The bent-back bars were a construction defect and the precast units containing this should have been rejected by Mr Shirtcliff and/or Mr Jones. Mr Harding and the CCC inspector would also have had the opportunity to discover this error before the concrete was poured. However, primary responsibility was with the contractors who did not meet the requirements shown in the structural drawings.

Even if these bars were embedded into the wall as shown in the drawings, the connection as detailed was not best-practice. The specified 200mm was unlikely to be enough to develop the full tension strength of those bars, as the concrete could pull out before the bars yielded. The construction defect exacerbated the poorly detailed connection.




2.3.2.3 Spiral column reinforcement

The transverse reinforcement specified in the beam- column joints is not immediately obvious in the structural drawings. In structural drawing S19, which is titled “Beam/Column Joints”, there is no transverse reinforcement shown. The structural drawing for the columns (drawing S14) shows the transverse reinforcement of the columns continuing through the beam-column joint. Therefore the designer specified a 6mm diameter spiral at a 250mm pitch for all beam- column joints except those on the western side of the building (line A). This edge of the building had rectangular columns with 10mm ties at 250mm centres. The transverse reinforcement specified in these beam- column joints was inadequate and did not meet code requirements (see section 8.1.7).

The spiral reinforcement in the beam-column joint zones would have been difficult to place due to the congestion of reinforcement and the limited space when the precast beams were in place. The beams would have had to have been in position before the spiral was added due to the location of the hooked beam bars. Mr Jones explained the difficulty of installing the steel in the beam-column joints. He said one wrapping of the spiral steel would have been the maximum. Mr Frost and Dr Heywood examined the building after it collapsed and found no evidence of the spiral confinement being carried through the beam- column joints. Despite the difficulties in constructing this detail, it does not excuse the omission of spiral confinement through the beam-column joints. If it could not be installed, the foreman and/or construction manager should have consulted with the design engineer to find an alternative solution. In the end, the joint reinforcement specified by the designer was deficient and, even if installed correctly, would have made little improvement to the performance of the beam-column joints.

The specifications stated that the contractor should comply with all requirements of NZS 3109:19809 except where specified otherwise. This Standard provided the minimum requirements for the construction of reinforced concrete and required spiral bars to be welded or terminated with a 135° bend. Mr Jones said in his 45 years’ experience in the trade he had never had a copy of this Standard on site. He did not want to comment on how he ensured that the construction complied with the requirements of NZS 3109:1980, apart from saying he did what was required on the drawings and read the specifications. Dr Reay saw some evidence of this return in the column remains at Burwood Landfill and said that this showed that the correct spiral anchorages were provided.

There was also an example of very poorly aligned vertical steel reinforcing in a column with a slightly oval shape. Mr Jones could not offer an explanation for the vertical reinforcement steel being so close to the outside of the columns in a photograph taken by Dr Heywood, as shown in Figure 23. The 6mm diameter spiral, specified by the designer, was described as being “quite light” by Mr Jones. It was stretched out on site to the 250mm pitch. This spiral alone would not adequately restrain the movement of column vertical bars within the formwork. This led to poor cover control with the bars skewed to one side of the column. This illustrates poor quality control; however, this construction defect is unlikely to have altered the behaviour of the columns.

[image: ]

Figure 23: Slightly oval cross-section with poor control of reinforcement cover (source: Dr Robert Heywood)

Despite Mr Jones’ concerns about some aspects of the design, there is no evidence that he raised them with anyone during construction in 1986/1987. Mr Jones said that he had learned to keep quiet as he did not have an engineering degree. It is unfortunate that a foreman with such experience did not say anything. We consider that contractors need to be encouraged to raise their concerns with the designer. This may at least have caused reconsideration of some of the design details and resulted in improved construction quality.




2.3.2.4 Seismic separation of western wall

Reinforced concrete block walls were constructed between the beams and columns on the first three levels on the western side of the building. This was for fire resistance purposes and was detailed to be seismically separated from the adjacent columns. The structural drawings show a 25mm gap between the block wall and column, which was filled with a flexible sealant. The Hyland/Smith report stated that some of the reinforced masonry infill walls appeared to have been constructed so that the intended structural separation was not fully achieved. It went on to state that this could have accentuated lateral displacements due to the influence of masonry walls on the west face. Mr Jones recalled a gap down the side of the block work between the rectangular columns on the western wall and there was evidence of a sealant found by Dr Heywood in collapse debris. Mr David Coatsworth, when conducting a post-September inspection of the building, noted a flexible sealant and a gap at the north-west corner on level 2 through which daylight could be seen. It appears that attempts were made to separate the block wall at construction. The negligible damage to the western block wall following the September earthquake supports this. It is unclear if there was adequate clearance for the drifts imposed by the February earthquake; however, if interaction did occur we do not consider the consequences were a significant contributing cause of the collapse.

2.3.2.5 Seismic separation of spandrels

In addition, the Hyland/Smith report explained that
the spandrel panels (which were located on the north, south and east faces of the building) were required to be separated from the columns to allow for seismic movement and construction variations with allowable tolerances. The drawings showed a nominal 420mm clearance between adjacent spandrel panels, with a 400mm diameter column in between, giving a nominal 10mm gap. Mr Jones stated that the spandrel panels were precast and lifted with the tower crane and placed between columns fixed to brackets. He did not recollect any specific problems with fitting the spandrels apart from having to chip the edge off one of the panels to ensure there was a gap between the panel and the column. Although it was listed as a potential factor in the collapse in the Hyland/Smith report, the evidence we have heard suggests this is not the case. The strength of the panel and connection are unlikely to have been sufficient to significantly influence the columns.

2.3.2.6 Insufficient attachment of the column
C18 to line D-E

Another construction defect was the omission of a bar that connected the top of column C18 to the top of wall D-E. Column C18 is located at the south-east corner of the north wall complex (see section 5.1.3.1, Figure 62(a)). The Hyland/Smith report stated that only three 20–24mm diameter holes were found in the location where column bars pulled out, whereas the drawings specified four H20 bars bent into the wall. The detachment of this connection in the February earthquake is unlikely to have had an effect on the building’s performance as a whole.

2.3.3 Supervision

2.3.3.1 Construction management

As the CTV building was a design-build contract lead by Williams Construction, the architect and engineer reported to the builder and not the client. Mr Brooks contrasted this with the former Ministry of Works’ contracts, in which the client engaged the engineer and architect and also employed a clerk of works. He explained that a clerk of works had a supervisory position and carried out frequent detailed inspections. Mr Brooks stated that the design-build arrangement had a great deal of influence on the responsibilities imposed on the foreman. He also considered that management expected more from the foremen than they were initially trained or paid for.

Mr Jones was the foreman on the CTV site and described his responsibilities as managing tradesmen, constructing the building to the plans and specifications and keeping the construction on schedule. Mr Brooks described Mr Jones as like many foremen of that era who were fundamentally carpenters by trade, trained to build light timber structures up to three storeys in height, but who over many years of experience picked up other skills and knowledge about construction. Mr Jones does not appear to have completed a formal apprenticeship, but rather worked his way up to leading hand and then foreman over some years. Mr Brooks believed that the CTV building may have been Mr Jones’ first experience with a design-build contract. This was confirmed by Mr Jones who also said that there had been less supervision of construction than he had been used to in the past. He was used to having a clerk of works on site, who was “invaluable to the foreman” to help with technical matters.




According to Mr Brooks, the expansion of Williams Construction meant that it was necessary to strengthen the management by employing an engineer who could alleviate some of the responsibility placed on the company’s foremen at its various construction sites. Mr Shirtcliff was appointed to this position. Although Mr Shirtcliff was not intended to act specifically as a clerk of works he was, with his assumed engineering background, intended to provide guidance and mentoring to the foremen on several different Williams Construction jobs in Christchurch. When Mr Brooks appointed Mr Shirtcliff it was on the understanding that he was a qualified engineer. In circumstances that we will address shortly, doubts have arisen since the hearing about whether this understanding was correct. If it was incorrect, that would cast further doubt over any supervision he did perform. Mr Brooks stated that he never had cause, or was given cause, to doubt Mr Shirtcliff’s technical knowledge. Under questioning, Mr Brooks’ assessment in hindsight was that “he just wasn’t up to the job”. However there is nothing to suggest this was a view he had during the construction of the CTV building. Both Mr Brooks and Mr Scott said they expected Mr Shirtcliff would have visited the CTV site daily. Mr Shirtcliff’s evidence was that he only visited the site about once a month because he believed it was a reasonably simple and straightforward job and other projects required more of his attention. Mr Jones’ evidence confirmed Mr Shirtcliff’s limited involvement. He said Mr Shirtcliff did not spend much time on site and never gave him any instruction on anything to do with construction issues. Mr Jones said he had “very little contact with him”.

Although Mr Shirtcliff agreed that it was apparent
once he started his job that there was a need for more management and oversight of the project, he said he was unaware that he was supposed to be providing mentoring and guidance and left it to Mr Jones because he considered that he was a highly competent and capable foreman and it was a relatively straightforward job, which was being monitored by the design engineer and the CCC. Mr Shirtcliff accepted that he essentially relied on others.

Mr Shirtcliff was cross-examined about his initial replies to information requests from counsel assisting in which he denied having any involvement with the CTV building. Mr Shirtcliff also accepted that he had lived in Australia under the name “Fisher” and had been extradited to New Zealand to face fraud charges on which he was subsequently convicted and imprisoned.

We consider there were serious issues with Mr Shirtcliff’s credibility. However in terms of his involvement with the CTV building his evidence is confirmed by Mr Jones whose evidence we have no reason to doubt. We conclude that Mr Shirtcliff simply did not spend sufficient time on site in order to adequately perform the role of a construction manager. In addition, we accept Mr Brooks’ assessment that he was not “up to the job”.

Subsequent to the hearing there was media coverage of allegations that Mr Shirtcliff had obtained the Bachelor of Engineering degree he claimed to hold by fraud or deceit. We understand that those allegations are currently being investigated by the New Zealand Police. Engineers Australia has cancelled Mr Shirtcliff’s membership. The University of New South Wales may also be conducting inquiries into the issue.

We did not consider it necessary to reopen the hearing to consider this matter. Any such inquiries are properly the role of the police. In addition, we have sufficient material on the role Mr Shirtcliff played in the construction of the building to determine the relevant issues. If it transpires from the Police (or other) inquiries that Mr Shirtcliff did not legitimately hold the engineering degree(s) he claimed, this would only add to the already poor assessment of him.

Mr Jones may have been a competent and experienced foreman. However he was working in circumstances he appears to have been unused to (that is, on a design- build project, as noted earlier, with no clerk of works) and without the guidance, mentoring and technical advice he might have received from a competent construction manager supervising him. There is also a note in the CCC inspection record in August 1987 that a new foreman had been appointed. Mr Jones was unclear on this, but accepted that there may have been a period when he was not on the site. We have not been able to find any further information about this. However, most of the structural elements of the building had been completed by August 1987.




2.3.3.2 Design engineer and CCC inspectors

Supervision of construction was an obligation assumed by ARCE under its contract with Williams Construction. Mr Harding said he visited the site regularly and completed site inspection reports, but there are also indications that the supervision was not as thorough as it should have been. Mr Jones said that he would ring Mr Harding for every concrete pour except the columns, since the steel was sticking out of the columns for the engineer to see when the floor slab was cast. However he said that sometimes Mr Harding did not arrive at the site, but would telephone and tell them to go ahead anyway. Mr Jones said this did not concern him. Mr Harding denied this had occurred. Unfortunately Mr Harding’s site inspection records have not been located.

Mr Brooks said precast beams were delivered to the building site where they sat stacked at the site for some time. The problem with the lack of roughening to the beam faces (discussed in section 2.3.2.1) should have been visible to an engineer carrying out regular inspections, as well as to the foreman and construction manager. Mr Harding should certainly have been well aware of the critical significance of beam roughening. The problem with the “bent-back” bars in the precast beams should also have been visible.

The CCC inspection records show a five-month gap in inspections between April and August 1987, with no apparent explanation. Mr Scott thought that the

gap showed a problem with the CCC inspection staff and their reliance on the design engineer carrying out supervision. Mr Jones also formed the impression that the CCC inspectors relied on the design engineer to carry out supervision. Mr O’Loughlin, a building inspector with the CCC during this period, commented that the number of inspections for CTV was a “bit light” for a building of that size in relation to both the number of inspections and their extent. However he observed that at that time inspections were occasionally carried out that were not recorded on the microfiche cards. We are not able to make any finding explaining the gap in inspections.

2.3.4 Concrete strength

The structural specification for the building required the concrete in the floors, walls and columns to be special or high grade, supplied from an approved ready-mix plant. The columns at levels 1 and 2 required a concrete strength (after 28 days) of 35MPa and 30MPa, respectively. The floors, walls and columns at levels 3 and above all required a concrete strength of 25MPa.

The Hyland/Smith report identified the concrete strength as a construction issue. Material testing of salvaged column samples carried out for the purposes of that report found that the concrete was “significantly weaker than expected”. Tests on 26 column samples from levels 1–6 had a mean concrete strength of 29.6MPa. The Hyland/Smith report illustrated this information as shown in Figure 24.
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Figure 24: Hyland/Smith report column concrete test strengths compared to specified strength distributions




The Hyland/Smith report also stated an expectation that the actual strengths would be 25 per cent higher than the specified strengths shown in Figure 24. This expected increase was due to “the conservative approach to achieving specified strengths, and the expected strength gain with age”. Consequently, “low concrete strength in critical columns” was listed as a factor that contributed (or may have contributed) to the collapse.

A number of experts have expressed disagreement with the Hyland/Smith report’s conclusions about concrete strength outlined above. Expert opinion evidence was received from Mr Robert Gaimster, Dr James MacKechnie, Dr Brendon Bradley, Mr Douglas Haavik and Professor Mander. Their principal criticisms included:

•    core strengths being taken from areas of distressed 
concrete;

•    the limited number of cores taken to draw firm 
conclusions;

•    erroneous correlation of the Schmidt hammer 
testing against core strengths;

•    the low aspect ratio of some cores;

•    testing perpendicular instead of parallel to the 
column length; and

•    an inappropriate interpretation of results.

Mr Gaimster is the Chief Executive of the Cement and Concrete Association of New Zealand (CCANZ), which represents over 300 corporate and individual members. The roles of CCANZ include fostering industry solutions as well as training and research initiatives in concrete- related areas. A submission received from CCANZ was critical of the Hyland/Smith report. CCANZ stated that the testing methodology was inappropriate and there were errors in its interpretation. They considered that the conclusions in the Hyland/Smith report could not be adequately supported.

The Royal Commission requested a peer review of the Hyland/Smith report by Dr MacKechnie, a Plant Engineer at Allied Concrete and an Adjunct Senior Fellow of the Civil and Natural Resources Engineering Department at the University of Canterbury. He criticised the testing processes and referred to incomplete or inconsistent reporting which limited the reliability of information. He went on to state that the conclusions drawn in the Hyland/Smith report were not fully supported by the evidence and ignored accepted guidelines used to interpret core strengths. He said a more rigorous investigation would be required to provide convincing proof of the opinions expressed in the Hyland/Smith report.

Dr Bradley principally looked at the interpretation of the Hyland/Smith report data and its reconciliation with the specifications for the concrete. He said that, irrespective of testing and results, the comparison with specifications was inappropriate and as a result yielded an incorrect assertion that the concrete was below strength.

Mr Haavik, a registered civil engineer in California who specialises in concrete materials, was engaged by Buddle Findlay on behalf of ARCL and Dr Reay to provide independent expert advice. A programme of further forensic investigation included compression testing of concrete cores, ultrasonic pulse velocity and density testing as well as petrographic examinations to determine the condition of the concrete. Mr Haavik noted that his core strengths were 2–55 per cent higher than those of the Hyland/Smith report. His report concluded that there is no reason to believe there was a systemic reduction in the strength of concrete supplied to the building and that, if there was any such strength reduction it would likely be attributable only to gross error for a specific load of concrete. This would itself be extremely unlikely.

The Hyland/Smith report indicated that 26 column samples (21 per cent of all CTV building columns) were tested. This was through a combination of compressive testing of cores and rebound Schmidt hammer testing. Schmidt hammer hardness testing is a useful tool used to measure the surface properties of the concrete which, in turn, can be used to estimate the concrete compressive strength. It was described by Mr Gaimster and Dr MacKechnie as a blunt tool where the correlation between Schmidt hammer results and core strengths is not very reliable. Given the limited number of points used in deriving the correlation, the use of several concrete mix designs in the building and the potential damage to the column surface, we accept that the Schmidt hammer results can give highly variable results and that core compressive test results carry greater significance. The Hyland/Smith report took 19 cores from seven columns (only seven per cent of all CTV columns according to the CCANZ submission). Six of these were from column C18 as shown in Figure 25. This was identified as a length of the column from level 1, which had a specified strength of 35MPa.

This column is visibly damaged with cracking and discoloration due to fire. This type of distress will reduce the compressive strength of the concrete. The six cores taken from this specimen had a “test core average” of 16MPa, which was regarded as an outlier by Mr Gaimster and Dr MacKechnie.



[image: ]
[image: ]Figure 25: Concrete cores taken from column C18 on line 4, adjacent to wall D-E (source: Hyland/Smith report)


In addition, 16 of the 19 cores were 70mm in diameter. Mr Haavik stated that depending on the core diameter there may be differences in strength of up to 30 per cent. It is desirable to have larger core diameters; Mr Haavik’s testing used 99mm core diameters. Mr Haavik’s cores were drilled down the middle of the column to provide a cylinder that was parallel to the direction of concrete placement. This was thought to be important by Mr Haavik as the orientation of concrete aggregate may have given different compressive results depending on the direction of the core sample. We accept his evidence.

Taking into account all of the evidence we heard on the issue we are of the view that the concrete was likely to have been at or above the strength specified by the designer and that there is no reliable evidence to suggest the concrete was understrength in any columns.




2.4 Drag bar retrofit

2.4.1 Holmes Consulting Group review

On 24 January 1990 HCG was engaged to prepare a pre-purchase review of the building as part of the due diligence being carried out by a prospective purchaser, the Canterbury Regional Council (CRC).

Mr John Hare, at that time a senior engineer with HCG, gave evidence that, as the time frame given by the CRC was limited, the report was never intended to be a full peer review of the design of the building. Mr Hare obtained architectural drawings and some of the structural drawings from Alun Wilkie Associates and from those drawings was able to carry out an approximate seismic analysis.

Having reviewed the structural drawings and the primary load paths, Mr Hare identified that there appeared to be “an area of non-compliance with the code of the day with respect to the tying of the floors to the shear walls, specifically to the north core walls”. Mr Hare said that he “picked this up fairly quickly as there appeared to be no connection detailed for the walls on either side of the lift shaft”. This issue was described by Mr Hare in his draft report as a “vital area of non-compliance with current design codes”.

On 26 January 1990 Mr Hare visited the offices of ARCL. He said he recalled that at some stage during his visit he saw both Dr Reay and Mr Geoffrey Banks. Mr Banks was a structural engineer and at that time a shareholder and director of ARCL. Mr Hare was able to view ARCL’s file, which included a complete set of drawings and a soils investigation report. He said he discussed his concern in relation to the floor diaphragms with either Dr Reay or Mr Banks during that visit. He also recalled being told that the issue may have been addressed during construction and that inquiries would be made to confirm that. He said that he was told by either Dr Reay or Mr Banks that the original design engineer, Mr Harding, was not available as he had left the firm but that Mr Banks would be available to comment on aspects of the design.

Dr Reay said in evidence that he did not recall this meeting and did not think he had attended it. Mr Banks recalled meeting with Mr Hare but could not recall whether Dr Reay was present. We consider that it is more likely that Mr Hare’s recollection is correct, particularly as it was indicated to him that the issue may have been addressed during construction. As Mr Banks was not employed by Dr Reay’s firm at the time of the CTV construction, that information could only have come from Dr Reay.

Mr Hare referred to Mr Harding’s design calculations (pages S56 and S57), which addressed the connection of the floors to the north wall complex. He said that those calculations failed to address the tie force to the walls on lines D and D–E (although he said they did consider the shear calculations for the orthogonal walls, including the south wall and the north wall through the shear and the slab). In other words, they addressed an earthquake in the east-west direction but not in the north-south direction. Mr Hare observed that the floor diaphragm of the building adjacent to the north wall complex was “punctured by the lift, stair and service risers” and as a result there were relatively few direct connections from the floor diaphragm to the north wall complex and there appeared to be insufficient reinforcement tying the floors and north wall complex together.

With the exception of Mr Harding, there was no issue taken by any witness with these observations, nor with the assertion that the connections did not comply with the codes of the day (NZS 4203:1984 and NZS 3101:1982). Mr Harding said that the connections could have been improved, but did not accept that they were non-compliant. Mr Grant Wilkinson, Mr Hare’s supervisor at HCG at the time, said it was “absolutely fundamental” that there was a load path between the floors and the supporting walls and described the issue identified with the building as a “critical structural weakness”. Both Dr Reay and Mr Banks accepted that, in today’s terms, the issue identified with the building was a critical structural weakness. Dr Reay also described it as “fundamental engineering” and as a “straight blunder”.

As part of his review, on 29 January 1990, Mr Hare spoke to Mr Bluck at the CCC. Mr Hare’s purpose was to ascertain whether the CCC had identified any issues during the building permit and construction process. Mr Bluck raised three issues unrelated to the structure of the building. Mr Hare said he did not see the CCC file.

Mr Hare did not recall discussing the floor connections with Mr Bluck. This was also evident from the file note Mr Hare made of his discussions with Mr Bluck. Mr Hare said he suspected the reason he did not raise this issue with Mr Bluck was because ARCL had suggested that provision may have been made for it during construction and that this was to be verified by the use of a bar-finder. He was also unsure whether he had been provided with the most recent drawings at that time.




The next day Mr Hare inspected the building with Mr Banks. Mr Banks used a bar-finder to try and determine whether any reinforcement had been added during the construction process. He was unable to locate any significant reinforcement. Levels 1 and 4 were unavailable for inspection on that day.

On or about 31 January 1990 HCG was asked to supply a copy of their report as it stood at that time to the CRC’s representative. The facsimile attached to that report referred to it as a draft. However the report itself did not contain any such reference.

The “Conclusions” section of the report stated:

3.0 Conclusions

Due to the limited time available for the report, our review has been limited to a brief inspection of the building and documents, and approximate calculations. No materials testing has been undertaken, and inspection has been limited to such areas as were readily accessible. Given these qualifications, our conclusions are as follows:-

1.   The building is in a condition appropriate to its age and the contractor-as-developer form of construction.
2.   The layout and design of the building is quite simple and straight forward and generally complies with current design loading and materials codes.
3.   A vital area of non-compliance with current design codes, seen in the documents, is in the tying of the floors to some of the shear walls. This item is under review with the original consultants, but if confirmed will require potentially expensive remedial work. However, this cost is a matter for discussion between the current owner and their consultants.
4.   Apart from ongoing maintenance costs, which should be minor, no major costs are anticipated in association with the structure, subject to 3, above.

The issue in relation to the diaphragm (floor) wall connections was also referred to in paragraph 6.3 under the heading “Lateral Load Resistance”, as follows:

An area of concern however has been discovered
in the connections of the structural floor diaphragm to the shear walls. While this is not a concern on the coupled shear wall to the south of the building, connections to the walls at the North face of the building are tenuous, due to penetrations for services, lift shafts and the stairs, as detailed on the drawings.

The result of this would be that in the event of an earthquake, the building would effectively separate from the shear walls well before the shear walls themselves reach their full design strength.

Discussion has continued on this matter with
Mr Geoff Banks of Alan Reay Consulting Engineer, and it currently appears that there may have been some provision made for this during construction. However, no documentation apparently exists, so it would only be safe to assume that this aspect fails to comply with current design codes.


HCG had been asked, as part of its review, to give advice on the likely costs of fixing the defects identified in the floor connections. Mr Hare prepared a draft remedial detail which involved the insertion of steel drag bars on levels 1–5 of the building (this was a reference to all levels above the ground floor). That detail was prepared solely for the purpose of determining the approximate cost of any remedial work. It was not developed to a final design stage nor was it passed on to ARCL.

On or about 31 January 1990 HCG was instructed by the CRC’s agent to stop any further work and its engagement ceased.

On 1 February 1990, Mr Wilkinson of HCG sent a memorandum to Warren and Mahoney, Architects (who were engaged by the CRC), advising that a quotation had been received for remedial structural works, as per HCG’s detail, of approximately $14,000 plus GST. HCG was subsequently advised that the CRC had decided not to proceed with the purchase of the building. Mr Hare was not certain when HCG was told this or whether they were told why the CRC had decided not to proceed.

In a letter Mr Banks sent to ARCL’s insurers dated
1 February 1990, Mr Banks noted that the potential purchaser had an option until 28 February 1990 and had requested a two-month delay in settlement to give time to complete the remedial work. Mr Hare said in evidence that he was not aware in January or February 1990 of any option to purchase or any request for a delay in settlement.




Mr Banks had been asked by Dr Reay to liaise with HCG
over this issue. Mr Banks said his role was focused
on the detail while Dr Reay provided an oversight role. Mr Banks said that, as he was relatively new to ARCL and had not had any previous involvement with the building, he liaised with Dr Reay throughout. Dr Reay said he saw it more as a “joint situation” as opposed to him overseeing Mr Banks’ actions.

2.4.2 ARCL’s reliance on the HCG report

Both Mr Banks and Dr Reay said that they relied on the HCG report, in particular the statement to the effect that HCG considered that, apart from the issue Mr Hare had identified, the building generally complied with current design loading and material codes. They therefore did not consider that it was necessary to carry out any wider inquiry into the structural integrity of the building.

Mr Banks said he was not asked to carry out a general review and nor would he have carried one out of his own accord. Asked if such an obvious oversight should have alerted him to the need to look at the rest of the building, Mr Banks said the calculations for these connections appeared to be absent but not for anything else. Mr Banks was unaware of Mr Harding’s lack of experience in the design of multi-level buildings at the time he designed the CTV building and said this would have been relevant to his enquiries. Dr Reay said that he had not told Mr Banks of this because he did not think Mr Harding was inexperienced and, in any event, the defect identified was a fundamental one relating to load paths rather than the design of multi-level buildings.

In cross-examination Mr Hare accepted that the report made “clear positive statements in respect of compliance” except in respect of the single issue identified. However he did not agree that there was nothing further to be done in respect of the report as it had not been checked and reviewed. Mr Hare said a full detailed analysis would have been necessary to assess the potential non-compliance of the columns.

Mr Wilkinson noted that the report was incomplete. It did not contain the name of the author and was unsigned. He explained that the objective of a pre- purchase review was to try and identify any “gross” errors or “obvious” problems. He estimated that this review would have taken some 30 hours compared to the 300–600 hours required for a full review.

Counsel assisting submitted that the contention by
Dr Reay and Mr Banks that they could rely on the HCG report, in particular the statement that the building otherwise generally complied with the building codes

at that time, could be rejected on a number of grounds. In particular it was clearly not a full peer review and was qualified by the limitations stated in the report.

Counsel for ARCL and Dr Reay submitted that Dr Reay was entitled to rely on the HCG report as it was not stated to be a draft and did not contain any disclaimer. Counsel for Mr Banks submitted additional reasons: Mr Hare had reviewed architectural and some structural drawings at Alun Wilkie Associates; viewed the structural drawings, calculations and a soils report at ARCL’s offices; made enquiries with the CCC and undertaken an inspection of the building (excluding levels 1 and 4). In addition, it was submitted, it was clear that this was the only issue identified in Mr Banks’ subsequent discussions with Mr Hare and
Mr Wilkinson.

Notwithstanding the matters raised by counsel for
Dr Reay and Mr Banks, we consider that it should have been apparent to them that the report was not a full review of the structural integrity of the building. Further, no enquiry was evidently made of HCG to ascertain the extent and implications of the qualifications stated in the report. Dr Reay knew of Mr Harding’s inexperience at the time he designed the building. The identification of such a “fundamental” design error should have signalled the need for a more detailed review of the design, especially given that this was the first time he had looked at the structural drawings.

Reliance on the HCG report meant that an opportunity was lost to conduct a full review of the building’s design.

2.4.3 ARCL’s investigations

Mr Banks said that he discussed the concerns identified by Mr Hare with Dr Reay, and that they agreed they had to be investigated. Mr Banks said it was immediately apparent to him that the connections were tenuous.

He said that it appeared from the structural drawings that there were only a limited number of light 12mm diameter reinforcing bars in the connections between the floors and the north wall complex. The ability of the north wall complex to carry north-south seismic loads was therefore reduced. Mr Banks said that there did not appear to be any calculation dealing with the seismic load in the north-south direction. He could not say whether that calculation had been done but was missing from the file, or whether it had not been carried out at all.




He said he discussed the matter with Dr Reay who thought that the potential point of weakness identified may have been addressed during construction. Mr Banks said that he had not found any record of such remedial work in the archived files at ARCL but still thought it might have been addressed because Dr Reay had thought so and because the building had been granted a permit by the CCC. However when Dr Reay gave evidence about this issue, it was apparent that this suggestion was not based on any knowledge. It was just a possibility.

Dr Reay gave evidence that he contacted Mr Harding who said he was unable to recall any site instructions dealing with the issue. Therefore, as Dr Reay said, by this point it was “increasingly unlikely” that the problem had been addressed. Mr Banks said that he and Dr Reay agreed they should proceed on the basis that the issue had not been addressed during construction and develop a remedial solution. Dr Reay referred to this decision as a “pragmatic” one. Mr Banks did not think it was a pragmatic decision, but rather a sound decision based on the likelihood that the work was needed.

In any event, it was clear from the evidence of both
Dr Reay and Mr Banks that they had accepted (albeit for different reasons) that remedial works would be required and that ARCL was responsible for this as successor to ARCE.

On 1 February 1990 Dr Reay and Mr Banks met
Mr P W Young of KPMG Peat Marwick, the receivers for Prime West. A letter from Mr Young to Dr Reay the following day referred to that meeting:


Further to our meeting on 1 February 1990 with yourself and Mr Geoff Banks, we record our understanding of the steps to be taken with regard to the alleged non-compliance with current design codes as recorded in the structural report prepared by Holmes Consulting Group Limited, dated January 1990.

You have advised that investigations are continuing as to whether or not steel ties were placed between the structural floor and some shear walls as a metal detector has indicated the presence of some steel.

You have also advised that the cost of the remedial work would be approximately $5,000 and should take only one week’s work to complete.

In view of the relatively modest cost for the remedial work, you have advised it is more cost effective to assume that the steel is not in place, as the cost of further investigating the matter would in all probability exceed this amount. You have also advised that there is reasonable agreement with Holmes Consulting Group as to the level of remedial work required, and that once carried out, there is no suggestion that the building is not at proper standard.

On an entirely without prejudice basis, you have offered to complete engineering drawings for the remedial works and presumably oversee their completion at your own cost. Both parties have reserved their positions with regard to who should bear the contractors’ cost of carrying out the repairs.
To ensure that Holmes Consulting Group can promptly report to the Canterbury Regional Council that current design codes have been fully complied with, no doubt you will ensure that full agreement is obtained with them as to the level of the work required.
We have advised Mr Stock, Solicitor for the Canterbury Regional Council, that the remedial work is to be carried out forthwith and did not appear to be potentially expensive as intimated by Holmes Consulting Group. Further, we have advised that the work should take approximately a week to complete, and accordingly will not disrupt the Council’s fit-out and move into the building.

We impressed upon you the extreme difficulty we have had locating a purchaser for this property and I am sure you appreciate that we must ensure that the sale is not put in jeopardy by restricting the Council’s ability to take possession without delay, since it has been expressed to us that time is of the essence. Accordingly, we appreciate the prompt attention you have given to this matter and we would hope that a costing for these works could be arranged to enable commencement early next week.

Please advise if your understanding of the situation is not as set out above.




At the meeting with Mr Young, Dr Reay and Mr Banks were given a copy of the HCG report. In a letter of 1 February 1990 from Mr Banks to ARCL’s insurer Mr Banks advised on behalf of ARCL that:

•    their own review of the drawings had confirmed the 
apparent lack of ties to two walls;

•    they had contacted the engineer directly involved with the design and observation of the project but he was unable to recall any site instructions given on this issue and they had found no reference to it in the written instructions on file; and

•    they had used an electronic reinforcing bar locator at one level, which indicated that some reinforcement was present, but not the quantity, and the readings may have been affected by metal work in the walls or the metal tray flooring system, and could not be totally relied on.

Mr Banks proposed the following course of action:

•    to agree with HCG on the precise scope of the work 
they considered might be inadequate;

•    to confirm with HCG the level of load for which the 
floor to wall tie should be designed; and

•    to design the remedial work that would be required 
if the ties were not present.

Mr Banks said he telephoned Mr Wilkinson on 2 February
1990 to obtain HCG’s agreement as to the level of work required. The same day Mr Banks wrote to Mr Wilkinson in the following terms:

Further to our discussion by telephone this morning, we confirm that the scope of the possible non- compliance referred to in your report on the building is the connections between the walls on gridlines
D and D/E, as shown on the attached sketch SK1 from levels 2 to 6 inclusive (level 1 being the ground floor carpark).

The proposed remedial work, if required, would consist of a total of two ties per floor, tying the walls to the floor diaphragm.

The agreed maximum tie load is 300 kN per tie. We understand that this load would be reduced on lower floors in accordance with the “Parts and Portions” section of NZS 4203:1984.

Please contact this office today if your understanding of this situation is not as outlined above.


Mr Banks said the HCG report was not specific as to walls that were of concern or which levels required ties. He had therefore discussed these issues with Mr Wilkinson on the basis that reduced loads on the lower floors might mean that additional restraint may

not be needed on those floors. Mr Wilkinson said that, although he could not recall specific details of the conversation, the issues were set out in Mr Banks’ letter. In relation to the penultimate paragraph of that letter, Mr Wilkinson said he would have expected Mr Banks to have derived the loads for each floor from the relevant standard. Mr Banks could not recall why there was a need to request a reply that day, other than that he was aware of the potential sale of the building. He said he and Dr Reay did not have significant safety concerns since the building was vacant. Mr Wilkinson said that he did not have any issue with the contents of the letter and therefore did not reply.

On 14 February 1990 Mr Banks telephoned Mr Hare. Mr Banks made a file note of the telephone conversation. Mr Hare’s recollection of the conversation differed from that of Mr Banks and to some extent from Mr Banks’ file note. Mr Banks’ recollection (and his file note record) was that they had “agreed loads” on each floor. Mr Hare said that he had indicated to Mr Banks that the loads Mr Banks had calculated appeared to be “around the right figures” but that it was up to Mr Banks to check and finalise these. The file note also recorded:

Confirmed reduced connection [at level 1] may be ok (could compensate at L2 if necessary).


Mr Hare said that he had indicated to Mr Banks that Mr Banks would have to check whether this was possible by investigating other mechanisms that would be required to make up any shortfall. He had expressed the view that caution should be exercised if it were ARCL’s intention to reduce the load at level 1. He said that he certainly did not agree to it. Mr Banks said that he did not recall Mr Hare saying this and that if Mr Hare had expressed a reservation about the approach Mr Banks would have recorded it in his file note and discussed it further with him. In cross- examination, Mr Hare said that he would have told Mr Banks that the absence of a tie meant that a tie should be put in. He would have been reluctant to agree to any transfer of load vertically when it would have been just as easy to put a tie in. Mr Hare accepted that he had not carried out detailed calculations such as those later done by Mr Banks to ascertain whether or not there could be a redistribution of the load.

As we have noted above ARCL had notified its insurer of the issue. The insurer had given approval to ARCL to agree with HCG on the precise scope of the original design HCG considered to be inadequate, the level of load for which the floor connection should be designed and the design of the remedial work.




Mr Banks completed an “annual report on status of claim” for the Consulting Engineers Advancement Society Incorporated (CEAS) on 9 April 1990 in which he stated, “[w]e are still investigating whether there is a deficiency, and if so, details of remedial work”. However, apart from the investigations at the site on 30 January 1990 and inquiries made of Mr Harding (and possibly of Mr Jones, the site foreman during construction), we did not hear any evidence of further investigations at or around that time.

After a flurry of activity in late January and early
February 1990, there followed a period of approximately one year until February 1991 when it appears that nothing was done by Dr Reay or Mr Banks to address the issue. Mr Banks said that he did not know what had happened during that period. He assumed that, having raised the issue with the owner of the building, the process would continue to a conclusion.

Dr Reay said HCG had not advised ARCL that they were no longer involved and he did not believe that the receiver had communicated anything to him. In Dr Reay’s view ARCL had made sure that the people who needed to know there was a problem knew of it. He assumed the potential purchaser was still working out whether or not they were going to buy the building. He said that whenever he drove along Madras Street he would look to see if there was any activity in the building as he was concerned that if there were signs of occupation there could be a risk. He did not believe the status of the building changed during 1990. He did not recall contacting the receiver but said that he and Mr Banks would have discussed it at some point and would not have let it run on indefinitely, as they had not forgotten that they had an obligation.

An article appeared in the Christchurch newspaper The Press on 4 February 1991 reporting the sale of the building by the receivers. This article was seen by one or both of Dr Reay and Mr Banks who then discussed it. Dr Reay said they concluded that the new owner must not have been aware of the issue with the floor connections otherwise ARCL would have been approached before the purchase. Therefore both he and Mr Banks decided they should get in contact with the new owner.

Mr Banks said they considered it was their ethical obligation to advise the new owners but as their insurer was involved they needed to obtain its approval before doing so. Mr Banks’ file note of his conversation with Mr Peter Smith of CEAS records that Mr Banks asked:

“what are our obligations (if any) to notify anyone re status of review to date?” Mr Banks said his own file note appeared inconsistent with his recollection of matters and that it was always his intention to notify the new owner. Dr Reay’s interpretation of the file note was that Mr Banks was seeking advice on the degree to which they should notify, but not whether they should in fact notify. However he could not explain the sentence further down in the same file note: “Preliminary advice from insurance [point] of view is no further action”. Dr Reay said they were agreed that no matter what, they needed to notify the new owner.

ARCL sought legal advice before taking this step. That advice was received in March 1991 and provided by ARCL to its insurer who then, in a letter dated 9 April 1991, confirmed their agreement that ARCL inform the new owner.

However a period of five months followed during which nothing was done to notify the new owner. Dr Reay could not explain this delay other than to suggest that they had to ascertain the identity of the new owner from the receiver. It is difficult to reconcile this delay with Dr Reay’s acceptance that once there was a new owner there was some urgency to notify.

Criticism was made by counsel assisting of the
21 month delay from January 1990 to October 1991 before remedial work was carried out. Mr Wilkinson said he thought that time frame was acceptable in the circumstances and drew an analogy to the times the CCC allowed for the strengthening of earthquake-prone buildings. Mr Trevor Robertson, a Senior Principal of Sinclair Knight Merz, working in the role of Principal Structural Engineer, was called by Mr Hannan, counsel for HCG and Mr Hare to give expert evidence on issues relevant to the ethical and reporting obligations owed by an engineer undertaking a review of a building for a prospective purchaser. Mr Robertson has over 40 years’ experience as a structural engineer, and has twice been appointed by IPENZ as a member of ethical complaints investigating committees. We accept that Mr Robertson is an expert in the field of ethical standards for engineers. He disagreed with Mr Wilkinson and considered the matter should have been addressed within three to six months.

We agree with Mr Robertson. This was a significant issue that had the potential to affect the safety of users of the building. While the building was not occupied during this period, this was no guarantee that people would not have been in the building from time to time.




We accept that Mr Banks was effectively taking his direction from Dr Reay. However, as owner of the firm that designed the building, Dr Reay should have acted more expeditiously and proactively to resolve this fundamental defect.

We do not consider there is a sufficient basis on which to determine the reason for this delay. As we have said, the dilatoriness was unacceptable; however, Dr Reay and Mr Banks did take some action after they became aware of the sale.

In a letter dated 11 September 1991, or a telephone call shortly before that letter, Mr Banks advised Mr Russell Ibbotson of Madras Equities Limited (Madras Equities), which had purchased the building on 21 December 1990, of the issue. Unfortunately that letter cannot now be found. In a letter dated 30 September 1991, replying to Mr Banks’ letter, Mr Ibbotson described his understanding of the problem as “an engineering design fault omission in the structure which could impact on insufficient loadings to meet the normal earthquake requirements”. The letter went on to record Mr Banks’ comments that:
…the remedial work, if required, will be relatively simple to carry out whilst the building is predominantly unoccupied and should not involve a major expense outlay. It is also noted that it is a possibility that the apparent problem may not, in fact, be a problem and that this can only be determined by further work involving some drilling to determine the extent of the reinforcing steel work in position.


Counsel assisting submitted that the suggestion in September 1991 that the problem may not in fact exist was a “charade” because Dr Reay had made inquiries in early 1990 which tended to confirm that nothing had been done during construction that differed from what was shown on the structural drawings. In addition, there was nothing in any of the records to show anything had been done.

Counsel for Mr Banks submitted that Mr Banks
had been told by Dr Reay that the issue might have been addressed during construction and Mr Banks reasonably thought that may have been the case as the building had been given a building permit. It is unclear if Mr Banks viewed the permitted plans at the CCC. Had he done so he would have seen that the connections between the north wall complex and the floors were the same as depicted on the drawings at ARCL’s office. The claim that there may have been some uncertainty over the issue in October 1991 is difficult to reconcile with what Mr Banks described as

the “sound” decision in February 1990 to proceed with the remedial work.

We are not prepared to conclude that this was
a charade. However we do consider that it was somewhat disingenuous to continue to maintain this stance rather than accept that remedial work was clearly required and take prompt action to ensure it was carried out.

A submission was also made by counsel assisting that Dr Reay and Mr Banks attempted to minimise the extent of the problem in their dealings with the receiver and Mr Ibbotson, although it was accepted that this may in part have been motivated by the need to avoid acceptance of liability for insurance purposes. As noted earlier Mr Young of KPMG Peat Marwick already had a copy of the HCG report when he met Dr Reay and Mr Banks on 1 February 1990 to discuss the issue. However he was not an engineer. Mr Banks did not accept the proposition put to him in cross- examination that KPMG was not given an “entirely candid statement” of the position at that time. We consider that the letter of 2 February 1990 from Mr Young to ARCL conveys that Mr Young’s impression was that the issue was relatively minor.

Mr Ibbotson said that he was advised that the problem was of a minor nature and remedial work if required would be relatively simple. He said he did not consider he had to advise the ANZ Bank, the incoming tenant, because the issue had been described as only minor. Counsel for Mr Banks submitted that Mr Ibbotson’s letter of 30 September 1991 appeared to show an appreciation of the significance of the issue and that the reference to “minor” was in relation to the cost of the remedial work, as confirmed by Mr Ibbotson when giving evidence. However, Mr Ibbotson was not an engineer either. Mr Banks accepted in cross- examination that, “from a technical point of view”, it would have been more accurate to say that, as far as they were aware, there was an engineering design fault omission in the structure which was highly likely to impact on the loadings to meet earthquake requirements.

We consider that while there appears to have been an element of minimisation in the actions of Dr Reay and Mr Banks, this was likely motivated by the perceived need to protect the insurance cover and does not, in our view, imply any ulterior motive.

We have discussed the delay in taking action at some length because, although it does not relate directly to the reason that the building collapsed in



the February earthquake, the issue is relevant to the Royal Commission’s overall Inquiry. The Terms of Reference require us, among other things, to consider the roles and responsibilities of those involved in the construction sector. We have seen that as requiring us to consider the responsibilities of engineers (and indeed others) who become aware of defects in buildings. This is an issue that has arisen in different settings in the course of our Inquiry, and on which we make recommendations in Volume 7. We consider it important to state our view, which we repeat, that the period that elapsed between discovery of the problem and taking remedial action was unacceptable.

2.4.4 Installation of drag bars

As we have already mentioned, some of the correspondence about this issue indicated that ARCL would confirm the design loads of the floor connections with HCG. However it is clear that, as Mr Robertson put it, there had been a “passing of the baton”. The responsibility for ensuring completion of the appropriate calculations and design lay with Dr Reay and Mr Banks.

Mr Hare gave evidence comparing the preliminary design he had done with the remedial work carried out by Mr Banks, in particular the decision by Mr Banks not to install drag bars on levels 2 and 3. Mr Hare accepted the exercise was not necessarily one of comparing “like with like”. He did however express the view that it would have been easier to simply install drag bars on all floors apart from level 1, although he accepted his view could be affected by an element of hindsight.

Drag bars were never going to be as effective as an original code compliant connection. Further, the highlighted defect was a potential life safety issue and the additional cost of installing drag bars on the other two levels would have been minimal. We agree with Mr Hare that it would have been better to have done this.

However we consider that Mr Banks was correct in his view that by applying the Parts and Portions provisions of the Code the loads could be redistributed so that drag bars were not required on levels 2 and 3. Mr Banks referred to a criticism in the Hyland/Smith report that the Parts and Portions provisions in NZS 4203:1984 as applied to the connection of diaphragms to seismic lateral load-resisting walls seem inadequate. Mr Banks said he agreed with the criticism now, but he applied the provisions in accordance with the relevant standard in force at the time.

Figure 26 shows the location of the drag bars and their state after the collapse of the building.
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(a) The north wall complex after the collapse 	(b) Part of the north wall complex after the collapse
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(c) A fractured drag bar on the wall on line D-E 	(d) A bent drag bar on the wall on line D

Figure 26: The locations of the drag bars and their state after the collapse of the building


2.4.5 Building permit

No building permit was obtained from the CCC before the drag bars were installed on levels 4, 5 and 6 in October 1991. Mr McCarthy, the Resource Consents and Buildings Policy Manager of the CCC, said that a permit would have been required for that work under CCC Building Bylaw 199010, which came into force on 4 July 1990. Clause 2.2.1 stated “No person shall erect or commence to erect any building without first obtaining a building permit from the Engineer”. The term “erect” was defined as including “any alteration, repair or addition to any building theretofore or 

hereafter erected”. “Building” was defined in Clause 1.1.1 
of the Bylaw as follows:

“Building” in addition to its ordinary and usual meaning, means any thing or part of a thing constructed or erected whether temporary or permanent, movable or immovable…11


Counsel for Dr Reay submitted that this clause was so widely framed that it could have required a permit for the erection of a shelf. Although the Bylaw may have been widely framed, we think it clear that this structural work required a permit.




Mr Banks said that in the early 1990s, before the Building Act 1991 was enacted and in force, the building permit process was much “less structured” than it is now in terms of the detail with which the process was defined. Even if this was the case, we do not accept that it meant a permit would not have been required.

Dr Reay said that, based on his experience in dealing with Mr Bluck over many years, he believed Mr Bluck’s view would have been that the retrofit works were part of the original job and that no permit was required, although Mr Bluck might have asked to receive details about what was undertaken. However this is contrary to Clause 2.16.1 of the Bylaw, which required written approval from the City Engineer authorising a departure from the original permit drawings. Given what we heard about the standards applied by Mr Bluck we find it difficult to accept that he would have ignored this requirement. In addition, approximately a week before the installation of the drag bars in October 1991, ARCL was involved in fit-out work for the ANZ Bank tenancy of the building. That work involved the erection of
non-structural block walls for which a building permit was obtained.

We are of the view that the failure to apply for a permit was a clear omission, which meant that the inadequacy of the floor connections to the north wall complex in the original design was not drawn to the CCC’s attention
in 1991.


2.4.6 Ethical obligations

Mr Robertson expressed the view that, as Dr Reay and Mr Banks had indicated an acceptance of responsibility to attend to the design issue raised with them, HCG did not have an ongoing ethical obligation in relation to the issue. If ARCL had not accepted that responsibility HCG would have had to consider reporting the matter to the engineers’ professional body, IPENZ. Dr Reay questioned whether there had been a “passing of the baton”, as Mr Robertson put it, but he and Mr Banks did not dispute that they were ethically obliged to attend to the issue. Mr Rennie QC also took issue with Mr Robertson’s view that Mr Hare and Mr Wilkinson did not have any obligation to do anything despite being aware of the issue.

Although the current IPENZ Code of Ethics is more comprehensive than the code that existed in 1990, Mr Robertson said the disclosure obligation clauses are not substantially different. In his view something more definite is required. He thought engineers 

would welcome a “tightening up of the rules”, particularly
in relation to disclosure obligations if the advice of a reviewing engineer is rejected or neglected.

We agree with the submissions of counsel assisting that the drag bar issue highlights the need for an appraisal of the obligations of disclosure of knowledge about a structural weakness that has the potential to affect the safety of the users of a building or the public. Disclosure to an owner or even the original design engineer may not result in the matter being dealt with in a timely manner or at all. This raises the issue of whether there is a need for disclosure to an independent statutory body such as a territorial authority so the matter will be dealt with expeditiously. We are of the view that such an obligation is necessary and that it should not only apply to engineers but also to people such as owners, contractors, and others who become aware of such information. The fact that so many people were aware of the issue with the connection of the floors to the north wall complex over some years, without the CCC ever being made aware of it, highlights this need.

We return to the subject of disclosure obligations in
Volume 7, section 3.




2.5 From 1991 to 4 September 2010

The CCC issued a number of permits and consents (including resource consents) for work on the CTV building between the time of original construction and 4 September 2010. In most cases, the approved work would have had no impact on the structural performance of the building in an earthquake. Some of the notable alterations are described below.

2.5.1 Fit-out for ANZ in 1991
On 20 September 1991, Wilkie and Bruce Architects (the firm in which Mr Wilkie practised) applied to the CCC for a building permit for alterations to level 1 that were excluded or removed from an earlier application. The part of level 1 that was converted from car parking to office space included all of the area to the east of grid line D as seen on Figure 27.

The application included the installation of concrete block walls along parts of grid lines D, F, and 1, as shown on Figure 27. These were detailed by ARCL in drawings stamped as approved by the CCC on 1 October 1991. The concrete block walls that were installed at this time were removed in 2000 as part of the fit-out for Christchurch Television (CHTV), a predecessor of CTV.

The preparation of the drawings by ARCL took place at around the same time as correspondence between Mr Banks and Mr Ibbotson on behalf of the owner in relation to the installation of drag bars. The implications of this are noted in section 2.4 of this Volume.





A 	B 	C 	D 	E 	F

5 	North wall complex


Toilets


Stair


Lifts
N


4

Square column




3




 (
W
est
 
block
 
wall
)Car park

ANZ Bank Tenancy




 (
Madras
 
Street
)2


Block walls


South shear wall
1




Figure 27: Level 1 showing the extent of area converted to office space for ANZ in 1991



2.5.2  CHTV tenancy fit-out in 2000

2.5.2.1 Building consent

On 28 April 2000, Warburton Team Architecture Limited applied for a building consent for “Interior fit-out, levels ground and first floor, new internal stair, new exterior canopy” for CHTV. The stated intended use was “office” and it was noted that this was not a change of use. The work included a further extension of office space into the car park on level 1 and other than lightweight internal partitions became the final form of the building up until the February earthquake.

2.5.2.2 Installation of internal stairwell
The building consent application included cutting a penetration in the floor of level 2 so that an internal stairwell could be installed (see Figure 28). In addition, holes were to be drilled near the east end of the south shear wall. A building consent for the internal stairwell penetration was issued by the CCC on 10 May 2000. We have considered whether this work would have impaired the structural performance of the building in an earthquake.

An engineer from Falloon and Wilson Limited designed the floor penetration. Mr Falloon, who is principal of the company and was a Registered Engineer, checked the design and signed a producer statement. Mr Falloon gave evidence at the hearing that he carried out calculations to check the gravity loads but not the lateral loads. However he considered that the lateral load paths from the floor diaphragm would not be altered because the area cut out for the stair opening was only a small proportion of the total floor area. The rest of the floor diaphragm was available to transfer lateral loads to the shear walls. In his opinion, level 2 would not attract as much lateral action as the upper floors.

The Royal Commission asked Mr William Holmes to assess this design. Mr Holmes expressed the opinion that, “…the connection of a trimmer beam with drilled in dowels at the end of a major shear wall should have included a note to carefully monitor drilling and avoid cutting of bars”. Mr Falloon agreed with this in hindsight. He had no specific recollection of the observation of the project, so could not confirm if the drilling of the holes had been monitored.
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Figure 28: Level 2 showing location of stair installed for CHTV fit-out



After the collapse of the building, Dr Heywood took a photograph of the end of the steel beam that attached to the south shear wall (Figure 29). It can be seen in 
this photo that an additional hole has been drilled in the beam. We consider that it is likely that the original hole conflicted with the location of reinforcing steel so was relocated; however there is no evidence to confirm this. Relocating the fixing bolt would be consistent with the construction worker hitting steel as it would be difficult for a masonry bit to drill through that steel.
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Figure 29: End of trimming beam

The penetration in the floor of level 2 was taken into account in the non-linear time history analysis (which was carried out as part of the DBH investigation). Mr Ashley Smith said in evidence that the penetration did not encroach onto the south shear wall and the remainder of the connections to the wall, along with the connections to the line 1 beams, were considered adequate to transfer seismic forces into it.

The Royal Commission asked Mr Holmes to calculate whether the penetration could have had any effect on the seismic performance of the CTV building. Having considered the matter he concluded that, “the vertical flange reinforcing was not cut by the installation of the western trimmer beam and therefore this installation had no effect on the seismic performance of the building”. There was no evidence to the contrary.




In our view, the penetration of the level 2 floor would not have affected the seismic performance of the building.


Recommendation


107. Where holes are required to be drilled in concrete, critical reinforcing should be avoided. If it cannot be avoided, then specific mention should be made on the drawings and specifications of the process to be followed if steel is encountered, and inspection by the engineer at this critical stage should be required.


2.5.3 Going Places tenancy fit-out in 2001

2.5.3.1 Building consent

Going Places was a language school. On 16 May 2001
Design Edge Limited submitted an application for a building consent to the CCC. The work was described as a new fit-out. It was stated to be a change of use and was treated by the CCC on that basis. A building consent was issued on 20 June 2001.

2.5.3.2 Change of use
As the work was considered to be a change of use, Section 46(2) of the Building Act 1991 applied:

Subsection 2(a) is important because a change of
use of a building could result in a structural upgrade. In the case of a building like the CTV building, which was designed under previous codes, it provided a statutory mechanism by which the building could be brought to a state closer to current building codes.

The owner was obliged under section 46(1) of the Building Act 1991 to advise the CCC of the change of use. This obligation was met by the declaration on the building consent application form.

A fire report was submitted to address means of escape from fire. Sanitary facilities and access and facilities for people with disabilities were addressed in response to issues raised by the CCC during the assessment process.

The only reference on the CCC file to the structural behaviour of the building is in a “Structural Checklist” completed by Mr Peter Harrow, a Senior Structural Engineer at the CCC. This is reproduced as Figure 30.


(2) The use of the building shall not be changed unless the territorial authority is satisfied on reasonable grounds that in its new use the building will—
(a) Comply with the provisions of the building code for means of escape from fire, protection of other property, sanitary facilities, and structural and fire-rating behaviour, and for access and facilities for use by people with disabilities (where this is a requirement in terms of section 25 of the Disabled Persons Community Welfare Act 1975) as nearly as is reasonably practicable  to the same extent as if it were a new building; and
(b)  Continue to comply with the other provisions of the building code to at least the same extent as before the change of use.
[emphasis added]
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Figure 30: CCC structural checklist for Going Places building permit application




The relevant note shown in the red box on Figure 30 read:

Reasonable modern 1986

-Frame/ S. wall bldg- OK


Mr McCarthy of the CCC gave evidence after making enquiries of Mr Harrow. Mr McCarthy said that
Mr Harrow:

...looked at the layout of the particular floor involved and determined that the extra 20 people would not have increased, structurally increased the live load on the floor to an extent where he felt that there was a structural upgrade required. …He advises me that typically buildings built after 1976 were generally considered to be, at this time, around about two- thirds of the design code as at early 2000.


Mr McCarthy was asked if Mr Harrow gave any consideration to the age of the building and the code that it would have been built under:

Yes he did. That’s, I think, apparent from the words in the, alongside of the change of use so I think what he – what that says is something like this was a modern 1986 building with a shear wall, a shear wall frame building… so that was his consideration.


When asked if he knew if any consideration was given to the fact that there had been a change to the code in 1995, in particular as it affected transverse reinforcement in columns Mr McCarthy said:

I am not aware of that…but certainly what I would say is that Mr Harrow would have been very well aware of that, he’s – and broadly I think that would have been in the consideration of the fact that there was two-thirds – the building was assessed at being approximately two-thirds of the code at that stage.


Section 46(2) of the Building Act 1991 required the CCC to be satisfied on reasonable grounds that in its new use, the building would comply with the provisions of the Building Code for structural behaviour as nearly as is reasonably practicable to the same extent as if it were a new building. Mr Laing for the CCC referred to Auckland City Council v New Zealand Fire Service12 as the only authoritative case law at the time of the application. In that case, Justice Gallen said:


In the end, what the cases say is that the obligation is not absolute. It must be considered in relation to the purpose of the requirement and the problems involved in complying with it, sometimes referred to as “the sacrifice.” A weighing exercise is involved. The weight of the considerations will vary according to the circumstances and it is generally accepted that where considerations of human safety are involved, factors which impinge upon those considerations must be given an appropriate weight.


Counsel assisting submitted that the CCC did not have reasonable grounds to conclude that the building would in its new use comply with structural requirements as nearly as was reasonably practicable to the same extent as if it were a new building. It was submitted that there is no evidence of any consideration of this issue other than what is recorded in the checklist, and this is limited to the age and general type of building.

Mr Laing referred to the evidence given by Mr McCarthy about what Mr Harrow had done and submitted that there is evidence that the CCC was aware of the differences in codes and the implications of this. It was submitted that the CCC could reasonably have concluded that the building complied “as nearly as reasonably practicable” in terms of structural behaviour. It was also submitted that it is not appropriate to single out changes to requirements for transverse reinforcement to columns as something that should have been addressed, because it would set an unreasonably high standard of scrutiny in the exercise of the CCC’s powers relating to a change of use: it would have involved a significant review of the structural drawings as a whole and of the relevant codes.

It would have been reasonable for the CCC to request that the owner provide verification of the structural compliance of the building in terms of section 46(2). The CCC may then have been able to make an informed decision without making generalised assumptions. It appears that it was considered that without further analysis, two-thirds strength of the current building code requirements was as near as was reasonably practicable to current code requirements. The CCC assumed that, as they had issued a building permit for the building and inspected it during construction, it complied with the codes of 1986. Although the approach taken by the CCC was not without risk, we doubt that it can be criticised for failing to comply with the Building Act 1991. Given that the CTV building was a relatively new building and the change of occupancy was of only one floor, we doubt that the CCC was required to do more.

2.5.4 The King’s Education tenancy

King’s Education was primarily a school for English as a second language. It moved into level 4 of the CTV building some time before May 2008. Counsel for the CCC informed the Royal Commission that the CCC’s position was that the tenancy amounted to a change of use. However, the CCC held no record of any notification of the tenancy.

Seventy-one students and nine staff died on this floor when the building collapsed. It is likely that the occupancy numbers, and hence the number of fatalities, would have been significantly less than this if the use had remained as office space.

Madras Equities failed to comply with section 46 of
Building Act 1991 or section 115 of the Building Act 
2004 by allowing the use of level 4 to change without first obtaining CCC approval. Had this approval been sought, the CCC would have been required to be satisfied on reasonable grounds that in its new use the building would comply with the provisions of the Building Code for structural behaviour as nearly as is reasonably practicable to the same extent as if it was a new building. In the absence of clear evidence of the date King’s Education moved in, it is not clear which Act applied.

We cannot speculate what action might have been taken had Madras Equities advised the CCC of the change in occupancy. It is nevertheless appropriate to note that the failure to advise the CCC of the change of use meant that the intended statutory protection for users of the building was unable to have any effect.


2.5.5 Holes drilled for the installation of services

Counsel for ARCL and Dr Reay called evidence from Mr Daniel Morris, a former owner of a concrete cutting business Knock Out Concrete Cutters, about the drilling of holes through concrete and reinforcement in the CTV building. He said that between 1995 and 2000 his company was contracted to drill holes in the building in order to install services. He said that as many as 200 holes with diameters ranging from 40–100mm could have been drilled, although when he was cross- examined acknowledged he had not personally been on site and was only guessing at the number and location of holes drilled. Indeed, he accepted that his estimate of numbers could be “wildly inaccurate”. We did not hear any other evidence that holes of that size were drilled in structurally significant parts of the building. Mr Frost

and Dr Heywood, who were on the site of the CTV building after it collapsed (as discussed in section 5.1), and who examined debris at the Burwood landfill, did not report any holes in beams. Dr Heywood stated that he had looked at approximately 10 internal beams during the USAR operation following the collapse, and a similar number at the Burwood landfill, and did not see any cored holes. Further, no holes in beams were recorded in the Hyland “CTV Site Examination and Materials Tests”13  report.

The building permit and consent plans for alterations to the building show holes were to be drilled in floor slabs for plumbing services. The location of these holes was, without exception, such that none would have been required through the concrete beams on grid lines 2 and 3. If any holes were required to have been drilled in beams then it is likely that these would have been in the beams on grid line 4 beside the toilet block. If there were holes in these beams it would be expected that they would have been reported as they were visible until the north wall complex was demolished.

In summary, we are unable to find on the evidence that significant holes were drilled in the structural members of the building. We consider it is unlikely that any holes that were drilled would have had any effect on the seismic performance of the building.


2.5.6 Status of the building immediately before the September earthquake

2.5.6.1 Earthquake-prone status

The Building Act 2004 contains a definition of “earthquake-prone building”. Buildings that fall into this category in Christchurch must comply with the CCC’s earthquake-prone buildings policy under which structural upgrading is required within a specified time. There is extensive discussion of these matters in Volume 4 of this Report.

The CTV building was not identified as earthquake- prone before the 4 September 2010 earthquake. This is consistent with the opinion expressed in the Hyland/Smith8 report that the building’s capacity would have been in the order of 40–55 per cent of new building standard, at a time when the earthquake-prone building threshold was 33 per cent.

2.5.6.2 Building warrant of fitness

The building had a current building warrant of fitness that had been signed by the owners’ authorised agent on 27 May 2010, and which was valid until 1 May 2011.



The warrant of fitness does not relate to any structural item, however the form notes that the current, lawfully established use at that time was “WL Offices”, with no reference to the school activity. The WL reference (Working – Low fire load) is likely to refer to the fire purpose group for offices from the compliance documents to Building Code Clause C – Fire Safety. Using the same purpose groups, the school activity would have been CS (Crowd – Small) for this building. The stated maximum number of occupants that could safely use the building on the form was 180. It is likely that the number of occupants was less than this number at the time of the February earthquake.

The warrant of fitness information is not consistent
with information held elsewhere on the CCC file for the building in respect of its use, but this was not a factor in the collapse of the CTV building.
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Guidelines for Structural Checking Engineer staff of the Christchurch City Council, to be
applied in the assessment of structural compliance of BPA’s with the provisions of the Building
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i All Applicants are legally entitled to be issued with an approved Building Permit
provided that all relevant criteria in their particular application comply with the
Buildiog Bylaw provisions.

28 Do not attempt to rewrite the Bylaws, but administer them as they are written, or
apply them as they may be interpreted in the context of each specific application. If
ambiguity exists, then determine the intent of any applicable Bylaws and apply
their provisions in the context of that intent.

HS You are entitled to rely upon the recognized expertise of a Professional Designer
who is prepared to certify under his signature that a specific design for a
conventional or innovative structure (or detaily, complies in all respects with the
intent of the provisions of NZ$ 1900 Chapter 8.

4. Do not amend the BPA drawings in any way (in order to expedite the permit
process), 4s to do so could compromise the responsibility for the specific design
which otherwise fully belongs to the Professional Designer.
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