Infrastructure Planning and Management
Risks and Challenges in Infrastructure - Part 3
(Refer Slide Time: 0:15)

NPTEL

The Montreal Olympics Complex

— - ACase Study
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Hello guys. Now I am going to talk about Montreal Olympics Complex Case Study.
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Background'

Itis the Main stadium for 1976 Montreal Summer Qlympics with many
facilities like velodrome for bicycle events, swimming pools, boat basins,
an equestrian center, roads, walks etc.

- Total Expected Complex cost of $120 million

- But eventually total cost exceeded $1.5 billion
Is a classic example among the projects which drive clients and
contractors into tears
Besides Inflation, other problems like poor planning, design, estimating
and execution etc. added up to transform project as financial nightmare

It is the main stadium for 1976 Olympics. It is built with, built for many facilities like bicycle

events, swimming pools, I mean swimming events and many sporting events can be held in

that main stadium. And the total expected cost of the Olympic Complex is 120 million but it

ran over to 1.5 billion which is nearly 10 to 15 times of expected and there are many reasons

for this spillover of cost. Like there are besides inflation there are other problems like design

problems and planning problems, estimation problems and et cetera. So now we are going to

look at each and every problem in detail.
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Problems - Complex Design

== - Design was ultramodern and dramatic in concept with top of stadium
much like an elliptical seashell with a handle
- Again the part retractable fabric cover controlled from mast in design was
' ' deleted as cost cutting measure
- - Complex ribs were used to provide pillar-free space but because of
sloping top these are not of same size and this led to difficult situation
in assembling and aligning them perfectly as required by design
- Constructability was not considered as cranes are used instead of
scaffoldings
- The post-tensioned design feature added other problems i.e. water is
frozen in many tubes, removal of which became expensive
Complex design of viaduct on the main road crossing main stadium
increased formwork cost of it to about 15 times

First of all, going to design problems, like the design was very ultra-modern and dramatic in
concept. Like the top view of stadium will look like a elliptical seashell with a handle but due

to overrun of cost they have cut down the most part of it and they deleted that cover part.
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an equestrian center, roads, walks etc.
Total Expected Complex cost of $120 million
 p— - Buteventually total cost exceeded $1.5 billion
- Is aclassic example amang the projects which drive clients and

contractors Into tears
Besides Inflation, other problems like poor planning, design, estimating

1 and execution etc. added up to transform project as financial nightmare

You can see that stadium at the top. Like they have deleted the cover part at first and it

resulted in a top roof which is inclined.
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Problems - Complex Design

== - Design was ultramodern and dramatic in concept with top of stadium

much like an elliptical seashell with a handle

- Again the part retractable fabric cover controlled from mast in design was
deleted as cost cutting measure
Complex ribs were used to provide pillar-free space but because of
sloping top these are not of same size and this led to difficult situation

e in assembling and aligning them perfectly as required by design

- Constructability was not considered as cranes are used instead of
scaffoldings

- The post-tensioned design feature added other problems i.e. water is
frozen in many tubes, removal of which became expensive
Complex design of viaduct on the main road crossing main stadium
increased formwork cost of it to about 15 times
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And to get the pillar free space, they have introduced a complex ribs instead of pillars. Like
as the top view of the stadium is inclined, these ribs are not of same height which led to
difficult situation in assembling and aligning. And one more thing, the constructability was
not at all considered during the design. And the post-tensioned design feature which is used in
this structure was one of the problem. Like in winter water entered into these tubes and it got

frozen.

And removal of this water became very expensive. And they have constructed viaduct with a
very complex design instead of directly constructing it. So it increased the cost to about 15

times of that viaduct.
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Resource shortages

- Heavy concentration of construction activities exhausted all local sources
of materials, labor, equipment etc. and led to import of resources

These outside labor are not necessarily of high quality and can include

troublemakers intentionally introduced into project
The construction equipment and materials obtained from outside areas
were with the premium cost of transportation

- Higher purchase and lease prices




Next, coming to resource shortages, as the city is hosting Olympics, like there are heavy
construction activities going on in that area which has exhausted all the local resources of
materials, labor, equipment, et cetera. Like then they went to outside labor and importing of
construction equipment and materials. Like it led to very high cost of transportation which
again led to increase in prices and overall budget of the project. And these important

materials are of very high cost and lease prices are also very high for equipment.
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Labor issues

Labor was union, 80 days were lost to strike and about equivalent of 20
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I am coming to labour issues. Nearly 80 days were lost to strike because the labour went on
strike because it has the, the project has features like fixed deadline and scarcity of resources.
So labour took it as an advantage and went to strikes which nearly 80 days were lost and even
there was a situation like at the like nearly 2 months before the start of Olympics there was
slowdown of work by electricians and plumbers, like which resulted in Olympics

Organization Committee had delayed the turnover of project by 6 days.

And like they have increased the resources and labour resource but which resulted in
crowding working space, which in turn does not increase the productivity to the required

scale. It is also one of the problems.
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Other probtems
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And there are other problems like, they have used epoxy-glued and post tensioned members

that is new to North American contractors. So they had to learn the process. So it had led to
very like waste of time and expensive also. And weather in the city is also one of the major
problems. Like winter months were mostly unproductive, like and the cost of heating were, it
also increased the cost. And one more important thing is during construction planning while
making critical path network, it was made by the people who are unfamiliar with the real-

world construction activities.

Like while they are developing this critical path network, it was bit like most of the activities
were allocated simultaneously so that resources and labour cannot be accommodated between

these. And there is delay in planning process which was started 2 years late.
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And inflation is one of the major project as the duration of project was also exceeded and

inflation rate in addition to the, that inflation rate reached double digits. So it created add-on
effect which increased the cost much. And there was poor client engineering contract
relationships like there was a change in client in between, the project was handed over to like
other authority that led to poor relations between them. And actually the design process was

carried out by a French design and engineering firm.

There was mismatch between dimensioning units like they have to convert the dimensions.
That also led to a problem. And all these results like the, at the end when the stadium has
stared, the cost per sit is 13,000 dollars. Like we can see that everything went wrong in this
project like there are problems related to labour, resources, constructability, design.

Everything went wrong.
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And these are the some suggestions like first of all, cost estimation, they had neglected the,
they have underestimated the rate of inflation and rate of materials and some of the things.
Like design process, we cannot construct the very complicated designs like it should be kept
in concerned while designing. And materials has to be chosen by keeping local weather
conditions and availability in mind. Like they have imported several materials from
neighbouring countries and they have used post-tensioned members which aware them water
entered and it got frozen, it also became problem. So we have to choose materials such that

keeping these factors in mind.

And proper agreements to be made with labour regarding it was not made, so which
eventually lead to delay of project and strict deadlines to be followed of course. And we have
to avoid crowding like we cannot increase the resources like that it productivity decreases.
And proper planning should be done which is not amenity, it is delayed in this case. And
proper client-engineer contracts should be maintained. And these are some of the suggestions.

Thank you.
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PROJECT FROM HELL

Group-8:

Alekhya(CE15B018)
Sri Latha[CE15B060)
Laxmikant{CE17M012)

[ am from Group B and the project is like Project From Hell.
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Project Background

» Corporate campus accommodating 22,000 employees in suburbs of Chennai
« Plotarea- 70 acres; Overall built up area- 5 million sq.ft
» Client: InfoTech Construct
» Architects from Uruguay-Design intent was for bird's eye view of complex
to resemble butterfly with wings intertwined with central spine
» Two phases in development
Phase 1- 3 office buildings, central spine and some general services
Phase 2- 3 office buildings, customer briefing tower & other general services
» Scheduled Timeline

But 0B1 was not yet complete by beginning of November and scheduled to
be complete by end of november

It is basically to build the corporate campus in the outskirts, I mean suburbs of Chennai. The
client is InfoTech Construct. So there are like a software firm, so they could not, I mean they
had other consultants to build this one. Then they took architects from Uruguay and the
design was basically to like bird’s eye view which resembles a butterfly with its central spine.
So the project was planned in two phases, phase 1 with 3 office buildings, central spine and

some general services.

Phase 2, the other three office buildings, customer briefing tower and other general services.

Timeline was like the project they start in January 2006 and then finish the first building by



2007 April and in between two months the second building and within two months the third
building. But even by the end of November, the first building itself is not completed.
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Delay Analysis- OB1

» Players: InfoTech site team, EC, PMC, N5C's, Phase 1 Contractor- Nation
Builder Pvt. Ltd.
» ECwas tasked with scheduling and ensuring the release of the drawings to
the site, and monitoring and managing the contractors
»  NSCswere responsible for Electrical, Mechanical and Interior works
»As 16 NSC's were nominated by client, contractor was not committed in
managing them
» Design & Engineering risks:
+ Complex design- curvilinear structures, lack of constructability, less
productivity, detailed DWGs, interior finishes
+ Architect might not have understood the geographical conditions, weather
patterns, wind velocities- basement flooding
+ [terations in drawings
So the people involved were like engineering consultants, the site team from the InfoTech
considered itself and then project management consultants and nominated subcontractors.
The main contractor in phase 1 was Nation Builders. EC was again tasked with scheduling
drawings, other works and then nominated subcontractors which took care of other works,
electrical, mechanical and interior. So the nominated subcontractors were nominated by the

client itself.

So the contractor was not happy with it like why should not I involve so that I could
coordinate with them well, but so that the coordination was not well between the contractor
and subcontractors. Then even at the end of delay like the project was delayed by around 7
months. Then the contractor took delay analysis and claimed only 45 days worth because of
them. And other delays were because of non-subcontractors. So the risks involved were like it
was a complex design, so the workers were not familiar with the work and they had to figure

out how to do that. And it made, I mean it called delays.

And there was also like productivity was less and constructability also was less. Next, from
architect’s point of view it was like foreign architect, so during construction of superstructure,
there were frequent rains so that shafts were like leading to the basement area, so it was
frequently flooded. This was an issue because of the foreign architects. Drawings, they were
like many changes made according to the plans and the schedule has to be updated again and

again, so there was a delay because of that.
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» Risks Mitigated:

« Detailed drawings, Construction methods used for OB1 can be reused for
0B2

+ Material for OB2 was procured along with material for 0B1

+ Best sequence for performing activities is known from experience

» Risks faced:

+ Obtaining labour and equipment is the primary risk

+ Lack of day-to-day coordination

+ Some sub contractors didn’t have planning engineers and offices on site
But the clients have no alternative as NCs have proven track records and
to maintain long term relationships
NCs underperformance- due to market dynamics

Procurement risks, resources were like some were obtained from foreign countries, so there
were delays in procuring that. So they could not do the work that was scheduled that day. And
labour was like because the construction site was away from the city, they could not, villagers
near that area could not allocate the enough labour. And the prominent I mean normal labours
cannot go there, like they are not willing to go. So at every point of time there was only 50

percent of labour available.

Construction risks, it was like the client will be, since the delay is going on, client will say
like okay, we will move the deadline before. Contractor will say, okay but it will be as usual,
there will be delays. And there will be miss-communication between the contractor and the
client. And amount of free work, yeah, there was no optimal sequencing like for example
there was a handrail and steel work going on. First, they put the handrail and then for the
superstructure they had to do the welding work. So the handrail was damaged after doing that
and again they had to do the work again.

This was like back of sequencing and then climate and rains caused productivity to decrease.
Welding was done at a slower pace. They were last minute delays that client got to know the
details about last minute. Then there was no clear documentation on why the delays occurred.
So the client was like it was due to the inefficiency of the project management consultant. So
in the second building, there were like, they planned in-house project management system. So

primarily they will take care of the management itself.

Then to mitigate the risks that were in the first building, they are like using these single

drawings for building 1 and building 2 and the construction methods also were quite similar.



Material was already procured along with the material for the first building, so there was
some risk mitigated but they do face on the risk like obtaining labour and equipment. There
was no coordination between the contractor and the subcontractor and that is it. Yeah, and
since the underperformance was due to like market dynamics, there were lot of projects going

on at that time.

So they were like already this project is delayed, so there are high risks, why to concentrate
on this project, we can concentrate on other projects and gain some profits. So that is one

reason for them.

What we have looked at are three projects, sorry two projects where the construction has
gone horribly wrong. So in the Montreal case as these guys were saying, what was it? 120
million went to 1.5 billion, these are all small numbers. It is a huge and just imagine if that
happens, if you think back to a few classes, your whole financial analysis is done based on
some cost and some revenue. So you assumed a certain cost, you assumed a certain revenue
stream, you have discounted it, et cetera and you have come up with IRR of, Internal Rate of

Return of 15 percent or whatever it is.

Now imagine if your cost increased ten-fold, that is the end of the project. I mean you are
definitely never going to make any kind of profit if you have these kinds of projects. So
construction risks are very large and they can really affect the fundamental economics of the
project. So the question then is, from the two cases that we have looked at, so we mentioned
both presenters have mentioned specific risks. I mean specific problems; this was the
challenge, that was the challenge. But what according to you are some risk categories that

come out when you are doing construction? What are some categories of risks?
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So design risk, what is design risk?
Student is answering: The design is not, the frequent changes they got with...

Okay. So one of the big risks is that designs keep on changing. Why do they keep on
changing? Because clients obviously have requirements, it is very difficult for you to think of
things right at the beginning. So over a period of time very often clients cannot picture what a
facility will look like. Only when it starts coming up, they actually start realizing that this is
what we wanted. It happens everywhere, in our own academic complexes does that

everywhere, so there are changes.

Now what happens with changes is that cost might increase but I might have to go, get more
resources, things get delayed. So there are certain risks that the design might not be complete.
And again we will talk about solutions later on but this is where theoretically 3-D beam
models and so on can play a role. So you can simulate 3-D, you can do walk-throughs. And
we can sort of arrive on what the building should look like much ahead of time, rather than

having the client see it midway and say wow, this is what [ want, I want this change.
So that is one sort of category of risks. Any other category, Harsh? What is safety risk?
Student is answering: (())(16:34).

So safety again is a big risk in construction because you are dealing with a lot of heavy
machinery, lot of heavy and very sharp implements. There are all kinds of there are places
where you can just fall off, there are reinforcing steel bars that you can get impelled on. So

lots of risks, large equipment that can literally crush you. So safety is a big risk during the



construction phase. And safety if you do not pay enough attention to safety, it might actually
cost you lot of money. Because every time there is an accident, there is an injury, there is a
direct cost. If a worker gets injured, then perhaps you have to pay their family or then if they

get killed, then the amount you pay is higher.

But also there is a loss of productivity. Imagine it is a group of five labourers working. One or
two of them if they are injured, there is a loss in productivity. You bring a new person in, that
person might not gel with the team. Morale is lowered, think about it. The person next to you,
just got his foot chopped off, it could have been you. So how excited are you to come and
work productively? So safety risks have economic consequences in terms of cost and time.
So that is another category or risks. One other, just staying with design for a second, what
other kinds of design risks that, design related risks that we see on the cases? Yeah. One

second, just one by one let us go. Let us go, Alexander first.
Student is answering: Technological risk.

Such as?
Student is answering: (())(18:01).

Okay, so I am going to give it a new term which I was going to put up anyway, it is called
constructability which is, I can, it is clearly I want something iconic. So both of these projects
were iconic. Montreal Olympics, you are making a statement to the world, it was also an
organization that wanted an iconic building. Because you are iconic, you want things that
may never have been done in that area. You might want building materials that might not be,

it might not exist in India that need to be imported.

You might want fasads, shapes and so on which are very difficult to construct. And
sometimes these then lead to extra costs and time. As we all know, if you want me to sort of
pour a concrete wall, it is relatively easy. I get formwork, I pour it. If you want me to pour a
curved surface, so it is bit more difficult, I got to create the formwork, I go to make sure that
concrete flows, all of that. And that takes a little bit more time and effort. So constructability I
think is a set of risks to look at. Something that came out in the Montreal, what was sort of,

what else came out in the Montreal case?
Student is answering: Scheduling was bad.

Why was the scheduling really bad?



Student is answering: They started off very late, and there was like lot of sudden release and

not enough proper work given.

Yeah, so again this is an issue. Because all of these projects are heavily time bound, the
Olympics for instance, obviously the Olympics dates are announced years in advance and
unlike any other facility where you can say yeah, please come back, I will delay it by three
months, you cannot tell all the athletes in the world that sorry, we are not having the

Olympics now, come back three months later.

So those are all set in stone and if you do not give yourself enough time to plan, then
essentially you got very little time to actually come up with designs, with cost estimates, with
schedules. And when you have little time, you often end up doing a sturdy job. Even in the
second case if you look at the timeline, the timeline was barely 16 months, or 18 months. So
from 2006 April or something up till 2007, that is a very short amount of time to develop
something of the complexity that you wanted to develop. Did the case have a picture? Did it

have a figure? It was not there in the case, okay.

Then I can circulate copy of the picture. But it is a very complex undertaking. And because
you do not have enough time, that these risks start exaggerating. So again there is a clear risk
mitigation measure there. So take more time in planning this out. You know for instance, Rio
Olympics was what? 2 years ago, right? 2016. We already know who is, in 2020 we already
know 2024. Do you know 2088? Probably not. But you know this far ahead of time and by

the way these the winners of the 2024 Olympics were known couple of years ago.

So you have a long lead time. No point planning for 2-years before the games, you really
need to start planning for this much ahead of time. Similarly with these corporate facilities.
So I think there is a lot to be done in terms of timing. But here again one of the issues that
comes up is to what extent is design and construction collaborating, because this could
actually save time. If construction could tell design, what you are, so design in both these

cases there are international architects.

They have been called in because they want to create something iconic. They want to create
something iconic because it is going to go on their resume. They are going to show all of
these pictures tomorrow of this stadium I built in Barbados, this office building I built in
Chennai, et cetera. So they have an incentive to design something that is extremely complex.

They also have an incentive to design something that is extremely complex because their fee



is a percentage of the total cost of the structure, which means the more complex and the more

expensive it is, the more I get paid.

So it is fine. But the point is, and there is nothing wrong in expecting something that is
unique. That sort of visionary go ahead. But at the same time you got time and cost
implications. And if you just left, architects have a free hand, you will end up with something
that is probably extremely complex and extremely costly. But if you bring contractors in,
contractors are the exact opposite. The more complex it is, the more difficult it is for me to
construct. And therefore I might be able to actually have a discussion saying look, these are
specs, can you really make these a bit more normal, so I can construct them faster. Whereas

certain fasads et cetera, you can actually make much more unique.

So I think design and construction end up talking to each other. Construction again has a very
good idea, what is possible with regards to schedule because they know how long things take.
They understand the kinds of resources that they might have. They might understand the
practical challenges on site. So very often the fact that design and construction do not talk to
each other is a big issue here. Another issue, I mean there are many issues but another issue

here was the weather which I think is very important.

So Canada is really cold, you cannot build all way around. And I have made this point again,
I was consulting on a project once in Mumbai where this large developer was going to build
this big tower, residential apartments et cetera. And they were going to start construction in
June. So what happens in Mumbai in June, it rains and of course it rains heavily. So the
question is if you are going to excavate, are you building luxury apartments or you are
building a swimming pool? Because you are not going to be able to work, you just going to

fill up this excavated area with water, you will have to dewater etcetera.

So I think all of these considerations that will lead to cost and time overruns. So I think there
are lots of, there are lot of things that can go wrong in construction. We have not even talked
about labour which came up in the case, labour strikes. We have not talked about resources,

material shortage. Yeah.
Student: Unavailable.

Yeah, unavailability of material resources, unavailability of machinery. Metro rail is
struggling because you do not have enough tunnel boring machines available to build the

tunnels the way you wanted. You have to wait a little bit for one stretch to be completed



before you can start another stretch and so on and so forth. All of these challenges that make
it very difficult to build on time. So essentially you got to do a couple of things. One is, you
got to try to figure out how you mitigate risk and one way of mitigating risk is getting design

and construction to talk to each other, that sort of helps mitigate risk a little bit.

So essentially another way of looking at it is you can look at the contract and you can try to
put things into the contract. Yes, there are a few. Larsen & Toubro for instance, does both
design and construction. There is a certain form of contract called design and build contract
where you go to somebody and say you design it and build it for me, turnkey contractors
people call them. There are some firms across the world but by and large the industry tends to
be specialized. So particularly in India you do not have that many of these kinds of players.

You have a handful of people who can both design and build.

Although people say we can design and build, very often they are doing a joint venture with
somebody for design or forbid. But it is possible. So one way is go to the contract and
through the contract have mechanism. So contracts for instance, are things called price
escalation clauses. For no fault of my own, the price of steel is increased by 10 percent, so
can we do something about it? But also you will have to think non-contractually. We will
have to sort of think how can the client, the contractor, the designer all be involved in

decision making so that these projects do not have the kinds of cost and time overruns.

So it is somebody’s responsibility to tell the client, it is great if you want your building to
look like a butterfly or dragonfly or whatever it was from when an aircraft flies over head. It
is not even on the flight path. I do not know if anyone ever seen the butterfly shapes but
anyway. This is, but the point is it is going to, you either have to budget more time and more
money and then you work out your economics in that fashion or if you want something in 16

months this is what can be done.

And unless you have that kind of constructive dialogue which today does not happen because
the client puts a sack of money in the ground and says I want the facility in 16 months, the
architect says sure, here is a pretty picture, get a contractor to build it for you. Contractors
you under pressure to get business, so they outcompete everyone, they want to get projects.
And sooner or later you are in the kind of mess that Montreal face during the Olympics or

these guys face.



And by the way you can think of, you want sort of a Montrealish example, think
Commonwealth Games. Commonwealth Games was very very similar. You had your hand up
and then we will wind up in a minute. So did they underbid for it? See, the Olympics bid has
nothing to do with the money. To get the Olympics bid, you are essentially showing proof
that you can host the Olympics. So that has nothing to do with whether you bid the 120

million or 500 million. That something you do internally.
Student: Sir, to be able to run the...

You mean so, did they go back internally to their finance department and say allow us to bid
for the Montreal Olympics because it only cost 120 million, maybe, there might be an
element of that in it. Because if they are gone in and said it is going to cost 1.5 billion,
Canada would have said look, forget it. We will do it 30 years down the line. It is called the
Boston Big Dig, it is sort of been, yeah it was one of those, I mean there is a lot of literature
you can read on the Big Dig on the web which I would encourage you to do. But a classic

example of overruns.
Student: (())(27:24).

So some of these infrastructure projects in the Big Dig what happens is once you, it is like a
metro rail, once you build 5 kilometers of tunnel, it does not make sense to stop the project
because what you built is wasted. So sometimes there is this motivation to say look, let us
keep going. People talk about it as putting good money after bad. But there are all kinds of
dynamics. But I think the point here is that your infrastructure cost come down to the asset

cost in many of these large cases.

The road projects economics are driven by the cost of construction of the road. The power
plant’s economics are driven by the cost of construction of the power plant. To the extent that
you do not understand that there are these risks and you let the project go out of hand, you
can have 100 you know, 1000 percent cost overruns and then your project is in huge tub. So
construction risks are very real, there are all kinds of risks, design, safety, constructability,

schedule, weather, labour, et cetera.

And we have got to figure out either decisioneering wise or managerially how we are going
to manage those risks. Either you are going to bring people together or you are going to
allocate the risk to somebody else, bring in new technology, use building information

modelling. You really need to think about these risks, otherwise these projects go (())(28:35).



There is data and we will get back to it little bit later in the semester then. And I think maybe
Swapnika it was in your presentation or somebody’s presentation I saw today where, no sorry,
it was an earlier session. 9 out of 10 projects typically run overbudget, 9 out of 10

infrastructure projects. That is a large percentage.

So this is a very real risk. And we have just seen some of these risks. We will talk again little
bit later on how to mitigate them. Just one note on the Vadodara-Halol case, there is some
data. I would like you guys to do some numerical analysis, do not just sort of qualitatively
look at the case. They have got some traffic data, try to play with those numbers a little bit
and when you come and present, justify it little bit rather than just waive your hands. Okay.

All right, see you all.



