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West Gate Bridge (1970)

Overview

The West Gate Bridge over the Yarra River in 
Melbourne was procured under a forerunner 
of a modern public-private partnership. The 
government had inadequate funds to finance 
a new bridge and, accordingly, a private 
enterprise group initiated the project, with the 
cooperation of the government. The private 
company, Lower Yarra Crossing Authority 
(‘Authority’), was vested with appropriate 
powers to finance, construct and operate a 
toll bridge by enabling legislation. 

The bridge comprises 12 concrete spans 
on the east side and nine concrete spans on 
the west side, with five steel box girder spans 
crossing the Yarra, the central three spans 
being cable stayed. Following the recent 
previous experience of the failure in service 
of the Kings Bridge over the Yarra River 
(procured by design and construct), the 
procurement of the West Gate Bridge by the 
Authority was conventional: eminent 
consulting engineers were engaged directly 
by the Authority to prepare the designs and 
supervise construction, and contracts were 
let for the construction in accordance with 
the engineer’s designs.

This article reviews the lessons that can be derived from the failures of several large bridges 
during construction. One of these failures – that in respect of the Quebec Bridge – occurred 
more than a century ago, and the more recent failures – those of the West Gate Bridge in 
Melbourne and the Milford Haven Bridge in Wales – occurred within living memory. The first 
part of this article, published in our December 2008 edition, concerned the Quebec collapse. 
This second part examines the West Gate and Milford Haven collapses and reflects upon the 
lessons which can be learned from these collapses for construction law and its practice today.

Contractual lessons from 
construction failures: part two
Dr Donald E Charrett
Barrister, Melbourne

On 15 October 1970, a 112-metre span on 
the western side of the Yarra collapsed 
suddenly during construction, resulting in 
the deaths of 35 people. A Royal Commission 
was immediately constituted to report on the 
causes of the failure and whether any aspect 
of the design was inadequate. The 
Commission, comprising a Supreme Court 
judge and two civil engineers, produced a 
report after 80 sitting days, evidence from 52 
witnesses and consideration of 319 exhibits. 
The Commission’s report is the source of the 
following observations. 

Construction contracts for West Gate Bridge

The original contract for fabrication and 
erection of the steel box girder spans of 
the bridge (‘Contract S’) was based on a 
considerably amended Australian Standard 
General Conditions of Contract for Civil 
Engineering Works, with a number of other 
documents incorporated. 

The Commission criticised the drafting of 
the contract, particularly the vice of 
incorporating documents that purported to 
impose liability on persons not parties to the 
contract. The contract required the 
consulting engineer (who was not a party to 
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Contract S) to provide the contractor with a 
set of bridge design calculations in order to 
enable it to prepare erection calculations. 
The contractor had no contractual 
mechanism to enforce compliance,  
and the calculations were never provided.  
In view of their significance (or lack of them) 
in the collapse, this was a major  
contractual deficiency.

Construction under Contract S com-
menced in April 1968, with a projected 
completion date of December 1970. However, 
the contractor fell seriously behind its prog-
ramme such that by February 1970 the 
Authority issued a ‘show cause’ notice under 
the contract. The contractor issued a counter 
notice, and a settlement was reached in 
which the original contractor retained the 
work of fabrication and subassemblies of the 
steel boxes, with all the other work of 
completion and erection to be carried out by 
another company (JHC) under a new 
contract (Contract E). 

Contract E was a ‘cost plus’ labour 
management contract in which JHC was 
responsible for the physical task of erecting 
the steel work, but had no responsibility for 
engineering decisions relating to final or 
erection stresses in the bridge. This contract 
had an exclusion clause which held  
JHC harmless in contract or tort for any 
failure to construct and complete the works 
and for any defects, unless caused by  
gross negligence. 

The Commission considered that the 
provisions of Contract E had some bearing 
on the collapse. It noted that the unusual 
contractual arrangements with JHC, and its 
relative inexperience in large steel bridge 
work, put more responsibility on the 
consulting engineer and made its task more 
onerous, without changing its legal liability 
(which remained the skill, care and 
diligence contemplated by the common law 
and expressed in the provisions of the 
consultant’s contract with the Authority). 
The Commission noted that this 
unsatisfactory situation could easily have 
been avoided by the contractual means of 
appropriately amending the consulting 
engineer’s contract to take account of its 
increased responsibility.

Cost and time issues

It is notable that cost factors were not 
identified as having any bearing on the 
collapse, as the Authority placed no particular 

financial limits on the cost, particularly if 
there was any risk to the safety of structure. 
However, the same cannot be said of time 
pressures, and the Commission criticised the 
Authority for its constant sense of urgency 
and pressure to complete the construction 
within specified times, resulting in quick,  
ill-considered decisions which brought about 
difficulty and delay and directly caused some 
of the more serious errors of judgment. 

Erection

The method of erection proposed in the 
tender by the original steelwork contractor, 
using two half-spans jacked into position and 
joined along the longitudinal centreline, 
had not been used anywhere else in the 
world under similar conditions to the West 
Gate Bridge. The consulting engineer 
not only neglected or refused to hand 
over calculations which were vital for the 
contractor in assessing its erection method, 
but it rarely replied to correspondence 
requesting technical information, or if it 
responded it often did not provide the 
information requested. 

The unusual method of erection created a 
number of difficulties that the Commission 
found were significant contributing factors 
to the collapse. In particular, the two half-
spans, when erected, had a significant 
difference in camber (of the order of 100 
mm) which had to be eliminated before 
they could be spliced together. JHC used 
kentledge (heavy blocks of concrete) on the 
upper flange of the span as a means of 
correcting the difference in camber. This 
kentledge caused a buckle in the upper 
flange near mid-span. In an attempt to 
eliminate this buckle, about 30 bolts were 
removed from a transverse splice in the 
upper flange of the span. 

Although the Commission found that the 
removal of these bolts was the immediate 
precipitating cause of the collapse, it found 
that the quality of the design was also a very 
significant factor, as the factor of safety for 
many of the approved erection conditions 
was too low even without the addition of 
kentledge or the removal of the bolts.

Design

Although the technical issues associated with 
the quality of the design and their contribution 
to the collapse are generally outside the scope 
of this article, there were several general 
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‘The Commission criticised the drafting of the contract, 
particularly the vice of incorporating comments that 
purported to impose liability on persons not parties to 
the contract’

engineering issues related to the contractual 
arrangements that may be relevant to other 
large engineering and building projects. The 
most significant of these was the consulting 
engineer’s responsibility for checking the 
erection calculations made by the contractor. 

The consulting engineer adopted the 
practice of British consulting engineers 
designing major bridges at that time, and 
left the analysis of erection stresses to the 
successful tenderer. Although this practice 
meant that the consulting engineer was 
primarily concerned with the safety and 
efficiency of the bridge in service, it also 
should have had regard to erection 
problems, and to ensure that there was at 
least one practical method of erection of 
the bridge. While in theory, the contractor 
could have ascertained what extra 
strengthening was required to meet the 
stresses imposed by its erection scheme, to 
do so they would need to understand how 
the structure was designed. As noted above, 
although Contract S stated that the 
consulting engineer would provide the 
contractor with the design calculations, this 
was not done and the contractual provision 
was not enforceable.

In early 1970, concerns had been expressed 
as to the sufficiency of the design, and the 
Authority requested the consulting engineer 
to check its design calculations. However, 
little progress had been made on this check 
by June, when the Milford Haven Bridge in 
Wales collapsed during cantilever 
construction of a span. In view of its similar 
design to West Gate, and the fact that the 
consulting engineers were the designers of 
both bridges, the Authority requested an 
independent check of the design of West 
Gate. This ‘independent’ design check was 
commissioned by the joint consulting 
engineers, who appointed an associated firm 
in London to carry out the work. 

Although the final report of the 
‘independent’ check was not received until 
after the collapse, an interim report in 
September 1970 drew attention to the 
overstressing which was likely to occur in 
some of the member splices, and other areas 

where some overstressing was probable. After 
the Milford Haven collapse, the consulting 
engineers themselves found that high stresses 
in the West Gate Bridge were likely at a 
number of places, which led to their 
recommendation for a substantial prog-
ramme of strengthening, requiring an 
additional 160 tons of steel. The Commission 
agreed that this stiffening was vitally 
necessary, but did not accept that it was 
sufficient to make the structure safe.

The Commission was very critical of the 
execution of the design by the consulting 
engineers, and considered it was carried out 
in a disorganised and unsystematic manner 
and without any effective checking system 
or proper guidance given to the engineers 
doing the work. This resulted in many 
errors of arithmetic and engineering 
principle that were not detected until the 
Commission’s inquiry. In addition, it failed 
to check the contractor’s erection 
calculations but was nevertheless prepared 
to approve them. The Commission’s 
overarching conclusion on the cause of the 
collapse was that the consulting engineer 
failed altogether to give a proper and careful 
regard to the process of structural design.

Milford Haven Bridge, Wales (1970) 

Committee of Inquiry

In June 1970, a span of the Milford Haven 
(now known as the Cleddau) steel box 
girder bridge under construction, collapsed 
during the erection of a pre-assembled 
deck section. Four months later the West 
Gate Bridge collapsed in Melbourne. The 
UK Government subsequently appointed a 
technical Committee of Inquiry to investigate 
the collapse of the Milford Haven and West 
Gate Bridges. The Committee’s terms of 
reference were to consider whether it was 
necessary to reconsider the design and method 
of erection of box girder bridges about to be 
erected in the United Kingdom, to draw up 
technical guidelines for bridge engineers, 
to advise on any special matters affecting 
contract procedures and to recommend 
further research and development. This five-
man committee, chaired by Dr Merrison, the 
Vice Chancellor of the University of Bristol, 
included two consulting engineers, a civil 
engineering professor and a director of a 
major steel fabricator/contractor. 

The Committee concluded that the 
collapse of the Milford Haven Bridge was 
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‘the consulting engineer failed altogether to  
give a proper and careful regard to the process  
of structural design’

caused by the inadequacy of the design of a 
vertical pier support diaphragm. The 
lessons from Milford Haven primarily 
concerned the inadequacy of the design 
methods used for the permanent design 
and checking the safety during erection. 

The Interim Report of the Committee 
included comprehensive design and 
workmanship rules for the stress analysis 
and design of steel box girder bridges  
which were later confirmed in the  
Final Report after further research  
had been implemented. The interim 
recommendations on checking the design 
of steel box girder bridges were applied to 
51 highway bridges in service in England in 
June 1971 and 37 bridges not yet in service. 
Thirty-two of the in-service bridges and 28 
of the unopened bridges were found to 
need strengthening. The amount of 
strengthening steel added to these bridges 
ranged from negligible amounts up to 12.5 
per cent, apart from two ‘exceptional cases’ 
(undefined, but presumably requiring more 
than 12.5 per cent additional strengthening 
steel). The ‘Merrison Rules’ for design of 
box girder bridges in the Committee’s 
report are still used today in the design and 
checking of steel box girder bridges. 

In its Final Report, the Committee not only 
accepted the West Gate Royal Commission’s 
assessment of events which led up to the 
collapse, but drew considerable support 
from it in their recommendations on 
contractual and procedural aspects of bridge 
design and construction. Significantly, the 
Committee noted that although there were 
fundamental defects in the erection 
procedure and permanent design of the 
West Gate Bridge, the failures of site 
organisation and of communication  
between the principal parties were of more 

general significance. Based on the 
conclusions of the Royal Commission Report, 
the Committee suggested procedural 
principles that were intended to prevent 
situations like that on the West Gate Bridge 
project from arising at all.

Engineer’s and contractor’s responsibilities

The Committee considered that the best 
procedure for checking the adequacy of 
the contractor’s proposed methods of 
construction was to require it to obtain a 
certificate from completely independent 
engineers to the effect that the erection 
proposals had been checked and found 
adequate. This was consistent with its strongly 
expressed view on the appropriate division of 
responsibility between the engineer (primarily 
responsible for the permanent design of the 
structure) and the contractor (responsible 
for the construction and completion of the 
works in such a way that the permanent 
design is properly realised). While the 
contractor is responsible for execution of 
the works, including all temporary works, 
the engineer has a duty to its client to ensure 
that the contractor’s erection proposals and 
implementation of those proposals will not 
impair the permanent works in any way. The 
Committee emphasised that although it was 
not concerned with legal responsibilities and 
liabilities, a prerequisite of success in any 
major bridge undertaking is that the legal 
forms of contracts between the client and 
other parties precisely reflect the practical 
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‘Engineering failures… contain lessons to be learned 
if similar failures and inevitable disputes are to be 
avoided in the future’

engineering responsibilities and their division 
between the parties.

In the 35 years since the Committee 
succinctly summarised the separate roles of 
the engineer and the contractor, there have 
been many changes in contractual terms 
relating to the traditional form of construct-
only contracts, including a significant 
reduction in the power of the engineer. 
However, it is suggested that, in relation to the 
engineer’s technical responsibility for delivery 
of a project to satisfy the client’s requirements, 
the Committee’s recommendations are still 
applicable today, and are ignored at the peril 
of all project participants.

Time

In respect of the programming of large 
civil engineering works, the Committee 
commented on the potential adverse impact 
of undue haste in commencing and carrying 
out the work, and recommended that the 
client and the engineer allow the contractor 
sufficient time after the contract has been let to 
prepare for the start of work. Furthermore, it 
recommended that the contractor should not 
be unduly pressurised during the construction 
period, as there may be sound reasons for 
modifying the original programme if the 
contractor can no longer keep to it without 
the risk of mistakes occurring.

It is suggested that this recommendation 
may not find favour in today’s contracting 
environment, in which the driving principle 
is often to start work at the earliest available 
opportunity (frequently before the design is 
completed under fast-track arrangements), 
and to execute the work under very tight 
time constraints with the threat of substantial 
liquidated damages. However, the 
Committee’s clear warning of the importance 
of allowing sufficient time for preparation 
and execution of the design and the works 
should not be ignored, irrespective of the 
prevailing contractual climate.

Contractual recommendations

The conclusions of the Committee’s interim 
and final reports included wide-ranging 
proposals for contractual procedures. 

While these recommendations were made 
over 30 years ago and were specific to 
design and construction of major steel 
box girder bridges under the conventional 
procurement  route of  a  consul t ing  
engineer engaged directly by the client, it 
is suggested that they are still applicable  
today to any major building or construction 
works. The Committee’s Final Report 
included the following recommendations on 
contractual procedures:
•	 The client must be assured that the 

engineer will have adequate and appropriate 
resources. 

•	 A certified independent check should be 
carried out to confirm that the permanent 
design is adequate and complies with the 
relevant technical requirements.

•	 There should be a clear division of 
responsibilities between engineer and 
contractor, and the contracts between the 
parties in a major project should reflect 
their practical engineering relationship.

•	 A certified independent check of the 
erection method should be performed by 
engineers other than the design engineer, 
who should be given full details of the 
erection method and have a right of veto 
over it.

•	 The contractor should submit a construction 
programme to the engineer for its approval.

•	 The independent checks of the permanent 
design and of the erection method should be 
complete by the time work, and the erection 
of the relevant part of the superstructure, 
start respectively. 

•	 The contractor should be allowed sufficient 
time to prepare itself for the start of work 
and the client and the engineer should 
be prepared to consider a revision of the 
programme in the event of slippage.

•	 The engineer should carefully monitor 
the progress of construction to ensure 
compliance with the agreed erection 
method, and should scrutinise the 
contractor’s site staff and where necessary 
exercise the powers under the contract.

•	 The client should satisfy itself as to 
the adequacy of the engineer’s site 
representatives, and their functions and 
tasks should be defined in writing. 

The similarity between these recommendations 
and the lessons from the Quebec Bridge  
Royal Commission Report outlined in part 
one of this article should be noted. It is 
apparent that, notwithstanding the study of 
that report by generations of engineers, the 
contractual lessons were forgotten in the 
intervening 60 years.
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Lessons from West Gate Bridge

Based on the issues highlighted above, the 
following are some of the contractual and 
project execution lessons relevant to major 
engineering projects to be learned from the 
Report of the Royal Commission and the 
Merrison Committee Reports:
•	 The contract terms should clearly define 

the responsibilities of the engineer and 
the contractor in a way that is contractually 
achievable.

•	 A labour management contract with limited 
liability imposes a heavier responsibility 
than normal on other project participants.

•	 Inappropriate time pressures from a 
desire to keep the work progressing may 
provide insufficient time for properly 
considered decisions that can lead to errors 
of judgment.

•	 The execution of the design should be 
organised and systematically and adequately 
checked.

•	 Both the permanent design and the design 
of the temporary works and erection 
methods should be checked by an engineer 
independent of the designer.

•	 The client/owner should vet the engineer’s 
available resources and ensure they are 
appropriate to the design task.

•	 The client/owner should vet the engineer’s 
and contractor’s site personnel and ensure 
they are appropriate to the demands of the 
erection.

Conclusion

Engineering failures inevitably have serious, 
sometimes grave consequences, but contain 
lessons to be learned if similar failures and 
inevitable disputes are to be avoided in the 
future. The reports discussed above contain 
valuable information, not only historical and 
technical, but also in respect of the contractual 
and project execution issues that had an 
influence on the failure of the Quebec Bridge 
and the West Gate Bridge. 

It is suggested that the issues identified in 
the Royal Commission and Merrison Reports 
on the collapse of the West Gate Bridge are 
still relevant in today’s contracting 
environment, but may have been forgotten, 
in the intervening generation. An eminent, 
well-qualified and experienced consulting 
engineer was appointed in the traditional 
way to design and supervise construction, 
and yet the confidence placed in it turned 
out to have been misplaced, and to have 
inhibited critical assessment of its decisions. 

The scope of the engagement of the 
engineer was not appropriate to the demands 
placed on it. Time pressures resulted in 
insufficient time to properly consider various 
issues, leading to errors of judgment that 
contributed to the collapse that occurred. 

Many of these issues had been identified 60 
years earlier in the Royal Commission Report 
into the collapse of the Quebec Bridge. 
Notwithstanding that this Royal Commission 
Report has been regarded by generations of 
engineers as a classic, it is apparent that many 
of the lessons learned had been forgotten by 
the time of procurement of West Gate, 
particularly the importance of engineering 
of the erection, and the need for independent 
review of designs.

The failures discussed in this article 
occurred a long time ago but the lessons to 
be learned are still relevant and worth 
repeating. Today’s generation of building 
practitioners may not be familiar with the 
resources available in public reports, the 
reasons for the failures or the lessons to be 
learned from them. It is to be hoped that the 
clear message conveyed by the West Gate 
Royal Commission in respect of the quality of 
the design process has been absorbed, and 
that similar comments could not now be 
made in respect of a design office with 
certified quality procedures to ISO 9000. It is 
a salutary reminder of the importance of 
history, that lessons learned and heeded 
from the contractual issues of scope, time, 
cost and quality in the execution of projects 
that failed in the past may assist in preventing 
failures (and disputes) in the future.

Donald E Charrett is a member of the Victorian Bar. 
This paper is based on two of the author’s previously published papers: ‘Lessons 
from Failures – Quebec Bridge’ (2008) 119 Australian Construction Law Newsletter 
14 and ‘Lessons from Failures – West Gate Bridge’ (2008) 30 Building Dispute 
Practitioners’ Society News 4.

The full titles of the reports referred to in this article are as follows:
•	 Canada, Royal Commission Quebec Bridge Inquiry, Report (1908);
•	 Victoria, West Gate Bridge Royal Commission, Report of Royal Commission into 
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