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This sork summar izes a series of studies by the
author on concepts and difficulties involved in the use of
programming technigues in building projectsy in particular
on thouse building sites of repetitive nature. It comprises
mainly a throughout revieu of the Literaturey with sone
contributicns stemming from the practical research work
being wundertaken at the Department of Civil Engine=ring,
University of Leeds on activity®'s duration and precedencey
as observed on three house building sites.

The report aims to examine possible causes of the
Lack of success in the appl ication of programming techniques
in building companies. These possible causes of the lack of
success were sought in the following areas:

- the difficul ties associated uith the
implementation of programming techniques 1n buitding
companies;

- the applicability of the technical concepts
introduced by the programming techniques. The following
concepts are critically reviewed: activity's definition,
activity?'s durationy precedence relationship between
activitiessy segquence of work on house building sites of
repetitive natures rescurces required by the activities,
productivity modellingsy estimation of activity's duratdion
and resources.required, trade=-offs between durations and
resources requiregs, total level of resources allocated to
the projecty and the setting of objectives criteriaj

- the complexities of the programming problem: the
inherent complexities of +*the problem and the added
complexities dntroduced by updating and other possible
managerial functions, like stock controly cash flows and
methods study are discussede.

The differences between the theoretical aporoach
suggested by the programming techniques on the above areas,
mainly in terms of the technical conceptsy and the evidence
obtained from the observation of the work on building
projects are highlighted.

Finallys the report concludes about the relative
influence that each of the aspects could have had on the
lack of success in the application of programming
techniquese. Suggestions are made on how to use the
techniques while solutions to the problems refered to are
not found. The problems related to activity®s durations and
updating are singled out as the most important possible
causes of the Llack of success in the application of
programning techniquese. Greater research effort in these
areas and the exploration of the capabilities of the
programming techniques 1in dealding with time-related aspects,
as opposed to their use to perform other ccnstruction
management fuctionsy are suggested as the course for action
in the near future.
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The simplest of the programming techniquesy that
is bar charts, were introduced at the beginning ot this
century. It can be said that the scheduling of activities in
8 project has been a well researched area during the last 40
yearse The development of operational research technigques
during the Second MWorld War and the advent of the network
techniques (CPM and PERT) at the end of the S0's markedly
increased the potentialities associated with project

programminge.

The new programming tools attracted a great number
®

of research workers in the areas of Operations researchy
Computing and Civil Engineerings The rapid development of
research in this area and the increased capability and
availability of computers made it possible to forecast that
the programming techniques would 1Introduce revolutionary
approaches to almost every area of management (planning,s
estimatingy cost control, biddingy baonus paymenty,

motivationy inventory, contractual claimsy, etce (Antill and

Hoodhead).

The research effort wundertaken in the £0's

considered that the network planning techmaiques could be
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applied undistinctly to the whole industry. The Construct ion
Industry umas not treated specificallys even 4in research work
done at Civil Engineering Departments. During the first
lyears of netWwork usey the building process was considered a
good example of a deterministic approach to the planning
problems shile research projects would be a good example of

a probabilistic approach (Antill and Woodhead).

During the 70's variocus papers questioned the use
of network planning technigues 1fin the Construction Industry
and other project industries (Mehray Davis-1966y and Ling)e.
The use of the'techniques was restricted to large firms, and
mainly to the p(;nniné stagee« Little use was made ot then
during the running of Ehe projects. The theoretical great
advantages of the use of network planning technigques to
manage the overall process of construction were not being

used (Popesculde.

The situation did not change in the late 7G'se. The
author decided to 1investigate some causes of this apparent
failure of the programming techniques in chamging the face

of management applied to the construction industry.

The author decided to study possible causes of the

tack of success in the application of programsmsing technigques
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to the construction fndustry. The causes can be sought at
various Llevels, involving either the technical aspects of

the techniquess or the managerial changes that they require.

This wWork summarijzes a series of reports by the
author dealing with great part of the technical concepts and
difficul ties associated ith the use of programming
techniques in building projectses It looks in particular to
house building of repetitive nature. It comprises mainly a
throughout review of the literature, with some contributions
from the practical research work being undertaken by the
author on th; production characteristics {activity's
durationy precedeéce, and resource requirements) of three
house building sites, Data for this latter research work has

»
been gathered by the Building Research Establishment using
an activity sampling packages and kindly made available to

the authore The BRE great contributien and encouragement to

this swork is deeply acknouwledged.

It was found convenient to study possible causes
of the Llack of success in the application of programming
teciniques divided in the following areas:

- the implementation of programming techniques in
building companies;

= the technical concepts dinvolved in programming;

activity®s definition, activity’s duration, precedence
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relationship betueen activitiesy sequence of work on house
building sites of repetitive nature, resources required by
the activities, productivity modelling, estimation of
activity's duration and resources requiredy trade-offs
between durations and resources required by the activities,
total Llevel of resources allocated to the projects, and
setting of objective criterias

— the complexities of the planning problem,y and

the added complexities of the updating requirementse.

Each of the above topics and their subdivisions  is
planned to be Ereated in separate reportse. For exampley " The
Analysis of Activ%ty's Durations Frecedence and Sesquence of
Work - Graphical Software to -enhance the printed Cutput from

®
the Building Research TSstablishment Site Activity 2nalysis
Package” report issued by the author on January 1982 deals
Wwith the analysis of durations_found to be far greater than
would be expected just considering the Labour content of
activities divided by the number of men assigned to the job,

and the overlapping of supposedly preceding stages of worky,

as observed on three house building sites.

The report called "Some Causes of the Variabil ity
of the Lewel of Labour Resources assigned to Building Sites
Programmes of Mork®, {dssued on February 1982 reviewus

quantitative and gqgualitative evidence found on the
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Literature on the Llosses and variability that can be

expected in the number of man-hours daily available on site.

These two reports showed that the approaches
normally used in programming techniques had not been able to
model adequately the production characteristics of some
building sitess For exampley, activity's duration are
norma lly calculated by dividing Labour content by the number
of operatives assigned to the jobs precedence betuween
activities s usually of a head and tail typesy and the total
Level of resources available on site is normally taken as
deterministic .by the programming techniques. The reports
provided evidenc% about the Llack of direct relationship
betueen activity's Labour content and durations, the

»
overlapping nature of the precedence relationshipey and the
stochastic Losses that can be expected in the total level of
resources zactually available on site. These discrepancies
between the concepts of duration estimations precedence
definitiony and setting of total resource levels could be
causes of the Llack of success 1in the application of

prograaming technigues.

Moreovery this present report purports to show
that apart from the discrepancies ment ioned 1in the Last
paragrahy the problems associated with the implementation of

the programming techniquessy the modelling idJnaccuracy of
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other technical conceptssy and the complexities of the
prograsming problem itself are all causes that could be
behind the lack of success in the application of the
scheduling techniquese. The whole research project also
envisages to select and modify techniques that could solve
or accomodate the problems that nowadays are hampering

further development in the application of programming toolse.

The Last chapters dealing with summary of results,
conclusions and sugéestions for further worky tryes to
evaluate critically the retative importance of all the
problems afffcting the mentioned lLack of SUCCESSe
Recommendations are made on the course of action in the
application of programming techniques while the difficulties

¢ ]
associated with the technical concepts are not solved.
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ack of Success in

the Application of Programming Techniques
L

Some shortcomings of the application of
programming techniques that have Lled to the slow down on
research swork in the areas a state of general criticismy and
Lack of confidence regarding their benefits are discussed in

this chapter.

In t?is analyses of the possible causes of the
lack of success in the application of programming techniques
to building sitesy a chronoglical form of discussion is being
presented. First, mana;ement should consider the problems
associated with the 1implementation oF the programming
techniques 1in the company. After that, some trial
applications of the techniques will be done to program the
Work on new projectse. During thege first programming
experimentsy management and programmers will face the
difficulties associated with the technical conceptsy as
descr ibed in the previous sectionse As these trial projects
go 1into constructions the company w#will experience the
problems related to the updating issuc. After a number of
projectsy the staff in charge will probably become convinced
of the complexities of the programming issuey as discussed

in the last section of this reporte
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21 Yhe problems associated with the

Implementation of Programming Technigues
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First of alley it can be said that the techniques
were oversold to the industry. They were considered capable

of revolutipnary 1innovations on management wWwithout the

necessary feedback of trials experipents of their
application. Building companies adopting them Wwere
expecting grest results Jimmediately, mhich were not

produced. The first attempts to use any new technigque are

decisive. The success or failure at these initial stages
»

will command its future establishment as a company routine

(see Popescu and Borcherding)e.
[ ]

It is also worth of mention the difficulties with
the introduction qf the programming .concepts at the various
Levels of the companys Programming techniques mere
understood as a tool that once used would produce good
resul ts: in fact they are a processy requiring the
involvement of a great number of participants in the
projecty inside and outside the building firme For exaeple,
the new techniques introduced modifications in the way 1in
which activities were normally carried out on sitey
restricting the scope for decisions by foremen and workerse.

There are some evidence that the techniques were not
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explained to foremen and site agentss or understood by them.
High LlLevels of management did not participate 1n the
introduction of the new techniques in the company: in
general they were preoccupied only with the end results of

theme

The real interest in the techniques and the major
effort for their introduction were confined to the medius
Level of management staff (site managers, production
engineerssy and white collar personnel in charge of
controlling the progress of swork on siteds The technigues
really did ngt go to the sitesy they remained to be

appliedy discussed and played with at the company’s main

of fice (Adrian=-1974).

Generally it was felt a Llack of production
information data to feed the programming models. The
programming techniques iImplicitly called for the parallel
application of swork studyy method studys, and feedback of
production information from previous sites. Few copmpanies
were able to introduce jointly both programaing technigques
and production data management information systems. ©0On the
other hands there has been no great development in research
work trying to obtain more accurate sets of data to be used
in conjunction uith the programming techniqueses There is a

clear disparity betueen the capabilities of programming
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techniques and the quality of data available inside the

building firmy or even gathered at building research

organizations.

The successfull application of the programming
techniques to each new project requires production-retlated
information 1in connection with the technical concepts

discussed in the next section.



2.2 The Applicability of some Technical Concepts

involved in the Programming of Building Site

17

The so called technical concepts involved 1in the
use of programming technigues are the definition of
activitiesy the estimation of activity?s durations and
resources requiredsy the definitiony, or estimation of the
total Level of resources required at each time periods and
the setting gf cbjectives to be achiewved during the

construction phase of the project,

The review of the Literature showed that only part
of the concept of resources required by the activities was
sufficiently investigated by research work, that 1is, only
the aspect of the variability in the resources required by
the activities (or complete building units) is well
documented in the Literature (see Bishop-July 1965, Forbes,
Lemessany and Clappe Pigott, Prices, Shanleys Shipley,

Walker-1970 and 1971).

The other technical concepts {dntroduced by the

programming techniques have been wused and accepted by
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programmers and construction management research workers
without evidence of their applicability stemming from

building sitese.

The importance of challenging these concepts is
fllustrated by the fact that when the network programming
techniques were introduced 4n the Late 50%'s,y building
projects were considered deterministic as far as the
duration of activities and the resources required were
concerned. The wWork of the authors cited above and others
showed that activity?s duration and resources required in
bujlding projgcts are also stochastice The <change of
approachsy from the deterministic case to the stochastic one,
madé the programming of building works a more realistic

.
exercises Unfortunately the other concepts like precedence
betuween activities, objectives criteria, existence of
time/cost trade-off curves were neither challenged nor
fnvestigated 1in great depth by practioners or research

workers in the area.

it was decided to undertake an analysis of several
concepts involved on site programminge The causes of lack of
success in applying programming techniques to building sites
could be related to difficulties associated with the
practical aspects 1involved in the application of these
technical conceptsy or with the obtention of production data

to support them.
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This seétion will examine the concepts Ulisted
belou?:

- definition of activities;

- activity's durations;

- precedence relationship between activities;

- sequence of work on house building sites of
repetitive nature;

- resources required by the activity;s

- productivity modellings

- pstimation of activity®*s duration and
resources required;

- trade-offs between durations and resources
reguired by the actiwities]

- total Level of resaurces allocated to projects
throughout the project duration;

- setting of objectives criteria.

As already mentioned in the introductiony each of
these aspects 1is treated in greater depth 1in separate
studies by the avthor. The ideas contained in these separate
reports are summarized here. The various concepts are

grouped according to the contents of the reportse.
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2.2.2 The Concepts of Activity's Definition,

Durationy Precedence and Sequence of Hork

Authors Like Fine and Forbes {1977) showed the
difficuties associated with ‘identifying activities or
operations on site. Pigott observed the discontinuity of
work in the operations; the workplaces uere visited several
times by the trades concerned 1in order to finish particular
taskse Forbes (1977) reported that due to discontinuity more
than 360 operations were observed on sites where

theoretically just 100 wmere programmed and needed.

Several authors proposed to estimate activity*s
»

duration by dividing their labour content by the size of the
gang assigned to the jJob {(seey for exampley, Barroso-
Aguillar—-1373y Butchery Halpin and Woodhead-1972y and
Preston)y or by correlating linearly the activity’'s Llabour
content to its duration (Duff-1980). No evidence supporting
these tuo approaches of correlating Llinearly duration to
Labour content was found 1in some reports of productivity
studies on site dealing with a similar relationship, that
{sy total cost or Labour consumption and total project
duration. The author did not find such direct relationship

between Labour content and activity's duration on the three

housebuilding sites he 15 studyinge.
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It was observed on particular sites that the
operations were performed 1in parallel rather than in
sequence as the programmes of wWwork would recommendes Hall and
Batly and Roderick reported respectively the analyses of
br idge construction and a one-off commercial building where
this happenede The author observed the same phenomenon on
the three thouse building sites he is investigating at the

momente

Apart from this parallelisnm, the precedence
relationship between activities is not absolutely rigids. For
exampley painting and floor tiling are activities that can
be rearranged either as preceding or suceeding 1in order to
produce a better scheduling; the need for windows to proceed
with the dry trades ’could be overcome by management
decisions Like the use of temporary plastic cocoons. Its is
clear that this flexibility in terns cf activity's

precedence should be taken into account in order to optimize

the scheduling of activities.

Finallyy the various trades did not follow the
same sequence of work from block to block on the sites
observed by the author. Fer exampley, the dry-linings stage
of Mork was tackle in a different order than the decoration
stage. The precedence relationships and the principles of

the Line of Balance tlethod (see lLumsden) wWould dictate that



PAGE 16

the use of the same sequence of work by all trades 1s the
more rational way of programeming and performing the various

tasks of the project.

The variability of activity's duration is
discussed in the next section, since it has been associated
sith the variability 1in the quantity of resources required

by the activitiese.
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2+.2.3 The Concept of Resources required by

the Activities

The variability of operatives output on
construction sites is very Larges Similar activities,
undertaken by different contractors on different sites are
subject to a coefficient of variation betueen 30-30 %X in
terms of the amount of }esources required (Gates and

Scarpa-1971y and Bishop-1355)a

Variability within a construction firm should be
»
Less and it is considered to have a coefficient of variation

between 10 and 30 X (Bishop-1965yand Walker-1271).

The range of resources required by similar
activities on a construction site is wvery large. Shipley
reported a range 1:10. Fine (1975) gave an example related
to pile driving with a range also of 1:10. Bishop (136%2)
found that ranges of 114 sere common on building sites
observed by the Buitding Research Establishment during the

late‘QO's and the 50%s.

Carr and Brightmanns Rodericky and the author came

to the conclusion that the deployment of Llabour resources to
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the activities or stages of mork followed a ®s™ curve.
Similar ®"s™ curves have been used to represent the

allocation of resources to the project as a wholes

The review of the Lliterature showed that resources
required by the activities are undoubtelly stochastice. The
variability poses complicated problems to the estimation of
resources required based on previcus experjence (Fine-1975):
respurces required by the activities on previous projects
are only a sample of wvalues from a distribution mith a
unknown averagey standard deviationy and prcbably a wvery

Large range of’values.

]
If activity's durations are obtained dividing

lgbour content by the number of men assigned to the joby the
high varifapility 1in resources required automatically
dictates a high variability 1in durations. So Ffar the
varjabitity of durations has not been treated separately
from the wvariability of resources requireds There are no
quantitative information about the range of wvariability of
activityﬁs duration that can be expected other than the
great number of works dealing #ith the probabilistic nature

of resources requirede



PAGE 19

The fact that productivity on some projects is
variable and 1%ts prediction 1s innacurates as it will be
seen latery Lled to development of stochastic programming
modelse These modelsy like PERT and simulation modetsy are
able to predict the most Likely completion times of the
project and the probabilities of overruny once final
completion dates are sete Their major shortcoming 1is that
they provide only information about the completion date of a
projecty without giving any guidance about the timing of
intermediate milestoness 7Tn other wordsy it is not possible
to decide upon the dates of intermediate milestones with the
information provided by these stochastic models: once
intermediate Qilestones dates are decided wupon by the
programmers the constraints within which the model was
originally run are not valid any longer. Usually, PLZRT and
simulation models do n;t have constraints related to the

intermediate due datese.

Britneyy for exampley showed that the project
programmer should take the activity?®s durations greater than
the most Llikely ones if the <cost incurred in achieving also
intermediate milestones is to be minimized.‘FERT uses the
most Llikely duration as the activity's duration. Jeumell
indicated that the optimal scheduling of activities in an
stochastic environment depends not only on the variability
of activity's durationy, but also on the amount of extra

effort that 4s necessary to input to the project to recover
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from scheduling deviations, making sure that {intermediate
due dates are reachede The simultaneous accomplishment of
intermediate and final due dates is part of the complexity
of the programming issuey that «ill be dealt with in a

further section of this reporte.

The problem of defining the intermediate

milestones is of particular importance in the construction

industry, relying on a great number of external
participants, Like subcontractors, materials suppliers,
public authority connecting servicesy etCew Conuwell

suggested that,at the strategic Llevely, management should be

preoccupied only with the definition of the intermediate

milestones of a projecte Detailed planning of smorks and the
»

use of programming techniques should be confined to the

tactical and operational levels of management. Further

discussion on the dimportance of defining correctly the

intermediate due dates will be found in the section dealing

with the complexities of the planning problene.
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2+.2¢4 The Concept of Productivity Modetiing

The variabitity wusuatity found in the \activity's
durations in the amount of resaurces requiredy and 1in the
tevel of resources available on site could theoretically be
modelted by factors affecting productivity Like weather,
size of contractss workmanships asount of supervision

avallabley incentive schemesy motivat ions etces

Some factors were already exhaustively
investigated iq the literaturey as it is the case of the
meather (see Benjamin and Greenwaldy Clapp-1966y 5rimm and
Wagnery and Smith and Ramlings)d. Difficulties associated

>

Mith the use of factors to model productivity are given

belowe.

It is relatively easy to quantify the influence of
meather on productivityy but Clapp (1366) showed that it
should be tooked at in five different angles J(decreased
productivity, increased absenteismy decreased number of
hours in the working weeky increased time spent on repair
worksy and decreased productivity on alternative Jjobs uhile

external swork is disrupted by bad sueatherd.
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The so called Learning Phenomenon requires
specific conditions on site in order that it could develope.
Forbes (1977-1)4y Gates and Scarpa (1972)s and the Committee
on Housingy Building and Plannings ONUs sai¥d that learning
would occur only in the presence of good management on site,
continuity of uork, and a sufficiently large number of

repetitionse.

The influence of the number of hcurs spent on
supervis fon had been the object of wmorks by Halker (1972),
and Logcher and Collinssy but no undisputed statistical
evidence wWas f?und, due to the relatively small amount of
supervision hours spent on warious sites. Prchably 1t will
never be possible to get =more than gqualitative evidence

»

about the Llewel of supervision to be used a project and its

influence on productivity.

In generaly studies about factors affecting
productivity are not conclusivey there ié Little information
publishedy and results obtained by different others are
hardly comparable. It is doubtful if a sufficiently large
number of cases could ever be obtained to draw statistically
significant conclusions about the dinfluence of particular
factors; Different factors affecting oproductivity can occur
simultaneouslyy introducing additional complications in the

statistical analysise For exampley, repair swork can be caused
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by bad wmeathery lack of supervisionsy Lack of skill, high
level of workmanship required by the clientsy or purely by

accidenta

Some of the factors affecting productivity can be
related directly to individual crews or operations, It is
the case of the use of equipment, operatives training and
skillsy subsoil conditionsy overtime and incentive schemes.
Dthers can be related only to productivity as a wholes Like
absenteismy labour turnover, safety, the disruptive effect
of constant variation ordersy repzair w#Worky etc. HWeather
influences the,progress of siork on site both at the level of
the activity's productivity and at the Level of productivity

associated with the whole site (Clapp—~1966).

Factors affecting productivity can Influence
different participants of the construction process. For
examples the influence of supervision and motivation can be
considered at tihe operative level, at the foreman level, at
the site engineer Llevels up to the <c¢lient and construct ion
company managerial Llevels Likewisey financial constraints
imposed by government action will be fett by the building
company Jitselfy by the <clienty suppliers, designers and

subcontractorse.
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Difficult site access and subsoil conditions,
repair worky and wvariation orders tend to 1increase the
Labour content of activities. Other factors affecting
productivity Like fFncentive schemesy mot fvation, and
training may dincrease the output of operativese. HWHeather,
absenteismy and unbalanced creuws can be expected to decrease
the operatives? output. Architectrs and authority?®s
approvalsy labour and matertals supplyy and Llack of good
programming of sorks tend to delay' the building processys
without necessarily increasing the cost of the project, if
management could succesfully deviate resources to other
projects. The modelling of productivity 1is made more
complex by th?se different ways 1in which some factors

influence the building processa.

Carr developed a sf¥mulation model capable of
incorporating the influence of factors af fecting
productivity in the calculation of activity?s durationse. The
crux of the matter is the obtention of reliable quantitative
values to be used as the factors modifying the activity?®s

durations in order to make the simulations realistic.

Kellog 1introduced the concept of hierarchy of
factors affecting productivity. His approach is designed to
Llook at the construction industry productivity ¥n a broad

macro-economic sensey but jt could easily be extended to the
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model Ling of productivity on site. The mferarchical approach
seems to be a sensible way of dealing with the great number
of factors affecting productivity and their relative
importances It could be suggested that only the most
important factors affecting productivity should be
jnvestigated and used in production modellings accepting the
fact that a good part of the variability of productivity on
sites which would be caused by minor factors, cannot Dbe
adequately explained due to the lack of statistical feedback

information.

Variagions in productivity can be controlled or
reduced using the knomledge derived from the study of
factors affecting it. Neverthelessy in practice there will
be alsmays a residual v;riability represented by partially

uncontrollable factors Like weather, client wvariation

orderss and subsoil conditions.

Baldwuin investigated the ranking given by
architectsy contractorsy and engineers to several causes of
delay in the construction industry. Attendance of
subcontractorss weathery and labour industrial relations
problems were given the three top ranking pesitionss No
other classification of factors affecting productivity or

causing delays was found in the Literaturee.
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Several authors showed that “"good wmanagement®™ 1is
the reason behind the correlation of some site indexes and

productivity. Low non-productive time, development of the

learning ph=nomenon, good safety records, worker?®s
mot ivation, the successfull application of incent ive
schemessy the willingness to work under bad weather

conditionss good quality of work and prompt red>air of
defectsy the wuse of improved methods of constructiony and
the successfull use of programming techniques were observed
to occur simultaneously with good management practices. 1In
this sensey good management soutld occupy one of the top
positions in the hierarchy of factors affecting
productivity. }t went without saying the difficulties of
defining what is understood by good managementy and how a
good wmanagement factor could be established to model

productivity.

The learning phenomenon could represent a set of
factors affecting productivity that are related to the
continuity of sork on sitey Llike bad weathere Labour
turnover and absenteismy materials shortagey equipment

failurey and subcontractors attendance.
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2«2e5 The Concept of Estimating

Activity®s Durations and Resources Reguired

The process of estimating durations and resources
required was ftound to be ‘innacurate by some research
sorkerse The review of the Literature points out case in

Wwhich:

- activity's durations were underestimated by 20
to 50 %y that isy real durations are between 25 and 100 %
greater than in?tially estimated (Kidd and Morgans, King and

Wilsony King et allis, and Roderick)s

- resources required by the activities wuere
underest imated by 20 to S0 X (Ashworth-April 1989, and

Roder ick);

- apart from those biasesy, it mas found that
estimating techniques uere not able to predict actual
resource content of activities Wwith a3 coefficient of
variation oetter than 20 % (Ashuworth-April 19704 Fine
(1970)y and 4YcCafferds These coefficients of variation were
obtained using normal analytical estimating techniques by

Ashworth and historical methods by McCaffer}
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Fleming and Ashworth (March 1980) found that
Labour constants published in estimating books umere not
reliable sources of information on resocurces required byAthe
activitiess Fleming shouwed that despite the technical
evolution of the construction industry during the years, the
Labour constants published in estimating books boocks did not
change systematically during the Llast century. Ashuworth
(March 1980) compared the information produced by some
estimating books and pointed out the different unit rates

given to ddentical tasks by the different sources of

informatione
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2.2¢6 The Concept of Time/Cost Trade-of f Curves

Problems associated with activity's durations and
resources required (costs) were investigated in the previous
sectionse Now it is worthahile to examine the concept of
time/cost trade-off curvesy that calls for the estimation of
several pairs of activity's duration and associated costse
These curves are represented by convex decreasing functions
relating direct <costs to perform one operaticn to the
corresponding durations. Sometimes a convex dincreasing part
of the curve is added to represent dncreased costs with
large duration§. The time/cost relationship could also be

represented by 1isolated points rather than curvese.

when first introduceds the Critical Path Method
had two major advantages over traditional programming

techniques Llike the Gantt Chart:

a) the technical precedence relationsinip between
activities could be displayed graphically 4in an easily
understandablte forme. The precedence relationship betueen
activities also prowvided a suitable algorithm for the
calculation of project total durations activity?s start and

finish datesy and activity®'s floats;
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b)» the time/cost trade-off curves uwould be able to
summarize the 1{1nfluence of several important decisions
fnfluencing the construction processy Like the choice of
method of constructiony number of crews assigned to each
operationy overtime work, etce The curves also provided the
mathematical relationships needed to optimize the schedul ing

of operationse.

The review of the Literature showed that research
work done so far failed to investigate the reat nature and
shape of the time/cost trade-off curves on building sites
and other projqcts in generale This view is shared by Davis
(1965): up to 1966 he did not find any research work dealing
with the practical aspects and the proof of existence of

a
these curves. Elvers (1971) doubted that companies would
ever prepare these curves; the preparation of single cost
and duration estimates is a major task in dtself, and

several accurate estimates would be necessary to produce

each activity?s time/cost trade-off curvee.

The author 1investigated the Uliterzture dealing
ith the following aspects associated wuwith the concept of

time/cost trade-off curves:

changes in the method of construction;
- different crew sizes and crew compocsitions;
- overtime mork;

- incentive schemes;



PAGE 31

- use of subcontractors;
- resource mobilization costsi

- resource idleness costs:

The review of the Literature concluded that only
under special circumstances it is possible to draw
activity®s time/cost trade-off cyrves. Some of the
interesting points raised by different authars supporting

this view are reported in the next paragraphs.

The Puilding company wWould be able to consider
different methods of construction ontly f {t is fully
acquainted with themy otherwise it would incur the costs of
becoming familiar weith ; neyw techniques The costs involved

in the wuse of a new technique are not really known until

some experience is obtained with thelr use on site.

Pigott shomed one example where only a restricted
number of c¢rexw compositions and sizes produced shorter
durations Wwith greater number of w®men assigned te the job.
Some large crews were totally unproductives costing more and
apparent ly taking more time to complete the operations than

smaller creus.
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Kappaz and McNally reported the contraproduct fve
effects of overcrowding the work place in the cases in wuhich
a greater or multiple crews are employed to decrease the

duration of a jobe

Blough and McGlaum emphasized the Llack of net
production gains in some projects wumhere overtime was used
continuously for more than T days. Moreovery they stressed
that due to the problems associated with dndustrial
relations on sitey it is not possivel to pﬁt only some

trades and activities on overtime worke

Incentives schemes in fact originate 1dincreasing

»
cost/time relationships, that isy decreased durations would
be theoretijcally obtained wuith decreased costs, If tﬁis is
true in practices incentive schemes are not able to produce
the classical decreasing curves generally assocjated with
time/cost relationship. Agains incentive schemes cannot be

used only with particular trades and activities, if Labour-

related problems are to be avoided.

The true costs of subcontracting are not easily
calculated due to the difficulty of enforcing prices and
duratijons agreed upon in the contractual documents, if anye.

Variation ordersy Wwhich are the rule in the construction
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industrye not the exceptionsy help to decrease the tawful
implications of prices and durations set on contractse.
Pigott showed that subcontracters were undoubtelly more
productive than the main contractor own Llabour on three
sites analysede« Howevers they uwere responsible for the
discontinuity of work on sites making irrelevant, timeuisely

speakingy the productive gains in terms of man-hours.,

Time/cost trade-off curwves obtained from the
consideration of resource w@mobilization costs (Cullingford
and Prideaux)y or resource idleness (Danocony Fine 1977-1,
Fine 13577-2, anp Kauffold) can only be applied to the whole

process of constructiony not to individual activities.

As a conclusiony it can be said that the
difficulties in applying the concept of time/cost trade-off
curves to the programming issue are relatéd to the problem
of calculating accurately the real costs and durations
associated with the factors listed abovey Like change in the
production methodsy wuse of different crew sizesy overtime

sorky etcee
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2¢2.7 The Concept of the Actualt Level of

Labour Resources available on Site

Once the site programmer decides about probable
activity's duration and resources requiredy the next step is
the definition of the total lLevel of resources to be made
avzilable on site. The required level of resource on site
can be obtained in two different ways. It could be set as a
function of the already scheduled activities and thedir
resource reguirementsy or it can be imposed by external
considerations. Cullingford and Prideaux proposed a model to
optimize the resource profile of a project before actually
scheduling the activities and defining their durations and
resource requirements. BGates and Scarpa (1976) suggested to

o

define the resource profile based on practical experience

and past recordse.

Resource Scheduling techniques are used to
atlocate a Llimited gquantity of resources to competing
activitiesy thus defining their start and finish dates (see
Rickardy and ICL-FertDisc)s Resource Levelling is used to
smooth peaks and valleys in the resource histogram
previously obtained by just aggregating the resources
required by 1individual activities. Optimization techniques
call for the simultaneous use of Resource Schedulings
Resource Levelling and Time/Cost Trade-off techniques (see

Kauffold).
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Up to nowy research uork bhas been considering the
resource levels associated ruith building projects as
deterministic parameters« Any wvarfability in thé actual
level of resources available on site was theoretically
modelled by the wvariability 1in activity?s duration or
resources requireds The author proposed 1in his report about
resource Levels on building sites to separate this tuo
causes of variability: causes of productivity wvariation
related to resource fluctuation should be separated fron
causes of productivity wvwariation intrinsic to the nature of

the activities.

?

The author fdentified Labour absenteism and labour
turnover as tuWo causes of variability in the actual level of
resources available on gite. The review of the Literature
shosed that very Little is know in quantitative terms about
these two common features of building sitess Staggering
figures sere presented by some authors; for example, Bishop
(1968) stated that the Llabour force could be 56 X larger or
smaller than in the day beforee. Average losses in the

number of man-hours avafilable due to absenteism mas found to

be as high as 8 X in some projects.

Barroso-Aguillar (1973)» considered that the
magnitude of absenteism deserved the application of a Linear
programming technique to allocate the wvariable number of

sorkers that turn up daily.
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Tuo other absenteism-related problems were
fdentified. Firstly, Pigott concluded that the discontinuity
of work on site was caused by subcontractors working
simultaneously on various sitesy aluays Llooking for *snags-
free runs of wWwork' and moving from site to site as soon as

production difficulties mere presented.

Secondlys a NEDO report (1376) dealing uith
industrial plant construction showed that on average 10 % of
the datly working day was lost due to Late arrivals and

early departures to and from the work place (not necessarily

to and fron tpe sited. The author found some similar

gualitative evidence on the sites he studied. His

observations also suggested that the distribution of
B ]

resource availability during the day followed a comdlicated
patterns The existing evidence dndicates that resouces
should not be considered available on a constant basis

throughout the smorking daye.

Another source of wvariation in the actual level of
resources available on site is the non-productiye time found
on building operationsa Non-productive time was
consistently found te be in the region of 20-50 X
(Forbes-1365y 1971y 1%77-1y 1277-2y Logcher and Collinss the
NEDO report-1376, and Stewart and Torranced)e Obviously non-

productive time <could be included 1in the estimates of the
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labour constantsy but Forbes (1977-2) suggested that it
should be treated as a global figurey as a particular
characteristic of buitding sites or building companies. If
this 1is the cases non-productive time would be better
considered at the level of an aggregate figurey, Like the
total Llevel of resources available on site. Despite the
evidence that non-productive time {s a characteristic of
each particular sitey Bentley showed that non-product ive
time wvaried with different types of activities within a
sites, It could also be expected to vary throughout the
project durationsy dailyy uweeklyy monthly, or according to

the season of the year (Clapp-1966 and Pigott).
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2«28 The Concept of Objective Criteria

Construction sites pregrammes of work can be
obtained by several different methodss ranging from network
techniques to simple contractual arrangements betwezen the
participants of the building process. Schedules of work can
be differentiate by the attainment of certain management
objectives. These management goals are the objective

criteria used to compare different schedules.

The gpjective criteria are generally related to
quantifiable measures of the construction process,y, but there
is no theoretical problem to extent their evaluation to the

’
shole Lifecycle of a projecty from desfign to utilizatione.

Subjective and qualitative measures can alse be introduced

as the objective criteriaa.

Some objectives are not easy to transform in
monetary waluess Yt is ths casey for exampley of the pol icy
commitment of somevbuilding companies of handing over the
projects fhey undertake always on due datesy whatever the
difficulties they might facee This good completion record
that the company ccould offepr to prospective clients probably
would be associated with a higher markup margin at the

tendering stage. Complex risk analyses would be called in
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to help transform this subjective criteria of handing over
projects alWways on time 14n quantifiable measures. To the
best of the author?s knowledge this approach was not yet

tryed successfully by research worke

According to Fendleyy the m®most common objective

criteria are the ones related to:

- project duration (deterministic and
probabilistic view);

- resource utilization; level of resources
required to undertake the projecty fluctuation
in sesource requirementsy and resource
idleness;

- number of projects or activities being

>
undertaken simultaneously.

Lichtenberg stated that all this measures of the
Qquality of projects are genuinely correcty but that they are
in fact sub-objectives to be attained during the
construction phase. He said that up to now one of these
sub-objectives has been taken as the more {important oneqband
the others abandoned. The real objective would be a weighted
measure of all sub-objectives.s Some other authors also
proposed this weighting technique but uwithout solving the
problems associated with the subjectiveness of how to set
the weights to. the wvarious objective criteria being

considered simultanecouslye.
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Lichtemberg tried to transform 1into cost elements
all aspects related to @ set of objective criteria. Project
durat fony resouce utilizationy work 1inventoryy and other
factors Like overtimes mobilization costsy etce. woutd be
represented by their cost {mplications over the project
construction. The objective criterion would become splely
the minimization pf total present project <coste. The main
criticism is that this technique would eventually require
the consideration of the whole management problem (supply of
materialsy personnel administration, client and contractor
relationships cash flouw analysisy sfite productivity, etce)
within the programming technique. This encompass ing
approachy despi?e the fact that 1t §s theoretically sound,

will be shown unpractical Later on this report.

Another major difficulty associated with the
concept of programming objective criteria is houw to evaluate
their effectiveness in terms of the intermediate and final
results obtained during the construction phase,
Bromilow (1562) showed that project durations were on
average 49 % greater that stated in contractuwal documentsys
but projects using programming techniques had durations only
1 X greater than initially agreed. It was not possible to
distinguish the effectiveness of good schedules as opposed
to bad schedules (or the effectiveness of schedules capable
of attaining good and bad measures of a particular odjective

criterion)e The most important factor 1in order to achieve
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final due dates was to have a programme of uWorkss no matter

how it was obtainede.

Studies by the Environmental Research Group of the
University College - London - €1974) came to the conclusion
that buitding project durations were a function of the state
of the construction actiwvitye. Depressed markets led to Long
project durationss wshile booming markets Lled to the rapid
conclusion of projectses The positive effect of programmes of
"work in keeping project within the contractual periods wuas

not reported.

Authors Like Gates ancd Scarpa (1976)y Handa et
allisy Kleinfeld, Lema;;any and Clapps and W. N. Perry
suggested that respurce profile curves could be obtained by
historical methods rather than by resource aggregation used
in conjunction uith programming techniques. This means that
advantages and disadvantages associated with particular
resource profiles on site could have been achieved either by
the wuse of the programmimg technique dtselfy or by the

natural tendency of projects to follow specific resource

profile patterns.

Dther objective criteria Like resource

mobilization costs and resource idleness were found to
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depend respectively on the state of activity in the
censtruct fon 1industry (Soeterik)y and on the quality of
management (Forbes 1977-1, Logcher and Collinsy Miller-1977,
and Smith and Rawlings)s rather than on the characteristics

of the programme of wmorke

The information provided 1in the preceding
paragraphs Lleads to the conclusion that the objective
criteria normally set to programmes of work are not able to
distinguish between good and bad schedules. This could be so
mainly due to three reasons: firstly because it is difficult
to evaluate tﬁe Iinfluence of a particular schedule on the
success or failure of the construction phase of a project;
secondly because some of the objective criteria are

»
influenced by a great number of outside factorsy not only by
the characteristics of the schedule; and thirdlyy because

generally the case is for multiple objectives and not for

single onese.
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23 The Complexity of the Programming Issug

and its Relationship with other Areas of

Management

The programming 1issue has a complex mathematical
naturey even not considering related aspects of management
like cash ftow, incentive schemesy cost estimatingy etce
{Davis - 15966). It 1is generally accepted that the exact or
optimal progrimming techniques are of Little wuse to the
scheduling of construction works due to the restricted
number of wvariables that they can handle (Butchery Burt,
Dresstlery Prestony and.Shaffer). The optimization obtained
using these exact techniques can be considered in fact a

sub-optimizationy because a great number of wvariables are

Left outside the programming modelse.

Great part of the research effort 3in network
programaing technigues #sas devoted to the optimal methods
Like linear programmings dynamic programmingy backtracking
methodss and stochastic programminge The results of this
research effort bear wvery Llittle relationship w#ith the

construction programming problem.
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Resource Levelling and Resource Scheduling,
time/cost trade-pff analysigsy scheduling to satisfy
different objective criteriay factors affecting productivity
and resource wusage on sitey stochastic nature of the
building processy etcs are all 1{mportant aspects of the
programming problem that should be considered 4n a greater

or lesser extent in each particular project.

Furthermorey due to their own nature, the
programming techniguesy especially the’ones based on network
conceptsy could be used to help perform several management
funct jons Like Project cash-flowy pay-roll, cost accounting,
calcutation of contractual claims and the Like. Building
companies are in general undertaking a great number of

>

projectsi there is no theoretical difficulty in modelling a

number of simultaneous projectse.

The simultaneous modelling of all the above
aspects results in a huge combinatorial problemy perhaps
proibitively expense to be dealt with by computer
simulations needless to say by the exact mathematical
methods. In practical terms, the number of wvariables that
can be handle {is Llimited by the computing facilities
availabley by the objectives of each companysy or by the time
taken to prepare the necessary 1input data. Some examples of

research work trying to put together programming
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considerations and other aspects of management are reviexed

in the next sectione.

The programming problem should be hierarchized in
its strategicy tactical and operational aspectss and each
aspect should be considered on Jts owne. Harris and Evans
(1277) reported some experience wmith the management of
construction sites using programming models and strategic
and tactical decisions. Borcherding said that policy,
strategic and tactical decisions by management help to

simplify the programming probleme

Several examples can be given on how decisions at
a higher level mightj help to simplify the complex
programming problems For exampley the implications of the
time/cost trade=-off curves in the scheduling of activities
on site can be made simpler if one of the main sources of
these trade-offs, that isy overtime worky is ruled out by
strategic or even policy decisions. Authors Like Blough and

McGlaum shouwed the totally detrimental effects of overtime

on productivitya

The productivity improvements caused by the
Learning Phenomenon (Gates and Scarpa-1©72) can be

disconsidered if the company decides tactically to undert ake
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two projects in the same areay using the s;me pool of labour
to tackle the Jobsy as it s common practices The
discontinuity of swork caussed by the constant movement of the
operatives from one site to another would almost certafnly
prevent any improvement in productivity due to Llearning
(see the Committee on Housingsy Building and Planning Report
- ®"tffect of Repetition on Building Operations and Processes

on Site").

Pattersony recognizing the sizeable computing cost
involved in the programming techniquess investigated methods
of previewing jthe performance of different scheduling
heuristicse Instead of applying a number of different
heuristics to a specific project and incurring the cost of
this computing exercise: he thought it smould be better to
apply only the heuristic with the best chance of attaining

near optimal results,

The problem of costs of implementation and use of
the programming techniques remains open to discussion.
Lingy summarizing the work of other researches and reported
practioners experiencey said that the programming costs
durinj the pre-construction and construction phase wuere in
the region of 1 to 2 X of the total project costs. Ruthors
Like Lumsdeny Patterson and Rickard claimed potential cost

benefits of the application of programming techniques in the
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regfon of 5 to 20 X« 1If this is soy there is a great scope
for more and more effort to be applied to the issue of
programming the constru;tion of projects. The | ever
increasing availability and capacity of computers indicates
that the costs involved in programming site works would tend
to decrease in the future. Hith this 1increase in computing
facilitiesy more and more of the complexities involved in

programming could be tackled in a cost effective may.

Unfortunately the experience accumulated in
scheduling applied to manufacturing 1dindustries and research
projects cannot, be directly used in the construction
_industrys du= to the singularity of its programming problem.
Fach of these areas of application of programming techniques

> ]
has special characteristicse.

Research projects are totally stochastic in
naturey in general no previous experience is available on
durations and resources required. Availability of resources
is not a problemy if the prospects of the research project
are goode The total project duration is generally the mest

important objective criteria to be attainede.

Manufactur ing industriesy producing great guantity

of goods wmith unitary low values as opposed to the relative
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high value of the construction industry producty face a more
deterministic process and a more controllable environmente.
Once the production process 1is started, the flouw of work
should be smooths making the dntervention of management
unnecessary in the short run. Resources and deadlines are
absolutely defined and should be respectede The most
important objective criteria is the achivement of minimum

production costse.

In the construction industrys the environment is
partly uncontrollabley some experience <can be gained from
previous projec}s but each project 1is uniquey and the
process was shown to be stochastic in naturee. Costs and
completion times are regulated by contracts. Theoretically
they should be equally 1;portant as objective criteriay but
.Bromilou (Feoruary 1971 and Re. Harris showed that clients

are more preoccupied with keeping the total costs withinm the

budget that with sticking to fixed project durations,

Howevery the most 1important distinction between
the programaing problem in the manufactqring industries and
in the construction industry is that 1in the Latter there is
a group of personel constantly available on sitey or at the
building company officey whose job 1is to intervene in the
construction processy correcting deviations from the

schedules This potential wuse of the management presence on
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site should be explored in the initial programming stages.
Kauffold classified the programming techniques according to
their suitability to the various types of 1{ndustriesy but
did not pay attention to this particular presence of

management in the construction industry cases

Some research worky while recognizing the
stochastic environment of prcject programmings, used the
concept of ™average® results obtained using a specific
technique in a number of simulations. Projects are such in
the construction dindustry that the contractor will not face
a sufficient nymber of repetitions to take advantage of
®average® resultse. In the manufacturing 1industries the
number of repetitions is largery and the company can rely on
average simulation resul;s to decide upon the applicability
of particular techniques. In the construction {industry the
programmes of work should be sufficiently robust to overcome
problems caused by the great number of wvariations in
productivity, delays and deviations from schedule that could
occurs The programme should be optimized to produce a
sufficiently good result in terms of the objective criteria,

whatever the conditions to be faced during the project

construction.

This concept #xas firstly idntroduced by rFendleye.

A good example 1is the change of objective criteria as the
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project s being built. At the tendering stages the
achievement of due dates is of paramount importance to the
client. As the project progressesy 1t could happen that the
amount of wvariations orders or the dirregularity of pavments
by the client is such that the initial contractual
commnitments in terms of due dates are meaningles, and the
contractor could change to the objective <criteria of
minimizing his overall costse. The initial programme of
dorks should not impose severe constraints to the
rescheduling of site wmorks taking dnto account this newu
objective. Some programming techniques, Like the ones
introduced by Fritskery are able to consfider a uwhole range
of circumstancei that could be expected to arise during the
project construction phase« Neverthelessy these techniques
are still not able to dncorporate probable changes in the

E
objective criteria.

After the following sectiony this report returns
to the examination of the rocbustness of the 1initial
programme of works in face of the updating of the schedule
and site w@management. The coapromises betueen decisions at
the programming stage and possible wupdating actions are

further discussed.
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2.3.2 Some Examples of Research Hork

incorporating other Management Aspects

into the Programming of Construction Sites

Abdulmajid related the programming of house
building projects to the availability of resourcesy Like
tradesmen and bricksy at a macro-economi level. It is clear
that the resources awvailable as a whole 1in each regiaon
should be relatedy among other factorss to the time taken to
built the »projecte In other sordsy the programming of
activities for each 1individual project should somehou
consider the p:esent use of construction resources at the
regional Llevel. As a corollaryy it can be said that in
vertically 1integrated builtding firmssy that 1isy the ones
dealing also in the area’ of supplying or producing buitding
componentsy it is necessary to determine at wuhat level the
programming of works should be optimized. The programming
could be considered at the whole company levely or only at

the construction division lewvel,

Barroso-tguillar {(1%73) related the problems of
~scheduling of activities and stock control of materials on
building sitess The modelling complexity is great even at
this level of integration of different management functionse.
Barroso-Aguillar opted for optimizing the scheduling of

activities and theny given that scheduley, optimize the stock



PAGE S2

of materialse This approach led to the suboptimization of

this two aspects taken together.

Paulson (19714 1975) tried to explore at fts
fullest extent the capabilities of modern man-computer
systems. The whole process of construction management,
including product ion feedbacks estimating and scheduling of
activitiesy methods improvementsy and the analysis of the
time/cost implications of different methods of work would be
made possible by powerful computer facilitiess data storage,
and other »office equipment. This research project was
partially abandqred in recent years, probably due to the
costs bof developing this complete managerial information

system.

Moavenzadeh considered the progress simulation of
tunnel constructions taking the physical characteristics of
each section of rock being drilled as stochastic variables.
The amount of computer efforty, given by the number of
repetitions needed 1in the simulation exercisey showed the
practical difficulties of including more and more variables
in the programming of saorks on site. Moavenzadeh did not
include the trade-off between greater rock exploration costs
before the start of the project and the benefits to the
schedule of a more accurate knoWwledge of the rock drilling

characteristicse This trade-off betuween .greater costs



PAGE S3

incurred in getting information about the site and improved
accuracy of the information is suggested by Bjornsson. The
consideration of this trade-off mould add a neua dimension to

the programming problenm.
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2.3.3 The Updating Problem

2+323«1 The Decision of when to update a Project

After the analysis of the applicability of some
technical concepts to the programming issuey prospective newu
users of the scheduling techniques should consider what sort
of problems can be expected in the  updating of the
programmes of uorky and in the collection of site production

feedback datae.

It was already mentioned in this report that the
application of the progr;;ming techniques to building sites
sias considered a good example of 2 deterministic approach,
that isy once activities and resources are scheduledy, no

substant ial discrepancies between what is planned and what

Wwill really occur on site should be expectede.

The review of the Uiterature showed Nutall_(1965)
as the first researcher using a stochastic approach to the
programming of .building sitess From that time ony
observations of building sites have shown that variations in
productivityy deviations from scheduley project overruns,

stoppages and breakdoswns are the norm and not the exception
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in the building industry. Frequent updates are necessary to

bring the project back on schedule. schedules.

Streeter satid that it ¥s not aluways necessary to
intervene in the project at each updating if progress on
site s not matching the programme of workss The <cost of
collecting feedback data and stopping on-going actiwities 1in
the case of resources being diverted from themy prevents
the use of wvery frequent updates and interventions. Elvers
proposed 2 function to repregsent the cost of intervening in
the normal flow of the project. In facty the updating
corresponds to a new programming of smorks, with practically
the same amount of effort 1in terms of clerical staff,
computer timey and communication to and acceptance of the

]

newWw schedule by the participants of the building process.

The type of personnel invoelved 1in the updat ing
effort is different from the type of personnel involved in
the initial programminge At the 1initial stage it 1is more
Likely that the programming department, or the estimating
departmenty is in charge of applying the techniques to the
nex projecty as the work progresses on sitey it is wiser to
Let personnel directly involved with the day to day running
of the project to perform the rescheduling of activities and

resourcese.
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It is not easy to determine when the programme of
works requires an updating. Kappaz stated that the majority
of disturbances and deviations from schedule are small and
could be 1Jindividually accomodated in the floats availables.
Tt is necessary to measure the deviations from the schedule
on a cunmulative basis to decide 1f a management intervention
i1s needed. Crit ical Rath Techniques,y for exampley, uill not
show the disruptive effect of delays in the activities

outside the main critical path.

Elvers and Ferdows examined the question of uhen
to update a perect. Clvers found that for each project a
particular strategy should be followede Ferdows found that
more frequent project wupdating does not always improve

a

project performances measured in terms of average project
completion slippages average resource idlenessy or average
number of projects being worked simultaneously. Resource

fdleness uas found to increase wmith more frequent updating

in the majority of cases studied.

Furthermorey tﬁe set of management tools available
at the updating periods 1s noat as complete as in the initial
programming periods Thus the wmhole reprogramming process
becomes more constrained. Construction methods and site
management style are already implemented and smould not be

easily changede. For exampley incentive schemes should
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preferably be in force since the start of the srojects;
overt ime umork requires a very careful timing and management
should face the possibility of using it until the complet ion
of the projects, once the workers realize their bargaining
positioni the employment of more Llabour rescurces should
consider the added mobilizatfon costs and the matching of

old and nes crew?s production ratese.

Any corrective action taken by management takes a
period of time to be implementedes Site management can hardly
afford the implementation period if the project 1s already

running behind schedules
H

»
Several contractual commitments are assumed dur tng

the course of the project: for example ¥t wmould not be easy
to reschedule delivery dates of iJmportant components, or to
convince the client about a2 tighter schedule of payments. As
the end of the project comes nearery, the scope for action
decreases (Elvers)e. The relationship betuween early
programming of worksy site management, and the updat ing

issue i1s explored further in thke section below.
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23432 The Relationship between Updating, Site

Management and the Early Programming of

Generallyy it has been observed the Lack of
emphasis on the close relationship between early programming
of wmorksy site management, and the updating iIssuee. For
exampley, the following aspects are not highlighted in the
literature: any costs incurred to obtain feedback data to
programming models could also be partly allocated to the
cost of 1improwving general management on site; more effort
allocated to prPgramming at the pre-construction stage could
determine Less costly management during the project
execution. This last praposition suggests an analysis of the

»

trade-offs between greater programming costs now or greater

management costs later,

Authors Like Barroso-Aguillar (€13873) made a
distinction between programming techniques applied to the
project before construction starts, and management
techniques used to solve the day to day allocation problems
on site. The former sould be used to set the milestones, due
datesy and objectives to be achievedy wWhile the lLatter would
just optimize the daily allocation of resourcesy swithin the

framework given by the previous scheduling.
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The milestonesy due datesy and contractual
arrangements based on the information provided by the early
programming of wmorks #1ll represent constraints to site
management during the construction of the project. It can
be suggested that all arrangements mzde wusing information
derived from the early programme of wworks should not
represent severe constraints to the wmanagement of the
projects whatever variations 1in productivity, delays and

deviations from the schedule coulc¢ reasonably occure.

The scheduling techniques used at the early
programming sta?e can be successfully wused again during the
construction stagey as part of the set of tools available to
site management to put the project back on schedule. Nutatl
{1965) compared in a sim:lation exercise the end results of
tuo different styles of site managementy 4n the first,y, a
programme of works was follosmed strictly; in the second one,
with no programmey the foreman decided which activity to
schedule next based on =2 heuristic rule of thumb. This
Latter style of management provided better results in terms
of the achievement of due dates and smaller project
duratione The rule of thumb used by the foreman could had
been wused to establish a programme, before the project
started on site. Unfortunately he did not investigate what
Wwould happened 1in the case the foremen had used the
heuristic decision rule within a previously established

schedule frameworke
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One of the reasons preventing the consideration of
the early programming of sorks and site s#management as
similar problems is the difference {n the quality of
jnformation at the pre-construction stage and during the
construction phases It can be saild that at _the pre-
construction stage the wuncertainity about the building
process is at its maximums but the site programmer has a
great deal of flexibility in terms of programming; during
the construction phase the certainity about the building

process increases and the scheduling flexibility decreases.

The ?arly programme of wmorks 1s done when the
information s in dts worst forme. More often than nots the
design is not yet concluded. During the construction stagey

» .

data used to wupdate the schedule could benefit from the

production feedback gathered in previous ueeks.

Yoreovery as already mentioneds the personnel that
usually perform the programme of vorks 1in the pre-
construction phase and the personnel that swould be involwved
in the rescheduling of activities are different; the first
programme 1is done by the programming or estimating
department; the reprogramming or management of amorks on site
should be done by personnel most directly invclved with the

day to day running of the project.
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Abernathyy, after finding that the accuracy of
est imates canv improve during the construction phase of a
projecty recommended an adaptative strategy on scheduling
and updating?:

"Action taken on early informatijon (that
§sy less accurate information than the information
obt ainable towards the end of the project) may
degrade overall project performance rather than
improve 1t. By adaptative strategy we mean the
particular pattern of rescheduling action that is
pursued over the Utifecycle of a progject. The
objective of the strategy is to minimize the sunm
of (1) the cost of rescheduling, (2) the costs of
inappropriate scheduling action resulting from the
use of poor estimatesy and ((3) the <costs of
foregone opportunities to make inexpensive
corrections at an early periode. It is appropriate
to think in terms of strategies rather than
optimal scheduling since the derivation of optimal
schedules is frustated by the presence of an
unknown component of bias (optimistic bias 1in
estimatings real durations are far greater than
estimated) ™.

»

This suggestion by Abernathy 1introduced a new
avenue for the development of research works in the area of
programming. Houwever the mathematical formulations for such
approach are not straightforuwarde Biemer and Sielkeny Burt,

Britneyy and Jewell produced interesting dintroductory

research sork in this area.



PAGE 62

Every aspect Llooked at in this research work
shouwed important discrepancies between the theoretical
approach used by the programming technigues anc realities
faced on site or at the building company office. These
discrepancies went from the difficulties in accepting the
new techniques )at the various levels of the participants
involved in the projectsy as opposed to the hopes for their
easy acceptancey formulated during the introduction of the
more powerful programmi;g techniques in the Llate 50'sy to
the Llack ot evidence from building sites supporting the
technical conceptss It should not be forgotten also the
theoretical approach used 1in updatingsy that disy each
updating can be transformed 1in a totally nem programming

problemy while it has been shown by these report that

updating is a more constrained and complex problen.

In this sensey all difficulties assoc jated with
programming dealt with 1in this report are potential causes
of the lack of success 1in the application o¢f schedul ing

techniques to the building industry.
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It 1s the case nouw of discussing the relative
importance of the various aspects as causes of the lack of

faiture in the application of programming techniques.
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Je2 Conclusions

It has been generally accepted in the Liteature
that the use of programming techniques have not been capable
of achieving the desired improvements in the management of
construction projects due to the Llack of communication to
and involvement by the great number of participants in the
building processe. The difficulties associated with some
technical «concepts, Like for example the estimation of
activity®s durationy have not been made responsible for the
apparent failure of the application of programming
techniquese. Thts view 1is not supported by the authory that
believes that the difficulties associated mith the technical
concepts came second only to the lack of change in the
managerial structure ;nd procedures inside the building

company as probable causes of failure 3In the use of

scheduling tools.

It is possible to make some distinction in the way
in which the Llack of model ling capability of the technical
concepts affects the programming probleme As it will be
discussed in the following paragraphs, the problems related
to the activity?'s duration and definitiony and the setting
of objectives criteria can be considered of fundamental
importancey while the problems related to precedence between

activitiesy variability 1in the resource requirements, and
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the variability in the total Level of resources available on
site can be overcome in a number of different wmeans us ing

the present programming technigues.

The over lapp ing noted in the precedence
relationship between activities can be considered as an
extra flexibility 3In the schedulesy to be used at an
operational or tactical level. Strategically the schedules
can be drawn disconsidering great part of the overlapping
betuween activitiesy, thus leaving some room for recovering
from schedule deviations by means of tackling simultaneously
otheruise prece?ing and succeeding activities. This use of

overlapping is probably already practised on building sites.

The problem of variability in resources required
by the activities s atready well documented 1n the
literature. Building companies could start using the
coefficient of wvariation published by wvarious authors,
until they develop their coefficientsy based on feedback
data from their own sitese It is important to note that F ine
€1277-2) suggested that the reduction of the poefficient of
variation of activity*s duration and resources required is
more important than the reduction of activity's costsy, in

terms of the cost implications of the schedules of worke
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The variability 1in the total Llewel of resources
available daily on sitey and the difference betueren the
programmed Llevel and the actual Llevel caused by, for
exampley non-productive timeesy can be Jncorparated in the
variability of activity's duration and resources required,
and in the labour constantssy respectivelye This is believed
to be the traditional approach wused so far by the
programming techniquese In his report dealing with the
mattery the author did not recommend this approach. However,
it is sensible to say that at this moment in the development
of the programming techniques there are wmore fimportant
factors related to technical concepts deserving research
attentione. The'traditional approach can still be used. 1Its
unigque shortcoming is that the production characteristics of
the activities are made solely responsible for the
deviations between plann;d schedules of sork and the actual
progress on sitey avoiding the examination of possible
causes of discrepancy at the lLevel of the whole sites as it

would be possible i§if the variability in the Llevel of total

resources avallable is treated separatelye.

Difficulties in modelling productivity should be
examined in conjunction with the variability in activityr*s
durat{on and resources reguiredy as far as possible causes
of the Llack of success in the application of programming
techniques are concerned. In 1deal circumstances,s the

perfect modelling of productivity through the use of factors
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influencing ity would reduce greatly the variability 1in
these tuwo aspectse If it is accepted that the reduction in
the variability of activity?®?s duration could be related with
greater chances of succesfull application of programming
techniquesy it 1s recommended to follow the following course
of actione Only the more important factors affecting
productivity should be used to reduce the wariability 1n
activities duration and resources requiredy Leaving
unexplained great part of the wvariability caused by minor
factors. The practical difficulties in collecting and
analysing data to study the 4Jdnfluence of minor factors
suggests that it would be better to abandon the search for

an =xplanation to every variation in productivity.
3

Primarilys the programming techniques wmere devised
to examine the time-related aspects of the projecty as final
handing over dates and intermedjate start and finish dates
of activities, The <dincorporation of the consideration of
resources requireds and hence costsy was made afterwards. As
the report showedy more recently some tentative vresearch
work tried to incorporate more and wmore aspects of
manaygement 1in the programming Aissuee. The programming
techniques are stitl in their dinitial stages of development
and utilizationy despite the fact that their most important
representativesy CPM and PERT, had already almost 25 years
of utilization. Thereforey it 4is possible to suggest that

the programming techniques should be used solely to examine
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the time-related aspects of the project while the conditions
for a more systematic approach to the wmhole management

problem are not bring about by research worke.

In this sense the whole question of estimation of
resources requiredy, wvariability in resources requiredy and
modelling of resources required can be kept outside the
programming problems Laing 4dntroduced the 1idea of *one
problemy one type of tool™, after discussing how to estimate
resources required 1in construction projectse This 1{dea of
separating the resource requirements from the schedule of
operations uai totally opposed by Skoylesy who tried to
introduce the concept of ™Operational E£stimating™. The fact
that this new approach of estimating was not accepted by the
industry could mean th;t the building companies were not
yet ready to consider simultaneously activity?s duration and
resources reguired. During the dnitial stages of development
in construction managements different techniques should be

used to perform different functions.

Accepting the fact that the programsing tgchn1ques
should be wused 1initially only to investigate the time-
related aspects of the projectsy and that average activity's
duration and their wvariability could be obtaineds the
problems associated with the precedence relationshipys

variability in resources requiredy wvariability in the total
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Llevel of resources available on sites and productivity
model ling should not in the future be related to the lack of

success in the application of programming techniques.,

Previouslys it was suggested that among all the
possible causes of the failure of the programming
techniquess the difficulties in evaluating the implications
of different objective criteria choosen by the programmer
could be one of the more 1important sources of problem. It
was shoun that the attainment of certain objective criteria,
Like minimum project durationy minimum resource idleness,
etcesy are not qnly influenced by the characteristics of the
scheduley but by broacer aspects of site management and
macro-economys Shortsighted appraisals of the production
process achievements of similar projects under different
schedules would relate the objectives attained (or not) to
the programming techniques initially used to produce the
scheduless Failure to arrive at the optimized objective

criteria values obtained during the programming stage would

be wrongly blamed on the scheduling technique.

In facty the whole guestion of hom to evaluate the
cost consequences of different schedules, after the project
is completedy is much more complex. Possibly the application
of research work to the evaluation of the contribution of

different schedules to the attainment of the = management
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goals that <can be set is beyond the capabilities of the
building research organizationsy due to the great number of
projects that should be constructed under controlled

conditions.

The ideas presented so far showed that from the
set of problems associated with the so called technical
problemsy only the problems related to activity's durations
can be ratdionally blamed for the Llack of success in the
application of programming techniques. Some of the problems
can bey and probably are being, overcome, lLike the question
of overlapping precedences Other problemsy Like th= ones
caused by the uncertainities about activity's resource
requirements are more akin to cost estimating than to time-
related technigques. Finally, objectives criteria cannot be
rat fonally blamed for the lack of success in the application
of the programming techniquesy due to the difficulties in
correlating objective <criteria, different schedulesy and

results obtained.

Bishop (1968) and Bromilow (1956%9) claimed that the
simple existence of a scheduley 1independently of its
characteristicssy was sufficient to improve substantially the

site organization and the attatinment of objective criteria.
In order to be of any use to site managementy the schedule

of Mmorks necessarily needs to have some resemblance to the
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way activities are being performed on sites Tuo aspects are
of fundamental {mportance to create this resemblance. First,
the programmed activity's durations should be such as to
adequately represent the actual durations that would occur
on site. Only in the case in which the schedule of work is
obtained externally to programming techniquesy using for
example contractual arrangements, it is possible to drop the
requirements of accurate durations for the succesfull
application of programmes of Worke. Secondy updating
exercises should be carried out during the course of the
project in order to bring the schedule on Line with the

progress of work on sitey and vice-versa

Thereforey the proper consideration of activity
durat ion and updating are directly related to the similarity
between programmes of wmork and actual progresss and hence to
the meaningfulness of the schedules to construction
management. Converselyy lack of wupdating and activity's
durations with no relationship to the time taken to perform
tasks on sitey can be blamed for the Llack of meaning of
schedules of work to the running of building sitese.

N W

The lack of updating and the complexity of the
updating issue Were shouwn as potential major causes of the
Lack of success in the application of projramming

technigques« Usually the building companies did not introduce
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updat ing procedures and management feedback systems
simultaneously with the programming techniques, probably due
to the costs of this comprehensive packagees If the econemic
advantages of the techniques are in Lline uith what has been
advocated by some research workers, the change in
proceduresy or even in the adrministrative organization of

building companiess would be worthwhile.

Lumsdeny for exampley suggested that the
application of Line of Balance prograsming techniques would
introduce such a vigorous rhythm of work on site, that it
would be better’to have a material's manager at the side of
the foremans to deal exclusively with orderingcy 1inspection,
and steoeck control of materials being consumed at a great
speede This and other organizational changes could be
brought in order to accomodate the reguirements introduced

by the programming techniques.

Finallyy the <complexities of the programming
problem as suchy should not be appointed as one of the
causes of the lack of success in the application of the
scheduling techniques. Tt is not possible to say that
simplistic programming techniques are bound to failurey if
the mere existence of schedules of sworks notuwithstanding the
accuracy in which they were able to model the building

processy uere sufficient to improve the construction of some
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projectsy making the applicatfon of these schedules a

succesfull exercises
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3.3 Suggestions for further Work

The previous section emphasized the {mportaace of

the time-related aspects of the schedulesy idncluding
activity?s duration and the updating issuey for the
succesful application of programming techniques. The

suggestion for further work are then concerned to these

time-related aspectse.

First comes the recommendation fer a greater
emphasis on the)study of actjvity?'s durationy as observed on
actual building sitess Great part of the research effort on
programming techniques applied to construction sites should
be devoted to the observation of the product fon
characteristics of the building process. These observations
using work study, time-Lapse photographyy or activity
sampling could also produce 2a host of ot her wuseful
informationsy like resources requiredy cperative's individual
performancey 1influence of factors affecting productivity,
etcee It is suggested that regional or national centres
should be establish to gather information on the production
characteristics of building sitesy imitating the succesful

example of Holland (see Van den Graaf).
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More effort should be dedicated to the study of
the intermediate milestones in the building process. These
milestonesy obtained by programming methods or by other
arrangements betuween the participants of the building
projecty are of fundamental importance in the coordination
of bujlding constructiony characterized by the great number
of participants and the Llong time scale of operationse.
Research swork so far has concentrated on the study of the
duration of the projecty on the setting of the final hand
over date. With total durations measured 1in yearsy the
final completion dates are of Little meaning in terms of
motivating factorse. The intermediate milestcnes are more
important than 3the final dates for a great number of
participants in the projecty thaty as a ruley becomes only

temporarily involved in the processe.

In the Long termy it can be suggested that one of
the first issues to be tackled by research worky after the
basic technical concépts of the programming techniques are
exhaustively investigatedy 1is the relationship between the
early programming of smorkss updatings and the dajly site

managemente.

The research work now being wundertaken by the
author at the Department of Civil Engineeringy University of

Leeds uwill concentrate on the analysis of activity®s
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durationsy as observed on three house building sites of

repetitive nature.
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