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This work summarizes a series of studies by the 
author on concepts and difficulties involved in the use of 
prograaming techniQues in building projects, in particular 
on house building sites of repetitive nature. It comprises 
mainly a throughout reviev of the literature, wtth some 
contributi~ns stemming from the practical research work 
being undertaken at the Oepartment of Civil EngiAe~ring, 

University of Leeds on acttvity•s duration and precedence, 
as observed on three house building sites. 

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

- the difficulties associated with the 
implementation of programming techniques in building 
companies; 

- the applicability of the technical concepts 
introduced by the programming techniques. The following 
concepts are critically reviewed: activity•s definition, 
activity's duration, precedence relationship betveen 
activities, sequence of work on house building sites of 
repetitive nature, resources reQuired by the activities, 
productivity modelling, est1mation of activity•s duration 
and resources required, trade-offs between durations and • resources reQuire~, tqtal level of resources allocated to 
the project, and tbe setting of objectives criteria; 

- the complexities of the programming problem: the 
inherent complexities of ~he problem and the added 
complexities introduced by updating and other possibte 
managerial functions, like stock control, cash flow, and 
methods study are discussed. 

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

Finally, the report concludes about the relative 
influence that each of the aspects could have had on the 
lack of success in the appl1cation of programming 
techniques. Sug]estions are made on how to use the 
techniques white 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 po~sible 

causes of the lack of success in the application of 
program~ing techniques. Greater research effort in these 
areas and the exploration of the capabilities of the 
programming techn1ques in dealing with time-related aspects, 
as opposed to their use to perform other ccnstruction 
management fuctions, are suggested as the course for action 
in the near future. 



1. Introduction •••••••••••••••••••••••••••••••••• 1 
2. Some Causes of the lack of Succes in 

The Application of Programming Techniques to 
Building Sites •••••••••••••••••••••••••••••••• 7 
2.1 The Probtems associated with the 

Implementation of Programming Techniques in 
Building Companies •••••••••••••••••••••••• 8 

2.2 The Appl1cab1lity of so•e Technical 
Concepts involved in the Programming of 
Building Sites 
2.2.1 lntroduction •••••••••••••••••••••••• 11 
2.2.2 The Concepts of Activity•s Oefinitio~, 

Duration, Precedence and Sequence of 
Work •••••••••••••••••••••••••••••••• 14 

2.2.3 The Concept of Resources Required by 
the Activities •••••••••••••••••••••• 17 

2.2.4 The Concept of Productivity Hodelling 21 
2.2.5 The Concept of Estimating 

Activity•s Durations and Resources 
required •••••••••••••••••••••••••••• 27 

2.2.6 The Concept of Time/Cost Trade-off 
Curves •••••••••••••••••••••••••••••• 2Q 

2.2.1 The Concept of the actual Level of 
Labour Resources available on S1te •• 34 

~ 

2.2.8 Tpe Co~cept of Dbjective Criteria ••• 38 
2.3 The Complexities of the Programming Issue 

and its Relationship with other Areas of 
Management • 
2.3.1 lntrodu~ion •••••••••••••••••••••••• 43 
2.3.2 Some Examples of Research ~ork 

1ncorporat1ng other Management Aspects 
into the Programming of Construction 
Sites ••••••••••••••••••••••••••••••• 51 

2.3.3 The Updating Problem 
2.3.3.1 The Decision of when to 

update a Project •••••••••••• 54 
2.3.3.2 The Relationship betveen 

Updating, Site Management and 
the early Programming of Works 58 

3. Su•aarr of Findings, Conclusions and 
Suggestions for further Work 
3.1 Su~mary of Findings •••••••••••••••••••••••• 62 
3.2 Conclusions •••••••••••••••••••••••••••••••• 64 
3.3 Suggestions for further Work ••••••••••••••• 73 

Bibliography 

• 

• 



PAGE 1 

The simplest of the programming technique~, that 

is bar charts, were introduced at the beginning o1 this 

century. It can be said that the scheduling of activities in 

a project has been a welt researched area during the last 40 

years. The deveto~•ent of operational research techniques 

during the Second Yorld War and the advent of the network 

techniques <CPM and PERT) at the end of the so•s markedly 

increased the potentialities associated with project 

programm ing. 

• 

The new programmin~ tools attracted a great number 
• 

of research workers in the areas of Operaticns research, 

Computing and Civil Engineering. The rapid development of 

research in this area and the increased capability and 

availability of computers made it possible to forecast that 

the programming technlques Mould fntroduce revolutionary 

approaches to almost every area of management <ptanning, 

estimating, c ost contro t, bidding, bonus payment, 

motivation, inventory, contractual claims, etc. <Antill and 

Woodhead). 

The research effort undertaken in the 60's 

considered that the network planning techniques could be 

• 
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applied undistinctly to the ~hole industry. The Construction 

Industry was not treated specifically, even in research vork 

done at Civil Eng1neering Oepartments. Ouring the first 

years of network use, the building process was consid~red a 

good example of a deterministic approach to the planning 

problem, while research projects would be a good example of 

a probabilistic approach <Antill and Woodheadt. 

During the 70's various papers questioned the use 

of network planning techniques in the Construction Industry 

and other project industries (~ehra, Oavis-1966, and ling). 

The use of the.techniques was restricted to large firms, and 
~ . . 

mainly to the planning stage. Little use was made ot them 

during the running of the p~ojects. The theoretical gr~at 
• 

advantages of the use of network planning techniques to 

manage the overall process cf construction vere not being • 

used (Popescu). 

The situation did not change in the late 7C 1 s. The 

author decided to investigate some causes of th1s apparent 

failure of the programming techniques in chamging t~e face 

of management applied to the construction industry. 

The author decided to study possible causes of the 

lack of success in the application of program•ing techniQues 
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to the construction industry. The causes can be sought at 

various levels, involving eitber the technical aspects of 

the techniques, or the managerial changes that they require. 

This work summarizes a series of reports by the 

author dealin~ with great part of the technical concepts and 

difficult1es associated with the use of programming 

techniques in building projects. 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 the • production characteristics <activity's 
t • 

duration, precedence, and resource requirementsl of three 

house building sites. Data foT this latter research work has 
• 

been gathered by the Building Research Establishment using 

an activity sampling package• and kindly made available to • 

the author. The BRE great contribution and encouragement to 

this work is deeply acknowledged. 

lt was found convenient to study possible causes 

of the lack of success in the apptication of programming 

techniques divided in the following areas: 

- the implementation of programming techniques in 

building companies; 

- the technical concepts involved in programmin~; 

activity•s definition, activity's duration, precedence 
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relationship between activities, sequence of ~ork on house 

building sites of repetitive nature, resources required by 

the activities, productivity modelling, est1mation of 

activity•s duration and r e sou r c e s requ 1 red, tra d··-o f fs 

between durations and resources required by the activities, 

total level of resources allocated to the projects~ and 

setting of oojective criteria; 

- the complexities of the plann1ng problem, and 

the added complexities of the updating requirements. 

Each of the above topics and their subdivisions is 

planned to be treated in separate reports. For exampte, "The • . ~ 

Analysis of Activity•s Duration, Frecedence and Sequence of 

Work- Graphical Software to 'enhance the printed Output from 
• 

the Building Research ~stablishment Site Activity ~nalysis 

Package• report issued by the author on January 1982 deals 

with the analysis of durations found to be far greater tban 

would be expected just considering the labour content of 

activities divided by the number of men ass1gned to the job, 

and the overlappinç of supposedty preceding stages of work, 

as observed on three house buildiny s1tes. 

The report called •so~e Causes of the Variability 

of the Level of Labour Resources assigned to Building Sites 

Programmes of Work•, issued on February 1982 reviews 

quantitative and qualltative evidence found on the 
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l1terature on the tosses and variability that can be 

expected in the number of man-hours daily available on s1te. 

These tYo reports showed that the approaches 

normally used in programming techniques had not been able to 

model adequately the production characteristics of some 

building sites. For example, activity•s duration are 

normally calculated by dividing labour content by the nurnber 

of operatives assigned to the job, precedence between 

activities is usually of a head and tail type, and the total 

level of resources available on site is normally taken as 

deterministic by the programming techniques. The reports • 
• • provided evidence about the lack of direct relationship 

between activity•s labour content and durations, the 

overlapping nature of the precedence relationship, and the 

stochastic tosses that can be expected in the total level of 

resources actually available on site. These discrepancies 

betveen the concepts of duration estimation, precedence 

definitiont and setting of total resource levels could be 

causes of the lack of success in the application of 

programaing techniques. 

~oreover, this present report purports to show 

that apart from the discrepanc1es mentioned in tbe last 

paragrah, the problems associated with the implementation of 

the programming techniques, the modelling inaccuracy of 
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other technical concepts, and the complexities of the 

progra•ming problem itself are all causes that could be 

behind the lack of success in the application of the 

scheduling techniques. The whole research project also 

envisages to select and modify techniques that could solve 

or accomodate the problems that nowadays are hampering 

further devetopment in the application of programming tools. 

The last chapter, dealing with summary of results, 

conclusions and suggestions for further work, tryes to 

evaluate criticalty the relative importance of all the 

problems affecting the mentioned lack o f success • 
• 

• • Recommendat1ons 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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Some shortcomings o f the applicat1on o f 

programming techniques that have led to the slow dovn on 

research work in the area, a state of general cr1ticism• and 

lack of confidence regarding their benefits are dtscussed in 

this chapter. 

In this analyses of the possible causes of the 

•• • lack of success 1n the application of programming techniques 

to building sites, a chronogical form of diGcussion is be1ng 

• 
presented. First, management should consider the problems 

associated with the implementation of the programming 

techniques in the company. After that, some trial 

applications of the techniques will be done to program the 

work on new projects. During these first programming 

experiments, management and programmers will face the 

difficulties associated with the technical conce~ts, as 

described in the previous sections. As these trial projects 

go into constructiont the company will experience the 

problems related to the updating issue. After a number of 

projects, the staff in charge ~ill probably become convinced 

of the complexities of the programming issue, as discussed 

in the last section of this report. 
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First of allt it can be said that the techniques 

were oversold to the industry. They were considered capable 

of revolutionary innovations on management without the 

necessary feedback of trials exper1ments o f their 

application. Building companies adopting them vere 

expecting great results immediately, which were not 

produced. Tne first attempts to use any new technique are 

decisive. The success or failure at these initial stages 
~ 

will command its future establishment as a company routine 

Csee Popescu and Borcherding) • 
• 

It 1s also worth of mention the difficulties with 

the introduction of the programming ,concepts at the various 

levels of the company. Programming techn1ques were 

understood as a tool that once used would produce good 

results: in fact they are a process, requiring the 

involvement of a great number of participants in the 

project, inside and outside the building firm. For exaapte, 

the new tecnniques introduced modifications in the way in 

which activities were normally carried out on site, 

restricting the scope for decisions by foremen and workers. 

There are some evidence that the techniques were not 

• 
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explained to foremen and site agents, or understood by tbem. 

High levels of management did not participate 1n the 

1ntroduction of the new techn1ques in the companr: in 

general they were preoccup1ed only with the end results of 

them. 

The real interest in the techniques and tbe major 

effort for their introduction were confined to the eediu• 

level of management staff (site managers, production 

engineers, and white collar personnel in charge of 

controlling the progress of work on sitet. The techniques 

really did not go to the sites, they remained to be 

applied, discussed and played with at the company 1 s ma in • 

office <Adrian-1974). 

• 

Generally it was felt a lack of production 

information data to feed the programming models. The 

programming techniques implicitly called for the parallel 

application of work study, method study, and feedback of 

production information from previous sites. Few c~mpanies 

were able to introduce jointly both programaing techniques 

and production data management information systems. Gn the 

other handt there has been no great development in research 

work trying to obtain more accurate sets of data to be used 

in conjunction with the programming techniques. There is a 

clear disparity between the capabilities of programming 
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techniques and the 

building firm, or 

organlzations. 

quality of data available inside the 

even gathered at bu1lding research 

The successfull application of the programming 

techniques tD eacb new project requires production-related 

information in connection with 

discussed in the next section • 

• 

• 

the technical concepts 

• 
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The so called technical concepts involved in the 

use of programming techniques are the definition of 

activities, the estimation of activity•s durations and 

resources required, the definition, or estination of the 

total level of resources required at each time period, and 

the settin~ of objectives to 
• . 

construction phase of the project • 

• 

be achieved during the 

The review of the literature showed that o~ly part 

of the concept of resources required by the activities was 

sufficiently investigated by research work, that is, only 

the aspect of tbe variability in the resources required by 

the activities <or complete building units) is wetl 

documented in the literature (see Bishop-July 1965, Forbes, 

Lemessany and Clapp, Piqott, Price, Shanley, Shipley, 

Walker-1970 and 1971). 

The other technical concepts introduced by the 

programming techniques have been used and accepted by 

• 
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programmers and construction management research workers 

without evidence of their applicabtlity stemming from 

building sites. 

The importance of challenging these concepts is 

illustrated by tbe fact that when the network programming 

techniques were introduced in the late so~s, building 

projects were considered deterministic as far as the 

duration of activities and the resources required were 

concerned. The work of the authors cited above and others 

showed that activity•s durati~n and resources required in 

building projects 
• are also stochastic. The change o f 

approacht from the deterministic case to the stochastic one, 

made the programmin~ of building works a more reatistic 
• 

exercise. Unfortunately the other concepts like precedence 

between activities, nbjectives criteria, existence of 

time/cost trade-off curves were neither challen~ed nor 

investigated in great depth by practioners or research 

workers in the area. 

It was decided to undertake an analysis cf several 

concepts invGlved on site programming. The causes of lack of 

success in applying programming techniques to building sites 

could be related to difficulties assnciated with the 

practical aspects involved in the application of these 

technicat concepts, or with the obtention of production data 

to support them. 

• 
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This section will examine the concepts listed 

below: 

- definition of activities; 

- activity's durations; 

- precedence relationship between activities; 

- sequence of work on bouse building sites of 

repetitive nature; 

- resources required by the activity; 

- productivity modelling; 

- estimation of activity•s duration and 

resources required; 

- trade-offs between durations and resources 

reQuired by the activities; 
• 

• - total level ~f resaurces allocated to projects 

throughout the project duration; 
• 

- settinç of objectives criteria. 

As already mentioned in the introduction, each of 

these aspects is treated in greater depth in separate 

studies by t~e author. The ideas contained in these separate 

reports are summarized here. The various concepts are 

grouped according to the contents of the reports. 
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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 were visited several 

times by the trades concerned in order to finish particular 

tasks. Forbes (1977t reported that dueto discontinuity more 

than 300 operations were observed on sites where 

theoretically just lOC were programmed and needed • 

• 
• 

Se~eral authors proposed to estimate activity•s 
• 

duration by dividing their labour content by the size of the 

gang assigned to the job (see, for example, Barroso-

Aguillar-1973, Butcher, Halpin and Woodhead-1972, and 

Preston), or by correl~tin~ linearly the activity~s labour 

content to its duration <Duff-1980). No evidence su~porting 

these two approaches of correlating linearly duration to 

labour content was found in some reports of productivity 

studies on site dealing with a similar relationship, that 

is, total cost or labour consumption and tot3l project 

duration. The author did not find such direct relationship 

between labour content and activity's duration on the three 

housebuilding sites he is studying. 
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It was observed on particular sites tbat the 

operations Mere performed in parallel rather than in 

sequence as the programmes of work uould recommend. Hall and 

Ball, and R~derick reported respectively the analrses of 

bridge construction and a one-off commercial buildiny where 

this happened. The author observed the same phenomenon on 

the three h~use building sites he is investigating at the 

moment. 

Apart from this parallelis•, the precedence 

relationship betveen activities is not absolutely rigid. For 

example, painting and floor t1ling are activities that can 
• 

be rearranged either as preceding or suceeding in arder 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 terms of activity's 

precedence should be taken into account in order to optimize 

the scheduling of activities. 

Finally, the various trades did not follow the 

same sequence o1 work from block to block on the sites 

observed by the author. For example, the dry-linings stage 

of work was tackle in a different arder than the decoration 

stage. The precedence relationships and the principles of 

the Line of Balance rlethod (see Lumsden) would dictate that 

• 
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the use of the same sequence of wort by all trades is the 

more rational way of progra•aing and perfor•ing the vartous 

tasks of the project. 

The variabtlity of activity•s duration is 

discussed in the next section, since it has been associated 

with the variability in the quantity of resources required 

by the acttv1ties • 

• 

• 

• 
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The variability o f operatives out ~tut on 

construction sites is very large. Similar activities, 

undertaken by different contractors on different sites are 

subject to a coefficient of variation between 30-~0 X in 

terms of the amount of resources required (Gates and 

Scarpa-1971, and Bishop-1965). 

Variability within a construction firm should be .. 
• 

less and it is considered to have a coefficient of var1ation 

between 10 and 30 X C8ishop-1965,and Walker-1971) • 

• 

The range of resources required by similar 

activit,es on a construction site is very large. Shipley 

reported a range 1:10. Fine (1975) gave an example related 

to pile driwing with a range also of 1:10. Bi shop ( 19 68 t 

found that ranges of 1:4 were common on buildinJ sites 

observed by the Building Research Establishment during the 

late ~o•s and the so•s. 

Carr and Brightmann, Roderickt and the author came 

to the conclusion that the deployment of labour resources to 
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the activities or stages of work followed a •s• curve. 

Similar •s• curves have been used to represent the 

allocation of resources to the project as a whole. 

The review of the literature showed that resources 

required by the activities are undoubtelty stochastic. The 

variabil1ty poses complicated problems to the estimation of 

resources required based on previous experience (Fine-1975): 

resources required by the activities on previous projects 

are only a sample of values from a distribution with a 

unknown average, standard deviation, and prcbably a very 

targe range of vatues • • 

• 
If activity•s durations are obtained dividing 

labour content by the number of men assigned to the job, the 

high variaoility in resources required autoaatically 

dictates a high variability in durations. So tar the 

variability of durations has not been treated se~arately 

from the variability of resources required. There are no 

quantitative information about the range ot variability of 

activity•s duration that can be expected other tman the 

great numb~r of works dealing with the probabilistic nature 

of resources required. 

• 
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The fact that productivity on some projects is 

variable and its prediction is innacurate, as it will be 

seen later, led to development of stochastic programming 

models. These models, like P~RT and simulation modets, are 

able to predict the most likely completion times of the 

project and the probabilities of overrun, once final 

completion dates are set. Their major shortcoming is that 

they provide only information about the completion date of a 

project, wit~out giving any guidance about tbe timing of 

intermediate milestones. 1n other words, it is not possible 

to decide upon the dates of intermediate milestones with the 

information provided by these stochastic models: once 

intermediate milestones dates are decided upon by the 
~ 

• programmer, the constraints within which the model was 

originally run are not valid any longer. Usually, P~RT and 
• 

simutation models do not have constraints related to the 

intermediate due dates. 

Britney, for example, showed that the project 

programmer should take the activity•s durations greater than 

the most likely one, if the cost incurred in achieving also 

intermediate milestones is to be minimized. FERT uses the 

most ltkely duration as the activity•s duration. Jewell 

indicated that the optimal scheduling of activities in an 

stochastic environment depends not only on the variability 

of activity•s duration, but also on the amount of extra 

effort that is necessary to input to the project to recover 
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from scheduling deviations, making sure that intermediate 

due dates are reached. The simultaneous accomplishment of 

intermediate and final due dates is part of the complexity 

of the programming issue, that will be dealt with in a 

further section of this report. 

The problem o f defining the intermediate 

milestones is of particular importance in the construction 

industry, relying on a great number o f externa L 

participants, like subcontractors, materials suppliers, 

public authority connecting services, etc •• Conwelt 

su9gested that at the strategic tevet, management should be , 
• 

preoccupied only with the definition of the intermediate 

milestones of a project. Detailed planning of works and the 

use of programming techniques should be confined to the 

tactical and operational levets of management. Further 

discussion on the importance of defining correctty the 

intermediate due dates will be found in the section dealing 

with the com~lexities of the planning problem. 
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The variabil1ty usually found in the .activity 1 s 

durationt in the amount of resources required, and in the 

level of resources available on site could theoretically be 

modelled by factors affecting productivity like weather, 

size of contracts, workmanship, a•ount of supervision 

availablet incentive schemes, motivation, etc" •• 

Some factors were already exhaustively 

investigated in the titerature, as it is the case of the 
) 

weather (see Benjamin and GreenwGtd, Clapp-1966, Grimm and 

Wagner, and Smith and Rawtingst. Oifficulties associated 

with the use of factors to model productivity are given 

betow. 

It is relatively easy to quantify the influence of 

weather on productivity, but Clapp (1966t showed that it 

should be looked at in five different angles (decreased 

productivity, increased absenteism, decreased number of 

hours in the working week, increased time spent on repair 

workt and decreased productivity on alternative jobs while 

external work is disrupted by bad weathert. 
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The so called Learning Phenomenon requires 

specific conditions on site in order that it could develop. 

Forbes (1977-l)t Gates and Scarpa (1972), and the Committee 

on Housing, Building and Planning, ONU, said that te~rning 

would occur only in the presence of good management on site, 

continuity of work, and a sufficientty large number of 

repetitions. 

The influence of the number of hcurs spent on 

supervision had been the object of worts by Walker (1972), 

and Logcher and Cotlins, but no undisputed statistical 

evidence was found, due to th~ relatively smalt amount of , 
supervision b~urs spent on various sites. Prcbably it will 

never be possible to get •ore than qual1tative evidence 

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

influence on productivity. 

In general, studies about factors affecting 

productivity are not conclusive, there is little information 

published, and results obtained by different others are 

hardty comparable. It is doubtful if a sufficiently large 

number of cases could ever be obtained to draw statistically 

significant conctusions about the influence of particular 

factors. Different factors affectin9 productivity can occur 

simultaneousty, introducing additional complications in the 

statistical analysis. For exampte, repair work can be caused 
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by bad weather, lack of supervision, lack of skill, high 

level of work•anship required by the client, or purely by 

accident. 

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 

skilts, subsoil conditions, overtime and incentive schemes. 

Others can be related ~nly to productivity as a whote, like 

absenteism, labour turnover, safety, the disruptive effect 

of constant variation orders, repair work, etc. Weather 

influentes t~e progress of work on site both at the level of , 

the activity's productivity and at the level of prod~ctivity 

associated with the whole site <Clapp-1966). 

Factors affecting productivity can influence 

different participants of the construction process. For 

example, the influence of supervision and motivation can be 

considered at the operative levet, at the foreman level, at 

the site engineer level, up to the client and construction 

company managerial level. likewise, financial constraints 

;mposed by government action will be felt by the building 

company itself, by the client, suppliers, designers and 

subcontractors. 
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Difficult site access and subsoil conditions, 

repair work, and variation orders tend to increase the 

labour content of activities. Other factors affecting 

productivity like incentive schemes, motivat1on, and 

training may increase the output of operatives. Weather, 

absenteism, and unbalanced crews can be expected to decrease 

the operatives' output. Architect•s and authority•s 

approvals, labour and materials supply, and lack of good 

programming of ~orks tend to delay the building process, 

without necessarily increasin~ the cost of the project, if 

management could succesfully oeviate resources to other 

projects. The modell;n~ of productivity is made more 

complex by these different ways in which some factors , 
! 

influence the building process. 1 
~) 

Carr developed a simulation •odel capable of 

" 
incorporating the influence o f factors affecting ) 

productivity in the calculation of activity's durations. lhe 

crux of the matter is the obtent1on of reliable quantitative 

values to be used as the factors modifying the activity•s 

durations in order to •ake the simulations realistic. 

Kellog introduced the concept of hierarchy of 

factors affectin~ productlvity. His approach is designed to 

look at the construction industry productivity ~n a broad 
i 

macro-economic sense, but it could easily be extended to the I 
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modelling of productivity on site. The •terarchical approach 

seems to be a sensible way of dealin9 with the great number 

of factors affecting productivity and their relative 

importance. It could be suggested that only the most 

important factors affecting productivity should be 

investigated and used in production modelling, accepting the 

fact that a good part of the variability of productivity on 

site. which would be caused by minor factors, cannot be 

adequately eKplained due to the lack of statistical feedback 

information. 

Variations in productivity can be controlled or 
} 

reduced using the knowledge derived from the study of 

factors atfecting it. Nevertheless, in practice there will 

• 
be always a residual variability represented by partially 

uncontrollable factors like weathert client variation 

orders, and subsoil conditions. 

Baldwin investigated the ranlcinç given by 

architects, contractors, and engineers to several causes of 

delay 1n the c ons truct i on industry. Attendance o f 

subcontractors, weather, and labour industrial relations 

problems were given the three top ranking pcsitions. No 

other classification of factors affecting productivity or 

causing delays was found in the literature. 
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Several authors sbowed that •good •anagement• is 

the reason behind tbe correlation of some site indexes and 

productivity. Low non-productive time, develop•ent of the ~ 

learning phenomenon, good safety re cords, 11orlcer 1 s 

motivation, the successfull application of incentive 

schemes, the witlingness to work under bad weather 

conditionst good quality of worlc and prompt re)air of 

defects, the use of improved methods of construction, and 

the successfull use of programming techniques were observ~d 

to occur simultaneously with good management practices. In l·! 
this sense, good management would occupy one of the top 

posit ions in the hierarchy o f factors affect ing 

productivity. lt 
) 

went without saying the difficutties of 

defining what is understood by good management, and how a 

good management factor could be established to model 
• 

product ivity. 

The learning phenomenon could represent a set of 

factors affecting productiv1ty that are related to the 

continuity of work on site, lik~ bad weather, labour 

turnover and absenteism, materials shortage, equlpment 

failure, and subcontractors attendance. 
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The process of estimat1ng durations and resources 

required was found to be innacurate by some research 

workers. The review of the literature points out case in 

whi ch: 

- activity•s durations were underestimated by 20 

to 50 x, that is, real durations are between 25 and 100 % 

greater than initially estimated (Kidd and Morgan, K1ng and 
) 

Wilson, King et allit and qoderick); 

resources required by the activities Mere 

underest imated by 20 to 50 % (Ashworth-April 19BOt and 

Roderick); 

apart from those biases, it was found that 

estimating techniques were not able to predict actual 

resource content of activities with a coefficient of 

variation oetter than 20 % (~shworth-Apri l 1970., Fine 

(1970), and ~cCaffert. These coefficients of variation were 

obtained using normal analytical estimating techniques by 

Ashworth and historical methods by McCaffer; 
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Fleming and Ashuorth (March 1980» found that 

labour constants published in estimating books were not 

reliable sources of infor•ation on resources required by the 

activities. Fleming showed that despite the technicat 

evolution of the construction industry during the years, the 

labour const3nts published in estimating books books did not 

change systematically during the tast century. lshworth 

<March 1980J compared the information produced by some 

estiaating books and pointed out 

given to identical tasks by 

information. 

• 

the different 

the different 

unit rates 

sources of 
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Problems associated with activity•s durations and 

resources required <costs) were investigated in the previous 

sections. Now it is worthwhile to examine the concept of 

time/cost trade-off curves, that calls for the estimation of 

several pa1rs of act1vity•s duration and asscciated costs. 

These curves are represented by convex decreasing functions 

relating direct costs to perform one operaticn to the ! 

correspondin~ durations. Sometimes a convex increasing part 

of the curve is added to represent increased costs vitn 

large durations. lhe time/cost relationship could also be 
J 

represented oy isolated points rather than curves • 

• 

When first introduced, the Critical Path Method 

had two major advantages over traditional programming 

techniques like the Gantt Chart: 

a) the technical precedence relaticnsnip between 

activities could be displayed graphically in an easily 

understandaole form. The precedence relationship betveen 

activities also provided a suitable algorithm for the 

calculation of project total duration, activity•s start and 

finish dates, and activity 1 s floats; 
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bt the ti•e/cost trade-off curves vould be able to 

summarize tbe influence of several important decisions 

influencing the construction process. like the choice of 

method of construction, number of crews assigned tn each 

operationt o~ertime work, etc. The curves also provided the 

mathematical relationships needed to optimize the sc~eduling 

o f opera ti ons. 

The review of the literature showed that research 

work done so far failed to investigate the real nature and 

shape of the time/cost trade-off curves on building sites 

and other projects in general. This view is shared 3y Davis 
t 

(1966t: up to 1966 he did not find any research work dealing 

with the practical aspects and the proof of existence of 

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 itself. and 

several accurate estimates would be necessary to produce 

each activity•s time/cost trade-off curve. 

The author investigated the literature deating 

with the followin~ aspects associated with the coacept of 

time/cost trade-off curves: 

- changes in the method of construction; 

different crew sizes and crew compositions; 

- overtime work; 

- incentive schemes; 
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- use of subcontractors; 

- resource mobilization costs; 

resource idleness costs; 

, I 

lhe review of the literature concluded that only 

under speciat circumstances it is possible to draw 

activity•s time/cost trade-off curves. Some of the 

interesting points raised by different authors supporting 

this view are reported in the next paragraphs. 

lhe building company would be able to consider 
• 

different methods of construction only if 1t is fully 

acquainted with them, otherwise it would incur the costs of 

becoming familiar with a neu technique. The costs involved 

in the use of a new technique are not really kno~n until 

some experience is obtained with their use on site. 

Pigott showed one example where only a restricted 

number of crew compositions and sizes produced shorter 

durations with greater number of •en assigned to the job. 

Some large crews were totally unproductive, costing •ore and 

apparently taking more time to complete the operations than 

smaller crews. 
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Kappaz and McNally reported the contraproductive 

effects of overcrowding the work place in the cases tn which 

a greater or •ultiple crews are e•ployed to decrease the 

duration of a job. 

Blough and ~cGlaum emphas1zed tbe lack of net 

production gains in some projects where overtime vas used 

continuously for more than 7 days. Moreover, they stressed 

that due to the problems associated with industrial 

relations on site, it is not possivel to put only some 

trades and activities on overtime work. 

Incentives schemes in fact originate increasing 
• 

cost/time relationships, that is, decreased durations would 

be theoreticalty obtained w1th decreased costs. !f this is 

true in practice, incentive schemes are not able to produce 

the classical decreasing curves generally associat~d with 

time/cost relationsbip. Again, incentive schemes cannot be 

used only with particular trades and activities 1 if labour-

related problems are to be avoided. 

The true costs of subcontracting are not easily 

calcutated due to the difficulty of enforcing prices and 

durations agreed upon in the contractual documents, if any. 

Variation orders, which are the rule in the construction 
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industry• not the exception, help to decrease the lauful 

implications of prices and durations set on contracts. 

Pigott showed that subcontractors were undoubtelly more 

productive than the maio contractor own labour on three 

sites analysed. ~owever, they were responsible for the 

discontinuity of work on site, making irrelevant, tiaewisely 

speakinQ, the productive gains in terms of •an-hours. 

TiMe/cost trade-off curves obtained fro• the 

consideration of resource mobilization costs (Cullingford 

and Prideaux), or resource idleness (Danoont Fine 1977-lt 

fine 1977-2t and Kauffotd) can only be applied to th~ whole 
) 

process of construction, not to individual activities • 

• 

As a conclusion, it can be said that the 

difficulties in applying the concept of time/cost trade-off 

curves to the programming issue are related to the problem 

of calculating accurately the real costs and durations 

associated with the factors tisted above, like change in the 

production methodst use of different crew sizes, overtime 

work, etc •• 
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Once the site programmer decides about ~robable 

activity•s duration and resources required, the next step is 

the definition of the total level of resources to be made 

available on site. The required level of resource on site 

can be obtained in two different vays. It could be set as a 

function of the already scheduled activities and their 

resource re~uirements, or it can be imposed by external 

considerations. Cullingford and Prideaux proposed a model to 

optimize the resource profile of a project before actually 
l 

scheduling the activities and defining their durations and 

resource requirements. Gates and Scarpa (1976t suggested to 
• 

define the resource profile based on practical experience 

and past records. 

Resource Scheduling techniques are used to 

allocate a limited quantity of resources to competing 

activities, thus defining their start and finish dates <see 

Rickard, and ICL-PertOisc). Resource Levelling is used to 

smooth peaks and valleys in the resource histogram 

previously Dbtained by just aggregating the resources 

required by individual activities. Optimization techniques 

call for the simultaneous use of Resource Scheduling, 

Resource Levelling and Time/Cost Trade-off techniques <see 

Kauffold). 
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Up to now, research work has been considering the 

resource levets associated with building projects as 

deterministic parameters. Any variability in the actual 

level of resources available on site was theoretically 

modelled by the variability in activity•s duration or 

resources required. The author proposed in his report about 

resource le~els on building sites to separate this two 

causes of variability: causes of productivity variation 

related to resource fluctuation should be separated from 

causes of productivity variation intrinsic to the nature of 

the activities. 

The author ident1fied labour absenteism and labour 

turnover as two causes of variability in the actuat tevel of 

resources available on site. The review of the literature 

showed that very littte is know ;n quantitative terms about 

these two cGmmon features of building sites. Staggering 

figures were presented by some authors; for example, Bishop 

<1968) stated that the tabour force could be 50 % larger or 

smaller than in the day before. Average tosses in the 

number of man-hours available due to absenteism was found to 

be as high as 8 % in some projects. 

Barroso-Aguiltar (1973) cons1dered that the 

magnitude of absenteism deserved the application of a linear 

pro9ramming technique to allocate the variable nu~ber of 

workers that turn up daity. 
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Two other absenteism-related problems were 

1dentified. Firstly, Pigott concluded that the discontinuity 

of work on site was caused by subcontractors working 

simuttaneously on various sites, always loo~ing for •snags-

free runs of work' and •oving from site to site as soon as 

production difficutties were presented. 

Secondty, a NEDO report (1976) dealing with 

industrial plant construction showed tnat on average 10 % of 

the daily work1ng day was lost due to late arrivals and 

early departures to and from the work place <not necessarily 

to and from the sitet. The author found some similar 
) 

qualitative evidence on the sites he studied. His 

observations also suggested that the distribution of 

resource availability during the day followed a comJlicated 

pattern. The existing evidence indicates that resouces 

shoutd not be considered ayailable on a ccnstant basis 

throughout the working day. 

Another source of variation in the actual level of 

resources available on site is the non-productive time found 

on building operations. Non-productive time was 

consistently found to be in the region of 20-50 t 

<Forbes-1365, 1971, 1977-1, 1977-2, Logcher and Collins, the 

NEDO report-1976, and Stewart and Torrancet. Obviously non-

productive time could be 1ncluded in the estimates of the 
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tabour constants, but Forbes (1977-2t suggested that it 

shoutd be treated as a global figure, as a particular 

characteristic of building s1tes or building companies. !f 

this is the case, non-productive time would be better 

considered at the tevel of an aggregate figure, Lt~e the 

total level of resources avaitable on site. Oespite the 

evidence that non-productive time is a characteristic of 

each particular site, Benttey showed that non-productive 

time varied with different types of activities within a 

site. It could also be expected to vary throughout the 

project durationt daily, wee~ly, rnonthly, or according to 

the season of the year <Clapp-1966 and Pigott). 

) 
~ 

' j 
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Construction sites prcgrammes of work ran be 

obtained by several different methods, ranging from network 

techniques to simple· contractual arrangements between 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 objective criteria are generally related to 
J 

quantifiable measures of the construction process, but there 

is no theoreticat problem to extent their evaluatio~ to the , 
whote lifecycle of a project, fro• des1gn to utilization. 

Subjective and qualitative measures can also be introduced 

as the objective criteria. 

Some objectives are not easy to transform in 

monetarr values. It is the case, for exaaple, of the policy 

commitment of some building companies of handing over the 

projects they undertake alvays on due dates, whatever the 

difficulties they might face. This go~d completion record 

that the com~any could offer 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 handtng over 

projects always on t1me 1n quantifiable measures. To the 

best of the autbor•s knowledge this approach was not yet 

tryed successfully by research work. 

According to Fendley, the most co~mon objective 

criteria are the ones related to: 

- project duration (deterministic and 

probabilistic view); 

- resource utilization; level of resources 

required to undertake the project, fluctuation 

in resource requirements, and resource , 
idleness; 

- number of projects or activities being 

undertaken simultaneousty. 

lichtenberg stated that all this measures of the 

quality of projects are genuinely correct, 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 one, and 

the others abandoned. lhe real objective vould be a weighted 

measure of alt sub-objectives. Some other authors also 

proposed this weighting technique but without solving the 

problems associated with tbe subjectiveness of how to set 

the weights to. the various objective criteria being 

considered simultaneously. 
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Lichtemberg tried to transform into cost elements 

all aspects related to a set of objective criteria. Project 

duration, resouce utitization, work inventory, and other 

factors like overtime, mobilization costs, etc. would be 

represented by their cost implications over the project 

construction. The objective criterion would become solely 

the minimization of total present project cost. The main 

criticism is that this technique would eventuatly require 

the consideration of the whole management problem fsupply of 

materials, personnel administration, client and coAtractor 

relationship, cash flow analysis, site productivity, etc.t 

within the programming technique. This encompassing 

approacht despite the fact that ;t is theoreticaltr sound, 
) 

will be shown unpractical later on this report. 

Another major difficutty associated with the 

concept of programming objective criteria is how to evaluate 

their effectiveness in terrns of the inter•ediate and final 

results obtained during the construction phase. 

Bromilow (196~) showed that project durations were on 

average 49 % greater that stated in contractual documents, 

but projects using programming techniques had durations onlr 

1 X greater than initially agreed. It ~as not possible to 

distinguish the effectiveness of good schedules as opposed 

to bad schedutes for the effectiveness of schedules capable 

of attaining good and bad measures of a particular o3jective 

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

hov it was obtained. 

Studies by the Environmental Research Grou~ of the 

University College - London - (1974) came to the conclusion 

that building project durations were a function of the state 

of the construction activity. Depressed markets led to Long 

project durations, while booming aarkets led to t~e rap1d 

conclusion of projects. The positive effect of programmes of 

work in keeping project within the contractual pertods vas 

not reported. 

) 

Authors like Gates anc Scarpa (1976), Handa et 

alli• Kleinfeldt lemassany and Clapp, and w. N. Perry 

suggested that resource profile curves could be obtained by 

historical methods rather than by resource aggregation used 

in conjunction with programming techniques. This means that 

advantages and disadvantages associated with particular 

resource profiles on site could have been achieved either by 

the use of the programmimg technique itself, or by the 

natural tendency of projects to follow specific resource 

profile patterns. 

Other objective cri teria like resource 

mobilization costs and resource idleness were found to 
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depend respectively on the state o f a ct i vi t y i n t h e 

c~nstruction industry fSoeterikJ, and on the quality of 

management (forbes 1977-lt Logcher and Collins, Miller-1977, 

and Smith and Rawlin9s), rather than on the characteristics 

of the programme of work. 

The information provi ded in the preceding 

paragraphs leads to the conclusion tnat the objective 

criteria noraally 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 the influence 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 factors, not only by 

the characteristics of the schedule; and thirdly, because 

generally the case is for multiple objectives and not for 

single ones. 

1: 
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The programming issue has a complex mathematicat 

naturet even not considering retated aspects of management 

like cash flow, incentive schemes, cost estimating, etc. 

<Davis - 1965). It is generalty accepted that the exact or 

optimat programming techniques are of tittte use to the 
) 

scheduling of construction work, due to the restricted 

number of variables that they can handte (Butcher, Burt, 

Oressler, Preston, and Shafiert. The optimtzation obtained 

using these exact techniques can be considered in fact a 

sub-optimizationt because a great number of variables are f 
teft outside the programmin~ •odets. ~ 

. I 
Great part of the research effort in network l ! 

program•ing techni~ues was devoted to the optimal methods 

like linear programming, dynamic programming, backtracking 

methods• and stochastic programmtng. The resutts of this 

research eftort bear very littte relationship with the 

construction programming problem. 
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Resource Levelling and Resource Scheduling, 

time/cost trade-off analysist schedul1ng to satisfy 

different objective criteriat factors affecting productivity 

and resource usage on site, stochastic nature of the 

bu1lding process, etc. are all important aspects of the 

proJramming problem that should be considered 1n a greater 

or lesser extent in each particular project. 

Furthermore, due to their own nature, the 

programming techniques, especiatly the ones based on network 

concepts, could be used to help perform several management 

functions like project cash-flow, pay-roll, cost accounting, 

calculation of contractual claims and the l1ke. Building 

companies are in general undertaking a great number of 

projects; there is no theoretical difficutty in modelling a 

number of simultaneous projects. 

The siaultaneous modelting of all the above 

aspects results in a huge combinatorial problem, perhaps 

proibitivety expense to be dealt wi th by compu ter 

simulation, needless to say by the exact mathematical 

methods. In practical terms, the number of variables that 

can be handle is limited by the computing facitities 

availablet by the objectives of each company, or by the time 

taken to prepare the necessary input data. Some examples of 

research t ryi ng to put together programming 
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considerations and other aspects of •anage•ent are revieued 

in the next section. 

The programming problem should be hierarchized in 

its strategic, tactical and operational aspects, and each 

aspect should be considered on its own. Harr1s and Evans 

<1977t reported soae experience Mith 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 problem. 

) 

Several examples can be given on how decisions at 

a higher level might help to simplify the cornpl~x 

prograrnming problem. For exampte, the implications of the 

tirne/cost trade-off curves in the scheduling of activities 

on site can be made sirnpler if one of the main sources of 

these trade-offs, that is, ~vertime work, is ruled out by 

strategic or even policy decisions. Authors like Blough and 

McGlaum showed the totally detrimental effects of overtime 

on productivity. 

The productivity improvements caused by the 

Learning Phenomenon (Gates and Scarpa-1~72, can be 

disconsidered if the company decides tactically to undertake 
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two projects in the same area, using the same poot of labour 

to tackle the jobs, as it is com•on practice. The 

discontinuity of work caused by the constant movement of the 

operatives from one site to another would almost certa1nly 

prevent any improvement in productivity due to Learning 

(see the Committee on Housing, Building and Planning Report 

- •Etfect of Repetition on Buitding Operations and Processes 

on Site•). 

Patterson, recognizing the sizeable computing cost 

involved in the programming techniques, investigated methods 

of previewing the performance of different schedulinç 

heuristics. !nstead of applying a number of different 

heuristics to a specific project and incurring the cost of 

this computing exercise, he thought it would be better to 

apply only the heuristic with the best chance of atta1ning 

near optimal results. 

The problem of costs of i•ple•entation and use of 

the programming techniques remains open to discussion. 

Ling, summarizin~ the work of other researches and reported 

practioners experience, said that the programm1n~ costs 

durinJ the pre-construction and construction phase were in 

the region ot 1 to 2 % of the total project costs. ~uthors 

like Lumsden, Patterson and Rickard claimed potential cost 

benef1ts of the application of programming techniques in the 
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region of 5 to 20 X. lf this is so, there is a great scope 

for more and more effort to be applied to the issue of 

pro~ramming the construction o f projects. The e ver 

increasing awailability and capacity of computers indtcates 

that the costs involved 1n programmin9 site uorks wo~ld tend 

to decrease in the future. Yith this increase in co•puting 

facilities, more and more of the complexities involved in 

programming could be tackled in a cost effective way. 

Unfortunately the experience accumulated in 

schedulin] a~plied to sanufacturing industries and research 

projects cannot be directly used in the construction 

industry, due to the singularity of its programming problem. 

Each of these areas of Qpplication of programming techniques 

has special characteristics. 

Research projects are totally stochastic in 

nature, in general no previous experience is available on 

durations and resources required. Availability of resources 

is not a problem, if the prospects of the research project 

are good. The total project duration is generally the most 

important objective criteria to be attained. 

~anufacturing industries, producing great quantity 

of goods with unitary low vatues as opposed to tbe relative 
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high value of the construction industry product, face a more 

deterministic process and a more controllable environment. 

Once the production process is started, the flow of work 

should be smooth, making the 1ntervention of manaqement 

unnec~ssary in the short run. Resources and deadlines are 

absolutely defined and should be respected. The most 

important objective cr1teria is the achivement of minimum 

production costs. 

In the construction industry, the environment is 

partly uncontrollable, some experience can be gained from 

previous projects but each project is unique, and the 
} 

process was shown to be stochastic in nature. Costs and 

completion times are regulated by contracts. Theoreticalty 

they should be equally important as objective criteria, but 

Bromilow (FeDruary 1971) and R. Harris showed that clients 

are more preoccupied with keeping the total costs vithin the 

budget that with sticking to fixed project durations. 

Howeverw the most important distinction between 

the prograasin~ problem in the manufacturing industries and 

in the construction industry is that in the latter there is 

a group of personel constantly available on site, or at the 

building company office, whose job is to intervene in the 

construction process, correcting deviations from the 

schedule. This potential use of the management presence on 
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site should be explored in the initiat programming stages. 

Kauffold classified the programm1ng techniques according to 

their suitabititr to the various types of industries, but 

did not pay attention to this particular preseuce of 

management in the construction industry case. 

Some research work, whi te recogn iz in g the 

stochastic environment of project programming, used the 

concept of •average• resutts obtained using a specific 

technique in a num~er of simulations. Projects are such in 

the construction industry that the contractor will not face 

a sufficient number of repetitions to take advantage of 

•average• results. In the manufacturing industries the 

number of repetitions is larger, and the company can rely on 

average simulation results 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 variations in 

productivity, delays and deviations from schedule that could 

occur. The ~rogramme should be optimized to produce a 

sufficiently good resutt in terms of the objective criteria, 

whatever the conditions to be faced during the project 

construction. 

This concept ~as firstly introduced by Fendley. 

A good example is the change of objective criteria as the 
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project is being built. At the tenderin9 stage, the 

achievement of due dates is of paramount importance to the 

client. As the project progresses, it could happen that the 

amount of variations orders or the irregularity of pavments 

by the client is such that the initial contractual 

commitments in terms of due dates are meaningles, and the 

contractor could change to the objective criteria of 

minimizing h1s overall costs. The initial programme of 

works should not impose severe constraints to the 

rescheduling of site vorks taking into account this new 

objective. Some programming techniques, like t~e ones 

introduced by Pritsker, are able to consider a vbole range 

of circumstances that could be expected to arise during the 
) 

project construction phase. Nevertheless, these techniques 

are still not able to incorporate probable changes in the 

objective criteria. 

After the following section, this report returns 

to the examination of the robustness of the in1tial 

programme of works in face of the updating of the schedule 

and site management. The co•promises between dectsions at 

the programminç staQe and possible updating actions are 

further discussed. 
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Abdulaajid related the programminQ of house 

buitding projects to the availability of resources, like 

tradesmen and bricks, at a macro-economi level. It is ctear 

that the resources ava1lable as a whole in each region 

should be related, among other factors, to the time taken to 

built the project. In other words, the programming of 

activities for each individual project should somehow 

consider the present use of construction resources at the 

regional levet. As a corollary, it can be said that in 

vertically integrated building firms, that is, the ones 

dealing also in the area of supptyiny or producing building 

components, it is necessary to determ;ne at what level the 

programming of works should be optimized. The progra••ing 

could be considered at the whole company levet, or onlF at 

the construction division levet. 

Barroso-~guillar <1973) related the proble~s of 

scheduling of activities and stock controt of materials on 

building sites. The modelting comple•ity is great even at 

this level of integration of different management functions. 

Barroso-Aguillar opted for optimizing the scheduling of 

activities and then, given that schedule, optimize t~e stock 
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of materials. This approach led to the suboptimization of 

th1s two aspects taken together. 

Paulson (1971, 1975t tried to explore at its 

fullest extent th~ capabilities of modern •an-computer 

systems. The whole process of construction management, 

including prDduction feedback, esti•ating and scheduling of 

activities, methods improve•ent, and the analysis of the 

time/cost im~lications of different metnods of work Yould be 

made possible by powerful computer facilities, data storage, 

and other affice equipaent. This research project was 

partially abandoned in recent years, probably due to the 

costs Df developinç this coaplete managerial inforaation 

system. 

M.oavenzadeh considered the progress simulation of 

tunnel construction, taking the physical characteristics of 

each section of roct bein~ drilled as stochastic variables. 

The amount of computer effort, given by the number of 

repetitions needed in the simulation exercise, shDwed the 

practical difficulties of including more and more variables 

in the programming of works 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 knowledge of the rock drilling 

characteristics. This trade-off between greater costs 
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1ncurred in getting information about the s1te and improved 

accuracy of the 1nformation is suggested by Bjornsson. The 

consideration of this trade-off would add a neM dimension to 

the programming proble•• 
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After the analysis of the applicability of so•e 

tecbnical co~cepts to the programmin9 issue, prospective new 

users of the scheduling techniques should consider what sort 

of problems can be expected in the updating of the 

programmes of work, and in the collection of site production 

feedback data. 

It was already mentioned in this report that the ., 
application of the programming techniques to buildin1 sites 

was considered a good example of a deterainisttc approach, 

that is, once activities and resources are scheduled, no 

substantial discrepancies between what is planned and what 

will really occur on site should be expected. 

lhe review of the literature showed Nutatl (1965) 

as the first researcher using a stochastic approach to the 

programming of building sites. From that time Ont 

observations of building sites have shown that variations in 

productivity, deviations from schedule, project overruns, 

stoppages and breakdowns 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 said that it is not always necessary to 

intervene in the project at each updating if progress on 

site is not matching the programme of works. lhe cost of 

collecting feedback data and stopping on-going activities in 

the case of resources being diverted from tbem, prevents 

the use of very frequent updates and interventions. Elvers 

proposed a functioo to represent the cost of intervening in 

the normal flow of the project. In fact, the updating 

corresponds to a new programming of works, with practically 
; 

the same amount of effort in terms of clerical staff, 

computer time, and communication to and acceptance of the 
• 

new schedule by the participants of the building process. 

lhe type of personnel involved in the updating 

effort is different from the type of personnel involved in 

the initial programming. At the initial stage it is more 

likely that the programming department, or the estimating 

department, is in charge of applying the techniques to the 

new project; as the work progresses on site, it is wiser to 

let personnel directly involved with the day to day running 

of the project to perform the rescheduling of activities and 

resources. 
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It is not easy to determine when the programme of 

worts requires an updating. Kappaz stated that the majority 

of disturbances and deviations from schedule are small and 

could be individually accomodated in the floats avallabte. 

!t is necessary to •easure the deviations from the schedule 

on a cumulative basis to decide if a management intervention 

1s needed. Critical Path Techniques, for example, ~ill not 

show the disruptive effect of delays in the activities 

outside the main criticat path. 

Elvers and Ferdows examined the question of when 

to update a project. Etvers found that for each project a 

particular strategy shoutd be followed. Ferdows found that 

more frequent project updating does not always improve 

project performance, measured in terms of average project 

completion stippage, average resource 1dleness, or average 

number of projects being worked si•ultaneousty. ~esource 

idleness was found to increase with more frequent updating 

in the majority of cases studied. 

Furthermore, t~e set of aanagement tools available 

at the updating periods is notas complete as in the initiat 

programming period. Thus the whole reprogramming process 

becomes more constrained. Construction methods a~d site 

management style are already implemented and Mould not be 

easity changed. For example, incentive schemes should 
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preferably be in force since the start of the ~roject; 

overtime work requires a very careful timing and management 

should face the possibility of using it until the completion 

of the project, once the workers realize their barg~ining 

positioni t~e employment of more labour resources should 

consider the added mobilization costs and tbe matching of 

old and new crew's production rates. 

Any corrective action taken by management takes a 

period of time to be implemented. Site aanage8ent can hardty 

afford the implementation period if the project is atready 

running behind schedule. 
) 

~ 

Several contractual commitments are assumed dur1ng 

the course of the project: for e~ample it would not be easy 

to reschedule delivery dates of important components, or to 

convince tne client about a tighter schedule of payments. As 

the end of the project comes nearer, the scope for action 

decreases (Elvers). The relationship between early 

programming of works, site management, and the updating 

issue is exptored further in tbe section below. 
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Generally, it has been observed the Lack of 

emphasis on the close relationship between earty proQramming 

of works, site management, and the updating issue. For 

example, the following aspects are not highL;ghted in the 

titerature: any costs incurred to obtain feedback data to 

programming modets could atso be partly allocated to the 

cost of improving general management on site; more effort 

altocated to programming at the pre-construction stage coutd 
) 

determine less costly management during the p roj ect 

execution. This last proposition suggests an analysis of the 
• 

trade-offs between greater programming costs now or greater 

management costs later. 

A ut h o rs l i k e Barroso-Aguillar (1~73) 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 would be used to set the milestones, due 

dates, and objectives to be achieved, while the latter would 

just optimize the daily allocation of resources 1 within the 

framework given by tbe previous scheduling. 
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The milestones, due dates, and contractual 

arrange•ents based on the information provided by the early 

programming of works w1ll represent constraints to site 

management during the construction of tbe project. It can 

be suggested that all arrangements made using information 

derived from the early programme of works should not 

represent severe constraints to the manage•ent of the 

project, whatever variations in productivity, del3ys and 

deviations from the schedule CQuld reasonably occur. 

Tbe scheduling techniques used at the early 

programming stage can be successfully used again during the 

construction stage, as part of the set of tools available to 

site management to put the project back on schedule. Nutall 

<1965• compared in a simutation exercise the end results of 

two different styles of site management; in the first, a 

programme of works was followed strictly; in the second one, 

with no programae, the foreman decided which activity to 

schedule next based on a heuristic rute of thumb. This 

latter style of management provided better results in terms 

of the achievement of due dates and smaller project 

duration. The rule of thumb used by the foreman could had 

been used to establish a pro~ramme, before the project 

started on site. Unfortunately he did not investig3te what 

would happened in the case the foremen had used the 

heuristic decision rule within a previously established 

schedule framework. 
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One of the reasons preventing the consideration of 

the early ~ro9ra•ming of works and site •anagement as 

similar probte•s is the difference in the quality of 

information at the pre-construction stage and durtng the 

construction phase. It can be said that at the pre-

construction stage the uncertainity about the building 

process is at its maximum, but the site program•er has a 

great deal of ftexibility in terms of programming; durin9 

the construction phase the certainity about the building 

process increases and the scheduling flexibility decreases. 

The ~arly programme of works is done when the 
.I 

information is in its worst form. More often than not, the 

design is not yet concluded. Ouring the construction stage, 

data used ta update the schedule could benefit from the 

production feedback gathered in previous weeks. 

Poreover, as already mentioned, the personnel that 

usually perform the programme of works in t9e pre-

construction phase and the personnel that would be involved 

in the rescheduling of activities are differenti the first 

programme is done by the programming or estimating 

department; the reprogramming or management of ~orks on site 

should be done by personnel most directly invclved vith the 

day to day running of the project. 
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Abernathy, after findin9 that the accuracy of 

estimates can improve dur1ng the construction phase of a 

project. recom•ended an adaptative strategy on scheduting 

and updating: 

•Action taken on early information (that 
is, less accurate information than the 1nfor•at1on 
obtainabte towards the end of the project) may 
degrade overall project performance rather than 
improve it. By adaptative strategy ve mean the 
particular pattern of rescheduling action that is 
pursued over the lifecycle of a project. The 
objective of tbe strategy is to minimize the sum 
of (1» the cost of rescheduling, (2) the costs of 
inappropriate scheduling action result1ng from the 
use of poor estimates, and (3t the costs of 
foregone opportunities to make inexpensive 
corrections at an early period. It is appropriate 
to think in terms of strategies rather tban 
optimal scheduling since the derivation of optimal 
schedules is frustated by the presence of an 
unknown component of bias (optimistic bias in 
estimatiny, real durations are far greater than 
estimateda•. 

This suggestion by Abernathy introduced a new 

avenue for the development of research works in the area of 

programming. However the matbematical formulations for such 

approach are not straightforward. Biemer and Sielken, Burt, 

Britney, and Jewell produced interesting introductory 

research work in this area. 
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Every aspect looked at in this research vork 

shoved important discrepancies between the theoretical 

approach used by the programming techniQues anc realit1es 

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 project. as opposed to the hopes for their 

easy acceptance, formulated during the tntroduction of the 

more powerful programming techniques in the Late so•s, to 

the lack of evidence from building sttes supporting the 

technical concepts. It should not be forgotten also the 

theoretical approach used in updâting, that is, each 

updating can be transformed in a totally new progr3mming 

problem, while it has been shown by these report that 

updating is a more constrained and complex problem. 

In this sense, all difficulties associated with 

programming dealt with in this report are potential causes 

of the lack of success in the application cf scheduling 

techniques to the building industry. 
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It is the case now of discussing the relative 

importance of the various aspects as causes of the lack of 

failure in the application of programming techniques. 
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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 lack of communication to 

and involvement by the great number of participants in the 

buitding process. The diff1culties associated with some 

technical concepts, like for example the estimation of 

activity•s duration, have not been made responsible for the 

apparent failure of the application of pro~ramming 

techniques. This view is not supported by the a~thor, that 
' 

believes that the difficulties associated with the technical 

concepts came second only to the lack of change in the 

managerial structure and procedures inside the building 

company as prcbable causes of failure in tne use of 

scbeduling tools. 

It is possible to make some distinction in the way 

1n which the lack of modelling capability of the technical 

concepts affects the programming problem. As it will be 

discussed in the following paragraphs, the problems related 

to the activity•s duration and definition, and the setting 

of objectives criteria can be considered of fundamental 

importance, while the problems related to precedence between 

activities, variability in 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 means using 

the present progra•ming techniques. 

The ove r lapp ing noted in the precedence 

relationship between activities can be considered as an 

extra flexibility in the schedules, to be used at an 

operational or tactical levet. Strategically the schedules 

can be drawn disconsidering great part of the overlapping 

between activities, thus leaving some room for recovering 

from schedule deviations by means of tackling simultaneousty 

otherwise preceding and succeeding activities. T~is use of 

overlapping is probably already practised on buildin~ sites. 

by the 

The problem 

activit1es is 

of variability in resources required 

al rea dy welt documented in the 

t iterature. 

coefficient 

Building compan1es could start using the 

of variation published by various authors, 

until they develop their coefficients, based on feedback 

data from tneir own sites. lt is important to note that Fine 

{1977-2» suggested that the reduction ot the coetficient of 

variation of activity•s duration and resources required is 

more important than the reduction of activity•s costs, in 

terms of the cost implications ot the schedules of work. 
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The variability in the total levet of resources 

available daily on site, and the difference betveen the 

programmed level and the actual level caused by, for 

examplet non-productive time, can be incorporated i~ the 

variability of activity•s duration and resources required, 

and in the labour constants, respectively. This is believed 

to be the traditional approach used so far by the 

programming techniques. In bis report dealing with the 

matter, the author did not recommend this approach. However, 

it is sensible to say that at this moment in the developaent 

of the programming techniques there are •ore i•portant 

factors related to technical concepts deserving research 

attention. The traditional approach can still be used. Its 
• 

unique shortcoming is that the production characteristics of 

the activities are made solely responsible for the 

deviations between planned schedules of vork and the actual 

progress on site, avoiding the examination of possible 

causes of discrepancY at the level of the whole site, as it 

would be possible if the variability in the level of total 

resources available is treated separately. 

Difficulties in modelling productivity should be 

examined in conjunction with the variability in activity•s 

duration and resources required, as far as possible causes 

of the lack of success in the application of programming 

techniques are concerned. In ideal circunstances, the 

perfect modelling of productivity through the use of factors 
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influencing it, would reduce yreatly the variability in 

these two aspects. If it is accepted that lhe reduction in 

the var1ability of activity•s duration could be related vith 

greater chances of succesfull application of programming 

techniques, it is recommended to follow the following course 

of action. Only the more important fact~rs affecting 

productivity should be used to reduce the variability in 

activities duration and resources required, leaving 

unexplained ]reat part of the variability caused by minar 

factors. The practical difficulties in collecting and 

analysing data to study the influence of minor factors 

suggests that it would be better to abandon the search for 

an explanation to every variation in productivity • 

• 
Primarily, the programming techniques Mere devised 

to examine the time-related aspects of the project, as final 

handing over dates and intermediate start and finish dates 

of activities. lhe incorporation of the consideration of 

resources required, and hence costs, was made afterwards. As 

the report showed, more recently some tentative research 

work tried to 1ncorporate more and more aspects of 

management in the programming issue. The programming 

techniques are still in th~ir initial stages of development 

and utilization, despite the fact that their most important 

representatives, CPM and PERT, had already almost 25 years 

of utilization. Therefore, it is 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 co~ditions 

for a more systemat1c approach to the whole management 

problem are not bring about by research wor~. 

In this sense the whole question of estimation of 

resources required, variability in resources required, and 

modelling of resources required can be ~ept outside the 

programming problem. Laing introduced the idea of •one 

problem, one type of toot•, after discussing how to estimate 

resources required in construction projects. This idea of 

separating the resource requirements from the schedule of 

operations was totally opposed by Skoytes, uho tried to 
) 

introduce the concept of •operational Estimating•. The fact 

that this new approach of estimating was not accepted by the 

industry could mean that the buildin~ companies were not 

yet ready to consider simuttaneously activity•s duration and 

resources required. Ouring the initial stages of development 

in construction management, different techniques should be 

used to perform different functions. 

Accepting the fact that the programming techniques 

shoutd be used inttially onty to investigate the tiee-

related aspects of the projects, and that average activity's 

duration and their variability could be obtained, the 

problems associated with the precedence relationship, 

variability in resources required, variability in the total 
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level of resources available on site, and productivfty 

modelling should not in the future be related to the lack of 

success in the application of programming techniques. 

possible 

Previouslrt it was suggested 

causes of the failure 

that amonç all the 

of the program•ing 

techniques, the difficulties in 

of different objective criteria 

evaluating the i•plications 

choosen by the programmer 

could be one of the more important sources of problem. It 

was shown that tbe attainment of certain objective criteria, 

l1ke minimum project duration, minimum resource idleness, 

etc., are not only influenced by the characteristics of the 

schedulew but by broader aspects of site management and 

macro-economy. Shortsighted appraisals of the 

process achievements of similar projects under 

production 

different 

schedules would relate the objectives attained (or notJ to 

the programming techniques initially used to prodace the 

schedules. Failure to arrive at the optimized objective 

criteria values obtained during the programming stage would 

be wrongly olamed on the scheduling technique. 

In fact, the whole question of how to evaluate the 

cost consequences of different schedules, after the project 

is completed, is much more complex. Possibly the application 

of research work to the evaluation of the contribution of 

different schedutes to the attainment of the ma~agement 
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goals that can be set is beyond the capabilities of the 

building research organizat1ons, dueto the great nu•ber of 

projects that should be constructed under controlled 

conditions. 

lhe ideas presented so far showed that from the 

set of proble•s associated with the so called technical 

problems, only the problems related to activity•s durations 

can be rationally blamed for the lack of success in the 

application Df programming techniques. Some of the problerns 

can be, and probably are being, overcome, like the question 

of overlapping precedence. Other problems, like thp ones 
• 

caused by the uncertainities about activity•s resource 

requirements are more akin to cost estimating than to time-

related techniques. Finally, objectives criteria cannot be 

rationally blamed for the lack of success in the application 

of the prograrnming techniques, due to the difficulties in 

correlating objective criteria, different schedules, and 

results obtained. 

Bishop <1968) and Bromilow t1969t claimed that the 

simple existence of a schedule, independently of its 

characteristics, was sufficient to improve substantially the 

site organization and the attainment of objective criteria. 

In order to be of any use to site management, the schedule 

of works necessarily needs to have some resemblance to the 
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way activities are being performed on site. Two aspects are 

of fundamental importance to create this resemblance. First, 

the progra•med 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 techniques, using for 

example contractual arrangements, it ;s possible to drop the 

requirements of accurate durations for the succesfull 

application of programmes of wort. 

exercises should be carried out during 

project in order to bring the schedule 

progress of vork on site, and vice-versa 

Second, updating 

the course of the 

on tine with the 

Therefore, the proper consideration of activity 

duration and updating are directly related to the similarity 

between programmes of work and actual progress, and hence to 

the meaningfutness of the schedules to c onstruct ion 

management. Conversely, lack of updating and activ;ty~s 

durations with no relationship to the time taken to perform 

tasks on site, can be blamed for the lack of meaning of 

schedules of work to the running of building sites. 

,. 

The lack of updating and the complexity of the 

updating issue were shown as potential major causes of the 

lack of success in the application of pro~ramming 

techniques. Usually the building companies did n~t introduce 



PAGE 72 

updating procedures and management feedback systems 

simultaneously with the programming techniques, probably due 

to the costs of th1s comprehensive package. If the economic 

advantages of tbe techniques are in line uith what has been 

advocated by some research workers, the change 1n 

procedures, or even in the administrative organization of 

building companies, would be worthwhile. 

Lumsden, for example, suggested that the 

application of line of Balance progra•ming 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 foreman, to deal exclusively with orderinç, ins~ection, 

and stock control of materials being consumed at a great 

speed. This and other organizational changes could be 

brought in order to accomodate the require•ents introduced 

by the programming techniques. 

Finally, the complexities of the programming 

problem as sucht should not be appointed as one of the 

causes of the lack of success in the application of the 

schedulin~ techniques. :t is not possible to say that 

simplistic programming techniques are bound to failure, if 

the mere existence of schedules of uork. notwithstanding the 

accuracy in which they were able to model the building 

processt were sufficient to improve the construction of some 
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projects, making the application of these scbedules a 

succesfull exercise. 
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The previous section emphasized the importante of 

the time-related aspects of the schedules, including 

activ1ty•s duration and the updating issue, for the 

succesful appl1cation of programming techniques. The 

suggestion for furtber work are then concerned to these 

time-related aspects. 

First comes the recommendation ter a greater 

emphasis on the study of activity•s duration, as observed on 
í 

actual building sites. Great part of the research effort on 

programming techniques applied to construction sites should 

be devoted to the observation o f the production 

characteristics of the building process. These observations 

using work study, time-lapse photography, or activity 

sampling could also produce a host of other useful 

information, like resources required, cperative•s individual 

performance, influence of factors affecting productivity, 

etc •• It is suggested that regional or national centres 

should be establish to gather 'nformation on the production 

characteristics of building sites, imitating the succesful 

example of Holland <see Van den Graaf). 
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~ore effort should be dedicated to the study of 

the intermediate milestones 1n the building process. These 

m1lestones, obtained by programming methods or by other 

arrangements between the participants of the building 

project, are of fundamental importance in the coordination 

of building construction, characterized by the great number 

of participants and the long time scale of operations. 

Research work so far has concentrated on the study of the 

duratton of the project, on the setting of the fiAal hand 

over date. Yith total durations measured in years, the 

final completion dates are of littte meaning in terms of 

motivating factors. The intermediate milestcnes are More 

important than the final dates for a great nu•ber of 

participants in the project, that, as a rule, becomes only 

temporarily involved in the process. 

In the tong term, it can be suggested that one of 

the first issues to be tackted by research work, after the 

baste technical concepts of the programming techniques are 

exhaustively investigated, is the retationship betYeen the 

earty programming of works, updating, and tt.e daily site 

management. 

The research work now bein~ undertaken by the 

author at the Department of Civil Engineering, University of 

Leeds will concentrate on the analysis of activity's 
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duration, as observed on three house building sites of 

repetitive nature. 
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