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_ Fast-tracking of Construction Projects:
Analysxs and assessment }

Pierre Théberge

-
. ®

The émwing use of professional’ c':onstEEg:twn management has
been synonymous with the development of new project delivery systems
su::h ‘as the phased construction approach and the fast-tracking
b tecﬁﬁique. This research establishes the distinction between these two
types of approach which have ‘Become incf;asingly popular for reducing
project duration. ;rhe report furthgr illustrat{es, through project
studies, the possii:le consequences of compressing and overlapping design
- activities in ‘aN fast-track ‘program. The far reaching effect of mistakel!s’
during the early desigri/engineerixig phase in a fast—tréck’ program ar; L
usually underrated. Accelerating a project' t}xrough fasﬁ—ttacking is a
major decision, and construction professionals should be awar® of its
implicatlons. Based on the investigation of fast-track projects,
possible trouble areas requirirgg special attention have been depicted
and recommendations-with regard to the effective use of this-technique
are present* It has,\ also been " shown t’hat“if intensified effort on
problem areas is. lackim}, such a popular accelerated technique could
result in unexpected delal/s.
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CHAPTER 1 .

INTRODUCTION . .

/

1.1 Management techniques S
/ .

}ﬂanqgement’ of engineering and construction project‘s has
ianuestionably/become more complex in recer;t years. Prior to tl}e 1970’s,
gonstruction projects ‘we‘re ‘del\ivered thfough'.the traditional approach
with an agéhitect/engineer for design/ inspection‘and a general
contractor for construction, or throxigh .the design-built approAach :
fea'tu'rin;g‘ an engineer/contractor in%olved in all phases of the projeqt;.,.
from concept i:_hrough design and construction. During the 1970's,
technical complexiti€s of projects, increased government regqulations,
spiraling inflation and political pressures have all contributed to the
incfeaseci cost of construction which resulted in a search ,for new and-
imafginative procedures to ensure faster and more econom:gcal prqject
completions. With the tral'tiitional project delivery systen} failing to

meet the. present challenges, the owners were finding it necessary to .

become more involved in the administration ’é’hd management'jontrol of

©
I

their projec;ts. . . - :

In the early 1970’'s, new project Jcielivery ;syétems ha_ize emerged as -
| part of the Profeégional Constructioﬁ Management (PCM) approach. The PCM
-unites a three—party team consisting of owner, design pro.fessional -
arcl;1tect/engmeer (A/E), and construction manager (CM) in a non-

adversary relationship, and it provides the owner with.an opportunity to

particip'ate fully in the construction process. :



L]

o~ ' Procurement;

[}

In an effort to shorten project durations and help meet overall
project objectives, certain 'manageme.rft”technidues have 'ngome
increasingly popular, such as the fast-track teéhnique, whi;':h overlaps
,deéign and const,ruction\and permits i:he‘utilization of multi-prime
contractors. The ‘dev‘elopment of this accelerated technique broutjht along

the need for new organizational approaches. 4
) The séqges in the development of construction proj'ects broadly fail
into' cc;ns_i'st'ent patterns. Without considering the mi:}or‘ variances
inherent tg each project, six basic phases contributeu‘to a projett

development “from an idea to reality [6):

Concept and feasibility studies;

Architectural and g:ngineéring design;

Bid and construction;

/Start-up and implementation; ard
‘ v

Operation and maintenance.

] * @

The above Pasic stages can oceur, sequently, as in the traditionnal
approach, "or they can overlap to varying deg;e:s as in.a phased
construction program. In the traditional approach. the conceptual
development, engineering and design, bid, and coqstruct'iop phases are
seen as discrete stages, each to be completed and approved before
proceding to tpe next. With the phased construction method, this string

of activities is broken and the various phases are overlapped, featuring

simultaneous design and. construction.

>

-




"+ ‘professional, ‘a -single - general contractor and a numberr of sub-#

T
]
g 1

. ) , ¢ . J
To support these new procedures’ in. delivering a project, numefgus
alternatwe contractual’ and orgamzational approaches are, being ueed

[6]. Flgure 1.1 shows the trad1tional arrangement withaa separate deaign

contractors. o . s

- ® - ‘ @ T
s : ‘A \
. . A *
L . Owner . Voo C ' ‘
. . \ . o1 g L4 ‘ , J
Y . K L —— . . '. )
Desicnar I . " Generals. | °- "
. esigner . | .Contractor - e
. ' [ 1
r Sub | .|: | Own Forges )
’ Contractors | - Work . C A
. . - " q' - / ; R i
R ‘ J . <] R

Fig. 1.1 Traditional organization (67 -

- N . -

The followmg flgures ‘illustrates’ the. professxon%l construction
L]

" management ptgamzatlons, featuring a general contractor act‘ing as a. v

construction managér (Fig.. 1. 2) and 2 cons.tructmn manager {(CM)- using

. -

o - @
t

the multiple prime contract appr%ach (F1g. 1.3).

LY

) ¥ J
‘ . uq ) ) -
- Owner '} - . oL
g R .
9 General Contractor 1 SR
Designer §— +* acting as’ ce PR
' | Construction Manager | . -
\' ' ‘( ° -~ ° B .
‘ ) L] 11 [} . Syb 7 .‘.
A C Contractors . ‘
! 'EFig 1.2 General contractor [6] A .
& . 1] 3 , [N
'3 ) é - [ ’



Owner, $
‘ : * Canstructio
N :
C Degsigner Manager
. -, ‘ .
1) . 5 Y R
L : , A number of -
L : ] Independent Contractors |*

N\,

e

" sometimes difficult to categorize any one. particular organizational

¢

arrangement. For contractual arrangments, a variation of cost plus fixed
feeor incentive programs.are used for CM and A/E in combination with'

lump-sum contracts awarded to contractors or subcontractors.

~<

Fig. 1.3 Construction manager [6])

*

Y.

There exist other organizational methods’ with many of the

individual alternatives overlapping one another; in practice, it is

The ‘Professional Construction Management concept’has beew described

" in detail in numerous bdpks n[l/,6,13,15] and arti'cles_‘[3,4,5].' However in

order to. clarify timé'concept of overlapping design and construction; it

(

will be necessary to disfinguish the phased construction approach from

+ the fast-tracking technique.

Yo

@



1.2 Scope and objectives

This study is-an unpreceée'nted effort in describing pnd‘ examining
<'the fas‘t—track construction .managemeht approach through case s'tudies,.
The prime objective of 'thiﬂs study is fo identify and evaluate the
pos'sible' troﬁt{le areas . in fast-tracking. The study also attempts to
anwser guestions such as: Is 'fast-traé:icing“ the most efficient and -

reliable approach.to accelérate a construction project ? What are the

"”\} actual drawbacks- in applying this mgt’hod ? The objectives can be

summarized as follows:

\J

v
1

1. Establish thefgtinction between the fast-tracking
technique” and the phased construction approach in
construction management

2. - Identify the ‘potential problems and trouble areas
associated with fast-tracking construction projects

3. Establish under what c1r tances can fast-tracking , .
be applied -effectively, outlining the required
N ’ progect env1romnent: and characteristics.

- 4, Make recomnendations on the effective use of fast-
tracking on future construction projects.: :




1.3 Fast-Track vs. Phased Construction

The basic principal ber;ind both fast-track and phased construction
approaches is to reduce the design and; construction period.‘With the
uncertainty of inflation apd interest costs, and with the campetitive
business world requiring owr;ers to do their utmost to beat their market
competitors, these accelerated project de}ivery approaches have becone
attractive. By starting constructiop before the design is complete, the
entire project duration is reduced. | o

The growth of phased design and construction has been synonYmous
with the growth cf PCM organizations [12]). As soon as design and
consttm:tfcn* stages are overlapped, a whole’ new serjes of
interrelai:ionships amongst design professionals, contracters and owners
are for_med, and must be managed very efficientlly to achieve coﬁstrucﬁion
as planned. B - ’

The phased constructlon and fast-tracking concepts are both used
1nterchangeab1y in the llteratux:e and by construction professionals.

Admittedly, both concepts shorten time thtough overlapping design and
construction phases, a similarity which is often misinterbreted. In

fact, in some literature, phased construction is considered to be a.

fast-track’ approach [18].
Phased donstruction basically calls for the overlapping of discrete
work package, by issuing them at different, intervals throughout the

construction period. Excavation, foundations, structural, mechanical and

.

electri‘cal'drawi'ngs are produced seperatly in a pre-determined sequence »

by the A/E . With each set of drawings, a "work package" is defined;
which is then issued for bxds and progressed in construction before the



following packages is awarded. The design in each work package is
substantially complete before "it is put out for tender. In order to
shorten the whole project duration,C critical work packages are issued
earlier to aontractors as they become readg; for construction.
- In an effort to further reduce construction durati‘von, the fast-:
traclé technique emérged. Under this approach, overlapping.goes one step
further: the awnet's A/E develpps schematic drawinés and preliminary
specificat:.ions which are inuaediatly used to estimate the '&projec\t budget
,‘and get constructlon started. Without a full set of detailed plans and’
spec1f1cations, prospective bidders, are asked to formulate a contract
‘price. Each contract package is awarded as soon as the work of
immediately precedmg packages has progressed sufficiently to allow the
subsequent package to start, with its design being completed in parallel
during construction. | . o

To facilitate the visualizatilon of phased cc;\nstruction as opposed
‘to fast-tracking, the follqwir}g‘simplified bar charts have -been
’ developed (Fig. 1.4). Because no interrelation between packages has been
considered, the amount of coordination effort required vqhen. overlapping
occurs is not reflected in the activity durations. 'merafore, this is

. basically a conceptual illustration.

-

1.4
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In the traditional approach, the construction C9ntfacts are awarded
when the whole project deéign is completed. With phased construction,
the first package (gx: foundation) can be awarded for construction whé}e
the fourth package.(ex: electrical) is still on the drawing board. And
as such, the construction starts before the design of the whole ﬁrojeq;
is complete. This is not to be confused, however, witﬁ'the design of the
individual packages themselves. "

Wheﬁ projécts are delivered using a fast-track approach, the design
schedule is even tighter. Work packages,ére awarded to c;ntractors as
sébh as enough drawings have been developped to allow the start of
construction.: This early jump into construction is a distinct

{

characteristic of-the fast-track technlque, "as illustrated in Fig. 1, 4

-

Fast-tracking could be viewed as an "accelerated phased construc-

. . -
tion". The time normally required for the cumbersome reconciliaé?&n of

all drawings and specifications is being traded for a "finish as you go
along" approach. It is then the owner’s reSponsibiliEy to cqmplepe the
drawings and specificationé in a manner consistent with the initial
documents used by contractors to begin constructlon

The status of design development for an ind1v1dual work package at
time of award is therefore the prime determinant in classifying the
progect as fast-tracked or merely phased construction. '

It should be pointed out that the schematic representation of
Fig. 1.4 might be misleading; in certain circumstances, the design of an
originally phased construction approach slips into the consfruction
period, thereby causing an overlap of the design and construction phases
of the work package. Thfs converted fast-track situation bears the same

characteristics as an orginal fast-track project, but With less

e e =



potential for a shorter duration.

1.4 Fast-tracking conditions
] .
It is reasonable to say that as long as uncertainty of inflation- /

4

and high interest costs persist, schedule and cost benefits wilb/
continue to dictate the use of accelerated constructlon programs f;
several instances, "the overall potential benef1ts to the company and
the customer\dictates that the pro;ect proceed at as fast a ;Sace as
possible" {12]. In theory, shortenlng the construction peri?9/ought tol

L result in lower financing risk and lower indirect constr3¢tion costs.
Accordingly, it would seem profitable to adopt the;ﬁast—tracking
technique on a general basis. In fact, however, only ﬁértain construc-
tion. projects are potential candidates for this managéﬁent approach.

The traditional project delivery system is stYll being applied to a
number of commerc1al and governmental pro;ects, while others that
require extensive deszgn and procurement perlods such as power plants,
industnal complexes, o0il refineries, and/ prOJects where start-up of
commerc1a1 production earlier than on; g competitors may decide the
ultimate profitability of the Enterpr1se, are potential candidates for

°

fast-track and phased constructlon

L N v . 5
-+ The following conditions or project characteristics encourage

design and construction overlapping : ' *

I. Financial conditions:

Important cost reductions and higher overall project
profitability can be achieved by shortening the
project duration.



2. Project . complexity:

It 'is advantageous to award early separate contracts
for portions of the work which are identified as
potential constraints. .

3.°Political conditions:

Political decisions and budgetar& policies can fix the
start and completion dates on construction facilities.

4

In practice,'by\attempt':ing to maximize the qbenefits of a shorter
project durétion or in‘ order to meet a fixed delivery date, a phased
construction program often slips into the characteristics of a fast-
track one.. There is‘one main condition which qualifieé fast-—&ack&ng

from the start of the project:

4. Market conditions: N
For industrial buildings there are distinct

advantages to begin production while the competition
. is still designing or building.

All of the above conditions, require that the project proceed at as

- fast a pace as pdssible and call for a dynami¢ team-work uniting the

architect/engineer (A/E) and the construction manégef (CM) early in the
pre-construction stage of the project. Through this "team approach" a
good harmony is created from design through completion, in which the CM

exploits his management skills to a greater limit to integrate ﬁnd

h‘coordinate design and construction phase overlapping [19].

-4
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1.5  Layout of the thesis = i

In Chapter II, several aspects and project characteristics of the .

fast—atracki_ng‘ technique "are examined through a literature review on the
‘subject. Many articles' have been written revealing’ interesting lessons
to be learned from actual projects which have used ﬂis accelerated
construction management approach. The summary of this chapter portrays
fast-tracking as it is perceived in the literature. |

The limitations and assumptions regarding this research and the
methodology used for the project studies are presented in Chapter III.
In Chapter 1V, various /p'rojects are examined to illustrate the possible
consequences of issuing an incomgflete design package combined with the
overlapping of the d'esign and, constrgction. The difficulties encountereci
during the design phase are identified and, the cummulative impact of
those disruption;s on the constructi\on schedule is assesed. Conclusions
and recommendations are presented in Chapter V.

. -

ANY
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o
CHAPTER II

LITERATURE REVIEW - ; o
7 ' A . -
2.1 General |
Very littlg has been'written on the evaluation of fast-tracking.
The only material that has been publfshed in recent years are articles
advocating the theor?t}cal benefits of thls accelerated method or else
describing the single case of a particular fast-track project. The
literature review confirmed, to the author’'s bFlief, that the concept of
fast-tracking is often mistaken with phased construction, and is bei;;
used in different contexts without a sbecific definition. The fast-track
management approach, is often described as a construction method [24,25)
or a design philosophy [30,37,33] not accounting for the overall
picture which combines design, procuremént and consttuction. .
The words "phased construction" and "fast—-track"' are often used )
interchangeably without any distinction, and it is left to the reader to
differentiate between the two types of accelerated construction method.

Although the two methods are very similar in some respects, they differ

in the extent of the design and construction overlap, as discussed in
[

7

Chapter I.
Fast—tracklng construction management was initially associated with
'composite steel frame design. OSborne [24] and Povey [25] considered the

benefits of a fast erection using strugtural steel frames.
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In order to organize. the material covered in this chapter, litéra-
’ /

t;xre has been reviewed on four fronts: Past-track related gxﬁeri‘énces;

!

Work packaging; Engineering design; and Fast-tracking risks. ,"

; I N
.
R

2.2 Past-track related experiences

\

)
[
£

The Trevino i’,roject [29],_.a leach uranium plant located in South
Te{as, was built -in 1981 using the: conventional technology. Thi,s was a
fast;/-,-track project in which a significant capital /cost saving was,
realized by accelerating the schedule. The project manager on this job
copcluded that: "as long.as the p.reliminary work has been‘ done in
sufficient detail to allow a running start on "the project, that the
initié\l scope, of work is well defined, and all subsequent project
efforts are carried out in a well-organized manner," fast-tracking will

work.. ) e
- Experience with a fast-track construction of 124 millions, on a
geothermal project'[35] has aiso shown savings, but éignifican-tly lowe
than expected, as described below. The project manager,\;;l.ains hbw
' fast-track Eopstruction inherently brings with it added costs that are
difficult to forcast in advance. The schedule for this prqject provided
2 years for preliminary design and licensing ax:{d an ad;iitional 3 years
for final design, construction and commercial operation of the
geothermal power plant. This represents a year’'s saving in time over the

traditional approach wliich would have taken 6 years.

. 14 o
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The estimg;;ed savings in costs for,this fast-track project were as

-

follows; - - :
T B ($ Million)
l:‘.quirpmentn and construction ‘ . ' 4
o (cost escalation)

Interest during construction « 5
Penalties to the steam supplier 10 -

Power purchases (bfemium price) 17

TOTAL . 36

J

Fast-tracking..consttuction resulted in contractor inefficiencies;

the incomplete bid ‘specifications brought about intentionally l&w bids

and unrealistic schedules. The contractors intended to make the job

‘profitable through extras; change orders and claims. 'y

a’

Five months before project cgmpletion, the cost increases were as

follows: . ) \
($ Million)
Engineering éhar?ge Orders ' » | 3
Construction Change Orders 3 |
» Cons‘t:t;uction Claims | | ‘ | 6

el

TOTAL ‘ 12

At that time a net benefit of $ 24 millions was attributed to the

fast-track schedule. The finantial benefits were partially consumed by

costs associated with the risks inherent in a fast-track project.
Contractual problems were also mentioned to be caused by fast-tracking,

increasing the administrative burden on the owner’s yff.w

15
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Cor}struction projects may also be accelerated through a fast-tracz_k
approach because of political reasons. The two * new Icsraeli air force
bases constructed in the Negev Desert [39] as part of the peace_ treaty .
between Israel and Elgypit is a perfect oexamﬁle.l The schedule Wwas
'comvpressgd from over 5 years to 3 wyears. Problems caused by the long '
delays in.design completion arosé right*from the begiming, resulting in
a lack of a complete bill of quantities. The contracts nggotiafi;n,j_
which were still taking place when construction was forceél to start,
finally evolved into a cost-plus fixed fee basis to’two design-construct i

~
teams from the U.S.. Because of aL defective fast-tracking, the project

3

o

greatly exceeded the budget and barély finished on time. -
By the nature of thlS pro;ect, it was called "fast-—track", but not

as a description of acticn but as a disease- -like phxlosophy ‘which -
excused ineffective action. ) Farritor (11} Treferred to it ad,
"fastracosis", ;nd i’le added: "Although the c;uses of this affliction may
have been unavoidable due to the political and diplomatic nressv.::es, its

resulting symptoms were nursed by ineffective management actions."

Stern [32]'in a report to the New York Governor Mario Cuomo

. described the problems with the Convention Center in New York City.

Again a political decision was made to proceed into construction as
quickly as possible through fast-tracking. The job cmmnenéed eighteen .
months earlier than pogsible under the conventional method but the
center has been compleoted two years behind schedule and as much as $ 125
million over its $ 375 m1111on budget. Bad decisions associat;ed with
this method of pro;ect management were cited as a major reason for the

problems at the N.Y. Convention Center [38].



:v
i

The incr'easiné numberc of oper ions was the' greatest challenge at
* the London Bridge City (24,25, 34], ‘one of the . largest fast—tracking
projects on site in° the’u K.. At its peak in 1985, L5C.Phase I had a .

workforce of 700 from 50 dlfferent contractors In this respeét Osborne

) [24] pointed out that: "The management team needs- to be conscious that

. fast-tracked compl\ex building is more susceptible to.coordination

" problems".

»

. / { ' -]
A research and development p?oject in Florida used construction -
. » . . -

_management in a fast—-tracking approach.to crash the project:duration

[31]: The prdj‘eot involves the desigo ,and’ construction of afx"omsi'te
Coal-0il Mixture dSmonstration project. Designing t-he ‘facility around
available eqdipri\ent, usirxg an’ abbreviated procurement. c'ycle and crashing ~
constructlon with engmeenng and procurement allowed the making\and
burnmg of coal-oil- mixture to.take place approximatively seven months
after. the project began This resulted in an acceleration of "about four
months, representmg 36% of the project:' duration of the traditional
approach However,\ the ‘original estxmate of § 8 8 millioné escalated to
$ 18.4 millions in capital and operating expenditures. Meeting the tight

schedule 'became.niore important than holding budget. When construction

-started, a few changes to the 'scope were made and a "get it done"

L}

attitude was adopted by the project, managér ‘of the owner and

engineer /constructor team.

e
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- 2.3 Work Packaging o . @

3

'I‘he. igcreasing complexity of modern aconstruction leads to the
development of a work oreakdm structure and enoouraged overlapping of -
design and construction. When fastrtrackmg a project, putting to
constmctmn every little bit of work that is V,ava;lable, a ‘conscious
b#eakdown /and grouping of the work results in a d“ivisiqn of projects
inEo'small'er, better defined jobs or packages. One of the key elements
in fast-track construction’ is updoubtebely the way packages of work are
. defined to achieve high produoti*yity,on site. Work packages awarded too
.~ear1y reduce the design flex'iﬁiiity of the followinig work packages, and
potentially increases the possibility of change orders right from the
outset of the project. . N | 3

€« : ) I
In the article "U.S. productivity and fast-tracking starts .on the

drawing board", Gray and Flanagan [12] examined the relationship between
the design of jan element and- its constructabllity on s1te. They
described how U.S. des:tgn professmnals "pay attention to the way the
, components. wil} be assembled on site, being concerned‘ with the overlap
of work patkages undertaken by specialty contractors’ (subcon‘tractors).
They' ai;so etreseed how ‘important it can be for a fast-track project to
.. have packages oé work’ that are bas}caﬂlly self-contained, trade oi:iente(d ‘
and containiné their own tolerance adjusting provisions. It would oermit

',}nanagers to have a better control over the rate of production on site.

‘ W1th this apptoach the des;LgnerS must find ways to allow the subcontrac—

C
-

tors the flexibil:.ty to ptgmote alternative design.
For :example, in the New York Convention Center [32] pro;ect, the

main reason fast—trackmg has been blamed for delays is that explicit
. -

choices on desu;n alternatlves were neve"r developed The design

18
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Tprofess,ional‘s ability to produce drawings while keeping the .details
open to different alternatives is a determinant factor for smooth

progress of construction.

‘2.4 Design activities N
Several awthors [29,36,37,38] '‘agree that the engineefing- phase of
‘fast-track frojects is the most important aépect of maintaining -the
overall project schedule. ) -
"Fast-tracking increases’the level of agctiv}ty in both the  office
;nd the field because of the shortened schedule and because of the need
. of prompt effective decisibn—making" stated Baker and Boyd [2]. "It is
. recognized that. the procéss of phased decision-making may‘com’mié. the
project to some courses which, in the li-;;ht of subsequently deyéioped'
\infomﬁatio'n, are seen as less than ideal" affirmed Bu}gman (10].!
Construction management input should be tailored to the‘increasing
inflexibility of the design as it evolves.
The author of- "'Fast—TL;aqking Construction: The. l:'(anagement Solution"
[37] describes how the planning and idesign stage "is a critical time to
influence selection of components, materials and systems because at t:,hat
time the facilikty is being created a/nd the decision-making process
establishing the components and methods of construction is nevolv'ing. In
his art}ble he quoted a'construction manager saying: "These decisions
can have far greater effects' on the ﬁrojects“ than does the actual

construction. Especially on" a fas.t—trackiﬁg job, you can’t afford to

make mistakes during the design/engineering phase."

.
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The impatience of owners to break the g.round combined w:th the
fast-track approach doesn’t allow the A/E"s to have the proj.et':t'or even -
the work packagés" design complete ‘in every detail. In this respect a
project architéct, Hutchinson [34] indicated that: "The contractor wants
"a series of fully dgtailed packages to go out to tender” and that is.not)
possible until “the whole: bui.lding is desigried. On fast-tracked jobs,
packages of work are early bid on a lump sum or unit price basis,
depending on how detailed tl;xe drawings are at the time. )

Schick [29]) has indicatedl that  in the preparation of bid packages,
it is important that 'detai}s are correct and that material takeoffs are

fairly accurate (best available information); this allows the bidder to

bid quickly arb1d precisely. He has also etﬁphasized that a good

engineerjng job in the detailed phase will ultimately save money for the .
project later on. It should be indicated that bid packages are not
prepared with "Released for Consi:ruction“ drawings but drawings that are
40 to 60 bercent cbmplete. It is important to include estimated
quantities for drawings not yet ‘started. Finally Schick sugéesté that
bid-packages include unit prices for both additions and deletions due t;o
changes made in detailed engineering. These unit prices would make
'fuiukg negotiations_with subcontractors easier. ’ |

Baker and Boyd [2] stated that the historical m£hod of change
control,i.e, c&nplete agreement of scope, schedule, cc}st, etc., prior to
commencing work on the change, simply could not support the fast~track
objective for their project. They developed a change control process
which initially calls out proposed changes that are neither mandatory
nor cost-effective. The remaining cfmapges are implemented so as to
support the fast-track construction schedule without waiting for

» .
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resolution of all costs and contractual details. By implementing this
change program they could prevent financial and contractual negotiations
from holding up schedule-critical work while preserving stewardship in

change control and approval.

‘ By awarding work packages in phases as soon. as the desigp permits a
lump sum bid, the company is committed to a project without knowing the
end “cost. Ruby (28] compared the two approaches: fn the conventional
- con ructlon sequence, company management has the option pf cancelling
the progect after opening the bids, or scaling it down to fit the
original budget. Under fast—-tracb construction, cancellation or a major
reduction in g:pe scope of a new project may be extremely costly. A large
.portion of'the total - cost- has already been commi tted by the time the
f“inal, bids are. opened. 7 "

For the construction of a coal terminal [14] on the US East Coast,

a fast;track'approach has been’adopted to rapidly meet the short-term

world demands. The rigﬁe design philosophy allowed the export terndnal

to be' completed 4 months ahead of the }origi'nal schedule for a total

‘project duration of 27 nmnths,(representingla 13 3 save in time). At the
outset of the project, the design—engineer concentrated on the critical

path des1gn items to ensure that an early construction schedule would be

maintained and the general desn;ng specification became a flexible

1

working document to permit the immediate execution of the terminal

design.

.

* t
For the design activities, Trombley ([34) stressed the fact that
unless the contractor can'identify, on anhy given day, which subcontrac-
tor's packages are on the critical path‘l and which aren’t, the design

w
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team will not be able to use its limited time to the best effect.

Mistakes will occur, and the result will be delay and increased costs.

”

A research project has been conducted at M.I.T. [36], where a
network analysis comparison was made between a fast-track project and an
hypothetically derived conventional case. 'I"he study will be discussed
later in Chapter III, but basically the results ;;ointed out the need for
intensive scheduling and planning at the start of a fast-tracking
project, due to the sequential interdependencies of construction on
design. | )

With respect to the proper téiming gto start construction, Schick
(29] stated that engineering design efforts on the project should be
done to minimize problems which may occur in-later phases. He also
mentioned that even though the fast-tracking goal is to* mihimize the
overall project time, it is not desirable to put constm;:tion forces ‘in
the field too eé;:ly since this will greatly increase the construction
overhead expenditure and fo;ce the designer to expedite the prep'aration'

" of subsequent bid packages.

2.5 Fast—-Tracking Risks

Because ti'me is tied to money when new 'production cépacities are
" coming on stream (ihdustrial) or when new facilities are waiting to be
used (commercial), fast-tracking has obvious advantages which must,
- however, be balanced with tht risks involved.

anies,Xrophy [9] and Heery [13]) found the inherent risks in
fast-tracking projects to include a loss of the planned benifits due to
schedule delays and a ioss of .financial (benifits due to the cost of

22
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claims and litigation. Trombley [34] explained how risks can be

minimized provided the client knows what he wants and the architect can

resbect the cost plan. He suggests the~arghitect's first question to the

‘ client. should be; "does he really know when occupation of the building
is required ? Can he really calculate the value of early possession and

set that against the higher costs and loss of control likéiy to be

incurred in a fast-track program ? Does he realize that he will be

. subjected to significant risk because he will set ‘out on a building

| program not knéﬁing precisély what is to be built ?"

Ruly (28] and ~Suidwell [30]- pointed out twoun.\ajor challenges 51n
fa-st—track construction: coordinating the construction work and
providing subcontractors with the information they need for bidding.
Schick [29] summarized his case étudy, indi;ating that: "there are
always risks in fast-tracking a project, iqg th& success of fhe project
depends on the ability to deal with the problems és they arise, both in

the engineering and in the field."

2.6 Summary
As can be ‘found in the literature, from magazine articles to
x conference papers, there is no general consensus as to whether fast-
tracking is a successful or inadequate construction ma'magement approach.
As mentioned in a recent article by Robison [27), fast-track is great
when it is properly 'done‘, but when it falls apart, it becomes a

&
bastardized concept.

The review carried out in this chapter covers several aspects of
o fast-track projects. For example, Trombley [34] stresses the need for a

flexible design, while Sidwell [30]) explains the advantages of clearly

23



defined independent work ﬁgckages, The importance of proper management

during the design ﬁhase is covered from many directions in several
papers [29,30,37]. ’ |
Few authors, however, have examined the consequéhces of a
’management system that could not support the fast-track approach
(11,27,38). There is much to learn from a failure to a properly managed
a fast-track project. In practice, the risk can be better evaluated

through a detailed examination of actual case studies.

Al

In chapter 1IV; design complicatiohs, construction start-up
problems, site productivity, impact costs and possible disruption of the
work due to fast-tracking are examined. The method of analysis used to

investigate fast-track pfojects is 395cribed in the following chapter.
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CHAPTER IIIX »

METHODOLOGY OF THE ANALYSIS

3.1 Method of analysis

!
” &

There are basically two methods of analysis available to evaluate
i:he performance of the fast-track constriction approach: The first
consists of a comparison between scheduling acﬁivities of a particula;
fast-track project and a traditional case hypothetically derived from -
it. The second uses the actual fast-track project to carry out an in-

depth analysis of the accelerations and delays by comparing the as-

planned and as-built schedule activities and costs.

4

1Y .
A recent study utilizing the first approach [36] is based on the

"TREND" analysis technique presented in 1972 by Bgmigson ’['7]."rhe
"TREND" model draws upon three independent theories, namely:
Interdependence, uncertainty, and prestige with due assumptions to
enable the derivation of the” hypothetical traditional case. Typical
assumpions required to derive the traditional case include: no change in
activity duration from the fast-track to the traditional approach, the
same construction activity . precedences, and the same level of

uncertainty for activity duration.

Moreover, in this case study, w.ork packages were issued as soon as
a set of drawings was completed, actualiy dé\piéting a phased
construction approach. Nevertheless, this §tudy has ciuantitatively shown
tﬁat, as opposed to the conventional x;uethod,. in the "fast-track"
approach construction activities are heavily dependant'j on design. The

"TREND" analysis also pointed out the need for intensive scheduling and
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pianning at the start of the project when fast-tracking is employed.

In the first method, the assumptions macie in deriving the
hypothetical model have a direct impact on the reliability of the
conclusions drawn from the comparisons. This method of ‘analysis,
althbugp theoretically appealing, could result in misleading analysis
due to its inherent limitations. Furthe‘f, the method completely
disrégards the increased complexity in coordination and scheduling
encountered on fast-track jobs. Therefore, in view of theé pitfalls
associated with the first method, the second method has béen chosen‘for
the investigation of fast-track projects. “

In general more insight information can be -gained in comparing the
as-planned and as-build schedules for a partitular; project than in '
comparing the same project to a hypothetically derived one. The readily
apparent advantage of the selected method of analysis is the ‘fact that
“it avoids the assumptions required to generate the hypothetical case and
as such enables actual comparisons and yields_ realistic and reiiable
conclusions. Moreover, by using the second approach it is possible to
compate the budget amounts to the actual costs, thereby providing an
additional element in evaluating the fast-track approach. Through the
selected method of analysis, causes of delays and disruptions and actual

problems can be identified and examined in a practical way.
&8
3.2 Source of information

Twenty-eight contracts from eight different projects have been
thoroughly examined and the relevant information has been extracted and
presented in ‘chapter IV. The following list of project documents are

examined and utilized in preparing the analysis:
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1. Tender documents 8. Construction drawings and
2. Tender estimate - revisions
3. Original schedule 9. -Daily reports
4, Up-dated schedules 10. Addenda and Change order’
5. Progress schedules " 11. Cost records
6. Progress claims 12. News releases
7. Minutgs of meetifgs, 13. Claim reports

correspondences, and '

memos

/ 4
3.3 The analysis - .

To determine the impact of fast-tracking on a constructio'n
schedule, individual delays have l?een examined and classified '5ccording
to theil.: causes. Although it has at times been difficult to identify
pfecisely the nature of a disruption in the constn—.xction process, an iﬁ-—
depth look at the infon.:mation available on each contract resulted in the
identi‘iication of major problem areas. -Several figures and detgiled
information have 'been extracted from claim reports. These .quoted
fiqures, refered. as such in the paper, were recognised by.all parties
involved in the project. ‘ .

Two major impaéts regul@:ing from c‘omplicatiqns in the overlapping
of design and construction will be investigated: The delays stem‘niﬁg
from the use of a fast-track appx;?ch (time factor) and the productivity
loss generated by it (cost factor). These analyses are complementary to
each other, énq should ideally be used simultaniously to measure the
extended duration and the loss of iproductivity. A project can
deteriorate in several ways; experiencing time extension and/or cost
overrun. The assumption is, however, that "time is of the essence".
Since the owner dec1ded to go on with his project using a fast-track

approach, he must have been restrained by the time factor. Incidently,

‘ e
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by making certain.assomptions, the productivity loss (in manhours) can

be translated into a time factor.

In the following chapter a.number of_projects are examined in an
effort to identify problems and complications associated with fast-
tlacking. The time-and cost factors will be examined usiﬁg'a "Snap Shot
Analysis" to identlfy delays and a“'"Productivity Analysis" to determine
additional cost due to the loss of productivity.

3.3.2¢ Snapekot analysis ' -

¥

. ¥
This method of analysis is used to determine the project delays or

extended duration. More than just the automatic straight forward

measurement of delays, this method enables the 1dentificatlon of
multiple delays. As explained below, the snapshot analysxs can isolate
all major dela;; and any group of minor delays occuring within a
relatively short period of t}me, and treat them: as indiYidual delays.
The approach requires 1) the preparation of an "as—bullt" schedule
depigting,actual progress, 2) the analysis of construction schedules and
its subsequent revisibns, and 3) the search for all documents pertaining
to each indlvidual delay encountered on the job. "
First, one has to establish how the project was actually built and

when each activity was petforﬁed. Depending on the source of information
evailable, the as-built schedule would be reconstructed from each or a
combination ef the'following:
' 1) Daily reports

2) Minutes of meeting

3) Inspection reports b

4) Progress cerificates for payments

28
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Once the period of executipn of each activity has been c;etermined,
the logical interdependence between them must also be established. Based
on a good understanding of .‘the' technical requirements of the project,
and with the help of the original as-planned schedule, the as-built

schedule éequence is determined.. To ensure that the as-built schedule °

portrays the work as actually performed, various documents are cross- |

<

checked to verify key milestone dates.

Before further analysis can take place, critical activities must be
identified. The critical path method (CPM) [6,13] is a tool used to
depict interrelationships and interdependencies‘of critical activities
which control the progress of the work. In this standard network

scheduling techn}qué, the critical path is made of the longest chain of

. successive and uninterrupted activities which determines and controls

the length of the project. It is also impdrtant to 'con.sider "sub-
critical" paths, where the "fioat'f“ on a chain of activities is very
small.

In order to perform a snapshot analysis, one must have on hand
several construction schedule up-dates. Each snapshot must coinc'ide with
the schedule up-date in order to examine the changes introduced in each

of those revisions. Changes in the composition of tender packages,

'changes in the planning of the work, and the reorganizati\o of

construction activites at every schedule update are normal procedure\in

of each schedule preparation, is common practice that renders the )delay

the management of a project. This new input of information, at the tin\e\

analysis significantly more complex. As such, the snapshot analysis‘
takes into account all these changes, and enables the identification \of

any slippage or acceleration in the work since the last schedule update.

29
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| / Figures 3.1 to 3.4 illustrate the approach.

From the date of the snapshot, one looks back to a period up to the
previous schedule update, taking, so to. speak,’ a "snapshot" of the
project. For one single .acti:rity, the snapshot would be aé,shown ip Fig.

°

- 3.1.

- ) - ] ,
. ° .
¢ . -
b e =
- Previous schedule - Date. of the ' .
update snap shot . . .
' "o ® ( )
- E - : ( ' | schedul )@
- , e ontractusi s ule
P L mwuy : . J ! . . ,
" > (Extended duration
schedule )
— : . As-Buift ’
‘ > Start-up - . : u'Extondod' T

delay duration °

3

Fig. 3.1 Extended duration s_chédule

Coinciding with each-update, the actual progress a’cl?ieved up to the
date. of the snapshot is éompare_d with the anticipated progress to the
same date, The difference shdws the delay accumulated between 'the date
of the snapshot and the immediately preceeding schedule ;.;pciate, for the
aci:ivity under examination. To illustrate this comparisori, an "extended
duration" échedulé is derived from the as-built schedule by adding the

»se o, worl?’to be completed according to thé pr\ior' planned.sche‘dule. This s
. « exercise 9llows/ the detei::minatiop -0f the "would-have-been project |
completion éate", making allowanées fér thg delays accumulated up ;:o the

date of the snapshot, while n\?intaining the same- seéuencg and acﬂtivit‘y ’

duration used in the precéeding update (see Fig. 3.19.

®
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The extenc}ed duratipn ﬁesulting frot'n of this snapshot is th;n
o~

compared w1th the new schedyle update. 'rhe dxfference between thoae two

estabhshes the degree of accelegation, (Case A, Fig. 3.2) if any,

and/or the imposed changes in .the planned sequence of.activities (Case B

'Fig.-3.2). N ’
» - .
, N &
o - Date of the
, s .’ snap shot y
' L )
- (Extended duration “
R . schedule ) -
N ' As-Bullt .
t

. ‘ : . . R

- , ° 1 New schedule up-dafd '
.
SR m— } \
e “ . Acceleration :
& mssssssswssaes R D N TR LD R RN Neswws Asseenn ~

. . i : : 5 , : Changed sequence of
' , { Cuse B :E: proceeding

. . Fig. 3.2 Snapshot 1 -

*

New schedule update (A or B):are developped at the date of the

snapshot, 111ustratmg the way managers were plarining the project. For
» each snapshot, the’ previous schedule revision becomes the schedule in
, effect:.“up .to the date of the snapshot (the_ as-possible schedule), which
is then compared to the work” performed to date. In the example under

* . consideration (Case A),. the new schedule for the next snapshot is shown

@
¢

S in Figure 3.3. -
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- Pravious schedule . Next
. update snap-shot date ’
. . © -0 -
) ' ' i Aspossible schedule ' .
: As:bullt schedulé : .
. . Schedule delay .

-

_=» Fig. 3.3 - sSnapshot 2

.

Compared with ‘the as-built schedule, one can observe tﬁg changes in
d.ur'ation., and determine the exact time of occurance of ti\e delays. From
the_planned‘comgletidn date, schedule delays and accelerations are added
up to g.ive t'h’e overall del%y (Fig. 3.4). Every component of this delay
has been allqogated previously in onenof the.Snapshot‘periods.

- 3 . : .
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" The strong point of this method is that it pemd.ts the identifica-

tion of shifting in both the planned and actual critical paths of the
\‘;‘)ro;;ect The snapshot method also permits to isolate what may otherwise:
appear to be concurrent delays. In view of the snapshot progression of
the ‘f:ork, individual delays are identified and their causes determined.
To allocate the responsability to‘c:iifferer'xt parties for \fast-track
delays, one 'must examine the contractual requirements of each party and
determine what items or field of activity is solely in their jurisdic-

tion. For fast-tracking delays, the causes behind an action‘or lack of

action must be examined and the owner’s motives understood.

3.3.3 Productivity analysis

In some instances, the informatiori““available on a project d\oes_ not
permlt a detailed snapshot analysis, i.e. there are no schedule up-
‘dates or accurate as-bmlt 1nformatlon ':n this case the productivity
level acheived on each_pro;ect is examined. This productivity analysis
. indicates .how much a contracto.r has been affected in the execution of
his work by events outside of his control. It is then possible to
determine the extent in which fast-tracking has contributed to the
disruptions. ’

"A loss of product1v1ty is the decline in the efficiency of that’
person or group of persons due to the specific cause (or causes) from .
the level whlchq under the Lpart.tcular: circumstance could have been
achieved, save and except for the cause(s) under‘ examination" [26]). The
multitude of factors affecting workers’ productivity bwill not be covered
herein, but could be consulted elsewhere [8,.2(),2;]. 'I:.general

y -
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'management practices can adversely affect labour’s motivation (i.e. his

,attitude to the §iven'task) and accordi'ngly hamper his efficiency.

The initial step in a productivity analysis is tc; c}etermine the
period of least interference qf period of "normal" pl;oductivity. This
period must be chosen, with all relevant information on h;a’nd, to truly
represent the time at which the contractor was the least affected by
fast-tracking. In determining this normal p;riod, the productivity
lossés resulting fr_o; either (1) the contractor’s own deficiencies
gnd/or_](Z) the risks he must assume under the terms of his cont'ract', are
accounted for. This procedure permits to isolate the impact of the
owner’s actions or lack of actions on the project.

"rhe loss of, prod{xctivity calcu,lf.\tions for the project cases
considered in chapter IV are b\ased on measuring the difference between
theé actual "impacted" productivity and the productivity that could have
been achieved without the fast-tracking impac¢ts. By extending, ti'xe

progress acheived during the normal period over the entire project

" duration, a probable project requirement in total mén-houris is

determined as shown in Figure 3.5. Although not shown in Figure 3.5,
c;alculation of the projected duration allowed for the expected lower
productivity at the beginning and at the end of the project (See Chap.
4.3 -4.4), as recognised by industry stand’ards. )

Two different extra costs have been calculated based on the above
analysis; the extended duratlon costs and the 1mpact costs. The
consequences of fast-tracking have been acckounted for not only in the
duration..of the delay itself (including dlrect costs) but also for its

impact on the schedule (impact costs). 'I'hese1costs are extr® costs over

and above what the contractor would have incurred had he been allowed to
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fast—track approach.

complete the contract without interruptions. These impact costs are,
calculated .from the normal productivity figures which account for the
contractor's performance on the project.

To quantify impact costs, the productivity achieved during the

'least interfered period (man-hours per 1 percent complete) determines

the total man-hours that should have been required for the work. The

projected manhours expenditure is then subtracted from the total

‘manhours actually required to complete the work. The resultant loss of ‘

productivity manhours include the contractor’s compli_cations‘with the

The extended duration' costs are determined -from the delays
attributed to fast-tracking. To determine these costs, the same manpower
level is assumed, throughout the project. The achieved progress during
the normal period can then be extended into an "as-possible" project

duration, allowing again for lower productivity at the begining and end

~ of the.project. This exercise permitted the allocation of a portion of

the delays to fast-tracking. The difference between this "would—have
been duration"' and the actual duration of the pro:ect represents t;he
delays incurred by the contractor for which the owner is respon51ble
Combined with the average hourly rate of the work force, this
calculation represents the extra costs of an extended duration resulting
from fast-tracking the project. The many causes of this extended.
duration hav; in effect Lbeen grouped together to represent the fast-

tracking impact on the project.. Several contracts have been analysed in

this manner and the numerical résults are included in chapter 1V.
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3.4 Advantages and drawbacks

Backed-up with a numerical analysis, the study (presented in the
next chapter) of fast-track projects experiencing. difficultles.demn—
strates cléarly how this approach can impact construction activities.
" The in-depth analysis of "after the ,fact" information eliminates any
unfounded conclusions possibly arising from a theoretical approach. The
infoﬁnation used from claim reports was recognized by all p;arties and
does not represent the point of vievll of a single participant.

The select:_ed\ sample of projects covers the residential, commercial
and industrial sectors of the industry. The cases studied are based on
projects that clearly showed difficulties with the \fast—tracking
approach. Projects which have been selected were subjected to several
claims, depicting problem areas associated with fast-tracking. Moreover,
the tight sc};edule of fast-tracking combined with the size of the
projects selected were considered helpful in identifyi'ng coordination
and scheduling problems.’

Besides fast-track related proﬁiéms, the intrinsic characteristics
of the parties involved in the construction i)rocess (owners, A/E, PM,
and other contractors) are always present and do have a considerable
influence on the project development., It is practically impossible to
distinguish the management team’s "attitude; from the technique they
used. These factors might be ixard to quantify in determining fast-track
related delays and loss of productivity. The owner'’s site adx'ninistration
and response time to the contractor plays an important role in the
outcome of the project. This factor could be conéidered seperatly from
other fast-tracking impécts. However for the purpose of the analysis, it

is assumed that these delays are part of the overall fast-track delays.

A
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{ CHAPTER IV
PROJECT STUDIES

4.1 Introduction .

In_the first part of this chapter a detailed analysis of three

fast-track projects is presented. The analysis is performed in an efforﬁ
to quantify impacts of this accelerated construttion management approach
on the overall project schedule and cost, namely: (1) The extended
duration and '(2) the impact costs resulting from a'productivit".y loss.
Suﬁunary and recomendati[z\)ns are presented at the end of each bproject:
considered.
i Three representative projects are examined in-depth; one large
industrial plant and two medium-sized commercial and residential
buildings. These three projects have been , selected to show the ;iynamic
interrelations between work packages, coordination‘diff‘iculties, trade:
interferences and other complications encountered on fast-track
projects. This investigation of fast-track projécts will enable a
qualitative evaluation of t;he approach supported by several examples and
spécific situations.

Project study I investigates the construction of a large indus-
trial plant. This typical fast-track project contains several examples
of design difficulties and coordination problems. As the main study, the
repercussions of design activit;ies on the construction schedule of this
project are closely examined using the "snap-shot" analysi;.

Two other projects (II and 111) are examined to determine the
causes and effects of problems associated with fast-tracking on

construction activities. Using the productivity analysis, the extra
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costs associated with fast-tracking are calculatédl toget{her with an
evaluation of the extended duration. Project study‘ I1 has b?en selected
to illustrate the effect of incomplete design on construction, and as
such concentrate on the planning and coordination aspects. Project study
IITI illustrates the complications associated with the interface between
work packages and telateél coordination problems.

Thé second part of this chapter briefly examines 5 other fast-track
projects, comprising an additiongl 12 work packages. Cumulative results,
identifying pr[ablem areas common to all these projects are presented at

the end’'of Chapter-1v.

4.2 Project Study I

In fast-tracking, design sequences and procedures are critical
'elements to the overall.planning of the job. The.industrial piant
project considered in this study illustrates the. importance of design
agtivities in preparing individual work pickages. Fast-tracking design
activities can create problems and jeopardize the early construction
start. Design difficulties in putting work packades together-are
examined in detail to reve;al coordination problems when activities are
overlapped. This fast-track project is chéracterized by numerous drawing
revigions and their impact on the scheduling and progress of
,éonstructi'on activities. Af‘ter a t;horéugh examination of the design
effort, the construction’s critical path is examined to determine delays
which can be attributed to fast¥Qr\§k. |
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4.2.1 Project characteristics . -.

The selected project is a typical fast-track construction of a
large industrial' plant in the United States with an estimated value of
$100 millions. The estimate includes all the procurement contracts,
major construction packages and the design engineering services. The
projéct was originally planned to span 27 months, with a design period
of 14 months overlapping the construction phase of 21 months (Fig. 4.1).
In reality, the construction period started 5 months behind schedule,
and spanned 26 1/2 months. The plant finally went into operation after a
construction delay of 10 3/4 months, extending the planned project

duration by 40%.
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Fig. 4.1 Summary Schedule Comparison
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An \experienced design}engineering firm took over the _deéign
developr;lent of the plant after a ;significant amount of preliminary
design work had been accomplished by the owner. Af‘ter award of the
design contract, the owner’s éngirieering group worked with the
consultant qon detailed engineering and preparation of construction
documents.

The scope of work of the design/engineering firm included the
_preparation of all technical drawings and specifications for equipment
supply and construction con.tracts in "sufficient detail to allow the
owner to enter into firm price contracts with various contractors. The
design contract included all the necgssary work related to process
engineeAring, mechanical engir:eeri'ng, civil engineering and electrical
engineering, as well as the management of all design functions. During
the preconstruction phase the design firm had the responsibility for
project planning which included the preparation of a project schedule
show‘inc'g when 'the various construction) cont.facts had to be awarded and
executed in order to complete the new facility by April 27, 1980. The
construction work was separated into several self contained packages
each awarded individually to a different contractot in a mlti—prime'\
‘arrangement. Both the owner and the design/engineering firm' acknowledged
that the schedule was ve‘ry.tight and that it needed a good management
.pr"ogram to suppoft it. .

Once construction began, the owner’s construction management

group took over the scheduling and control functions.
S B
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4. Z.i Design Activities

Although basically done by the engineering firm, the design
development of the plant mcluded an important contnt;ution from the
owner. Tendering of major contract packages, as shown in Figure 4.2,

illustrates the delay (in most cases) in advertizing the packages.

Nine
major packages (i.e. civil, mechanical and electrical packages ) will be

looked at in depth. Even though the other packages are of importance,

they didn’t prove to be critical to the completion of the project.

1978
Jan | Foo [ mar | Apr| may] won| ot | Avgl seplcm | Non-c

1979

oan | FobJwar | aorf wayl aord o] augl sen] o | o] oo

Major Contract Packages -
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| | || | M-1  Mechanical Erection
" w - _w -2  Struc, Steel & Misc.
o o & o M3 Piping
n . [ ] - - ~ N
E-1  Underground Elect.
Design period - Contract scheduls 13 Months i E-2  Electrical
- '. B
$
4
3
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Fig. 4.2 Tendering of Major Contract Packages



As shown in Fig. 4.2, the tendering of main construction packages

were postponed and compressed towards Ehe end of the design pe?iod. All
maﬁor contract packages were intended to be 'prepated, ready for tender
within a period of 9 months (from May 25 '78 to Feb. 25 *79 - Fig. 4.2).
Instead, the actual’ design effort had to be compressed in order to
.advertize the major contgact p;\ckage,s ﬁx 6.5 months {from Oct. 23 '78 to
May 9 '79), with the éxception of package C-1. 'g‘ollowing schedu‘ling
problems'and coordination difficulties, this slippage in bid dates

disturbed the original sequence of contré\ct awards and significantly

affected the construction schedule. 5
Planned tendering periog 9 Months
Actual tendering period 6.5 Months

. Alﬂthough the advertizing and'awarding of the first major
construction package (C-2) had slipped 4.5 months during the .design
period, the final project schedule submitted to the owner by. the
engineering design firm showed only one month delay in project
" ¢completion. '

’ Trying to meet the intended date of commercial production, the
enéineering consultant and the owner didn't hesitate to reschedule
-activities, overlap work or revise activity duration‘s‘ through
compression or acceleration. The structural, mechanical, electrical and
piping work were overlapped and durations revised in various l?id,
packages, considerably affecting the project schedule. This reorganiza-
tion illustrates the determination of the project team to stick to the

project completion date.
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Five main packages, representing the various trades, were selected
amongst the q_ine examined, for schedule comparison of tendering period
as pregsented in thé bar chart Fig. 4.3 . ‘'The chart shows how the ‘design
N progressed even during the tendering period. It also indicates that the
design was not complege at the time contracts w;ere awarded. ‘

A large number of drawings were r;vised,;adc?e\d or deleted in
several contract packa"ggs. In some cases up t<; 7 addenda were issued.
This resulted, for ex,a\mple, in a’slippage of up.to 6.5 months in the
award of the structural steel package (M-2). The bid closing date of

this package was delayed 3 times, 190 drawipgs wei:e added while 109 .

drawings needed revisions. This represented, respectively 50% and 28% of.

\
the number of drawings on kand at bid opening. A large number of

drawings were also revised just before bid closing. These included the

revision of 87% of the drawings in the electrical packabe (E-2) and 90%

of those in the piping installation package (M;-3). These last minute
revisions affected the accuracy of the bids and contributed to the low
productivity of the contractors at the outset of théir contracts. |

The incomplete design resulted in a large number of drawing
revisions required after contract awardé (Fig. 4.3). It is particularly
important to stress the case of the structural stgel '(M—Z) and
electrical installation (E-2) paékages with, respectively, 56% and 168%
of the total number of drawings revised, with possibly more than one

t

revision for the same drawing.
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By looking at the design mnhours"histsgfam and design packages’

" bar chart it can readily be seen that the design activity continued long
qafter the individual wgntract had been awarded. " The three charts on

civil, mechanical and electrical engineering design are .shown
* o

respectively in Ficjures 4.4, 4.5 and 4.6. These fiqures clearly show the
considerable amount of design engineering performed during and after the
tender period of contract packages.

The first major foundations' package for concrete foundations

(C-2), was to be ready for tender call by May 25, 1978. Because of late

information from the equipment manufacturers, the tender call of this

critical package was delayed by 5 months. Consgguently the work on this

<
package had to be accelerated in order to minimize the effect of this

slippage Q‘n construction schedule.

-

3

"The concrete structures package (C-4) was also delayed by almost. 4
months for the same reasons of late information from:the equipment '
manufacturers. The mechanical desi(;n}packages M-1 and M-2 were dela-yed
by 2.75 and 5.5 »inonths respectively. These mechanical packages were
awarded on a lumb‘ sum hasis even though the completeness of "the design
drawings ‘and specifications suggested a unit pfice arrangement.

‘For the_civil work (Mg. 4.4) and the electrical work (Fig. 4.6),

‘30% of ‘the design manhours were spent aftet award of their 1ast contract

package. It has been determined by comparing the planned and actual

'desi»gn manhours to their .corresponding schedule, that the civil and

electrical packages were issued with more des1gn‘”‘vprk to be completed

-

after award .than they had or1g1nally planned.
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Mechanical Design Manhours & Contract Packages
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Fig. 4.6 Electrical Design Manhours & Contract Packages
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:I'o give an example of the; Mer’s effort to recovaEr time lost, the
generally accepted bici procedurels for the procurement "of structural
steel was abandoned ', in favor of a piéce—meal issue of drawings to
"sele‘cted fabricators. In this respect, the design professional was
cailed upon by the owner to adqpt t:.he procedure of issuing drawings
first for procuremept and then for detailing, before checking of the
design and drafting would normally have been completed. Drawing
revisions had to be made in many cases after issue for procurement‘ or
detailing, simply because the design was ﬁét complete in all respects.
The coordination and design difficulties forced the 'design/engineering

.
order to meet the start-up target date.

firm to alter considerably the way packages of v;vork we"ré put together in

Considering the design difficulties described above and illustrated
in Figures 4.1 to 4.6, the impact stemming from drawing revisions can be
grouped into four majcSr categories : 1) delaying bid openings, 2)
extending the tender periods, 3) affecting the cc;ntractor’s ability to
plan and execute his woric efficiently and 4) creating additional work
through change orders (revisions after contract award).

The above grouping ‘illustrates the impact of compressing and
overlapping design activities. As a {esult, the design effort for major
contract packages in this plant spanneii over a period of 15.5 months
‘instead of the 13 months as specified in the contractual arrangement
(Fig. 4.1). «

There are ot;he'rr factors, not directly related to fast-tracking,
which have contributed to the initial delay on this project. The time at
which procurement contracts were awarded for majof equipnent dictated

the period at which vendor design information was available to the
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design finﬁ. The late award of major equipment contracts I;eéulted in -
late issuance of vendor design information, which in turn delayed ‘i:he
design process. . o

A 'change in design criteria even at this early s‘tage, consiqering
the tig“ht schedule, can have a detrimental impact on the dt;sign
efficiency. For example, in order to increase mill capacity, the founda-
tion package was completely redesigned by the ver;dor, resulting in a
delay of approximately 3 months for this particulgr item. '

The, owne:r must also pay important attention to the acquiring of
permits. On this project{tﬁe, lenghty time involved in obtaining t:he
"approval to construct” permit was running concurr;antly with other
design delays. ‘

The first year of this project was iuntended for design and
coordination of the various equipment vendors, with a view to be 'ready
in February 1979 for tender call of all major construction packages.

- From what has been discussed earlier one~will agree that the
design firm could not keep ﬁp with their own schedule. The impact of the
design difficulties have surfaced in the construﬂct(ion period as

will be discussed in the next section.

4.2.3 Constru_ction delays

According to the original schedule, the broj’éct completion date was
April 21st 1980, including a constructi_on duration of 21 months‘(see
Fig. 4.1). The initial delay in design activities resulted in a late
start of 5 months in construction. Through further fast-tracking

overlapping and’ compression, the ovner and construction manager were
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able to reduce this delay to only one month. This schedule depicted the

manner in thch the remaining contracts could be let, and the sequence
in which work could be performed Eo achieve a May 23, 1980 completion
date. The delays which had occured prior to February 8, 1979, the date.
at which the new construction schedule was issued, were accounted for in
this schedule.

Yet, during construction the project suffered an additional 9 3/4
‘nwnths delay. This slippage occured despite an acceleration in the work
of both the mechanical and electrical contractors through formal orders
by the owner.

.Until the completion of the project, a dozen schedules have been
issued or prepared by the owner. Some §chedules were prepared just as a’
general planning tool and never issued to the contractors, and others
were only issued by the design firm. v

A detailed schedule analysis’has been carried out on the critical
?ctivigies of the whole project. In determiniﬁj the critiéél worg
several schedule up-dates have been examined, each having somewhat
different critical paths. Of all facilities in this industrial complex,

the work on the proceésing plant repeatedly proved to be more important
| to the project completion date. Parallel critical paths we;e present
throughout the cpnstruction period. In determining the délays, several
factors have been accounted for in ‘order to insure that those delays
were in fact on the critical path and did actually delay the project.
Concurrent delays were taken into account and overlaps eliminated. Sub-
critical delays halve also been considered, in ;.ckhowledgement of the

relatively short float (i.e. few days) existing on some of the construc-

tion network paths. For example the mechanical installations and piping
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work were at times critical to the project cémpletion and therefore
includeq as sub-critical paths, see Appendices A to F.

There were basic::lly three main schedules., The original/contractuaf
schedule of January 25, 1978, the as-planned construction schedule
issued February 8, 1979, and the as-built schedule issued after March
17,1981. Some other schHedule up-dates, in between those three, were

also selected. A total of nine schedules were examined, as listed below.

®

Contractual schedule : January 25, 1978

Z

Up-date-of May 16, 1978
- " September 15, 1978

As—blanned construction schedule : February 8, 1979
" July 4, 1979 '

o November 30, 1979 A

_—_— april 23, 1980

- " August = 4, 1980 . ’

O © ~N & s W N R
|

As~built sc}?edule : March 17,; 1981 '

In preparing a detailed analysis, tﬁf‘isti.nct experi: 'reports on
the project’s activities have been e;camined along with accompanied
-documents. Similarly, the snap \shot schedules presente'd'in Appendices A
to F have been reconstructed from two sets of schedules. It is through
this "snap-shot” progfe‘ssion of the work that the cause and Leffect
relationship of the identified delays hag been determined.

As part 'of t".hg snap\—shot analysis, the actual progress between the
two construction schedule up—dateg h'ave,been compared with the
ant;icipated progress for the same period. As explained in Chapter III,

the comparison between what was suppoéed to be done and what was
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actually done within a given time frame permifs a better analysis of

each delay. For example, the first snap shot schedule (Appendix A) shows
an 80 d;y delay from the extended duration schedule. On the next snap
shot (Appendix B) all but 7 days of this projected delay has been
‘recuperated when the main electrical package was awarded and project

H

activities rescheduled.

In additioﬁ to determining which activities were delayed .(or acce-
lerated) and when, each individual delay needed to be examined in detail
to determine both the extent to which it has affected the project
schedule an; the causes. The figures. in Tables 4.1 to 4.3Jwere extracted
from expert reports on the project.. These numbers were examined from a
fast—t?ack point of view, trying to trace back the true causes of each
delay. Consequently, the schedule analysis involved further investiga-
tion and classification of delays according to their causes comt;ined
with the snapshot schedules (§ee Appendices A to F). |

In perspective, the new as-planned schedules show very little
compliance with the planping of the various contractors (e;g. electrical
and mechanical)..The start dates and activity durations ;\ssun\ed by "the
contractors found no support in the then-current schedule as far as the
planned - completion date of the immediately preceding activities were
concerned. This constant changing both in the sequence and the duration.
of various activ1t1es, and the apparent lack of coordmatl%bng the
different contractors have created significant difficulties on‘&e job.

"The impacts of compressing schedules have been examined by looking
at interferences between the various contractors on site. The loss in
productivity respltiryg from these tll:ade interferences reflects the

s
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contractor’s difficulty to plan adequately in this constantly changing
environment. - - |
Several other items or events were identified as being potential
Y ' cauées of delay'to the proceésing plant, but were not analyzed in
greater detail as they have not afEected the critical path, or were
completely overshadowed by a much more predominant and controlling
delay.

For simplicity, fast—track delays have been grouped into two. basic
categories: 1) delays directly caused by fast-tracking and 2) delays
indirectly related to fast-tracking.

Delays directly related to the fas£¥Frack approach include the
slippage of work packages on the critical path affecting the
construction start’ date, deéf%n errors and omissions resulting from poor
coordination between wﬁ?k packages, and desjign changes attriguted to the
accelerated approach. The tgtal delay. to completion of the processing
plant and the start of production was 324 days (10 3/4 months) from _«
April 27, 1980, the original completion datg, to March 17, 1981, the
actual cBmpletion date of the project. 1Individual delays directly
related to the fast-track concept have been identified and allocated as

follows:
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Table 4.1 Direct Fast-Track Delays

Nature of Delay ’ . Days
(1) Award of main electrical 'péckage 7 .
(2) Additional steel . ' 5 .
(3) Design error - Elevator shaft interference 18
(4) Additional steel .15 .
(5) Design error - Interfefence 1
(6) Electrical design changes 33.5
(7) Revised burner system 22

: TOTAL DELAY " 101.5 days

" The brief discussion on each of the above delays Aindieating the
source thereof should be examined along with the snap shot schedules

presented in Appendices A to F.
4

’

A delay of 7 days has been: lmked to the tardy design completmn of -
the main electncal package, allocated between May 23 and May 30 1980.
The actual award of this contract was delayed considerably beyond that
which was planned in' the February 1979 schedule, from April 25, 1979 to
July 6, 1979 : a slippage of 72 calendar days. When the package was
awarded the project had an anticipated delaysof 80 days, but by

Y .
overlapping structural steel and mechanical with electrical work, a

Y

major portion of this slippage was recuperated.
Major design revisions to the processing plant floors required the
erection of additional structural steel not included in the oriéinal bid

package. Both desigﬁ changes, identified as Additional Steel‘ were linked
to the fast-track approach.




~

-

Due to a design error, also attributed to fast-tracking, the
stationary.equipmeﬁt extended into the space occupied by an elevator
shaft. Eventuéily the equipmén; had to be relocated. After the revised
location was determined, the mechanical confraétor had to modify the

connecting duckwork as required. ) L

The electrical design- changes encompass rgvisions to electrical
wérﬁ as the result of omissions, or modifications to conduit, cable and
termination work inlthe main package. ihey include revisions, additions
or‘delefions issued to the electrical contractor in seven addenda (0
through 6) and several extra work orders.. These addenda were the direct
result of an incomplete design of the electrical package. Again for this
_ impact analysis, only the changes which impacted work on thF critical

path through the processing plant were accounted for.

As a result of the owner’s decision, a revised burner system had
to be installed which would use natural gas rather than oil ps“a secon- .
dary fuel. Considereq to have originigfg from a lack o} information,
this late decision inflicted more work oﬁ‘the engineering firm and the
supplier of the burn?r system, resulting in a delay of 22 days in the
completion of the related Qork. [
| In a second category, the delays indirectly caused by fast-tracking
include: trade interferences, work disruptions, and productivity losses.
Loss of labour productivity usually reflects the contractor’s difficulty
to plan'adequately because of the numerous drawing revisions‘and extra
work required. From the expert report énd the snapshot analysis,
individual delays resulting in‘préductivity losses and disruptions have -

been summarized in Table 4.2:
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'I:able 4.2. Indirect Fast-Track Delays
Nature of Delay Coe T . Days
(8) Late start of platform = . 34
(9) Loss of -productivity 52
(10). Fabrication errors and rework 26
’ TOTAL DELAY 112 days

Following completion '6fxt\:he processing plant slipform, the
mechanical contractor could not start platform erection as planned
because of several schedule problems and trade inte:.:ferencejs. Late
execution of the slipform construction resulte-d in noticgable
co:;rdination problems. The contractor’s scaffoldin? requirements, for
clearance where not meetPEy the concrete contractor when dismantling theb
slipform structure. a ' \

This work was also impeded by pier construction work ‘and the
’1nstalla'tion of underground conduits which took place in an interfering
area. These inter‘ference problems prevented the contractor frox;l starting
structural steel erection (see Appendix E). )
The mechanical contractor then experienced severa} disruptions in
completing the platforms. The extra time required to finish ‘this. work
was attributed to a loss of productivity resulting from the numerous

changes, design revisions and extra work required, for a total delay'of

52 days. This type of delay was incurred from extra work that required



resourses, primarily manpower- and crane usage, which were deferred from

critical items of £§rk. .

Another 26 d‘iays) of delays to the completion of the platforms was
associated to the structural) steel erection. This contractor’s work was
impacted by several fabrication errors giving rthe to rework in the
field. Other cpmpliqati;ons causing delays like late delivery and
modifications have been attributed to the fact that designg were not
complete or thoroughly checked before they were issued for construction. '

In summary, on the pT.'O]eCt'S cr1t1cal path a total. of 213,5 days
(7 months) out of the 324 days (10 3/4 months) delay—periqd can be
attributed directly and indirectly to the fast-tracking approach; this‘
represents 66% of the total project delay. Two and 3/4 months were
identified as excusable delays X(ra;n, strikes,ﬂetc..;), owner caused

delays and delays due to labour shortage.

' Table 4.3 . Delay Summary on the Critical Eath'ﬂ'
7 g - L -
Natire of Delay " Days. , Months
Initial, Delay / B 26 1
"Direct Fast-Track Delay 105 8
(Design related problems) :
. . o o
Indirect Fast-Track Delay 112 o 4 <
(Productivity loss and interferences) : i
Others (incl. Manpower shortage 84.5 - 2 3/4
and excusable delays) ~ .
TOTAL PROJECT DELAY-- 324 days 1Q‘3/4 mths

AN
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) a4
The” total delay of 10 3/4 months (324 days) represents 40% of the

planned\ project duration of 27 months, while those caused by fast-

tracking amounts to 26%. .
ne
A

¢

. Y

- !

4.2.4 Summary and recommendations . e

. The project .study presented here illustrates the type of design
coordination proble;ns one can, and usually does, encounter on a fast-
track project. ‘ |

The construction .start.was delay;ed mainly by design related
problems o-f tardy mput from vendors, lengthy r!v1ew and revision

periods, and design coordmat;.on difficulties resulting in a slippage in

award of critical comtract packages. . < '

vendor delays

The manag;ent é{cision to recuperate the initial‘5 months of
¢ . .

7 accelerating both the design and construction activi-
ties, awardirig work P’ackageg on inc‘omplete'ﬁ desi'gn and dernanding
extens'ive trade overlaps, gave rise to'a totally bpposi,qg Lesult: i.e.
the pro‘;:|ect was further delayed. The extenlsivel rescheduling efforts
required by projeét‘ pe?sonnel to limit'the conse'quences of this fast-
track approach were overr:.dden by the seventy of the problens.

Design errors and revisions, sllppage of contract award, addltional
work and rework are all common project delays, ‘but in_this case -the
fast-—track approach  seriously amph}wd the 1mpact of those dlsruptlons
" as evzdencé.ﬁ by thelr frequency and seventy "I‘he sch/edx,xle ‘compression

and trade overlaps inflicted a burden on the z’om:ractors m Jgterms of -

" available space and restricted tlme periods to do the worlg. This in
L " ' ‘

 y ¢
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, been reduced to a level of normal working conditions.

©

}

tum, gave rise to significant losses in productivitx and poor morale

among the workers.

Accelerating a project through fast-tracking is a major decision

and the construction professionals often do not realize what they' are
getting into. On tl'f?gparticula: project study;mgﬁ% of the total delays
were attributed directly and lndirectly to fast—traeking. Spending only
A ceuple more months on the detailing of design packages before awarding
contracts, as can be seen in Figures 4.4 to 4.6, would have eliminated-a
major portmn of the fast—track related delays ( a maximum of 7 months
in this case). Ideally, there would, be much less design errors apd
omissions. Without the reyisions and extra work and subsequent

acceleration, the productivity loss could have been praétically

eliminated since the contractors would have had, the necessary

»
information for proper performance. Trade interferences would have also

L

¥

The follpwing project studiés will be examined from a construction’

stand point. The construction difficulties on fast-track projects are

'idep\tif,.ied t'hreugh the investigation of the work done by different

NS

ontractors’ and the level of production they have achieved. 1t is
un rstood that problems or comphcations in the design procedures and

coordi ion will have theJ.r impact durin') the construction_period
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. 4.3 PROJECT STUDY II

l‘ilis project study relates td the electrical and mechanical works
of an office buildidg in the Province of Quebec. The project cons%sts of
9 inter—connected office towers varying in height from 6 to 21 floors
above grade and 2 floors below grade. The totalvflqor area is
approximately 2,500,000 sqeare feet. | ~

Although the progect was not or1glnally envisaged to be fast-track,

the owner’s decision to award electncal and mechanical packages with

incomplete design reflects their intention to perform design in parallel

with construction. The contractors were told the project would be

managed through the construction management technique. The owner knew at
tender call that the design was not yet complete to allow a lump sum

firm price. Dispite this fact, several contract packages were called for
. 4

P

tender.

The owner, a government agency, hired a construction manegement
firm for the overall administration and supervision the project, theh
des1gn being, dpne by a separate architect f1rm Three contracts on this
j:ab, representative of the fast-track conditions, have been selected for
investigatidn in the present stud¥; Over 1600 change detices were issued
to the various contractors working on this project, indicating the high
degree of design complications;encountered throughout the job. The
impact of fast-tracking constructlon on the productivity and\fchedule of

these selected contracts, are demonstrated in this section.

w“
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On the first contract, refered to later as Contract 1 - main

-

mechanical package, the owner has called tenders fpr the supply and
installation of heating, ventilation, and air conditioning. 'Ihis,mecfﬁ-"-
nical work has been awarded on May 20th 1975 ‘for the amount of
$4,900,000 with a -contractual duration of 66. calendar weeks. The

contract was delayed by over.a year (54 weeks), representi;ng 81% of the,
" 3

-

pianned duration.
The m‘lain‘electrical system"package (Contract 2) has been called for
tend?r and awarded at the same time as the main mechanical package
‘(Contract 1). Subsequently the owner has called tender for the
‘cc‘mstruction of an electrical sub-system and tﬁe fire protection
J(Contract 3). Both electrical contracts have been awarded to the same
contractor for the amounts of $ 7,100,000 and $ 1,400,000 respectively.
The main electrical contract was going to be performed in 66 weeks,
but it required double ~£hat amount of time to execute the work. This
represents a delay _of 66 weeks or 100% of the planned duration. Contract
3, the electrical and fire protection work, went from a contractual
duration of 44 weeks to an actual duration of 73 weeks, representing a

29 weeks deléy or 66% of the expectéd duration.

Being performed in the same time frame, these three contracts have
been subjected to similar project conditions. Common difficulties are
_illustrated and discussed in the follov.;ing sub-sections with specific
examples drawn from the individual cases. Tl.me main electrical and
mechanical contracts- depended basically on-the sameé Ipackages’ for the

-~

‘start and completion of their work.
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4.3.1. Incomplete design and numerous contemplated change notices

" The contractor’s progress was seriously hampered in placing orders
for material," layiné out the work and letting sub-contracts solely due
to lack of drawings and specifications. With regard to shop drawings,
detaiis were inadequatly engineered and not clearly described in the
lspecifications and on the drawings. Numerous shop drawing approvals were
delayed for excessively lon;; periods of 4 to 16 weeks. This delay is
attributed to the fact that the design of the building was incomplete at
the beginning’ of the work and subsequently caused design back-logs. In
‘several cases the changes made by the owner and delay in approval of *A'/
shop dréwings delayed equipment pufchase, which in turn delayed the (v\
final installation. q

Several‘ ;c,orr{emplated change notices (CCN’s) were issued by the
owner. The HVAC mechanical contract alone received 195 CCN'\S
representing 8 percent increalse of the contract value. Altough cost-
impacts were minimal, scheduling of the work has\'fbeen affected severely
by the numerous changes. The issuance of a CCN genera}ly requires that
if work aff_eéted\is in progress, the work must sto§ until a change order
‘1s issued or until cancellation of t:.he CCN. Similarly, the main eleétri—

\o)l contract received 250 ‘CCN's representing a 21 percent increase in
the contract value, representiﬁg over $ 1,500,000 in changes.

The "start-stop" type operation resulting from the numerous changes
was a substantial factor in the.contractor's productivity losses. The
as-built schedule showed'a series of small durations for the same
activity instead gf a continuoys progress line (not shown here for\
c'onfidentiality reasons). On several occasions, the owner was placing

large ‘areas of the building on "HOLD" simply hecause no design had been
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qgne.,rheugmleasing.df areas of wo;k for'construction long after ﬁhe
%ontract was awarded prevented the contractor from working bp an
effective schedule. -

" .Following a slow start in construction, both the meéhaﬁicaf and
electrical main contracts have been accelerated to .cope Qith the delays
incured. A new schédule issued ‘on March §9th 1976 (46 weeks after
contract award) called for‘acceleration over the nexf 20 wee&s in order
to ;orrect the situation and reach ;he conti?ctual completion date of

‘ August 25, 1976. This straightening up in progress curve is most evident
on the mechanical contract (Fig. 4.7).

Forcing the contractor to make-up for lost time, the accgleration
resultea in an additioéal productivity loss from the overmanning of the
work and the use of overtime. During acceleration, on'Contréct 1, the
optimum labor force rose from an average of 45 to 90 thinsmiths, helpers
;nd foremen, combined with an average rate of 8.1% overtime. On Contract
2, the labor force grew from an average of 50 to 100 electricians,
helpers and foreman on-site. Again this was cpmbined with a 17:8 %
overtime.

L]

4.3.2 Inadequate scheduling and coordination

For a project of this size with a comtemplated duration of over 1
year for the main contracts, a detailed comprehensive scheduling and
monitnring system would seem to be essential for a successful performance
'by all contractors. Unfortunatly, at the outset of the project the
scheduling system never evolved beyond the basic "Project ;ummary

Schedule" level, which became the project schedule from July 1975 until
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the end of March 1976. At the time this original schedule was prepared,
majog contracts were still being let (e.q. architecturai sub-trade
packages) and therefore it was impossible to establish the data required
for the schédulg critical path(s).

' The contractor worked with this type of schedule until the end of
March 1976. Masonry, drywalls and ceiling installation works were not
included in the schedule and the ‘above sub-trades worked in an unplaﬁned
sequence. Block partitions requiring. electrical and mechanical input
were being erected at random without any coordination between
contractors. Lighting fixtu'res were - installed on partially supported
fceil’ing structures. Drywalls, once awarded, were not being erected where
required for lateral support of the ‘ceiling structure. Without the

necessary schedule, the situation bec%me utterly chaotic. Job delays

“were cumulating in ‘parallel with the growing number of change orders

necessary to correct the “situation. On March 29 th 1976, a detailed
control schedule was produced by the owner and issued to the main
contractors. This schedule feguired that all previous time lost due to
coordination problems and other schedule disruptions be madefup in the
5 months to follow, to ensure on time completion of the project.

No detailed schedule was {ssued for the electrical Contract 3. But
to some extent, allowa;m&:es were made for the' confusion existing on site.
Proportionally, the loss of productivity in Contract 3 is less signifi-

cant due to the prior knowledge which the owner gained from administra-

ting the previous electrical contract (Co.ntract 2).
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4.3.3. Late award of other contracts

The project schedule provided for both Contracts 1 and 2 clearly
indicated tile various tender award dates and start dates of other work
pac;kages on the project. These dates were not maintained. As a result,
rr;ajor portions of the work packages have been compressed at the 'later
part of the schedule. In order to maintain the project cqmplet;ion' date,
several activities were accelerated. )

The absence of a detailed schedule has greatly (impaired the
progress of this entire project by failing to monitor and coordinate all
trades. The incomplete design not only gave rise to an unreasonably high
number of changes, but at the same time prevented the owner from calling -
tender§ in a timely manner for other work packages.

In May 1975, when the main contracts (Coni:ract 1 and 2) were
awarded, many other major contracts essential for the completion of the
electrical and mechanical packages were not yet awarded. Two of these
essential contracts were the drywall partitions contract, and the
acoustic ceilings contract and associ‘ated T-bar system. Work started on
these contracts three to four months behind schedule, as shown in Figure
4.8. The late award and start of the drywall partition made it virtuélly
impossible to install mechanical units and 1lighting fixtures on the
ceiling T-bar system as the partitions were necessary for lateral

support. of the ceilsw
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1075 - 1978
Aug. | Sept.] Oct.] Nov] Dec] Jan.] Feb.] Mar. | Apr. [May | Jure

Legond ‘
Framing & Glazing EIIIIIHIHIIIIIIIIHIIA NN Detmy .
Drywall air seal A|||||||||||||A . £\ Forcasted stan
) A Acusl aant
Drywall sjud. - . A“”k Jo
Dr?\'?ail' garimo_ng LY

reaee

Drywall cellings Alllllllllllllllll!llllllk

Acoistic* pelfings
(T-System) - ﬂum||m|||u|m|||m||mum\mIummmmmk

Tile E Allllll)llllllllllllllllIlk
Fixture AIIIIIIIHIIIIIIIIIIR\
Ceramic tlles | ‘&IIQIIIIIIIIIIIIIIIIHIIIIIR
c Carpet ' ‘ z&ll‘llllllllIIIIlIIIIIIIlIHIIA

) Fig. 4.8 Forcasted vs. Actual start of other contractors

~

-

4.3.4 Fast-track impact on productivity

As a result of the above mentioned problems, the project was

carried out in a start-stop fashion: Typically an activity would start

, late but rather than continue on a f.::teady, basis, the work would be

execﬁtelci sporadica;ly over a much longer period of time; up to 4 times

. the scheduled duration period. This productivity loss occured

principally after a 2 months cbn.stmction worker’s strike on all tt"u:ee
contracts. ’

The initial productiviﬁy loss can be observed in the first few
months .of Contracts 1 and 2 (Figures 4.7 and 4.9 respectively). In this
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period the lenghthy appfoval of shop drawing combined with the numerous
CCN's and the lack of a detailed schedule contributed to the slow st:.art ‘
of those contracts. Moreover, the productivity level at the end of both
electrical and méchanical contracts have been largely affected by a lack
of coordination between the tre;des, combijed with the start-stop

situation. '

To evaluate the fast—tracicing i@ct on this project, the normal
productivity method was favored over the snap shot method in view of the
availabie information. The remainder of this section elaborates on the
procedures réquired to evaluate/ the additignal costs of productivity

losses attributed to fast-tracking.

For the mechanical contract, the actual recorded mn—hour expendi-
ture to a 100 % completion (Sept. 11th 1/977) was 127,848 man-hours
(excluding 14,625 man-hours of extra work). The progress achieved by the
contractor on a weekly basis and the man-hour expanded to achieve this
progress are shown in Fig. 4.7. In evaluating the fast-tracking impact /"
on the contractor’s productivity, a period of léast interference must be
established. As referred to in the methodology chapter, this period
would ide?(:i‘fy the achievable progress the contractor was able to attain
on this specific project. Between Jan. 1st 1976 and July 16th 1976, 57 %
of the project was completed in 42 %; of the time allowed. In this 28‘
week period, the contractor achieved a productivity of 1076 man-hors
per 1 % completion (Fig. 4.7). This normal progress corresponds to a
ti-me where the contractor was le'ast affected by disruptions. It is
interesting to note that even in periods of normal productivity, the
contra%tor was quoting on an average of 9 CON's in any week and the

owner was holding for approval an average of 8.
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Based on this normal productivity of 1076 man-hours per 1 %
completion, the 1linear projection to 100 % gives 107,600 man-hours.
According to industry standards, allowing a three weeks start-up and

four weeks completion at a reduced productivity (1614 man-hours per 1 %)

to reflect the real conditions (equivalent to 5,000 man-h%:_s extra),

t}ie project could have been completed with ah man—l?o'ur expenditure of
112,600 man—ho'urs. The actual recorded map—hour expenditure to 100 %
completion (Sept. 11lth 19';7) was 127,848 -man-hours. Therefore, the
additional man-hour expenditure as a result of bloss productivity is
15,248 (127,848 - 112,600 ). Combining t.hfs fidure with the average
bourly labour cost of $14.20/hr for this project, the additional cost of
the loss productivity amount to $216,300. |

To evaluate the time 'impact this s'pf ctivity los_s‘t:p‘eSe;'lts, thé
manpower level d'uring the~léast’affeéted riod is lgépt constant (See
Chapter III). From this assumption, the ac!'}i'eved rate of production has
been projected from contract award to 100 % completion, allowing a three
weeks start-up and four weeks comi:ietion at a slower rate to reflect the
real conditions. Making due allowance for the strike, completion coxlnld
have been achieved on Nov. 1st 1976 (Fig. 4.7). "

The achieved ﬁte of production accounts for any contrac;tof's
inefficiency including that incured during the acceleration period.,
Therefore, from the contractual coméletion date, Aug. 25th 1976, to the
achievable completion dat.e, Nov. 1lst 1976, nine weeks have been
allocated for the strike, 'labour slow down. and contractor's
inefficiency. The remainder 45 weeks (extended duration from ﬁov. 1st
1976 to Aug. 31st 1977), represent delays attributed to the management

= .
technique adopted by the owner on this project which were beyond the
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control of the contractorn;bn this basis, it too)_c 68.2 % (45 wks/66 wks)

‘more time to complete the pEroject using the fast-track approach than it

would have normally taken withou‘t disruptions and productivity loss.
Indirect costs aseociated with the extended duration were

calculated as described in Chapter III, taking- into consideration the

amou,nts already paid for through change orders, not' incl ding overhead

and profit. From the productivity loss"in man-hours gnd the extended

~

duration attributéd to fast—trackiéxg, impact cost can be evaluated:

Additional cost due to proJ{xctl\uty loss $ 216,300
(Direct labour costs) :

Additional cost due to extended duration $ 105,800
i (Indirect costs)

E 3

P

.
. 9
.

This represents a7% (($322,100 / 4,900,000) X 100) increase in
. . . ‘

" contract value .

. . 'Y j ’ 7/
Incomplete de51gn at the begmnmg of the main electrical contract
(Captract 2 - Fig. 14 '9) cons1derably impeded the work ptogress* in compa-
rison to the available contract time. Both ’the mechanical ahd main

-~

electrical work packages were executed atrthe same time, sharing
basically the same period of. the least affected productivity For the
main electrical work, the contractor Hemonstrated that a productivity
factor of 1,387 man-hours per 1% completlon could be aéhieVed when

owner’s mterferences were,mlmmal. In this normal period of 16 weeks,

27% of the work was performed. ; N )

Sub-total $ 322,100 - \
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After April 1976 the contractor was direcks o accelerate the

work., The increased work force resulted in a losé o\f\ prod tivity due to

. . overmanniné and extenﬁed,worl;ing hours. Combined witﬁ\a labour slowdown,

..
~

the production dropped to only 13 % of the work complet in a 12 week

-
R .

Product1v1ty was seriously affected by numerous changes in a start-

.period. _ v,

\

‘ F
‘ ‘stop envlronment. Even in‘a period ‘of normal productiv1ty between Jan.

. 1lst 1976 and i1724th 1976, the contractor was quoting on an average
B

ce . of 25, . ‘
- 4 » ; . - 1
r e Based on the achieved normal production, and 'accounting'for the low

Lo |,

.produc(tivity ate the begiroming and at the ‘end of the job, "the main
. *  electrical work could have been completeod w;ith an 'experiditﬁre of 143,700

LA .

ST A recorded man—hour expendlt-)ure ,to 100 % ‘completion (Dec. 3rd 1977) was

oo , J o &
' 253 623 man-hours. '

\

- S 'mag-hour expend:ttufk@f 109,923% (253,623 - 143 ,700). Multiplymg this

4 , M v, -.\gqu

/ N . cdntra&ylel,ds $1 029,800 of add1t10na1 cost due to productivrty loss.

@q 7 ‘- To defermme how this product1v1ty loss 1mp3cted the schedule, an

o . extended duratlon calculatmn was performed, as described previously for
. Contract 1: Aalmear pro;;ectmn of the achgived production on Contract 2
indicated completion could have wen achieved on Jan. 7 1977. Hence,

the period fi:om Jan.. 7th 1977 to Dec. 3rd 1977, ha; been viewed as an

extended duration perlod, resulting from causes beyond the control of

n

s P * [ - -
R 7

=~ 4

. . .‘ » n
s ‘ ‘ R ;' N .
) o L P ¢ )

19 CON's in any week and the owher was holding for approval an average .
.o man-hours (138 700 + 5, 000) bearmg serious mterferences..'rhe actual i}

. [“ : . The fast—trackmg rimpact on product1v1ty resul}ed in an additional .

st ,'figure w1th the, ave’rége hourly labour cost of $9.37/hr for this

the contractor. Therefore, 47 weeks delay out of a total of 66 weeks

»



‘\ . .

delay .can be attributed to thg owner and the fast-tracking technique.

For the purpose of this analysis, the owner's administration procedures

)

and the fast-tracking technique used on this project were not

* ' v
distinguished even though they could include distinct characteristics.

L

e . a

For a contract duration of 66 weeks, it topk°7l.2 $ ((47 weeks/ 66
weeks) X 100) more time tol complete the project\ using the fast-track
approz'ach than it should _have normally taken. From the extbn‘ged duration

generated above “the indirect cosdt is ca],culatéd.

L}
-

Additional cgst:due to myoductivity loss S 1,‘029,800
' * (Direct labour ,cos?g\ ' v
* * Additional cost due to extended duration $ 164,000
- (Indirect cc7ts) .
. . Sub-total ~$ 1,193,800 -~

A

. F ' -
The direct and indirect. costs represents a 17 it/(($ 1,193,800 /

. . . i
$-7,100,000) X 100) increase in contract value.

f

The same .princ‘iplesawere used to establish the fast-track impact on .

‘the' productivity for Contract 3, the electrical and fire protection

contract. %imilar calculations for this work, revealed a‘r.u‘ additional

man-hour expenditure of 6,.‘262 man—hoﬁrs, resulting from a productivity

loss (Fig. 4.10). The additionnal cost due totthis productivity loss has
been evaluated as $ 71,600. ‘

-.
o It should be noted’ that (gr this contract, there-1is no extended -

‘IVN

duration, therefore no extra indirect costs. The cost of productivity

.loss alone represents a 5 %;.i_ncr‘eause in the contract value. Because this

L34
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a

contract was awa(rded sevéral months after the' other two contr}cts
examined herein, the owner was more aw;re of his own administrative
difficulties. Consequently the electrical ‘and fire ‘brotection package
did not suffet fr(;m major fast—tr.acking delays. The owners' efficiency
in applying fast-track technique can affect considerably the fast-track

1nd1rect costs and is therefore an additional factor in the fast-

\ 2
/track:.ng impact. - N ‘ _ )

o $ J

- , \
Table 4.4 summarizes' the impact costs of all three contract

. “ &
packages examined on this project. ' .

-
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" 4.3.5 Summary and Recommendations

The large number of changes resulting from an incomplete cfesign
seriously delayed completion &f this project. Late approval of shop
drawings for electrical and mechanical equipment, lack of coordination

3

between the ceiling design and various electrical and mechanical
, systenms, gnd the large amount of red;e&sign and remeasuring réqgifed for
mechanical equipment in\pacted considerably the electrical and mechanical
installations. Comp‘ression\ of work and delays resultir&; from the lat‘e
" shop drawing apérovals also contributed to the loss of productivity
experienced by the cc;ntractorg . |
Large areas ot the project were put on "HOLD" throughout the early
stages of/ the work, reducing the areas available to the contractoes. The

Lo

"HOLD" and change notices stopped work at the areas affected. Both
~ P

required a demobilization and remobilization activities resulting not
oniy in delayed duration but in a loss of pro@uctiyity. )

The inad.equate coordination of the trades on a construction level
holds its roots in the sporatic manner in which the drawings were
, issued. The owner did not award, ar:xd could not award, other major
contracts which were eassential to completion of the electrical and
-mechanical works until, in some cases, four months after the scheduled
dates. The late sta‘rts of these contracts interfex‘:;ed signiffcantly with
the ‘main elec'trical syst,ems, fire prote;tjon, heating, ventilation and
air conditioning works.

w.ithout the necessary information, it was practically impdssible to
properly schedule and monitorl‘ the work to be executed. Many finiqhing

sub-trades did not have a schedule and were performing work in an
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[ (\ N . |
v V!
unplanned ge&uencev which oﬂu,iously affected the work of other

"» contracts.

Several factors played an’ importantgrole in the acheived producti-
-~ hd ‘
\

-vity of the contractors on this project:

A) Initiai problens: . -

- Inadequate and incomplete design

Holds placed on various areas

- Slow approval and receipt of shop drawmgs
- Late issuante of drawings

Late dehvery of pretender equ1pment BN

13

, B) Subsequent problems:

~ Inadequate coordination of the trades’

(3]

‘ , - Inadequate schedulmg and monitoring A S
- qéper s efficiency in applying the techmque *
(‘2\ C) Productivity loss: " : ' \’ ,

- Out of sequence work

Stgp and go operations
Interference with other trades _
Acceleration ; Overmanning, overtime. . +

¢
© . . . , . L ! i .
) : . N . 2o
- The main prdblem on this project was that the design progress was

not sufficiently advanced and that the planning and coordination -prior

".to the award of contracts for construction were “inadequate.

In particular, the coordination of the design activities should . .~

have been supervised more carefully to‘ insure a timely award of
construction packages without any premature calls for tender. The design
should have l:éen sufficiently complete to allow a realistic lump sum

price based on a ttue rép;eéentation of the scope of workha.

W
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4.4’ PROJECT STUDY IIIX

!

In this study the construction of a residential building in Ontario
is examined. The project consists of 4 buildiﬁgs .connected together in a
radial arrangement. The concrete structure construction goes up to 8
-floo::;s with each level divided in 16 unit bays symetrical between the
east and west sides as illustrated in Figure 4.12..

The' owner, a crown corporation, made it c{%ar both in the specific

P ,

‘terms of the tender documents and during the pre-tender site visit, tha

the project is to be constructed using the fast-track method. The
project was divided into several self-contained contract packages to be
awarded in a pre—detgrmined sequence depending on the completeness of
the design and the preceding construction ;ctivity.

Monitoring of the design' progress and associated construction
activities and the timing of tender cal}s of different contracts were °
under ths contgol of an independant construction management firm within
a provject organization structure similar to that shown in Figure 1.3.
The owner ap;;ointed a construction manager (CM) to organize the ‘work,
'adminis;ea: contracts and to direct the work of all contractors on this,
project. A separate consultant (A/E) has been retained by the owner to
develop fhe design documents required fo?\d)e7fast—;rack constmcftion of
'the project. | ‘ .

ExtzectE"Irom the contract documents do provide a gufdeline of the
project engineér’s duty and expected performance of the contractor. For
example, the engineer was responsible for establifhing a system of

control based upoﬁ "precedence type" critical path network analysis.

This also included monitoring and control procedures for cost .
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The contractors were asked to cooperate amongst themselves in the
/cértying out offghg}jeduties and obligations. In this respect, the
/special conditions of construction contracts calls for the’coordinqtion,
during ‘the execution of thé'work with other contractors to the
satisfaction of the engineer. The owner, on his part,”must provfae the
site and technical information required by each contractor for the
orderly carryingtégp of their respective contracts.
The project turned out to be entirgiy‘?ifferenghbophlin Fhe
complexity and scope than’ any contractor had originally anticipated
based on the tender documents and the site visit. o
Five contracts that were considerably impacted by the fast-tracking
approach are examined in detail in th; following sections. The
difficulties encountered by each contra'ct;o.r ‘are identified and their
impaci: on the contract schedule and'overall costs i% evaluated. The
"first three contracts awardéd Qefe foundation wor&s, masoﬁry’and
superstructure. Wiéh extensive interrelations and overlapping work, the
study of these contracts illustrates the importance of work packaging
and the interferences created between closely related types of work. The
fourth contract includes the' supply aﬁd installation of aluminium
wiﬁdows,:doors and metal wall panels which depended on the concrete and
masonry work. Finally the drywall pontract study illustrates the snow—
balling effect of the fast—krack approach on the progress of these

finishing trades.

A}
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4.4.1 Foundation and structural package (I) o

The' work on this package consists of the majority of foundation
work ;nd some sfructgxal work utho t@e third floor level including some’
excavatién, backfill, concrete footings,. slabs and-walls, miscellaneous

kmetals,‘étructural steel suspended ceilling systeﬁ and masonry work.
This foundatian.and stru;tural package, refered to hereafter as "Package
1", w?s awarded on November 9, 1979 for $1,310,000. The contrg?l was
schedgled for a 26 weeks duration. Its has actually taken 66/:;e_§ to
achieve subskantial comgletion, representing a total delay of 34 weeks
or 133% of the‘pianned duration.

Although examined separately, this package should be viewed in
parallel with the masonry and superstfucture package, refered to as
"package II". The interdependance and work overlap between those two
contracts are examined closely in section 4.4.2. r

This package was under a lot of pressure to be awarded as fast as
possible because succeediﬁg packages, with sufficient drawings, were
already awarded (i.e. Package II). Consequently as soon as enough‘design
and layout drawings,(to put together the foundation packége) were pro-
duced, the package was awarded for construction.

In tendering this lump—gum ;ob, the contractor has assumed an
orderly flow of work for good productivity and.an efficient performance.
When starting the work, the contractor also assumed all relevant
information needed to execute the work were available to him to complete
the contract in accordance with the dates set forth in the specifica-

4
tions..
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omissions and neglected details on the drawings were found by the

contractor when verifying dimensions, prior to the laying out of the
walls. Dimensions applicable to both structural and architectural
drawings, and dimensions from drawings- of different floors did not

i
correspond. The contractor contirfuously had to request clarification of

dimensions to be used forvthe layout of walls.u

Due to these dimensional discrepencies, the contractor was not able
to layout and build the foundations and walls in an orderly fashion and
haa to skip around to different a'reés, tausing. delays and giving rise
to important productivity losses. In fact, he was forced.’to continuous:
series pf- "stop and go" operations. . | ‘

The tota.1 n@er‘of dimensional changes and/or clarifications that
‘were indicated up to the issuance of the approved for construction
drawinés_ in April 1977 w:s in excess of 1000 for this contract only. In
addition, <.irawi'ngs approved for construction after this date contained
more than 300 dimensional revisions.

‘Specifically, there were 188 architec:tural detail drawings issued
with the tender and addenda, of which 163 v:ve;:e re\(ised (87 %) in the
volume issued in April 1977, with approximatly 287 révisions.‘ Moreover,
approximatly 207 new architectural detail drawings were issued and later
included 62 revisions.

-The delays due to dimensional discrepericies and clarifications has
forced the contractor to execute r’var:ious foundation ;ork on the
structure under adverse conditions.. The /'/excavation and backfill work of
the underground services were aelayed because of change orders. The

" mechanical work required prior to the batkfilling was not executed on

, x
time, substantially delaying the c}n\tractb‘r and ingreasing excavation
\

\\
\

\
\.
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and b;ckfill costs. _

The proposed construction schedule submitted by the contractor on
November 30, 1976 emphasises the importance .of a timely issue of
structural steel drawings which' were identified to be critical to meet
the schedulg. The shop drawings turn arouhd period has been confirmed by
thé construction manager not to exceed 3 weeks. The 'structural steel
sub—contractor advised the construction manager that, considering the
many discrepéncies_already evident on the contract drawiqgs,‘no

. A
fébpicatign would start until shop drawings have been approved.

The turn-around period for re;iew of some critiéal shop drawings
required between 5 and 7.6 weeks, as opposed to the planned 3 week
period. If the contractor had waited for the as~built conditions of the
structural galls bef%re'aesigning and fabricating the structural steel,
this work would have been delayed.by over 6 weeks. Trying to kéep a
stedﬁy rate of progress,the contractor went ahead with fabrication and
erection of the structural steel, §espite the long period required to
receive the clarifgfation or technical informétionlneeded._hs a result
of thig tardy feaction on the part ;f the owner, the structural steel
had to be re-fabricated on site, causing additional work and further
delays.

Following foundafion work and structural steel ereétion, partition
walls were going to be erected. Thi; activity could not proceed
immediately, awaiting slabs on grade to be poured by other contractors.
In another in&tance tﬁe contracto; could not'start the brickwork because

door frames were not available. He was then instructed to proceed with
i

the brickwork and to tooth out for the door frames which would be
installed at a later date. ’

\/
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So even though the contractor was ready to start his work, several

interferences‘:gstrained him from doing so; door frames, dimensional
discrepencies, holds and restrictions, work by others, etc.

Dimensional discrepencies were dn on going problem that was ne&er
fully resolved to permit the contractor to proceed with the work in ah
orderly and efficient manner. Dimensional problems translated into holds“
...and restrictions slowxng'ﬁown the work progress and causxng/1mportant
productivity losses. -

To'determine the impact‘fast—tracking construction has on this
coatract, the normal productivity method is utiliéagﬁ In evaiuating the
additional manhours expended by the contractor, actﬁal manhours expended
are comparéd with the manhours that could hate been spent to finish the
work if thef@ghtractor had not been hampered by the”fast-track approaeh.
To determin,(e this projected manhours expenditure, a period of least
interferences must be identified. Based on the manhours required to
complete 1% of the work for this period of satisfactory performance by -
the contractor, the manhours that should have been expended on the whole
work can be calculated. As explained in Cﬁaptar I1I, the impact cost of
this ;roduct1v1ty loss is evaluated using an average hourly rate for
this type of work. The loss product1v1ty calculation shown in Table 4.5

divides the work on this package into 1) excavation, formwork and

concrete, and 2) masonry work.



. ) ' Q 7
Table 4.5 Loss Productivity Calcilation - Package I
] [ Projected - |Avg. : e
OONTRACT | Extra Work ACTUAL PRSDUCTIVITY
MHrs  XoXo} MHrs MHrs Hourly . LOSS
RN Expenditure |Rate : .
[Package | v . | MHIs % 1) (2) (3" ] (1) X3
T 3 g L 9
' |Excavation | o * . S
1Formwork & . ' |
Concrete 20,808 5,808 28 37,707 23,638 . $1 f.45 3.1161 100
Masonry 8o71 | 3166 |35 | 14317 | 11,195 |s1200| § 32500 |’
Total ] 29,779 |8974 |30 § 42,023 34,833 | $12.00] $193,600 )
( ° : i v
* ‘Parcent of contract hours S . ’ ﬂ
*+ Taken from claim reports 5 . '
. \ ) “ . ,

° . i ]

 The contractor has incuryred additional costs in the f:efformance of

the work as a re§u1t of ﬁnforeseen delays roc':ted in the fast-track
approach. eThe work was n’ot‘ cox'nplete‘:i‘unti-l December 30, 1977,
’representi‘ng a total delay of 34 weeks. ~ ° . PR 4\ A
In an attempt to determine the delays attributed to fagt—tracking, v ‘
the normgl productivity of the contractor is projé'c't'ed t';o 100%.,
completion (see Fig.;‘ 4.11). The result of  this exefcise 1ndicate§ an

extended duration of 21 weeks, from August to Deéexﬁber ’1977.
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‘ Y
The costs of site personnel and equipment, .extracted from project:

\

wr

' documents, were multiplied by the extended durat:on period to result m

. i the following exten_dednduratlon add1tiona1. costs. . .
: N ‘ “. ‘ o - . .
. EXTENDED DURATION '
5 si}te supervision cost ! . $ 21,645 -
o Site service cost “ ’ .- % 8,592 . #*
o Equipgne;xt cost ‘ .S 44,993
Sub-Total | § 75,230
( - o
- “4he total additional costs -caused_directly "and indirectly by the
, fast-tracking approach are then: ) ‘ a
Due to productivity Loss $ 193,600 ) ’
! ; Due to extended duration $ 75,230
. “ 'IUrAL ) . $ 268,730 *
l'\ . o - , . * (22 % of contract value)
Note that these 'figu‘res and previous ones do not include the office
overhead and prof1t for the extended duration, which could be added to
" ' ‘this impact cost. The total amount is-<in 1976 dollar value and no
- interest factor has been included. . .
PR o This mcrease of 22 $ over the original contract price represents .

,the unadjusted impact cost of a fast-track program that didn't perform
as expected Moreover, the 1mtia11y short schedule suffered a delay o
a minitmm\ of 21 weeks attnbuted to the incomplete des1gn and lack of

coordination on the Job. Because' of complications solely due to fast-

b4
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tracking, 85 % € time was spent’td substantially complete the.
contract. This situation stands out to be in direct opposition to the
benefits originally anticipated.

‘

4.4.2 Masonry and structural package (II)
. \
-~ . .
The masonry and super-—structura}. work hereafter refered to as -
"Package 11", essentially consists of tlgg supply and erection of most-
masonry work and conqrete slabs requ1rep for the 4 residencial
bulldlngs The package however, excluded al], the building’ foundations '
and slab on grade which were part of “Package 1.

The. work in Package II was further broken down’ into cceeding * ‘ Y
starting dates spread out over the four re51dences construction. On June
1976, b1d closing of the masonry and structural package determined the
successfull bid to be in the amount: of $ 2, 000 000 Shorlty thereafter,
but before Athe award o; the' contract, the rlepresentatives of €he
engineer.and the selected' co‘ntraoctor met to-discuss the tenderers' @
que_riees and to review the bid. gor possible savings and schedule (
acceleration. It had been agreed that construction schedule could _be
shortened and overall cost reduced by adopting.‘a new floor system desi?;n
and incerperati\@%rt of the foundation work of Residence 4 in this
cor\tract. This type>of arrangemept pr'ovided‘ Package 11 with more
“independance; being less affected by the performance of required

preceeding work included in other packages, like the foundation and

* structural Package I.

)D
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Ironicau'y at the time when tenders for Package II were called, the

‘design work on Package I was not complete. Package II was issued

regardles's"of the field conditions, assuming there was enough time to
complete the design of related work in Pac;kage I, wh11e the work on
another. part of this contract progressed )

On July 8th.1976, Package II was awarded for the original Smn'and.
included the construction of‘ the foundation of Residence 4 by way of a"'
change order in the amount of $.91,000. The work was scheduled for a
duration of 56 weeks, but was delayed by 13 weeks or 23% of the planned

¥

. duration. ' %

The biggest single.problem on this -contract resulted from the
[
interferences created by Package I. As described,in the previous
section, “this package includes “the -work for most of the foundations,

slab on grade, sorhe‘masonry,' and slabs up to the 3rd floor of Residences

1 and 4 Half of the work in Residence 4, to be executed by Packagé II,'*

‘was dependent on this preceding work (see Fig. 4. 12)

’ F‘oundatiorr and structural work in Residence 4 was crltzcal to the
progect completion but yet Package I was issued several months later
than anticipated. Even tnough design and layout drawings were not ready
on time to put together the main foundatlon package I, the structural
package II was awarded. The rational behmd this procedure is examined
below and the 1mpaet of this fast—track approach is discussed in the
next section. i .

A couple of months after the awatd of Package II (as oppose to the
planned 4 weeks), Package I was called for tender and awarded for
construction in November 1976." The same contractor was awarded this

>

foundation package in hope to facilitate co-ordination between the two

‘ 7
91 % ' ‘
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' packages a;1d avoid interferences. Despite the fa;:t t;)at both contracts?®
ended up being executed by the same contractor, the work on Package II
could not proceed at its normal iaace. becauée of fiilays associated with
Package I. . .

The as-built schgdule has beaen recfonstructsd (Fig. 3.12) in order
to better understanding of the ’complex interrelationship between
Péckages \,I and II. On this schedule, several dependences or log%ca],
‘con'nections between acti;zié.ieg.have been identified. The 12 most -
imp;ortant interdeﬁendancies‘betwe_én these two packages have been K
examined carefully (Vertical connection on Fig. 4.12). Seventy fiv;e
percent of the time (9/‘12), activities in Package II depended on the.

work completion of chkage I's activities. This sequential dependancy

considerably .impacted the schedule of Package II especially for

“

JResiéenc‘es' 1 and 4. . .

, , . b .
wWith a fast-tracking_  approach philosophy, the owner and

construction manager wanted to start construction -of the superstruct\\xre'
as fést as possiblé. Realizing thé important dependenc/e of Package II on
the foundai:ion work to be performed in Package'l for Building 1 and ¢,
" the owner attempted to ease this constraint by incorpo}ating part of the.
foundation work of Residence 4 into the contract:. Package 1II, and
té‘scheduling the supers'tructure work’ for this building two months ahead.
By réarranging.the work at this stage, the owner released the sequential
\dependa’nce constraints betv‘veen those two construct_;ion packages and
induced considerable overlapping. s

The last minute decision (for optimum savings) to change the floor

system required that drawings be approved as submitted. Unfortunately,
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the alternate’ design generated difficulties in adapting it to the
overall concept and paused problems of unfanyrliarit_:y to the design

consultant. Shop drawing approval regarding y_’he‘ floor system lead to

1Y

 continuous discussion and disagreement betweem/ the design consultant and
contractor, which was further conlpiicated/ problems of dimensional

dis’qrepencies. The new design decision is‘rjot related to the fast-track

-0

approach, although it was chosen on the basis of considerable saving in

time.

The contractor’s extra effort/ in continuously requesting
classifgcation of dimensions and the ynusually long périod of time taken
by the crown to correct those errors/ are attributed mainly to‘thé fast-
track environment instigated by the/ owner.

With the e‘xce'ption of the progress payment reports indicating
scheduled completion dates, the / first échedule issued was on June 8th
1977, or one full y;aar after gontract award. No detailed schedule were
or could‘have bé;en issued ore, seemingly because of the unique way
work packages were prepared and awarded under this fast-track approach.
.In other words, the owner /was not in a position to show starting dates
" for preceedmg work becadse of the ongoing changes applicable to various
packages. It ‘is in facg the cummulation of minor incidents under this
specxf1c env1ronment that generated unforeseeable delays.

Package II was/awarded before Package I because some of the works
could have commenc/é immediatly on Re51dence 2 and 3. Superstructures in
Package I1 were érected on foundations poured by others, in accordance
to d1men51éns sand layout on drawings. The dowel installation work

previously con/tracted needed to be redone in numerous locations, as the

wall 1ayout/ for this package developped. Moreover, the contractor could

J ;
/
/ v
» .
-
.
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not complete the walls in an orderly manner as he did not possess nor

did he recewe in due time the size and location of electrical and

* mechanical openings in slabs and walls.

"In an attempt to evaluate the impact of fast-tracking on this

contract, a similar meth‘od'has been used to calculate the contractor“s

losses as described in the previous section., The actual manhcjﬁi:’é"

expended on the job were credited for change orders, claim items and
miscellanecifs extra work. The loss of productivity calculations are

baséd on direct labour hours, not including superwision, etc.

Table 4.6  Loss Productivity Calculation - Package II
CONTRACT | Extra Work acTUAL | Prolected IV | pooncTviry
' MHrs . &co. MHrs MHrs y LOSS
” * i Expenditure {Rate ‘
Package i MHrs % ) (2¥ (3 ** | () x @/
Masonry & . '
Structural 70,057 5,949 7 89,387 75,678 $12.00] $1 64,500
‘Work .
* Paercent of contract hours .

** Taken from ciaim reports

Based on a projection of the contractor’s normal productivity on

~ this contract, the extended period of time attributed to the fas‘t—track

approach amounts to 13 weeks, or approximately 3 months, representihg
$68,1§0 extra in site supervisior; and equipment costs.

me,‘totalﬁtra costs resulting from productivity loss and extended
duration amounting to $ 232,660 ($164,500 + 68,160) represent a 123

increase in the contract value attributed to fast-tracking.

1
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This estirréte of the extra cost incurred associated with the fast-

track approach does not depict the side effects of complications in
ﬁroject completion. Increase winter work, labqur cost escalation, and
winter shut-down could actually be included in the calculation of extra

costs as indirect consequences of delays.

:

4.4.3 Masonry package (III) i /

Another masonry contract;, hereafter refered to,k as "Package 111",
closely related to the previous one, was awarded for. $ 290,000, Package,
III had to be completed by July 3‘1st, 1977, a contrsct‘ duration of 26
"weeks. The actual execution of the woi’k took 41 weeks with 15 weeks of
delay, reprgsenting a 58% increase in the planned duration.

The unavailability of work areas seriously affected the productivi-
ty ‘of the masonry contractor. In order to execute the/work within
scheduie, the availability of work areas would have to follow a
_systematic sequence to permit the contractor to organize and executé his
work in an efficient mahner, minimizing the remobilization.

In the present circumstances, thc{a contractor was forced ‘to‘.wo'r:k i,nw
a stop and go manner since the items to be built into the 'masonry were
either not installed and/or supplied by others. ~

The mechanical and electrical fixtures were not installed in due
‘time to allow for §ghese to be built intc; the masonry walls. The late
delivery of door frames also forced the contractor to tooth oﬁt, rack
back or leave out fnasonry walls. wWhen the meg:han@cal and -electrical

fixtures were installed and door -frames were eventually supplied, the

contractor had to return to the various areas to complete the remaining

e
>
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work. ,

The\ contract had to(\ne completed in two phases the interior and ‘&

exterior work. The schedule was dependant upon the time duration of the 2 ]

3 . .
- Lo

following:
a) award of contract
b) delivery of door’ frames e
.,: c) completion of elevators
d) slab on grade ' .
J at e) ‘supply of .electrical and mechanical built-in items S

f) erection and testing of pipes enclosed by masonry

buring the course of the work, the contractor ha;d to leave out
and/or hold up areas of work while awaiting dimensions anci/or
{ - informgtion' to be supplied or decisions to be made in order\ to permit
the work to proceed. The motivation of the york force and the producti-
viéy achiev;zd was affected by thius manner in which the work progressed. “
when the workers found the work was being performed in a haphazafd
mannelr, i.e. work being left out ‘here and there, stopping the work in
\ . mid-course, moying about in random fash;on,’ etc., the attitude changed
and the performance dropped. \ ‘
The overridding reasons ‘for the productivity lbsse's' and delays may
be smmfa;gtzed as follows: ‘

1. Lai:e award of other contracts.

2. Delays occasionned by other trédes and/or supply of
materials. e *

3. ‘'Delay in supplying regquired clar1f1cat1ons and/or
technical information. ' ‘ »
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4 In order to meet the 7 week time frame to execute the interior -
masonry- work, the 'prc;ject should not have started unt,,il' July 1977. The
unavalaibility of work areas‘has 'cc':nt'ributed largely to the delays
encountered.

The projected manhours expenditure of 13,843 is sulztracted' from the
actual man-hours expended, excluding extra work, to give th? additional
man—~hours due to prqductivity}ééses: 6,938 mhrs (20,781 - 13,843) . At
an average labour rate of $ 12.13/Mhrs this representés an extra labou_r
cost of $ B84,160. The additional field expences determined fron; the
extended duration amounted‘f_o $ 18,760. Tht; extra costs are summerized

below:

¢

. L} e
Due, to productivity loss $ 84,160
Due to extended duration’ ‘ $ 18,760 ’

' TOTAL $ 102,920

-
§

This $ 102,920 does not include any interest-nor does it account .
for present value dollars. The ext'ra cost éttrﬂ?uted to fast-tracking is
therefore equivalent to 35 % of the contract value.

The next two packages ‘to be examined on this project Sre not as
critical to the work progress Sut \still teqqire" coﬁ-sideraple inéerfacing
with the previously described structural wbrks. The  first one calls for
the supply and installation of Adluminum windows, doors and metal wall
pan’elé. The last package examined refers to the drywall work. They have "
been retair’xed mainly to illustrate the importance .of maintaining well
coordinated scheduled work ‘and to show the cascading down impact of

» fast-tracking on these finishing trades.
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4,4.4 Supply and installation package (IV)

The ;:ontr'act for supply and instal@tion of aluminum windqws, doors
and metagl wall panels, refered to hereafter és "Package .IV", ﬁs av'w_arded
on the 26th of November, 1976 fo'r $ 1,150,000, ‘The, scheduled completion
date was"Nov. 30th, 1977, one year later. The substantial n"compietion of
Package IV has not 'yaken place until the end of June,1979, or 78 weéks
behind the scheduled completion date, tepresepting a 150% increase in
the planned duration.-. ' e . A

The contractor was required to "fabricate and erect the wotk to
suit fleld dipensions and field cc;nditions", assuming .the conditions
wer."e known ;nd mé,asu.rableh as required ‘and outllined' in the
specificat;"iéns. . P
' ' If "as—bui.lt drawings" of the openind in whiclh the contractor was
to ingtéll' his part of the work were available, or had been made
avalaible ig’b time to meet his schedule requirements, then 'n‘tost‘c')ffvthe

problems éncountered would not have occured.

The field conditions or; prepared openings wéfe the responsibility
of others. Amongst them, the reference documents‘calls for the execution
of the contract Package I and particularly the masonq_} and supets‘f:ruc-

a2 . ! - e
ture in Package II. The difficulties encountered on the pregeding

contracts did définitly\affect, as will be shown here, the planned °

progress of these finishing trades. The accumulatéd delays were simply

passed on to the next contractor to which his own difficulties were

added to further delay the actual completion date.

*
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: accordmgly fabricate the’ panels and- wmdows on a continuous and

'I‘here were bas1cally two ionditions whi,ch were not respecteﬂ by the

construction management organisation ‘Suffieient »coordination had not

*

taken place in the de51gn to ensure the work of one ' contract package

‘would fit with that of the adjoming and folLowing packages, and the

work performed"by others was not complete ar\xd accurate. ‘I‘his is, an

example of- coordination problems between the _design of related packages

and coordination problems between de51gn and on-gite construction.

-

In order to meet the contractual schedule, -the contractor planned V-

8.
production of frames at the rate of 50 frames a week. gor an overall
\ LA

duration of 20 wekks. Because of the cond;tions stated above, production

did not start until June "20th, 1977, 26 weeks /later, and I%sted 84

weeks. s - o . ' )

’ [

It would have heen 3" relatively smple matter for the contractor to

. have prepared hlS shop drawiggs f'rom “the mformation supplied on the *
/

contract drawings, taken field dimensions from prepared openings, and

unmt.errupted production schedule instead, the , pace of the Job ‘was
" established and the flow of the. work dictated by the’ supply of

1nformation to the contractor Despite- the«‘contractor s numerous-

attempts to solve the design coordmation problems, dimentions were . . "

o

smply not available to him. The contractor actually suffered additional”

losses %n attemptin‘g to find solutions to design deficiencies, in'

partic1pat1ng to the coordmation and corrections of other contractors ,
!

" work, and in carrying out the work of other contractors to which the - Aot .

%

work of his contract depended

" - ST
> , l

The basic problems on Package 1V, namely the lack of complete

design and poor coordination between trades are strongly linked to the

? ’

e
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_fast-tracking appro\ach on this project. Being dependent several other -

_ contract - packages further complicated th1 work coordinatmn of this
package The smooth flow and’ momentum which iB 80 necessary for a
contractor, to carry out his work in an efficient and economical manner

was never established . g ° 5,

NS

- Using the same procedures as described proeviously, the cost of

’

producthty loss in the field wasgdetermmed to be $396 325, compa‘r,ed
"to $36 255 in the shop. The contract suffered ma:mly from the
consequences of fast—track impacts on previous work packages.
Large additional direct costs were reported because t!le project
. completion was “delayed considerably. In order to assess the extended
_.duration costs, an’ analy51s of the grogress billings for both shop and
field work has been performed. It has been calculated that the contrac- ) -
tor spent 3 288 550 more in direct cest because of a 78 week delay '1‘h1s
figure inclﬁdes the 1ncrease in wages both in the shops and the field,
extended ' overhead cost, extended material cost and indirect costs. 'I‘he -,
increase in engineetring and coordination costs have also been included
Tofaling .all extra costs attributed to
(1) Impedéd site availatnhty
(2). Dimensional d1screp;151es and o : -

. (3) JLate supply and approval of required information, : t



/ -

' - q
the resulting additional cost can be summerized as follows:

. . ' ' ¢ . '
Due to éxtended duration $ 288,535
Due to productivity loss in the field = § 396,325

", Due te productivity loss'in the shop ° $ 36,245

" . Total : $ 721,100

2
. ?

, This amount represents a 63 % increase in the contract value

[

associated with a 150 % increase in contract duration.

4.4.5 Drywall package (V)
R \

, The drywall contractor on .this project was also severely affected
by the lack of coordmatlon between trade:. 'I’his type of %inishing work
“is often 1nterfered by others even in cqnventionnal projects. The
duration of the contract was env:.eaged to be 2 months, but it actually
took 1.:4 months including a 2 month strike.

P Being at the end of the construction chain, thisddrywall contractor
was seriously affected by the delays of other contractors which have
themseIVes been 1mpacted by the fast—track approach. TK}S includes the
window and curtam contractor, the glazing contractor, the roofing

conttactor, and the mechanical contractor.

The contract initial value of $320,000 has incurred additional

costs in the amount of '$149,760 or a 46 % increase in contract value.

Agam, this figure is based on the difference between the actual man-

hours expended and the achievable man-hours expenditure which excludes

' fast—trackmg 1nterferences and delays.

102
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This contract shows again interferences and lack of coordination

N

4

arising from:

’ ) - 1y

1. Unavailability of work site
2. Faulty design ) . .
3. Incomplete and faulty information on 'tender drawings

° 4. Owner’s hesitation in giving proper instruction.

-

s *

.

-

"4.4.6 SUMMARY AND RECOMMENDATIONS

Table 4.17 shows the impact costs of each.of the packages examined
and indicates the estimated fast—track related delays derived from the
productivity loss. The tabulation of these results give a quantitative-
indication of fast-track 1mpact% on this project. The relative
importance of the figures (in percentage) depict clearly the
consequences of an improperly managed' fast-track pro;ect

Through the analysis of S contracts on this ‘project, the difficul-—,
ties in preparing work packages and overlapping them has been examined.
Several particular situations combined, with fast-tracking have’ prooved'
to be very harmfull to tlle timely completion of this residential

building. The problems are summarized as follows:

. Dimensional discrepencies
< Major changes

1

2

3. Poor work packaging

4. Unacceptable wgrk by the others
5

5. Delay occasioned by other tratle_s-and/or L
supply of material. ‘

L
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These problems resulted in a productivity loss due to: out of
sequence work, stop and go operations, interference with bther trades,
and extra-time to prepare the as-built drawings. '

The first two pacﬂages examined on this projecf, foundation and
ﬁasonry, were closely linked packages with consideraﬁle dverlapping and

interface. . The way these work packages  were put together and

subseqguently manipulated as the construction picture changed illustrates -

a fundamental difficulty associated with fast-tracking, riamely, the
definition of independant packages. The problem of awarding contract in
a timely manner also surfaced.

Particularly while using a fast-track approach, the owner should

l have determined the optimum construction ddration of both the total

project and }ndividual contract packages. The timing of tender célls for
various packages should have been determined in close coordination with
the coﬁpletion of required design and the preceding construction
operation. Yet, it seems that the desire to finish this project within
the set schedule has had the reverse effect. . T

_ In expediting the design of this building, incomplete drawings have
been issued to the contractors. They were incomplete in the sense that
not enough time had been spent in coordinating design details and

checking .dimensions. The resultant dimensional discrepencies forced the

contractor to checﬁ every design and ask for clarifications when

' necessary. iAlthough common on every construction project ,the large |

., amount of discrepencies and the unusually long time in supplying the

required information seriously affected the work progress.

105 C o
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4

The way work packages are’ divided and defined ought to limit the
possible interference of related packages. The issuance of the coﬁtrac\:
should have been more carefully coordinated. Up to date field

information and forecast should be present in the next package to be

awarded. Being an accelerated 'constructiqn approach, progress Bi the

work is very sensible to any unforeseen changes. If those changeés in
schedule or work conditions are not incorporated in the succeeding

packages, severe interferences can jeopardize the anticipated time

2’

savings. ' >
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4.5 Other project studies

In the second part of this chapter, 5 additional fast-track
projects wi'l‘l be examiped in order to substantiate the previously
discussed problem areas and establish their frequency of occurrence. The
characteristics of each project study and their identified problems are
summarized in Table 4%3 They are analyzed identif; the qualitative
impact of fast-tracking rather than ‘the quantitative part, and as such
there were h&) r;eed.to carry out an in-depth delay analysis for each

project. The problems are not unique but it is the context in which they

occur that makes them so critical to the project schedule.

The first project examined in this section ps the construction of a
power plant \in Canada. Two electrical and one mechanical coqtracts have
been investigated on this fast-track project to find that untim'ely /
designqi‘nfolrmation severely affected the construction |process. The lack/‘
of éoordinati?n on the part of the owner was further affected by t/:hé
late aelivery of equipment. The lcascading effecti of these dt;léfs
produced interferences to all contractors on the ‘project. Sevega{ site

location were not ready and the contractors’ work was encgmbered in

/
congested areas. g " . //,

! The considerable increase in. total number of drawings/ (from 101 at
tender call, to 587 at the contract completion) hag”/been marked by
frequent CO’s and CCN's. Inadequate coordination of the desic_;n work wi‘th‘
_respect to the ’fieid conditions, res,}uted in a flow of design and

engineering information which was both late and inadequate.
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The whole construction job has been delayed 24 weeks as a result of

the cascading effect of the disruptions on all contract packages. In

' general, the project suffered severe losses because of the difficulties

in coordinating design information.

The second project examined is a processing facility built in 1977-

78 using a construction management approach. On this project, two
electrical c\o\ntracts, a masonry and a painting contract were studied, as
shown in Tablé 4.8. The own;:.r was eager to get construction started but
yet he did nco/é emphasised or put intensified effort into certain areas
which were critical to the success of this fast-tracking program.
Important design related problems characterised this project, followed
by a lack of coordination between packages of work.

Drawings anc_]informati\ons were improper\l.y coordinated, resulting in

»

dumerous design conflicts. The order of awarding different work packages
' 4

was not respected and interferences caused lby others (created limited
access to the work areas and hence considerably reduced the contractor’s
productivity. During the course of  the project,"107 change orders were
_issued with a total valie amounting to 28 % of the original contract

v

amount. ,

-

The initial 22 weeks delay on the interior and exterior masonry
contract, shown irll Figure 4.13, reflects the cumulative impact of
previous packages which were the rgsult of inadequate coordination by
th(; owner. Interferences between ci@fferent contractors trying to work in

the same areas, because of priority, proved to be the main cause in

‘greatly extended duration and serious productivity losses.
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°Ii: is importaﬁt to note, on this project, that the consultant was
dealing with new and untried design concepts. This situation hampered
considerably the fast-track difficulties and the project ended up being

delayed by over a year.
| . ¥~ | y
The next case study looks at ‘a genéral coni:ractor who has been .
mardeci a contract of $ 76,550,000 for the erection of a commercial

facility. Of this amount, $ 71 million was allocated to nominated sub-

contractors. The prime contractor was responsible for the administration
and control of the sub-contracts with little direct work on his part,

generally acting as a construction manager. . .
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The total cost of the pro;ect has reached $ 110 million; an
increase of $ 34 mllhon, representing 45 % of the contract value. The:*
majority of the cost increases resulted from the considerable amount of
changes required to complete the job. The projeé:t schedule was not
- affected considgrably; from a planned duration of 115 wéeks, only 7
weeks were added to completi'on. Ratper the fast-tracking approach
induced numerous cha;'nges in the work because of the exped:ite way \1n
which the contracts were awarded. . )

Anpther casé study examines the work‘ <;f ta mechanical sub-contractor
in a @lic building. The design was defective for installing the work
which incorporated many new enerqgy efficient concepts. The set of

" working drawings were not adequately coordinated into the overall design
of the facility. The contractor suffered productivity losses because of
incomplete design and working drawings, pending decisions on c/hanges and
untimely design clarification. Late award of the’ electrical contract '
related to this work affected the progress 'of the mechanical
installation. With very little schedule impact, this case study shows
how fast-tracking impacts are often the result of ripple effect of

changes and/or coordination problems.

The last 'project examined involves the construction of a power
geﬁerating station in Eastern Canada. The superstructure contract,
including concrete and mechanical piping, and the masonry contract of
this project needed close coordination with the structural steel. As it
turnegl out the struci:ural steel was late in all areas. Because the

design did not have sufficient lead‘ time over construction, the owner



/
| o
. ’ B
§ could not hold on to the initial schedule dates. Despite this fact; the

\
owner awarded several contracts on their scheduled dates, but they were

evenél*ally delayed because of the unavailability of wo;'king areas.

J The increased difficulty in overlapping dgsign and construction and
in coordinating the work of all contractors resulted in interferences,
congestion and lack of access. These disruptions gave rise to an uneven
work pattern and consgquent loss of productivity. B
' The glectricgl inst;llation doﬁtractor on this.project had to stop
the work altogether for some 30 weeks because the site was simply not/
ready. When the wo::k’started again, the contractor was forced into arf '
accelerated pg:ogram,- in an attempt to recover ag wuch accumulated delays
as possible. Throughout the project, the uncoordinated work also gave
rise to a great fluctuation in the manpower 1level. A labor shortage
actually occured as a result of extensive overlapping of the work,

demonstrating hdw fast-tracking can create a shortcoming in manpower

requirements. On _this generating station project, the. incomplete design

\ ‘ ' .

concept and undefined parameters were not coordinated efficiently with
,the construction work, where packages were awarded as fast as possible.(
In a fast-track context, this approach gave rise to unprecédent

i

_ productivity losses and delayed the project considerably. o

-

< _ /
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4.6 Analysis of project sturlies

—_ o

. To Vi, sualize fast—-track related problems discussed in the ﬁrst
sectlons of this chapter, a tabulated format of information collected on
.'a’\ll fast-track progects examined is preseqtetl in Table 4.8. The informa-
“*fion has Eéfé'n summarized and presented in this form to provide a uledium
for c_ompaf;:a%j‘ between the different types. of projects analysed, each
involving vari‘ogg types of work and contractual amounts. The project
. duration and total delay give an indi(;etion of the_severity of .the
problems encouptered o\r'x each of those projects. The recorded total
delay, expresseod in percentage of contract duration does not represent
exclusively fast-track delays. The additional costs due to productivity
". loss and extended duretion related to the fast-track approach were
conlputed only tor the first three projects and therefore excluded from

this comgarison.. ‘ )
‘ The fast-track related prpblems have been divided in two main
. categories: (1) Inadequate design ar‘:d (2) Inadequate scheduling. In
addltrbn, ‘problem areas often associated with fast-tracking are
1dent1f1ed in Table 4.8 and then ranked for their frequency of occurance
in Figure 4.14. The aggregated result indicate a stronger schedule
prcplem impact on fast-track project. The severity of each problem and

its relative importance are discussed in the following section.
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I ‘problems that most severely affect fast-track constructions. Table 4.9
.lists &1l problem areas in ranking order according to their )z“,elati\}e.

. importance. 'I"hgse fast-track related problems' are discussed in ‘the next

‘Accordiing to the resul‘t‘of_ this study, it is the scjmeduiing

section.

»

/

by

\g'

-
[y

" Table 4.9  Ranking order of fast-track related problems

_F .
¢ ) Fast-track related problems I"erceﬁtv‘"
° 1. D,esign/Construction Coordination " 89 %
. 2. - Interface between packages 64 %
, | -3 Lackof sufficient information and details 60 % -
4. 'Fréquent CCN's 4 CO's, - 54%
TlT..s Untimely award of packé'éeé 50 % :
6.  Lack of design coordination 43 9%,
* 7. Delayed procurement items 39 %
* 8. . i.ong shop drawings approval 39 %
9. Late issue'of CO's - 36 %,
! 36 %.

=+ 10.  Atceleratigp

[

*  Noj fast-track related problems

e

-

.** Rercent frequency of occurance (28 contracts examined) ’




|f

- * v/

‘4:6.1 Past—track related prdblm

Q

1. Design/Construction coordination .

' ¢ : . :
By far the most frequently noticed problem related to fast-tracking

is the coordination between design and construction. With construction -

" activities starting before the comp_letiori‘ of all design phases, the

process of coordinating basic. design work for all disciplines befgre
awarding any contracts is no longer applicable Consequently, the
o;7t10ns of resolvmg cmfllcts between the various designs are limited.
Because previous packages are already awarded while other packages are
being designed and scheduled, there are more constraints on the

organization of the work to fit the overall schedule. New design

 information at this stage might affect the pre-determined sequence of

activities as execution ‘established in previously awarded packages. At
the mercy’ of design professionals, contractors are often forced to stop

thexr current work because of a contemplated change notice (CCN’s).

While waiting for the rl:equlred information, they demobilize and

" remobilize then.work:.ng crews to another work area. The resulting "stop

and go" operation has a great impact on the productivity of thtractors,
and is often cited as their major .reason for logs of efficiency and

inability to sche&ule their work (See Figures 4:8, 4.9 and 4.11 included

"“in the present study and References [17] and [27]).

i‘h a fast—track environiment, the contractor has td come up with a
fixed price'based on incompléte drawings. and specif;cations. From bid
awérd on, this contractor has to rely on the abil}ity of the design team
to prbduce the remaining draw%ngs 'e:;ped@tiously to suppo;t the

construction in progress.

- [
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' 2. Interface between packacjes , ® -

Problems associated with the coordination between work packages

(also referred to as "interferences by other trades") is the second. most ‘

-

important reason for productivity.loss and delay, cited by’ contractors
(See Figures 4.7, 4.12 and References ”1012] and‘ [.21]). The dependency of
.a work package on the preceding package(s) is similar as that of an
activity on‘.the breceding activity(ies). If the work of, one preceding
package is delayed, it will have a direct time impact on the following
contract packages. Deﬁending on the degtee of independancy, work
packages are affected to various. degrees by the schedule coordination'

problems.

Besides the fact that cohtractors are often faced with construction

starfing on partially completed drawings and specifications, in a fast-

track environment a more pronounced overlapping of construction

activities inev1tably increases the problem of cobrdmatmg work between
the various contractors in the field. This tight schedole, vcombmed with
the different degree of interdependance between work packages, jis more
susceptible to be affected ~by‘ the ripple effect of problems on the
critical path. ' ’ l

3. Lack of sufficient information and details

As a.distinct characteristic of a fast-track project, the design of
work packages are issued to the field for constructi®fpwith incomplete
details. The whole principle would ‘be perfect if design rofessionals
could submit the required details and informat!i‘on to contractors in a
timély manner. Fast-tracking constr‘dction necessarily means a

rearrangement in the’  design procedures and sequences. With this new

4+
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approach, drawings and specifications often end up being done on a
rushed basis, thereby leaving room for a greater margin of error and
omissions, The ‘contractors often cite the lack of sufficient information

and details as a mojor cause of their delay..

4. Frequent CCN's and CO'

‘ As a dlrect consequence of incomplete design or because the owner
did not know exactly what he wanted; contractors, in the cases studied,
were issued an unusually high number of change orders. The "high number
of CON’'s and CO’'s did- severely 1mpact the’ contractors' performance and
ab111ty to execute h1s work in an organized mar;ner

« With conmderable‘ overlapping ?f work’ packages and . with
cénstruction following close behind the"complet‘ion of each phase, of the
de51gn, there 1s less opportunity for design profess:.onals to consider

Se—
the design as a wholé and make changes at that stage wighout causing

. delay and increased cost -in the field. 'I'he increased intolerance to

design changes-lmposesva stringent demand on the performance of design

professionals.
. ) o
5. Untimely award of packages
This next item relates to ‘the time period in which the work is
going to be pegfoi%med. Work packages or contraéts‘wéfq frequéntly awar- -

ded without ei:aluéting the field conditions. The activities of certain

. packages could not physically commence because they were awarded too

early. The working areas were not available or they were already conges- .

1

ted with preceding contractors. The resulting interferences and lack of

access directly impacted the schedule of succeeding phases of the work.

. A
R \
v .
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6. Lack of design coordination .

The lack of design coordination has a considerable impact on fast-
track “projects. All criticél elements have to be coordinate;i between
various inter-related phases of -the design work. For example, a
\st:t.uctural package would be awarded with a specified head room between
the false ceiling and the next floor in order to satisfy ventilation
system requirements. However, without proper design coordination, the
final duct size might be bigger than the head room provided on the
previously awarded package. This type of problem woulci result in design
complicatiogs for the veintilation system , and in the issuance of a
change order to the superstructure contractor. The former design problem
might further delay completion of the HVAC mec;hanical package with all
its undesirable consequences. Changing the ready issued package
requires the issuance. of Contemplated ange Notices (CCN’s) and/or
Change Order (CO’'s). In this situation e CO is attributed to fast-
tracking, instead of being issued for a changed' ‘design criteria which
isn’t directly related to the fast-track approach. '

The lack of design coordination occasionally requires a new
construction approach to be adopted or simply generates rework. Without
proper design co'or'dination, field work will soon be missiqg design
détails, creating‘ delays on site and ‘f.urther a'ffecting the workers’
m;’al and hence productivity. Dimensional discrepancies have also been

associated with this problem.
4 ‘ \

Other causes of impact were tabulated because there are certain
links between those problems #nd fast-track related problems. Fast-
tracking difficulties can certainly not be isolated completely from

4

: 119



{ . ’ .
their environment. For this reason, associated problems have been
included to give the reader a better overview of the characteristics of
each project. The other causes of impact (marked with an asterix) were

considered to have naggravated the fast-tracking problems.

* 7. Delayed procurement items

The supplying of -equipments and materials by the owner is often

" critical to the schedule of work i)é\ckages. The delayed procurement items
(delivery of equipment and/or material) certainly contribute to the

difficulty in issuing agsociated drav;:ings to the contractor in a timely

manner. In this respect, it has a large influence on the schedule

1

coordination of fast-track projects.

* 8. Long shop drawings approval

e iy

The long time required in approvipg shop drawings can be caused by

. differen.t f.actor;: The reason, pertinent to the present discussion, is
the inefficient design coordination and/or anticipa%.ed .des‘ign problems.
Those complications can slow down the contracto;:, and impact his work to
the shme éxtent as a delayed CO approval. On the other hand, this delay

in shop drawing approvals can be an indication of the managements’

reaction time apd inefficiency on the job.

9. Late issue of C0’s

[

Change orders can take a 16ng time for approval, and in some
' instances, the owner would put "holds" on the work until he approves or

rejects a CO. There are many reasons for late issuance of CO’s with

[N
™
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respect to fast-tracking. The stages of a CO’s approval were often too

complicated or too /long, and could not keép pace with the accelerated
construction of a fast-track project. Refusing to take correcfive
actions, based on a lack of information, has often been cited as a
. reason for delaying the approval of 'CO’s. The large Humber of €0's,
generated by the fast-track approach also imposes great pfessure on the
A/E to solve several problems simultangously. Although this item is
amongst the lowest ranked in frequency of occurance, its impact on the

schedule can be very important.

* 10. Acceleration

The last. item, " acceleration, is often viewed as a remedy to all
. previous delays regardleés of their causes. Accelerating a project can
be effecti‘ve to recuperate some delays, but the a"égociated costs and
impacts must ‘also be cqnsidered. The increase in manpower resources
might result in overmanning and congestion in thé work place, or might
not be possible at all. Increasing the work week by adding overtime will
accelerate the work but certainly reduces i:he efficiency of the workers.
The loss of- productivity in overtime work must be compared with the
| apparent gain in time. In Table 4.8, acceleration represents an
additional measure the owner adopted to expedite préject delivery. These
accelerations would amplify the fast-track felated impacts. Although
l;retty much independent of the approach, acceleration is frequently used
to correct tl?e sit{xation on delayed fast-track projects. The resulting
overmanning and congestion have ripple effect on the scheduling of the

work and hence can aggravate thHe already critical situation..
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4.6.2 Summary

The above problems have been c‘ategorised by trades ‘.o_ identify
their relative impact on thet different types of work as shown in Fig.
4.15. The overall examination of Fig. 4.15 indicates that electrical and
mechanical works have been considerably mq‘ge affected by fast—tpack"
related problems than civil works. From this observation, we can say
that work packages or trades which have the greatest dependence on
others are more vulnerable to fast—t;acking impacts. On the other hand,
civil work, including foundation, concrete superstructure and masonry,
are mainly affected by the lack of deslgn coordination and the problem
of 'long shop drawing approx‘ral' for structural steel. These problems are
usually associated with the first trades on site.

All trades were affected by design/constrmction coordination, But
only electrical and mechanical work have been severely impacted by the
interface between packages. Again, this indicates how important thf .
degree of dependance of the different trades is with re?spect to fast-
track impact. The relatively‘ more prono\unced impact on mechanical work
" can paftly be explained by the problem of lat: delivery oé equipment
and/or material. This postponed equipment delivery in turn lead to an
acceleration of the program, thereby putting pressureon the mechanical

contractor’s work.

In the following chapter, recommendations are made to enable a
’ ¥ ,
better ‘utilization of fast-tracking by reducing the risks involved and

ensuring faster project delivery.

-
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CHAPTER V

CONCLUSION and RECO!‘I!‘SE‘.NDA’I‘IQQ;

’
7

. 5.1 Conclusion

In this thesis, the fast-tracking construction approach has been
exammed through the mvestxgafmn and analysis of a number of completed
construction projects. Phased construction and fast-tracking approaches
have been compared, clarifying the terminology and the aspects which
< distinguish them. Starting v:rith the pre-ordering qf iong—lead items,
_ phased construction approach developped into a sophisticated network of
activities overlapping each other in an organized way, to achieve ehr-ly
completion of the project. The logical sequence in which construction
work package‘s are to be awarded, in certain circumstances, forced owners
to issue incomplete sets of drawings and specifications to avoid
construction schedule délays.

Fréquently, in an%ttempt to maximize the benefits of a shorter
project duration or because of a fixed delivery date, the owner or his
ré;)resentative might decide to accelerate their bhased project and
embark on a fast-track program. Not being prepargd t‘o ass;.\me the
consequences of such'a decision, planning and scheduling of those
projects-were found to be frequently impacted by the accelerated
app‘roach.

Before a decision can be taken as to accelerate a construction
project using fast-tracking, several factors must be considered. Aside
from’ the financial picture of the project which must be examined
closely, others aspects such as the A/E experience and the type of

construction must also be included in the decision process.
*
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The financial benefits of a shorter project dur;tion must de
+ considerable. These benefits should be quantifyvea/xnud compared with the
extra costs of shortening the project. The cost/bene\fits’ ratio must be
evaluated with respect to the L:isk's involved in fast-tratking the
project. For industrial plants, it could be determined that each extra
L day of production can generate additional revenues of $ .50,000, ‘for -
example, or that an early start in production would bring about a bigger
share of the market. For commercial facilities the benefits can be
measured from the revenues of renting the available space several months
earlier. In any cases, the rgduced overhead cost of a shorter
construction period can represent a significant sav‘ing over the
conventiona]'. approach. Other savings on material and equipment purchased
earlier might justify the use of an accelarated a'pﬁroa_nch, especiallg} in
periods of high inflation or if important cost increases are forecasted.
A f:)recasted labor strike or contract negociation can also suggest the
project should finish earlier.

The typical extra cost ip accelerating a project u;sing fast—
tracking primarily lie in the addit:t.qnal A/E resources requirement both
in design and construction. More design professionals and contract

\—__supervisors are required than in a conventional construction project,
representing extra costs. To keep construction progress on an
accelerated program, im‘pact costs, lower productivity, rework: and
additional change or’&ers are to be expected as part of the .risks of
overlapping design and construction; and should therefore l/ae reflected
in i:he costs. ’

All extra costs combined with the higher risk of fast-tracking a
project must be offset by the forcasted benefits. On the other hand, if
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‘the rate of return of secured bonds or safe placements is higher than \
the returns expected in using a fast-track approaéh, there might be no

advantage to start construction right away. .

Observations stex;\ming from the prbjects studied show that there are
_other conditions , aside form financial, which do permit the effective
use' of fast-tracking: 1) The A/E must be experienced with this type of
construction managment and. have the necessary n\ani)o;{er to keep up with
the construction progress in the field. 2) The A/E must be familiar with
the type of construction, particularly on unique project's which bear
greater risks. If the A/E are learning as they .go along, it' is likely
that the design schedule will not be able to support construction work
in the field, because, at this stage, design revisions would probably
cause rework. A good fast'—tr_aac"rpfoject will be tackled by an efficient
team work with a timely reaction to complications. Some developpers "for:
example, can fast-track projects eff.iciently because ‘they have the

required structural organization and knowhow to make it happen.

The whole philosophy behind fast-tracking is rooted in. the
’ planification aspect of any proiect. Doing things (activities) in a more
organized fashion and taking into account more a.nd more factors that
cm%d poss%bly'affect the outcome-:of a certain action, is exactly what
fast-tracking attemps to do.

When fast-tracking a project, it is importar}t to identify potential
péoblem areas which must Feceive considerable at:.tention in order to have
a "smooth" progression of the work . To identify the problem areas
"generally associated with fast-tracking, twenty-eight troubled ‘fast~

track cases have been analyzed. The analysis did not account for all
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pog;bble compllica,tions, but rather examined those with a high frequency’

v

of occurence.

Managing the interface between design and const;ucﬁioh is crucial

" to the project performance..The ainhe'renft risks/‘of, fast-tracking projects
include: 1) the loss of financial benefits due to the cost c‘af‘chamjes
and claims, 2) the loss of planned time savingsq due to ‘échedgle delays
and 3) the reduction of control over project costs due to the early
eliir}inationo of design 6ptions normally e’ncolmtered, incompleta tender

specifications, and overlappiné of the construction work.

-~ -

5.2 Recommendations

o

In an effort to reduce the risks of fast-tracking it is recommended

@

to:
A. Sperd more effort during the design phase

The far reaching effect of mistakes during the early design/engi-

neex:ing phase in a fast-track program is usually underestimated. More

‘time and effort, in-terms of coordination and planning, should be spent

on the design preparation with special attention to trade and/or work

packages - interface a'geas. Early in the design phase, decigions which -
“ill linit future flexibility in the desidn should be highlighted and '

their impact evaluated.

In a fast-track program, design and construction activities should
be treated as integral parts of the overall, project. Various inputs £rom
other packages’can ‘stablish interim milestones from which a criticai
Y ° 1 127
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» - path could be determined This effort will result -in a better and
tighter coordmatlon between work packages before they are issued for
construction. Although thls ‘could be viewed as. contradictory to the

N fast—tracking concépt, it nevert_heless has to be stressed.

B. ‘ Develop an effective design change system

The rushed. delivery ,of drawings cdmbined with an overlapping of
work packages. contributes, to a great ext\ent, ‘to an increase in the

nunber of drawmgs to be rév1sedr At the odtset of the project, an

| -

eff1c1ent review system myst be established with clearly defined

,J channels of communication, to compensate for\ this probable increase in

demgn changes. A change coat‘rol ,process must be developed to ensure 5

~ that-essential changes are not delayed by detailed cost or contractual

; ‘ problems, while retaining adequate management control. The effectiveness
.. and timeiiness of information exchange through drawings and specifica-
'-_wtions beco‘nés the _fc;cal point in accelehrating the proje'ct delivery. This

. ., precaution would ensure a fast and effective review of drawings and
would also prov1de a good interaction between design activities and

¢

those performed on site.

<.
L.
1

C. Increase information input from.the field work

»

' Proper timing in awarding different work packages is critical in a
fast-—t"rack construction. A package issued tco late or too early might
delay or interfere, w1th other work packages. Once construction has
started; the award of subsequent work packages must . be more sensitive to

the on<going construction. activ1t1es and the availability of the site.

~
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‘More than just eliminating -the impact of issuing work packagee too

" early, this approach. will help integrate the latest field conditions to

the plans and specifications of the following work Qackages. This can

also considerably reduce revisions after contract award and ‘minimize '

-possible inte rferenc;.s .

H
1

*

" D. Increase mvolvement of partlcxpants in all stages of the

project.

>

\ ! f‘aet—tracl;ing wiH\ be given a chance to succeed only if a real team

approach can be reached. "The -attitgde of all partgcipants should be

infibénced by defining their roles in the project to increase "co-

' r - . {
'operation"_. Contractors should be brought in the design.phase for

scheduling and constructability purposes. A’ member of' the design/engi-

neering ‘team shoulda_be appointed full'time as design coordinator and

- work with the contractors for an mproved responge to design originated

-

problems Innovative and 1maginat1vee contractual arrangement and orgam—
zational stmctures such as PCM should be utilized and enhanced to share
responsabi‘lities and authorities. This would. elimnate the adversary
conditions asao_ciated ‘with conventional projects, avoid conflicts and
favor .a"be"tter exchange of information through well. defined con'onmica—»

tion channels. - ) .

v‘- '. A Py . ’
3
~ B “ , -
Py -
A .
3
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In conclusion,. there is nothing new about the individual elements

of fast-track, construction. sWhat is unique is their innovative

P

combinations. Accelerat‘ing a project through fast—trackinwﬁ?"a major
"decision, and constgctlon professionals should be aware of its

implications. Analysxs of fast-track construction projects indicated

that despite the apparent advant:ages, only few projects lend themselves-
to a successfull application of the fast—track approach. Adequatel

precautions must be taken with respect t:o’a the previously identified-

problem areas in order to reduce the overhll project duration. 'rhe
project team has to be flexible and expeditious in response to

complications stemmmg from a combmation of incomplete designs, with an

overlappihg of’ design and construction. Then, even with the highj

consttuction costs ,/frequently associated with fast-tracking, overall
project profitability could be achieved. | ' . |

The 'fest—tracking manac;ement concept can certainly chajlenge the
limit of accelerated project delivery. The awareness of pitfalls in this
approach | and the adoption of .adequate measures early in the'}roject,
will considerably incresse' ‘the possibilities of achieving faster

construction.
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- 5.3 Suggestions for future work-

1’

.On the basis of the work presented in this study, it is' recommended

t
]

that the following aspects be considered for further reseatch:

4

- Given that a project is going to be fast-~track, what is the levelf

of design development needed before any construction starts? 'Determine
"the type of drawmgs required and their pert:ent completion at that

mnt . . . . . kS ) +

tJ

- Explore the feasibility of a faster design sys’tems using computer
aided design (CAD) with fast-tracking '
- Investigate the possibility that a delayed fast-track project

~

could still have a shorter duration than if the conventional approach

3
[}

would have been used.’
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