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Copenhagen MetroCopenhagen Metro

Project Complexity Project Complexity -- SystemsSystems

Project Complexity Project Complexity -- BehaviouralBehavioural

waswas aa speciallyspecially--formedformed workingworking coco--operationoperation betweenbetween sixsix
engineeringengineering companiescompanies fromfrom Denmark,Denmark, England,England, France,France, ItalyItaly andand
AustriaAustria.. TheseThese areare CarillionCarillion PLCPLC (UK),(UK), SAESAE InternationalInternational (France),(France),
BachyBachy SoletancheSoletanche (UK),(UK), STRABAGSTRABAG AGAG (Austria),(Austria), NCCNCC DanmarkDanmark A/SA/S
(Denmark)(Denmark) andand AstaldiAstaldi (Italy)(Italy)..
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Annual Report 2003

6.7 billion DKK or 8.7 billion? (30% increase)6.7 billion DKK or 8.7 billion? (30% increase)
2 billion DKK Claimed in 2000 still 2 billion DKK Claimed in 2000 still 

outstandingoutstanding
Annual Report 2001

Annual Report 2002

Annual Report 2004

Annual Report 2005

Annual Report 2006

Understanding what is meant by Understanding what is meant by 
project project successsuccess is crucialis crucial

Heathrow Express CollapseHeathrow Express Collapse
RecordRecord finefine afterafter tunneltunnel collapsecollapse

OneOne ofof thethe worstworst civilcivil engineeringengineering disastersdisasters forfor 2525 yearsyears.. BuilderBuilder BalfourBalfour BeattyBeatty hashas beenbeen finedfined aa recordrecord ££11..22mm forfor thethe collapsecollapse ofof aa
tunneltunnel atat HeathrowHeathrow Airport,Airport, whichwhich putput liveslives atat riskrisk andand causedcaused thethe cancellationcancellation ofof hundredshundreds ofof flightsflights..

TheThe tunneltunnel collapsedcollapsed inin thethe earlyearly hourshours ofof OctoberOctober 2121,, 19941994.. FortunatelyFortunately nono--oneone waswas inin thethe tunneltunnel atat thethe timetime..

However,However, thethe courtcourt waswas toldtold thatthat thethe collapsecollapse couldcould havehave crushedcrushed toto deathdeath peoplepeople usingusing thethe nearbynearby PiccadillyPiccadilly tubetube lineline andand thethe
judgejudge hearinghearing thethe case,case, JusticeJustice PeterPeter CresswellCresswell,, saidsaid itit waswas "luck"luck moremore thanthan judgment"judgment" thatthat thisthis diddid notnot happenhappen..

HugeHuge cratercrater

TheThe collapsecollapse couldcould havehave endedended inin realreal disasterdisaster.. TheThe engineeringengineering disasterdisaster causedcaused aa hugehuge cratercrater toto appearappear betweenbetween thethe airport'sairport's twotwo
mainmain runwaysrunways andand causedcaused damagedamage toto carcar parksparks andand buildingsbuildings.. ItIt tooktook monthsmonths toto clearclear upup thethe damagedamage.. TheThe collapsecollapse occurredoccurred duringduring
thethe constructionconstruction ofof aa tunneltunnel forfor thethe HeathrowHeathrow ExpressExpress RailRail LinkLinkthethe constructionconstruction ofof aa tunneltunnel forfor thethe HeathrowHeathrow ExpressExpress RailRail LinkLink..

BalfourBalfour BeattyBeatty pleadedpleaded guiltyguilty toto failingfailing toto ensureensure thethe safetysafety ofof bothboth itsits employeesemployees andand membersmembers ofof thethe publicpublic.. AustrianAustrian engineeringengineering
firmfirm GeoconsultGeoconsult,, whichwhich waswas responsibleresponsible forfor monitoringmonitoring thethe progressprogress ofof thethe HeathrowHeathrow ExpressExpress Link,Link, waswas alsoalso finedfined ££500500,,000000.. TheThe
judgejudge orderedordered bothboth companiescompanies toto paypay aa furtherfurther ££100100,,0000 eacheach inin costscosts..

TerribleTerrible disasterdisaster

JusticeJustice CresswellCresswell saidsaid:: "This"This waswas oneone ofof thethe worstworst civilcivil engineeringengineering disastersdisasters inin thethe UnitedUnited KingdomKingdom inin thethe lastlast quarterquarter ofof aa centurycentury..
TheThe tunnelstunnels werewere beingbeing builtbuilt belowbelow partpart ofof thethe world'sworld's busiestbusiest internationalinternational airportairport andand therethere waswas considerableconsiderable potentialpotential forfor harmharm..""

BothBoth firmsfirms werewere foundfound guiltyguilty ofof fallingfalling "seriously"seriously short"short" ofof thethe appropriateappropriate standardsstandards andand reasonablereasonable steps,steps, resultingresulting inin seriousserious
breachesbreaches ofof thethe HealthHealth andand SafetySafety RegulationsRegulations..

MartinMartin ThurgoodThurgood,, ofof thethe HealthHealth andand SafetySafety Executive,Executive, toldtold thethe BBCBBC:: "This"This levellevel ofof finefine sendssends aa clearclear messagemessage toto thethe industry,industry,
whetherwhether (to)(to) thethe client'sclient's designers,designers, contractorscontractors oror subsub--contractors,contractors, thatthat theythey dodo needneed toto taketake fullfull accountaccount ofof workersworkers safetysafety andand
publicpublic safetysafety inin thethe wayway inin whichwhich theythey gogo aboutabout theirtheir businessbusiness..""

BalfourBalfour Beatty,Beatty, basedbased inin Edinburgh,Edinburgh, isis oneone ofof thethe UK'sUK's largestlargest buildingbuilding groups,groups, andand isis partpart ofof thethe engineeringengineering groupgroup BICCBICC.. ItIt saidsaid itit
deeplydeeply regrettedregretted thethe accidentaccident.. TheThe tunnel'stunnel's collapsecollapse delayeddelayed thethe openingopening ofof thethe HeathrowHeathrow ExpressExpress byby sixsix monthsmonths andand causedcaused longlong
holdhold upsups onon partpart ofof thethe JubileeJubilee lineline extension,extension, wherewhere engineersengineers werewere usingusing similarsimilar buildingbuilding techniquestechniques..
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Normal AccidentsNormal Accidents

AA normalnormal accidentaccident typicallytypically involvesinvolves interactionsinteractions thatthat areare "not"not onlyonly
unexpected,unexpected, butbut areare incomprehensibleincomprehensible forfor somesome criticalcritical periodperiod ofof
timetime.."" TheThe peoplepeople involvedinvolved justjust don'tdon't figurefigure outout quicklyquickly enoughenough
whatwhat isis reallyreally goinggoing wrongwrong.. AA normalnormal accidentaccident occursoccurs inin aa
complexcomplex system,system, oneone thatthat hashas soso manymany partsparts thatthat itit isis likelylikely thatthat
somethingsomething isis wrongwrong withwith moremore thanthan oneone ofof themthem atat anyany givengiven
timetime.. AA wellwell--designeddesigned complexcomplex systemsystem willwill includeinclude redundancy,redundancy,
soso thatthat eacheach faultfault byby itselfitself doesdoes notnot preventprevent properproper operationoperation..
However,However, unexpectedunexpected interactions,interactions, especiallyespecially withwith tighttight coupling,coupling,
maymay leadlead toto systemsystem failurefailure..

Odd one Odd one 
out?out?



Millennium Wheel 2000Millennium Wheel 2000
THE MILLENNIUM WHEEL received a further THE MILLENNIUM WHEEL received a further 
setback today as it was revealed that its setback today as it was revealed that its 
opening may be pushed back to February. opening may be pushed back to February. 
The delays stem from a problem discovered The delays stem from a problem discovered 
just before the wheel, or "BA London Eye" just before the wheel, or "BA London Eye" 
as the ad suits prefer to call it, was due to as the ad suits prefer to call it, was due to 
launch on New Year's Eve. Safety officials launch on New Year's Eve. Safety officials 
were concerned with a clutch attached to were concerned with a clutch attached to 
one of the passenger capsules. A further one of the passenger capsules. A further 
safety check has discovered that all the safety check has discovered that all the 
capsules' German made clutches are faulty capsules' German made clutches are faulty 
and need replacing. Originally the operators and need replacing. Originally the operators 
of the wheel, British Airways, had planned of the wheel, British Airways, had planned 
to fully open at the end of January. Early to fully open at the end of January. Early 
rides which were reserved for the media, rides which were reserved for the media, 
staff and prizestaff and prize--winners may now be winners may now be 
postponed. Paid for rides, due to start at the postponed. Paid for rides, due to start at the 
beginning of February are also in doubt. beginning of February are also in doubt. 
1414--0101--0000

London Eye 2006London Eye 2006
The London Eye is an observation wheel that completed construction in 1999 The London Eye is an observation wheel that completed construction in 1999 

and opened to the public in March, 2000. As of June 2007, it is the largest and opened to the public in March, 2000. As of June 2007, it is the largest 
observation wheel in the world, although there are larger observation wheel in the world, although there are larger ferrisferris wheels, wheels, 
such as The Star of Nanchang, and a contender for the title in the such as The Star of Nanchang, and a contender for the title in the 
Singapore Flyer due for completion in 2007. The London Eye has become Singapore Flyer due for completion in 2007. The London Eye has become 
the most popular paid for UK visitor attraction, visited by over 3.5 million the most popular paid for UK visitor attraction, visited by over 3.5 million 
people a yearpeople a year

Millennium StadiumMillennium Stadium
Oct 2001April 2001

£1£100m
The O'Rourke Construction Group of Essex has finalised details 

of its takeover of the construction arm of Laing Group for a 
nominal fee of £1nominal fee of £1. 

O'Rourke was named as preferred bidder last April, when the 
division was expected to go for £100 million. 

However, the price was dramatically reduced as spiralling losses 
on its fixed-price contracts such as the Cardiff Millennium 

Stadium came to light. Instead, Laing will take a £30 million 
disposal loss - the value of its net assets



Sydney Opera House (1960)Sydney Opera House (1960)
The construction was estimated to take about five years at a cost of The construction was estimated to take about five years at a cost of 
A$7 million.A$7 million.
The government pressured The government pressured UtzonUtzon into starting construction in 1959, into starting construction in 1959, 
two years ahead of the architect's proposed schedule.two years ahead of the architect's proposed schedule.
Unfortunately the roof shells were too heavy for the supporting Unfortunately the roof shells were too heavy for the supporting 
columns that were already built, so these were demolished and columns that were already built, so these were demolished and 
rebuilt. These and several other setbacks led to delays andrebuilt. These and several other setbacks led to delays andrebuilt. These and several other setbacks led to delays and rebuilt. These and several other setbacks led to delays and 
increasing cost overruns.increasing cost overruns.
In 1965, Australian Premier attempted to force In 1965, Australian Premier attempted to force UtzonUtzon reduce costs reduce costs 
by withholding payments.by withholding payments.
In 1966 In 1966 UtzonUtzon resigned and returned to his native Denmark taking resigned and returned to his native Denmark taking 
the plans for the interior with him.the plans for the interior with him.
The project was finally completed in 1973. Its total cost amounted The project was finally completed in 1973. Its total cost amounted 
to an astronomical A$102 million, almost 15 times the estimated to an astronomical A$102 million, almost 15 times the estimated 
budget.budget.
The design of the interior never matched the exterior.The design of the interior never matched the exterior.

In 1992, the Australian architects’ professional body, which was In 1992, the Australian architects’ professional body, which was 
complicit in his sacking in 1966, awarded the architect a complicit in his sacking in 1966, awarded the architect a 
commemorative medal and an apology. commemorative medal and an apology. 
In 1994, research by architecture student Philip In 1994, research by architecture student Philip NobisNobis resulted in an resulted in an 
exhibition that showed how the Opera House interiors would have exhibition that showed how the Opera House interiors would have 
looked had looked had UtzonUtzon been allowed to complete the project. This clearly been allowed to complete the project. This clearly 
demonstrated that the unexciting interiors, inferior acoustics and demonstrated that the unexciting interiors, inferior acoustics and 
th bl ld t i t h d th hit t’ l bth bl ld t i t h d th hit t’ l b

Sydney Opera House (Sydney Opera House (19901990))

other problems would not exist had the architect’s plans been other problems would not exist had the architect’s plans been 
implemented.implemented.
In 1999 In 1999 UtzonUtzon, although unable to travel, agreed to collaborate with , although unable to travel, agreed to collaborate with 
Sydney architect Richard Johnson on this necessary work with his Sydney architect Richard Johnson on this necessary work with his 
son Jan acting as a liaisonson Jan acting as a liaison
On April 7, On April 7, JørnJørn UtzonUtzon, the architect who designed the Sydney , the architect who designed the Sydney 
Opera House, was awarded the 2003 Opera House, was awarded the 2003 PritzkerPritzker Architecture PrizeArchitecture Prize
Its events attract some two million visitors each year, making it one Its events attract some two million visitors each year, making it one 
of the world's most popular cultural institutions and an icon for of the world's most popular cultural institutions and an icon for 
Sydney and Australia.Sydney and Australia.

The The MilleniumMillenium Dome 2001Dome 2001
WhenWhen historianshistorians ofof thethe futurefuture looklook backback atat BritainBritain inin
20002000 thethe DomeDome willwill figurefigure asas aa failurefailure.. ThereThere waswas
thatthat disastrousdisastrous openingopening night,night, whenwhen thethe goodgood andand
thethe greatgreat hadhad toto queuequeue forfor hourshours inin thethe coldcold atat
StratfordStratford undergroundunderground stationstation.. ThereThere werewere thosethose
ridiculousridiculous visitorvisitor forecasts,forecasts, drawndrawn upup notnot onon thethe
basisbasis ofof soundsound researchresearch butbut asas thethe onlyonly wayway toto
makemake thethe booksbooks balancebalance.. ThereThere werewere tootoo fewfew
managersmanagers withwith thethe rightright experienceexperience andand tootoo manymany
meddlingmeddling politicians,politicians, tootoo manymany changeschanges ofof mindmind andand
tootoo littlelittle clarityclarity ofof visionvision whichwhich isis whywhy thethe DomeDome
endedended upup asas anan uncomfortableuncomfortable crosscross betweenbetween aa
themetheme parkpark andand aa museummuseum.. ItIt was,was, inin truth,truth, farfar tootoo
ambitiousambitious.. TheThe politicianspoliticians andand thethe MillenniumMillennium
CommissionCommission wantedwanted anan exhibitionexhibition whichwhich wouldwould
encapsulateencapsulate thethe veryvery bestbest ofof modernmodern Britain,Britain, aa
beaconbeacon toto thethe restrest ofof thethe world,world, thethe mostmost excitingexciting
andand enjoyableenjoyable experienceexperience availableavailable atat thethe
MillenniumMillennium anywhereanywhere.. WeWe endedended upup withwith aa strikingstriking
upturnedupturned wokwok andand thethe BodyBody Zone,Zone, aa modestmodest successsuccess
asas anan exhibition,exhibition, aa gargantuangargantuan financialfinancial andand politicalpolitical
failurefailure -- butbut aa wonderfulwonderful storystory forfor journalistsjournalists



The OThe O2 2 20072007

AA decadedecade onon......thethe DomeDome finallyfinally worksworks.. TonightTonight thethe MillenniumMillennium TentTent rere--AA decadedecade onon......thethe DomeDome finallyfinally worksworks.. TonightTonight thethe MillenniumMillennium TentTent rere
opensopens asas thethe OO22 ArenaArena.. WhatWhat hashas happenedhappened insideinside thethe TentTent isis
extraordinary,extraordinary, notnot leastleast becausebecause itit hashas beenbeen virtuallyvirtually covertcovert.. SinceSince therethere isis
aa roofroof alreadyalready inin place,place, constructionconstruction ofof aa vastvast 2323,,000000 arenaarena couldcould notnot bebe
achievedachieved withwith conventionalconventional towertower cranescranes.. Instead,Instead, toolstools calledcalled standstand--jacksjacks
werewere usedused toto buildbuild fromfrom thethe groundground upup.. TheThe resultresult isis astonishingastonishing:: ifif
anything,anything, thethe TentTent filledfilled withwith aa buildingbuilding lookslooks moremore frighteninglyfrighteningly hugehuge thanthan
itit diddid emptyempty.. TheThe arenaarena waswas designeddesigned byby HOKHOK Sport,Sport, thethe AmericanAmerican
specialistspecialist architecturalarchitectural firmfirm alsoalso responsibleresponsible forfor thethe EmiratesEmirates StadiumStadium..

Problem SolvingProblem Solving

““Successful problem solving requires finding the Successful problem solving requires finding the 
right solution to the right problem. We fail more right solution to the right problem. We fail more 
f b l h bl hf b l h bl hoften because we solve the wrong problem than often because we solve the wrong problem than 
because we get the wrong solution to the right because we get the wrong solution to the right 

problemproblem””. . 
Russell Russell AckoffAckoff, 1974, 1974

Problem Problem TypesTypes

Tame ProblemsTame Problems
Systems ComplexitySystems Complexity

Messes (Messes (AckoffAckoff 1970) 1970) 

h l C lh l C lBehavioural ComplexityBehavioural Complexity
Wicked Problems (Wicked Problems (RittelRittel & Weber 1973)& Weber 1973)

Wicked Messes (Roth & Wicked Messes (Roth & SengeSenge 1996)1996)



Problem SolvingProblem Solving

Problem

Gather Data

Analyse Data

“TAME” Problems can be 
solved by linear or 
“waterfall” process

Solution

Time since beginning

Formulate Solution

Implement Solution

Systems ComplexitySystems Complexity

Clusters of interrelated or interdependent  Clusters of interrelated or interdependent  
problemsproblems
MessesMesses ((AckoffAckoff 1970)1970)

““MESSESMESSES”” meet the following criteria:

Organisational Complexity - clusters of interrelated or 
interdependent problems, or systems of problems.

Messes are puzzles; rather than solving them we resolve their 
complexities.

Cannot be solved in relative isolation from one another.



Behavioural ComplexityBehavioural Complexity

Conflicting social ethics and beliefsConflicting social ethics and beliefs
‘Wickedness’ ‘Wickedness’ ((RittelRittel & Webber 1973)& Webber 1973)

““WICKED PROBLEMSWICKED PROBLEMS”” are characterised by:

An evolving set of interlocking issues and constraints - no 
definitive statement of the problem (no understanding of the problem 
until the solution has been developed).

Many stakeholders - the problem solving process is fundamentally 
social (getting the right answer is not as important as having 
stakeholders accept the solution).

The constraints (resources, politics) change with time -
stakeholders come and go, change their minds or change the rules.

Since there is no definitive Problem there is no definitive 
Solution.

Problem

“WICKED” Problems cannot be 
solved by linear or “waterfall” 

process

Wicked Wicked ProblemsProblems

Solution

Time since beginning



Boston MatrixBoston Matrix

Behavioural 

High Wicked Wicked 
Mess

Resolution is social/ 
political/ ethical/ moral/ 
behavioural

Complexity

Low

Tame Mess Solution is Scientific

Dynamic Systems Complexity

HighLow

Wicked Problem SolvingWicked Problem Solving
Resolving ““WICKED MESSESWICKED MESSES”” is “SATISFICING” 

(H. Simon 1956)

Because of the number of stakeholders, changing constraints and
dynamics of the problem, there is no ideal solution-it is “as good as
it gets” or “good enough”

The Problem solving process ends when resource (time, money
energy etc.) runs out!

Therefore we need a different approach when handling project
management with respect to problems which are not Tame

During strategic & initial (design) stages of project you should During strategic & initial (design) stages of project you should 
expect a predominance of expect a predominance of ‘‘wicked’wicked’ problems and fewer technical problems and fewer technical 
and tame problems therefore communication and understanding and tame problems therefore communication and understanding 
is more complex and crucial.is more complex and crucial.
Need to define Need to define successsuccess at the beginning in both ‘hard’ and ‘soft’ at the beginning in both ‘hard’ and ‘soft’ 
termsterms

Summary ConclusionsSummary Conclusions

terms.terms.
Dialogue Dialogue and understanding (Communication) within workshops and understanding (Communication) within workshops 
is key to managing is key to managing behavioural risk behavioural risk on projects.on projects.
Need Need to have the to have the whole systemwhole system represented during early decision represented during early decision 
making [holistic approach].making [holistic approach].
Present project management practices underplay behavioural Present project management practices underplay behavioural 
and systemic aspectsand systemic aspects..
The integration of project into business is often ignoredThe integration of project into business is often ignored



““When all you have is a hammer,When all you have is a hammer,
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everything looks like a everything looks like a nail nail ””. . 
-- Japanese ProverbJapanese Proverb


