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ABSTRACT: A serious decline in professional structural engineering and construction standards has 
been occurring in English speaking countries of New Zealand’s type for many years now, but, for a 
large number of reasons, New Zealand has been the worst affected.  One paradoxical situation causing 
major problems is the fact that, whereas all heavily populated urban areas in New Zealand can be sub-
jected to a devastating seismic event at any time, the actual return period of such events is far greater 
than in other states that take earthquake resistant design seriously, such as California, Japan and Chile.  
Hence, highly suspect NZ design and construction practices are not exposed and ‘weeded out,’ but 
tend to accumulate. 
 

With particular reference to the well documented Reason Error Prevention Model developed by 
Professor James Reason, the author shows how, in New Zealand at this time, all too frequently the 
numerous parties involved in the design, review, detailing, fabrication, construction and inspection of 
a particular structure are not only committing the most basic, obvious and very serious mistakes and 
bad practices, they are not noticing and preventing those made by others. 

 

Within the actual design process itself, the author shows that all too often, the common ‘piece-meal’ 
approach to design leads not to a resilient, robust, redundant ductile design with positive, dependable 
load paths, but instead to a fundamentally flawed seismic resistant structure, with weakest links where 
the links should be strongest.     

 

1 INTRODUCTION 

In early 2002, the author, extremely concerned about the ever declining standards in all professional 
and trade aspects of the construction industry in New Zealand, approached the Institution of 
Professional Engineers New Zealand, who agreed to receive his assessment and warnings in the form 
of a written ‘letter.’  The resulting ‘letter,’ a 150 page report entitled ‘An Open Letter to IPENZ 
Regarding the Parlous State of the Structural Engineering Profession and the Construction Industry in  
New Zealand,’ was presented to IPENZ in late 2002.  (By sheer coincidence, while the Open Letter 
was being drafted, the ‘Leaky Homes crisis’ hit the headlines, a crisis the author was unaware of.  The 
problems causing the Leaky Homes crisis were of exactly the same type described in the Open Letter, 
which was modified to mention this noteworthy crisis as merely the “tip of the iceberg”).  

 

The ‘Open Letter’ has been much read, and much commented upon, but, unfortunately, little acted 
upon.  Several official reports were prepared in direct or indirect response to the Open Letter, and 
resulting ‘reforms’ have paid at least lip service to the problems exposed in the Open Letter, but, in the 
opinion of the author, these reports are, at best, of little value, and the ‘reforms’ will not work.  Some 
of them have been in operation for several years now, and have clearly failed, with no improvement in 
sight. 
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During the last 5½ years, since the release of the Open Letter, the author has been involved in 
numerous ‘behind the scenes’ efforts to get practical and effective reform of the structural engineering 
profession and the construction industry, but to no avail.   The initial drafts of this paper attempted to 
recount this sequence of events, but even in its most concise form, the resulting paper is too long and 
involved for this context.  Suffice to say that the worst (disguised) examples given in the Open Letter 
consisted of Category 1 type buildings (the most important) that were massively overstressed under 
the design seismic loads, despite having been assessed by numerous senior engineers, and approved 
for construction.  Over half a decade on, we now have the situation where not only major buildings 
continue to be designed with serious seismic deficiencies, but several major public buildings have 
been in the process of failing, even totally, during erection, because they could not carry even their 
own self-weight (Collins, 2007).  

 

Therefore, for simplicity, the author wishes to use only two examples to show that, indeed, resilience 
is still urgently needed for a brittle system producing brittle buildings.  These examples lead to an 
alternative title – ‘The Cheese and the Chain.’ 

 

2 THE CHEESE 

2.1 The Reason Error Prevention Model 

Professor James Reason is a British psychologist who, in 1990, propounded a superbly simple but 
powerful model of accident causation within organisations and systems based on, of all things, a block 
of Swiss cheese.  It has since gained widespread acceptance and use in the healthcare, aviation safety 
and emergency service industries.  It was introduced to the author by John Gray, who used the Reason 
model as part of his evidence in a successful claim for damages for a block of leaky town houses.  It’s 
use in the NZ construction industry is long overdue. 

 

We are all familiar with the classic type of Swiss cheese, such as Emmental, with its large voids 
caused by the gas given off by bacteria during the fermentation process.  Anyone who has seen a 
massive block of Emmental will know that one can not see through the block as a whole, but one can 
see through the holes in one or two thin slices. 

 

Important processes handled by real world organisations invariably involve the input of several 
departments or individuals.  No one is perfect, and serious mistakes can be made by particular 
departments and individuals, but hopefully there are enough knowledgeable parties involved in the 
process that serious mistakes are picked up before they can produce any seriously flawed results. 

 

Professor Reason likens each stage of a process as a thin slice of Swiss cheese, with holes in each slice 
representing weaknesses or deficiencies in that stage that could allow a serious mistake to pass 
through undetected.  Hopefully, the holes in each slice are not particularly large or numerous, so that, 
if a reasonable number of basically sound stages (‘slices’) are in place, no serious mistake (following a 
straight ‘Accident Trajectory’) can find its way through unimpeded, to emerge at the end with serious 
consequences.  Refer to Figure 1. 
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Figure 1 – The Reason Model of Organisational Failure 

 

This ‘defence in depth’ is well known in military and sporting terms, but even such depth is ineffective 
if each stage is seriously compromised.  In the construction industry, degraded supervision, inadequate 
training, lack of experience, and deficient resources and instructions all seriously weaken each stage, 
and the overall performance. 

 

2.2 An Example of the Brittle System 

It has been stated almost ad nauseum for several decades now that “New Zealand leads the world in 
seismic engineering,” even though our building stock has remained largely untested under real large 
seismic events.  The author disagrees with this assertion, although he most earnestly and fervently 
wishes and works for the reforms that can make this assertion a statement of fact.  This must not be 
taken as a criticism of the many fine people who have, and who continue to develop, practice and 
improve seismic resistant design practice.  It is an honest assessment of the overall state of actual 
practice, particularly at the ‘mid to lower end’ of the quality scale.  

 

One can disprove an assertion by just one example, and the example the author has chosen to disprove 
the assertion that NZ leads the world in seismic engineering practice is the widespread fabrication and 
installation of spiral reinforcement without proper anchorage at the ends. 

 

One fundamental principle of sound seismic resistant design is that all transverse reinforcement in 
reinforced concrete members must have end anchorages such that, even if the cover concrete spalls off 
under cyclic loading, the transverse reinforcing will remain firmly in place, capable of always 
providing shear resistance, confinement to the concrete, resistance to the buckling of longitudinal 
reinforcement, and resistance to any transverse forces at cranks in longitudinal reinforcement. 

 

This had been a widely accepted requirement in NZ since at least the late 1960’s, and certainly the 
standards for structural concrete design and construction, NZS 3101 and NZS 3109, have explicitly 
required this since the early 1980’s.  But whereas virtually every rectangular stirrup or hoop that the 
author has ever seen in NZ has had 135o hooks at both ends that are anchored into the core concrete 
(or at least the equivalent in proper overlap and weld), the same cannot be said for circular spirals. 
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Based on the author’s personal experience, his numerous observations, and those of engineers he has 
educated as to the importance of proper spiral anchorage, a significant proportion, if not the majority 
of the spiral reinforcement installed in NZ has no end anchorage at all, or at best, highly suspect and 
probably deficient welded end anchorage.  This applies to laps in spirals as well – all too often these 
consist merely of an overlap of plain bars in the cover concrete! 

 

Obviously, the author and his colleagues do everything they can to ensure that the correct spiral 
anchorage is shown on the drawings and in the specification, but the effort that is required to actually 
get what is needed, on job after job after job, leads them to assume there is widespread deficient 
practice.  

 

Not only is proper end anchorage of spiral reinforcement essential because one spiral represents the 
total transverse reinforcing for at least half of each column, the most severely stressed reinforced 
concrete in many large buildings is at the top of bored cast in-situ piles, which must be confined with 
spirals. 

 

For both mild steel (Grade 300) and medium high tensile steel (Grades 410, 430 & 500), the best end 
anchorage for a spiral consists of an extra half spiral turn, and a 135o hook back into the core concrete.  
Forming the hook at the end after the spiral is wound is a little inconvenient, but nothing that cannot 
be overcome if there is a will to do it.  Such end anchorage is common practice in Europe for non-
seismic structures.  Laps in spirals must be treated as two overlapping end anchorages, for obvious 
reasons, but this too is often overlooked. 

 

For plain mild steel (Grade 300) spirals, end anchorages consisting of an overlap of the spiral, and a 
one sided fillet/groove weld may be acceptable, but there is still real cause for concern, and this cause 
for concern is greatly increased when welded anchorages for Grade 500 reinforcing are used, as is 
very common practice. 

 

Even with a very good welder welding Grade 300 reinforcing, obtaining a welded end anchorage that 
will faithfully develop the full strength of the bar under severe cyclic loading is very difficult.  Even if 
the bars can be held in good, close contact, and the weld can be made in a good downhand position, 
invariably there is some form of gouge, and therefore loss of area and a stress concentration, at the 
start and end of the welds. 

 

Grade 500 micro-alloyed reinforcing is a difficult material to weld properly, and the concerns with 
Grade 300 welding are even more critical with Grade 500.  One significant issue with welding 
procedures that require manual low-hydrogen electrodes, particularly in the field, is the proper 
handling of these electrodes to maintain their low-hydrogen properties.  The flux covering of manual 
electrodes readily absorbs atmospheric moisture, which leads to hydrogen in the molten weld metal.  
Immediately after opening a sealed packet, all low hydrogen electrodes must be kept in a heated dry 
enclosure until immediately before use, and manufacturers’ instructions often require full baking of 
the electrode if exposure to the air has been excessive. 

 

However, Grade 500 quenched and self tempered (QT) bars must not be welded, and in the present 
situation in NZ, problems with welding spirals are compounded by some reinforcing suppliers 
universally substituting Grade 500 QT for both Grade 500 MA and Grade 300 steel. 
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Consider Figure 2, which represents the Reason model applied to the fabrication and installation of 
deficiently anchored spiral reinforcement in so many instances in NZ.  There are at least 12 ‘slices,’ 
every one of which should be a solid piece of Cheddar, not Emmental.  For such a basic fundamental 
important requirement, there should be no holes anywhere, and every ‘slice’ should be stopping 
deficient practice in its tracks, but it isn’t.  For what the author and his colleagues see and experience 
to occur, there must be massive deficiencies at every stage, as shown.  It doesn’t look like Swiss 
cheese; it looks like a loaf of sliced white bread that has had the middle picked out, leaving only the 
crust behind. 

 

 

 

 

 

Figure 2 – The Error Trajectory of Spirals with Deficient End Anchorage 

 

Over-arching the entire process, that fails time and time again, are ineffective professional and 
industry bodies that should also stop these deficient practices in their tracks. 

 

To supplement the written word in NZS 3101 and NZS 3109, the author did ask the relevant Standards 
NZ committees to include clear diagrams highlighting the need for proper end anchorages at the end of 
all spiral sections, but this request was ignored, as usual.  The author, along with two other engineers 
and a senior architect, wrote to the Department of Building and Housing in mid-2005, asking that the 
DBH deal effectively with this problem.  For an extremely important, stock standard item, about 
which there is no question to be resolved, it is very disappointing that it took the DBH one year to 
prepare and publish the 2 page Practice Advisory 8, which, on the whole, seems to have had little 
effect, particularly with those most in need of improving their attitudes, namely, the reinforcing 
suppliers and fabricators.  
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3 THE CHAIN 

3.1 THE RESILIENCE THAT IS HOPED FOR 

As many of the people attending this conference can explain far more knowledgeably than the author, 
in the general sense, the nature of a particular earthquake’s wave forms, and sub-soil conditions, can 
mean that many buildings are subjected to relatively minor horizontal and vertical accelerations, 
whereas those nearby are severely tested.  But once an earthquake decides to severely test a structure, 
it is ruthless.  There is no “averaging out of performance,” or “playing by the rules, as defined by the 
assumptions made in the engineer’s design process.”  The earthquake will find the weakest links, with 
consummate ease, and expose them for all to see. 

 

Based upon the many decades of intense research, discussion and experience of major seismic events, 
structural engineers experienced in seismic design have, and should have, confidence that they can 
design robust and resilient structures that have no weak links. 

 

Hopefully, for a particular project, the codes and/or specialist geotechnical consultants have specified 
an appropriate level of seismic acceleration to design the structure for.  Then the design engineers’ 
experience is put into practice, as they conceive of, analyse and design a structure that, through sound 
load paths and good detailing, and of course, good construction, will withstand the worst the 
earthquake can throw at it, with only relatively minor, non-catastrophic damage.   

 

Refer to Figure 3, where the author uses the analogy of a chain to represent the buildings seismic 
resistance. 

 

 
Figure 3 – The Robust, Resilient Structure We Desire - No Weak Links 
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Provided each link in the chain is well designed and constructed, with robust, well defined and 
detailed load paths, and we have made a reasonably accurate forecast of the severity of the earthquake, 
we have every confidence of good performance.  It doesn’t matter if the earthquake hits a few peaks 
that are a little greater than expected, or the odd link has a slightly lower strength or cross section than 
specified (but still within tolerance, of course), because the chain will simply stretch a little more.  
Once the loading is over, the chain will still be intact, if somewhat a little worse for wear, and still able 
to carry a significant load. 

 

Unfortunately, the author believes that common design office practices, which so often involve a 
piece-meal approach to structural design, leads not to a robust, resilient structure, but rather a ‘chain’ 
full of brittle links, some obvious, some not so, that will be cruelly exposed under large seismic 
loading.  Refer Figure 4. 

 

 
Figure 4 – The Brittle Structure That Often Results – Obvious, and Not So Obvious, Weak Links 

 

The chink in the ‘Floor’ can represent precast floor units that can fall off their supports, or brittle mesh 
in the topping, or poor connection of the floor into the concentrated lateral load resisting elements.  
The chink in the ‘Columns’ could be unanchored spirals, or beam-column joints devoid of concrete 
because of excessive dense joint reinforcement.  The ‘Walls’ may well be too slender (if properly 
looked at), and precast wall sections may have had its deformed starters cold rebent on site.  Notice the 
‘Transfer Diaphragm.’  Its paper thin end represents the fact that, because of stair, lift and service 
penetrations completely surrounding the main shear walls at the transfer diaphragm levels, the ability 
of the shear walls to actually react against the transfer diaphragms, as assumed in the analysis and 
design, is practically nil.  The chinks in the ‘Piles’ represent unanchored spiral confinement at the top, 
and very poor concreting and compaction, compounded by water in the bore hole. 

 

3.2 THE DISJOINTED DESIGN PROCESS 

Except for relatively small projects handled solely by an experienced and competent structural 
engineer, the author has observed that the structural design process in New Zealand, and particularly 
the seismic resistant design process, is typically a very disjointed process that greatly increases the 
likelihood of serious design deficiencies. 
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There are many factors that contribute to this.  One is a widespread lack of consistent design practice 
for even very common structural elements, for example shell beams.  Many shell beam designs, even 
by so-called ‘pre-eminent practitioners’ are so far outside the bounds of good practice that they are just 
simply wrong.  This makes it almost impossible for one engineer to effectively expand upon, or check, 
the work of another.  Another is the widespread practice of, instead of carrying out a full and 
consistent analysis and design of an entire structure, individual substructures are analysed and 
designed in isolation, and then somehow cobbled together at the drafting stage.  An example of this is 
when one person designs the beams, another the columns, another the walls, and yet another the floors, 
without the all important over-arching coordination of a senior analyst/designer.  Is it any wonder that 
reinforcing will not fit, and walls are not connected properly to floor diaphragms.  Yet another is the 
usual practice of, for short term expedience, quickly preparing an inadequately checked building 
model for the derivation of seismic loads, to which are added gravity actions that have been calculated 
‘on the fly’ for the design of individual elements.  Yet another piece-meal approach that causes major 
problems is the supposed ‘quality assurance’ stage of the ‘internal peer review.’ 

 

The author has for many years campaigned for proper rational codified and consistent design 
approaches to be used for the design of at least the most common elements.  This is not something that 
will stifle innovation – it will merely stamp out bad practice, and increase efficiency.  With regard to 
shell beams, the ‘simply wrong’ practices will be eliminated.  This approach has had extremely 
positive results for the British steel construction industry.  They realised that they had to have a 
consistent approach to the design of all types of ‘pin’ and ‘rigid’ connections, so that engineers, 
draftsmen and fabricators could ‘talk the same language.’  The massive increase in steel’s share of 
new building construction in Britain is proof that such an approach can be very successful. 

 

The author is a firm believer in carrying out a full three dimensional computer analysis, complete with 
gravity, soil, wind and earthquake, and realistic modelling of all joints and support conditions, for all 
but the simplest portal frames and the like.  Having said that, such analyses are worth nothing until 
such time as they have been thoroughly checked. 

 

It is so easy to get the gravity load wrong for important elements when it has to be constantly 
recalculated ‘on the fly.’  “Did the engineer remember to add in the reaction from the transverse beam 
on the far side of the column?”  The advantage of a full 3D gravity analysis is that at each floor level, 
and especially at the foundation level, the sum of the dead and live axial loads in the columns and 
walls serves as a simple and definitive global check.  Also, gravity loads in the computer analysis 
make the assessment of P-Delta effects far simpler. 

 

Another problem with the piece-meal approach to design is that merely extracting individual member 
actions out of a numeric print-out gives the designer no ‘feel’ for where loads, and especially seismic 
loads, are transferred in and out of resisting elements.  Time spent preparing diagrams showing load 
vectors in and out of lateral load resisting elements is a great investment, particularly when it comes to 
ensuring proper diaphragm action. 

 

It is essential that at least one calm and experienced engineer looks at any structure in its entirety, and 
asks some basic questions: 

• “Does it look right?” 

• “What are all of the gravity load paths?” 

• “What are all of the lateral load paths?” 

•  “Are the floors and lateral load resisting elements actually connected properly?” 
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The worst examples given in the Open Letter, of Category 1 buildings that had severe seismic 
deficiencies, had all been looked at ‘in detail’ by numerous (then) Registered Engineers, and the 
deficiencies were not picked up, but the author, by simply and quickly running these questions through 
his mind, was able to quickly identify the deficiencies. 

 

The author firmly believes that the ‘Quality Assurance’ process of peer reviewing as typically 
practised does not improve the quality of design produced, but severely detracts from it.  Certainly, it 
allows designers that seek ‘an easier time’ to be less than thorough when doing their work, hoping that 
the internal checker will pick it up.  But the internal check process is not treated by managers and 
designers as highly dependent on the quality of design produced, but as a brief exercise with a clearly 
defined start and end point, because, after all, “you’re only checking it, not designing it.” 

 

The old adage has it that an article that has two proof readers will be full of mistakes, because each 
proof reader assumes the other will pick up any mistakes they happen to miss. 

 

Perhaps the worse comment the author has ever heard as a result of this typical piece-meal approach 
was a question by a (then) recently registered engineer about a job he had just completed – “Have I 
done enough calculations?”  Well, for him to be the designer of a real structure, it is up to him to know 
the answer.  He must be able to actually define ‘the problem,’ and know when he has solved it, to 
actually be worthy of the being considered a structural engineer, and especially, a Registered 
Engineer?  

  

4 SUMMARY 

The author has used two well known analogies of systemic failure, the Reason ‘Swiss Cheese’ model 
and the proverbial ‘weakest link’ model to highlight two widespread weaknesses in seismic resistant 
design and construction in NZ.  These weaknesses mean that, instead of ensuring we have a 
consistently tough and resilient stock of structures, we have a brittle system consistently producing 
many brittle buildings, and worse, many brittle important buildings.  Time is running out to remedy 
this situation, and soon it will be too late.  Bad practices and attitudes will be so widely entrenched, 
and the number of experienced people who can affect proper reform will be so reduced by retirement, 
that the situation will be irretrievable.  What are you going to do to prevent this happening?    
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